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IteACKDecode

HARQ-ACK channel decoding

Syntax

out = 1teACKDecode(chs,in)

Description

out = lteACKDecode(chs,in) performs block decoding on soft input data in, assumed to be
encoded using the procedure defined for HARQ-ACK in Section 5.2.2.6 of [1], for PUSCH channel
transmission configuration chs. The decoded output, out, is a vector of length 0ACK, the number of
uncoded HARQ-ACK bits transmitted.

Note If NBundled is 0, TDD ACK-NACK descrambling is disabled.

Multiple codewords can be parameterized by two different forms of the chs structure. Each
codeword can be defined by separate elements of a 1-by-2 structure array, or the codeword
parameters can be combined together in the fields of a single scalar, or 1-by-1, structure. Any scalar
field values apply to both codewords and a scalar chs.NLayers is the total number. See “UL-SCH
Parameterization” for further details.

The block decoding is performed separately on each soft input data codeword using a maximum
likelihood (ML) approach, assuming that in has been demodulated and equalized to best restore the
originally transmitted values.

The HARQ-ACK decoder performs different type of block decoding depending upon the number of
uncoded HARQ-ACK bits to be recovered (0ACK). For OACK less than 3 bits, the decoder assumes the
bits are encoded using the procedure defined in TS 36.212 [1], Section 5.2.2.6.

For decoding between 3 and 11 HARQ-ACK bits, the decoder assumes the bits are block encoded
using the procedure defined in TS 36.212 [1], Section 5.2.2.6.4. For greater than 11 bits, the decoder
performs the inverse procedure described in TS 36.212 [1], Section 5.2.2.6.5.

Examples

Decode HARQ-ACK Channel
Show the block decoding of 3 coded HARQ-ACK information bits.

Create input and initialize channel structure. Encode bits and turn logical bits into soft data
compatible with log-likelihood ratio check. Use pskmod with an initial phase offset of  to align
mapping with LTE codebook.

Perform HARQ-ACK bit encoding and modulation.

in = [1;0;1];
chs = struct('Modulation', 'QPSK", 'QdACK",2, '0ACK"',length(in));



[teACKDecode

encodedBits
encodedBits

1teACKEncode(chs,in);
pskmod(double(encodedBits),2,pi());

Pass transmitted encoded bits through an AWGN channel with a 20 dB signal-to-noise ratio. Show a
scatterplot of the noisy received HARQ-ACK softbits.

rxBits = awgn(encodedBits,20);
scatterplot(rxBits)

Scatter plot

0.8 ]

0471 ]

Quadrature
]

-1 0.5 1] 0.5 1
In-Phase

Decode the received softbits. Compare the decoded bits with the input bits to show the bits have been
recovered with no error.

decodedBits = 1teACKDecode(chs, rxBits)
decodedBits = 3x1 logical array

1

0

1

isequal(in,decodedBits)

ans = logical
1
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Input Arguments

chs — PUSCH-specific channel transmission configuration
scalar structure | structure array

PUSCH-specific channel transmission configuration, specified as a structure or a structure array,
which contains the following parameter fields.

Parameter Field |[Required or
Optional

Values

Description

Modulation Required

'QPSK', '160QAM’,
'64QAM', or '256QAM'

Modulation type, specified as a character
vector, cell array of character vectors, or string
array. If blocks, each cell is associated with a
transport block.

0ACK Optional

nonnegative scalar integer,
0 (default)

Number of uncoded HARQ-ACK bits.

The HARQ-ACK decoder performs different type
of block decoding depending upon the number
of uncoded HARQ-ACK bits to be recovered
(0OACK). For OACK less than 3 bits, the decoder
assumes the bits are encoded using the
procedure defined in TS 36.212 [1], Section
5.2.2.6. For decoding between 3 and 11 HARQ-
ACK bits, the decoder assumes the bits are
block encoded using the procedure defined in
TS 36.212 [1], Section 5.2.2.6.4. For greater
than 11 bits, the decoder performs the inverse
procedure described in TS 36.212 [1], Section
5.2.2.6.5.

NLayers Optional

1 (default), 2, 3, 4

Number of transmission layers.

NBundled Optional

0 (default), 1, ..., 9

TDD HARQ-ACK bundling scrambling sequence
index. When set to 0, the function disables the
TDD HARQ-ACK bundling scrambling.
Therefore, it is off by default.

in — Soft input data
numeric vector

Soft input data, specified as a numeric vector. The input data is assumed to be encoded using the
procedure defined for HARQ-ACK in TS 36.212 [1], Section 5.2.2.6.

Output Arguments

out — Decoded HARQ-

numeric column vector

ACK channel

Decoded HARQ-ACK channel output, returned as an 0ACK-by-1 column vector.

Data Types: logical

1-4
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References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teACKEncode | LteCQIDecode | LteRIDecode | LteUCIDecode | LteULSCHDecode |
lteULSCHDeinterleave

Introduced in R2014a

1-5


https://www.3gpp.org

1 Functions

1-6

IteACKEncode

HARQ-ACK channel encoding

Syntax

out = 1teACKEncode(chs,in)

Description

out = lteACKEncode(chs,in) returns the coded HARQ-ACK information bits after performing
block coding defined for HARQ-ACK in TS 36.212 [1], Section 5.2.2.6 . The input argument, in, is a
vector or cell array containing up to 20 HARQ-ACK information bits. The output argument, out, is the
encoded bits in the same form.

Multiple codewords can be parameterized by two different forms of the chs structure. Each
codeword can be defined by separate elements of a 1-by-2 structure array, or the codeword
parameters can be combined together in the fields of a single scalar, or 1-by-1, structure. Any scalar
field values apply to both codewords and a scalar NLayers is the total number. See “UL-SCH
Parameterization” for further details.

Since the HARQ-ACK bits are carried on all defined codewords, a single input results in a cell array of
encoded outputs if multiple codewords are parameterized. This allows for easy integration with the
other toolbox functions.

The HARQ-ACK coder performs different types of block coding depending upon the number of HARQ-
ACK bits in vector in. If in consists of one element, it uses TS 36.212 [1], Table 5.2.2.6-1. If in
consists of two elements, it uses TS 36.212 [1], Table 5.2.2.6-2 [1] for encoding. The placeholder bits,
x and y in the referenced tables, are represented by -1 and -2, respectively.

Similarly, for between 3 and 11 bits, the HARQ-ACK encoding is performed as described in TS 36.212
[1], Section 5.2.2.6.4. For bits greater than 11, the encoding is performed as described in TS 36.212
[1], Section 5.2.2.6.5.

Examples

Encode HARQ-ACK Channel with one codeword

Encode a HARQ-ACK information bit for one codeword with 16QAM modulation.

ackbit = 1;

chs.Modulation = '16QAM';
chs.QdACK = 1;

outl = 1teACKEncode(chs,ackbit)

outl = 4x1 int8 column vector

1
-2
-1
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Encode HARQ-ACK Channel with two codewords

Encode a HARQ-ACK information bit for two codewords with differing modulation schemes.

ackbit = 1;
chs.Modulation = {'16QAM"' '64QAM'};
chs.NLayers = 2;
chs.QdACK = 1;

out2 = 1teACKEncode(chs,ackbit)

out2=1x2 cell array

{4x1 int8}

{6x1 int8}

Input Arguments

chs — PUSCH-specific channel transmission configuration
scalar structure | structure array

PUSCH-specific channel transmission configuration, specified as a structure or a structure array,
which contains the following parameter fields.

Parameter Field |Required |Values Description
or Optional

QdACK Required nonnegative scalar integer Number of coded HARQ-ACK symbols for ACK
or NACK (Q’_ACK)

Modulation Required "QPSK"', '16QAM', '64QAM', [Modulation type, specified as a character

or '256QAM' vector, cell array of character vectors, or string

array. If blocks, each cell is associated with a
transport block.

NLayers Optional 1 (default), 2, 3, 4 Number of transmission layers, total or per
codeword

NBundled Optional 0 (default), 1, ..., 9 TDD HARQ-ACK bundling scrambling

sequence index. When set to 0, the function
disables the TDD HARQ-ACK bundling
scrambling. Therefore, it is off by default.

in — HARQ-ACK information bits
logical vector of length 1 to 20 | cell array of logical vectors

HARQ-ACK information bits, specified as a logical vector or a cell array of logical vectors. Each

vector can have a length of up to 20 information bits.

Data Types: logical | double | cell
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Output Arguments

out — Encoded HARQ-ACK information bits
integer column vector | cell array of integer column vectors

Encoded HARQ-ACK information bits, returned as either an integer column vector or a cell array of
integer column vectors. The encoded bits are in the same form as the input bits. Therefore, if the
PUSCH-specific parameter structure, chs, defines multiple codewords, out is a cell array.

Data Types: int8 | cell

References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teACKDecode | LteCQIEncode | LteRIEncode | LteUCIEncode | LteULSCH |
1teULSCHInterleave

Introduced in R2014a
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IteBCH

Broadcast channel

Syntax

codeblk = 1teBCH(enb,trblk)

codeblk = 1teBCH(trblk,outlen,cellrefp)
Description

codeblk = 1teBCH(enb, trblk) returns a vector of BCH transport channel coded bits. The
encoding process includes CRC calculation and attachment, convolutional encoding, and rate
matching as defined in TS 36.212 [1], Section 5.3.1.

The rate matching internal to the coding results in many repetitions of the coded block. This
repetition is deliberate so that part of a received block can be successfully decoded in isolation.
Typically, the receiver can recover the BCH bits from the reception of just one frame (Y4 of the
transmitted block), rather than waiting 40 ms (four frames) for the full block to be received.
codeblk = 1teBCH(trblk,outlen,cellrefp) returns the vector rate-matched to the output
length outlen. The argument cellrefp controls the CRC port mask.

Examples

Encode BCH Information Bits

Generate the BCH coded vector of length 1920, corresponding to normal cyclic prefix.
enb = struct('CellRefP',1, 'CyclicPrefix"', 'Normal');

bchCoded = 1teBCH(enb,ones(24,1));

bchCodedSize = size(bchCoded)

bchCodedSize = Ix2

1920 1

Input Arguments

enb — eNodeB cell-wide settings
scalar structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

1-9
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Parameter Field Required or |Values Description
Optional
CellRefP Required 1,2,4 Number of cell-specific reference signal
(CRS) antenna ports
CyclicPrefix Optional 'Normal' (default), Cyclic prefix length
'Extended’

trblk — Transport block
numeric vector

Transport block, specified as a numeric vector of length 24 bits. This argument represents the
transport block delivered to the BCH every 40 ms.

outlen — Output length
numeric scalar

Output length, specified as a numeric scalar.

Data Types: double

cellrefp — Number of cell-specific reference signal (CRS) antenna ports
01|24

Number of cell-specific reference signal (CRS) antenna ports, specified as 0, 1, 2, or 4. To turn the
CRC port mask off, set cellrefp to 0.

Output Arguments

codeblk — BCH transport channel coded bits
numeric column vector

BCH transport channel coded bits, returned as an integer column vector with 1920 bits for normal
cyclic prefix or 1728 bits for extended cyclic prefix.

Data Types: int8

References

[1] 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: http://www.3gpp.org.

See Also
1teBCHDecode | 1teMIB | 1tePBCH

Introduced in R2014a
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IteBCHDecode

Broadcast channel decoding

Syntax

[trblk,cellrefp] = lteBCHDecode(enb,softbits)

Description

[trblk,cellrefp] = 1teBCHDecode(enb,softbits) returns a vector, trblk, of the decoded
information bits (24 bits). cellrefp is the number of cell-specific reference signal antenna ports
detected in the CRC mask for given input, softbits, and the structure, enb. This function performs
the inverse of the Broadcast Channel (BCH) processing described in TS 36.212 [1], Section 5.3.1.

Examples

Decode BCH-Encoded Block

Perform BCH coding of one transport block, and BCH decoding of part (one quarter) of the encoded
block. In a practical system, this approach would be used to attempt BCH decoding on the one
quarter part of the encoded block that is transmitted in the first subframe of each frame.

Create cell-wide configuration structure, initialized to RMC R.4. Perform BCH coding of one transport
block.

enb = 1teRMCDL('R.4");
bchCoded = 1teBCH(enb,ones(24,1));

Perform BCH decoding of one quarter of the transport block.
out = bchCoded(1l:1length(bchCoded)/4);

[bchDecoded, cellRefP] = 1teBCHDecode(enb,out);
bchDecoded(1:10)

ans = 10x1 int8 column vector

el el el e = =
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Input Arguments

enb — eNodeB cell-wide settings
scalar structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field |Required or |Values Description
Optional
CyclicPrefix Optional '"Normal' (default), Cyclic prefix length
'Extended’

softbits — Soft bits to decode
numeric vector

Soft bits to decode, specified as a numeric vector. This vector can have any length.

The transport block size, 24, is relatively small when compared to the number of coded bits sent in
the BCH transmission, 1920 or 1728. For this reason, the rate matching internal to the BCH coding
results in many repetitions of the coded block. This decoder allows the input argument softbits to

be of any length because, successful decoding of coded BCH blocks is often possible using a fraction
of the full coded block length.

Output Arguments

trblk — Decoded information bits
integer column vector

Decoded information bits, returned as a 24-by-1 integer column vector.

Data Types: int8

cellrefp — Number of cell-specific reference signal (CRS) antenna ports
0]1]2]4

Number of cell-specific reference signal (CRS) antenna ports detected, returned as a nonnegative
scalar integer. Possible values are 0, 1, 2, and 4. If the value is 0, a CRC error has been detected.

Data Types: uint32

References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teBCH | LtePBCHDecode

Introduced in R2014a
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IteCFI

IteCFlI

Control format indicator block encoding

Syntax

cw = 1teCFI(enb)

Description

cw = LteCFI(enb) returns a 32-element vector, cw, that represents the rate 1/16 block encoding of
the control format indicator (CFI) value defined in the CFI field of the enb structure.

The value for CFI can be 1, 2, or 3. This value indicates the time span, in OFDM symbols, of the DCI
PDCCH transmission (the control region) in that downlink subframe. For bandwidths in which NDLRB
is greater than 10 RB, the span of the DCI in OFDM symbols is the same as the actual CFI value. If
NDLRB is less than or equal to 10 RB, the span is CFI+1 symbols.

Examples

Encode CFIl Value

Generate the 32-element vector that represents block encoding of a CFI value of 2.

cw = lteCFI(struct('CFI',2));
cw(1:10)

ans = 10x1 int8 column vector

HFRPORMHORRFEOR

Input Arguments

enb — eNodeB cell-wide settings
scalar structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

1-13
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Parameter Field |Required or |Values Description
Optional
CFI Required 1,2,0r3 Control format indicator (CFI) value. In TDD mode, CFI

Scalar or if the |varies per subframe for the RMCs ('R.0', 'R.5',
CFIvariesper |'R.6', 'R.6-27RB', 'R.12-9RB')

subframe, a
vector of length | The value for CFI can be 1, 2, or 3. This value indicates
10 the time span, in OFDM symbols, of the DCI PDCCH
(corresponding |transmission (the control region) in that downlink

to a frame). subframe. For bandwidths in which NDLRB is greater than
10 RB, the span of the DCI in OFDM symbols is the same
as the actual CFI value. If NDLRB is less than or equal to
10 RB, the span is CFI+1 symbols.

Output Arguments

cw — CFl codeword
integer column vector

CFI codeword, returned as an integer column vector of length 32. This vector represents the 1/16
block encoding of the CFI value defined in structure enb.

Data Types: int8

See Also
lteCFIDecode | LtePCFICH

Introduced in R2014a
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IteCFIDecode

Control format indicator block decoding

Syntax

cfi = lteCFIDecode(ibits)

Description

cfi = 1teCFIDecode(ibits) performs the block decoding on soft input data ibits, assumed to
be encoded using procedure defined in TS 36.212 [1], Section 5.3.4.1. The output, cfi, is a scalar
representing the control format indicator (CFI) value resulted after performing block decoding on
input data. Strictly speaking, ibits should be a vector 32 bits long, as per encoded cfi. See the
1teCFI function reference for details. However, this function can decode any size segment of
encoded data.

The value for CFI can be 1, 2, or 3. This value indicates the time span, in OFDM symbols, of the DCI
PDCCH transmission (the control region) in that downlink subframe. For bandwidths in which NDLRB
is greater than 10 RB, the span of the DCI in OFDM symbols is the same as the actual CFI value. If
NDLRB is less than or equal to 10 RB, the span is CFI+1 symbols.

Examples

Decode CFI Block

Decode a noisy 32-element vector that represents the block encoding of the control format indicator
(CFI) value.

cw = double(lteCFI(struct('CFI',2)))
noisycw = cw + 0.4*randn(length(cw),
cfi = 1teCFIDecode(noisycw)

1);

cfi = int32
2

Input Arguments

ibits — Soft input data
numeric vector

Soft input data, specified as a numeric vector of length 32. This input data is assumed to be encoded
using the procedure defined in TS 36.212 [1], Section 5.3.4.1.

Output Arguments

cfi — Control format indicator value
11213
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Control format indicator value, returned as a positive scalar integer. This integer represents the CFI
value resulting from performing block decoding on a vector of soft input data, ibits.

The value for CFI can be 1, 2, or 3. This value indicates the time span, in OFDM symbols, of the DCI
PDCCH transmission (the control region) in that downlink subframe. For bandwidths in which NDLRB
is greater than 10 RB, the span of the DCI in OFDM symbols is the same as the actual CFI value. If
NDLRB is less than or equal to 10 RB, the span is CFI+1 symbols.

Data Types: int32
References
[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel

coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teCFI | LtePCFICHDecode

Introduced in R2014a
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IteCQIDecode

Channel quality information channel decoding

Syntax

out = 1teCQIDecode(chs,in)

Description

out = lteCQIDecode(chs,in) performs the decoding on soft input data, in, assumed to be
encoded using the procedure defined for channel quality information (CQI) in TS 36.212, Sections
5.2.2.6 and 5.2.2.6.4 [1] for given channel transmission configuration, chs. The decoded output, out,
is a vector of length 0CQI, the number of uncoded CQI bits transmitted.

Multiple codewords can be parameterized by two different forms of the chs structure. Each
codeword can be defined by separate elements of a 1-by-2 structure array, or the codeword
parameters can be combined together in the fields of a single scalar, or 1-by-1, structure. Any scalar
field values apply to both codewords and a scalar NLayers is the total number. See “UL-SCH
Parameterization” for further details.

The block decoding is performed separately on each soft input data using a maximum likelihood (ML)
approach, which assumes that in has been demodulated and equalized to best restore the original
transmitted values. The length of CQI bits defines the decoding process.

If the number of CQI bits, 0CQI, is less than or equal to 11, a block decoding is performed to invert
the coding procedure defined in TS 36.212, Section 5.2.2.6.4 [1]. If 0CQI is greater than 11, the CQI
bits are recovered by performing rate matching to 0CQI, tail-biting Viterbi decoding, and 8-bit CRC
decoding.

Examples

Decode CQI bits
Decode encoded CQI bits.

Create input stream and initialize channel settings structures for encoding and decoding. Encode CQI
bits and turn logical bits into soft data. Decode the CQI bits.
cqi = [0; 1; 0; 1; 0; 1];

chsEnc.Modulation = 'QPSK';
chsEnc.QdCQI = 16;
chsénc.NLayers = 1;

chsDec.NLayers = 1;
chsDec.0CQI = 6;

enc
enc

1teCQIEncode(chsEnc,cqi);
double(enc)-0.5;

rxCgi = lteCQIDecode(chsDec,enc)

1-17
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rxCqi = 6x1 logical array

RPORORKFO

Input Arguments

chs — Channel-specific transmission configuration
scalar structure | structure array

Channel-specific transmission configuration, specified as a structure that can contain the following
parameter fields.

Parameter Field |Required or (Values Description
Optional
0CQI Optional nonnegative scalar integer, 0 Number of uncoded channel quality
(default) information (CQI) bits
NLayers Optional 1 (default), 2, 3, 4 Number of transmission layers.

1-18

in — Encoded soft input data
numeric vector

Encoded soft input data, specified as a numeric vector.

Output Arguments

out — Decoded output
logical column vector

Decoded output, returned as a logical column vector of length 0CQI.

Data Types: logical

References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel

coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teACKDecode | LteCQIEncode | LteRIDecode | LteUCIDecode | LteULSCHDecode

Introduced in R2014a
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[teCQIEncode

IteCQIEncode

Channel quality information channel encoding

Syntax

out = 1teCQIEncode(chs,in)

Description

out = lteCQIEncode(chs,in) returns the encoded channel quality information (CQI) bits after
performing channel coding defined for CQI in TS 36.212 [1], Sections 5.2.2.6 and 5.2.2.6.4. in should
be a vector or cell array containing the CQI bits and out is the encoded bits in the same form. out is
also cell array if the PUSCH-specific parameter structure, chs, defines multiple codewords.

Multiple codewords can be parameterized by two different forms of the chs structure. Each
codeword can be defined by separate elements of a 1-by-2 structure array, or the codeword
parameters can be combined together in the fields of a single scalar, or 1-by-1, structure. Any scalar
field values apply to both codewords and a scalar NLayers is the total number. See “UL-SCH
Parameterization” for further details.

While the CQI information bits are carried on one codeword only, a single input still results in a cell
array of encoded outputs if multiple codewords are parameterized. In this case, the QdCQI field
should contain a 0 in the position of the unused codeword. This allows for easy integration with the
other toolbox functions.

The CQI coder uses two different coding schemes depending upon the number of CQI bits to be
coded. If the number of CQI bits are less than or equal to 11, the channel coding of the CQI bits is
performed according to TS 36.212 [1], Section 5.2.2.6.4. For CQI bits greater than 11, the coding
process includes 8-bit CRC attachment, tail-biting convolutional coding and rate matching to the
output length deduced from parameters QdCQI and Modulation.

Examples

Encode CQI Bits for One Codeword
Generate the coded CQI bits for a single codeword.

Create input stream and initialize channel settings structure. Encode CQI bits.

in = [0; 1; 0; 1; 0; 1];
chsl.Modulation = '16QAM';
chs1.QdCQI = 4;
chsl.NLayers = 2;

codedCqil

1teCQIEncode(chsl,in)

codedCqil = 32x1 int8 column vector

1
1
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Encode CQIl Bits for Second of Two Codewords

Generate the coded CQI bits for two codewords with CQI on the second codeword.

Create input stream and initialize channel settings structure. Encode CQI bits. In this case the CQI is
on the second codeword. The output is a cell array where the first cell is empty.

in = [0;

1; 0; 1; 0;

1];

chs2.Modulation = {'16QAM' '16QAM'};

chs2.QdCQI
chs2.NLayers

[0 4];
= 2;

codedCqi2 = lteCQIEncode(chs2,in)

codedCqi2=1x2 cell array

{0x1 int8}

Input Arguments

{16x1 int8}

chs — Channel-specific transmission configuration
scalar structure | structure array

Channel-specific transmission configuration, specified as a structure that can contain the following
parameter fields.

Parameter Field Required |Values Description
or
Optional
QdCQI Required |nonnegative scalar integer |Number of coded channel quality information
(CQI) symbols (Q°_ CQI)
Modulation Required |'QPSK', '16QAM"', Modulation type, specified as a character
'64QAM', or '256QAM" vector, cell array of character vectors, or string
array. If blocks, each cell is associated with a
transport block.
NLayers Optional |1 (default), 2, 3, 4 Number of transmission layers.

in — CQl input bits
numeric vector | cell array of numeric vectors
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CQI input bits, specified as a numeric vector or a cell array of numeric vectors.

Output Arguments

out — Encoded CQI output bits
integer vector | cell array of integer vectors

Encoded CQI output bits, returned as an integer vector or a cell array of integer vectors. This
argument contains the coded CQI bits after performing channel coding.

Data Types: int8 | cell

References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: http://www.3gpp.org.

See Also
1teACKEncode | 1teCQIDecode | 1teRIEncode | LteUCIEncode | 1teULSCH

Introduced in R2014a
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IteCQIlSelect

PDSCH channel quality indication calculation

Syntax

[cqgi,sinrs] = 1teCQISelect(enb,chs,hest,noiseest)

Description

[cgi,sinrs] = lteCQISelect(enb,chs,hest,noiseest) calculates PDSCH CQI (Channel
Quality Indication) for cell-wide configuration enb, channel configuration chs, channel estimate
hest, and receiver noise variance noiseest. For more information, see “CQI Selection” on page 1-
28.

Examples

Calculate CQI

An empty resource grid for RMC R.13 is populated with cell-specific reference signals symbols. The
signal is filtered through the channel, demodulated and the corresponding channel is estimated along
with an estimate of noise power spectral density on the reference signal subcarriers. The estimates
are used for CQI calculation.

Populate an empty resource grid for RMC R.13 with cell-specific reference signal symbols and
modulate the waveform. Add noise to txWaveform. Configure an EPA fading channel and filter the
signal through this channel.

enb = 1teRMCDL('R.13"');

reGrid = lteResourceGrid(enb);
reGrid(lteCellRSIndices(enb)) = 1teCellRS(enb);
[txWaveform,info] = 1teOFDMModulate(enb, reGrid);

noise = 0.5*complex(randn(size(txWaveform)),randn(size(txWaveform)));
txWaveform nz = txWaveform + noise;

chcfg.SamplingRate
chcfg.DelayProfile
chcfg.NRxAnts = 4;
chcfg.DopplerFreq = 5;

chcfg.MIMOCorrelation = 'Low';

chcfg.InitTime = 0;

chcfg.Seed = 1;

rxWaveform = lteFadingChannel(chcfg,txWaveform nz);

info.SamplingRate;
"EPA';

Demodulate the received signal. Perform downlink channel estimate and noise power spectral density
estimation on the demodulated signal. Use estimates of channel and noise power spectral density for
CQI calculation.

rxSubframe = 1teOFDMDemodulate(enb, rxWaveform);



[teCQISelect

cec.FregWindow = 1;

cec.TimeWindow = 15;

cec.InterpType = 'cubic';

cec.PilotAverage = 'UserDefined';

cec.InterpWinSize = 1;

cec.InterpWindow = 'Centered’;

[hest, noiseEst] = 1teDLChannelEstimate(enb,cec, rxSubframe);
cqgi = lteCQISelect(enb,enb.PDSCH,hest,noiseEst)

cqi =5

Input Arguments

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure. The structure contains the following parameter

fields.
Parameter Require |Values Description
Field d or
Optiona
|
NDLRB Required figlar integer from 6 t0 | Nymber of downlink resource blocks. (N%)
NCellID Required |Integer from 0 to 503 Physical layer cell identity
CellRefP Required|1, 2, 4 Number of cell-specific reference signal (CRS)
antenna ports
CyclicPrefi |Optional | 'Normal' (default), Cyclic prefix length
X 'Extended’
DuplexMode |[Optional |'FDD' (default), 'TDD' |Duplexing mode, specified as:

* 'FDD' for Frequency Division Duplex or
 'TDD' for Time Division Duplex

The following parameters

apply when DuplexMode is set to 'TDD'.

Optional
TDDConfig

0, 1 (default), 2, 3,4, 5, 6

Uplink-downlink configuration

SSC Optional

0 (default), 1, 2, 3, 4, 5,
6,7,89

Special subframe configuration (SSC)

The following parameters
'Port7-14'

apply when DuplexMode is set to 'TDD ' or chs.TxScheme is set to

Required
NSubframe

0 (default), nonnegative

scalar integer

Subframe number

The following parameters apply when chs.TxScheme is set to 'Port7-14"

CSIRefP |Required

1,2,4,8

Array of number of CSI-RS antenna ports
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Required
CSIRSConfig

Scalar integer

Array CSI-RS configuration indices. See TS
36.211, Table 6.10.5.2-1.

Optional
CSIRSperiod

'On' (default), 'Off"’,
Icsi-rs(0,...,154),
[Tcsi-rs Dcsi-rs].
You can also specify
values in a cell array of
configurations for each
resource.

CSI-RS subframe configurations for one or
more CSI-RS resources. Multiple CSI-RS
resources can be configured from a single
common subframe configuration or from a cell
array of configurations for each resource.

NF rame Optional

0 (default), nonnegative
scalar integer

Frame number

chs — Channel-specific transmission configuration

structure | structure array

Channel-specific transmission configuration, specified as a structure or structure array. The structure
contains the following parameter fields:

NLayers Required

Integer from 1 to 8

Number of transmission layers.

CSIMode Required

"PUCCH 1-0', "PUCCH
1-1', "PUSCH 1-2°',
"PUSCH 3-0', '"PUSCH
3-1'

CSI reporting mode
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Parameter
Field

Require
dor

Optiona
1

Values

Description

TxScheme

Required

'Porto’,
'TxDiversity', 'CDD',
'SpatialMux'

PDSCH transmission scheme, specified as one
of the following options.

'MultiUser', [Transmission scheme Description

'POI"t7-8', IP IPOrtGI
‘Port7-14".

Single antenna port, port 0

'TxDive

rsity' Transmit diversity

'CDD'

Large delay cyclic delay
diversity scheme

'Spatia

LMux ' Closed loop spatial
multiplexing

'‘MultiuU

ser' Multi-user MIMO

'Port5'

Single-antenna port, port 5

'Port7-

8' Single-antenna port, port 7,
when NLayers = 1. Dual
layer transmission, ports 7
and 8, when NLayers = 2.

'Port8'

Single-antenna port, port 8

'"Port7-

14" Up to eight layer
transmission, ports 7-14

SINRs90pc

Optional

15 element vector, or
function handle

A vector of 15 SINR values or a function handle
to a function of the form f(enb, chs) which
returns a vector of 15 SINR values, one for
each CQI index 1, ..., 15. These correspond to
the lowest SINR for which the throughput of
the PDSCH in the CQI/CSI reference resource,
for the given configuration and CQI index, is at
least 90%. Default is to internally select SINRs
based on configuration given in enb and chs,
assuming perfect channel estimation and either
MMSE equalization or transmit diversity
decoding (as appropriate for the transmission

scheme) at the receiver.

The following parameter applies for 'SpatialMux', 'MultiUser', 'Port5"', 'Port7-8"',

'Port8', 'Port7-14"' transmission schemes.
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Parameter Require |Values Description
Field dor
Optiona
1
PMISet Required |Integer vector with A vector of Precoder Matrix Indications. The

element values from 0 to
15.

vector may contain either a single value
(corresponding to single PMI mode) or multiple
values (corresponding to multiple or subband
PMI mode). For the 'Port7-14" transmission
scheme with eight CSI-RS ports or for CSI
reporting with the alternative codebook for four
antennas, an additional first value indicates the
wideband codebook index, i1, and subsequent
values indicate the subband codebook indices,
12, or the wideband codebook index, i2. Valid
value range depends on CellRefP, CSIRefP,
NLayers, TxScheme, and AltCodebook4Tx.
For more information about setting PMI
parameters, see LtePMIInfo.

The following parameter applies for 'Port7-14"' transmission scheme with CSIRefP equal to 4, or

for 'Port7-8"' or 'Port8' transmission scheme with Cel1RefP equal to 4.

Required|'0ff' (default), 'On' If setto 'On', enables the alternative codebook
AltCodebook for CSI reporting with four antennas defined in
4Tx TS 36.213, Tables 7.2.4-0A to 7.2.4-0D. The

defaultis 'Off".
(alternativeCodeBookEnabledFor4dTX-r12)

Additionally, one of the following fields must be included. see rote 1

Required |1, 2 Number of codewords
NCodewords

Required| 'QPSK"', '16QAM", Modulation type, specified as a character
Modulation '64QAM', '2560QAM', vector, cell array of character vectors, or string

'1024QAM'

array. If blocks, each cell is associated with a
transport block.

note 1 _ Specify the number of codewords directly in the NCodewords field. Alternatively, if the
Modulation field is provided, the number of codewords is established from the number of

modulation formats. This value lets you establish the correct number of codewords using the
channel transmission configuration structure, chs, as provided to 1tePDSCH function on the

transmit side. If present, the NCodewords field takes precedence.

hest — Channel estimate
multidimensional array

Channel estimate, specified as a K-by-L-by-NRxAnts-by-P array, where:

e K is the number of subcarriers.
* L is the number of OFDM symbols.
* NRxAnts is the number of receive antennas.

* Pis the number of transmit antennas.
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Data Types: double

noiseest — Receiver noise variance
numeric scalar

Receiver noise variance, specified as a numeric scalar. noiseest is an estimate of the received noise
power spectral density.

Data Types: double

Output Arguments

cqi — Channel quality information
column vector

Channel quality information, returned as a column vector containing a channel quality information
report. Report contents depend on the CSI reporting mode.

Report Mode Reporting Contents

Single codeword:

'PUCCH 1-0' A single wideband CQI index

'PUSCH 3-0' A single wideband CQI index, followed by a subband

differential CQI offset level for each subband.

Two codewords:

'"PUCCH 1-1° A single wideband CQI index for codeword 0, followed by a
spatial differential CQI offset level for codeword 1.

'PUSCH 1-2' A single wideband CQI index for codeword 0, followed by a
single wideband CQI index for codeword 1.

'"PUSCH 3-1° A single wideband CQI index for codeword 0, followed by a

subband differential CQI offset level for each subband for
codeword 0, followed by a single wideband CQI index for
codeword 1, followed by a subband differential CQI offset
level for each subband for codeword 1.

Note CSI reporting modes, are separated into the modes that support one or two codewords, as
described by the standard. The CQI select function derives these code words from chs.NCodewords
or chs.Modulation.

sinrs — signal-to-interference plus noise ratios
matrix

Signal-to-interference plus noise ratios, in dB, returned as a matrix. Each column of the matrix
represents a single codeword. If subband CQI reporting is configured, the SINR for the wideband CQI
is in the first row, followed by the sinrs for the subband CQIs in subsequent rows. sinrs is an
optional output.
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More About
CQl Selection

The function performs the CQI selection by first obtaining SINR (Signal to Interference and Noise
Ratio) estimates for a given configuration from 1tePMISelect. Then the function performs a lookup
between those SINR estimates and the CQI index. The lookup tables are precomputed and stored in
this function. CQI selection is conditioned on the rank indicated by chs.NLayers, except for the
'"TxDiversity' transmission scheme which has a rank of 1. On PUCCH, CQI selection corresponds
to Report Type 2 (for reporting Model-1) or Report Type 4 (for reporting Mode 1-0). On PUSCH, the
reporting is Mode 1-2, Mode 3-0, or Mode 3-1.

A CQI Index is a scalar (0,...,15), indicating the selected value of the CQI index. The CQI index is
defined as per TS 36.213. The highest CQI index is selected when a single PDSCH transport block
with a modulation scheme and transport block size of CQI index, and occupying a group of downlink
physical resource blocks termed the CSI reference resource, can be received with a transport block
error probability not exceeding 0.1. If a CQI index of 1 does not satisfy this condition, then the
returned CQI index is 0. The CQI reference resource is defined in TS 36.213, Section 7.2.3. The
relationship between CQI indices, modulation scheme, and code rate (from which transport block size
is derived) is described in TS 36.213, Tables 7.2.3-1 and 7.2.3-2.

A subband differential CQI offset level is the difference between a subband CQI index and the
corresponding wideband CQI index.

A spatial differential CQI offset level is the difference between the wideband CQI index for codeword
0 and the wideband CQI index for codeword 1.

Within the 3GPP standard, CQI offsets are reported as CQI values. These values are nonnegative
integers corresponding to single CQI offset levels or ranges of CQI offset levels (see TS 36.213,
Tables 7.2-2 and 7.2.1-2). The CQI offset levels reported here are either the single CQI offset level
corresponding to the CQI value reported or the boundary value of the CQI offset level range
corresponding to the CQI value reported. For example, a calculated spatial differential CQI offset
level of -6 would be reported per the standard as a spatial differential CQI value of 4. This function
will return a spatial differential offset level of -4 because the calculated differential CQI offset level
exceeds this boundary value, meaning -6 < -4 (see TS 36.213, Table 7.2-2).

For transmission schemes using UE-specific beamforming ('Port 5', 'Port 7-8', 'Port 8°',
'Port7-14"), the performance depends on the beamforming used. For UE-specific beamforming, the
appropriate value of chs.SINRs90pc field is provided. If this field is not provided, for single antenna
ports, the function uses default SINRs90pc values.

References
[1]1 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer

procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1tePMISelect | LteRISelect

Introduced in R2014b
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IteCRCDecode

Cyclic redundancy check decoding and removal

Syntax

[blk,err] = 1teCRCDecode(blkcrc,poly)
[blk,err] = lteCRCDecode(blkcrc,poly,mask)
Description

[blk,err] = 1teCRCDecode(blkcrc,poly) checks the input data vector for a CRC error
assuming the vector comprises a block of data with the associated CRC bits attached. The data part
of the input is returned in vector blk. The logical difference (XOR) between the attached CRC and
the CRC recalculated across the data part of the input is returned in uint32 scalar err. If err is not
equal to 0, either an error has occurred or the input CRC has been masked. A logical mask can also
be applied directly to err. See TS 36.212 [1], Section 5.1.1 for the associated polynomials.

[blk,err] = l1teCRCDecode(blkcrc,poly,mask) checks the input data vector for a CRC error
XOR-ing with the scalar mask parameter before it is returned in err. The mask value is applied to the
CRC bits with the most significant bit (MSB) first and the least significant bit (LSB) last.

Examples

Check Data Vector for CRC Error
Check the effect of CRC decoding a block of data with and without a mask.

CRC encode attaching a masked '24A'-type CRC to an all-ones vector of length 100.

rnti = 8;
blkcrc = 1teCRCEncode(ones(100,1), '24A',rnti);

CRC decode with the data block without using a mask.

[blkl,errl] = 1teCRCDecode(blkcrc, '24A");
errl

errl = uint32
8

The logical difference between the original CRC and recalculated CRC equals the CRC mask. Since
the CRC was been masked, decoding without specifying the mask, returned errl = 8, which is the
value of rnti.

CRC decode using the RNTI as a mask.

[blk2,err2] = 1teCRCDecode(blkcrc, '24A",rnti);
err2

err2 = uint32
0
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The returned output, err2, is 0 because the original mask, rnti, is XORed with itself.

Input Arguments

blkcrc — CRC input data bit vector
numeric column vector

CRC input data bit vector, specified as a numeric column vector. The function checks the input bit
vector for a CRC error assuming that the data consists of a block of data with CRC bits attached.

poly — CRC polynomial
'8'|'16' | '24A"' | '24B'

CRC polynomial, specified as '8', '16"', '24A", or '24B'. See TS 36.212 [1], Section 5.1.1 for the
associated polynomials.

mask — XOR mask
scalar integer

XOR mask, specified as a scalar integer. The CRC difference is XOR-ed with mask before err is
returned.

Data Types: double

Output Arguments

blk — Data bit vector
column vector

Data bit vector, returned as a column vector. blk is the data-only part of the input blkcrc.

Data Types: int8

err — Logical difference
integer

Logical difference, returned as an integer. err is the logical difference between the CRC and CRC
recalculated across the data part of the input.

Data Types: uint32

References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teCRCEncode | LteCodeBlockDesegment | LteConvolutionalDecode

Introduced in R2014a
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IteCRCEncode

Cyclic redundancy check calculation and appending

Syntax

blkcrc
blkcrc

1teCRCEncode(blk,poly)
1teCRCEncode(blk,poly,mask)

Description

blkcrc = 1teCRCEncode(blk,poly) calculates a cyclic redundancy check (CRC) for the input
data vector and returns a copy of the vector with the CRC attached. To support the correct
processing of filler bits, negative input bit values are interpreted as logical 0 for the purposes of the
CRC calculation. A value of -1 is used to represent filler bits. LteCRCEncode calculates the CRC
defined by poly for the input bit vector blk and returns a copy of the input with the CRC appended
in vector blkcrc. Valid options for the CRC polynomial are '8', '16', '24A"', or '24B'. See TS
36.212 [1], Section 5.1.1 for the associated polynomials.

blkcrc = 1teCRCEncode(blk,poly,mask) XOR masks the appended CRC bits with the integral
value of mask. The mask value is applied to the CRC bits with the most significant bit (MSB) first and
the least significant bit (LSB) last.

Examples

Calculate and Append CRC

Calculate and append the CRC associated with an all zero vector, which is also zero.

crcl = 1teCRCEncode(zeros(100,1), '24A");
crcl(1:10)

ans = 10x1 int8 column vector

[oNoNoNoNoNoNoNoNoNo]

The result is an all-zeros vector of length 124.
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Calculate and Append CRC with MSB First
Mask the CRC bits in an MSB-first order.

Set the XOR mask to 1 to make the appended CRC bits XOR masked from the most significant to least

significant bit.
mask = 1;
crc2 = lteCRCEncode(zeros(100,1), '24A"' ,mask);

crc2(end-10:end)

ans = 11x1 int8 column vector

[oNoNoNoNoNoNoNoNoNo)

The result is all zeros, except for a single one in last element position.

Input Arguments

blk — Data bit vector
numeric column vector

Data bit vector, specified as a numeric column vector.

poly — CRC polynomial
'8'|'16"' | '24A"' | '24B'

CRC polynomial, specified as '8', '16"', '24A"', or '24B'. See TS 36.212 [1], Section 5.1.1 for the
associated polynomials.

mask — XOR mask
integer

XOR mask, specified as an integer. The appended CRC bits are XOR masked from the most significant
to least significant bit.

Output Arguments

blkcrc — Bit vector with CRC
column vector

Bit vector with CRC, returned as a column vector.

Data Types: int8
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References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: http://www.3gpp.org.

See Also
1teCRCDecode | LteCodeBlockSegment | LteConvolutionalEncode

Introduced in R2014a
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IteCSICodebook

Codebook for channel state information reporting

Syntax

out
out
out

1teCSICodebook(nu,p,idx)
1teCSICodebook(nu,p,idx, table)
1teCSICodebook(nu,p,il,i2)

Description

out = lteCSICodebook(nu,p,idx) returns the precoding matrix associated with channel state
information (CSI) reporting as defined in TS 36.213 [1], Section 7.2.4 given the number of layers, nu,
the number of antennas, p, and the codebook index, idx. For more information, see “CSI Codebook
Reporting” on page 1-36 and 1tePMIInfo.

out = 1teCSICodebook(nu,p,idx,table) where table specifies the codebook selection table.
For more information, see “CSI Codebook Reporting” on page 1-36.

out = lteCSICodebook(nu,p,il,i2) where il and i2 specify the first and second codebook
indices, respectively. This signature was only intended for p = 8. This signature may be removed in a
future release, instead use out = lteCSICodebook(nu,p,idx) with idx = [i1 i2].

Examples

Create Codebook Entry for CSI Reporting

This example creates a codebook entry for CSI reporting with 2 layers, 4 antennas, and a codebook
index of 3.

1teCSICodebook(2,4,3)

ans = 4x2 complex

0.3536 + 0.00001 0.0000 + 0.35361
0.0000 - 0.35361 0.3536 + 0.00001
-0.3536 + 0.00001 0.0000 + 0.35361
0.0000 + 0.35361 0.3536 + 0.00001

Create Alternate Codebook Entry for CSI Reporting

Create an alternative codebook entry for CSI reporting with three layers, and four antennas, using
codebook indices provided.

1teCSICodebook(3,4,[0 7], 'AltCodeBook4Tx")

ans = 4x3 complex
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0.2887 + 0.0000i 0.0000 + 0.28871i -0.2041 + 0.20411
0.2041 - 0.2041i -0.2041 - 0.2041i 0.0000 - 0.28871
0.0000 - 0.28871i 0.2887 + 0.00001 -0.2041 - 0.20411
-0.2041 - 0.20411i -0.2041 + 0.2041i 0.2887 + 0.00001

The codebook entry [i1 i2] = [0 7] from TS 36.213, Table 7.2.4-0C is used.

Input Arguments

nu — Number of transmission layers
1,...,8 | positive scalar integer

Number of transmission layers, specified as an integer from 1 to 8.

p — Number of transmission antennas
1|2]4] 8| positive scalar integer

Number of transmission antennas, specified as 1, 2, 4, or 8.

idx — Codebook index
0,...,15 | scalar integer | vector with two integers

Codebook index, specified as an integer or vector of two integers from 0 to 15.

o If p=28, idx should be a pair of indices [11 i2].
* Ifp=4andtable = 'AltCodebook4Tx', idx should be a pair of indices [11 i2].

 Ifp=4andtable = 'StdCodebook4Tx', idx should be a single index or a pair with i1 set to
Zero.

» Ifp=1orp =2, idx should be a single index or a pair with i1 set to zero.

For more information, see “CSI Codebook Reporting” on page 1-36.

Example: [0 3] indicates the codebook indices [11 i2].

11 — First codebook index
0 (default),..., 15 | scalar integer

First codebook index, specified as an integer from 0 to 15. For more information, see “CSI Codebook
Reporting” on page 1-36.

i2 — Second codebook index
0,...,15 | scalar integer

Second codebook index, specified as an integer from 0 to 15. For more information, see “CSI
Codebook Reporting” on page 1-36.

table — Codebook selection table
‘StdCodebook4Tx’ (default) | ‘AltCodebook4Tx’ | optional

Codebook selection table for four transmission antennas, specified as 'StdCodebook4Tx' or

"AltCodebook4Tx'. table is optional and only applicable when p = 4. For more information, see
“CSI Codebook Reporting” on page 1-36.
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Data Types: char | string

Output Arguments

out — Precoding matrix associated with CSI reporting
complex-valued numeric matrix

Precoding matrix associated with CSI reporting, returned as a complex-valued numeric p-by-nu
matrix, where p is the number of transmission antennas, and nu is the number of transmission layers.
nu must always be less than or equal to p. For more information, see “CSI Codebook Reporting” on
page 1-36.

Data Types: double
Complex Number Support: Yes

More About
CSI Codebook Reporting

A UE reports the precoding matrix indicator (PMI) according to the feedback modes as described in
TS 36.213 [1], Section 7.2.4. 1teCSICodebook returns the precoding matrix for CSI reporting as a p-
by-nu matrix, where p is the number of transmission antennas (CSI-RS or CRS ports) and nu is the
number of transmission layers (PDSCH transmission layers). nu must always be less than or equal to
p. Inputs to the function are nu, p, idx indicating the codebook indices, and optionally table
indicating the codebook selection table.

Codebook indices, Transmiss
Codebook |Number of | , idx (See Note 1) |table ion

layers, nu il i2 scheme

Reference
Signal

TS 36.213,
Table 1
7.2.4-1

0-15
TS 36.213,
Table 2 0-15
7.2.4-2

TS 36.213,
Table 3

7.2.4-3 'Port7-1
CSIRefP o 36213, 8 n/a ar
Table 4 0-7

7.2.4-4

TS 36.213,
Table 5
7.2.4-5

TS 36.213,
Table 6
7.2.4-6

0-3
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Reference
Signal

Codebook

Number of
layers, nu

Codebook indices,
idx (See Note 1)

il

i2

table

Transmiss
ion
scheme

TS 36.213,
Table
7.2.4-7

TS 36.213,
Table
7.2.4-8

CellRefP
or CSIRefP
(See Note
2)

TS 36.213,
Table
7.2.4-0A

TS 36.213,
Table
7.2.4-0B

0-15

TS 36.213,
Table
7.2.4-0C

TS 36.213,
Table
7.2.4-0D

0-15

'AltCode
book4Tx'

TS 36.211,
Table
6.3.4.2.3-2

1-4

TS 36.211,
Table
6.3.4.2.3-1

Precoding
matrix = 1

0-15

'StdCode
book4Tx'

0-3

0-2

n/a

'Port7-8
or
'Port7-1
4' (See
Note 2)

any single
antenna

Note

1 Preferred format for codebook indices, idx, is a two element vector, [11 i2]. A scalar format is
accepted when the only available setting for i1 is zero. For this case, use the applicable scalar

input range shown for i2.
2 CellRefP for the 'Port7-8"' or CSIRefP for the 'Port7-14"

References

[1] 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access

Network. URL: https://www.3gpp.org.

[2]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access

Network. URL: https://www.3gpp.org.
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1 Functions

See Also
1teDLPrecode | LtePDSCH | 1tePDSCHDecode | LtePMIInfo | LtePMISelect

Introduced in R2014a
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IteCSIRS

Channel state information reference signal

Syntax

1teCSIRS(enb)
1teCSIRS(enb,opts)

sym
sym

Description

sym = 1teCSIRS(enb) returns the channel state information reference signal (CSI-RS) symbols for
transmission in a single subframe on up to eight antenna ports (p = 15,...,22). See “lteCSIRS
Processing” on page 1-42.

sym = 1teCSIRS(enb,opts) formats the returned symbols using options specified by opts.

Examples

Create CSI-RS Symbols and Combine with Resource Grid

Generate CSI-RS symbols and combine them with a 10 MHz, release 8, port 0 PDSCH subframe
resource grid.

Initialize a reference channel structure. Create a 10 MHz, release 8, port 0 PDSCH configuration
parameter structure. Set subframe number to 1, number of CSI-RS antenna ports to 8, CSI-RS
configuration to 0, and CSIRSPeriod to 6.

rmc = 1teRMCDL(
rmc.NSubframe =
rmc.CSIRefP = 8
rmc.CSIRSConfig
rmc.CSIRSPeriod

'R.2','FDD',1);
1;

’

2
0;
6

The 8 antenna ports are ports 15 to 22. The setting for CSIRSPeriod is Icsi-rs, which equals
[ Tcsi-rs Dcsi-rs]=[101].

Create a 3-D resource grid to contain the subframes for all eight CSI-RS ports.
rgrid = lteResourceGrid(rmc, rmc.CSIRefP);

Write the release 8 port 0 transmission into the first plane of the resource grid.
[wave,rgrid(:,:,1)] = 1teRMCDLTool(rmc,[1,0,0,1]);

Create the CSI-RS symbols for ports 15 to 22. Overwrite all ports included in the port 0 transmission
with the actual CSI-RS and unused RE.

rgrid(lteCSIRSIndices(rmc, 'rs+unused')) = 1teCSIRS(rmc, 'rs+unused');
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Input Arguments

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required |Values Description
oOI;:ptionaI

NDLRB Required |Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)

NCellID Required |Integer from 0 to 503 Physical layer cell identity

NSubframe Required |0 (default), nonnegative scalar Subframe number

integer
NFrame Optional |0 (default), nonnegative scalar Frame number

integer

CellRefP is only used when the Indexing format option for indexing generation is' rs+unused'

CellRefP Optional |1 (default), 2, 4 Number of cell-specific reference
signal (CRS) antenna ports
CyclicPrefix Optional |'Normal' (default), 'Extended' Cyclic prefix length
DuplexMode Optional |'FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division
Duplex or

 'TDD' for Time Division Duplex

The following parameters apply when DuplexMode is set to 'TDD"'.

TDDConfig Optional |0, 1 (default), 2, 3, 4, 5, 6 Uplink-downlink configuration
SSC Optional |0 (default), 1, 2, 3,4,5,6,7,8,9 Special subframe configuration
(SSC)
CSIRSPeriod Optional |'On' (default), 'Off', Icsi-rs CSI-RS subframe configurations for

(0,...,154), [Tcsi-rs Dcsi-rs].
You can also specify values in a cell
array of configurations for each
resource.

See note.

one or more CSI-RS resources.
Multiple CSI-RS resources can be
configured from a single common
subframe configuration or from a
cell array of configurations for each
resource.

The following CSI-RS resource parameters apply only when CSIRSPeriod sets one, or more CSI-RS subframe
configurations to any value other than 'Off'. Each parameter length must be equal to the number of CSI-RS

resources required.

CSIRSConfig Required |Nonnegative scalar integer Array CSI-RS configuration indices.
See TS 36.211, Table 6.10.5.2-1.
CSIRefP Required |1 (default), 2, 4, 8 Array of number of CSI-RS antenna

ports
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Parameter Field Required |Values Description
or
Optional
NCSIID Optional |Nonnegative scalar integer CSI-RS scrambling identity. If this
field is not present, then NCellID is
used as the identity.
ZeroPowerCSIRSPeri |Optional |'Off' (default), 'On', Icsi-rs Zero power CSI-RS subframe
od (0,...,154), [Tcsi-rs Dcsi-rs]. configurations for one or more zero

You can also specify values in a cell
array of configurations for each
resource.

See note.

power CSI-RS resource configuration
index lists. Multiple zero power CSI-
RS resource lists can be configured
from a single common subframe
configuration or from a cell array of
configurations for each resource list.

The following zero power CSI-RS resource parameter is only required if one, or more of the above zero power
subframe configurations are set to any value other than 'Off"'.

Required |16-bit bitmap character vector or Zero power CSI-RS resource
ZeroPowerCSIRSConf string scalar (truncated if not 16 bits |configuration index lists (TS 36.211
ig or '0' MSB extended), or a numeric |Section 6.10.5.2). Specify each list
list of CSI-RS configuration indices. |as a 16-bit bitmap character vector
You can also specify values in a cell |or string scalar (if less than 16 bits,
array of configurations for each then '0' MSB extended), or as a
resource. numeric list of CSI-RS configuration
indices from TS 36.211 Table
6.10.5.2-1 in the '4"' CSI reference
signal column. Multiple lists can be
defined using a cell array of
individual lists.
[1]
Note:

1 (CSIRSPeriod and ZeroPowerCSIRSPeriod parameters control the downlink subframes in which the
different CSI-RS resources are present. Valid settings include:

* always 'On'
* always 'Off'

* scalar subframe configuration index Icsi-rs from 0 through 154
» explicit subframe periodicity and offset pair [Tcsi-rs Dcsi-rs]

The subframes containing CSI-RS are located with NSubframe and the optional NF rame parameters.
NSubframe can be greater than 10; thus NSubframe = 11 is equivalent to setting NSubframe to 1 and

NFrame to 1.

For more information, see TS 36.211 [1], Section 6.10.5.3.

opts — Symbol generation options
character vector | cell array of character vectors | string array
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Symbol generation options, specified as a character vector, cell array of character vectors, or string
array. For convenience, you can specify several options as a single character vector or string scalar
by a space-separated list of values placed inside the quotes. Values for opts when specified as a
character vector include (use double quotes for string):

Option Values Description

Symbol "ind' (default), |Style for returning CSI-RS symbols, specified as one of the following options.

style 'mat’

y e 'ind' — returns the CSI-RS symbols as a column vector (default)
* 'mat' — returns the CSI-RS symbols as a matrix, where each column

contains symbols for an individual port and CSI-RS configuration. To form a
matrix, a column can contain duplicate entries.

Symbol "rsonly'’ Format for the returned symbols, specified as one of the following options.

format (default), 'rs

+unused’ * 'rsonly' — returns only defined CSI-RS symbols (default), both zero and

non-zero

¢ 'rs+unused' — also includes zeros for the resource element (RE)
locations that should be unused because they are reserved for CSI-RS on
another port.

Note Returned symbols specify the CSI-RS resource values within an N-by-M-by-antennas array. The number

of antennas is max (CSIRefP) or if zero power CSI-RS are also defined number of antennas is

max (max (CSIRefP),4). For the 'rs+unused' option, the number of antennas used to define the empty REs
(either because they are zero power or they are unused in another port) is max (max (CSIRefP),CellRefP).
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Example: 'ind rsonly', "ind rsonly", {'ind"', 'rsonly'}, or ["ind", "rsonly"] specify the
same formatting options.

Data Types: char | string | cell

Output Arguments

sym — CSI-RS symbols
column vector (default) | matrix

CSI-RS symbols for transmission in a single subframe on up to eight antenna ports, returned as a
column vector or matrix of concatenated CSI-RS symbol sequences for each of the enb.CSIRefP
ports based on the cell-wide parameter settings. The length of sym is the number of resource
elements. See “lteCSIRS Processing” on page 1-42.

Data Types: double
Complex Number Support: Yes

More About

IteCSIRS Processing

The 1teCSIRS function supports the creation of multiple non-zero power CSI-RS resources and zero
power CSI-RS.

By default the output symbols are returned as a column vector and are ordered as they should be
mapped into the resource elements along with 1teCSIRSIndices. If, according to the CSI-RS resource
subframe configurations and duplex mode, there are no CSI-RS scheduled in the subframe, then the
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output is empty. Optionally the returned symbols can also include zeros representing the resource
elements which should be unused since they are reserved for CSI-RS symbols in one or more of the
other ports. On assignment into a populated subframe grid, these zeros create empty resource
elements for both Release 8, and Release 10 and 11 compatibility. When multiple non-zero power
resources and zero power CSI-RS are output, the zero power CSI-RS symbols are first in the
concatenated output, followed by the symbols for the ordered set of CSI-RS resources.

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teCSIRSIndices | 1teCellRS | 1teDMRS | 1teEPDCCHDMRS | 1tePRBS | 1tePRS

Introduced in R2014a
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IteCSIRSIndices

CSI-RS resource element indices

Syntax
ind = 1teCSIRSIndices(enb)
ind = 1teCSIRSIndices(enb,opts)

Description

ind = 1teCSIRSIndices(enb) returns the indices of the channel state information reference
signal (CSI-RS) resource elements (RE) for the specified subframe. See “l1teCSIRSIndices Processing”
on page 1-48.

ind = 1teCSIRSIndices(enb,opts) formats the returned indices using options specified by
opts.

Examples

Generate Column Vector of CSI-RS RE Indices

Generate a column vector of CSI-RS resource element linear indices for ports 15 to 22 of a 10 MHz
downlink subframe 0 resource grid.

Create a 10 MHz, downlink, subframe 0 configuration parameter structure. Set the number of
antenna ports to 8, the CSI-RS configuration to 0, and Icsi-rs to 5.

rmc = 1teRMCDL('R.2"');
rmc.CSIRefP = 8;
rmc.CSIRSConfig
rmc.CSIRSPeriod

0;
5;

The 8 antenna ports are ports 15 to 22. The variable Icsi-rs =5 is equivalenttoa [Tcsi-rs
Dcsi-rs] setting of [10 O].

csirsl = 1teCSIRSIndices(rmc);
csirsl(1:5)

ans = 5x1 uint32 column vector

3010
3022
3034
3046
3058
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Generate Matrix of CSI-RS RE Indices

This example shows how to generate a matrix of CSI-RS RE linear indices for ports 15 to 22 of a 10

MHz downlink subframe 0 resource grid.

Create a 10 MHz, downlink, subframe 0 configuration parameter structure. Set the number of

antenna ports to 8, the CSI-RS configuration to 0, and Icsi-rs to 5.

rmc
rmc
rmc
rmc

Generate a matrix of linear indices with eight columns.

csirs2 = 1teCSIRSIndices(rmc, 'mat');

siz

ans

Generate Used and Unused CSI-RS RE Indices

= 1teRMCDL('R.2");

.CSIRefP = 8;
.CSIRSConfig
.CSIRSPeriod

e(csirs?)
= 1Ix2

88 8

0;
5;

This example shows how to generate both used and unused CSI-RS RE linear indices for ports 15 to

22 of a 10 MHz downlink subframe 0 resource grid.

Create a 10 MHz, downlink, subframe 0 configuration parameter structure. Set the number of

antenna ports to 8, the CSI-RS configuration to 0, and Icsi-rs to 5.

rmc
rmc
rmc
rmc

= 1teRMCDL('R.2");

.CSIRefP = 8;
.CSIRSConfig
.CSIRSPeriod

0:
5

’

’

The 8 antenna ports are ports 15 to 22. The variable Icsi-rs = 5is equivalenttoa [Tcsi-rs

Dcsi-rs] setting of [10 O].
Generate both used and unused CSI-RS RE in all ports.

csirs3 = 1teCSIRSIndices(rmc, 'rs+unused');

csi

ans = 5x1 uint32 column vector

rs3(1:5)

3010
3022
3034
3046
3058
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Input Arguments

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required or (Values Description
Optional
NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)
NSubframe Required 0 (default), nonnegative scalar Subframe number
integer
NFrame Optional 0 (default), nonnegative scalar Frame number

integer

CellRefP is only used when the Index

ing format option for indexing generation is' rs+unused'

CellRefP Optional 1 (default), 2, 4 Number of cell-specific reference
signal (CRS) antenna ports
CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division
Duplex or

 'TDD' for Time Division
Duplex

The following apply when DuplexMode

issetto 'TDD".

TDDConfig Optional 0, 1 (default), 2, 3,4, 5,6 Uplink-downlink configuration
SSC Optional 0 (default), 1, 2, 3,4, 5,6, 7, 8,9 |Special subframe configuration
(SSC)
CSIRSPeriod Optional 'On' (default), '0Off', Icsi-rs |CSI-RS subframe configurations

(0,...,154), [Tcsi-rs Dcsi-rs].
You can also specify values in a
cell array of configurations for
each resource.

See note.

for one or more CSI-RS resources.
Multiple CSI-RS resources can be
configured from a single common
subframe configuration or from a
cell array of configurations for
each resource.

The following CSI-RS resource parameters apply only when CSIRSPeriod sets one, or more CSI-RS subframe
configurations to any value other than 'Off'. Each parameter length must be equal to the number of CSI-RS

resources required.

CSIRSConfig Required Nonnegative scalar integer Array CSI-RS configuration
indices. See TS 36.211, Table
6.10.5.2-1.

CSIRefP Required 1 (default), 2, 4, 8 Array of number of CSI-RS

antenna ports
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Parameter Field Required or (Values Description

Optional
ZeroPowerCSIRSPeri |Optional 'Off' (default), 'On', Icsi-rs |Zero power CSI-RS subframe
od (0,...,154), [Tcsi-rs Dcsi-rs]. |configurations for one or more

You can also specify values in a
cell array of configurations for
each resource.

See note.

zero power CSI-RS resource
configuration index lists. Multiple
zero power CSI-RS resource lists
can be configured from a single
common subframe configuration
or from a cell array of
configurations for each resource
list.

The following zero power CSI-RS resource parameter is required only if one

subframe configurations are set to any value other than 'Off"'.

, or more of the other zero power

ZeroPowerCSIRSConf
ig

Required

16-bit bitmap character vector or
string scalar (truncated if not 16
bits or '0' MSB extended), or a
numeric list of CSI-RS
configuration indices. You can also
specify values in a cell array of
configurations for each resource.

Zero power CSI-RS resource
configuration index lists (TS
36.211 Section 6.10.5.2). Specify
each list as a 16-bit bitmap
character vector or string scalar
(if less than 16 bits, then '0' MSB
extended), or as a numeric list of
CSI-RS configuration indices from
TS 36.211 Table 6.10.5.2-1 in the
'4' CSI reference signal column.
Multiple lists can be defined using

a cell array of individual lists.

Note:

1 The CSIRSPeriod and ZeroPowerCSIRSPeriod parameters control the downlink subframes in which

the different CSI-RS resources are present. Valid settings include:

o Always 'On'
o Always 'Off'

* Scalar subframe configuration index Icsi-rs from 0 through 154

* Explicit subframe periodicity and offset pair [Tcsi-rs Dcsi-rs]

To locate the subframes containing CSI-RS, use the NSubframe parameter and the optional NF rame
parameter. NSubframe can be greater than 10. Thus NSubframe = 11 is equivalent to setting NSubf rame

to 1 and NFrame to 1.

For more information, see TS 36.211 [1], Section 6.10.5.3.

opts — Index generation options
character vector | cell array of character vectors | string array

Index generation options, specified as a character vector, cell array of character vectors, or string
array. For convenience, you can specify several options as a single character vector or string scalar
by a space-separated list of values placed inside the quotes. Values for opts when specified as a
character vector include (use double quotes for string):
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Option Values Description
Indexing 'ind' (default), |Style for the returned indices, specified as one of the following options.
style ‘mat’, 'sub’ _ o

e 'ind' — returns the indices as an Nyg-by-1 vector (default)

* 'mat' — returns the indices as a matrix. If not precoded, each column
contains indices for an individual layer/port. If precoded, each column
contains symbols for a transmit antenna. To form a matrix, a column can
contain duplicate entries.

* 'sub' — returns the indices as an Nyg-by-3 matrix. in [subcarrier,
symbol, antenna] subscript row style.

Ngg is the number of resource elements.

Index base |'lbased'’ Base value of the returned indices. Specify ' 1based' to generate indices
(default), where the first value is 1. Specify 'Obased' to generate indices where the
'Obased’ first value is 0.
Indexing "rsonly’ Format for the returned locations, specified as one of the following options.
format (default), 'rs )
+unused’ ¢ 'rsonly' — returns only defined CSI-RS locations (default), both zero and
non-zero

* 'rs+unused' — also includes zeros for the resource element (RE)
locations that should be unused because they are reserved for CSI-RS on
another port.

Note Returned indices specify the CSI-RS resource values within an N-by-M-by-antennas array. Where the
number of antennas is max (CSIRefP) or if zero power CSI-RS are also defined number of antennas is

max (max (CSIRefP),4). In the case of the 'rs+unused' option, the number of antennas used to define the
empty REs (either because they are zero power or they are unused in another port) is

max (max (CSIRefP),CellRefP).
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Example: 'ind rsonly', "ind rsonly", {'ind"', 'rsonly'}, or ["ind", "rsonly"] specify the

same formatting options.

Data Types: char | string | cell

Output Arguments

ind — Channel state information reference signal (CSI-RS) indices
column vector (default) | matrix

Channel state information reference signal (CSI-RS) indices, returned as a vector or matrix. See
“lteCSIRSIndices Processing” on page 1-48.

Data Types: uint32

More About

IteCSIRSIndices Processing

The 1teCSIRSInidices function supports the creation of multiple non-zero power resources and
zero power CSI-RS.

By default the output indices as re returned as a column vector in one-based linear indexing form,
that can directly index elements in an N-by-M-by-max(CSIRefP) array. These indices represent the




[teCSIRSIndices

subframe grid across max(CSIRefP) antenna ports (p = 15,...,22). Other index representations can
also be created as well as whether the output includes the RE that should be empty in a specific port
because of CSI-RS transmissions in another port. These indices are ordered as the complex CSI-RS
symbols should be mapped and do not include any elements allocated to PBCH, PSS, and SSS. You
can define the CSI-RS subframe configuration schedule as required for the CSI-RS resources. If the
subframe contains no CSI-RS, then an empty vector is returned. When multiple non-zero power and
zero power CSI-RS are returned, the indices for the zero power CSI-RS appear first in the
concatenated output, followed by the indices for the ordered set of CSI-RS resources.

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teCSIRS | LteCellRSIndices | L teDMRSIndices | LtePRSIndices

Introduced in R2014a
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IteCellRS

Cell-specific reference signal

Syntax
sym = lteCellRS(enb)
sym = lteCellRS(enb,ports)

Description

sym = lteCellRS(enb) returns cell-specific reference signal symbols for cell-wide settings in the
enb structure. sym is a complex-valued column vector containing cell-specific reference signal
symbols. Unlike other physical channels and signals, the symbols for multiple antennas are
concatenated into a single column rather than returned in a matrix with a column for each antenna.
The reason for this behavior is that the number of symbols varies across the antenna ports.

sym = lteCellRS(enb, ports) returns cell-specific reference signal symbols for antenna ports
specified in the vector, ports (0,1,2,3), and cell-wide settings structure, enb. In this case, CellRefP
is ignored if present in enb and ports is used instead.

Examples

Find Length of Cell-Specific Reference Signals

This example shows different numbers of cell-specific reference signal symbols transmitted at
antenna port 0 and 2.

Initialize cell wide parameter structure, enb, to RMC R.6

enb = 1teRMCDL('R.6");

Observe the number of cell-specific reference symbols on port 0
cellRefPort®@ = length(lteCellRS(enb,0))

cellRefPortd = 200

Observe the number of cell-specific reference symbols on port 2
cellRefPort2 = length(lteCellRS(enb,2))

cellRefPort2

100

Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.
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Parameter Field |Required or |Values Description
Optional
NDLRB Required Scalar integer from 6 to Number of downlink resource blocks. (NRg)
110
NCellID Required Integer from 0 to 503 Physical layer cell identity
NSubframe Required 0 (default), nonnegative Subframe number
scalar integer
CellRefP Required 1,2,4 Number of cell-specific reference signal
(CRS) antenna ports
CyclicPrefix Optional ‘Normal' (default), Cyclic prefix length
'Extended’
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division Duplex or
e 'TDD' for Time Division Duplex

The following parameters are dependent upon the condition that DuplexMode is set to 'TDD'.

TDDConfig Optional 0, 1 (default), 2, 3,4, 5,6 |Uplink-downlink configuration
SSC Optional 0 (default), 1, 2, 3, 4, 5, 6, |Special subframe configuration (SSC)
7,8,9

ports — Antenna ports
0 (default) | 1 | 2 | 3 | numeric vector | optional

Antenna ports, specified as a numeric vector whose elements must be (0, 1, 2, 3).

Output Arguments

sym — Cell-specific reference signal symbols
complex-valued numeric column vector

Cell-specific reference signal symbols, returned as a complex-valued numeric column vector. This
argument contains cell-specific reference signal symbols for the specified cell-wide settings, enb, and
optional number of antenna ports, ports.

Data Types: double

See Also
1teCSIRS | TteCellRSIndices | 1teDMRS | LteEPDCCHDMRS | 1tePRBS | 1tePRS

Introduced in R2014a
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IteCellRSIndices

CRS resource element indices

Syntax

ind = lteCellRSIndices(enb)

ind = 1teCellRSIndices(enb,opts)

ind = 1teCellRSIndices(enb,ports)

ind = 1teCellRSIndices(enb,ports,opts)
Description

ind = lteCellRSIndices(enb) returns a column vector of resource element (RE) indices for the
cell-specific reference signal (RS), given the cell-wide settings in the enb structure. By default, the
indices are returned in 1-based linear indexing form that can directly index elements of a 3-D array
representing the subframe resource grid for all antenna ports. These indices are ordered as the
reference signal modulation symbols should be mapped. Unlike other physical channels and signals,
the indices for multiple antennas are concatenated into a single column rather than returned in a
matrix with a column for each antenna. The indices for each antenna are concatenated because the
number of indices varies across the antenna ports.

ind lteCellRSIndices(enb,opts) returns RE indices in a format specified by opts.

ind 1teCellRSIndices(enb,ports) returns RE indices for antenna ports specified in the
vector ports. In this case, the Cel1RefP field of enb is ignored, and ports is used instead.

ind = 1teCellRSIndices(enb,ports,opts) returns RE indices for the specified antenna ports
and formatting options.

Examples

Generate Cell-Specific Reference Signal RE Indices

Generate zero-based cell-specific reference signal (CRS) resource element (RE) indices in subscript
form for antenna port 2.

enb = 1teRMCDL('R.0");

enb.NCellID = 10;

ind = 1teCellRSIndices(enb,2,{'0Obased', 'sub'});
ind(1:4,:)

ans = 4x3 uint32 matrix

4 1 2
10 1 2
16 1 2
22 1 2
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In this case, each row of the generated matrix has three columns, which represent subcarrier,
symbol, and antenna port, respectively.

Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field |Required or |Values Description
Optional

NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)

NCellID Required Integer from 0 to 503 Physical layer cell identity

CellRefP Required 1,2,4 Number of cell-specific reference
signal (CRS) antenna ports

CyclicPrefix Optional 'Normal' (default), 'Extended' |Cyclic prefix length

DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division
Duplex or

* 'TDD' for Time Division Duplex

The following parameters are dependent upon the condition that DuplexMode is set to 'TDD'.

Nsubframe Required 0 (default), nonnegative scalar Subframe number
integer
TDDConfig Optional 0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink configuration
SSC Optional 0 (default), 1, 2, 3, 4, 5, 6, 7, 8, 9 |Special subframe configuration
(SSC)

ports — Antenna ports
numeric vector

Antenna ports, specified as a numeric vector whose elements must be (0, 1, 2, 3).

opts — Index generation options
character vector | cell array of character vectors | string array

Index generation options, specified as a character vector, cell array of character vectors, or string
array. For convenience, you can specify several options as a single character vector or string scalar
by a space-separated list of values placed inside the quotes. Values for opts when specified as a
character vector include (use double quotes for string):
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Option Values Description
Indexing 'ind' (default), |Style for the returned indices, specified as one of the following options.
style 'sub'
y e 'ind' — returns the indices in linear index form as a column vector
(default)

* 'sub' —returns the indices in [subcarrier, symbol, antenna]
subscript row style. The number of rows in the output, ind, is the number
of resource elements (INgg). Thus, ind is an Ngg-by-3 matrix.

Index base |'lbased' Base value of the returned indices. Specify ' 1based' to generate indices
(default), where the first value is 1. Specify 'Obased' to generate indices where the
'Obased’ first value is 0.

Example: 'ind Obased', "ind Obased", {'ind', 'Obased'}, ["ind", "Obased"] specify the
same formatting options.

Data Types: char | string | cell

Output Arguments

ind — Cell-specific reference signal RE indices
column vector | numeric matrix

Cell-specific reference signal RE indices, returned as a column vector. Optionally, can be returned as
an NRE-by-3 matrix.

Data Types: uint32

See Also
1teCSIRSIndices | LteCellRS | LTteDMRSIndices | LtePRSIndices

Introduced in R2014a
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IteCellSearch

Cell identity search using PSS and SSS

Syntax

[cellid,offset, peak]
[cellid,offset, peak]
[cellid,offset, peak]

lteCellSearch(enb,waveform)
1teCellSearch(enb,waveform,alg)
lteCellSearch(enb,waveform, cellids)

Description

[cellid,offset,peak] = lteCellSearch(enb,waveform) returns the cell identity carried by
the PSS and SSS signals in the input waveform, the timing offset to the start of the first frame of the
waveform, and the peak correlation magnitude. The cell-wide settings structure, enb, defines the link
configuration.

[cellid,offset,peak] = lteCellSearch(enb,waveform,alg) takes an additional input
structure, alg, which provides control over the cell search. The input structure, alg, contains
optional fields to define the SSS detection method, the maximum number of cells to detect, and which
cell identities to search.

[cellid,offset,peak] = lteCellSearch(enb,waveform,cellids) uses an additional input
to constrain the cell search to the list of cell identities specified by in cellids.

Note This syntax will be removed in a future release. Instead use the syntax [cellid,offset,peak]
= lteCellSearch(enb,waveform,alg) and set alg.CellIDs = cellids.

Examples

Find Cell Identity
Search for the cell identity (in this case 171) of an R. 12 RMC waveform.

Initialize reference channel configuration, rmc. Perform cell search on the waveform produced using
this configuration.

rmc = 1teRMCDL('R.12");
rmc.NCellID = 171;
rmc.TotSubframes = 1;

cellID lteCellSearch(rmc, 1teRMCDLTool(rmc,[1;0;0;1]1))

cellID

171
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Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required |Values Description
or
Optional
NDLRB Required |Scalar integer from 6 to 110 Number of downlink resource blocks.
(NRE)
CyclicPrefix Optional |'Normal' (default), 'Extended' |Cyclic prefix length
Duplexmode Optional |'FDD' (default), 'TDD' Duplexing mode, specified as:
* 'FDD' for Frequency Division
Duplex or
* 'TDD' for Time Division Duplex

waveform — Time-domain waveform
numeric matrix

Time-domain waveform, specified as a numeric matrix of size T-by-P. Where T is the number of time-
domain samples and P is the number of receive antennas. The sampling rate of the time domain
waveform must be the same as used in the 1teOFDMModulate function for the specified number of
resource blocks enb.NDLRB. The number of time domain samples, T, must be sufficient to provide at
least one subframe for FDD (or 2 for TDD since in TDD mode PSS and SSS lie in adjacent subframes).
For the cell search to succeed, the waveform provided must contain the PSS and SSS signals.

Note enb.NDLRB is only required to specify the sampling rate of waveform.

Data Types: double
Complex Number Support: Yes

alg — Cell search algorithm control
structure

Cell search algorithm control, specified as a structure. alg accepts these fields defining optional cell
search algorithm settings.

Parameter Field Required |Values Description
or
Optional
SSSDetection Optional |'PreFFT' (default), 'PostFFT'. SSS detection method.
a
MaxCellCount Optional |Nonnegative scalar integer. (1, ..., |The number of cell identities to
504), default 1. detect.
b
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Parameter Field Required |Values Description
or
Optional
CelllIDs Optional |Vector of nonnegative integers, A vector containing the cell identities
default vector (0:503). to use for the cell search.
C

¢ OFDM demodulation is performed using the timing estimate from PSS detection,

"PostFFT' SSS detection operates in the frequency domain. For 'PostFFT"':

¢ the demodulated SSS resource elements are correlated with possible SSS sequences to find the cell identity group,

* and the peak correlation magnitude is the sum of the peak correlation magnitudes from time-domain PSS detection and frequency-
domain SSS detection.

When alg.MaxCellCount > 1, the returned cellid, offset, and peak are vectors, with each element corresponding to one cell.
If alg.CellIDs is absent, the output vectors are sorted by decreasing correlation peak magnitude, that is, decreasing peak value. If

alg.CelllDs is present and alg.MaxCellCount = numel(alg.CellIDs), the output vectors are in the same order as the cell
identities in alg.CellIDs. Sorting the peaks enables monitoring of the peak output for a predetermined set of cells.

cellids — Cell identities
nonnegative scalar integer | vector of nonnegative integers

Cell identities to be used in the cell search, specified as a nonnegative scalar integer or vector of
nonnegative integers.

Note cellids and the syntax it is associated with will be removed in a future release. Instead use
alg.CellIDs and the recommended alternate syntax.

Data Types: double

Output Arguments

cellid — Cell identity
nonnegative scalar integer | vector of nonnegative integers

Physical layer cell identity, returned as a nonnegative scalar integer or vector of nonnegative
integers. cellid indicates the detected cell identity. The returned cellid is a vector when
alg.MaxCellCount > 1 and more than one cell is detected.

The overall physical layer cell identity is cellid = (3*Ni4;) + Nigo. PSS conveys the second cell
identity number (N;4,, (0,1,2)) within a cell identity group and is established via time-domain
correlation using the 1teDLFrameOffset function. SSS conveys the first cell identity number (N;q4;,
(0,...,167)) and is established in a similar fashion.

Data Types: double

offset — Timing offset
nonnegative scalar integer | vector of nonnegative integers

Timing offset, returned as a nonnegative scalar integer or vector of nonnegative integers. offset
indicates the number of samples from the start of the input waveform to the position in that
waveform where the first frame begins. The timing offset is calculated by correlating with the
detected PSS and SSS. The returned offset is a vector when alg.MaxCellCount > 1 and more
than one cell is detected.
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Data Types: double

peak — Peak magnitude
numeric scalar | vector of numeric values

Peak magnitude of the correlation, returned as a numeric scalar or vector of numeric values, used for
cell detection. The returned peak is a vector when alg.MaxCellCount > 1 and more than one cell
is detected. The peak correlation magnitude is the sum of the peak correlation magnitudes from PSS
and SSS detection. A complete correlation output is available as the output argument, corr, from
1teDLFrameOffset.

See Also
lteDLFrameOffset | LteFrequencyCorrect | LteFrequencyOffset | LteOFDMDemodulate

Introduced in R2014a
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IteCodeBlockDesegment

Code block desegmentation and CRC decoding

Syntax

[blk,err] = lteCodeBlockDesegment(cbs,blklen)
[blk,err] = lteCodeBlockDesegment(cbs)
Description

[blk,err] = lteCodeBlockDesegment(cbs,blklen) concatenates the input code block vectors
contained in cbs into an output vector, bk, of length blklen. blklen is also used to validate the
dimensions of the data in cbs and to calculate the amount of filler to be removed. If cbs is a cell
array containing more than one vector, each vector is assumed to have a type-24B CRC attached. This
CRC is decoded and stripped from each code block before output concatenation and the CRC error
result is placed in the associated element of vector err. The length of err is the number of code
blocks. If cbs is a single vector or a cell array containing a single vector, no CRC decoding or
stripping is performed and err is empty. In all cases, the number of filler bits stripped from the
beginning of the (first) code block is calculated from blklen. L1teCodeBlockDesegment performs
the inverse of the code block segmentation and CRC appending (see LteCodeBlockSegment).

[blk,err] = 1teCodeBlockDesegment(cbs) no leading filler bits are stripped from the output.

Examples

Desegment Code Block
Perform code block desegmentation and discover when segmentation occurs.

Code block segmentation occurs if the input length is greater than 6144. The input vector of length
6145 is segmented by 1teCodeBlockSegment into two vectors of length 3072 and 3136.

cbs = 1teCodeBlockSegment(ones(6145,1));
Next, perform desegmentation and CRC removal.

[blk,err] = lteCodeBlockDesegment(cbs);

size(blk)
ans = 1x2

6160 1
err

err = 1x2 int8 row vector

0 0
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The first output, blk, is a column vector of length 6160. The second output, err, is a column vector
of zero values.

Input Arguments

cbs — Code block segments
column vector | cell array

Code block segments, specified as a column vector or cell array of column vectors. If cbs is a cell
array containing more than one vector, each vector is assumed to have a type-24B CRC attached. This
CRC is decoded and stripped from each code block before output concatenation and the CRC error
result is placed in the associated element of vector err. The length of err is the number of code
blocks. If cbs is a single vector or a cell array containing a single vector, no CRC decoding or
stripping is performed and err is empty. In all cases, the number of filler bits stripped from the
beginning of the (first) code block is calculated from blklen.

blklen — Block length
nonnegative integer

Block length, specified as a nonnegative integer.

Output Arguments

blk — Output data block
column vector

Output data block, returned as a column vector. The input code blocks are segmented into a single
output data block, b1k, removing any filler and type-24B CRC bits.

Data Types: int8

err — Code block CRC decoding errors
column vector | nonnegative integer

Code block CRC decoding errors, returned as a nonnegative integer. The length of err is equal to the
number of code blocks. If cbs is a cell array containing multiple vector elements,
1teCodeBlockDesegment assumes that each vector has a type-24B CRC attached. The CRC is
decoded and stripped from each code block before output concatenation and the CRC error result is
placed in the associated element of err. If cbs is a single vector or a cell array containing a single
vector, no CRC decoding or stripping is performed and err is empty.

Data Types: int8

See Also
1teCRCDecode | LteCodeBlockSegment | L1teDLSCHDecode | LteTurboDecode |
1teULSCHDecode

Introduced in R2014a
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IteCodeBlockSegment

Code block segmentation and CRC attachment

Syntax

cbs = lteCodeBlockSegment (blk)

Description

cbs = 1teCodeBlockSegment (blk) splits the input data bit vector blk into a cell array cbs of
code block segments, with filler bits and type-24B CRC appended as appropriate, according to the
rules of TS 36.212 [1], Section 5.1.2. Code block segmentation occurs in transport blocks, after initial
type-24A CRC appending, for turbo encoded transport channels, including DL-SCH, UL-SCH, PCH,
and MCH.

The segmentation and padding operation ensures that code blocks entering the turbo coder are no
larger than 6144 in length and are all legal turbo code blocks sizes. The LTE turbo coder only
supports a finite set of code block sizes. If the input block length is greater than 6144, the input block
is split into a cell array of smaller code blocks where each individual block also has a type-24B CRC
appended to it. The NULL filler bits, represented by -1 at the output, are prepended to the first code
block so that all blocks in the set have acceptable lengths. If the input block length is less than or
equal to 6144, no segmentation occurs and no CRC is appended, but the single output code block may
have NULL filler bits prepended. The latter case still results in a cell array output containing a single
vector.

Examples

Segment Code Block
Perform code block segmentation, providing two vectors with different lengths.

Code block segmentation occurs if the input length is greater than 6144. Provide a vector of length
6144.

cbsl = 1teCodeBlockSegment(ones(6144,1))

cbsl = 1x1 cell array
{6144x1 int8}
No segmentation occurs.

Provide a vector of length 6145.
cbs2 = 1teCodeBlockSegment(ones(6145,1))

cbs2=1x2 cell array
{3072x1 int8} {3136x1 int8}

Segmentation occurs for input length greater than 6144.
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Input Arguments

blk — Data bit vector
column vector

Data bit vector, specified as a column vector.

Output Arguments

cbs — Code block segments
cell array of integer column vectors

Code block segments, returned as a cell array with int8 column vector elements. If the input block
length is less than or equal to 6144, cbs is a cell array containing a single column vector. If the input
block length is greater than 6144, cbs is a cell array of multiple column vectors.

Data Types: cell

References
[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel

coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: http://www.3gpp.org.

See Also
1teCRCEncode | LteCodeBlockDesegment | LteDLSCH | 1teDLSCHInfo | LteTurboEncode

Introduced in R2014a
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IteConvolutionalDecode

Convolutional decoding

Syntax

out = 1teConvolutionalDecode(softBits)

Description

out = lteConvolutionalDecode(softBits) returns out, data recovered by convolutionally
decoding softBits, a vector of soft bits.

The decoder uses a soft input wrap-around Viterbi algorithm without any quantization. The algorithm
creates training data to append to the start and end of the packet by cyclically extending the packet.
The traceback decoding length is 42.

Examples

Perform Convolutional Decoding

Generate random bits and convolutionally encode them.

txBits = randi([0 1],1000,1);
codedData = lteConvolutionalEncode(txBits);

QPSK modulate the coded bits and add noise to the received symbols.

txSym = lteSymbolModulate(codedData, 'QPSK");
noise = 0.5*complex(randn(size(txSym)),randn(size(txSym)));
rxSym = txSym + noise;

Show rxSymbols constellation, setting txSymbols as the reference constellation.
xylimits = [-2.5 2.5];

cdScope = comm.ConstellationDiagram('ReferenceConstellation’,txSym, 'XLimits',xylimits ,'YLimits'
cdScope(rxSym)
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Demodulate the noisy symbols to obtain soft bits, convolutionally decode the soft bits, and display the
number of erroneous bits.

softBits = lteSymbolDemodulate(rxSym, 'QPSK', 'Soft');
out = lteConvolutionalDecode(softBits);
disp(sum(out ~= int8(txBits)))

0

Input Arguments

softBits — Soft bit data
column vector

Soft bit data, specified as a column vector. The function assumes that input data has been encoded by
a tail-biting convolutional code with constraint length 7, coding rate 1/3, and octal polynomials GO =
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133, G1 = 171 and G2 = 165. The function also assumes that the input data vector is structured as
three encoded parity streams concatenated block-wise in the form [DO@ D1 D2], where DO, D1, and
D2 are the separate parity streams resulting from the original encoding with individual polynomials
GO0, G1, and G2.

Data Types: double

Output Arguments

out — Convolutionally decoded data
column vector

Convolutionally decoded data, returned as a column vector. The length of this vector is 1/3 of the
length of the softBits input.

Data Types: int8

See Also

1teBCHDecode | L1teCQIDecode | LteCRCDecode | LteConvolutionalEncode | LteDCIDecode |
lteRateRecoverConvolutional | LteTurboDecode

Introduced in R2014a
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IteConvolutionalEncode

Convolutional encoding

Syntax

output = lteConvolutionalEncode(input)

Description

output = lteConvolutionalEncode(input) returns the result of convolutionally encoding the
input data vector input. The convolutional code has constraint length 7 and is tail biting with coding
rate 1/3 and octal polynomials G0=133, G1=171 and G2=165. Because the code is tail-biting, output
is three times the length of the input. The three encoded parity streams are concatenated block-wise
to form the encoded output that is, out = [DO D1 D2] where DO, D1, and D2 are the separate
vectors resulting from encoding the input input with the individual polynomials GO, G1, and G2.

Examples

Perform Convolutional Encoding

Perform convolutional encoding and compare the length of the input vector to the length of the
output vector.

Perform convolutional encoding of a vector of length 100.

coded = 1teConvolutionalEncode(ones(100,1));
size(coded)

ans = 1x2
300 1

The resulting output is a coded vector of length 300, which is three times the length of the input
vector, as expected.

Input Arguments

input — Input data vector
column vector

Input data vector, specified as a column vector.

Output Arguments

output — Convolutionally encoded data
column vector
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Convolutionally encoded data, returned as a column vector. Because the code is tail biting, output is
three times the length of the input. The three encoded parity streams are concatenated block-wise to
form the encoded output that is, out = [DO D1 D2] where DO,D1, and D2 are the separate vectors
resulting from encoding the input input with the individual octal polynomials G0=133, G1=171, and
G2=165.

Data Types: int8

See Also

1teBCH | LteCRCEncode | LteConvolutionalDecode | LteDCIEncode |
lteRateMatchConvolutional | LteTurboEncode

Introduced in R2014a
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IteDCI

Downlink control information format structures and bit payloads

Syntax

dciout = 1teDCI(enb,dciin)
[dciout,bitsout] = 1teDCI(enb,dciin)
[ ] = 1teDCI(enb,dciin,opts)
1teDCI(enb,chs,dciin,opts)
1teDCI(enb,bitsin,opts)
1teDCI(enb,chs,bitsin,opts)

[P
nmwmi

[
[
[
[ 1 = lteDCI(istr,opts)

Description

dciout = 1teDCI(enb,dciin) returns the dciout structure containing a downlink control
information (DCI) message given input structures containing the cell-wide settings and the DCI
format setting. With this syntax, the messages created have the minimum possible sizes for the cell
configuration (link bandwidths, frame structure, and so on).

This function creates and manipulates DCI messages for the formats defined in TS 36.212 [2], Section
5.3.3. Later releases of the LTE standard may add UE-specific bit fields to a format. By default, any
UE-specific bit fields added after a format is first released, appear in the output but are inactive. Uses
for 1teDCI include creation of a default DCI message, blind decoding of DCI format types, and
determining the sizes of the bit fields.

For information on link bandwidth assignment, see “Specifying Number of Resource Blocks” on page
1-92.

[dciout,bitsout] = 1teDCI(enb,dciin) also returns a vector, bitsout, representing the set
of message fields mapped to the information bit payload (including any zero padding).

[ 1 = 1teDCI(enb,dciin,opts) formats the returned structure through the options specified
by opts.

This syntax supports output options from prior syntaxes.

[ 1 = 1teDCI(enb,chs,dciin,opts) permits formats to be extended with additional bit
fields on a per-UE basis using the UE-specific channel configuration structure, chs.

[ 1 = 1teDCI(enb,bitsin,opts) uses bitsin to initialize all the message fields. bitsin is
treated as the DCI information bit payload and directly maps to bitsout, (bitsout == bitsin). By
default the format is deduced directly from the length of bitsin. Therefore, the length of bitsin
must be one of the valid format sizes for the given cell-wide parameters, enb. For more information,
see LteDCIInfo.

When multiple formats have the same payload size, the first matching format is selected. The function
checks formats 0 and 1A first, favoring the more likely common search space. If no match is found,
the remaining formats are searched in alphanumerical order. To override the blind format matching
in this syntax, add an explicit enb.DCIFormat field.
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[ 1 = 1teDCI(enb,chs,bitsin,opts) permits formats to be extended with additional bit
fields on a per-UE basis using the UE-specific channel configuration structure, chs. The DCI payload
sizes for the combination of cell-wide and UE-specific parameters define the set of valid bitsin
lengths. For more information, see 1teDCIInfo.

As with the previous syntax, the format type is deduced from the length of bitsin. To override the
blind format matching in this syntax, add an explicit chs.DCIFormat field.

[ 1 = 1teDCI(istr,opts) accepts an input structure, istr. The fields described in the
structures enb and dciin must be present as part of istr. In this syntax, dciout, also carries
forward the NDLRB and DCIFormat fields supplied in istr.

This syntax is not recommended and will be removed in a future release. Instead, use one of the
previous syntaxes that separates the parameters into different input structures.

Examples

Create DCI

Create a format 1A DCI message structure with the distributed VRB allocation type. The allocation
message fields are contained in the dcilA.Allocation substructure. When the format 1A
AllocationType field is properly initialized at the input to the function, the appropriate set of fields
is output. For format 1A, setting AllocationType to 1 gives a distributed allocation and 0 gives a
localized allocation.

enb = struct('NDLRB',50, 'CellRefP',1, 'DuplexMode', 'FDD");

dciin = struct('DCIFormat','FormatlA', 'AllocationType',1);
dcilA = 1teDCI(enb,dciin)
dcilA = struct with fields:
DCIFormat: 'FormatlA'
CIF: ©0
AllocationType: 1
Allocation: [1x1 struct]
ModCoding: O
HARQNo: 0
NewData: 0
RV: 0
TPCPUCCH: ©0
TDDIndex: O
SRSRequest: 0
HARQACKResOffset: 0
allocfields = dcilA.Allocation
allocfields = struct with fields:
RIV: 0
Gap: ©

The field values of this structure can be set and passed back through the function. Output the
information bits with the new values.
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dcilA.RV = 1;
dcilA.Allocation.RIV = 6;
dcilAupdated = 1teDCI(enb,dcilA)

dcilAupdated = struct with fields:
DCIFormat: 'FormatlA'

CIF:

AllocationType:

Allocation:

ModCoding:

HARQNo:

NewData:

RV:

TPCPUCCH:

TDDIndex:

SRSRequest:

HARQACKResOffset:

1x1 struct]

[cNoNoNoN T NoNoNo Sl SN o]

allocfields = dcilAupdated.Allocation

allocfields
RIV: 6
Gap: 0O

struct with fields:

Create Format 1 TDD DCI Message

Create a format 1 DCI message structure with the resource allocation type 1 and TDD modulation
scheme. Set AllocationType to 1, and output the set of allocation fields. AllocationType is the
resource allocation header bit for format 1. Also initialize the ModCoding field at the input. All
noninitialized fields default to 0.

enb.NDLRB = 50;
enb.CellRefP = 1;
enb.DuplexMode = 'TDD';

dciin.DCIFormat = 'Formatl';
dciin.AllocationType = 1;
dciin.ModCoding = 7;
dcil = 1teDCI(enb,dciin)
dcil struct with fields:
DCIFormat: 'Formatl'
CIF:
AllocationType:
Allocation:
ModCoding:
HARQNo:
NewData:
RV:
TPCPUCCH:
TDDIndex:

1x1 struct]

[cNoNoNoNORNE_N SN o)
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HARQACKResOffset: 0

allocfields = dcil.Allocation
allocfields = struct with fields:
Bitmap: '00000000000000"
RBSubset: 0
Shift: 0

For the specified configuration, the Allocation substructure includes the character vector bit field,
Bitmap, plus RBSubset and Shift fields.

Create DCI Bit Message

Create a format 1A DCI message structure and output the bitsout message. Modify the DCI
message and observe the change.

Create cell-wide settings and DCI message settings structures. For the DCI message, assign format
1A and allocation type 0. Generate the DCI message. View the DCI message structure and bits output.

enb = struct('NDLRB',25, 'CellRefP',1, 'DuplexMode', 'FDD");
dciin = struct('DCIFormat', 'FormatlA', 'AllocationType',0);

[dciout,bitsout] = 1teDCI(enb,dciin);

dciout

dciout = struct with fields:
DCIFormat: 'FormatlA'

CIF: O

AllocationType: 0
Allocation: [1x1 struct]
ModCoding:
HARQNo:
NewData:
RV:
TPCPUCCH:
TDDIndex:
SRSRequest:
HARQACKResOffset:

[cNoNoNoNoNoNoNo]

bitsout'

ans = 1x25 int8 row vector

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
The first bit in bitsout is a 1 for DCI message format 1A. The second bit is 0 for AllocationType
=0.

Modify the allocation type to 1. Regenerate the DCI message. View the DCI message structure and
bits output.
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dciin = struct('DCIF
[dciout,bitsout] = 1
dciout

dciout = struct with

DCIFormat:

CIF:
AllocationType:
Allocation:

ormat', 'FormatlA', 'AllocationType',1);

teDCI(enb,dciin);

fields:
'FormatlA’

0

1

[1x1 struct]

ModCoding:
HARQNo:

NewData:

RV:

TPCPUCCH:
TDDIndex:
SRSRequest:
HARQACKResOffset:

[cNoNoNoNoNoNoNo]

bitsout'

ans = 1x25 int8 row vector

1 1 o 06 © 6 6 6 6 06 6 06 6 6 6 6 6 6 06 o0 o

Note the AllocationType and the second bit of bitsout both changed from 0 to 1.

Modify the DCI message format to 0. Regenerate the DCI message. View the DCI message structure
and bits output.

dciin = struct('DCIFormat', 'Format@', 'AllocationType',1);
[dciout,bitsout] = 1teDCI(enb,dciin);
dciout

dciout = struct with fields:
DCIFormat: 'FormatO'

CIF:
Allocation:
ModCoding:
NewData:

TPC:
CShiftDMRS:
TDDIndex:
CSIRequest:
SRSRequest:
AllocationType:

1x1 struct]

HFOOOOOOO—mO

bitsout'

ans = 1x25 int8 row vector

e o 6 0 6 6 6 6 06 6 6 06 6 6 6 6 6 oo 06 o0 o
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The first bit in bitsout change from 1 to 0. Because the message formats 0 and 1A have the same
length, the first bit in bitsout is used to distinguish these formats. For all other formats, the
message length is used to distinguish the format types. For format 0, the setting for
AllocationType is specified by bit number 24.

Optional DCI Message Views

Create a format 1 DCI message structure and supply the optional ' fieldsizes' and
'excludeunusedfields' inputs. By default, the output structure contains all possible fields for the
input format. Not all fields are active for the given input parameters. Specifically, some might not be
present in the payload bits. To see the number of bits associated with each field, use the optional
'fieldsizes' input. The 'fieldsizes' option also adds the 'Padding' field to the output
indicating the number of padding bits.

enb.NDLRB = 50;
enb.CellRefP = 1;
enb.DuplexMode = 'TDD';
dciin.DCIFormat = 'Formatl’;
dciin.AllocationType = 1;
dciin.ModCoding = 7;

opts {'fieldsizes'}

opts = Ix1 cell array
{'fieldsizes'}

dcil

1teDCI(enb,dciin,opts)

dcil = struct with fields:
DCIFormat: 'Formatl'
CIF:
AllocationType:
Allocation:
ModCoding:
HARQNo:
NewData:
RV:
TPCPUCCH:
TDDIndex:
HARQACKResOffset:
Padding:

1x1 struct]

OCONNNREFEM~AUIMAREREO

allocfields = dcil.Allocation

allocfields = struct with fields:

Bitmap: 14
RBSubset: 2
Shift: 1

View the output to see the sizes for all DCI message fields.
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Remove unused (0 bit) fields from the output structure by using the 'excludeunusedfields'

option.
opts = {'fieldsizes', 'excludeunusedfields'}
opts = 1Ix2 cell

{'fieldsizes'} {'excludeunusedfields'}
dcil = 1teDCI(enb,dciin,opts)

dcil = struct with fields:
DCIFormat: 'Formatl'
AllocationType: 1
Allocation: [1x1 struct]
ModCoding:
HARQNo:
NewData:
RV:
TPCPUCCH:
TDDIndex:

NNNEBRO

allocfields dcil.Allocation

allocfields = struct with fields:
Bitmap: 14
RBSubset: 2
Shift: 1

The output fields with bit length equal to zero bits no longer appear in the output.

Blindly Recover Modified Format 1A DCI Message

Create a format 1A DCI message structure with the distributed VRB allocation type. The Allocation
substructure contains the allocation message fields. To specify a distributed allocation, set the format
1A AllocationType field to 1. To specify a localized allocation, set the AllocationType field to 0.

enb.NDLRB = 50;

enb.CellRefP = 1;

enb.DuplexMode = 'FDD';
dciin.DCIFormat = 'FormatlA';
dciin.AllocationType = 1;
[dcilA,bits] = 1teDCI(enb,dciin);
disp(dcilA)

DCIFormat:

CIF:
AllocationType:
Allocation:

"FormatlA'
0
1
[
ModCoding: 0
0
0
0

1x1 struct]

HARQNo:
NewData:
RV:
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TPCPUCCH:
TDDIndex:
SRSRequest:
HARQACKResOffset:

disp(dcilA.Allocation)

RIV: 0
Gap: 0

Adjust the RV and RIV field values of dcilA. Call the 1teDCI function again to update the

[cNoNoNO]

information bits with the new values. View the updated message fields by blindly recovering them

directly from the output DCI message bits.

dcilA.RV = 1;

dcilA.Allocation.RIV = 6;

[~,bitsUpdated] = 1teDCI(enb,dcilA);
dcilArec = 1teDCI(enb,bitsUpdated);

disp(dcilArec)

DCIFormat:

CIF:
AllocationType:
Allocation:
ModCoding:
HARQNo:
NewData:

RV:

TPCPUCCH:
TDDIndex:
SRSRequest:
HARQACKResOffset:

0
1
[
0
0
0
1
0
0
0
0

FormatlA'

1x1 struct]

disp(dcilArec.Allocation)

RIV: 6
Gap: 0

Create DCI Message Using UE-Specific Control

Use an additional UE-specific input parameter structure to control UE-specific DCI fields. Create a
message to be sent on the EPDCCH that is intended for a UE configured with the carrier indicator

field, CIF.

Initialize cell-wide structure enb, DCI format structure dciin, UE-specific structure chs, and output

options structure opts.

enb.NDLRB = 50;
enb.CellRefP = 1;

enb.DuplexMode = 'TDD';

dciin.DCIFormat = 'Formatl’;

dciin.AllocationType
dciin.ModCoding = 7;

chs.ControlChannelType

1;

= '"EPDCCH';
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chs.EnableCarrierIndication = 'On';
chs.EnableSRSRequest = '0Off';
chs.EnableMultipleCSIRequest = 'Off"';

opts {'fieldsizes', 'excludeunusedfields'}

opts = 1Ix2 cell
{'fieldsizes'} {'excludeunusedfields'}

Create and view the DCI message.

dcil

1teDCI(enb,chs,dciin,opts)
dcil struct with fields:

DCIFormat: 'Formatl'

CIF:

AllocationType:

Allocation:

ModCoding:

HARQNo:

NewData:

RV:

TPCPUCCH:

TDDIndex:

HARQACKResOffset:

1x1 struct]

NNNNRERE AU =W

allocfields dcil.Allocation

allocfields struct with fields:
Bitmap: 14
RBSubset: 2
Shift: 1

Based on the UE-specific settings in chs, the output includes the three bit CIF field and the two bit
HARQACKResOffset field. If these fields were present in dciin, their values would be mapped into
the appropriate positions in the information bits at the output.

Create DCI Message Using UE-Specific Control And Bit Stream

Use an additional UE-specific input parameter structure to control UE-specific DCI fields. Create a
message to be sent on the EPDCCH that is intended for a UE configured with the carrier indicator
field, CIF.

Initialize cell-wide structure enb, UE-specific structure chs, and output options structure opts.

enb.NDLRB = 50;
enb.CellRefP = 1;
enb.DuplexMode = 'TDD';

chs.DCIFormat = 'FormatlB';
chs.ControlChannelType = 'EPDCCH';
chs.EnableCarrierIndication = 'On';
chs.EnableSRSRequest = '0ff';



IteDCI

chs.EnableMultipleCSIRequest = 'Off"';

chs.NTxAnts

=1;

opts = {'fieldsizes', 'excludeunusedfields'};

Based on the UE-specific settings in chs, the DCI message length is extended to include fields CIF (3
bits) and HARQACKResOffset (2 bits). Using L1teDCIInfo and chs to determine the correct input
bitstream length, create bitsin.

info = 1teDCIInfo(enb,chs);

bitsin = zeros(getfield(info,chs.DCIFormat),1);

Create a new DCI message using cell-wide settings, UE-specific Control and bitsin.

[dciout,bitsout] = 1teDCI(enb,chs,bitsin,opts);

dciout

dciout = struct with fields:

DCIFormat:
CIF:

AllocationType:
Allocation:

ModCoding:
HARQNo:
NewData:
RV:
TPCPUCCH:
TDDIndex:
TPMI:

PMI:

HARQACKResOffset:

Input Arguments

"FormatlB'

1x1 struct]

NENNNNRERERRUO—RERW

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required or (Values Description
Optional
NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)
NULRB Required Scalar integer from 6 to 110 Number of uplink resource blocks.

(NRE)
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Parameter Field Required or |(Values Description
Optional
DCIFormat Required (see |'Format@', 'Formatl', Downlink control information (DCI)
syntax '"FormatlA', 'FormatlB', format
descriptions '"FormatlC', 'FormatlD',
for '"Format2', 'Format2A’,
applicability) |'Format2B', 'Format2C',
'"Format2D', 'Format3"',
'"Format3A', 'Format4',
'Format5', 'Format5A’
CellRefP Optional 1 (default), 2, 4 Number of cell-specific reference
signal (CRS) antenna ports
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division
Duplex or

* 'TDD' for Time Division Duplex

dciin — DCI settings

structure

DCI settings, specified as a structure that can contain these fields.

Parameter Field Required or |Values Description
Optional
DCIFormat Required, ‘Format0', 'Formatl', 'FormatlA’, Downlink control information
except when |'FormatlB', 'FormatlC', 'FormatlD', |(DCI) format
bitsinis '"Format2', 'Format2A', 'Format2B',
input '"Format2C', 'Format2D', 'Format3’,
'"Format3A', 'Format4', 'Format5',
"Formatb5A’

Any format-specific fields can be initialized by adding them to dciin. See dciout for specific fields
output for each DCIFormat.

opts — Formatting options for output DCI structure

character vector | cell array of character vectors | string array

Formatting options for output DCI structure, specified as a character vector, cell array of character
vectors, or a string array. You can specify a format for the Field content and Fields to include. For
convenience, you can specify several options as a single character vector or string scalar by a space-
separated list of values placed inside the quotes. Values for opts when specified as a character
vector include (use double quotes for string):

Category

Options

Description

1-78

Field content

'fieldvalues' (default)

Set the fields to zero or to their input
values.
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Category Options Description

'fieldsizes' Sets the field values to their bit sizes
and adds the Padding field to dciout.
Padding indicates the number of
padding bits appended.

Fields to include |'includeallfields' (default) dciout includes all possible fields for
the requested DCI format.

'excludeunusedfields’ dciout excludes fields that have zero
length for the given parameter set.

Example: 'fieldsizes excludeunusedfields', "fieldsizes excludeunusedfields"”,
{'fieldsizes', 'excludeunusedfields'}, or ["fieldsizes", "excludeunusedfields"]
specify the same formatting options.

Data Types: char | string | cell

chs — User-equipment-related channel configuration
structure

User-equipment-related (UE-related) channel configuration, specified as a structure containing these
UE-specific fields.

Note All fields in chs are optional. The presence of these optional fields depends on:

*  Whether the transmission of DCI message is in a PDCCH using common search space mapping or
in an EPDCCH.

* The release-specific features configured at the destination UE.

These additional UE-specific bit fields are off by default.

DCIFormat — DCI format name

'FormatQ' | 'Formatl' | 'FormatlA' | 'FormatlB' | 'FormatlC' | 'FormatlD' | 'Format2' |
'"Format2A' | 'Format2B' | 'Format2C' | 'Format2D' | 'Format3' | 'Format3A' | 'Format4' |
"Format5''Format5A’

DCI format name, specified as a character vector or string scalar. For string scalar, use double
quotes. See syntax descriptions for applicability.
Data Types: char | string

ChannelControlType — Physical control channel type
"PDCCH' (default) | 'EPDCCH' | optional

Physical control channel type used to carry DCI formats, specified as 'PDCCH' or 'EPDCCH'. The
setting for ChannelControlType affects the presence of the HARQ-ACK resource offset field and
message padding.

Data Types: char | string

SearchSpace — Search space mapping
'"UESpecific' (default) | 'Common' | optional
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Search space mapping for DCI formats 0/1A/1C, specified as 'UESpecific' or 'Common'. This field
is only applicable for PDCCH. None of the additional fields can be present when formats 0 or 1A are
mapped into the PDCCH common search space.

Data Types: char | string

EnableCarrierIndication — Option to enable carrier indication
'Off"' (default) | 'On" | optional

Option to enable carrier indication field (CIF) in the UE configuration, specified as '0ff' or 'On'. By
default, EnableCarrierIndication is disabled. When EnableCarrierIndication is enabled
('On"), the CIF is present in the UE-specific configuration.

Data Types: char | string

EnableSRSRequest — Option to enable SRS request
'Off"' (default) | 'On" | optional

Option to enable SRS request in the UE configuration, specified as 'Off' or 'On'. By default,
EnableSRSRequest is disabled. When EnableSRSRequest is enabled (' On'), the SRS request field
is present in UE-specific formats 0/1A for FDD or TDD and formats 2B/2C/2D for TDD.

Data Types: char | string

EnableMultipleCSIRequest — Option to enable multiple CSI requests
'Off"' (default) | 'On" | optional

Option to enable multiple CSI requests in the UE configuration, specified as 'Off' or 'On'. By
default, EnableMultipleCSIRequest is disabled. When EnableMultipleCSIRequest is enabled
('On"), the UE is configured to process multiple channel state information (CSI) requests from cells.
Enabling multiple CSI requests affects the length of the CSI request field in UE-specific formats 0 and
4,

Data Types: char | string

NTxAnts — Number of UE transmission antennas
1 (default) | 2 | 4 | optional

Number of UE transmission antennas, specified as 1, 2, or 4. The number of UE transmission
antennas affects the length of the precoding information field in DCI format 4.

Data Types: double

PSSCHNSubchannels — Number of sub-channels in V2X PSSCH pool
1 (default) | integer scalar from 2 to 110 | optional

Number of sub-channels in V2X PSSCH pool, specified as an integer scalar from 1 to 110. It affects
the length of RIV in format 5A

Data Types: double
Data Types: struct

bitsin — Input bits
vector

Input bits, specified as a column vector. bitsin is treated as the DCI information bit payload, that is,
bitsout == bitsin. The length of bitsin must be one of the valid sizes for the format type and
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number of resource blocks. For information on link bandwidth assignment, see “Specifying Number
of Resource Blocks” on page 1-92. For information on valid sizes, see 1teDCIInfo.

When bitsin is specified, the structure dciin does not require the DCIFormat field. If the
DCIFormat field is not present, 1teDCI attempts to decode the format from the length of the payload
vector bitsin.

Data Types: double

istr — Input structure
structure

Input structure, specified as a structure that includes all the fields described in the structures enb
and dciin.

Use of the istr input syntax is not recommended and will be removed in a future release. Instead,
use one of the previous syntaxes that separates the parameters into different input structures.

Output Arguments

dciout — DCI message structure
structure

DCI message structure, returned as a structure whose fields match the associated DCI format
contents.

The field names associated with dciout depend on the DCI format field in dciin. By default, all
values are set to zero. However, if any of the DCI fields are already present in the input dciin, their
values are carried forward into dciout. The input field values appear in the associated bit positions
in bitsout. Carrying the values forward allows for easy initialization of DCI field values, particularly
the resource allocation type, which affects the fields used by the format. dciout also carries forward
the NDLRB and DCIFormat fields supplied in dciin.

This table presents the fields associated with each DCI format as defined in TS 36.212 [2], Section
5.3.3.

DCI Formats dciout Fields Size Description
‘Format0'’ DCIFormat - ‘FormatO’
CIF 0 or 3 bits Carrier indicator field
FregHopping 1 bit PUSCH frequency hopping flag
Allocation Varies Resource block assignment/allocation
ModCoding 5 bits Modulation, coding scheme, and
redundancy version
NewData 1 bit New data indicator
TPC 2 bits PUSCH TPC command
CShiftDMRS 3 bits Cyclic shift for DM RS
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DCI Formats dciout Fields Size Description
TDDIndex 2 bits For TDD config 0, this field is the Uplink
Index.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
CSIRequest 1, 2, or 3 bits CSI request
SRSRequest 0 or 1 bit SRS request. This field can only be
present in DCI formats scheduling
PUSCH which are mapped onto the UE
specific search space given by the C-
RNTI
AllocationType 1 bit Resource allocation type, only present if
NRE<NBE.
'Formatl’ DCIFormat - ‘Formatl’
CIF 0 or 3 hits Carrier indicator field
AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.
Allocation Varies Resource block assignment/allocation
ModCoding 5 bits Modulation and coding scheme
HARQNo 3 bits (FDD) HARQ process number
4 bits (TDD)
NewData 1 bit New data indicator
RV 2 bits Redundancy version
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
‘FormatlA’ DCIFormat ‘FormatlA'’
CIF 0 or 3 bits Carrier indicator field
AllocationType 1 bit VRB assignment flag: 0 (localized), 1
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DCI Formats dciout Fields Size Description

Allocation Varies Resource block assignment/allocation

ModCoding 5 bits Modulation and coding scheme

HARQNo 3 bits (FDD) HARQ process number

4 bits (TDD)

NewData 1 bit New data indicator

RV 2 bits Redundancy version

TPCPUCCH 2 bits PUCCH TPC command

TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.

SRSRequest 0 or 1 bit SRS request. This field can only be
present in DCI formats scheduling
PUSCH which are mapped onto the UE
specific search space given by the C-
RNTI

HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH

‘FormatlB' DCIFormat ‘FormatlB'

CIF 0 or 3 bits Carrier indicator field

AllocationType 1 bit VRB assignment flag: 0 (localized), 1
(distributed)

Allocation Varies Resource block assignment/allocation

ModCoding 5 bits Modulation and coding scheme

HARQNo 3 bits (FDD) HARQ process number

4 bits (TDD)

NewData 1 bit New data indicator

RV 2 bits Redundancy version

TPCPUCCH 2 bits PUCCH TPC command

TDDIndex 2 bits For TDD config 0, this field is not used.

For TDD config 1-6, this field is the
Downlink Assignment Index.

Not present for FDD.
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DCI Formats dciout Fields Size Description
TPMI 2 bits for two PMI information
antennas
4 bits for four
antennas
PMI 1 bit PMI confirmation
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
'FormatlC' DCIFormat ‘FormatlC'’
Allocation Varies Resource block assignment/allocation
ModCoding 5 bits Modulation and coding scheme
'"Formatl1D' DCIFormat "Formatl1D'
CIF 0 or 3 bits Carrier indicator field
AllocationType 1 bit VRB assignment flag: 0 (localized), 1
(distributed)
Allocation Varies Resource block assignment/allocation
ModCoding 5 bits Modulation and coding scheme
HARQNo 3 bits (FDD) HARQ process number
4 hits (TDD)
NewData 1 bit New data indicator
RV 2 bits Redundancy version
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
TPMI 2 bits for two Precoding TPMI information
antennas
4 bits for four
antennas
D1PowerOffset 1 bit Downlink power offset
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
‘Format2'’ DCIFormat ‘Format2’
CIF 0 or 3 bits Carrier indicator field
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DCI Formats dciout Fields Size Description
AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.
Allocation Varies Resource block assignment/allocation
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
HARQNo 3 bits (FDD) HARQ process number
4 bits (TDD)
SwapFlag 1 bit Transport block to codeword swap flag
ModCodingl 5 bits Modulation and coding scheme for
transport block 1
NewDatal 1 bit New data indicator for transport block 1
RV1 2 bits Redundancy version for transport block
1
ModCoding2 5 bits Modulation and coding scheme for
transport block 2
NewData2 1 bit New data indicator for transport block 2
RV2 2 bits Redundancy version for transport block
2
PrecodingInfo 3 bits for two Precoding information
antennas
6 bits for four
antennas
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
"Format2A’ DCIFormat "Format2A’
CIF 0 or 3 bits Carrier indicator field
AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.
Allocation Varies Resource block assignment/allocation
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DCI Formats dciout Fields Size Description
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
HARQNo 3 bits (FDD) HARQ process number
4 hits (TDD)
SwapFlag 1 bit Transport block to codeword swap flag
ModCodingl 5 bits Modulation and coding scheme for
transport block 1
NewDatal 1 bit New data indicator for transport block 1
RV1 2 bits Redundancy version for transport block
1
ModCoding2 5 bits Modulation and coding scheme for
transport block 2
NewData2 1 bit New data indicator for transport block 2
RV2 2 bits Redundancy version for transport block
2
PrecodingInfo 0 bits for two Precoding information
antennas
2 bits for four
antennas
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
‘Format2B' DCIFormat ‘Format2B'
CIF 0 or 3 bits Carrier indicator field
AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.
Allocation Varies Resource block assignment/allocation
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
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DCI Formats dciout Fields Size Description
HARQNo 3 bits (FDD) HARQ process number
4 hits (TDD)

ScramblingId 1 bit Scrambling identity

ModCodingl 5 bits Modulation and coding scheme for
transport block 1

NewDatal 1 bit New data indicator for transport block 1

RV1 2 bits Redundancy version for transport block
1

ModCoding?2 5 bits Modulation and coding scheme for
transport block 2

NewData2 1 bit New data indicator for transport block 2

RV2 2 bits Redundancy version for transport block
2

HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH

'"Format2C' DCIFormat - 'Format2C'

CIF 0 or 3 bits Carrier indicator field

AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.

Allocation Varies Resource block assignment/allocation

TPCPUCCH 2 bits PUCCH TPC command

TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.

HARQNo 3 bits (FDD) HARQ process number

4 bits (TDD)

TxIndication 3 bits Antenna ports, scrambling identity, and
number of layers indicator

SRSRequest Varies SRS request. Only present for TDD.

ModCodingl 5 bits Modulation and coding scheme for
transport block 1

NewDatal 1 bit New data indicator for transport block 1
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DCI Formats dciout Fields Size Description

RV1 2 bits Redundancy version for transport block
1

ModCoding2 5 bits Modulation and coding scheme for
transport block 2

NewData2 1 bit New data indicator for transport block 2

RV2 2 bits Redundancy version for transport block
2

HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH

‘Format2D' DCIFormat - ‘Format2D'

CIF 0 or 3 bits Carrier indicator field

AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.

Allocation Varies Resource block assignment/allocation

TPCPUCCH 2 bits PUCCH TPC command

TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.

HARQNo 3 bits (FDD) HARQ process number

4 bits (TDD)

TxIndication 3 bits Antenna ports, scrambling identity, and
number of layers indicator

SRSRequest Varies SRS request. Only present for TDD.

ModCodingl 5 bits Modulation and coding scheme for
transport block 1

NewDatal 1 bit New data indicator for transport block 1

RV1 2 bits Redundancy version for transport block
1

ModCoding2 5 bits Modulation and coding scheme for
transport block 2

NewData2 1 bit New data indicator for transport block 2

RV2 2 bits Redundancy version for transport block
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DCI Formats dciout Fields Size Description
REMappingAndQCL |2 bits PDSCH RE Mapping and Quasi-Co-
Location Indicator
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
'Format3' DCIFormat - 'Format3’
TPCCommands Varies TPC commands for PUCCH and PUSCH
"Format3A" DCIFormat - ‘Format3A’
TPCCommands Varies TPC commands for PUCCH and PUSCH
'Format4' DCIFormat - 'Format4'
CIF 0 or 3 bits Carrier indicator field
Allocation Varies Resource block assignment/allocation
TPC 2 bits PUSCH TPC command
CShiftDMRS 3 bits Cyclic shift for DM-RS
TDDIndex 2 bits For TDD config 0, this field is Uplink
Index.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
CSIReq Varies CSI request
SRSRequest 2 bits SRS request
AllocationType 1 bit Resource allocation header type 0 or
type 1.
ModCoding 5 bits Modulation, coding scheme, and
redundancy version
NewData 1 bit New data indicator
ModCodingl 5 bits Modulation and coding scheme for
transport block 1
NewDatal 1 bit New data indicator for transport block 1
ModCoding?2 5 bits Modulation and coding scheme for
transport block 2
NewData2 1 bit New data indicator for transport block 2
PrecodingInfo 3 bits for two Precoding information
antennas
6 bits for four
antennas
'Format5' DCIFormat - 'Format5'
PSCCHResource 6 bits Resource for PSCCH
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DCI Formats dciout Fields Size Description
TPC 1 bit TPC command for PSCCH and PSSCH
FreqHopping 1 bit Frequency hopping flag
Allocation Varies Resource block assignment and hopping
resource allocation
TimeResourcePatte |7 bits Time resource pattern
rn
'Format5A’ DCIFormat "Format5A’
CIF 3 bits Carrier indicator
. - :
FirstSubchannelld [logz( Ngubchannel)] Lowest index of the subchannel
X allocation to the initial transmission
RIV from 0 to 13 bits, Resource indication value
logy
SL SL
Nsubchannel X (N subchannel T 1)
2
TimeGap 4 bits Time gap between initial transmission
and retransmission
SLIndex 2 bits SL SPS configuration index

The DCIFormat field indicates the DCI format. All other fields are represented by an integer which is
converted to a set of binary message bits for each individual field.

The ModCoding fields in the table correspond to the variable Iy;cs defined in TS 36.213 [3], Section
7.1.7, Table 7.1.7.1-1. This field expects to be assigned a decimal number. The call to 1teDCI
serializes ModCoding into a 5-bit field value. For example, the ModCoding field for 64QAM
modulation (Q,) and transport block index (I1gg) 15 is assigned 17 (a decimal number).

The fields included in the Allocation structure vary based on the format type as outlined in these
tables. All fields take a character vector of zeros and ones with the appropriate bit length.

Resource allocation type 0 on page 1-92

DCI Formats Allocation Fields Size (bits) Description

"Formatl'’ Bitmap Varies Bitmap value in terms of
'Format2'’ RBG, specified as a
'Format2A' character vector
'Format2B'
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Resource allocation type

1 on page 1-92

DCI Formats Allocation Fields Size (bits) Description
'Formatl'’ Bitmap Varies Bitmap value in terms of
'Format2' RBG, specified as a
'Format2A' character vector
‘Format2B’ RBSubset 2 bits Selected resource blocks
subset indicator
Shift 1 bit Shift of the resource

allocation span indicator

Resource allocation type

2 (localized) on page 1-93

DCI Formats Allocation Fields Size (bits) Description
'FormatlA'’ RIV Varies Resource indication value
'FormatlB'
‘FormatlC'
'FormatlD’
Resource allocation type 2 (distributed) on page 1-93
DCI Formats Allocation Fields Size (bits) Description
'FormatlA’ RIV Varies Resource indication value
‘FormatlB' :
Ga 1 bit G lue: 0 1),1

'FormatlC' p 1 ap value: 0 (gapl)
. . (gap2)

FormatlD
Uplink Nonhopping allocation on page 1-93
DCI Formats Allocation Fields Size (bits) Description
'Format0' RIV Varies Resource indication value
'Format5'
Uplink Hopping allocation on page 1-93
DCI Formats Allocation Fields Size (bits) Description
'Formato'’ RIV Varies Resource indication value
‘Format5’ HoppingBits Varies When the number of

hopping bits is 1,
HoppingBits value can
be 0 or 1.

When the number of
hopping bits is 2,
HoppingBits value can
be 00, 01, 10, or 11.

See TS 36.213 [3], Table
8.4-2.

bitsout — DCI message in bit payload form

bit vector
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Type O:

1-92

DCI message in bit payload form, returned as a column vector. bitsout represents the set of
message fields mapped to the information bit payload (including any zero-padding).

More About

Specifying Number of Resource Blocks

The number of resource blocks specifies the uplink and downlink bandwidth. The LTE Toolbox
implementation assumes symmetric link bandwidth unless you specifically assign different values to
NULRB and NDLRB. If the number of resource blocks is initialized in only one link direction, then the
initialized number of resource blocks (NULRB or NDLRB) is used for both uplink and downlink. When
this mapping is used, no warning is displayed. An error occurs if NULRB and NDLRB are both
undefined.

Algorithms
Resource allocation type 0

In type O resource allocation, a bitmap represents a resource block group (RBG) allocated to a UE. P
gives the RBG size, which can be deduced from TS 36.213 [3], Table 7.1.6.1-1 for a given system
bandwidth. The number of bits in the Bitmap field is equal to [NDLRB/P]. Each bit in the Bitmap
selects a small contiguous group whose size depends on the bandwidth (RBG: 1,...,4). The maximum
resource block (RB) coverage of any type 0 allocation is the entire bandwidth, that is, a type 0
allocation with all the bits in bitmap set to '1' is equivalent to the entire bandwidth.

Example 50 RB bandwidth

The number of bits in Bitmap are 17. Each bit in the 17-bit bitmap selects a group of three RB (apart
from the last group, which only contains two RB for this bandwidth). Each bit is associated with a
group of RBs with the same color.

el _]I*]I*IIIH [T T TT R T T T

Resource allocation type 1

In type 1 resource allocation, a bitmap indicates physical resource blocks inside a selected resource
block group subset p, where 0 < p < P. The maximum resource block (RB) coverage of any type 1
allocation is a subset of entire bandwidth. A type 1 allocation, even with all the bits in the Bitmap set
to '1', does not span the entire bandwidth. Each bit in the bitmap selects a single RB from "islands"
of small contiguous groups whose size (RBG) and separation depend on the total bandwidth. This
grouping provides the provision of selecting a single RB without turning on any other RB.

In type 1, the resource block assignment signaling is split into three field parts:

RBSubset — Represents the selected resource block group subset
Shift — Indicates whether to apply an offset when interpreting the bitmap

Bitmap — Contains the bitmap that indicates to the UE the specific physical resource block
within the resource block group subset.

In comparison to type 0, the bitmap size for type 1 is always short by [logy(P)] + 1 bits, where P is
defined as in resource allocation type 0.
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Example 50 RB bandwidth

The number of bits in Bitmap are 14 (3 bits short as compared to type 0, due to RBSubset and
Shift parameters). Each bit in the 14-bit bitmap selects an individual RB inside a selected subset.
The figure shows all the bits in Bitmap set to '1"' for different subsets and offset values.

,
p=DFI||||+:I||||+||||||||||||||+||||||||||||
type 1:
Shit=0 4 p=1 [TT MW [T [ TT WO [T T W T[T I T T T T T TTTT]
14 bits bitmap
p=g|||||l:+||||l:+|||| T T T T T T [ TTT1T
;
p=0 [TTTTTITT [ WTTTTT T[T [ TTT T[T T
el 4 p=1 [T T T W7 [T MO T T T T[T T T 1T
14 bits bitmap
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Resource allocation type 2

In type 2 resource allocation, physical resource blocks are not directly allocated. Instead, virtual
resource blocks are allocated, which are then mapped onto physical resource blocks. Type 2
allocation supports both localized and distributed virtual resource block allocation, differentiated by
one-bit flag. The starting point of the virtual resource block and the length in terms of the
contiguously allocated virtual resource blocks can be derived from Resource Indication Value (RIV)
signaled within the DCI.

Example 50 RB bandwidth

A UE is allocated a bandwidth of 25 resource blocks (Lcrgs=25), starting from resource block 10
(RBgiart=10) in the frequency domain. To calculate the RIV value, refer to the formula given in TS
36.213 [3], Section 7.1.6.3, which yields RIV = 1210. Using this RIV, which is signaled in the DCI, the
UE can unambiguously derive the starting resource block and the number of allocated resource
blocks from RIV again.

Uplink Nonhopping Resource Allocation

For uplink nonhopping resource allocation, the rules for type 2 localized resource allocation apply for
deriving the resource allocation from the RIV value.

Uplink Hopping Resource Allocation
When FreqHopping is set to 1, uplink hopping resource allocation is available. For uplink hopping
resource allocation, two types of hopping are used: Type 1 PUSCH Hopping and Type 2 PUSCH

Hopping. Do not confuse these types with downlink resource allocation types 1 and 2 described
earlier. Type 1 PUSCH Hopping is calculated using the RIV value and parameters signaled by higher
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layers. Type 2 PUSCH Hopping is calculated using a predefined pattern, which is a function of the
subframe and frame number, as defined in TS 36.211 [1], Section 5.3.4. The fundamental set of
resource blocks used as part of the hopping is calculated via the rules for type 2 localized resource
allocation from the RIV value, except either 1 or 2 (depending on system bandwidth) hopping bits
have been deducted from the resource allocation bitmap. These hopping bits specify whether Type 1
or Type 2 PUSCH Hopping is used, and for the case of 2 bits, variations of the position of the Type 1
hopping in the frequency domain. The definition of the hopping bits can be found in TS 36.213 [3],
Table 8.4-2. Bandwidth dependency for the number of hopping bits allocated follows the following
rule:

» If the system BW is NULRB<=49, the number of hopping bits is 1, and HoppingBits can be 0 or 1.

» If the system BW is NULRB>49, the number of hopping bits is 2, and HoppingBits can be 00, 01,
10, or 11.

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[2]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[3]1 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.
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IteDCIDecode

Downlink control information decoding

Syntax

lteDCIDecode(dcilen,softbits)
1teDCIDecode(enb,softbits)
1teDCIDecode(enb,chs,softbits)

[dcibits,crc_rnti]
[dcibits,crc_rnti]
[dcibits,crc_rnti]

Description

[dcibits,crc rnti] = 1teDCIDecode(dcilen,softbits) recovers a downlink control
information (DCI) message, given the DCI vector length, dcilen, and a softbits input vector. For
more information, see “DCI Message Decoding” on page 1-100.

[dcibits,crc_rnti] = lteDCIDecode(enb,softbits) uses the cell-wide configuration
structure, enb. With this syntax, the DCI message length is deduced from enb.DCIFormat and cell-
wide settings in enb.

[dcibits,crc rnti] = 1teDCIDecode(enb,chs,softbits) uses the UE-specific channel
configuration structure, chs. With this syntax, the DCI message length is deduced from
chs.DCIFormat, the cell-wide configuration in enb, and the UE-specific channel configuration in
chs.

Examples

DCI Decoding

Perform DCI decoding of a sample codeword and return the decoded vector, decodedDCIbits, of the
length defined for the DCI Format 1 message.

enb.NDLRB = 50;
enb.CellRefP = 1;
enb.DuplexMode = 'FDD';
dciInfo = 1teDCIInfo(enb);
dcilen = dciInfo.Formatl

dcilen = uint64
31

ue.PDCCHFormat = 1;
ue.RNTI = 10;
ue.NDLRB = 50;

dciBits = zeros(dcilen,1);
cw = lteDCIEncode(ue,dciBits);

[decodedDCIbits,crcRNTI] = lteDCIDecode(dcilen,cw);
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decodedDCIbitslen = size(decodedDCIbits)
decodedDCIbitslen = 1Ix2

31 1
CcrcRNTI

crcRNTI = uint32
10

The decodedDCIbits length matches the value of dcilen. The crcRNTI output has a value of 10,
corresponding to the RNTI values used in CRC masking.

DCI Decoding with ENB Structure

Perform DCI decoding of a sample codeword and return the decoded vector, decodedDCIbits, of the
length defined for the DCI Format 1 message. The 1teDCIDecode function uses fields in enb to
determine DCI length.

enb.NDLRB = 25;
enb.CellRefP = 1;

enb.DuplexMode "FDD';

dciInfo = 1teDCIInfo(enb);
dcilen = dciInfo.Formatl

dcilen = uint64
27

ue.PDCCHFormat = 1;
ue.RNTI = 7;
ue.NDLRB = 25;

dciBits = zeros(dcilen,1);
cw = lteDCIEncode(ue,dciBits);

Define the enb configuration structure for recovery of the DCI message and RNTI. Perform DCI
decoding using enb.

enb.DCIFormat = 'Formatl';
[decodedDCIbits,crcRNTI] = lteDCIDecode(enb,cw);

decodedDCIbitslen = size(decodedDCIbits)

decodedDCIbitslen = 1Ix2
27 1
CcrcRNTI
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crcRNTI = uint32
7

The decodedDCIbits length matches the value of dcilen. The crcRNTI value recovered
corresponds to and matches ue.RNTI, which is the RNTI value used in the CRC masking.

DCI Decoding Using Channel Structure

Perform DCI decoding of a sample codeword and return the decoded vector, decodedDCIbits, of the
length defined for the DCI Format 2A message.

enb.NDLRB = 25;
enb.CellRefP = 1;
enb.DuplexMode = 'FDD';
dciInfo = 1teDCIInfo(enb);
dcilen = dciInfo.Format2A

dcilen = uint64
36

ue.PDCCHFormat = 2;
ue.RNTI = 5;
ue.NDLRB = 25;

dciBits = zeros(dcilen,1);
cw = lteDCIEncode(ue,dciBits);

Define the ue-specific configuration structure, chs, for recovery of the DCI message and RNTI.
Perform DCI decoding using enb and chs.

chs.DCIFormat = 'Format2A';
chs.ControlChannelType = 'PDCCH';
chs.EnableCarrierIndication = '0ff';

[decodedDCIbits,crcRNTI] = lteDCIDecode(enb,chs,cw);

decodedDCIbitslen

size(decodedDCIbits)

decodedDCIbitslen = 1x2

36 1

crcRNTI

crcRNTI = uint32
5

The decodedDCIbits length matches the value of dcilen. The crcRNTI value recovered
corresponds to and matches ue.RNTI, which is the RNTI value used in the CRC masking.
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Input Arguments

dcilen — Length of recovered DCI message vector

integer

Length of recovered DCI message vector, specified as a positive integer.

Data Types: double

softbits — Floating-point soft bits

vector

Floating-point soft bits, specified as a column vector.

Data Types: double | int8

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required or (Values Description
Optional
NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)
NULRB Required Scalar integer from 6 to 110 Number of uplink resource blocks.
(NRB)
DCIFormat Required (see |'Format@', 'Formatl’, Downlink control information (DCI)
syntax 'FormatlA', 'FormatlB’', format
descriptions '"FormatlC', 'FormatlD',
for '"Format2', 'Format2A’,
applicability) |'Format2B', 'Format2C’,
'"Format2D', 'Format3"',
'Format3A', 'Format4',
'"Format5"', 'Format5A’
CellRefP Optional 1 (default), 2, 4 Number of cell-specific reference
signal (CRS) antenna ports
DuplexMode Optional '"FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division
Duplex or

* 'TDD' for Time Division Duplex

chs — User-equipment-related channel configuration

structure

User-equipment-related (UE-related) channel configuration, specified as a structure containing these
UE-specific fields.

Note All fields in chs are optional. The presence of these optional fields depends on:

1-98




[teDCIDecode

*  Whether the transmission of DCI message is in a PDCCH using common search space mapping or
in an EPDCCH.

* The release-specific features configured at the destination UE.

These additional UE-specific bit fields are off by default.

DCIFormat — DCI format name

'FormatO' | 'Formatl' | 'FormatlA' | 'FormatlB' | 'FormatlC' | 'FormatlD' | 'Format2' |
'"Format2A' | 'Format2B' | 'Format2C' | 'Format2D' | 'Format3' | 'Format3A' | 'Format4' |
"Format5''Format5A’

DCI format name, specified as a character vector or string scalar. For string scalar, use double
quotes. See syntax descriptions for applicability.

Data Types: char | string

ChannelControlType — Physical control channel type
"PDCCH' (default) | 'EPDCCH" | optional

Physical control channel type used to carry DCI formats, specified as 'PDCCH' or 'EPDCCH'. The
setting for ChannelControlType affects the presence of the HARQ-ACK resource offset field and
message padding.

Data Types: char | string

SearchSpace — Search space mapping
"UESpecific' (default) | 'Common' | optional

Search space mapping for DCI formats 0/1A/1C, specified as 'UESpecific' or 'Common'. This field
is only applicable for PDCCH. None of the additional fields can be present when formats 0 or 1A are
mapped into the PDCCH common search space.

Data Types: char | string

EnableCarrierIndication — Option to enable carrier indication
'Off"' (default) | 'On' | optional

Option to enable carrier indication field (CIF) in the UE configuration, specified as '0Off' or 'On'. By
default, EnableCarrierIndication is disabled. When EnableCarrierIndication is enabled
('0On"), the CIF is present in the UE-specific configuration.

Data Types: char | string

EnableSRSRequest — Option to enable SRS request
'Off"' (default) | 'On' | optional

Option to enable SRS request in the UE configuration, specified as 'Off' or 'On'. By default,
EnableSRSRequest is disabled. When EnableSRSRequest is enabled (' On"'), the SRS request field
is present in UE-specific formats 0/1A for FDD or TDD and formats 2B/2C/2D for TDD.

Data Types: char | string

EnableMultipleCSIRequest — Option to enable multiple CSI requests
'Off"' (default) | 'On' | optional

Option to enable multiple CSI requests in the UE configuration, specified as 'Off' or 'On'. By
default, EnableMultipleCSIRequest is disabled. When EnableMultipleCSIRequest is enabled
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('On"), the UE is configured to process multiple channel state information (CSI) requests from cells.
Enabling multiple CSI requests affects the length of the CSI request field in UE-specific formats 0 and
4,

Data Types: char | string

NTxAnts — Number of UE transmission antennas
1 (default) | 2 | 4 | optional

Number of UE transmission antennas, specified as 1, 2, or 4. The number of UE transmission
antennas affects the length of the precoding information field in DCI format 4.

Data Types: double

PSSCHNSubchannels — Number of sub-channels in V2X PSSCH pool
1 (default) | integer scalar from 2 to 110 | optional

Number of sub-channels in V2X PSSCH pool, specified as an integer scalar from 1 to 110. It affects
the length of RIV in format 5A

Data Types: double

Data Types: struct

Output Arguments

dcibits — Recovered DCI message bit vector
vector

Recovered DCI message bit vector, returned as a column vector. The length of dcibits is defined
though structure enb in terms of the DCI message format and the bandwidth.
Data Types: int8

crc_rnti — 16-bit integer result of the CRC decoder
vector

16-bit integer result of the CRC decoder, returned as a column vector. crc_rnti is equivalent to the
RNTT value that would need to mask (XOR) the CRC for no CRC error.

Data Types: uint32

More About

DCI Message Decoding

Downlink control information (DCI) message decoding performs the inverse DCI processing operation
as specified in TS 36.212 [1], Section 5.3.3. Specifically, L teDCIDecode performs rate recovery, and
Viterbi and CRC decoding to recover the DCI message bit vector (dcibits) from an input vector of
received soft bits previously coded by the DCI processing. 1teDCIDecode also returns the 16-bit
integer result of the CRC decoder, crc_rnti, which is equivalent to the RNTI value that would need
to mask (XOR) the CRC for no CRC error. Using the RNTI, recovered with no CRC errors, enables the
system to match the recovered DCI message with a specific ue.

The length of the DCI information payload to be recovered can be specified
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* Directly by dcilen

* Determined using the fields in enb that specify the DCI message format (DCIFormat) and
bandwidth (either NDLRB or NULRB).

For information on link bandwidth assignment, see “Specifying Number of Resource Blocks” on page
1-101.

Specifying Number of Resource Blocks

The number of resource blocks specifies the uplink and downlink bandwidth. The LTE Toolbox
implementation assumes symmetric link bandwidth unless you specifically assign different values to
NULRB and NDLRB. If the number of resource blocks is initialized in only one link direction, then the
initialized number of resource blocks (NULRB or NDLRB) is used for both uplink and downlink. When
this mapping is used, no warning is displayed. An error occurs if NULRB and NDLRB are both
undefined.

References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.
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IteDClInfo

Downlink control information message information

Syntax
info = 1teDCIInfo(enb)
info = 1teDCIInfo(enb,chs)

Description

info = 1teDCIInfo(enb) returns a structure indicating the minimum possible payload sizes,
including zero-padding bits when necessary, for all downlink control information (DCI) message
formats, given the cell-wide configuration in enb. This syntax uses default values for the UE-specific
channel configuration.

To access the individual bit field sizes for each separate format, use the related function 1teDCI.

TS 36.212 [1], Section 5.3.3.1, along with the referenced procedures of TS 36.213 [2], specify the
rules defining the relationship between the bit field sizes and message padding per format, and the
cell-wide and UE-specific parameters.

For information on link bandwidth assignment, see “Specifying Number of Resource Blocks” on page
1-108.

info = 1teDCIInfo(enb,chs) permits formats to be extended with additional bit fields on a per-
UE basis, using the UE-specific channel configuration, chs.

Examples

Get DCI Message Information

Find the minimum payload sizes of all DCI message formats for NDLRB = 50 (10 MHz symmetric link
bandwidth), FDD duplexing, and PDCCH transmission.

enb = struct('NDLRB',50, 'DuplexMode', 'FDD', 'CellRefP',1);

1teDCIInfo(enb)

ans = struct with fields:
Format0Q: 27
Formatl: 31

FormatlA: 27
FormatlB: 28
FormatlC: 13
FormatlD: 28
Format2: 43
Format2A: 41
Format2B: 41
Format2C: 42
Format2D: 45
Format3: 27
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Format3A: 27
Format4: 36
Format5: 27

Format5hA: 27

Get DCI Message Using UE-Specific Configuration

Using the UE-specific channel structure, chs, extend the DCI formats to include optional fields
dependent on the target UE protocol configuration.

Show the minimum DCI message size per format for NDLRB = 50 (10 MHz symmetric link bandwidth),
FDD duplexing, and PDCCH transmission.

enb = struct('NDLRB',50, 'DuplexMode', 'FDD', 'CellRefP',1);
dciout = 1teDCIInfo(enb)

dciout = struct with fields:
Format@: 27
Formatl: 31
FormatlA: 27
FormatlB: 28
FormatlC: 13
FormatlD: 28
Format2: 43
Format2A: 41
Format2B: 41
Format2C: 42
Format2D: 45

Format3: 27
Format3A: 27
Format4: 36
Format5: 27

Format5A: 27

Default settings for the UE-specific channel structure, chs, are:

chs.ControlChannelType = 'PDCCH';
chs.SearchSpace = 'UESpecific';
chs.EnableCarrierIndication = '0Off"';
chs.EnableMultipleCSIRequest = 'Off";
chs.EnableSRSRequest = '0ff"';
chs.NTxAnts = 1;

Enable carrier indication, and show the sizes per format when the DCI message is configured to
include the UE-specific 3 bit carrier indicator field (CIF).

chs.EnableCarrierIndication = 'On';

dciout = 1teDCIInfo(enb,chs)

dciout = struct with fields:
Format@: 29
Formatl: 34
FormatlA: 29
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FormatlB: 31
FormatlC: 13
FormatlD: 31
Format2: 46
Format2A: 43
Format2B: 43
Format2C: 45
Format2D: 47

Format3: 27
Format3A: 27
Format4: 39
Format5: 29

Format5A: 29

The sizes have not changed for formats 1C/3/3A, because the CIF does not apply to them. Also,
because of the padding rules, the original lengths for some of the formats increased by less than 3
bits. These lengths are for formats mapped into the UE-specific search space, not formats 3/3A.

Change the UE-specific parameter to map the CIF into the PDCCH common search space.

chs.SearchSpace = 'Common';
dciout = 1teDCIInfo(enb,chs)

dciout = struct with fields:
Format0: 27
Formatl: 34
FormatlA: 27
FormatlB: 31
FormatlC: 13
FormatlD: 31
Format2: 46
Format2A: 43
Format2B: 43
Format2C: 45
Format2D: 47

Format3: 27
Format3A: 27
Format4: 39
Format5: 27

Format5hA: 27

When the DCI message is configured for PDCCH-common search space, the format 0/1A length
returns to its original size.

As specified in TS 36.212, with regard to search space, these points apply:

* Only formats 0/1A/1C can be mapped into either the PDCCH common or UE-specific search
spaces.

* Formats 3/3A can be mapped into the common search space only.

* All other formats are mapped into UE-specific spaces only.

* There is no common search space for the EPDCCH.
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Input Arguments

enb — DCI message format and bandwidth
structure

DCI message format and bandwidth, specified as a structure that can contain the following fields.

Parameter Field Required or |Values Description

Optional

Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)

For information on link
bandwidth assignment, see
“Specifying Number of Resource
Blocks” on page 1-108.

Required Scalar integer from 6 to 110 Number of uplink resource
blocks. (N%)

For information on link
bandwidth assignment, see
“Specifying Number of Resource
Blocks” on page 1-108.

CellRefP Optional 1 (default), 2, 4 Number of cell-specific
reference signal (CRS) antenna
ports

DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency
Division Duplex or

e 'TDD' for Time Division
Duplex

chs — User Equipment (UE) related channel configuration
structure

User-equipment-related (UE-related) channel configuration, specified as a structure containing these
UE-specific fields.

Note All fields in chs are optional. The presence of these optional fields depends on:

*  Whether the transmission of DCI message is in a PDCCH using common search space mapping or
in an EDPCCH.

* The release-specific features configured at the destination UE.

These additional UE-specific bit fields are off by default.

EnableCarrierIndication — Option to enable carrier indication
'Off' (default) | 'On' | optional
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Option to enable carrier indication field (CIF) in the UE configuration, specified as '0ff' or 'On'. By
default, EnableCarrierIndication is disabled. When EnableCarrierIndication is enabled
('On"), the CIF is present in the UE-specific configuration.

Data Types: char | string

ChannelControlType — Physical control channel type
"PDCCH' (default) | 'EPDCCH" | optional

Physical control channel type used to carry DCI formats, specified as 'PDCCH' or 'EPDCCH'. The
setting for ChannelControlType affects the presence of the HARQ-ACK resource offset field and
message padding.

Data Types: char | string

SearchSpace — Search space mapping
"UESpecific' (default) | ' Common' | optional

Search space mapping for DCI formats 0/1A/1C, specified as 'UESpecific' or 'Common'. This field
is only applicable for PDCCH. None of the additional fields can be present when formats 0 or 1A are
mapped into the PDCCH common search space.

Data Types: char | string

EnableSRSRequest — Option to enable SRS request
'Off"' (default) | 'On' | optional

Option to enable SRS request in the UE configuration, specified as 'Off' or 'On'. By default,
EnableSRSRequest is disabled. When EnableSRSRequest is enabled (' On"'), the SRS request field
is present in UE-specific formats 0/1A for FDD or TDD and formats 2B/2C/2D for TDD.

Data Types: char | string

EnableMultipleCSIRequest — Option to enable multiple CSI requests
'Off"' (default) | 'On" | optional

Option to enable multiple CSI requests in the UE configuration, specified as 'Off' or 'On'. By
default, EnableMultipleCSIRequest is disabled. When EnableMultipleCSIRequest is enabled
('On"), the UE is configured to process multiple channel state information (CSI) requests from cells.
Enabling multiple CSI requests affects the length of the CSI request field in UE-specific formats 0 and
4,

Data Types: char | string

NTxAnts — Number of UE transmission antennas
1 (default) | 2 | 4 | optional

Number of UE transmission antennas, specified as 1, 2, or 4. The number of UE transmission
antennas affects the length of the precoding information field in DCI format 4.

Data Types: double

PSSCHNSubchannels — Number of sub-channels in V2X PSSCH pool
1 (default) | integer scalar from 2 to 110 | optional

Number of sub-channels in V2X PSSCH pool, specified as an integer scalar from 1 to 110. It affects
the length of RIV in format 5A
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Data Types: double

Data Types: struct

Output Arguments

info — Payload sizes for all DCI message formats

structure

Payload sizes for all DCI message formats, returned as a structure with the following parameter

fields.

Parameter Field

Description

Values

Data Type

Formato0

Format0 payload size. Format®0 is the DCI format used
for the scheduling of PUSCH.

Integer

uint64

Formatl

Formatl payload size. Format1l is the DCI format used
for the scheduling of one PDSCH codeword.

Integer

uinte4

FormatlA

Format1A payload size. Format1A is the DCI format
used for the compact scheduling of one PDSCH
codeword and random access procedure.

Integer

uint64

FormatlB

Format1B payload size. Format1B is the DCI format
used for the compact scheduling of one PDSCH
codeword with precoding information.

Integer

uint64

FormatlC

Format1C payload size. Format1C is the DCI format
used for very compact scheduling of one PDSCH
codeword.

Integer

uint64

FormatlD

Format1D payload size. Format1D is the DCI format
used for the compact scheduling of one PDSCH
codeword with precoding and power offset information.

Integer

uinte4

Format2

Format2 payload size. Format2 is the DCI format used
for the scheduling of two PDSCH codewords with
precoding information for closed-loop spatial
multiplexing.

Integer

uint64

Format2A

Format2A payload size. Format2A is the DCI format
used for the scheduling of two PDSCH codewords with
precoding information for open-loop spatial multiplexing.

Integer

uint64

Format2B

Format2B payload size. Format2B is the DCI format
used for the scheduling of dual-layer transmission, for
antenna ports 7 and 8.

Integer

uint64

Format2C

Format2C payload size. Format2C is the DCI format
used for the scheduling of up to eight-layer transmission,
for antenna ports 7-14, using TM9.

Integer

uinte4

Format2D

Format2D payload size. Format2D is the DCI format
used for the scheduling of up to eight-layer transmission,
for antenna ports 7-14, using TM10.

Integer

uint64
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Parameter Field Description Values Data Type

Format3

Format3 payload size. Format3 is the DCI format used |Integer uint64
for the transmission of transmit power control (TPC)
commands for PUCCH and PUSCH with 2-bit power
adjustments.

Format3A Format3A payload size. Format3A is the DCI format Integer uint64

used for the transmission of transmit power control
(TPC) commands for PUCCH and PUSCH with 1-bit
power adjustments.

Format4

Format4 payload size. Format4 is the DCI format used |Integer uint64
for the scheduling of PUSCH with multi-antenna port
transmission mode.

Format5

Format5 payload size. Format5 is the DCI format used |Integer uint64
for the scheduling of PSCCH, and also contains several
SCI format 0 fields used for the scheduling of PSSCH.

Format5A Format5A payload size. Format5A is the DCI format Integer uint64

used for the scheduling of V2X PSSCH.
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According to the rules defined in TS 36.212 [1], Section 5.3.3, the payload size of DCI Format® and
Format1A should always be the same and either format will be appended with padding bits, if
necessary, to fulfill this condition.

None of the DCI format payload sizes should equal the ambiguous sizes defined in TS 36.212 [1],
Table 5.3.3.1.2-1. If necessary, padding bits are added to the DCI format payload. When transmitting
DCI messages using PDCCH, the ambiguous format payload sizes are 12, 14, 16, 20, 24, 26, 32, 40,
44, and 56.

More About

Specifying Number of Resource Blocks

The number of resource blocks specifies the uplink and downlink bandwidth. The LTE Toolbox
implementation assumes symmetric link bandwidth unless you specifically assign different values to
NULRB and NDLRB. If the number of resource blocks is initialized in only one link direction, then the
initialized number of resource blocks (NULRB or NDLRB) is used for both uplink and downlink. When
this mapping is used, no warning is displayed. An error occurs if NULRB and NDLRB are both
undefined.

References

[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel
coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[2] 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teDCI | LteDCIDecode | LteDCIEncode | LteDCIResourceAllocation | 1teSCIInfo
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IteDCIEncode

Downlink control information encoding

Syntax

1teDCIEncode(ue,dcibits)
1teDCIEncode(ue,dcibits,outlen)

cw
cw

Description

cw = LlteDCIEncode(ue,dcibits) returns the vector resulting from downlink control information
(DCI) processing of the input bit vector, dcibits, given the field settings in the structure, ue.

As described in TS 36.212 [1], Section 5.3.3, DCI processing involves CRC attachment with ue.RNTI
masking of the CRC, convolutional coding, and rate matching to the capacity of the PDCCH format.

cw = lteDCIEncode(ue,dcibits,outlen) rate matches the output to outlen. For this syntax,
ue.PDCCHFormat is ignored if present. The ability to request arbitrary output length makes this
syntax useful for golden reference comparisons. Use this syntax for DCI encoding of PDCCH or
EPDCCH transmissions.

Examples

Encode DCI with Zero RNTI

Perform DCI processing on an all-zero input. This processing results in an all-zero output when you
set RNTI to 0.

Generate a dcibits input vector with zeros for a DCI format 1 message. enb is defined with 50
downlink RBs, 1 cell-specific reference signal antenna port, and FDD duplex mode.

enb = struct('NDLRB',50, 'CellRefP',1, 'DuplexMode’, 'FDD");
dciInfo = 1teDCIInfo(enb);

dcibits = zeros(dciInfo.Formatl,k1);

Define a ue parameter structure with PDCCH format 1 and RNTI set to 0.

ue = struct('PDCCHFormat',1, 'RNTI',0);

Encode the DCI bits.

cw

= 1teDCIEncode(ue,dcibits);
cw(1l:5)

ans = 5x1 int8 column vector

[cNoNoNO]
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For PDCCH format 1, the output vector length is 144. For this example, the output is an all-zero
vector because the DCI bits were 0 and RNTI was set to 0.

Encode DCI with Unity RNTI

Perform DCI processing on an all-zero input with RNTI set to 1. This processing results in a nonzero
output when you set RNTI to 1.

Generate a dcibits input vector with zeros for a DCI format 1 message. enb is defined with 50
downlink RBs, 1 cell-specific reference signal antenna port, and FDD duplex mode.

enb = struct('NDLRB',50, 'CellRefP',1, 'DuplexMode’', 'FDD");

dciInfo = 1teDCIInfo(enb);
dcibits = zeros(dciInfo.Formatl,1);

Define a ue parameter structure with PDCCH format 1 and RNTT set to 1.
ue = struct('PDCCHFormat',1, 'RNTI',1);
Encode the DCI bits.

cw = lteDCIEncode(ue,dcibits);
cw(1l:10)

ans = 10x1 int8 column vector

ool NoNoNoNoNoNoNo)

For PDCCH format 1, the output vector length is 144. For this example, with RNTI set to 1, the output
vector is not all-zeros.

Encode DCI Rate Matching Output Length
Perform DCI processing on an all-zero input. Set the output length to 100 bits.
Define enb with 50 downlink RBs, 1 cell-specific reference signal antenna port, and FDD duplex

mode. Use 1teDCIInfo to determine DCI message lengths for the defined configuration. Generate a
dcibits input vector with zeros for a format 1 DCI message.
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enb = struct('NDLRB',50, 'CellRefP',1, 'DuplexMode', 'FDD");
dciInfo = 1teDCIInfo(enb);
dcibits = zeros(dciInfo.Formatl,1);

Define a ue parameter structure with PDCCH format 1 and RNTI set to 0.

ue = struct('PDCCHFormat',1, 'RNTI',0);

Encode the DCI bits.

cwl = 1teDCIEncode(ue,dcibits);
size(cwl)

ans = 1Ix2

144 1

Encode the DCI bits again, setting the output length to 100 bits.

cw2 = 1teDCIEncode(ue,dcibits,100);
size(cw2)

ans = 1x2

100 1

The output vector length for cw2 is 100, rather than the encoded PDCCH format 1 length of 144 bits
in cwl, as expected for the configuration.

Encode DCI Message on EPDCCH

Use the DCI encoding function, 1teDCIEncode, to code a DCI for transmission on EPDCCH. The
required size is output by the 1teEPDCCHIndices function and defined by info.EPDCCHG.

Specify the cell-wide settings in parameter structure enb.

enb.NDLRB = 6;
enb.NSubframe =
enb.NCellID = 0;
enb.CellRefP = 1;
enb.CyclicPrefix = 'Normal';
enb.DuplexMode = 'FDD';
enb.NFrame = 0;

enb.CSIRSPeriod = 'Off"';
enb.ZeroPowerCSIRSPeriod = '0ff';

0;

Specify the channel transmission configuration in parameter structure chs.

chs.ControlChannelType = 'EPDCCH';
chs.SearchSpace = 'UESpecific';
chs.EnableCarrierIndication = '0ff';
chs.EnableMultipleCSIRequest = 'Off"';
chs.EnableSRSRequest = '0ff';
chs.NTxAnts = 1;
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chs .EPDCCHECCE [2 3];
chs.EPDCCHType "Localized’;
chs .EPDCCHPRBSet = 4:5;

chs.EPDCCHStart = 2;
chs.EPDCCHNID = 0;
chs.PDCCHFormat = 1;

chs.RNTI = 1;
dciInfo = 1teDCIInfo(enb,chs);
dciin = zeros(dciInfo.FormatlA,1);

Determine the EPDCCH data bit capacity, output by 1teEPDCCHIndices in info.EPDCCHG.

[ind,info] = 1teEPDCCHIndices(enb,chs);
info

info = struct with fields:

EPDCCHG: 114
EPDCCHGd: 57

nEPDCCH: 114

NECCE:

NECCEPerPRB:

NEREGPerECCE:

EPDCCHPorts:

B D oo

Encode the DCI bits.

cwl = 1teDCIEncode(chs,dciin);
size(cwl)

ans = 1Ix2

144 1

Encode the DCI bits again, setting the output length to info.EPDCCHG bits.

cw2 = 1teDCIEncode(chs,dciin,info.EPDCCHG);
size(cw2)

ans = 1Ix2

114 1

The output vector length for cw2 is 114, rather than the encoded format 1A length of 144 bits in cwl,
as expected for the configuration.

Input Arguments

ue — Parameter structure for DCI processing
structure

Parameter structure for DCI processing, specified as a structure that must have these fields.
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Parameter Field Required |Values Description
or Optional
PDCCHFormat Required 0,1,2,3 PDCCH format
RNTI Required 0 (default), scalar integer Radio network temporary identifier
(RNTT) value (16 bits)
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dcibits — DCI message bit vector
vector

DCI message bit vector, specified as a column vector. dcibits are the DCI processing input bits to
be transmitted on a single PDCCH.

Data Types: double | int8

outlen — Output vector length
optional | nonnegative scalar integer

Output vector length, specified as a nonnegative scalar integer.

Output Arguments

cw — Output vector
vector

Output vector resulting from DCI processing, returned as a column vector. cw is the result of DCI
processing the input vector, dcibits. Depending on the function syntax used, the length of cw is
either:

o 72%)ue.PDCCUFormat glements, where 2ue-PDCCUFormat renresents the number of control channel
elements (CCE) and one CCE is 72 bits.

» Rate matched to outlen.

Data Types: int8

References
[1]1 3GPP TS 36.212. “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel

coding.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teDCI | L1teDCIDecode | L1teDCIInfo | LteDCIResourceAllocation | LteEPDCCH | 1tePDCCH

Introduced in R2013b
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IteDCIResourceAllocation

DCI message physical resource blocks allocation

Syntax

[prbset, nrbg, rbgsize]
[prbset, nrbg, rbgsize]

1teDCIResourceAllocation(enbue,dcistr)
lteDCIResourceAllocation(dcistr)

Description

[prbset, nrbg, rbgsize] = lteDCIResourceAllocation(enbue,dcistr) returns a matrix
containing the zero-based physical resource block (PRB) indices prbset, the number of resource
block groups nrbg, and the resource block group size rbgsize, for the specified DCI message
settings structure enbue and DCI message structure dcistr.

TS 36.213 [1] specifies resource allocation types used for downlink, uplink and sidelink. For more
information, see “Resource Allocation Types” on page 1-130.

If you specify DCI Format 0, Format 4, or Format 5 in dcistr.DCIFormat, the function sets the
system bandwidth based on the number of uplink resource blocks, enbue . NULRB. If you do not
specify enbue.NULRB, the function sets the system bandwidth based on the number of downlink
resource blocks, enbue.NDLRB. For all other formats, the function first checks enbue.NDLRB for the
number of resource blocks. For more information, see “Specifying Number of Resource Blocks” on
page 1-131.

[prbset, nrbg, rbgsize] = lteDCIResourceAllocation(dcistr) returns outputs prbset,
nrbg, and rbgsize as above, except the fields described in structure enbue must be present as part
of dcistr.

Calling 1teDCIResourceAllocation specifying the dcistr structure as the only input argument is
not recommended because this signature will be removed in a future release.

Examples

Get Allocated PRB Indices for DCI Message
Allocate DCI resource and shows the allocation of the DCI resources.

Create a DCI message structure with a system bandwidth of 50 resource blocks and DCI Format 1A.

enb = struct('NDLRB',50);
dciStr = 1teDCI(enb,struct('DCIFormat', 'FormatlA', "AllocationType',1));

Return allocated physical resource block indices, the number of resource block groups, and the
resource block group size.

[prbSet, nrBg, rbgSize] = lteDCIResourceAllocation(enb,dciStr)

prbSet = 1x2 uint64 row vector
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0 27

nrBg = int32
17

rbgSize = int32
3

Display Uplink PRB Allocation Type 1

Display the PRB allocations associated with the sequence of subframes in a frame for DCI Format 0
and uplink resource allocation type 1.

Configure a type 1 uplink resource allocation (multi-cluster). TS 36.213, Section 8.1.2 describes the
resource indication value (RIV) determination.

enbue = struct('NDLRB',50);
dcistr = 1teDCI(enbue,struct('DCIFormat', 'Format0', 'AllocationType',1));
dcistr.Allocation.RIV = 1;

Display an image of the PRBs used in each slot of each subframe in a frame.

* Create a subframeslots matrix full of zeros. There are 20 slots per frame, specifically two slots
per subframe and ten subframes per frame.

* Loop through assigning a PRB set of indices for each subframe. Also assign a value in
subframeslots for each occupied PRB index.

subframeslots = zeros(enbue.NDLRB,20);
for i = 0:9
enbue.NSubframe = i;
prbSet = l1teDCIResourceAllocation(enbue,dcistr);
prbSet = repmat(prbSet,1,2/size(prbSet,2));
for s = 1:2
subframeslots(prbSet(:,s)+1,2*i+s) = 20+s*20;
end
end
imagesc(subframeslots);
axis xy;
xlabel('Subframe Slots');
ylabel('PRB Indices');
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FRE Indices

2 4 (5] B 10 12 14 16 18 20
Subframe Slots

Observe from the image that the same set of PRB indices is used in each slot.

Display Uplink Hopping PRB Allocation

Display the PRB allocations associated with the sequence of subframes in a frame for an uplink
resource allocation with hopping.

Configure a type 1 uplink resource allocation that has type 0 hopping and slot and subframe hopping.

enbue = struct('NDLRB',50, 'NCellID',0);

dcistr = 1teDCI(enbue,struct('DCIFormat', 'Format0', 'AllocationType',0,...
'"FregHopping',1));

dcistr.Allocation.HoppingBits = 0;

dcistr.Allocation.RIV = 110;

enbue.PUSCHHopping = 'InterAndIntra‘;

enbue.MacTxNumber = 0;

enbue.NSubbands = 1;

enbue.PUSCHHoppingOffset = 10;

Display an image of the PRBs used in each slot of each subframe in a frame.

* Create a subframeslots matrix full of zeros. There are 20 slots per frame, specifically two slots
per subframe and ten subframes per frame.
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» Loop through assigning a PRB set of indices for each subframe. Also assign a value in
subframeslots for each occupied PRB index.

subframeslots = zeros(enbue.NDLRB,20);
for 1 = 0:9
enbue.NSubframe = i;

prbSet = lteDCIResourceAllocation(enbue,dcistr);
prbSet = repmat(prbSet,1,2/size(prbSet,2));
for s = 1:2
subframeslots(prbSet(:,s)+1,2*i+s) = 20+s*20;
end
end
imagesc(subframeslots)
axis xy

xlabel('Subframe Slots"')
ylabel('PRB Indices')

FRE Indices

2 4 B 8 10 12 14 16 18 20
Subframe Slots

Observe from the image that the occupied PRB indices hops in odd and even slots.

Input Arguments

enbue — DCI message settings
structure

DCI message settings, specified as a structure. enbue can contain the following fields.
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Parameter Field Required or |Values Description
Optional
NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)
CellRefP Optional 1,2,4 Number of cell-specific reference
signal (CRS) antenna ports
DuplexMode Optional "FDD"' (default), 'TDD' Duplexing mode, specified as one

of the following:

 'FDD' — Frequency division
duplex (default)

* 'TDD' — Time division duplex

The following parameters apply when dcistr.DCIFormat =

'FormatO'

or 'Format4'

NULRB

Required

Scalar integer from 6 to 110

Number of uplink resource blocks.
(NRB)

The following parameters apply when dcistr.FreqHopping =1

NCellID Required Integer from 0 to 503 Physical layer cell identity
NSubframe Required 0 (default), nonnegative scalar Subframe number
integer
NFrame Required 0 (default), nonnegative scalar Frame number
integer
PUSCHHopping Optional '"Inter' (default), Uplink subframe hopping mode
'InterAndIntra’
MacTxNumber Optional Scalar integer from 0 (default) to |Number of the current MAC
27 (re-)transmission,
CURRENT TX NB
NSubbands Optional 1 (default), 2, 3, or 4 Number of subbands.
Optional Scalar integer from 0 (default) to |PUSCH hopping offset
PUSCHHoppingOffset 98

The following parameters apply for DCI

Format 5 (dcistr = 'Format5"').

NULRB

Required

Scalar integer from 6 to 110

Number of uplink resource blocks.
(NRE)

The following parameters apply for DCI

Format 5 (dcistr = 'Format5') with frequency hopping

(dcistr.FreqHopping = 1).
NSubframePSSCH |Required Integer Subframe number in PSSCH
subframe pool
Optional Integer from 0 (default) to 510. All |PSSCH hopping parameter
PSSCHHoppingParame values = 504 are set to 510.
ter
NSubbands Optional 1,2,0r4 Number of subbands
Optional Integer from 0 (default) to 110 PSSCH hopping offset
PSSCHHoppingOffset
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Parameter Field Required or |Values Description
Optional
PRBPool Optional Integer vector PSSCH resource block pool

(sidelink transmission mode 2). A
vector of zero-based indices giving
the PRBs in the pool. If absent or
empty then the pool is assumed to
be the full transmission bandwidth

The following parameters apply for DCI

Format 5A (dcistr = 'Format5bA'

).

PSSCHNSubchannels |Optional Integer from 1 (default) to 110 Number of sub-channels in the
V2X PSSCH resource pool

PSSCHSubchannelSiz|Optional Integer from 1 to 110. Default Number of PRB in each sub-

e value is 4. channel

PSSCHSubchannelPRB |Optional Integer from 0 (default) to 109 First PRB index associated with

Start first sub-channel of the resource
pool

PSSCHAdjacency Optional 'On' (default), 'Off" Whether PSCCH and PSSCH are

transmitted in adjacent PRB

Data Types: struct

dcistr — DCI message structure

structure

DCI message structure, returned as a structure whose fields match those of the associated DCI

format.

The field names associated with dcistr are dependent on the DCI format. The format is expected to
be one of the formats generated by 1teDCI. The LTE standard defines resource allocations types for
downlink, uplink, and sidelink. For more information, see “Resource Allocation Types” on page 1-130

The following table details the DCI formats and accompanying dcistr parameter fields.

DCI Formats dciout Fields Size Description
‘Format0'’ DCIFormat ‘FormatO’
CIF 0 or 3 bits Carrier indicator field
FreqHopping 1 bit PUSCH frequency hopping flag
Allocation Varies Resource block assignment/allocation
ModCoding 5 bits Modulation, coding scheme, and
redundancy version
NewData 1 bit New data indicator
TPC 2 bits PUSCH TPC command
CShiftDMRS 3 bits Cyclic shift for DM RS
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DCI Formats dciout Fields Size Description
TDDIndex 2 bits For TDD config 0, this field is the Uplink
Index.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
CSIRequest 1, 2, or 3 bits CSI request
SRSRequest 0 or 1 bit SRS request. This field can only be
present in DCI formats scheduling
PUSCH which are mapped onto the UE
specific search space given by the C-
RNTI
AllocationType 1 bit Resource allocation type, only present if
NRE<NBE.
'Formatl’ DCIFormat - ‘Formatl’
CIF 0 or 3 hits Carrier indicator field
AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.
Allocation Varies Resource block assignment/allocation
ModCoding 5 bits Modulation and coding scheme
HARQNo 3 bits (FDD) HARQ process number
4 bits (TDD)
NewData 1 bit New data indicator
RV 2 bits Redundancy version
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
‘FormatlA’ DCIFormat ‘FormatlA'’
CIF 0 or 3 bits Carrier indicator field
AllocationType 1 bit VRB assignment flag: 0 (localized), 1

(distributed)
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DCI Formats dciout Fields Size Description

Allocation Varies Resource block assignment/allocation

ModCoding 5 bits Modulation and coding scheme

HARQNo 3 bits (FDD) HARQ process number

4 bits (TDD)

NewData 1 bit New data indicator

RV 2 bits Redundancy version

TPCPUCCH 2 bits PUCCH TPC command

TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.

SRSRequest 0 or 1 bit SRS request. This field can only be
present in DCI formats scheduling
PUSCH which are mapped onto the UE
specific search space given by the C-
RNTI

HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH

‘FormatlB' DCIFormat ‘FormatlB'

CIF 0 or 3 bits Carrier indicator field

AllocationType 1 bit VRB assignment flag: 0 (localized), 1
(distributed)

Allocation Varies Resource block assignment/allocation

ModCoding 5 bits Modulation and coding scheme

HARQNo 3 bits (FDD) HARQ process number

4 bits (TDD)

NewData 1 bit New data indicator

RV 2 bits Redundancy version

TPCPUCCH 2 bits PUCCH TPC command

TDDIndex 2 bits For TDD config 0, this field is not used.
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For TDD config 1-6, this field is the
Downlink Assignment Index.

Not present for FDD.
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DCI Formats dciout Fields Size Description
TPMI 2 bits for two PMI information
antennas
4 bits for four
antennas
PMI 1 bit PMI confirmation
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
'FormatlC' DCIFormat ‘FormatlC'’
Allocation Varies Resource block assignment/allocation
ModCoding 5 bits Modulation and coding scheme
'"Formatl1D' DCIFormat "Formatl1D'
CIF 0 or 3 bits Carrier indicator field
AllocationType 1 bit VRB assignment flag: 0 (localized), 1
(distributed)
Allocation Varies Resource block assignment/allocation
ModCoding 5 bits Modulation and coding scheme
HARQNo 3 bits (FDD) HARQ process number
4 hits (TDD)
NewData 1 bit New data indicator
RV 2 bits Redundancy version
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
TPMI 2 bits for two Precoding TPMI information
antennas
4 bits for four
antennas
D1PowerOffset 1 bit Downlink power offset
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
‘Format2'’ DCIFormat ‘Format2’
CIF 0 or 3 bits Carrier indicator field
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DCI Formats dciout Fields Size Description
AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.
Allocation Varies Resource block assignment/allocation
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
HARQNo 3 bits (FDD) HARQ process number
4 bits (TDD)
SwapFlag 1 bit Transport block to codeword swap flag
ModCodingl 5 bits Modulation and coding scheme for
transport block 1
NewDatal 1 bit New data indicator for transport block 1
RV1 2 bits Redundancy version for transport block
1
ModCoding2 5 bits Modulation and coding scheme for
transport block 2
NewData2 1 bit New data indicator for transport block 2
RV2 2 bits Redundancy version for transport block
2
PrecodingInfo 3 bits for two Precoding information
antennas
6 bits for four
antennas
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
"Format2A’ DCIFormat "Format2A’
CIF 0 or 3 bits Carrier indicator field
AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.
Allocation Varies Resource block assignment/allocation
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DCI Formats dciout Fields Size Description
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
HARQNo 3 bits (FDD) HARQ process number
4 hits (TDD)
SwapFlag 1 bit Transport block to codeword swap flag
ModCodingl 5 bits Modulation and coding scheme for
transport block 1
NewDatal 1 bit New data indicator for transport block 1
RV1 2 bits Redundancy version for transport block
1
ModCoding2 5 bits Modulation and coding scheme for
transport block 2
NewData2 1 bit New data indicator for transport block 2
RV2 2 bits Redundancy version for transport block
2
PrecodingInfo 0 bits for two Precoding information
antennas
2 bits for four
antennas
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
‘Format2B' DCIFormat ‘Format2B'
CIF 0 or 3 bits Carrier indicator field
AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.
Allocation Varies Resource block assignment/allocation
TPCPUCCH 2 bits PUCCH TPC command
TDDIndex 2 bits For TDD config 0, this field is not used.

For TDD config 1-6, this field is the
Downlink Assignment Index.

Not present for FDD.
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DCI Formats dciout Fields Size Description
HARQNo 3 bits (FDD) HARQ process number
4 hits (TDD)

ScramblingId 1 bit Scrambling identity

ModCodingl 5 bits Modulation and coding scheme for
transport block 1

NewDatal 1 bit New data indicator for transport block 1

RV1 2 bits Redundancy version for transport block
1

ModCoding?2 5 bits Modulation and coding scheme for
transport block 2

NewData2 1 bit New data indicator for transport block 2

RV2 2 bits Redundancy version for transport block
2

HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH

'"Format2C' DCIFormat - 'Format2C'

CIF 0 or 3 bits Carrier indicator field

AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.

Allocation Varies Resource block assignment/allocation

TPCPUCCH 2 bits PUCCH TPC command

TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.

HARQNo 3 bits (FDD) HARQ process number

4 bits (TDD)

TxIndication 3 bits Antenna ports, scrambling identity, and
number of layers indicator

SRSRequest Varies SRS request. Only present for TDD.

ModCodingl 5 bits Modulation and coding scheme for
transport block 1

NewDatal 1 bit New data indicator for transport block 1
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DCI Formats dciout Fields Size Description

RV1 2 bits Redundancy version for transport block
1

ModCoding2 5 bits Modulation and coding scheme for
transport block 2

NewData2 1 bit New data indicator for transport block 2

RV2 2 bits Redundancy version for transport block
2

HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH

‘Format2D' DCIFormat - ‘Format2D'

CIF 0 or 3 bits Carrier indicator field

AllocationType 1 bit Resource allocation header: type 0, type
1. If downlink bandwidth is =10 PRBs
there is no resource allocation header
and resource allocation type 0 is
assumed.

Allocation Varies Resource block assignment/allocation

TPCPUCCH 2 bits PUCCH TPC command

TDDIndex 2 bits For TDD config 0, this field is not used.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.

HARQNo 3 bits (FDD) HARQ process number

4 bits (TDD)

TxIndication 3 bits Antenna ports, scrambling identity, and
number of layers indicator

SRSRequest Varies SRS request. Only present for TDD.

ModCodingl 5 bits Modulation and coding scheme for
transport block 1

NewDatal 1 bit New data indicator for transport block 1

RV1 2 bits Redundancy version for transport block
1

ModCoding2 5 bits Modulation and coding scheme for
transport block 2

NewData2 1 bit New data indicator for transport block 2

RV2 2 bits Redundancy version for transport block

2
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DCI Formats dciout Fields Size Description
REMappingAndQCL |2 bits PDSCH RE Mapping and Quasi-Co-
Location Indicator
HARQACKResOffset |2 bits HARQ-ACK resource offset. Present
when this format is carried by EPDCCH.
Not present when this format is carried
by PDCCH
'Format3' DCIFormat - 'Format3’
TPCCommands Varies TPC commands for PUCCH and PUSCH
"Format3A" DCIFormat - ‘Format3A’
TPCCommands Varies TPC commands for PUCCH and PUSCH
'Format4' DCIFormat - 'Format4'
CIF 0 or 3 bits Carrier indicator field
Allocation Varies Resource block assignment/allocation
TPC 2 bits PUSCH TPC command
CShiftDMRS 3 bits Cyclic shift for DM-RS
TDDIndex 2 bits For TDD config 0, this field is Uplink
Index.
For TDD config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
CSIReq Varies CSI request
SRSRequest 2 bits SRS request
AllocationType 1 bit Resource allocation header type 0 or
type 1.
ModCoding 5 bits Modulation, coding scheme, and
redundancy version
NewData 1 bit New data indicator
ModCodingl 5 bits Modulation and coding scheme for
transport block 1
NewDatal 1 bit New data indicator for transport block 1
ModCoding?2 5 bits Modulation and coding scheme for
transport block 2
NewData2 1 bit New data indicator for transport block 2
PrecodingInfo 3 bits for two Precoding information
antennas
6 bits for four
antennas
'Format5' DCIFormat - 'Format5'
PSCCHResource 6 bits Resource for PSCCH
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DCI Formats dciout Fields Size Description
TPC 1 bit TPC command for PSCCH and PSSCH
FreqHopping 1 bit Frequency hopping flag
Allocation Varies Resource block assignment and hopping
resource allocation
TimeResourcePatte |7 bits Time resource pattern
rn
'Format5A’ DCIFormat - "Format5A’
CIF 3 bits Carrier indicator
. - :
FirstSubchannelld [logz( Ngubchannel)] Lowest index of the subchannel
X allocation to the initial transmission
RIV from 0 to 13 bits, Resource indication value
logy
SL SL
Nsubchannel X (N subchannel T 1)
2
TimeGap 4 bits Time gap between initial transmission
and retransmission
SLIndex 2 bits SL SPS configuration index

Data Types: struct

Output Arguments

prbset — Physical resource block indices
nonnegative integer column-vector | nonnegative integer column-matrix

Physical resource block indices, returned as a nonnegative integer column-vector or N-by-2 matrix of
zero-based indices. The returned prbset will be a single column vector or a two-column matrix
depending on whether the allocation type defines a different set of PRB indices in the first and second
slots of the subframe.

Data Types: uint64

nrbg — Number of resource block groups in the allocation
integer

Number of resource block groups in the allocation, returned as an integer.

Data Types: int32
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rbgsize — Resource block group size
integer

Number of resource blocks in a group, returned as an integer.

Data Types: int32

More About

Resource Allocation Types

The LTE standard specifies resource allocation types used for downlink, uplink and sidelink. For a
detailed description of the resource allocation types, see 1teDCI.

» For downlink, the LTE standard specifies three resource allocation types: type 0, 1, and 2. In terms
of the DCI formats, formats 1, 2, 2A, 2B, 2C, and 2D can use either resource allocation type 0 or
type 1, with the choice signalled by dcistr.AllocationType=0 and
dcistr.AllocationType=1 respectively. DCI formats 1A, 1B, 1C, and 1D use resource
allocation type 2, which can be configured to be localized or distributed across resource blocks,
signalled by dcistr.AllocationType=0and dcistr.AllocationType=1 respectively.

* For uplink allocations (signaled in DCI format 0 messages), the allocation type is either hopping or
non-hopping, signalled by dcistr.FreqHopping=1 and dcistr.FregHopping=0, respectively.

+ For hopping allocations, there are two types of hopping: type 1 PUSCH hopping and type 2
PUSCH hopping (frequency hopping with a predefined pattern). The hopping type is signalled
by dcistr.Allocation.HoppingBits as described in TS 36.213 [1], Table 8.4-2.

* For non-hopping uplink allocations, there are two types of resource allocation: type 0 and type
1. These are signalled by dcistr.AllocationType=0 and dcistr.AllocationType=1
respectively. In case of DCI format 0 and uplink resource allocation type 1, the concatenation
of the frequency hopping flag field (dcistr.FregHopping) and the resource block
assignment and hopping resource allocation field provides the resource allocation field
(dcistr.Allocation). Type 0 allocations create a single contiguous set of PRB, whereas
type 1 can create two contiguous PRB sets. The DCI format 4 messages can only signal non-
hopping resource allocations type 0 and type 1.

* For D2D sidelink PSSCH (signaled by DCI format 5 messages), allocations are the same as uplink
PUSCH allocation type 0, both non-hopping and hopping, but with a different set of additional
parameters required in the hopping case. Details for sidelink transmission mode 1 and mode 2 are
specified in TS 36.213 [1], Sections 14.1.1.2 and 14.1.1.4 respectively.

» Sidelink V2X PSSCH allocations (signalled by DCI format 5A messages when in sidelink
transmission mode 3) create a single contiguous set of PRB using one or more sub-channels. See
TS 36.213 [1], sections 14.1.1.4A and 14.1.1.4B for sidelink transmission mode 3 and mode 4
respectively. TM2 and TM4 use autonomous scheduling and therefore do not employ DCI
messages from the eNodeB to deliver the transmission grants.

All allocations define a single set of PRB for both slots in a subframe (prbset is a column vector)
except for the distributed resource allocation type 2 and uplink hopping allocations, where different
PRB sets are used across the slot pair.

The allocation type may also define a minimum unit of resource block allocation, which is defined by

the resource block group size, rbgsize. This specifies the number of resource blocks in a group.
There are nrbg resource block groups in the allocation.
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Specifying Number of Resource Blocks

The number of resource blocks specifies the uplink and downlink bandwidth. The LTE Toolbox
implementation assumes symmetric link bandwidth unless you specifically assign different values to
NULRB and NDLRB. If the number of resource blocks is initialized in only one link direction, then the
initialized number of resource blocks (NULRB or NDLRB) is used for both uplink and downlink. When
this mapping is used, no warning is displayed. An error occurs if NULRB and NDLRB are both
undefined.

References

[1]1 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teDCI | 1teDLSCH | 1TteEPDCCH | 1tePDCCH | 1teSCIResourceAllocation

Introduced in R2014a
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IteDLChannelEstimate

Downlink channel estimation

Syntax
[hest,noiseEst] = lteDLChannelEstimate(enb, rxgrid)
[hest,noiseEst] = lteDLChannelEstimate(enb,cec, rxgrid)

lteDLChannelEstimate
lteDLChannelEstimate

[hest,noiseEst]
[hest,noiseEst]

enb,pdsch, cec, rxgrid)
enb,epdcch, cec, rxgrid)

P

Description

[hest,noiseEst] = lteDLChannelEstimate(enb, rxgrid) returns hest, the estimated
channel response between each transmit and receive antenna for the input cell-wide settings enb and
the resource grid rxgrid. The function also returns noiseEst, an estimate of the noise power
spectral density on the reference signal subcarriers. For more information, see “Channel Estimation
Processing” on page 1-150.

Use this syntax to estimate the channel in an LTE configuration by using the method described in
Annex E of [1] and Annex F of [2].

[hest,noiseEst] = lteDLChannelEstimate(enb,cec, rxgrid) specifies the channel
estimation method and parameters in the channel estimator configuration structure cec. The value
that you specify for the Reference field in cec determines whether the function estimates the
channel for an LTE or NB-IoT configuration.

[hest,noiseEst] = lteDLChannelEstimate(enb,pdsch,cec, rxgrid) performs physical
downlink shared channel (PDSCH) estimation for pdsch, the PDSCH transmission configuration.

[hest,noiseEst] = lteDLChannelEstimate(enb,epdcch,cec, rxgrid) performs enhanced
physical downlink control channel (EPDCCH) estimation for epdcch, the EPDCCH transmission
configuration.

Examples

Estimate Downlink Channel Characteristics
Estimate the channel for an RMC R.12 (four-antenna transmit diversity) waveform.

Initialize a cell-wide configuration structure for transmission of RMC R.12.

rc = 'R.12"';
enb = 1teRMCDL(rc);

Initialize a channel estimation configuration. The averaging window size is configured in terms of
resource elements (REs), time, and frequency. Use cubic interpolation with an averaging window of 1-
by-1 REs. No noise estimate or averaging is required because no noise is not present in this example.
You can therefore set the frequency window and time window size to one.
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cec.FregWindow = 1;
cec.TimeWindow = 1;
cec.InterpType = 'cubic';
cec.PilotAverage = 'UserDefined';
cec.InterpWinSize = 3;
cec.InterpWindow = 'Causal';

Generate a transmit waveform for the specified cell-wide settings by using the 1teRMCDLTool
function.

txWaveform = 1teRMCDLTool(enb,[1;0;0;1]);

Model the propagation channel by combining all transmit antennas into one receive antenna.
rxWaveform = sum(txWaveform,2);

Perform OFDM demodulation.

rxGrid = lteOFDMDemodulate(enb, rxWaveform);

Estimate the channel characteristics, displaying the size of the returned array. Confirm that the noise
power spectral density estimate is zero.

[hest,noiseEst] = lteDLChannelEstimate(enb,cec, rxGrid);
disp(size(hest))

72 140 1 4
disp(noiseEst)
0

Input Arguments

enb — Cell-wide settings
structure

Cell-wide settings, specified as a structure. The fields that you specify in enb depend on whether the
function performs channel estimation for an LTE or NB-IoT configuration.!

Name Required or Values Description Dependencies |Data Types
Optional

NDLRB Required for LTE |Integer in the Number of This field applies |double
configuration interval [6, 110] |downlink only when you

resource blocks |specify the
Reference field
of the cec input
to a value other
than 'NRS"'.

1. The value to which you set the Reference field of the cec input determines whether the function performs channel
estimation for an LTE or NB-IoT configuration.
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Name Required or Values Description Dependencies |Data Types
Optional
CellRefP Required for LTE |1, 2, 4 Number of cell- |This field applies |double
configuration specific reference |only when you
signal (CRS) specify the
antenna ports Reference field
of the cec input
to a value other
than 'NRS"'.
NCellID Required for LTE |Integer in the Physical layer cell | This field applies [double
configuration interval [0, 503] |identity (PCI) only when you
specify the
Reference field
of the cec input
to a value other
than 'NRS'.
NSubframe Required Nonnegative Subframe number|Not applicable double
integer
CyclicPrefix |Optional "Normal' Cyclic prefix Not applicable char, string
(default), length
'Extended’
DuplexMode Optional '"FDD' (default), |Duplex mode, Not applicable char, string
'TDD' specified as
"FDD' for
frequency
division duplex or
'TDD' for time
division duplex.
TDDConfig Optional 1 (default), Uplink-downlink |This field applies |double
integer in the configuration; for |only when you
interval [0, 6] more information, | specify the
see Section 4.2 of |DuplexMode field
[3]. as 'TDD".
SSC Optional 0 (default), Special subframe |This field applies |double
integer in the configuration; for |only when you
interval [0, 9] more information, | specify the
see Section 4.2 of [DuplexMode field
[3]. as 'TDD'.
CSIRefP Required when 1,2,4,8 Number of This field applies |double
you specify the channel-state only when you
Reference field information specify the

of the cec input
as 'CSIRS'.

reference signal
(CSI-RS) antenna
ports

Reference field
of the cec input
as 'CSIRS'.
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Name Required or Values Description Dependencies |Data Types
Optional
CSIRSConfig Required when |Integer in the CSI-RS This field applies [double
you specify the |interval [0, 31] configuration only when you
Reference field index; for more |specify the
of the cec input information, see |Reference field
as 'CSIRS'. Table 6.10.5.2-1 |of the cec input
in [3]. as 'CSIRS'.
CSIRSPeriod Optional 'On' (default), |CSI-RS subframe |This field applies |double, char,
'off', integer in |configuration, only when you string
the interval [0, specified as one |specify the
154], 1-by-2 of these values: |Reference field
vector of integers L of the cec input
* 'On as 'CSIRS'.
o 'Off'
* An integerin
the interval [0,
154]
corresponding
to the value of
Icgirs in Table
6.10.5.3-1 of
[3]
o Al-by-2
vector of
integers in the
form [Tcgrgs
Acsirsl, where
* Tcsigs is
the CSI-RS
periodicity
* Acsirs is
the CSI-RS
subframe
offset
For more
information,
see Table
6.10.5.3-1 of
[3].
NNCellID Required for NB- |Integer in the Narrowband PCI |This field applies |double
IoT configuration |interval [0, 503] only when you
specify the

Reference field
of the cec input
as 'NRS'.
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Name Required or Values Description Dependencies |Data Types
Optional
NBRefP Required for NB- |1, 2 Number of This field applies |double
IoT configuration narrowband only when you
reference signal |specify the
(NRS) antenna Reference field
ports of the cec input
as 'NRS"'.
Data Types: struct
rxgrid — Received resource element grid
complex-valued 3-D array
Received resource element grid, specified as a complex-valued array of size Ngc-by-Ngym-by-Np,
where:
* Ngc is the number of subcarriers
Ngym = Nsp X Ngympersr is the number of OFDM symbols, where:
* Ngg is the total number of subframes
Note To adhere to the estimation method defined in [1] and [2], Ngr must be 10.
Ngympersr is the number of OFDM symbols per subframe
* For normal cyclic prefix, each subframe contains 14 OFDM symbols.
» For extended cyclic prefix, each subframe contains 12 OFDM symbols.
* Ny is the number of receive antennas
cec — Channel estimation configuration
structure
Channel estimation configuration, specified as a structure containing these fields.
Name Required or Values Description Dependencies |Data Types
Optional
PilotAverage |Required 'TestEVM', Type of pilot The 'TestEVM' |char, string
'UserDefined' |averaging? value applies only
when you specify
the Reference
field as a value
other than
'NRS"'.
FreqWindow Required Positive integer |Size of window Not applicable double
for frequency
averaging, in
resource
elements
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Name

Required or
Optional

Values

Description

Dependencies

Data Types

TimeWindow

Required

Positive integer

Size of window
for time
averaging, in
resource
elements

Not applicable

double

InterpType

Required

'nearest’,
'linear’,
"'natural’,
'cubic!', 'v4',
‘none’

Type of
interpolation
between pilot
symbols,
specified as one
of these values:

* 'nearest’ -
Nearest
neighbor
interpolation

+ ‘'linear' -
Linear
interpolation

e 'natural' -
Natural
neighbor
interpolation

* ‘'cubic' -
Cubic
interpolation

. 'v4' -
MATLAB® 4
griddata
method

* 'none' -No
interpolation®

For more
information, see
the griddata
function.

Not applicable

char, string

InterpWindow

Required

"Causal’,
'Non-causal’,
'Centred’,
'Centered'

Interpolation
type; the values
'Centred' and
'Centered' are
equivalent. For
more information,
see “Noise
Reduction and
Interpolation” on
page 1-150.

Not applicable

char, string
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If you specify the |double

InterpWinSize |Required

Positive scalar

Interpolation
window size, in
number of
subframes

InterpWindow
field as
‘Centred' or
'Centered’, you
cannot specify
this field as an
even integer.
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Name Required or Values Description Dependencies |Data Types
Optional
Reference Optional 'DMRS' (Default), |Reference signals | This field applies |[char, string

'CSIRS',
'CellRS’',
"EPDCCHDMRS ',
"'NRS'

for channel
estimation,
specified as one
of these values:

e 'DMRS' -
Perform
PDSCH
estimation by
using the
demodulation
reference
signals (DM-
RSs)

e 'CSIRS' -
Perform
PDSCH
estimation by
using the
channel-state
information
reference
signals (CSI-
RSs)¢

+ 'CellRS' -
Perform
channel
estimation by
using the cell-
specific
reference
signals (CRSs)

¢ 'EPDCCHDMRS
' - Perform
EPDCCH
estimation by
using the DM-
RSs

e 'NRS' -
Perform
channel
estimation for
an NB-IoT
configuration

only when you
specify one of
these
configurations:

« PDSCH
channel
estimation
with the
TxScheme
field of the
pdsch
argument
specified as
one of these
values:
'Port5"’,
'Port7-8',
'Port8’,
'Port7-14'

« EPDCCH
channel
estimation

e NB-IoT
channel
estimation
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Name Required or Values Description Dependencies |Data Types
Optional
by using the
NRSs.

If you specify this field as 'TestEVM', the function ignores any other fields you specify in cec. The function performs pilot averaging
according to the method set out in Annex E of [1] and Annex F of [2]. This method is for transmitter error vector magnitude (EVM)
testing and is not supported for NB-IoT configurations.

When you specify this field as 'UserDefined’, the function performs pilot averaging with a rectangular kernel of size FreqWindow-
by-TimeWindow. The function also performs a two-dimensional filtering operation on the pilots. The pilots near the edge of the
resource grid either have no neighbors or a limited number of neighbors through the creation of virtual pilots. Consequently, these
pilots are not averaged in the same way as pilots away from the edge of the resource grid.

When you specify this field as 'none', the function performs no interpolation between pilot symbols and does not create virtual
pilots. The hest output contains channel estimates in the locations of transmitted reference symbols for each receive antenna, and
all other elements of hest are 0. The function still performs pilot symbol averaging in accordance with the values you specify for the
FregWindow and TimeWindow fields.

CSI-RS-based channel estimation is strictly only valid within the standard for the transmission scheme corresponding to the
"Port7-14"' value of the TxScheme field of the pdsch argument. For more information, see Section 6.10.5.3 of [3].

pdsch — PDSCH transmission configuration
structure

PDSCH transmission configuration, specified as a structure containing these fields.
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Name

Required or
Optional

Values

Description

Dependencies

Data Types

TxScheme

Required

'Porto’,
'TxDiversity
', 'CDhD',
'SpatialMux'
, 'MultiUser’',
'Port5"’,
'Port7-8',
'Port8’,
'"Port7-14'

PDSCH
transmission
scheme,
specified as one
of these values:

e 'Port0'-
Single-
antenna
port, port 0

e 'TxDivers
ity' -
Transmit
diversity

« 'CDD' -
Large-delay
cyclic delay
diversity
(CDD)
scheme

* 'SpatialM
ux' -
Closed-loop
spatial
multiplexing

e 'MultiUse
r' -
Multiuser
multiple-
input/
multiple-
output
(MIMO)

e 'Port5'-
Single-
antenna
port, port 5

e 'Port7-8'
- Single-
antenna,
port 7 when
the NLayers
field is 1;
dual-layer
transmission
, ports 7 and
8 when the

Not applicable

char, string
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NLayers
field is 2

"Port8"' -
Single-
antenna
port, port 8

'Port7-14
'-Upto
eight-layer
transmission
, ports 7-14
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Name Required or |Values Description Dependencies |Data Types
Optional
PRBSet Required Column vector |Physical Not applicable [single,

of integers, two-
column matrix
of integers, cell
array

resource block
(PRB) indices,
in zero-based
form,
corresponding
to the slot-wise
resource
allocations for
the PDSCH.
Specify this
field as one of:

¢ A column
vector of
integers, for
which the
resource
allocation is
the same in
both slots of
the
subframe

e A two-
column
matrix, in
which you
can specify
PRBs for
each slot in
a subframe

o A cell array
of length 10,
correspondi
ng to a
frame if the
allocated
PRBs vary
across
subframes

This field varies
per subframe
for these
reference
measurement
channels
(RMCs):

'R.25' (TDD),

double, cell
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Name

Required or
Optional

Values

Description

Dependencies

Data Types

'R.26"' (TDD),
'R.27' (TDD),
'R.43"' (FDD),
'R.44",
'R.45",
'R.48",
'R.50', and
'R.51".

RNTI

Required

Nonnegative
integer

Radio network
temporary
identifier
(RNTI) value

Not applicable

double

NLayers

Required

Integer in the
interval [1, 8]

Number of
transmission
layers

This field
applies only
when you
specify the
TxScheme field
as one of these
values:
'Port5’,
'"Port7-8",
'Port8’,
'"Port7-14"'.

double

You can initialize a special case by specifying:

* The TxScheme field of pdsch as 'Port7-8', 'Port8"', or 'Port7-14"
* The PilotAverage field of cec as 'UserDefined’
* The TimeWindow field of cec as 2 or 4
* The FregWindow field of cec as 1.

The function uses a window of two or four pilots in time to average the pilot estimates. For this
configuration, averaging is always applied across two or four pilots, regardless of their separation in
OFDM symbols. Averaging is required for the UE-RS and CSI-RS ports because they occupy the same
time/frequency locations, using different orthogonal covers for the receiver to differentiate them.

* For the CSI-RS with any number of configured CSI-RS antenna ports, the pilot REs occur in one
pair per subframe. The CSI-RS pilot RE pairs are averaged with the TimeWindow field of cec set
to 2, resulting in one channel estimate per subframe.

* For the UE-RS with the NLayers field of pdsch specified as 1, 2, 3, or 4, the pilot REs occur in
pairs repeated in each slot. The UE-RS pilot RE pairs are averaged with the TimeWindow field of
cec set to 2, resulting in two estimates per subframe, one for each slot.

For the UE-RS with the NLayers field of pdsch specified as 5, 6, 7, or 8, the pairs are distinct
between the slots of the subframe. The pairs are averaged with the TimeWindow field of cec set to 4,
resulting in one estimate per subframe. In these cases, rxgrid must contain only one subframe

because only a single subframe can be estimated.

Data Types: struct
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epdcch — EPDCCH transmission configuration
structure

EPDCCH transmission configuration, specified as a structure containing these fields.
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Name Required or Values Description Data Types
Optional
EPDCCHType Required 'Localized’, EPDCCH char, string
'Distributed' |transmission type.

As indicated in
Table 6.8A.5-1 of
[3], the function
performs channel
estimation
according to the
value you specify
for this field.

*  When you
specify this
field as
'Localized’,
the function
performs
channel
estimation in
one of these
sets of antenna
ports: {107,
108, 109, 110},
{107, 109}, or
{107, 108}.
The antenna
ports used
depend on the
cell
configuration.

*  When you
specify this
field as
‘Distributed
', the function
performs
channel
estimation in
the pair of
EPDCCH
antenna ports
used for
EPDCCH
transmission.
When you
specify the
CyclicPrefix
field of the enb
input as
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Name

Required or
Optional

Values

Description

Data Types

"Normal', the
function uses
antenna ports
107 and 109.
When you
specify the
CyclicPrefix
field of the enb
input as
'Extended’,
the function
uses antenna
ports 107 and
108.

e In other
EPDCCH
antenna ports,
the channel
estimate is
Z€ero.
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Name

Required or
Optional

Values

Description

Data Types

EPDCCHPRBSet

Required

Vector of integers

EPDCCH PRB pair
indices, in zero-
based form. The
length of this field
must be a power of
two. If no
transmission is
required, specify
this field as an
empty vector.

The function
returns only a
channel estimate
for the PRB pairs
that you specify in
this field, but
performs
estimation for all
EPDCCH
candidate locations
within those pairs.
In other PRBs, the
function
interpolates the
channel estimate
according to the
interpolation type
that you specify in
the InterpType
field of the cec
input.

double

EPCCHNID

Required

Nonnegative
integer

EPDCCH
scrambler
initialization
parameter. This
field represents

the parameter

nfEDIf I,)nCCH in the

definition of the
initial state of the
scrambling
sequence
generator, given in
Section 6.8A.2 of
[3].

double
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Note Specifying the PilotAverage, TimeWindow, and FregWindow fields of the cec input as
'UserDefined', 2, and 1, respectively, initializes a special case. The function performs the
"despreading" pilot averaging behavior described in the note for the TxScheme field of the pdsch
input. This behavior results because the EPDCCH DMRS and PDSCH DMRS RE have the same
arrangement and employ the same use of orthogonal cover codes.

Dependencies

This argument applies only when you specify the Reference field of the cec input as

"EPDCCHDMRS .
Data Types: struct

Output Arguments

hest — Estimated channel between transmit and receive antennas

complex-valued 4-D array

Estimated channel between transmit and receive antennas, returned as a complex-valued 4-D array.
The fourth dimension of hest varies based on the reference signal option you specify in the
Reference field of the cec argument and the TxScheme field of the pdsch input.

Value of Reference |Output Array RS-Specific Transmission Scheme
Field of cec Dimensions Dimension
'DMRS Ngc-by-Ngym-by-Ng-by-  |NLayers is the number |'Port5*, 'Port7-8",
NLayers of transmission layers. |'Port8', and
'Port7-14"
'CSIRS' Ngc-by-Ngym-by-Ng-by-  |CSIRefP is the number |'Port5', 'Port7-8',
CSIRefP of CSI-RS antenna 'Port8"', and
ports. ‘Port7-14'
'CellRS' Ngc-by-Ngym-by-Ng-by-  |CellRefP is the 'SpatialMux',
CellRefP number of cell-specific |'Port0’,
reference signal 'TxDiversity',
antenna ports. "CDD', 'MultiUser’',
"Port5', 'Port7-8"',
'Port8', 'Port7-14"
"EPDCCHDMRS Ngc-by-Ngym-by-Ng-by-4 |Estimate across all four |Not applicable
possible EPDCCH ports
(107-110), which
ensures consistency
with the indexing used
by the
1teEPDCCHDMRSIndic
es and
1teEPDCCHINdices
functions
'NRS' Ngc-by-Ngym-by-Ng-by-  [NBRefP is the number |Not applicable
NBRefP of NRS antenna ports.
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Value of Reference |Output Array RS-Specific Transmission Scheme
Field of cec Dimensions Dimension

Output array dimensions:

* Ngc is the number of subcarriers.
* Ngyp, is the number of OFDM symbols.
* Ny is the number of receive antennas.

Data Types: double

noiseEst — Noise power spectral density estimate
real-valued scalar

Noise power spectral density estimate on reference signal subcarriers, returned as a real-valued
scalar. The function computes noiseest by using the reference signals.

Data Types: double

Algorithms
Channel Estimation Processing

The steps associated with channel estimation processing are:

1 Extract the reference signals, or pilot symbols, for a transmit-receive antenna pair from the
received grid. Use the reference signals to calculate the least-squares estimates of the channel
response at the pilot symbol positions within a received grid.

The function obtains the least-squares estimates of the reference signals by dividing the received
pilot symbols by their expected value. Any system noise affects the least-squares estimates.
Remove or reduce the noise to achieve a reasonable estimation of the channel at pilot symbol
locations. For more information, see “Noise Reduction and Interpolation” on page 1-150.

2 Average the least-squares estimates to reduce any unwanted noise from the pilot symbols.

3 Interpolate the cleaned pilot symbol estimates into an estimate of the channel for the entire
number of subframes passed into the function.

Noise Reduction and Interpolation

To minimize the effects of noise on the pilot symbol estimates, the function averages the least-squares
estimates through an averaging window. This method ensures a substantial reduction in the level of
noise found on the pilot symbols. The two pilot symbol averaging methods, which also define the
interpolation method performed to obtain the channel estimate, are ' TestEVM' and
'"UserDefined'.

* 'TestEVM' — Follows the method described in Annex F.3.4 of [2]. The function performs time
averaging across each pilot symbol carrying subcarrier, resulting in a column vector containing
the time averaged estimates of the channel. The function then performs frequency averaging by
using a moving window with a maximum size of 19. The function uses linear interpolation to
estimate the values between the pilot symbols. The function replicates the estimated vector and
uses it as the entire channel estimate.
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Note For 'TestEVM', there are no user-defined parameters. Estimation behaves as described in

[2].

The algorithm differs from the implementation described in [2] due to the number of subframes
across which time-averaging is performed. In [2], the method requires 10 subframes. The
1teDLChannelEstimate function performs time averaging across the total number of subframes
contained in the rxgrid input.

* 'UserDefined' — Uses an averaging window that you define. The averaging window size is in
resource elements. Any pilot symbols located within the window are used to average the value of
the pilot symbol found at the center of the window. The function uses the averaged pilot symbol
estimates to perform a 2-D interpolation across a window of subframes. The location of pilot
symbols within the subframe is not ideally suited to interpolation. To account for this issue, the
function creates virtual pilots and places them outside the area of the current subframe. This
approach allows for complete and accurate interpolation. The InterpWindow field defines the
causal nature of the available data. Valid settings for InterpWindow are 'Causal', 'Non-
causal', 'Centred', or 'Centered’.

The value that you specify for InterpWindow depends upon the data that you use for
interpolation.
* 'Causal' - Use past data.

* 'Non-causal' - Use future data, the opposite of 'Causal'. Relying on only future data is
commonly referred to as an anti-causal method of interpolation.

* 'Centered' or 'Centred' - Use a combination of past, present, and future data.

References

[1] 3GPP TS 36.104. “Base Station (BS) radio transmission and reception.” 3rd Generation
Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA).

[2] 3GPP TS 36.141. “Base Station (BS) conformance testing.” 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio
Access (E-UTRA).

[3]1 3GPP TS 36.211. “Physical Channels and Modulation.” 3rd Generation Partnership Project;

Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio
Access (E-UTRA).

See Also
griddata | LteDLPerfectChannelEstimate | lteEqualizeMIMO | LTteEqualizeMMSE |
lteEqualizeZF | 1teOFDMDemodulate

Topics
“Channel Estimation”

Introduced in R2013b
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IteDLConformanceTestTool

Opens the LTE Throughput Analyzer app for performing downlink PDSCH demodulation conformance
tests

Syntax

lteDLConformanceTestTool

Description

1teDLConformanceTestTool opens the LTE Throughput Analyzer app for performing downlink
PDSCH demodulation conformance tests as defined in TS 36.101 [1].

The throughput performance graphs update dynamically during the simulation run and provides an

early understanding system behavior for a given setup. For more information, see LTE Throughput
Analyzer.

Examples

Open Throughput Analyzer App

lteDLConformanceTestTool

The LTE PDSCH Conformance Testing user interface opens.

References
[1]1 3GPP TS 36.101. “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

Radio Transmission and Reception.” 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network. URL: https://www.3gpp.org.

See Also

Apps
LTE Throughput Analyzer

Functions
1teRMCDLTool | LteRMCULTool | LteTestModel

Topics
“Analyze Throughput for PDSCH Demodulation Performance Test”

Introduced in R2014a
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IteDLDeprecode

Downlink deprecoding onto transmission layers

Syntax

out = lteDLDeprecode(in,nu,txscheme, codebook)
out = lteDLDeprecode(enb,chs,in)
Description

out = lteDLDeprecode(in,nu,txscheme, codebook) returns a symbol matrix by performing
deprecoding using matrix pseudo-inversion to undo processing described in TS 36.211 [1], Section
6.3.4. The overall operation of the deprecoder is to transpose what is defined in the specification.

out = lteDLDeprecode(enb,chs,in) performs deprecoding of the precoded symbol matrix, in,
according to cell-wide settings enb and chs (channel transmission configurations).

Examples

Perform Deprecoding on Identity Matrix

Deprecode a precoded identity matrix having codebook index 1 for three layers and four antennas.

in = lteDLPrecode(eye(3),4, 'SpatialMux',61);
out = lteDLDeprecode(in,3, 'SpatialMux',1)
out = 3x3 complex

1.0000 + 0.00001 0.0000 - 0.0000i -0.0000 + 0.0000i
0.0000 - 0.00001 1.0000 + 0.00001i 0.0000 + 0.00001
-0.0000 + 0.00001 0.0000 - 0.00001 1.0000 + 0.00001

Input Arguments

in — Precoded input symbols
numeric matrix

Precoded input symbols, specified as numeric matrix. The size of the matrix is N-by-P, where P is the
number of transmission antennas and N is the number of symbols per antenna. Generate the matrix
by extracting a PDSCH using 1tePDSCHIndices function on a received resource array. You can
perform a similar extraction using the index generator for any other downlink channel that utilizes
precoding.

nu — Number of layers
integer from 1 to 8

Number of layers, specified as an integer from 1 to 8. The maximum number of layers depends on the
transmission scheme, txscheme.
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Data Types: double

txscheme — Transmission scheme
'"Port@' | 'TxDiversity' | 'CDD' | 'SpatialMux' | 'MultiUser' | 'Port5' | 'Port7-8" |

"Port8' | 'Port7-14"

PDSCH transmission scheme, specified as one of the following options.

Transmission scheme

Description

'Porto'

Single antenna port, port 0

'TxDiversity' Transmit diversity

'CDD' Large delay cyclic delay diversity scheme

'SpatialMux' Closed loop spatial multiplexing

'MultiUser' Multi-user MIMO

'Port5' Single-antenna port, port 5

'Port7-8' Single-antenna port, port 7, when NLayers = 1. Dual
layer transmission, ports 7 and 8, when NLayers = 2.

'Port8' Single-antenna port, port 8

'Port7-14' Up to eight layer transmission, ports 7-14

Data Types: char | single

codebook — Codebook index
integer from 0 to 15

Codebook index to select the precoding matrix, specified as an integer from 0 to 15. This input is
ignored for the 'Port0', 'TxDiversity', and 'CDD' transmission schemes. Find the precoding
matrix corresponding to a particular codebook index in TS 36.211 [1], Section 6.3.4. In the case of
'"TxDiversity' and nu=1, the function falls back to single port processing.

Data Types: double

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields:

Parameter Field

Required or
Optional

Values

Description

When chs.TxScheme is set to ' TxDiversity', 'CDD', 'SpatialMux', or 'MultiUser', these parameters

are applicable:

CellRefP

Required

1,2,4

Number of cell-specific
reference signal (CRS)
antenna ports

When chs.TxScheme is set to 'SpatialMux', or 'MultiUser' and chs.PMISet is present, these parameters

are applicable:.

NCellID

Required

Integer from 0 to 503

Physical layer cell identity
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Parameter Field Required or |Values Description
Optional

NSubframe Required 0 (default), nonnegative Subframe number
scalar integer

NDLRB Required Scalar integer from 6 to 110 |Number of downlink

resource blocks. (NE]B“)

CFI Required 1,2,0r3 Control format indicator
Scalar or if the CFI varies (CFI) value. In TDD mode,
per subframe, a vector of CFI varies per subframe for
length 10 (corresponding to [the RMCs (‘R.0', 'R.5',
a frame). 'R.6', 'R.6-27RB',

'R.12-9RB')

CyclicPrefix Optional '"Normal' (default), Cyclic prefix length
'Extended’

DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified

as:
* 'FDD' for Frequency
Division Duplex or

e 'TDD' for Time Division
Duplex

When DuplexMode is setto 'TDD ',

these parameters are applicable:

TDDConfig Optional 0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink
configuration
SSC Optional 0 (default), 1, 2, 3, 4, 5, 6, 7, |Special subframe

8,9

configuration (SSC)

Data Types: struct

chs — Channel-specific transmission configuration

structure

Channel-specific transmission configuration, specified as a structure that can contain the following

parameter fields:
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Parameter Field Required or |Values Description
Optional
TxScheme Required 'Port0', 'TxDiversity', |PDSCH transmission
'CDD', 'SpatialMux’, scheme, specified as one of
'MultiUser', 'Port5’', the following options.
‘Port7-8', 'Port8'
'Port7-14"'. Transmigsion Description
scheme
'Porto’ Single antenna
port, port 0
'TxDiversity' |Transmit diversity
'CDD* Large delay cyclic
delay diversity
scheme
'SpatiallMux' Closed loop spatial
multiplexing
'MultiUser' Multi-user MIMO
'Port5' Single-antenna
port, port 5
'Port7-8' Single-antenna
port, port 7, when
NLayers = 1.
Dual layer
transmission,
ports 7 and 8,
when NLayers =
2.
'Port8* Single-antenna
port, port 8
'Port7-14' Up to eight layer
transmission,
ports 7-14
NLayers Required Integer from 1 to 8 Number of transmission

layers.

The following parameters are applicable when TxScheme is set to 'SpatialMux' or 'MultiUser'. Include
either CodebookIdx field or both PMISet and PRBSet fields. For more information, see Algorithms on page 1-

158.

CodebookIdx

Required

Integer from 0 to 15

Codebook index used during
precoding
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Parameter Field

Required or
Optional

Values

Description

PMISet

Required

Integer vector with element
values from 0 to 15.

Precoder matrix indication
(PMI) set. It can contain
either a single value,
corresponding to single PMI
mode, or multiple values,
corresponding to multiple or
subband PMI mode. The
number of values depends on
CellRefP, transmission layers
and TxScheme. For more
information about setting
PMI parameters, see
1tePMIInfo.

PRBSet

Required

Integer column vector or
two-column matrix

Zero-based physical resource
block (PRB) indices
corresponding to the slot
wise resource allocations for
this PDSCH. PRBSet can be
assigned as:

* a column vector, the
resource allocation is the
same in both slots of the
subframe,

e atwo-column matrix, this
parameter specifies
different PRBs for each
slot in a subframe,

* acell array of length 10
(corresponding to a
frame, if the allocated
physical resource blocks
vary across subframes).

PRBSet varies per subframe
for the RMCs 'R.25'(TDD),
'R.26'(TDD),
'R.27'(TDD),
'R.43'(FDD), 'R.44",
'R.45', 'R.48"', 'R.50"',
and 'R.51".

The fields PMISet and PRBSet are used to determine the frequency-domain position occupied by each precoded
symbol in out. This step is performed to apply the correct subband precoder when multiple PMI mode is used.
Alternatively, you can provide the CodebookIdx parameter field. CodebookIdx is a scalar specifying the
codebook index to use across the entire bandwidth. Therefore, the CodebookIdx field does not support
subband precoding. The relationship between PMI values and codebook index is given in TS 36.213 [2], Section

7.2.4.
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Data Types: struct

Output Arguments

out — Deprecoded downlink output
matrix

Deprecoded downlink output, returned as Ngyy-by-v matrix, containing v layers, with NgymNsym
symbols in each layer. The symbols for layers and antennas lie in columns rather than in rows.

Data Types: double

Algorithms

For transmission schemes 'CDD', 'SpatialMux', and 'MultiUser', and degenerately 'Port0’,

* Precoding involves multiplying a P-by-v precoding matrix, F, by a v-by-Ngyy matrix, representing
Ngym symbols on each of v transmission layers. This multiplication yields a P-by-Ngyy matrix,
representing Ngyy precoded symbols on each of P antenna ports. Depending on the transmission
scheme, the precoding matrix can be composed of multiple matrices multiplied together. But the
size of the product, F, is always P-by-v.

For the 'TxDiversity' transmission scheme,

* A P2-by-2v precoding matrix, F, is multiplied by a 2v-by-Ngyy matrix, formed by splitting the real
and imaginary components of a v-by-Ngyy matrix of symbols on layers. This multiplication yields a
P2-by-Ngyy matrix of precoded symbols, which is then reshaped into a P-by-PNgyy matrix for
transmission. Since v is P for the 'TxDiversity' transmission scheme, F is of size P?-by-2P,
rather than P2-by-2v.

WhenvisPin 'CDD', 'SpatialMux', and 'MultiUser' transmission schemes, and when P and v
are 2 in the 'TxDiversity' transmission scheme,

* The precoding matrix, F, is square. Its size is 2P-by-2P for the transmit diversity scheme and P-by-
P otherwise. In this case, the deprecoder takes the matrix inversion of the precoding matrix to
yield the deprecoding matrix F-!. The matrix inversion is computed using LU decomposition with
partial pivoting (row exchange):

1 Perform LU decomposition P,F = LU.

2 Solve LY =] using forward substitution.
3 Solve UX = Y using back substitution.

4 F-1=XP,.

The degenerate case of the 'Port0' transmission scheme falls into this category, with P = v = 1.
For the 'CDD', 'SpatialMux', and 'MultiUser' transmission schemes,

« The deprecoding is then performed by multiplying F-! by the transpose of the input symbols
(symbo'ls is size Ngyu-by-P, so the transpose is a P-by-Ngyy matrix). This multiplication recovers
the v-by-Ngym (equals P-by-Ngyy) matrix of transmission layers.

For the 'TxDiversity' transmission scheme,
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» The deprecoding is performed, multiplying F ! by the transpose of the input symbols (symbols is
size PNgy\-by-P, so the transpose is a P-by-PNgyy matrix), having first been reshaped into a 2P-by-
Ngyy matrix. This multiplication yields a 2v-by-Ngyy;, matrix which is then split into two v-by-Ngyym
matrices. To recover the v-by-Ngyy matrix of transmission layers multiply the second matrix by j
and add the two matrices together (thus recombining real and imaginary parts).

For the other cases, specifically 'CDD', 'SpatialMux', and 'MultiUser' transmission schemes
with v # P and the 'TxDiversity' transmission scheme with P = 4,

» The precoding matrix F is not square. Instead, the matrix is rectangular with size P-by-v, except in
the case of 'TxDiversity' transmission scheme with P = 4, where it is of size P 2-by-(2P = 16)-
by-8. The number of rows is always greater than the number of columns in the matrix F is size m-
by-n with m > n.

* In this case, the deprecoder takes the matrix pseudo-inversion of the precoding matrix to yield the
deprecoding matrix F *. The matrix pseudo-inversion is computed as follows.

1  Perform LU decomposition P,F = LU.
2 Remove the last m — n rows of U to give U.
3 Remove the last m — n columns of L to give L.
4 —H{==H\"1/=-H=\—1-
X = UH(UUH) (LHL) LH (the matrix inversions are carried out as in the previous steps).
5 F+=XP,

The application of the deprecoding matrix F * is the same process as described for deprecoding the
square matrix case with F * in place of F-,

This method of pseudo-inversion is based onLinear Algebra and Its Application [3], Chapter 3.4,
Equation (56).
References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[2] 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[3] Strang, Gilbert. Linear Algebra and Its Application. Academic Press, 1980. 2nd Edition.

See Also
1teDLPrecode | LteLayerDemap

Introduced in R2014a
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IteDLFrameOffset

Downlink frame timing estimate

Syntax

offset=1teDLFrameOffset(enb,waveform)
[offset,corr]=1teDLFrameOffset(enb,waveform)
[offset,corr]=1teDLFrameOffset(enb,waveform,corrcfg)
[offset,corr]=1teDLFrameOffset(enb,waveform, 'TestEVM')

Description

offset=1teDLFrameOffset(enb,waveform) returns the timing offset, in samples, between the
start of the input waveform and the start of the first frame. offset is measured using the reference
signals defined in the LTE standard.

1teDLFrameOffset performs synchronization using the PSS and SSS for the time-domain waveform,
given cell-wide settings structure, enb. Note that this function does not perform PSS/SSS cell identity
search. The cell identity must be provided in enb. The function 1teCellSearch can be used to
perform cell identity search.

[offset,corr]=1teDLFrameOffset(enb,waveform) also returns a complex matrix, corr, of the
same dimensions as the input waveform.

[offset,corr]=1lteDLFrameOffset(enb,waveform,corrcfg) provides control over which
reference signals are used for timing estimation, as specified in the input structure, corrcfg.

[offset,corr]=1teDLFrameOffset(enb,waveform, 'TestEVM'), provides the input
'TestEVM' to stipulate alignment of the correlation configuration with TS 36.104, Annex E [1].

Examples

Synchronize and Demodulate Test Model Output
Synchronization and demodulation of Test Model output which has been delayed by five samples.

Initialize cell-wide parameters structure. Generate waveform for test model 1.1 with 5MHz
bandwidth. A five sample delay is achieved by inserting five zeros at the beginning of the waveform.
Compute and display the offset. Perform demodulation of the waveform accounting for the offset
delay by adjusting waveform start index.

enb = lteTestModel('1.1', '5MHz");
tx = [0; 0; 0; 0; 0; lteTestModelTool(enb)];

offset = 1teDLFrameOffset(enb, tx)
offset =5
rxGrid = 1teOFDMDemodulate(enb,tx(1+offset:end));
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Input Arguments

enb — Cell-wide settings
scalar structure

Cell-wide settings, specified as a structure. enb can contain these fields.

Parameter Field Required or |Values Description
Optional
NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)
CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length
NCellID Required Integer from 0 to 503 Physical layer cell identity
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as:
* 'FDD' for Frequency Division
Duplex or
* 'TDD' for Time Division
Duplex
The following parameters are only required for Cel1RS = 'On' or 'OmitEdgeRBs'. See corrcfg.
CellRefP Required 1,2,4 Number of cell-specific reference
signal (CRS) antenna ports
The following parameters are only required when DuplexMode = 'TDD' and CellRS = 'On' or
'OmitEdgeRBs'. See corrcfg.
TDDConfig Optional 0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink configuration
SSC Optional 0 (default), 1, 2, 3,4, 5,6, 7,8,9 |Special subframe configuration
(SSC)

Data Types: struct

waveform — Time-domain waveform
numeric matrix

Time-domain waveform, specified as a T-by-P numeric matrix, where T is the number of time-domain
samples and P is the number of receive antennas. waveform should be at least one subframe long
and contain the PSS and SSS signals. Use 1teOFDMModulate or one of the channel model functions
(LteFadingChannel, 1teHSTChannel, or lteMovingChannel) to generate this matrix.

Data Types: double | single

corrcfg — Control reference signals used for timing estimation
scalar structure

Control reference signals used for timing estimation, specified as a structure containing any or all of
these fields.
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Parameter Field Required or |Values Description
Optional

PSS Optional 'On' (default), 'Off" Primary synchronization signal
(PSS) correlation mode

SSS Optional 'On' (default), 'Off" Secondary synchronization
signal (SSS) correlation mode

CellRS Optional 'Off"' (default), Cell-specific reference signal

'OmitEdgeRBs"', 'On' (CRS) correlation mode

For the corrcfg fields, 1teDLFrameOffset uses the reference signals, (PSS, SSS, or Cel1lRS) as
configured by initializing particular reference signal correlation mode(s) to 'On'. For CellRS, using
the mode setting, 'OmitEdgeRBs', instead of 'On', removes the uppermost and lowermost resource
block of reference signals from the correlation. The 'OmitEdgeRBs' method is specified for EVM
testing in TS 36.104, Annex E [1]. Omitting band edge RBs removes potential transmit filtering
nonlinear phase response and the resulting influence on group delay response for the overall band.

Data Types: struct

'TestEVM' — Test EVM setting
'TestEVM'

Test EVM setting, specified as 'TestEVM'. As defined in TS 36.104 [1], Annex E, sets correlation
with:

e PSSto'On',

e SSSto 'Off', and

* CellRSto 'OmitEdgeRBs"'.

Data Types: char | string

Output Arguments

offset — Timing offset from the start of the input waveform to the start of the first frame
numeric scalar

Timing offset from the start of the input waveform to the start of the first frame, returned as a
numeric scalar. It indicates the number of samples from the start of waveform, to the position in
waveform where the first frame begins. offset is computed by extracting the timing of the peak of
the correlation between waveform and the internally generated time-domain reference waveforms
containing PSS and SSS signals. The correlation is performed separately for each antenna.
1lteDLFrameOffset uses the antenna with the earliest correlation peak and a correlation peak
magnitude at least 50% of the maximum across the antennas to compute offset.

Data Types: double

corr — Signal used to extract timing offset
complex numeric matrix

Signal used to extract the timing offset, returned as a complex numeric matrix of the same size as
waveform. Each column of corr is the correlation for each column (antenna) of waveform.

Data Types: double
Complex Number Support: Yes
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References
[1] 3GPP TS 36.104. “Base Station (BS) radio transmission and reception.” 3rd Generation

Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA).

See Also
lteCellSearch | LteFadingChannel | LteFrequencyCorrect | LteFrequencyOffset |
1teHSTChannel | LteMovingChannel | LteNBDLFrameOffset | LteOFDMDemodulate

Introduced in R2014a
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IteDLPerfectChannelEstimate

Downlink perfect channel estimation

Syntax

hest
hest
hest

1teDLPerfectChannelEstimate(enb, propchan)
1teDLPerfectChannelEstimate(enb,propchan,timefreqoffset)
lteDLPerfectChannelEstimate(enb,propchan,timefreqoffset,ntxants)

Description

hest = 1teDLPerfectChannelEstimate(enb,propchan) performs perfect channel estimation
for a system configuration given structures containing the cell-wide settings, and the propagation
channel configuration. The perfect channel estimates are only produced for channel models created
using lteFadingChannel or 1teHSTChannel.

This function provides a perfect MIMO channel estimate after OFDM modulation. Perfect channel
estimation is achieved by setting the channel with the desired configuration and sending a set of
known symbols through it for each transmit antenna in turn.

hest = 1teDLPerfectChannelEstimate(enb,propchan,timefreqoffset) adds the
parameter timefreqoffset, which specifies the timing and frequency offsets. This parameter
allows hest to be the precise channel that results when the receiver is precisely synchronized.

hest = 1teDLPerfectChannelEstimate(enb,propchan,timefreqoffset,ntxants) adds
the parameter ntxants, which specifies the number of transmit antenna planes.

Note This syntax is provided to allow modeling of greater than four transmit antenna planes. For this
syntax, the enb.Cel1RefP field, is not required and, if included, is not used to define the number of
antenna planes.

Examples

Perform Perfect DL Channel Estimation
Perform perfect channel estimation for a given propagation channel configuration in the downlink.

Initialize eNodeB and propagation channel configuration structures.

enb.NDLRB = 6;
enb.CyclicPrefix = 'Normal';
enb.CellRefP = 4;
enb.TotSubframes

1;

chs.Seed = 1;

chs.DelayProfile
chs.NRxAnts = 2;
chs.DopplerFreq = 5.0;

"EPA';
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chs.MIMOCorrelation = 'Low';
chs.InitPhase = 'Random';
chs.InitTime = 0.0;
chs.ModelType = 'GMEDS';
chs.NTerms = 16;
chs.NormalizeTxAnts = 'On';
chs.NormalizePathGains = 'On';

Compute the downlink channel estimate and display the dimension of the output channel estimate.

H = lteDLPerfectChannelEstimate(enb,chs);
sizeH = size(H)

sizeH = 1x4

72 14 2 4

Perfect DL Channel Estimation on a Time Offset Waveform

Perform perfect channel estimation on a time offset waveform that has passed through a fading
channel.

Configuration initialization

* [Initialize cell-wide configuration to R.12 (TxDiversity, 6 RB, CellRefP=4, normal cyclic prefix).
* Initialize propagation channel configuration.

enb = 1teRMCDL('R.1"','FDD',1);
enb.TotSubframes = 1;

chan.Seed = 1;
chan.DelayProfile = 'EPA';
chan.NRxAnts = 1;
chan.DopplerFreq = 5.0;
chan.MIMOCorrelation = 'Low';
chan.InitPhase = 'Random’;
chan.InitTime = 0.0;
chan.ModelType = 'GMEDS';
chan.NTerms = 16;
chan.NormalizeTxAnts = 'On';
chan.NormalizePathGains = 'On';

Waveform processing

* Create waveform and add samples for channel delay.

* Pass through a fading channel, generating time-domain receiver samples.
[txwave,txgrid, rmcCfg] = 1teRMCDLTool(enb,[1;0;0;1]);
txwave = [txwave; zeros(25,enb.CellRefP)];

chan.SamplingRate = rmcCfg.SamplingRate;
rxwave = lteFadingChannel(chan, txwave);
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Determine timing offset

* Use LteDLFrameOffset to estimate time offset.
* Account for the timing offset in the received waveform.

toffset = 1teDLFrameOffset(enb, rxwave)

toffset 7

rxwave = rxwave(l+toffset:end,:);
Demodulation and perfect channel estimation

* Demodulate rxwave to generate frequency-domain receiver data in rxgrid.
* Equalize with perfect channel estimate using time offset.

* Plot resource element grids to show impact of fading channel on the transmitted signal and
recovery of the signal using the perfect channel estimate.

rxgrid = lteOFDMDemodulate(enb, rxwave);

hest = lteDLPerfectChannelEstimate(enb,chan, [toffset,0]);
sizeH = size(hest);

recoveredgrid = rxgrid./hest;

subplot(2,2,1)
mesh(abs(txgrid(:,:,1,1)))
title('Transmitted Grid');
subplot(2,2,2)
mesh(abs(rxgrid(:,:,1,1)))
title('Received Grid');
subplot(2,2,3)
mesh(abs(hest(:,:,1,1)))
title('Perfect Channel Estimate');
subplot(2,2,4)
mesh(abs(recoveredgrid(:,:,1,1)))
title('Recovered Grid');
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Transmitted Grid Received Grid

Perfect Channel Estimate Recovered Grid

0.5
500

Comparing the transmitted grid to the recovered grid shows equalization of the received grid with
the perfect channel estimate recovers the transmission.

Perform HST Model Perfect DL Channel Estimation

Perform perfect channel estimation for a high speed train (HST) propagation channel configuration in
the downlink. Include time and frequency offsets in the channel estimation computation.

Configuration initialization

Initialize configuration structures for eNodeB and HST propagation channel.

enb.
enb.
enb.
enb.
enb.

hst.
hst.
hst.
.Velocity = 200;

.DopplerFreq = 5.0;
hst.
.ModelType = 'GMEDS';
hst.

hst
hst

hst

NDLRB = 6;

NCellID =

CyclicPrefix = 'Normal';
CellRefP =

TotSubframes = 1;

NRxAnts = 2;

Ds = 100;

Dmin = 500;
InitTime = 0.0;

NormalizeTxAnts = 'On';
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Waveform processing

* Create waveform and add samples for channel delay.
* Pass through an HST channel, generating time-domain receiver samples.

[txwave,txgrid, rmcCfg] = 1teRMCDLTool(enb,[1;0;0;1]);
txwave = [txwave; zeros(25,enb.CellRefP)];
hst.SamplingRate = rmcCfg.SamplingRate;

rxwave = 1teHSTChannel(hst,txwave);

Determine timing and frequency offsets

* Use lteDLFrameOffset to estimate time offset.
* Account for the timing offset in the received waveform.
* Use lteFrequencyOffset to estimate frequency offset.

toffset

lteDLFrameOffset(enb, rxwave)

toffset 7

rxwave = rxwave(l+toffset:end,:);
foffset = lteFrequencyOffset(enb, rxwave)

foffset -62.2418

Demodulation and perfect channel estimation

* Demodulate rxwave to generate frequency-domain receiver data in rxgrid.
* Equalize with perfect channel estimate using time and frequency offsets.
rxgrid = lteOFDMDemodulate(enb, rxwave);

hest = lteDLPerfectChannelEstimate(enb,hst, [toffset, foffset]);

sizeH = size(hest)

sizeH = 1Ix3

72 14 2

recoveredgrid = rxgrid./hest;

Perform Perfect DL Channel Estimation for Eight Antenna Planes

Perform perfect channel estimation for eight transmit antenna planes for a given propagation channel
configuration in the downlink.

Initialize eNodeB and propagation channel configuration structures. Define a local variable for the
number of transmit antenna planes.

enb.NDLRB = 6;

enb.CyclicPrefix = 'Normal’;
enb.TotSubframes = 1;
chs.Seed = 1;
chs.DelayProfile = 'EPA';



IteDLPerfectChannelEstimate

chs.NRxAnts = 2;
chs.DopplerFreq = 5.0;
chs.MIMOCorrelation = 'Low';
chs.InitPhase = 'Random';
chs.InitTime = 0.0;
chs.ModelType = 'GMEDS';
chs.NTerms = 16;
chs.NormalizeTxAnts = 'On';
chs.NormalizePathGains = 'On';

txAntPlanes = 8;

Compute the downlink channel estimate and display the dimension of the output channel estimate.

chest = 1teDLPerfectChannelEstimate(enb,chs,[0 0],txAntPlanes);
sizeH = size(chest)
sizeH = 1x4

72 14 2 8

The dimensionality of chest indicates two receive and eight transmit antenna planes are included in
the channel estimate.

Input Arguments

enb — Cell-wide settings
scalar structure

Cell-wide settings, specified as a structure with the following fields.

Parameter (Required or Values Description

Field Optional

NDLRB Required Scalar integer from 6 |Number of downlink resource blocks.
to 110 ( N[]%Iﬁ)

CyclicPref |Optional ‘Normal' (default), |Cyclic prefix length

ix 'Extended’

CellRefP |Required 1,2,4 Number of cell-specific reference signal

(CRS) antenna ports
TotSubfram|Optional Nonnegative scalar |Total number of subframes to generate
es integer

1 (default)

Data Types: struct

propchan — Propagation channel configuration
structure

Propagation channel configuration, specified as a structure that can contain these parameter fields.
propchan must contain the fields required to parameterize the channel model for a fading channel
(LteFadingChannel) or a high-speed train channel (LteHSTChannel).
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Note Before execution of the channel itself, LteDLPerfectChannelEstimate sets SamplingRate
internally to the sampling rate of the time domain waveform passed to L1teFadingChannel or
1teHSTChannel for channel filtering. Therefore, the propchan structure does not require the
SamplingRate field. If one is included, it is not used.

propchan structure fields to be included for fading channel model case:

Parameter |[Required or Values Description
Field Optional
NRxAnts Required Positive scalar integer | Number of receive antennas
MIMOCorrel |Required "Low', '"Medium’, Correlation between UE and eNodeB
ation '"UplinkMedium', antennas
'High', 'Custom'
* 'Low' correlation is equivalent to no
correlation between antennas.
¢ 'Medium' correlation level is
applicable to tests defined in TS
36.101 [1].
 'UplinkMedium' correlation level is
applicable to tests defined in TS
36.104 [2].
NormalizeT |Optional 'On' (default), 'Off' |Transmit antenna number
xAnts normalization.

'On', this function normalizes the
model output by 1/sqrt (Nqy),
where Npx is the number of transmit
antennas. Normalization by the
number of transmit antennas ensures
that the output power per receive
antenna is unaffected by the number
of transmit antennas.

'Off', normalization is not
performed.
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Parameter
Field

Required or
Optional

Values

Description

DelayProfi
le

Required

"EPA', 'EVA',
'"ETU', 'Custom’,
'Off'

Delay profile model. For more
information, see “Propagation Channel
Models”.

Setting DelayProfileto 'Off!'
switches off fading completely and
implements a static MIMO channel
model. In this case, the antenna
geometry corresponds to
propchan.MIMOCorrelation,
propchan.NRxAnts, and the number of
transmit antennas. The temporal part of
the model for each link between
transmit and receive antennas consists
of a single path with zero delay and
constant unit gain.

The following

fields are applicable when DelayProfile is set to a value other than 'Off"'.

DopplerFre
q

Required

Scalar

Maximum Doppler frequency, in Hz.

InitTime

Required

Scalar

Fading process time offset, in seconds.

NTerms

Optional

16 (default)

scalar power of 2

Number of oscillators used in fading
path modeling.

ModelType

Optional

'GMEDS ' (default),
'Dent’

Rayleigh fading model type.

* 'GMEDS', the Rayleigh fading is
modeled using the Generalized
Method of Exact Doppler Spread
(GMEDS), as described in [4].

* 'Dent’, the Rayleigh fading is
modeled using the modified Jakes
fading model described in [3].

Note ModelType = 'Dent' is not
recommended. Use ModelType =
'GMEDS' instead.

NormalizeP
athGains

Optional

'On' (default), 'Off"

Model output normalization.

* 'On', the model output is normalized
such that the average power is unity.

* 'Off', the average output power is
the sum of the powers of the taps of
the delay profile.
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Parameter
Field

Required or
Optional

Values

Description

InitPhase

Optional

'Random’ (default),
scalar (in Radians), or
N-by-L-by-N1x-by-Ngx
array

Phase initialization for the sinusoidal
components of the model.

* 'Random’', sets the phases randomly
initialized according to Seed.

* A scalar, assumed to be in radians, is
used to initialize the phases of all
components.

* An N-by-L-by-N1x-by-Ngx array is
used to explicitly initialize the phase
in radians of each component. In this
case, N is the number of phase
initialization values per path, L is the
number of paths, Nrx is the number
of transmit antennas, and Ny is the
number of receive antennas.
(NRxAnts)

Note
* When ModelType is set to 'GMEDS ',
N =2 x NTerms.

* When ModelType is set to 'Dent’,
N =NTerms.

The following

InitPhase is set to 'Random'.

field is applicable when DelayProfile is set to a value other than 'Off' and

Seed

Required

Scalar

Random number generator seed. To use
a random seed, set Seed to zero.

Note MathWorks® recommends using
Seed values from 0 to 231 - 1 - (K(K -
1)/2), where K = Ntx X Ngx, the product
of the number of transmit and receive
antennas. Seed values outside of this
range are not guaranteed to give
distinct results.

The following

fields are applicable when DelayProfile is set to 'Custom'.

AveragePat
hGaindB

Required

Vector

Average gains of the discrete paths,
expressed in dB.

PathDelays

Required

Vector

Delays of the discrete paths, expressed
in seconds. This vector must have the

same size as AveragePathGaindB.

The following fields are applicable when MIMOCorrelation is set to 'Custom'.
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Parameter |Required or Values Description
Field Optional

Required Matrix Correlation between each of the
TxCorrelat transmit antennas, specified as a Nx-by-
ionMatrix Nrx complex matrix.

Required Matrix Correlation between each of the receive
RxCorrelat antennas, specified as a complex matrix
ionMatrix of size Nyx-by-Npx.

propchan structure fields to be included for the high-speed train channel model case:

Parameter |[Required or Values Description

Field Optional

NRxAnts Required Positive scalar integer |Number of receive antennas

Ds Required Scalar Train-to-eNodeB double initial distance,
in meters.
Ds/2 is initial distance between train
and eNodeB, in meters

Dmin Required Scalar eNodeB to railway track distance, in
meters

Velocity |[Required Scalar Train velocity, in kilometers per hour

DopplerFre |Required Scalar Maximum Doppler frequency, in Hz.

q

InitTime |Required Scalar Doppler shift timing offset, in seconds

NormalizeT |Optional 'On' (default), 'Off' |Transmit antenna number

xAnts normalization.

* 'On', LteHSTChannel normalizes
the model output by 1/sqrt (Ny),
where Ny is the number of transmit
antennas. Normalization by the
number of transmit antennas ensures
that the output power per receive
antenna is unaffected by the number
of transmit antennas.

e 'Off', normalization is not
performed.

Data Types: struct

timefreqoffset — Timing and frequency offset
[0, O] (default) | two element row vector, [toffset, foffset] | nonnegative scalar, toffset |

optional

Timing and frequency offset, specified as a nonnegative scalar providing toffset or two element
row vector providing [toffset, foffset].

toffset — Timing offset
0 (default) | nonnegative scalar | optional
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Timing offset in samples from the start of the output of the channel to the OFDM demodulation
starting point, specified as a nonnegative scalar. The timing offset accounts for delay introduced
during propagation, which is useful to obtain the perfect estimate of the channel seen by a
synchronized receiver. Use 1teDLFrameOffset to derive toffset.

foffset — Frequency offset
0 (default) | scalar | optional

Frequency offset in Hertz of the time-domain waveform, specified as a scalar. Use
lteFrequencyOffset to derive foffset.

Example: [3 100] indicates a time offset of three samples and a frequency offset of 100 Hz.

Data Types: double

ntxants — Number of transmit antenna planes
1 (default) | nonnegative integer | optional

Number of transmit antenna planes, specified as a nonnegative integer.

Output Arguments

hest — Perfect channel estimate
4-D array

Perfect channel estimate, returned as an Ngc-by-Ngym-by-Nrx-by-Nrx array.

* N is the number of subcarriers.
* Ngym is the number of OFDM symbols.
* Ngx is the number of receive antennas as specified by propchan.NRxAnts.

* Nix is the number of transmit antenna planes, specified either by the input ntxants or by
enb.CellRefP. If ntxants is provided as an input, the enb.Cel1RefP field is not required and, if
included, is not used.

Data Types: double

References

[1]1 3GPP TS 36.101. “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
Radio Transmission and Reception.” 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network. URL: https://www.3gpp.org.

[2]1 3GPP TS 36.104. “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) Radio
Transmission and Reception.” 3rd Generation Partnership Project; Technical Specification
Group Radio Access Network. URL: https://www.3gpp.org.

[3] Dent, P, G. E. Bottomley, and T. Croft. “Jakes Fading Model Revisited.” Electronics Letters. Vol. 29,
1993, Number 13, pp. 1162-1163.

[4] Patzold, Matthias, Cheng-Xiang Wang, and Bjgrn Olav Hogstad. “Two New Sum-of-Sinusoids-Based

Methods for the Efficient Generation of Multiple Uncorrelated Rayleigh Fading Waveforms.”
IEEE Transactions on Wireless Communications. Vol. 8, 2009, Number 6, pp. 3122-3131.
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See Also
lteDLChannelEstimate | LlteEqualizeMMSE | LteEqualizeZF | LteFadingChannel |
1teOFDMDemodulate | LteULPerfectChannelEstimate

Introduced in R2013b
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IteDLPrecode

Downlink precoding of transmission layers

Syntax

out = 1teDLPrecode(in,ntxants, txscheme, codebook)
out lteDLPrecode(enb,chs,in)

Description

out = lteDLPrecode(in,ntxants, txscheme, codebook) performs precoding according to TS
36.211 [1], Section 6.3.4. The out matrix returned is identical to the matrix returned by 1tePDSCH
for the same set of parameters. The overall operation of the precoder is the transpose of the matrix
defined in the specification. The symbols for layers and antennas lie in columns rather than rows.

This function performs precoding of the matrix of layers, in, onto P antennas, using the transmission
scheme specified by txscheme. For transmission scheme precoding dependencies, see “Algorithms”
on page 1-180.

out = lteDLPrecode(enb,chs,in) precodes the matrix of layers, in, according to cell-wide
settings enb and channel transmission configurations chs.

Examples

Perform Downlink Precoding on Identity Matrix
Perform downlink precoding using an identity matrix as input.

By precoding an identity matrix, you can gain access to the precoding matrices. Obtain the precoding
matrix having codebook index 1 for three layers and four antennas.

out

1teDLPrecode(eye(3),4, 'SpatialMux',1)."
out = 4x3 complex

0.2887 + 0.00001 0.0000 - 0.28871 -0.2887 + 0.00001
0.0000 + 0.28871 0.2887 + 0.00001i 0.0000 + 0.2887i
-0.2887 + 0.00001 0.0000 - 0.2887i 0.2887 + 0.00001
0.0000 - 0.28871 0.2887 + 0.00001i 0.0000 - 0.28871

Input Arguments

in — Input layers
matrix

Input layers, specified as an Ngyy-by-v matrix, consisting of the Ngyy modulation symbols for
transmission on v layers. Generate this matrix using lteLayerMap.
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Data Types: double

Complex Number Support: Yes

ntxants — Number of antennas

positive integer

Number of antennas, specified as a positive integer.

Data Types: double

txscheme — Transmission scheme

'Port0' | 'TxDiversity' | 'CDD' | 'SpatialMux' | 'MultiUser' | 'Port5'| 'Port7-8" |

"Port8' | 'Port7-14"

PDSCH transmission scheme, specified as one of the following options.

Transmission scheme

Description

'Porto’ Single antenna port, port 0

'TxDiversity' Transmit diversity

'CDD' Large delay cyclic delay diversity scheme

'SpatialMux' Closed loop spatial multiplexing

'MultiUser' Multi-user MIMO

"Port5" Single-antenna port, port 5

'Port7-8' Single-antenna port, port 7, when NLayers = 1. Dual
layer transmission, ports 7 and 8, when NLayers = 2.

'Port8' Single-antenna port, port 8

'Port7-14' Up to eight layer transmission, ports 7-14

Data Types: char | string

codebook — Codebook index

integer from 0 to 15

Codebook index to select the precoding matrix, specified as an integer from 0 to 15. This input is
ignored for the 'Port0"', 'TxDiversity', and 'CDD' transmission schemes. Find the precoding
matrix corresponding to a particular codebook index in the TS 36.211 [1], Section 6.3.4. Since
codebook is a scalar, the syntax that includes this parameter does not support subband precoding or
multiple PMI mode. In the case of 'TxDiversity' and P=1, the function falls back to single port

processing.

Data Types: double

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields:
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Parameter Field Required or |Values Description
Optional

When chs.TxScheme is set to ' TxDiversity', 'CDD', 'SpatialMux', or 'MultilUser', these parameters
are applicable:

CellRefP Required 1,2,4 Number of cell-specific
reference signal (CRS)
antenna ports

When chs.TxScheme is set to 'SpatialMux', or '"MultiUser' and chs.PMISet is present, these parameters
are applicable:.

NCellID Required Integer from 0 to 503 Physical layer cell identity

NSubframe Required 0 (default), nonnegative Subframe number
scalar integer

NDLRB Required Scalar integer from 6 to 110 |Number of downlink

resource blocks. (NE]B“)

CFI Required 1,2,0r3 Control format indicator
Scalar or if the CFI varies (CFI) value. In TDD mode,
per subframe, a vector of CFI varies per subframe for
length 10 (corresponding to [the RMCs (‘R.0', 'R.5',
a frame). 'R.6', 'R.6-27RB',

'R.12-9RB")

CyclicPrefix Optional '"Normal' (default), Cyclic prefix length
'Extended’

DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified

as:

* 'FDD' for Frequency
Division Duplex or

e 'TDD' for Time Division

Duplex
When DuplexMode is set to 'TDD', these parameters are applicable:
TDDConfig Optional 0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink
configuration
SSC Optional 0 (default), 1, 2, 3, 4, 5, 6, 7, |Special subframe
8,9 configuration (SSC)

Data Types: struct

chs — Channel-specific transmission configuration
structure | structure array

Channel specific transmission configuration, specified as a structure that can contain the following
parameter fields.
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Parameter Require |Values Description
Field d or
Optiona
|
TxScheme Optional | 'Port0' (default), PDSCH transmission scheme, specified as one

'TxDiversity', 'CDD',

of the following options.

'SpatialMux'
'MultiUser', |Transmission scheme Description
‘Port7-8", "P{iportp: Single antenna port, port 0
'Port7-14". - - — -
'TxDiversity' Transmit diversity
'CDD* Large delay cyclic delay
diversity scheme
'SpatiallMux' Closed loop spatial
multiplexing
'MultiUser' Multi-user MIMO
'Port5" Single-antenna port, port 5
'Port7-8' Single-antenna port, port 7,
when NLayers = 1. Dual
layer transmission, ports 7
and 8, when NLayers = 2.
'Port8'* Single-antenna port, port 8
'Port7-14' Up to eight layer
transmission, ports 7-14

When chs.TxScheme is set to 'SpatialMux' or 'MultiUser’, these parameters are applicable,
odebookidx or both PMISet and PRBSet:

include either C

Codebookidx

Optional

Integer from 0 to 15

Codebook index used during precoding

PMISet

Optional

Integer vector with
element values from 0 to
15.

Precoder matrix indication (PMI) set. It can
contain either a single value, corresponding to
single PMI mode, or multiple values,
corresponding to multiple or subband PMI
mode. The number of values depends on
CellRefP, transmission layers and TxScheme.
For more information about setting PMI

parameters, see LtePMIInfo.
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Parameter Require |Values Description
Field dor
Optiona

PRBSet Optional |Integer column vector or |Zero-based physical resource block (PRB)
two-column matrix indices corresponding to the slot wise resource
allocations for this PDSCH. PRBSet can be
assigned as:

* a column vector, the resource allocation is
the same in both slots of the subframe,

* atwo-column matrix, this parameter
specifies different PRBs for each slot in a
subframe,

* acell array of length 10 (corresponding to a
frame, if the allocated physical resource
blocks vary across subframes).

PRBSet varies per subframe for the RMCs
'R.25'(TDD), 'R.26'(TDD), 'R.27"'(TDD),
'R.43'(FDD), 'R.44"', 'R.45"', 'R.48",
'R.50',and 'R.51".

The fields PMISet and PRBSet determine the frequency-domain position that each precoded symbol
in out occupies to apply the correct subband precoder when multiple PMI mode is being used.
Alternatively, you can provide CodebookIdx field. CodebookIdx is a scalar specifying the codebook
index to use across the entire bandwidth. Therefore, the CodebookIdx field does not support
subband precoding. TS 36.213 [2], Section 7.2.4 specifies the relationship between PMI values and
codebook indices.

Data Types: struct

Output Arguments

out — Precoded downlink output
matrix

Precoded downlink output, returned as an Ngyy-by-P matrix. Ngyy is the number of symbols per
antenna, and P is the number of transmission antennas. The symbols for layers and antennas lie in
columns rather than rows.

Data Types: double

Algorithms
For transmission schemes 'CDD', 'SpatialMux', and 'MultiUser’, and degenerately 'Port0’,

* Precoding involves multiplying a P-by-v precoding matrix, denoted as F, by a v-by-Ngyy matrix,
representing Ngyy symbols on each of v transmission layers, to yield a P-by-Ngyy matrix,
consisting of Ngyy precoded symbols on each of P antenna ports. Depending on the transmission
scheme, the precoding matrix can be composed of multiple matrices multiplied together, but the
size of the product, F, is always P-by-v.
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For the 'TxDiversity' transmission scheme,

» A P2-by-2v precoding matrix, F, is multiplied by a 2v-by-Ngyy matrix, formed by splitting the real
and imaginary components of a v-by-Ngyy matrix of symbols on layers, to yield a P>-by-Ngyy matrix
of precoded symbols, which is then reshaped into a P-by-PNgyy; matrix for transmission. As v = P
for the ' TxDiversity' transmission scheme, we can consider F be of size P?-by-2P rather than
P2-by-2v.

For the other cases, specifically 'CDD', 'SpatialMux', and 'MultiUser' transmission schemes
with v # P, and the 'TxDiversity' transmission scheme with P = 4,

* The precoding matrix F is not square; it is rectangular with size P-by-v except for the
'TxDiversity' transmission scheme with P = 4 where it is of size P?-by-(2P= 16)-by-8. The
number of rows is always greater than the number of columns that is, the matrix F is size m-by-n
with m-by-n.

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[2] 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teDLDeprecode | LteLayerMap

Introduced in R2014a
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IteDLResourceGrid

Downlink subframe resource array

Syntax

grid = lteDLResourceGrid(enb)
grid 1teDLResourceGrid(enb,p)

Description

grid = lteDLResourceGrid(enb) returns an empty resource array generated from the cell-wide-
specific settings structure enb. For more information on the resource grid and the multidimensional
array used to represent the resource elements for one subframe across all configured antenna ports,
see “Representing Resource Grids”.

grid = lteDLResourceGrid(enb,p) accepts an additional input, p, which directly specifies the
number of antenna planes in the array. In this syntax, Ce L1RefP is not required as a structure field of
enb.

Examples

Create Empty Resource Array

Create an empty resource array representing the resource elements for 10MHz bandwidth, one
subframe, and two antennas.

rgrid = lteDLResourceGrid(struct('NDLRB',50, 'CellRefP',2));
size(rgrid)

ans = 1x3

600 14 2

Create DL Subframe Resource Array Using Optional Antenna Plane Input

Create an empty resource array that represents the downlink resource elements for 5 MHz
bandwidth, one subframe, extended cyclic prefix, and four antenna ports.

cfg = struct('NDLRB',25, 'CyclicPrefix', 'Extended"');

p=4;
griddl = lteDLResourceGrid(cfg,p);
size(griddl)
ans = 1Ix3
300 12 4
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Input Arguments

enb — Cell-wide settings
structure

Cell-wide settings, specified as a structure having the following fields.

NDLRB — Number of downlink resource blocks
scalar integer from 6 to 110

Number of downlink resource blocks, specified as a scalar integer from 6 to 110.

Data Types: double

CyclicPrefix — Cyclic prefix length
‘Normal' (default) | optional | 'Extended

Cyclic prefix length, specified as 'Normal' or 'Extended’.
Data Types: char | string

CellRefP — Number of cell-specific reference signal antenna ports
1124

Number of cell-specific reference signal antenna ports, specified as 1, 2, or 4.
Data Types: double

Data Types: struct

p — Number of antenna planes
positive scalar integer
Number of antenna planes, specified as a positive scalar integer.

Data Types: double

Output Arguments

grid — Empty downlink resource grid
3-D numeric array

Empty downlink resource grid, returned as a 3-D numeric array. This array is used to represent the
resource elements for one subframe across all configured antenna ports. It has dimensions of:

*  When the function has a single input argument, enb, an N-by-M-by-Ce l1RefP array is returned. N
is the number of subcarriers (12xNDLRB). M is the number of OFDM symbols in a subframe (14
for normal cyclic prefix and 12 for extended cyclic prefix). Cel1RefP is the number of transmit
antenna ports.

*  When the function has two input arguments, enb and p, an N-by-M-by-p array is returned. p is the
number of antenna planes.

Data Types: double
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See Also
1teDLResourceGridSize | 1teOFDMModulate | LteResourceGrid | LteResourceGridSize |
lteULResourceGrid | LteULResourceGridSize

Introduced in R2014a

1-184



lteDLResourceGridSize

IteDLResourceGridSize

Size of downlink subframe resource array

Syntax
d = lteDLResourceGridSize(enb)
d = 1teDLResourceGridSize(enb,p)

Description

d = lteDLResourceGridSize(enb) returns a three-element row vector of dimension lengths for
the resource array generated from the cell-wide settings structure enb. For more information on the
resource grid and the multidimensional array used to represent the resource elements for one
subframe across all configured antenna ports, see “Representing Resource Grids”.

d = lteDLResourceGridSize(enb,p) returns a three-element row vector, where p directly
specifies the number of antenna planes in the array. In this syntax, Cel1RefP is not required as a
structure field of enb.

Examples

Determine Downlink Subframe Resource Array Size
Determine the size of a downlink subframe resource array.

Determine the dimensions of a downlink subframe resource array, using cell-wide settings, enb. Then,
use the returned vector directly to create a resource grid as a multidimensional array.

enb = struct('NDLRB',50, 'CellRefP',2, 'CyclicPrefix"', 'Normal');
rgrid = zeros(lteDLResourceGridSize(enb));
size(rgrid)

ans = 1x3

600 14 2

The same result can be obtained by calling the 1teDLResourceGrid function.

Get Downlink Subframe Resource Array Size Using Optional Antenna Plane Input

Get the downlink subframe resource array size from an downlink configuration structure using the
antenna plane input. Then, use the returned vector to directly create a MATLAB™ array.

cfgdl = struct('NDLRB',50, 'CyclicPrefix', 'Normal');

p =2
griddl = zeros(lteDLResourceGridSize(cfgdl,p));
size(griddl)
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ans = 1x3

600 14 2

The output grid, griddl, is a resource array. This resource array size could be obtained in a similar
manner using the 1teResourceGridSize function.

Input Arguments

enb — Cell-wide settings
structure

Cell-wide settings, specified as a structure having the following fields.

NDLRB — Number of downlink resource blocks
scalar integer from 6 to 110

Number of downlink resource blocks, specified as a scalar integer from 6 to 110. Standard bandwidth
values are 6, 15, 25, 50, 75, and 100.

Data Types: double | char

CellRefP — Number of cell-specific reference signal antenna ports
1124

Number of cell-specific reference signal antenna ports, specified as 1, 2, or 4.

Data Types: double

CyclicPrefix — Cyclic prefix length
'"Normal' (default) | optional | 'Extended

Cyclic prefix length, specified as 'Normal' or 'Extended’.
Data Types: char
Data Types: struct

p — Number of antenna planes
positive scalar integer

Number of antenna planes, specified as a positive scalar integer. This argument directly specifies the
number of antenna planes in the array.

Data Types: double

Output Arguments

d — Downlink resource grid dimensions
numeric 1-by-3 row vector

Downlink resource grid dimensions, returned as a numeric 1-by-3 row vector. When the function has
a single argument, d is [N M CellRefP]. N is the number of subcarriers (12xNDLRB). M is the
number of OFDM symbols in a subframe, 14 for normal cyclic prefix and 12 for extended cyclic prefix.
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CellRefP is the number of transmit antenna ports. When the number of antenna planes, p, is
specified as the second input argument, then d is [N M p] and the input field Cel1RefP of enb is
not required.

Data Types: double

See Also
lteDLResourceGrid | lteResourceGridSize | lteULResourceGridSize

Introduced in R2014a
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IteDLSCH

Downlink shared channel

Syntax

[cwout,chinfo] = 1teDLSCH(enb, chs,outlen,trblkin)

Description

[cwout,chinfo] = 1teDLSCH(enb,chs,outlen,trblkin) applies the complete DL-SCH
transport channel coding chain to the input data, trblkin, and returns the codewords in cwout. The
encoding process includes type-24A CRC calculation, code block segmentation and type-24B CRC
attachment, if any, turbo encoding, rate matching with RV, and code block concatenation. Additional
information about the encoding process is returned in the fields of structure chinfo. For the case of
spatial multiplexing schemes transmitting two codewords, 1teDLSCH processes a single transport
block or pairs of blocks, contained in a cell array. The data type for cwout matches the input,
trblkin. Thus, if trblkin is a cell array containing one or two transport blocks, cwout is a cell
array of one or two codewords. If trblkin is a vector of information bits, cwout is a vector also.
Define pairs of modulation schemes and RV indicators in the appropriate parameter fields to encode a
pair of transport blocks.

Examples

Generate DL-SCH Codewords
Generate the DL-SCH codeword as defined by TS36.101 RMC R.7 for FDD duplexing mode

Initialize the rmc structure and generate transport block data. Generate the DL-SCH codewords and
view the first ten.

rmc = 1teRMCDL('R.7"');
data = randi([0,1], rmc.PDSCH.TrB1kSizes(1),1);

codeWord = 1teDLSCH(rmc, rmc.PDSCH, rmc.PDSCH.CodedTrBlkSizes(1),data);
codeWord(1:10)

ans = 10x1 int8 column vector

[cNoNoNoN NN NoNo N
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Input Arguments

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required
or Optional

Values

Description

If chs.NSoftBits is defined include:

DuplexMode Optional

'"FDD' (default), 'TDD'

Duplexing mode, specified as:

* 'FDD' for Frequency Division Duplex or
e 'TDD' for Time Division Duplex

When DuplexMode is set to 'TDD'

include:

TDDConfig Optional

0, 1 (default), 2, 3, 4, 5,
6

Uplink-downlink configuration

When chs.TxScheme is set to 'TxDiversity' include:

CellRefP Optional

1,2, 4

Number of cell-specific reference signal (CRS)
antenna ports

chs — Channel configuration

structure

Channel configuration, specified as a structure. It defines aspects of the PDSCH onto which the
codewords are mapped. It also defines the DL-SCH soft buffer size and redundancy versions of the

generated codewords.

chs can contain the following fields.

Parameter Required |Values

Field or Optional

Description

Modulation |Required 'QPSK', '160Q0AM',
'64QAM', '2560QAM',
'1024QAM'

Modulation type, specified as a character vector, cell
array of character vectors, or string array. If blocks,
each cell is associated with a transport block.

NLayers Required Integer from 1 to 8

Total number of transmission layers associated with
the transport block or blocks.
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Parameter Required |Values Description
Field or Optional
TxScheme Optional 'Port0' (default), PDSCH transmission scheme, specified as one of the
'TxDiversity', 'CDD', |following options.
'SpatialMux',
'MultiUser', |Transmisgsion scheme Description
‘Port7-8", "PCpgrtp- Single antenna port, port 0
'Port7-14". : : T :
‘TxDivefsity' Transmit diversity
'CDD' Large delay cyclic delay
diversity scheme
'SpatiallMux' Closed loop spatial
multiplexing
'MultiUser' Multi-user MIMO
'Port5' Single-antenna port, port 5
'Port7-8' Single-antenna port, port 7,

when NLayers = 1. Dual layer
transmission, ports 7 and 8,
when NLayers = 2.

'Port8' Single-antenna port, port 8
'Port7-14' Up to eight layer transmission,
ports 7-14
RV Required Integer vector (0,1,2,3). A|Specifies the redundancy version for one or two
one or two column matrix |codewords used in the initial subframe number,
(for one or two NSubframe. This parameter field is only for
codewords). informational purposes and is Read-Only.
NSoftbits Optional Nonnegative scalar Total number of soft buffer bits. The default setting of
integer (default 0) 0 signifies that there is no buffer limit.

1-190

outlen — Codeword length
numeric vector of one or two elements

Codeword length, specified as a numeric vector of one or two elements. This vector defines the
codeword lengths to which the input transport blocks should be rate matched. It represents the
PDSCH capacity for the associated codeword. Therefore, it also represents the lengths of the vectors
in cwout.

trblkin — Transport block information bits to be encoded
numeric vector | cell array of one or two numeric vectors

Transport block information bits to be encoded, specified as a numeric vector or a cell array of
numeric vectors. trblkin is an input parameter containing the transport block information bits to be
encoded. If it is a cell array, all rate matching calculations assume that the pair is transmitting on a
single PDSCH, distributed across the total number of layers defined in chs, as per TS 36.211 [2]. The
lowest order information bit of trblkin maps to the most significant bit of the transport block, as
defined in TS 36.321 [3], Section 6.1.1 .



[teDLSCH

Output Arguments

cwout — DL-SCH encoded codewords
numeric column vector | cell array of one or two numeric column vectors

DL-SCH encoded codewords, returned as a numeric column vector or a cell array of one or two
numeric column vectors. It reflects the data type and size of the input data, trblkin.

Data Types: int8 | cell

chinfo — Additional information about encoding process

structure array | optional

Additional information about encoding process, returned as a structure array. It contains parameter
fields related to code block segmentation and rate matching. If two transport blocks are encoded,

chinfo is a structure array of two elements, with one element for each block. The code block

segmentation fields in this structure can also be created independently using the 1teDLSCHInfo

function.

chinfo contains the following fields.

Parameter Field

Description

Values

C

Total number of code blocks

Nonnegative scalar integer

Km Lower code block size (K-) Nonnegative scalar integer

Cm Number of code blocks of size Km (C-) Nonnegative scalar integer

Kp Upper code block size (K+) Nonnegative scalar integer

Cp Number of code blocks of size Kp (C+) Nonnegative scalar integer
Number of filler bits in first block Nonnegative scalar integer
Number of segment cyclic redundancy check Nonnegative scalar integer
(CRC) bits

Bout Total number of bits in all segments Nonnegative scalar integer

NLayers Number of transmission layers. Nonnegative scalar integer

NL Number of layers used in rate matching Nonnegative scalar integer
calculation

Qm Bits per symbol variable used in rate matching Nonnegative scalar integer
calculation

NIR Number of soft bits associated with transport Nonnegative scalar integer
block. Soft buffer size for entire input transport
block

RV RV value associated with one codeword Nonnegative scalar integer

Included if RV is present at the input.

References

[1]1 3GPP TS 36.101. “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
Radio Transmission and Reception.” 3rd Generation Partnership Project; Technical
Specification Group Radio Access Network. URL: https://www.3gpp.org.
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[2] 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[3]1 3GPP TS 36.321. “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control
(MAC) protocol specification.” 3rd Generation Partnership Project; Technical Specification
Group Radio Access Network. URL: https://www.3gpp.org.

See Also
1teDLSCHDecode | LteDLSCHInfo | LtePDSCH

Introduced in R2014a
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IteDLSCHDecode

Downlink shared channel decoding

Syntax

[trblkout,blkcrc,stateout] = 1teDLSCHDecode(enb,chs,trblklen,cwin,statein)

Description

[trblkout,blkcrc,stateout] = 1teDLSCHDecode(enb, chs,trblklen, cwin,statein)
returns the information bits, trblkout, decoded from the input soft LLR codeword data, cwin. The
DL-SCH decoder includes rate recovery, turbo decoding, block concatenation, and CRC calculations.
The function also returns the type-24A transport block CRC decoding result in blkcrc and the HARQ
process decoding state in stateout. The initial HARQ process state can be provided as the optional
statein parameter. The function is capable of processing both a single codeword or pairs of
codewords, contained in a cell array, for the case of spatial multiplexing schemes transmitting two
codewords. The type of the return variable, trblkout, is the same as the input, cwin. If cwin is a
cell array containing one or two codewords, trblkout is a cell array of one or two transport blocks.
If cwin is a vector of soft data, trblkout is a vector also. If you are decoding a pair of codewords,
you must provide pairs of modulation schemes and RV indicators in the appropriate parameter fields.

enb is an input parameter structure that may include optional fields defining the duplex mode. Since
the duplex mode defaults to 'FDD', if the 'DuplexMode' field is absent, enb can be an empty
structure.

chs is an input parameter structure defining aspects of the PDSCH onto which the codewords are
mapped and the DL-SCH soft buffer size and redundancy versions of the received codewords.

trblklen is an input vector, one or two elements in length, defining the transport block lengths to
which the input code blocks are rate recovered and decoded.

cwin is an input parameter containing the floating point soft LLR data of the codewords to be
decoded. It is either a single vector or a cell array containing one or two vectors. If it is a cell array,
all rate matching calculations assume that the pair is transmitting on a single PDSCH, distributed
across the total number of layers defined in chs, as per TS 36.211 [1].

statein is an optional input structure array, empty or one or two elements, which can input the
current decoder buffer state for each transport block in an active HARQ process. If statein is not an
empty array and it contains a non-empty field, CBSBuffers, this field should contain a cell array of
vectors representing the LLR soft buffer states for the set of code blocks at the input to the turbo
decoder, after explicit rate recovery. The updated buffer states after decoding are returned in the
CBSBuffers field in the output parameter, stateout. The statein array would normally be
generated and recycled from the stateout of previous calls to 1teDLSCHDecode as part of a
sequence of HARQ transmissions.

trblkout is the output parameter containing the decoded information bits. It is either a single

vector or a cell array containing one or two vectors, depending on the class and dimensionality of
cwin.
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blkcrc is an output array, one or two elements, containing the result of the type-24A transport block
CRC decoding for the transport blocks.

stateout, the final output parameter, is a one- or two-element structure array containing the
internal state of each transport block decoder. The stateout array is normally reapplied via the
statein variable of subsequent 1teDLSCHDecode function calls as part of a sequence of HARQ
retransmissions.

Examples

Generate and Decode DL-SCH Transmissions

This example generates and decodes 2 transmissions, one with RV set to 0 and one with RV set to 1,
as part of a single codeword HARQ process for RMC R.7.

Set subframe number. Get the definition of RMC R.7. Generate transport block data. Apply DL-SCH
transport channel coding chain to trBlkData. Create a codeword with RV = 0. Turn logical bits into
'LLR' data

nsf = 1;

rmc

1teRMCDL('R.7");

trBlkSize = rmc.PDSCH.TrBlkSizes(nsf);
codedTrB1lkSize = rmc.PDSCH.CodedTrBlkSizes(nsf);
trBlkData = randi([0,1],trBlkSize,1);

rmc.PDSCH.RV = 0;
cw = LteDLSCH(rmc, rmc.PDSCH, codedTrB1kSize, trBlkData);

cw(cw == 0) = -1;

Initialize the decoder states for the first HARQ transmission. The returned decState contains the
decoder buffer state for each transport block for an active HARQ process with RV =1

decState = [];
[rxTrBlk,~,decState] = 1teDLSCHDecode(rmc, rmc.PDSCH,trBlkSize, cw,decState);

Create a second retransmitted codeword. Turn logical bits into 'LLR' data. Use the previous
transmission decoder buffer state, decState, as part of the sequence of active HARQ transmissions

rmc.PDSCH.RV = 1;
cw = 1teDLSCH(rmc, rmc.PDSCH, codedTrB1kSize, trBlkData);

cw(cw == 0) = -1;
rxTrBlk = 1teDLSCHDecode(rmc, rmc.PDSCH, trBl1kSize, cw,decState);

size(rxTrBlk)
ans = 1x2
28336 1

rxTrBlk(1:10)
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ans = 10x1 int8 column vector

PR RFOORMHOKMR

Input Arguments

enb — Cell-wide settings
scalar structure

Cell-wide settings, specified as a structure with the following fields.

Parameter
Field

Required or
Optional

Values

Description

If chs.NSoftBits is defined include:

DuplexMode

Optional

"FDD' (default),
'TDD'

Duplexing mode, specified as:

 'FDD' for Frequency Division Duplex
or

* 'TDD' for Time Division Duplex

Because the duplex mode defaults to
"FDD ', if this field is absent, enb can be
an empty structure.

When DuplexMode is set to 'TDD ' include:

TDDConfig

Optional

0, 1 (default), 2, 3, 4,
5, 6

Uplink-downlink configuration

Only required for 'TDD' duplex mode.

Data Types: struct

chs — Channel configuration

structure

Channel configuration, specified as a structure having the following fields.

'64QAM', '2560Q0AM’,
'1024QAM'

Parameter |Required or Values Description
Field Optional
Modulation |Required "QPSK', '16QAM', Modulation type associated with each

transport block, specified as a character
vector, cell array of character vectors
for 2 blocks, or string array.
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Parameter |Required or Values Description
Field Optional
NLayers Required 1,2,3,4 Total number of transmission layers
associated with the transport block or
blocks.
TxScheme |Optional 'Port0' (default), PDSCH transmission scheme, specified
'TxDiversity', as one of the following options.
'ChD',
'SpatialMyTransmission scheme |Description
‘MultiUser porig Single antenna port,
‘Port5’,
port 0
‘Port7-8', - , P FETR—
'Port8', TxDiversity Transmit diversity
"Port7-14'/'CDD" Large delay cyclic delay
diversity scheme
'SpatiallMux' Closed loop spatial
multiplexing
'MultiUser' Multi-user MIMO
'Port5" Single-antenna port,
port 5
'Port7-8' Single-antenna port,
port 7, when
NLayers = 1. Dual
layer transmission,
ports 7 and 8, when
NLayers = 2.
'Port8' Single-antenna port,
port 8
'Port7-014' Up to eight layer
transmission, ports 7-14
RV Required 0,1,2,3 Redundancy version indicator, specified
. as a numeric vector of 1 or 2 values.
2-element numeric | Possible values are 0, 1, 2, or 3.
vector
NSoftbits |Optional Nonnegative scalar  |Total number of soft buffer bits. The
integer (default 0) default setting of 0 signifies that there is
no buffer limit.
If NSoftbits is absent, no limit is
placed on the number of soft bits.
NTurboDecI Optional 5 (default) Number of turbo decoder iteration
ts cycles
Integer from 1 to 30

Data Types: struct

trblklen — Transport block lengths
one- or two-element numeric vector
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Transport block lengths, specified as a one- or two-element numeric vector. It defines the transport
block lengths to which the input code blocks should be rate-recovered and decoded.

Data Types: double

cwin — Soft LLR codeword data
numeric vector | cell array of one or two numeric vectors

Soft LLR data of the codewords to be decoded, specified as either a numeric vector or a cell array
containing one or two vectors.
Data Types: double

statein — Initial HARQ process state
optional | structure array

Initial HARQ process state, specified as a structure array. Optional. This structure array, which can be
empty or contain one or two elements, can input the current decoder buffer state for each transport
block in an active HARQ process.

Data Types: struct

Output Arguments

trblkout — Decoded information bits
numeric vector | cell array of one or two numeric vectors

Decoded information bits, returned as a numeric vector or a cell array of one or two numeric vectors.
trblkout reflects the data type and size of cwin.

Data Types: int8 | cell

blkcrc — Type-24A transport block CRC decoding result
logical vector of one or two elements

Type-24A transport block CRC decoding result, returned as a logical vector of one or two elements.

Data Types: logical

stateout — HARQ process decoding state
structure array of one or two elements

HARQ process decoding state, returned as a structure array of one or two elements. It contains the
internal state of each transport block in the following fields.

Parameter Values Description
Field
CBSBuffers Cell array of vectors Cell array of vectors representing the LLR soft

buffer states for the set of code blocks associated
with a single transport block. The buffers are
positioned at the input to the turbo decoder, after
explicit rate recovery.

CBSCRC Logical vector Array of type-24B code block set CRC decoding
results
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Parameter Values Description
Field
BLKCRC Logical scalar Type-24A transport block CRC decoding error

Data Types: struct

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teDLSCH | 1teDLSCHINnfo | LtePDSCHDecode

Introduced in R2014a
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IteDLSCHInfo

DL-SCH segmentation information

Syntax
info = 1teDLSCHInfo(blklen)
info = 1teDLSCHInfo(enb,chs,blklen)

Description

info = 1teDLSCHInfo(blklen) returns a structure containing the Downlink Shared Channel (DL-
SCH) code block segmentation information for the given transport block length.

info = 1teDLSCHInfo(enb,chs,blklen) returns a structure containing the DL-SCH code block
segmentation information for the given eNodeB cell-wide settings structure, channel configuration
structure, and transport block length.

Examples

Display DL-SCH Segmentation Information

Show the sizing information before turbo coding for an input transport block of length 132. The info
structure fields shows that there are 4 filler bits and the total size of the one segment after CRC
addition is 160.

1teDLSCHINnfo(132)
ans = struct with fields:
C: 1
Km: 0
Cm: 0
Kp: 160
Cp: 1
F: 4
L: 0
Bout: 160

Display DL-SCH Transport Channel Information for RMC R.11

Show the DL-SCH transport channel sizing information for an R.11 RMC.

rmc = 1teRMCDL('R.11");
1teDLSCHInfo(rmc, rmc.PDSCH, rmc.PDSCH.TrBlkSizes(1))

ans = struct with fields:

C: 3
Km: 4288
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Cm: 0
Kp: 4352
Cp: 3
F: 0
L: 24
Bout: 1305
NLayers: 2
NL: 2
Qm: 4
NIR: O
RV: 0

6

Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required |Values Description
or Optional
DuplexMode Optional '"FDD' (default), 'TDD' |Duplexing mode, specified as:

* 'FDD' for Frequency Division Duplex or
* 'TDD' for Time Division Duplex

When DuplexMode is

setto 'TDD' include:

TDDConfig

Optional

6

0, 1 (default), 2, 3, 4, 5, |Uplink-downlink configuration

When chs.TxScheme is set to 'TxDiversity' include:

CellRefP

Optional 1,2,4

Number of cell-specific reference signal (CRS)
antenna ports

chs — Channel configuration
structure

Channel configuration, specified as a structure. It defines aspects of the PDSCH onto which the
codewords are mapped. It also defines the DL-SCH soft buffer size and redundancy versions of the
generated codewords.

chs can contain the following fields.

Parameter Required |Values Description
Field or Optional
Modulation |Required "QPSK"', '16QAM', Modulation type, specified as a character vector, cell
'64QAM', '256QAM"', array of character vectors, or string array. If blocks,
'1024QAM' each cell is associated with a transport block.
NLayers Required Integer from 1 to 8 Total number of transmission layers associated with
the transport block or blocks.

1-200




IteDLSCHInfo

Parameter Required |Values Description
Field or Optional
TxScheme Required 'Porto’, PDSCH transmission scheme, specified as one of the
'TxDiversity', 'CDD', |following options.
'SpatialMux',
'MultiUser', |Transmission scheme Description
‘Port7-8", "PCpgrtp- Single antenna port, port 0
'Port7-14". , - — -
‘TxDivefsity' Transmit diversity
'CDD' Large delay cyclic delay
diversity scheme
'SpatiallMux' Closed loop spatial
multiplexing
'MultiUser' Multi-user MIMO
'Port5' Single-antenna port, port 5
'Port7-8' Single-antenna port, port 7,
when NLayers = 1. Dual layer
transmission, ports 7 and 8,
when NLayers = 2.
'Port8' Single-antenna port, port 8
'Port7-14' Up to eight layer transmission,
ports 7-14
RV Required Integer vector (0,1,2,3). A|Specifies the redundancy version for one or two
one or two column matrix |codewords used in the initial subframe number,
(for one or two NSubframe. This parameter field is only for
codewords). informational purposes and is Read-Only.
NSoftbits Optional Nonnegative scalar Total number of soft buffer bits. The default setting of

integer (default 0)

0 signifies that there is no buffer limit.

blklen — Transport block length
positive scalar integer | two-element positive integer vector

Transport block length, specified as a positive integer or a two-element positive integer vector. A two-
element vector defines the length of transport blocks for two codewords.

Data Types: double

Output Arguments

info — DL-SCH code block segmentation information
structure array

DL-SCH code block segmentation information, returned as a structure array including the following

fields.

Parameter Field Description

Values

C

Total number of code blocks

Nonnegative scalar integer
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Parameter Field

Description

Values

Km Lower code block size (K-) Nonnegative scalar integer

Cm Number of code blocks of size Km (C-) Nonnegative scalar integer

Kp Upper code block size (K+) Nonnegative scalar integer

Cp Number of code blocks of size Kp (C+) Nonnegative scalar integer
Number of filler bits in first block Nonnegative scalar integer
Number of segment cyclic redundancy check Nonnegative scalar integer
(CRC) bits

Bout Total number of bits in all segments Nonnegative scalar integer

When syntax includes enb and chs inputs, output info also includes these fields:

NLayers Number of layers associated with one codeword |Nonnegative scalar integer

NL Number of layers used in rate matching Nonnegative scalar integer
calculation

Qm Bits per symbol variable used in rate matching Nonnegative scalar integer
calculation

NIR Number of soft bits associated with transport Nonnegative scalar integer
block. Soft buffer size for entire input transport
block

RV RV value associated with one codeword Nonnegative scalar integer
Included if RV is present at the input.

See Also

1teDLSCH | 1teDLSCHDecode

Introduced in R2014a
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IteDMRS

UE-specific demodulation reference signals

Syntax

1teDMRS (enb, chs)
1teDMRS (enb, chs,opts)

sym
sym

Description

sym = 1teDMRS(enb, chs) returns the downlink UE-specific demodulation reference signal (DM-
RS) symbols for transmission in a single subframe, given structures containing the cell-wide settings,
and the PDSCH configuration settings. For more information, see “DM-RS Associated with PDSCH”
on page 1-208.

sym = 1teDMRS(enb, chs,opts) allows control of the format of the returned symbols with the
options cell array, opts.

Examples

Map PDSCH DM-RS Symbols to Grid
Map DM-RS symbols for 4 layers onto an 8 antenna grid.

Initialize cell-wide settings for RMC 'R.1"' (10 MHz bandwidth, 1 RB allocation) and change to
Release 10 transmission ('Port7-14"). Use enb.PDSCH for the channel configuration structure
input. Generate and map DM-RS without clearing the REs that should not be mapped because of the
DM-RS on other ports.

enb = 1teRMCDL('R.1");

enb.PDSCH.TxScheme = 'Port7-14"';

enb.PDSCH.NLayers = 4;

ntxants = 8;

enb.PDSCH.W = 1teCSICodebook(enb.PDSCH.NLayers,ntxants,[0 0]).";

subframe = ones(lteResourceGridSize(enb,ntxants));

enb.PDSCH.NTxAnts = size(enb.PDSCH.W,2);

dmrsInd = 1teDMRSIndices(enb,enb.PDSCH);

dmrs = 1teDMRS(enb,enb.PDSCH) ;

subframe(dmrsInd) = dmrs;

View the size of the output symbols, indices, and the Release 10 transmission subframe.
size(dmrs)

ans = 1x2

192 1

size(dmrsInd)
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ans = 1Ix2

192 1

size(subframe)

ans = 1x3

600 14 8

Map Non-Precoded DM-RS Symbols to Grid

Map non-precoded DM-RS symbols onto an 4 layer grid, and clear the REs which should not be used
because of the DM-RS of other ports.

Initialize cellwide settings for RMC 'R.1' (10 MHz bandwidth, 1 RB allocation) and change to
Release 10 transmission (' Port7-14"'). Generate and map DM-RS clearing the REs that should not
be used because of the DM-RS on other ports.

enb = 1teRMCDL('R.1");

enb.PDSCH.TxScheme = 'Port7-14"';

enb.PDSCH.NLayers = 4;

subframe = ones(lteResourceGridSize(enb,enb.PDSCH.NLayers));
dmrsInd = 1teDMRSIndices(enb,enb.PDSCH, 'rs+unused');

dmrs = 1teDMRS(enb,enb.PDSCH, 'rs+unused');
subframe(dmrsInd) = dmrs;

size(dmrs)

ans = 1Ix2

96 1

size(dmrsInd)

ans = 1Ix2

96 1

size(subframe)

ans = 1x3

600 14 4

Input Arguments

enb — eNodeB cell-wide settings
structure
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eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required |Values Description
or Optional
NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (Nglﬁ)
NCellID Required Integer from 0 to 503 Physical layer cell identity
NSubframe Required 0 (default), nonnegative scalar Subframe number
integer
CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division
Duplex or

* 'TDD' for Time Division
Duplex

The following parameters are dependent upon the condition that DuplexMode is set to 'TDD'.

TDDConfig

Optional

0, 1 (default), 2, 3,4, 5,6

Uplink-downlink configuration

SSC

Optional

0 (default), 1,2, 3,4,5,6,7,8,9

Special subframe configuration
(SSC)

chs — PDSCH-specific channel transmission configuration

structure

PDSCH-specific channel transmission configuration, specified as a structure that can contain these

parameter fields.
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Parameter Field

Required or
Optional

Values

Description

PRBSet

Required

Integer column vector or two-

column matrix

Zero-based physical resource block
(PRB) indices corresponding to the slot
wise resource allocations for this
PDSCH. PRBSet can be assigned as:

* a column vector, the resource
allocation is the same in both slots
of the subframe,

* atwo-column matrix, this parameter
specifies different PRBs for each
slot in a subframe,

* acell array of length 10
(corresponding to a frame, if the
allocated physical resource blocks
vary across subframes).

PRBSet varies per subframe for the
RMCs 'R.25'(TDD), 'R.26"'(TDD),
'R.27'(TDD), 'R.43'(FDD), 'R.44"',
'R.45', 'R.48', 'R.50"', and
'R.51".

TxScheme

Optional

'"Port5' (default), 'Port7-8',

'"Port8', 'Port7-14"

DM-RS-specific transmission scheme,
specified as one of the following
options.

Transmission scheme

Description

'"Port5'

Rel-8 single-antenna
port, port 5

'"Port7-

3 ' Rel-9 single-antenna
port, port 7 if NLayers
is 1. Rel-9 dual-layer
transmission, ports 7
and 8 if NLayers is 2.

'Port8'

Rel-9 single-antenna
port, port 8

'"Port7-

14" Rel-10 up to 8 layer
transmission, ports 7-
14 if NLayers a value

from 1 to 8.

NLayers

Optional

1 (default), 2, 3,4,5,6,7,8

Number of transmission layers.

W

Optional

Numeric matrix, [] (default)

NLayers-by-P precoding matrix for the
wideband UE-specific beamforming of
the DM-RS. P is the number of transmit
antennas. An empty matrix, [ 1],
signifies no precoding.

The following parameter is applicable when TxScheme is set to 'Port7-8"', 'Port8', or 'Port7-14".
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Parameter Field |Required or (Values Description
Optional
NSCID Optional 0 (default), 1 Scrambling identity (ID)

The following parameter is applicable when TxScheme is set to 'Port5".

RNTI

Required 0 (default), scalar integer Radio network temporary identifier
(RNTI) value (16 bits)

opts — Symbol generation options
character vector | cell array of character vectors | string array

Symbol generation options, specified as a character vector, cell array of character vectors, or string
array. Values for opts when specified as a character vector include (use double quotes for string):

Option

Values Description

Symbol
style

'ind' (default), |Style for returning DM-RS symbols, specified as one of the following options.
‘mat’
* 'ind' — returns the DM-RS symbols as an Ngg-by-1 vector (default)

* 'mat' — returns the DM-RS symbols as a matrix. To form a matrix, a
column may contain duplicate entries. In this style, each column contains
symbols for —

* an individual port or layer, if symbols are not precoded,
» or the projected layers per transmit antenna if symbols are precoded.

Ngg is the number of resource elements.

Symbol
format

‘rsonly'’ Format for returning DM-RS symbols, specified as one of the following

(default), 'rs options.

+unused'

* 'rsonly' — returns only active DM-RS symbols (default)

* 'rs+unused' — returns include zeros for the RE locations that should be
unused because of DM-RS transmission on another port or layer. This
format is equivalent to precoding with W set to eye (NLayers).

Example: {'ind"', 'rs+unused'}, returns the DM-RS symbols as a column vector that includes
zeros for the RE locations that should be unused because of DM-RS transmission on another port or
layer.

Data Types: char | string | cell

Output Arguments

sym — DM-RS symbol sequences
Ngg-by-1 numeric column vector (default) | numeric matrix

DM-RS symbol sequences, returned as an Ngg-by-1 numeric column vector, or a numeric matrix. Ngyg
is the number of resource elements. The opts input offers alternative output styles or formats.

sym contains the non-precoded or precoded DM-RS symbol sequences concatenated for all the layers,

or the transmit antennas for the transmission scheme. The symbols are always ordered as they should
be mapped using 1teDMRSIndices into an M-by-N-by-P array representing the subframe grid across
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either the non-precoded PDSCH layers or precoded transmit antennas. M is the number of
subcarriers, N is the number of symbols, and P is the number of layers, or antennas.

Since precoding projects the DM-RS in each PDSCH layer onto all NTxAnts transmit antennas, the
output contains the concatenation of all DM-RS across all layers, which are then duplicated in all
chs.NTxAnts planes of the 3-D grid.

* The output is returned empty unless chs.TxScheme is set to one of the schemes related to DM-
RS, specifically 'Port5', 'Port7-8', 'Port8', or 'Port7-14"'.
» Ifthe chs.TxScheme is single port, chs.NLayers = 1 implicitly.

* The output does not include any elements allocated to PBCH, PSS, and SSS. If the subframe
contains no DM-RS, an empty vector is returned.

» If the precoding matrix, field chs.W, is not present or is empty, the output is returned containing
only the concatenated non-precoded DM-RS symbols for the NLayers ports.

» Otherwise, the output, sym, contains all DM-RS symbol values after they are precoded using the
NLayers-by-NTxAnts beamforming matrix, W, onto NTxAnts transmit antennas. The symbols are
ordered by:

* The concatenation of DM-RS symbols per layer/port if not precoded
* The projected layers per transmit antenna if precoded.

For more information, see “DM-RS Associated with PDSCH” on page 1-208.

Data Types: double
Complex Number Support: Yes

More About
DM-RS Associated with PDSCH

As specified in TS 36.211, Section 6.10.3, UE-specific demodulation reference signal (DM-RS)
associated with the physical downlink shared channel (PDSCH):

* are transmitted in a single subframe on antenna ports p=5, p=7, p=8, or p=7, §,..., (NLayers+6).

* are present and are a valid reference for PDSCH demodulation only if the PDSCH transmission is
associated with the corresponding antenna port according to TS 36.213, Section 7.1.

* are transmitted only on the physical resource blocks upon which the corresponding PDSCH is
mapped.

These DM-RS are for use with Release 8, 9, and 10 non-codebook-based PDSCH transmission
schemes.

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[2] 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.
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See Also
1teEPDCCHDMRS | 1tePRBS | 1teCSIRS | LteCellRS | L1teDMRSIndices | LtePDSCH | 1tePRS

Introduced in R2014a
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IteDMRSIndices

UE-specific DM-RS resource element indices

Syntax

ind
ind

1teDMRSIndices(enb, chs)
1teDMRSIndices(enb, chs,opts)

Description

ind = 1teDMRSIndices(enb, chs) returns the indices of the downlink UE-specific demodulation
reference signal (DM-RS) resource elements (RE) in a subframe, given structures containing the cell-
wide settings, and the PDSCH settings. For more information, see “DM-RS Associated with PDSCH”
on page 1-214.

ind = 1teDMRSIndices(enb,chs,opts) formats the returned indices using options specified by
opts.

Examples

Generate PDSCH DM-RS Indices
Generate DM-RS Resource Element (RE) indices in default format for RMC R.28.

Initialize cell-wide parameters to RMC R.28 using the 1teRMCDL function. Use enb.PDSCH for the
channel configuration structure. Generate the RE indices.

enb
ind

1teRMCDL('R.28"');
1teDMRSIndices (enb,enb.PDSCH);

View first four rows of index column vector
size(ind)
ans = 1Ix2

24 1

ind(1:4)
ans = 4x1 uint32 column vector

1801
1805
1809
3603
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Generate Zero-Based DM-RS Indices

Generate 0-based Resource Element indices in subscript form for RMC R.28. The resultant matrix has
three columns, with each row representing [subcarrier, symbol, antenna port].

Initialize cell-wide parameters to RMC R.28 using the 1teRMCDL function.

enb = 1teRMCDL('R.28"');

Generate zero-based RE indices in subscript form.

ind = 1teDMRSIndices(enb,enb.PDSCH, {'0Obased', 'sub'});

View first four rows of index matrix.

size(ind)

ans

24

= 1x2

ind(1:4,:)

ans = 4x3 uint32 matrix

N o PRO

Input

SO www
[cNoNoNO]

Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field Required |Values Description
oOl;ational
NDLRB Required |Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)
NSubframe Required |0 (default), nonnegative scalar Subframe number
integer
CyclicPrefix Optional |'Normal' (default), 'Extended' |Cyclic prefix length
DuplexMode Optional |'FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division
Duplex or

* 'TDD' for Time Division Duplex
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Parameter Field Required |Values Description
or
Optional
The following parameters are dependent upon the condition that DuplexMode is set to 'TDD"'.
TDDConfig Optional |0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink configuration
SSC Optional |0 (default), 1,2, 3,4,5,6,7,8,9 Special subframe configuration
(SSC)

The following parameter is only applicable when TxScheme is set to 'Port5"'.

NCellID Required |Integer from 0 to 503 |Physica1 layer cell identity

chs — PDSCH-specific channel transmission configuration
structure

PDSCH-specific channel transmission configuration, specified as a structure that can contain these
parameter fields.

Parameter Field |Required |Values Description
or
Optional
PRBSet Required |Integer column vector or two- Zero-based physical resource block (PRB)
column matrix indices corresponding to the slot wise

resource allocations for this PDSCH.
PRBSet can be assigned as:

* a column vector, the resource
allocation is the same in both slots of
the subframe,

* a two-column matrix, this parameter
specifies different PRBs for each slot in
a subframe,

* acell array of length 10
(corresponding to a frame, if the
allocated physical resource blocks vary
across subframes).

PRBSet varies per subframe for the RMCs
'R.25'(TDD), 'R.26"'(TDD),
'R.27'(TDD), 'R.43'(FDD), 'R.44",
'R.45', 'R.48', 'R.50"', and 'R.51".
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Parameter Field |Required |Values Description
or
Optional
TxScheme Optional |'Port5' (default), 'Port7-8"', DM-RS-specific transmission scheme,
'Port8', 'Port7-14" specified as one of the following options.
Transmigsion scheme |Description
'Port5' Rel-8 single-antenna
port, port 5
'Port7-8' Rel-9 single-antenna
port, port 7 if NLayers is
1. Rel-9 dual-layer
transmission, ports 7 and
8 if NLayers is 2.
'Port8' Rel-9 single-antenna
port, port 8
'Port7-014' Rel-10 up to 8 layer
transmission, ports 7-14
if NLayers a value from
1 to 8.
NLayers Optional |1 (default), 2, 3,4,5,6,7,8 Number of transmission layers.
NTxAnts Optional |0 (default), nonnegative integer Number of transmission antenna ports.
This argument is only present for UE-
specific demodulation reference symbols.

opts — Index generation options
character vector | cell array of character vectors | string array

Index generation options, specified as a character vector, cell array of character vectors, or string
array. For convenience, you can specify several options as a single character vector or string scalar
by a space-separated list of values placed inside the quotes. Values for opts when specified as a
character vector include (use double quotes for string):

Option Values Description
Indexing "ind' (default), |Style for the returned indices, specified as one of the following options.
style 'mat', 'sub’

e 'ind' — returns the indices as an Nyg-by-1 vector (default)

e 'mat' — returns the indices as a matrix. If not precoded, each column
contains indices for an individual layer/port. If precoded, each column
contains symbols for a transmit antenna. To form a matrix, a column can

contain duplicate entries.

* ‘'sub' — returns the indices as an Nyg-by-3 matrix. in [subcarrier,

symbol, antenna] subscript row style.

Ngg is the number of resource elements.

Index base |'1lbased'

(default),
'Obased"

Base value of the returned indices. Specify '1based' to generate indices
where the first value is 1. Specify 'Obased' to generate indices where the

first value is 0.
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Option Values Description
Indexing "rsonly' Format for the returned indices, specified as one of the following options.
format (default), 'rs _

+unused’ * 'rsonly' — returns only active DM-RS symbols (default)

e 'rs+unused' — also includes zeros for the resource element (RE)
locations that should be unused because of DM-RS transmission on another
port or layer. This format is equivalent to precoding with NTxAnts set to
NLayers.

1-214

Example: 'ind 1lbased rs+unused', "ind lbased rs+unused", {"ind","lbased", "rs
+unused"Jor {'ind"', '1based"', 'rs+unused'} specify the same formatting options.

Example: 'ind rsonly', "ind rsonly", {'ind"', 'rsonly'}, or ["ind", "rsonly"] specify the
same formatting options.

Data Types: char | string | cell

Output Arguments

ind — DM-RS resource element indices
linear indexing Nyg-by-1 column vector (default) | linear indexing matrix | numeric 3-column matrix

DM-RS resource element indices, returned as a linear indexing Ngg-by-1 column vector, a linear
indexing matrix, or a numeric 3-column matrix. The opts input offers alternative output styles or
formats.

ind can directly index the DM-RS elements in an M-by-N-by-P array representing the subframe grid
across either the non-precoded PDSCH layers, or precoded transmit antennas. M is the number of
subcarriers, N is the number of symbols, and P is the number of layers, or antennas.

For more information, see “DM-RS Associated with PDSCH” on page 1-214.

Data Types: uint32

More About
DM-RS Associated with PDSCH

As specified in TS 36.211, Section 6.10.3, UE-specific demodulation reference signal (DM-RS)
associated with the physical downlink shared channel (PDSCH):
* are transmitted in a single subframe on antenna ports p=5, p=7, p=8, or p=7, §,..., (NLayers+6).

» are present and are a valid reference for PDSCH demodulation only if the PDSCH transmission is
associated with the corresponding antenna port according to TS 36.213, Section 7.1.

» are transmitted only on the physical resource blocks upon which the corresponding PDSCH is
mapped.

These DM-RS are for use with Release 8, 9, and 10 non-codebook-based PDSCH transmission
schemes.




I[teDMRSIndices

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[2] 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teCSIRSIndices | LteCellRSIndices | LteDMRS | LteEPDCCHDMRSIndices | LtePRSIndices
| LteSRSIndices

Introduced in R2014a
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IteDuplexinginfo

Duplexing information

Syntax

info = lteDuplexingInfo(enb)

Description

info = lteDuplexingInfo(enb) returns a structure, info, providing information on the
duplexing arrangement. For more information, see “Duplex Mode Configuration” on page 1-218.

Examples

Get TDD Downlink Frame Duplexing Information
Get the number of downlink OFDM symbols in each subframe for a TDD (configuration 0) frame.
A Configuration 0 TDD frame is organized as follows:

* Only subframes 0, 1, 5, and 6 will contain a non-zero number of DL OFDM symbols.
* Subframe 0 and 5 are designated for DL.

* Subframes 1 and 6 are special subframes.

* Subframes 2, 3, 4, 7, 8, and 9 are designated for UL.

Initialize a cell-wide configuration structure for RMC R.0 and a Configuration 0 TDD frame.

enb = 1teRMCDL('R.0");
enb.DuplexMode = 'TDD';
enb.SSC = 0;
enb.TDDConfig = 0;

Loop through all subframes in a frame.

for n = 0:9

enb.NSubframe = n;

duplexInfo = lteDuplexingInfo(enb);

fprintf('DL symbols in subframe %d: %d\n',n,duplexInfo.NSymbolsDL)
end

Iy

DL symbols in subframe
DL symbols in subframe
DL symbols in subframe
DL symbols in subframe
DL symbols in subframe
DL symbols in subframe
DL symbols in subframe
DL symbols in subframe
DL symbols in subframe
DL symbols in subframe

OCoOoONOUTR,WNEFO
@o@w:@@ow»—-
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Input Arguments

enb — Cell-wide settings
structure

Cell-wide settings, specified as a structure containing these fields. For more information, see “Duplex
Mode Configuration” on page 1-218.

CyclicPrefix — Cyclic prefix length in downlink
"Normal' (default) | 'Extended' | optional

Cyclic prefix length in downlink, specified as 'Normal' or 'Extended’.

Data Types: char

CyclicPrefixUL — Cyclic prefix length in uplink
'"Normal' (default) | 'Extended' | optional

Cyclic prefix length in uplink, specified as 'Normal' or 'Extended’.
Data Types: char | string

DuplexMode — Duplexing mode
"FDD' (default) | 'TDD' | optional

Duplexing mode, specified as 'FDD' or 'TDD'.

Data Types: char | string

TDDConfig — Uplink or downlink configuration
0 (default) | integer from 0 to 6 | optional

Uplink or downlink configuration, specified as an integer from 0 to 6. Required only if DuplexMode is
setto 'TDD"'.

Data Types: double

SSC — Special subframe configuration
0 (default) | integer from 0 to 9 | optional

Special subframe configuration, specified as an integer from 0 to 9. Required only if DuplexMode is
setto 'TDD"'.

Data Types: double

NSubframe — Subframe number
nonnegative integer

Subframe number, specified as a nonnegative integer. Required only if DuplexMode is set to 'TDD'.

Data Types: double

Data Types: struct
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Output Arguments

info — Duplexing information
structure

Duplexing information, returned as a structure containing the following fields.

NSymbols — Total number of symbols in subframe
nonnegative integer

Total number of symbols in subframe, returned as a nonnegative integer.

SubframeType — Type of subframe
‘Downlink' | ‘Uplink' | 'Special’

Type of subframe, returned as 'Downlink’, 'Uplink’, or 'Special’.

NSymbolsDL — Number of symbols used for transmission in downlink
nonnegative integer

Number of symbols used for transmission in downlink, returned as a nonnegative integer.

NSymbolsGuard — Number of symbols in the guard period
nonnegative integer

Number of symbols in the guard period, returned as a nonnegative integer.

NSymbolsUL — Number of symbols used for transmission in uplink
nonnegative integer

Number of symbols used for transmission in uplink (UL), returned as a nonnegative integer.

More About
Duplex Mode Configuration

For FDD duplex mode:

* IfCyclicPrefixUL is present, the link direction is assumed to be uplink.

» IfCyclicPrefixUL is not present, the link direction is assumed to be downlink, and cyclic prefix
is set according to CyclicPrefix.
o IfCyclicPrefix is also not present, the default 'Normal' cyclic prefix is used.

For TDD duplex mode:

* The subframe type can be uplink, downlink, or special. TDDConfig and NSubf rame identify the
subframe type as specified in TS 36.211 [1], Table 4.2-2.

* For uplink or downlink subframes, CyclicPrefixUL or CyclicPrefix, respectively, indicate
the relevant cyclic prefix setting.

* For special subframes, the 1teDuplexingInfo function uses SSC and CyclicPrefix to
identify the special subframe configuration, as specified in TS 36.211 [1], Table 4.2-1.
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References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
lteDLResourceGrid | LteResourceGrid | LteULResourceGrid

Topics
“FDD and TDD Duplexing”

Introduced in R2014a
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IteEPDCCH

Enhanced physical downlink control channel

Syntax

sym = 1teEPDCCH(enb, chs, cw)

Description

sym = 1teEPDCCH(enb, chs, cw) returns a vector sym of complex modulation symbols associated
with a single Enhanced Physical Downlink Control Channel (EPDCCH) transmission in a subframe.
The channel processing includes the stages of scrambling and QPSK modulation. The function is
initialized according to the cell-wide settings, enb, and the channel transmission configuration, chs.
For a given input bit vector, cw, the column output, sym, contains the QPSK symbols ready to be
mapped into the resource elements indicated by 1teEPDCCHIndices.

This function performs no precoding. If necessary, apply precoding externally.

You can obtain the EPDCCH transmission capacity from the info structure produced by
1teEPDCCHINndices.

Examples

Generate Complex Modulated EPDCCH Symbols

Specify the cell-wide settings and channel transmission configuration in parameter structures enb
and chs.

enb.NSubframe
chs.EPDCCHNID

4;
7;

Generate EPDCCH symbols by encoding the input cw into QPSK symbols.

cw = randi([0 1],1600,1);
sym = 1teEPDCCH(enb,chs,cw);

Display the size and the first 10 indices of sym. Because these are QPSK symbols, sym contains half
as many symbols as the number of bits that can be transmitted on the EPDCCH.

size(sym)
ans = 1Ix2

50 1

sym(1:10)
ans = 10x1 complex

-0.7071 + 0.70711
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0.7071 + 0.70711
-0.7071 + 0.70711

-0.7071 - 0.70711
-0.7071 + 0.70711
0.7071 - 0.70711
-0.7071 - 0.70711
-0.7071 - 0.70711
-0.7071 - 0.70711
0.7071 - 0.70711

Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure. This argument must contain the following
parameter field.

NSubframe — Subframe number
nonnegative scalar integer

Subframe number, specified as a nonnegative scalar integer.

Data Types: double

Data Types: struct

chs — Channel-specific transmission configuration
structure

Channel-specific transmission configuration, specified as a structure. This argument must contain the
following parameter field.

EPDCCHNID — EPDCCH scrambling sequence initialization
nonnegative scalar integer

EPDCCH nID parameter for scrambling sequence initialization, specified as a nonnegative scalar
integer.

Data Types: double

Data Types: struct

cw — Input bit vector
vector

Input bit vector containing the bit values of the EPDCCH codeword for modulation.

Output Arguments

sym — EPDCCH modulation symbols
complex-vector
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Given an input bit vector, cw, the output, sym, is returned as a vector of complex modulation symbols
associated with a single EPDCCH transmission in a subframe. sym contains the QPSK symbols ready
to be mapped into the resource elements indicated by 1teEPDCCHIndices.

See Also
1teDCIEncode | LteEPDCCHINndices | LteEPDCCHPRBS | 1tePDCCH

Introduced in R2014b

1-222



IteEPDCCHDMRS

IteEPDCCHDMRS

EPDCCH demodulation reference signals

Syntax

1teEPDCCHDMRS (enb, chs)
1teEPDCCHDMRS (enb, chs,opts)

sym
sym

Description

sym = 1teEPDCCHDMRS (enb, chs) returns the Enhanced Physical Downlink Control Channel
Demodulation Reference Signal (EPDCCH DM-RS) symbols for transmission in a single subframe. By
default the symbols are returned as a column vector. The order of the symbols is the same as the
order that results when you use 1teEPDCCHDMRSIndices to map them into an N-by-M-by-4 array.
This array represents the resource element subframe grid across the four possible EPDCCH antenna
ports (p = 107...110).

The symbols are parameterized in terms of a configured PRB pair set which defines:

* the overall set of possible EPDCCH candidates and

» the aggregation of one or more consecutive enhanced control channel elements (ECCE). This
aggregation identifies the specific EPDCCH instance that the DM-RS is associated with.

The DM-RS symbols are created only for the specific PRB pairs and antenna ports that the
corresponding EPDCCH is mapped to.

For a localized EPDCCH transmission, the EPDCCH is associated with a single antenna port from p =
107...110, dependent on the chs.RNTI and ECCEs selected. Thus, the DM-RS antenna port symbols
are output only for that single port.

For a distributed transmission, the EPDCCH is mapped to two antenna ports in an alternating
fashion. Therefore, the DM-RS symbols are generated for the PRBs in both ports: p = 107,109 for
normal cyclic prefix and p = 107,108 for extended cyclic prefix. The output is ordered so that the
symbols for the lowest antenna ports index come first. This order matches that of the DM-RS RE
indices produced by 1teEPDCCHDMRSIndices.

sym = 1teEPDCCHDMRS (enb, chs,opts) allows control of the format of the symbols through the
options specified by opts. You can use this syntax to return the symbols as a numeric matrix, where
each column contains symbols for an active antenna port.

This function performs no precoding. If necessary, apply precoding externally.

Examples
Generate EPDCCH DM-RS Symbols
Specify the cell-wide settings and channel transmission configuration in parameter structures enb

and chs.
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enb.NDLRB = 6;
enb.NSubframe

chs.EPDCCHECCE
chs.EPDCCHType

=0;
[0 7];
'Localized';

chs .EPDCCHPRBSet = 2:3;
chs.EPDCCHNID = 0;
chs.RNTI

1;

Generate EPDCCH demodulation reference signal symbols.

sym

sym =

locNoNoNoNoNoNoNoNoNO]

1teEPDCCHDMRS (enb, chs)

12x1 complex

.7071
.7071
.7071
.7071
.7071 -
.7071
.7071
.7071
.7071
.7071 -

+

0
0
0
0
0.
0
0
0
0
0

.70711
.70711
.70711
.70711
70711
.70711
.70711
.70711
.70711
.70711

Note: The warning messages generated simply advise you that default values are available and being
used for uninitialized parameters. To suppress warnings for defaulted lte parameter settings, precede
code with the following command: lteWarning('off"', 'DefaultValue')

Generate DM-RS Symbols for EPDCCH Having a Distributed Transmission

Specify the cell-wide settings and channel transmission configuration in parameter structures enb
and chs.

enb.NDLRB = 6;
enb.NSubframe = 0;

chs.EPDCCHECCE
chs.EPDCCHType

[0,71;
'Distributed’;

chs.EPDCCHPRBSet = 2:3;
chs.EPDCCHNID = 0;
chs.RNTI = 1;

Generate DM-RS symbols for an EPDCCH having a distributed transmission. Return the symbols as a
matrix, where each column contains symbols for an active antenna.

sym = 1teEPDCCHDMRS (enb,chs, 'mat"')

sym = 12x2 complex
0.7071 - 0.7071i 0.7071 - 0.70711
-0.7071 - 0.70711 -0.7071 - 0.70711
0.7071 + 0.7071i 0.7071 + 0.70711
0.7071 - 0.7071i 0.7071 - 0.70711
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o o
[cNoNoNoNoNO)

.70711
.70711
.70711
.70711
.70711
.70711

o o
[cNoNoNoNoNG]

7071 - 0.7071i
7071 + 0.7071i
7071 - 0.7071i
7071 - 0.7071i
7071 - 0.7071i
7071 - 0.7071i

Note: The warning messages generated simply advise you that default values are available and being
used for uninitialized parameters. To suppress warnings for defaulted lte parameter settings, precede
code with the following command: LteWarning('off', 'DefaultValue')

Input Arguments

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field |Required or |Values Description
Optional

NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)

CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length

NSubframe Required 0 (default), nonnegative scalar Subframe number

integer
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as one of

the following:

* 'FDD' — Frequency division
duplex (default)

e 'TDD' — Time division duplex

The following parameters apply when DuplexMode is set to 'TDD"'.

TDDConfig

Optional

0, 1 (default), 2, 3,4, 5, 6

Uplink-downlink configuration

SSC

Optional

0 (default), 1, 2, 3,4,5,6,7,8,9

Special subframe configuration
(SSC)

chs — Channel-specific channel transmission configuration

structure

Channel-specific transmission configuration, specified as a structure that can contain the following
parameter fields.
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Parameter Field

Required or Optional

Values

Description

EPDCCHECCE

Required

1-element or 2-element
vector specifying the 0-
based ECCE index or
inclusive [begin, end]
ECCE index range
according to the
aggregation level L (L =
end — begin + 1). The
number of ECCEs in the
candidate must be a power
of 2.

If no transmission is
required, leave this
parameter empty.

The set of one or several
consecutive ECCEs
defining the EPDCCH
transmission candidate in
the overall EPDCCH set.

EPDCCHType

Required

'Localized’,
'Distributed'’

EPDCCH transmission
type

EPDCCHPRBSet

Required

Vector of zero-based
indices for the PRB pairs
corresponding to the
EPDCCH PRB set. The
number of PRB pair
indices must be a power of
2.

If no transmission is
required, leave this
parameter empty.

EPDCCH PRB pair indices

EPDCCHNID

Required

Nonnegative scalar integer

EPDCCH nID parameter
for scrambling sequence
initialization

The following parameters apply when EPDCCHType is set to 'Localized’.

RNTI

Required

0 (default), scalar integer

Radio network temporary
identifier (RNTI) value (16
bits)

opts — Symbol generation options
character vector | cell array of character vectors | string array

Symbol generation options, specified as a character vector, cell array of character vectors, or string
array. For convenience, you can specify several options as a single character vector or string scalar
by a space-separated list of values placed inside the quotes. Values for opts when specified as a

character vector include (use double quotes for string):
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Option Values Description
Symbol 'ind' (default), |Style for the returned symbols, specified as one of the following:
style 'mat'’

e 'ind' — returns the symbols as a column vector (default)

* 'mat' — returns the symbols as a matrix in which each column
contains symbols for an active antenna port from the set p =

107...110
Symbol "rsonly'’ Format of the returned symbols.
format (default), 'rs _
+unused’ * 'rsonly' — returns only active DM-RS symbols (default)

e 'rs+unused' — also returns zeros for the RE locations, which
should be unused because of EPDCCH DM-RS transmission on
other EPDCCH antenna ports p = 107...110 that are not used by
this EPDCCH transmission.

Example: 'ind rs+unused', "ind rs+unused", {'ind', 'rs+unused'}, or {"ind","rs
+unused"} specify the same formatting options.

Data Types: char | string | cell

Output Arguments

sym — EPDCCH DM-RS symbols
numeric column vector | numeric matrix

EPDCCH demodulation reference signal symbols, returned as a column vector containing the non-
precoded DM-RS symbol sequences concatenated for all active PRB pairs and antenna ports.
Optionally, the function returns sym as a numeric matrix, where each column contains symbols for an
active antenna port.

Data Types: double

See Also
1teCSIRS | TteCellRS | 1teDMRS | 1teEPDCCH | 1teEPDCCHDMRSIndices | 1tePRBS | 1tePRS

Introduced in R2014b
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IteEPDCCHDMRSIndices

EPDCCH DM-RS resource element indices

Syntax

ind
ind

1teEPDCCHDMRSIndices (enb, chs)
1teEPDCCHDMRSIndices (enb, chs,opts)

Description

ind = 1teEPDCCHDMRSIndices (enb,chs) returns indices of the Enhanced Physical Downlink
Control Channel Demodulation Reference Signal (EPDCCH DM-RS) resource elements (RE)
associated with an EPDCCH transmission candidate in a subframe. By default, ind is a column vector
of indices in one-based linear indexing form. Use this form to directly index the EPDCCH DM-RS REs
of an N-by-M-by-4 array that represents the subframe resource grid across the four possible EPDCCH
antenna ports (p = 107...110). You can also generate alternative index representations. The order of
the indices is the same as required for the complex EPDCCH DM-RS symbols mapping.
1teEPDCCHDMRS generates these symbols.

The indices are parameterized in terms of a configured PRB pair set which defines:

» the overall set of possible EPDCCH candidates and

* the aggregation of one or more consecutive enhanced control channel elements (ECCE). This
aggregation identifies the specific EPDCCH instance that the DM-RS are associated with.

The DM-RS indices are created only for the specific PRB pairs and antenna ports that the
corresponding EPDCCH is mapped to. They do not account for any external precoding operations.

For a localized EPDCCH transmission, the EPDCCH is associated with a single antenna port from p =
107...110, dependent on the RNTI and ECCEs selected. Thus, the DM-RS antenna port indices (1...4
respectively, if one-based) are output for that single port.

For a distributed transmission, the EPDCCH is mapped to two antenna ports in an alternating
fashion. Therefore, the DM-RS indices are generated for the PRBs in both ports: p = 107,109 for
normal cyclic prefix and p = 107,108 for extended cyclic prefix. The output is ordered so that the
symbols for the lowest antenna index plane come first. These indices are suitable for indexing an N-
by-M-by-4 array representing the subframe resource grid across the four possible EPDCCH antenna
ports (p = 107...110).

This syntax returns an NRE length column vector of one-based linear indices for the DM-RS resource
elements associated with a particular EPDCCH candidate. The function is initialized according to the
cell-wide settings, enb, and the EPDCCH transmission configuration, chs.

ind = 1teEPDCCHDMRSIndices(enb,chs,opts) formats the returned indices using options
specified by opts.

Examples
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Generate EPDCCH DM-RS Indices

Specify the cell-wide settings and channel transmission configuration in parameter structures enb

and chs.

enb = struct('CyclicPrefix', 'Normal', 'DuplexMode', 'FDD");

enb.NDLRB = 6;

enb.NSubframe = 0;
chs.EPDCCHECCE [0 71;
chs.EPDCCHType = 'Localized';
chs.EPDCCHPRBSet = 2:3;
chs.RNTI = 1;

Create the EPDCCH DM-RS indices for an EPDCCH having eight ECCEs.

ind 1teEPDCCHDMRSIndices(enb, chs)

ind 12x1 uint32 column vector
1898
1903
1908
1910
1915
1920
1970
1975
1980
1982

Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field |Required or |Values Description
Optional

NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)

CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length

NSubframe Required 0 (default), nonnegative scalar Subframe number

integer
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as one of

the following:

* 'FDD' — Frequency division
duplex (default)

e 'TDD' — Time division duplex
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Parameter Field

Required or (Values

Optional

Description

The following parameters apply when DuplexMode is set to 'TDD"'.

TDDConfig

Optional

0, 1 (default), 2, 3,4, 5, 6

Uplink-downlink configuration

SSC

Optional

0 (default), 1, 2, 3,4,5,6,7,8,9

(SSC)

Special subframe configuration

chs — Channel-specific transmission configuration

structure

Channel-specific transmission configuration, specified as a structure that can contain the following
parameter fields.

Parameter Field

Required or Optional

Values

Description

EPDCCHECCE Required 1-element or 2-element The set of one or several
vector specifying the 0- consecutive ECCEs
based ECCE index or defining the EPDCCH
inclusive [begin, end] transmission candidate in
ECCE index range the overall EPDCCH set.
according to the
aggregation level L (L =
end — begin + 1). The
number of ECCEs in the
candidate must be a power
of 2.

If no transmission is
required, leave this
parameter empty.

EPDCCHType Required 'Localized’, EPDCCH transmission
'Distributed’ type

EPDCCHPRBSet Required Vector of zero-based EPDCCH PRB pair indices

indices for the PRB pairs
corresponding to the
EPDCCH PRB set. The
number of PRB pair
indices must be a power of
2.

If no transmission is
required, leave this
parameter empty.

The following parameters apply when EPDCCHType is set to 'Localized’.

RNTI

Required

0 (default), scalar integer

Radio network temporary
identifier (RNTI) value (16
bits)

opts — Index generation options
character vector | cell array of character vectors | string array
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Index generation options, specified as a character vector, cell array of character vectors, or string
array. For convenience, you can specify several options as a single character vector or string scalar
by a space-separated list of values placed inside the quotes. Values for opts when specified as a
character vector include (use double quotes for string):

Option Values Description
Indexing |'ind' (default),|Style for the returned indices, specified as one of the following:
style 'mat', 'sub’

¢ 'ind' — returns the indices in linear index form as a column
vector (default)

e 'mat' — returns the indices in linear index form as a matrix, where
each column contains indices for an individual port.

e 'sub' — returns the indices in [subcarrier, symbol,
antenna] subscript row style. The number of rows in the output,
ind, is the number of resource elements (NRE). Thus, ind is an
NRE-by-3 matrix.

Index base | ' 1based' Base value of the returned indices. Specify '1based' to generate
(default), indices where the first value is 1. Specify 'Obased' to generate
'Obased’ indices where the first value is 0.

Indexing |'rsonly' RE locations mode of the returned indices.

format (default), 'rs
+unused’ * 'rsonly' — returns only active DM-RS locations (default)

¢ 'rs+unused' — also includes all RE locations, which should be
unused because of DM-RS transmission on other EPDCCH antenna
ports p = 107...110 that are not used by this EPDCCH transmission

Example: 'ind rsonly', "ind rsonly", {'ind"', 'rsonly'}, or ["ind", "rsonly"] specify the
same formatting options.

Data Types: char | string | cell

Output Arguments

ind — EPDCCH DM-RS RE indices
numeric column vector | numeric matrix

EPDCCH DM-RS resource element indices, returned by default as a numeric vector of length NRE-
by-1. Optionally, for subscript-specific indexing style [subcarrier, symbol, antenna], ind is
returned as an NRE-by-3 numeric matrix. NRE is the number of subframe resource elements. You can
also return the indices in a linear indexing matrix, where each column contains indices for an
individual antenna port. By default, the indices are returned in one-based linear indexing form, which
you can use to directly index the EPDCCH DM-RS resource elements.

Data Types: double

See Also
1teDMRSIndices | LteEPDCCHDMRS | 1teEPDCCHIndices

Introduced in R2014b
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IteEPDCCHDecode

Enhanced physical downlink control channel (EPDCCH) decoding

Syntax

[bits,symbols]
[bits,symbols]
[bits,symbols]

1teEPDCCHDecode(enb, chs, sym)
1teEPDCCHDecode(enb, chs, rxsym, hest,noiseest)
1teEPDCCHDecode(enb, chs, rxsym, hest,noiseest,alg)

[bits,symbols]
[bits,symbols]

1teEPDCCHDecode(enb, chs,grid)
1teEPDCCHDecode(enb, chs, rxgrid, hestgrid,noiseest,alqg)

Description

[bits,symbols] = 1teEPDCCHDecode(enb,chs,sym) returns softhits and received constellation
of complex symbols resulting from performing the inverse of enhanced physical downlink control
channel (EPDCCH) processing of a single configured EPDCCH candidate given cell-wide settings
structure, EPDCCH transmission configuration structure, and EPDCCH symbols. The input symbols
are assumed to contain ideal EPDCCH symbols, so no equalization is performed. The output received
EPDCCH symbols are QPSK symbol demodulated and descrambled. For more EPDCCH processing
information, see 1teEPDCCH and TS 36.211[1], Section 6.8A.

When using this syntax, the input structures only require enb.NSubframe and chs.EPDCCHNID.
For more information, see “Syntax Dependent Processing” on page 1-239.

[bits,symbols] = 1teEPDCCHDecode(enb,chs, rxsym,hest,noiseest) performs EPDCCH
decoding and equalization for a single configured EPDCCH candidate given cell-wide settings
structure, EPDCCH transmission configuration structure, received EPDCCH symbols rxsym, channel
estimate hest, and noise estimate noiseest. The output received EPDCCH symbols are equalized,
and QPSK symbol demodulated and descrambled.

[bits,symbols] = lteEPDCCHDecode(enb,chs, rxsym,hest,noiseest,alg) performs
EPDCCH decoding and equalization for a single configured EPDCCH candidate and provides control
over weighting the output soft bits with channel state information (CSI) calculated during the
equalization stage using algorithmic configuration structure, alg.

[bits,symbols] = 1teEPDCCHDecode(enb,chs,grid) performs EPDCCH decoding for all
possible EPDCCH candidate locations given cell-wide settings structure, EPDCCH transmission
configuration structure, and the resource element grid across all possible EPDCCH antenna ports.
The resource element grid is assumed to contain ideal EPDCCH REs, so no equalization is performed.
The decoding consists of extraction of all EPDCCH REs from grid followed by QPSK symbol
demodulation. Each EPDCCH candidate is descrambled individually during EPDCCH search. For this
syntax, chs.EPDCCHECCE and chs.EPDCCHNID are not required as no candidate-specific resource
extraction or descrambling is performed.

[bits,symbols] = 1teEPDCCHDecode(enb,chs,rxgrid,hestgrid,noiseest,alg) performs
EPDCCH decoding and equalization for all possible EPDCCH candidate locations given cell-wide
settings structure, EPDCCH transmission configuration structure, received resource element grid,
channel estimate grid, noise estimate, and provides control over weighting the output soft bits with
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channel state information (CSI) calculated during the equalization stage using algorithmic
configuration structure, alg. EPDCCH RE locations extracted from rxgrid and hestgrid are
equalized, then QPSK symbol demodulated. Each EPDCCH candidate is descrambled individually
during EPDCCH search. For this syntax, chs.EPDCCHECCE and chs.EPDCCHNID are not required as
no candidate-specific resource extraction or descrambling is performed.

Examples

Decode EPDCCH codeword
Modulate and then demodulate EPDCCH symbols for a codeword of random bits.

Initialize the cell-wide settings structure and the EPDCCH transmission channel configuration
structure.

enb.NSubframe
chs.EPDCCHNID

0;
1;

Create an input codeword for EPDCCH and generate EPDCCH symbols.

cw = randi([0 1],1608,1);
sym = 1teEPDCCH(enb,chs,cw);

Decode the symbols and confirm the codeword was successfully recovered.

rxcw = lteEPDCCHDecode(enb,chs,sym);
isequal(cw, rxcw>0)

ans = logical
1

Decode EPDCCH DCI Message

Perform DCI coding to the capacity of a particular EPDCCH candidate. EPDCCH modulate the coded
message and transmit it. Add EPDCCH demodulation reference signals (DMRS) and perform channel
estimation. Finally, extract the EPDCCH (and corresponding channel estimate) from the resource
grid. Perform EPDCCH demodulation and decode the received DCI message.

Initialize the cell-wide settings structure.

enb.NSubframe = 0;

enb.NDLRB = 15;
enb.CyclicPrefix = 'Extended';
enb.CellRefP = 2;

enb.NCellID = 1;

enb.CFI = 1;

Initialize the EPDCCH transmission channel configuration structure.

chs.EPDCCHNID = 1
chs.EPDCCHPRBSet (0:3).";
chs .EPDCCHType = 'Localized';

- |l ~-
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chs.EPDCCHFormat = 2;
chs.ControlChannelType = 'EPDCCH';
chs.DCIFormat = 'Format2D';
chs.RNTI = 11;

Create a set of random bits representing a DCI message and performing DCI coding to the capacity of
a particular EPDCCH candidate.

dciInfo 1teDCIInfo(enb,chs);

dcibits randi([0 1],dciInfo.(chs.DCIFormat),1);
candidates = 1teEPDCCHSpace(enb,chs);
chs.EPDCCHECCE = candidates(1,:);

[ind,info] = 1teEPDCCHIndices(enb,chs);

cw = lteDCIEncode(chs,dcibits,info.EPDCCHG) ;

Generate EPDCCH symbols and resource element grid. Populate the grid.

sym = 1teEPDCCH(enb,chs,cw);

grid = lteDLResourceGrid(enb,4);

grid(ind) = sym;

grid(lteEPDCCHDMRSIndices(enb,chs)) = 1teEPDCCHDMRS(enb,chs);

Generate channel estimate.
cec.PilotAverage = 'TestEVM';
cec.Reference = 'EPDCCHDMRS';

[hestgrid,noiseest] = lteDLChannelEstimate(enb,chs,cec,grid);
[rxsym,hest] = lteExtractResources(ind,grid,hestgrid);

Decode the symbols and DCI message bits. Confirm the DCI message was successfully recovered.
rxcw = LteEPDCCHDecode(enb,chs, rxsym,hest,noiseest);

rxdcibits = 1teDCIDecode(dciInfo.(chs.DCIFormat), rxcw);

isequal(dcibits, rxdcibits>0)

ans = logical
1

Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field |Required or |Values Description
Optional
NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)
NCellID Required Integer from 0 to 503 Physical layer cell identity
CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length
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Parameter Field |Required or |(Values Description
Optional
CellRefP Required 1,2,4 Number of cell-specific reference
signal (CRS) antenna ports
NSubframe Required 0 (default), nonnegative scalar Subframe number

integer

The following parameter is only read

when chs.EPDCCHStart is not present.

CFI Required 1,2,0r3 Control format indicator (CFI)
Scalar or if the CFI varies per value. In TDD mode, CFI varies per
subframe, a vector of length 10 subframe for the RMCs ('R.0"',
(corresponding to a frame). 'R.5', 'R.6', 'R.6-27RB',

'R.12-9RB")
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as one of

the following:

* 'FDD' — Frequency division
duplex (default)

e 'TDD' — Time division duplex

The following parameters apply when DuplexMode is set to 'TDD"'.

TDDConfig Optional 0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink configuration
SSC Optional 0 (default), 1, 2, 3,4,5,6,7,8,9 Special subframe configuration
(SSC)
NFrame Optional 0 (default), nonnegative scalar Frame number
integer
CSIRSPeriod Optional 'Off' (default), 'On', Icsi-rs CSI-RS subframe configurations for

(0,...,154), [Tcsi-rs Dcsi-rs].
You can also specify values in a cell
array of configurations for each
resource.

one or more CSI-RS resources.
Multiple CSI-RS resources can be
configured from a single common
subframe configuration or from a
cell array of configurations for each
resource.

The following CSI-RS resource parameters apply only when CSIRSPeriod sets one or more CSI-RS subframe
configurations to any value other than 'Off'. Each parameter length must be equal to the number of CSI-RS

resources required.

CSIRSConfig |Required Nonnegative scalar integer Array CSI-RS configuration indices.
See TS 36.211, Table 6.10.5.2-1.
CSIRefP Required 1 (default), 2, 4, 8 Array of number of CSI-RS antenna

ports
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Parameter Field |Required or |(Values Description

Optional
ZeroPowerCSIRSP |Optional 'Off' (default), 'On', Icsi-rs Zero power CSI-RS subframe
eriod (0,...,154), [Tcsi-rs Dcsi-rs]. |configurations for one or more zero

You can also specify values in a cell
array of configurations for each
resource.

power CSI-RS resource
configuration index lists. Multiple
zero power CSI-RS resource lists
can be configured from a single
common subframe configuration or
from a cell array of configurations
for each resource list.

The following zero power CSI-RS resource parameter is only applicable if one or more of the above zero power
subframe configurations are set to any value other than 'Off"'.

ZeroPowerCSIRSC
onfig

Required

16-bit bitmap character vector or
string scalar (truncated if not 16
bits or '0' MSB extended), or a
numeric list of CSI-RS configuration
indices. You can also specify values
in a cell array of configurations for
each resource.

Zero power CSI-RS resource
configuration index lists (TS 36.211
Section 6.10.5.2). Specify each list
as a 16-bit bitmap character vector
or string scalar (if less than 16 bits,
then '0' MSB extended), or as a
numeric list of CSI-RS configuration
indices from TS 36.211 Table
6.10.5.2-1 in the '4"' CSI reference
signal column. Multiple lists can be
defined using a cell array of
individual lists.

chs — EPDCCH-specific channel transmission configuration

structure

EPDCCH-specific channel transmission configuration, specified as a structure that can contain the

following parameter fields.

Parameter Field Required or Optional Values Description
EPDCCHECCE Required 1- or 2- element vector The set of one of several
specifying the zero-based |consecutive ECCEs
ECCE index or inclusive  |defining the EPDCCH
[begin, end] ECCE index |transmission candidate in
range according to the the overall EPDCCH set.
aggregation level L, where
L = end - begin + 1. The
number of ECCEs in the
candidate must be a power
of 2.
If no transmission is
required, leave this
parameter empty.
EPDCCHType Required "Localized’, EPDCCH transmission
‘Distributed’ type
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Parameter Field

Required or Optional

Values

Description

EPDCCHPRBSet

Required

Vector of zero-based
indices for the PRB pairs
corresponding to the
EPDCCH PRB set. The
number of PRB pair
indices must be a power of
2.

If no transmission is
required, leave this
parameter empty.

EPDCCH PRB pair indices

EPDCCHStart

Optional

integer from 0 to 4

If this parameter is not
present, then the cell-wide
CFI parameter is used for
the starting symbol.

EPDCCH starting symbol

EPDCCHNID

Required

nonnegative scalar integer

EPDCCH scrambling
sequence initialization

The following parameter ap

plies when EPDCCHType is set to 'Localized"'.

RNTI

Required

0 (default), scalar integer

Radio network temporary
identifier (RNTI) value (16
bits)

sym — EPDCCH modulation symbols

complex-vector

EPDCCH modulation symbols associated with a single EPDCCH transmission in a subframe, specified as
a complex vector. This input contains the QPSK symbols.

Data Types: doub

le

rxsym — Received EPDCCH symbols
EPDCCHGd-by-NRxAnts matrix

Received EPDCCH symbols, specified as a EPDCCHGd-by-NRxAnts matrix. EPDCCHGd is the
EPDCCH symbol capacity, given by the info.EPDCCHGd field of 1teEPDCCHINdices. NRxAnts is the
number of receive antennas. This matrix contains the elements of the received resource grid in the
locations of the EPDCCH REs for the candidate configured via chs.EPDCCHECCE.

Data Types: doub

hest — Channel

le

estimate

EPDCCHGd-by-NRxAnts-by-4 array

Channel estimate, specified as an EPDCCHGd-by-NRxAnts array. EPDCCHGd is the EPDCCH symbol
capacity, given by the info.EPDCCHGA field of 1teEPDCCHINdices. NRxAnts is the number of
receive antennas. The third dimension represents the 4 possible EPDCCH antenna ports
(p=107...110). This array contains the elements of the channel estimate array in the locations of the
EPDCCH RE:s for the candidate configured via chs.EPDCCHECCE.

Data Types: doub

le
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noiseest — Noise estimate
numeric scalar

Noise estimate of the noise power spectral density per RE on the received subframe, specified as a
numeric scalar. The 1teDLChannelEstimate function provides this estimate.

Data Types: double

alg — Algorithmic configuration
structure

Algorithmic configuration, specified as a structure. The structure must have the field:

CSI Optional 'On’' (default), '0ff' |Flag provides control
over weighting the soft
values that are used to
determine the output
values with the channel
state information (CSI)
calculated during the
equalization process

Data Types: double

grid — Resource grid
K-by-L-by-4 array

Resource grid across the four possible EPDCCH ports, specified as a K-by-L-by-4 array. K is the
number of subcarriers, L is the number of OFDM symbols in one frame, and 4 is all possible EPDCCH
antenna ports (p=107...110).

Data Types: double

rxgrid — Received resource elements grid
K-by-L-by-NRxAnts array

Received resource elements grid, specified as a K-by-L-by-NRxAnts array. K is the number of
subcarriers, L is the number of OFDM symbols in one frame, and NRxAnts is the number of receive
antennas.

Data Types: double

hestgrid — Channel estimate grid
K-by-L-by-NRxAnts-by-4 array

Channel estimate grid, specified as a K-by-L-by-NRxAnts-by-4 array. K is the number of subcarriers, L

is the number of OFDM symbols in one frame, and NRxAnts is the number of receive antennas. The
4th dimension represents the 4 possible EPDCCH antenna ports (p=107...110).

Data Types: double

Output Arguments

bits — Decoded bit estimates
column-vector | Mq,-by-4 matrix
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Decoded bit estimates for the candidate configured via chs.EPDCCHECCE, returned as one of the
following:
* a column-vector of length EPDCCHG = EDPCCHGd X 2.

*  Mq,-by-4 matrix. My, is the total number of bits associated with EPDCCHs and 4 is all possible
EPDCCH antenna ports (p=107...110). Since the bits output is used as input to
1teEPDCCHSearch, where each ECCE candidate has to be descrambled individually, the bits
output are not descrambled.

symbols — Received QPSK symbols
column-vector | (M, / 2)-by-4 matrix

Received QPSK symbols corresponding to bits in bits, specified as one of the following:.

* A column-vector of length EPDCCHGd, where EPDCCHGd is the EPDCCH symbol capacity, given
by the info.EPDCCHGd field of 1teEPDCCHINndices.

(M~ / 2)-by-4 matrix, for all EPDCCH ECCEs and all 4 EPDCCH reference signal ports
(p=107...110).

More About

Syntax Dependent Processing

The 1teEPDCCHDecode function works with only one EPDCCH-PRB-Set because
1teDLChannelEstimate works with only one EPDCCH-PRB-Set. The 1teEPDCCHDecode function
processing performed depends on which input signals are provided to the function. The figures shown
here align available syntaxes with processing performed.

If the symbols for a single configured EPDCCH candidate are input, the function performs symbol
demodulation and descrambling. The function assumes the input symbols were already equalized.

[bits,symbols] = 1lteEPDCCHDecode(enb,chs,sym)

e Symbol ] ]
=y demodulation Descrambling bits

» symbols

If the symbols for a single configured EPDCCH candidate are input along with channel and noise
estimates, the function performs MMSE equalization, then symbol demodulation and descrambling. If
the optional alg input is provided, CSI weighting is applied to the output bits.
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[bits,symbols] = lteEPDCCHDecode(enb,chs,rxsym,hest,noiseest,alg)

alg
noiseest
hest
t_ﬁ CsI l
MMSE —
Symbol ) CSI weightin .
rxsym equalization pay { demgdulation H Descrambling ]—-[ (optio%al} g ]—o bits

* symbols

If the resource element grid across all possible EPDCCH antenna ports is input, the function extracts
all EPDCCH resource elements and performs EPDCCH decoding for all possible EPDCCH candidate
locations. The function assumes the input symbols were already equalized. Each EPDCCH candidate
is descrambled individually during EPDCCH search.

[bits,symbols] = 1teEPDCCHDecode{enb,chs,grid)

rid Extract all Symbol bits
g EPDCCH REs demodulation

+ symbols

If the resource element grid is input, along with channel and noise estimates, the function extracts all
EPDCCH resource elements and performs MMSE equalization, then symbol demodulation. If the
optional alg input is provided, CSI weighting is applied to the output bits. Each EPDCCH candidate
is descrambled individually during EPDCCH search.

[bits,symbols] = lteEPDCCHDecode(enb,chs,rxgrid,hestgrid,noiseest,alg)

alg

noiseest

. Extract all
hestgrid EPDCCH REs
1 o l
A 4
. Extract all MMSE —
rxgrid 4-[ B | Symbol CSl weighting .
EPDCCH REs equalization )
d sym demodulation (optional) bits

» symbols

References
[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and

Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.
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See Also
1teDCIDecode | LteEPDCCH | LteEPDCCHDMRSINndices | LteEPDCCHINndices | LteEPDCCHPRBS |
1teEPDCCHSearch | LteEPDCCHSpace

Introduced in R2016b
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Enhanced downlink control information search

Syntax

[dcistr,dcibits] = 1teEPDCCHSearch(enb,chs,softbits)

Description

[dcistr,dcibits] = 1teEPDCCHSearch(enb,chs,softbits) recovers DCI message
structures, and corresponding vectors of DCI message bits, after blind decoding the multiplexed
EPDCCHs. The multiplexed EPDCCHs are within the received EPDCCH payload given by matrix of
soft bits. This function carries out search for a single EPDCCH set. For more information, see
“EPDCCH Search Processing” on page 1-253.

Examples

Search EPDCCH for DCI Messages

Encode a DCI message and modulate it on the EPDCCH. Perform EPDCCH decoding and then
EPDCCH blind-search to recover the DCI message. For DCI messages sent on the EPDCCH, set the
ControlChannelType to 'EPDCCH".

Initialize cell-wide settings structure and EPDCCH transmission channel structure.

enb = 1teRMCDL('R.43"');

chs.RNTI = 42;
chs.ControlChannelType = 'EPDCCH';
chs.EPDCCHType = 'Localized';
chs.EPDCCHPRBSet = [2 3];
chs.EPDCCHNID = 0;
chs.EPDCCHFormat = 1;
chs.DCIFormat = 'FormatlA';

Create a DCI message. Generate EPDCCH candidates.
[dci,dciBits] = 1teDCI(enb,chs,struct('DCIFormat',chs.DCIFormat));

candidates = 1teEPDCCHSpace(enb,chs);
chs.EPDCCHECCE = candidates(1,:);

Generate RE grid indices and EPDCCH info structure. Encode the DCI message into a codeword for
transmission. Generate EPDCCH symbols and populate resource grid.

[ind,info] = 1teEPDCCHIndices(enb,chs);
cw = lteDCIEncode(chs,dciBits,info.EPDCCHG);

sym = 1teEPDCCH(enb,chs,cw);
grid = lteDLResourceGrid(enb,4);
grid(ind) = sym;
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Decode the EPDCCH transmission. Recover and view DCI message.

rxsoftbits = lteEPDCCHDecode(enb,chs,grid);

rxdci = 1teEPDCCHSearch(enb,chs, rxsoftbits);
rxdci{1}

ans = struct with fields:
DCIFormat: 'FormatlA'
CIF:
AllocationType:
Allocation:
ModCoding:
HARQNo:
NewData:
RV:
TPCPUCCH:
TDDIndex:
SRSRequest:
HARQACKResOffset:

1x1 struct]

[ocNoNoNoNoNoNoNoRoNoNo]

Search for multiple EPDCCH sets. The first EPDCCH set is as configured above and the second is of

Distributed type with 8 PRBs.

Transmit the EPDCCH DM-RS for channel estimation.

grid(lteEPDCCHDMRSIndices(enb,chs)) = 1teEPDCCHDMRS (enb,chs);

Configure the channel estimation.

cec.PilotAverage = 'TestEVM';
cec.Reference = 'EPDCCHDMRS';

Configure two EPDCCH sets.

chs.EPDCCHTypeList = {'Localized' 'Distributed'};
chs.EPDCCHPRBSetList = {[2; 3] (8:15).'};

Perform the EPDCCH search for each set.
for p = l:numel(chs.EPDCCHTypelList)

chs .EPDCCHType = chs.EPDCCHTypeList{p};
chs.EPDCCHPRBSet = chs.EPDCCHPRBSetList{p};

[hestgrid,noiseest] = lteDLChannelEstimate(enb,chs,cec,grid);
rxsoftbits = lteEPDCCHDecode(enb,chs,grid,hestgrid,noiseest);

rxdci = 1teEPDCCHSearch(enb,chs, rxsoftbits);
X = ['EPDCCH set ' num2str(p)];

disp([X ', DCI messages found: ' num2str(numel(rxdci))])

if (~isempty(rxdci))
rxdci{1}
end
end

EPDCCH set 1, DCI messages found: 1

ans = struct with fields:
DCIFormat: 'FormatlA'
CIF: O
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AllocationType:

Allocation:
ModCoding:
HARQNo:
NewData:
RV:
TPCPUCCH:
TDDIndex:
SRSRequest:

HARQACKResOffset:

1x1 struct]

[oNoNoNoNoNoNoNoR o]

EPDCCH set 2, DCI messages found: 0

A DCI message is found in EPDCCH set 1 but not in EPDCCH set 2.

Input Arguments

enb — eNodeB cell-wide settings

structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.

Parameter Field |Required or |Values Description
Optional

NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (N%)
See “Specifying Number of
Resource Blocks” on page 1-253.

NULRB Required Scalar integer from 6 to 110 Number of uplink resource blocks.
(NRB)

NCellID Required Integer from 0 to 503 Physical layer cell identity

CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length

CellRefP Required 1,2,4 Number of cell-specific reference
signal (CRS) antenna ports

NSubframe Required 0 (default), nonnegative scalar Subframe number

integer

The following parameter is applicable only when chs.EPDCCHStart is absent.

CFI

Required

1,2,0r3

Scalar or if the CFI varies per
subframe, a vector of length 10
(corresponding to a frame).

Control format indicator (CFI)
value. In TDD mode, CFI varies per
subframe for the RMCs ('R.0",
'R.5', 'R.6', 'R.6-27RB',
'R.12-9RB")
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Parameter Field |Required or |(Values Description
Optional
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as one of

the following:

* 'FDD' — Frequency division
duplex (default)

e 'TDD' — Time division duplex

The following parameters apply when DuplexMode is set to 'TDD"'.

TDDConfig Optional 0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink configuration
SSC Optional 0 (default), 1, 2, 3,4,5,6,7,8,9 Special subframe configuration
(SSC)
NFrame Optional 0 (default), nonnegative scalar Frame number
integer
CSIRSPeriod Optional 'Off' (default), 'On', Icsi-rs CSI-RS subframe configurations for

(0,...,154), [Tcsi-rs Dcsi-rs].
You can also specify values in a cell
array of configurations for each
resource.

one or more CSI-RS resources.
Multiple CSI-RS resources can be
configured from a single common
subframe configuration or from a
cell array of configurations for each
resource.

The following CSI-RS resource parameters apply only when CSIRSPeriod sets one or more CSI-RS subframe
configurations to any value other than 'Off'. Each parameter length must be equal to the number of CSI-RS

resources required.

CSIRSConfig |Required Nonnegative scalar integer Array CSI-RS configuration indices.
See TS 36.211, Table 6.10.5.2-1.
CSIRefP Required 1 (default), 2, 4, 8 Array of number of CSI-RS antenna
ports
ZeroPowerCSIRSP |Optional 'Off' (default), 'On', Icsi-rs Zero power CSI-RS subframe
eriod (0,...,154), [Tcsi-rs Dcsi-rs]. |configurations for one or more zero

You can also specify values in a cell
array of configurations for each
resource.

power CSI-RS resource
configuration index lists. Multiple
zero power CSI-RS resource lists
can be configured from a single
common subframe configuration or
from a cell array of configurations
for each resource list.

The following zero power CSI-RS resource parameter is applicable only if one or more of the above zero power
subframe configurations are set to any value other than 'Off"'.
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Parameter Field |Required or |(Values Description

Optional

Required 16-bit bitmap character vector or  |Zero power CSI-RS resource
ZeroPowerCSIRSC string scalar (truncated if not 16 configuration index lists (TS 36.211
onfig bits or '0@' MSB extended), or a Section 6.10.5.2). Specify each list

numeric list of CSI-RS configuration
indices. You can also specify values
in a cell array of configurations for
each resource.

as a 16-bit bitmap character vector
or string scalar (if less than 16 bits,
then '0' MSB extended), or as a
numeric list of CSI-RS configuration
indices from TS 36.211 Table
6.10.5.2-1 in the '4"' CSI reference
signal column. Multiple lists can be
defined using a cell array of

individual lists.

chs — EPDCCH-specific channel transmission configuration

structure

EPDCCH-specific channel transmission configuration, specified as a structure that can contain the

following parameter fields.

Parameter Field Required or Optional Values Description
EPDCCHType Required 'Localized’, EPDCCH transmission
'‘Distributed’ type
EPDCCHPRBSet Required Vector of zero-based EPDCCH PRB pair indices
indices for the PRB pairs
corresponding to the
EPDCCH PRB set. The
number of PRB pair
indices must be a power of
2.

EPDCCHStart Optional integer from O to 4 EPDCCH starting symbol
If this parameter is not
present, then the cell-wide
CFI parameter is used for
the starting symbol.

RNTI Required 0 (default), scalar integer |Radio network temporary
identifier (RNTI) value (16
bits)

EPDCCHNID Required nonnegative scalar integer |EPDCCH nID parameter
for scrambling sequence
initialization.

EPDCCHPRBSetList Optional cell array of one or two PRB pair indices for one or

vectors two EPDCCH sets.

EPDCCHPRBTypelList Optional cell array of character EPDCCH transmission

vector or string array types for one or two
EPDCCH sets.
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Parameter Field Required or Optional Values Description
EnableCarrierIndicat |Optional 'Off' (default), 'On' UE configured with carrier
ion indication field (affects

presence of CIF)

EnableSRSRequest Optional 'Off' (default), 'On' UE configured for SRS

request (affects presence
of SRS request field in UE-
specific formats 0/1A and
2B/2C/2D TDD)

EnableMultipleCSIReq |Optional '0ff' (default), 'On' UE configured for multiple

uest

CSI requests (multiple
cells/CSI processes)
(affects length of CSI
request field in UE-specific
formats 0/4)

NTxAnts

Optional 1 (default), 2, 4 Number of UE
transmission antennas
(affects length of
precoding information
field in format 4)

softbits — Received EPDCCH payload
MTot-by-4 matrix

Received EPDCCH payload containing coded Downlink Control Information (DCI), specified as a

. . . . . nEPDCCH*NECCE
MTot-by-4 matrix. MTot is the total number of bits associated with EPDCCHs, NECCEPerPRB*2

The matrix contains soft EPDCCH bits estimates for all EPDCCH ECCEs and all EPDCCH reference
signal ports.

If chs.EPDCCHPRBSetList and chs.EPDCCHTypeList are present and each contain two elements,
the creation of the EPDCCH candidate locations support two EPDCCH sets. For more information,
see TS 36.213 [2], Tables 9.1.4-3a to 9.1.4-5b.

Data Types: double

Output Arguments

dcistr — DCI message structure
cell array of structures

DCI message structure, returned as a cell array of structures whose fields match of the fields
associated DCI format.

The field names associated with dcistr depend on the DCI format. The format is expected to be one
of the formats generated by 1teDCI.

The following table details the DCI formats and accompanying dcistr parameter fields.
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DCI Formats DCISTRFields Size Description
‘Format0'’ DCIFormat — ‘Format0’
FreqHopping 1-bit PUSCH frequency hopping flag
Allocation variable Resource block assignment/allocation
ModCoding 5-bits Modulation, coding scheme, and
redundancy version
NewData 1-bit New data indicator
TPC 2-bits PUSCH TPC command
CShiftDMRS 3-bits Cyclic shift for DM RS
CQIReq 1-bit CQI request
TDDIndex 2-bits For TDD config 0, this field is the Uplink
Index.
For TDD Config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
'Formatl’ DCIFormat — 'Formatl’
AllocationType 1-bit Resource allocation header: type 0, type
1 (only if downlink bandwidth is >10
PRBs)
Allocation variable Resource block assignment/allocation
ModCoding 5-bits Modulation and coding scheme
HARQNo 3-bits (FDD) HARQ process number
4-bits (TDD)
NewData 1-bit New data indicator
RV 2-bits Redundancy version
TPCPUCCH 2-bits PUCCH TPC command
TDDIndex 2-bits For TDD config 0, this field is not used.
For TDD Config 1-6, this field is the
Downlink Assignment Index. Not
present for FDD.
'FormatlA'’ DCIFormat — ‘FormatlA’
AllocationType 1-bit VRB assignment flag: 0 (localized), 1
(distributed)
Allocation variable Resource block assignment/allocation
ModCoding 5-bits Modulation and coding scheme
HARQNo 3-bits (FDD) HARQ process number
4-bits (TDD)
NewData 1-bit New data indicator
RV 2-bits Redundancy version
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DCI Formats DCISTRFields Size Description
TPCPUCCH 2-bits PUCCH TPC command
TDDIndex 2-bits For TDD config 0, this field is not used.
For TDD Config 1-6, this field is the
Downlink Assignment Index. Not
present for FDD.
'FormatlB' DCIFormat — ‘FormatlB'
AllocationType 1-bit VRB assignment flag: 0 (localized), 1
(distributed)
Allocation variable Resource block assignment/allocation
ModCoding 5-bits Modulation and coding scheme
HARQNo 3-bits (FDD) HARQ process number
4-bits (TDD)
NewData 1-bit New data indicator
RV 2-bits Redundancy version
TPCPUCCH 2-bits PUCCH TPC command
TPMI 2-bits (2 antennas) PMI information
4-bits (4 antennas)
PMI 1-bit PMI confirmation
TDDIndex 2-bits For TDD config 0, this field is not used.
For TDD Config 1-6, this field is the
Downlink Assignment Index. Not
present for FDD.
'FormatlC' DCIFormat — 'FormatlC'’
Allocation variable Resource block assignment/allocation
ModCoding 5-bits Modulation and coding scheme
'"FormatlD' DCIFormat — 'Formatl1D'
AllocationType 1-bit VRB assignment flag: 0 (localized), 1
(distributed)
Allocation variable Resource block assignment/allocation
ModCoding 5-bits Modulation and coding scheme
HARQNo 3-bits (FDD) HARQ process number
4-bits (TDD)
NewData 1-bit New data indicator
RV 2-bits Redundancy version
TPCPUCCH 2-bits PUCCH TPC command
TPMI 2-bits (2 antennas) Precoding TPMI information

4-bits (4 antennas)
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DCI Formats DCISTRFields Size Description
D1PowerOffset 1-bit Downlink power offset
TDDIndex 2-bits For TDD config 0, this field is not used.
For TDD Config 1-6, this field is the
Downlink Assignment Index. Not
present for FDD.
"Format2'’ DCIFormat — ‘Format2'’
AllocationType 1-bit Resource allocation header: type 0, type
1 (only if downlink bandwidth is >10
PRBs)
Allocation variable Resource block assignment/allocation
TPCPUCCH 2-bits PUCCH TPC command
HARQNo 3-bits (FDD) HARQ process number
4-bits (TDD)
SwapFlag 1-bit Transport block to codeword swap flag
ModCodingl 5-bits Modulation and coding scheme for
transport block 1
NewDatal 1-bit New data indicator for transport block 1
RV1 2-bits Redundancy version for transport block
1
ModCoding2 5-bits Modulation and coding scheme for
transport block 2
NewData2 1-bit New data indicator for transport block 2
RV2 2-bits Redundancy version for transport block
2
PrecodingInfo 3-bits (2-antennas) Precoding information
6-bits (4-antennas)
TDDIndex 2-bits For TDD config 0, this field is not used.
For TDD Config 1-6, this field is the
Downlink Assignment Index. Not
present for FDD.
'Format2A’ DCIFormat — 'Format2A’
AllocationType 1-bit Resource allocation header: type 0, type
1 (only if downlink bandwidth is >10
PRBs)
Allocation variable Resource block assignment/allocation
TPCPUCCH 2-bits PUCCH TPC command
HARQNo 3-bits (FDD) HARQ process number
4-bits (TDD)
SwapFlag 1-bit Transport block to codeword swap flag

1-250




IteEPDCCHSearch

DCI Formats DCISTRFields Size Description
ModCodingl 5-bits Modulation and coding scheme for
transport block 1
NewDatal 1-bit New data indicator for transport block 1
RV1 2-bits Redundancy version for transport block
1
ModCoding2 5-bits Modulation and coding scheme for
transport block 2
NewData2 1-bit New data indicator for transport block 2
RV2 2-bits Redundancy version for transport block
2
PrecodingInfo 0-bits (2 antennas) Precoding information
2-bits (4 antennas)
TDDIndex 2-bits For TDD config 0, this field is not used.
For TDD Config 1-6, this field is the
Downlink Assignment Index. Not
present for FDD.
‘Format2B' DCIFormat — ‘Format2B'
AllocationType 1-bit Resource allocation header: type 0, type
1 (only if downlink bandwidth is >10
PRBs)
Allocation variable Resource block assignment/allocation
TPCPUCCH 2-bits PUCCH TPC command
HARQNo 3-bits (FDD) HARQ process number
4-bits (TDD)
ScramblingId 1-bit Scrambling identity
ModCodingl 5-bits Modulation and coding scheme for
transport block 1
NewDatal 1-bit New data indicator for transport block 1
RV1 2-bits Redundancy version for transport block
1
ModCoding2 5-bits Modulation and coding scheme for
transport block 2
NewData2 1-bit New data indicator for transport block 2
RV2 2-bits Redundancy version for transport block
2
TDDIndex 2-bits For TDD config 0, this field is not used.
For TDD Config 1-6, this field is the
Downlink Assignment Index. Not
present for FDD.
'Format2C' DCIFormat — ‘Format2C'
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DCI Formats DCISTRFields Size Description
CIF variable Carrier indicator
AllocationType 1-bit Resource allocation header: type 0, type
1 (only if downlink bandwidth is >10
PRBs)
Allocation variable Resource block assignment/allocation
TPCPUCCH 2-bits PUCCH TPC command
HARQNo 3-bits (FDD) HARQ process number
4-bits (TDD)
TxIndication 3-bits Antenna port(s), scrambling identity,
and number of layers indicator
SRSRequest variable SRS request. Only present for TDD.
ModCodingl 5-bits Modulation and coding scheme for
transport block 1
NewDatal 1-bit New data indicator for transport block 1
RV1 2-bits Redundancy version for transport block
1
ModCoding2 5-bits Modulation and coding scheme for
transport block 2
NewData2 1-bit New data indicator for transport block 2
RV2 2-bits Redundancy version for transport block
2
TDDIndex 2-bits For TDD config 0, this field is not used.
For TDD Config 1-6, this field is the
Downlink Assignment Index.
Not present for FDD.
"Format3’ DCIFormat — ‘Format3’
TPCCommands variable TPC commands for PUCCH and PUSCH
‘Format3A’ DCIFormat — ‘Format3A’
TPCCommands variable TPC commands for PUCCH and PUSCH
"Format4'’ DCIFormat — ‘Format4'
CIF variable Carrier indicator
Allocation variable Resource block assignment/allocation
TPC 2-bits PUSCH TPC command
CShiftDMRS 3-bits Cyclic shift for DMRS
TDDIndex 2-bits For TDD config 0, this field is Uplink
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DCI Formats DCISTRFields Size Description
CQIReq variable CQI request
SRSRequest 2-bits SRS request

Resource allocation header: non-
hopping PUSCH resource allocation
type 0, type 1

AllocationType 1-bit

ModCoding 5-bits Modulation, coding scheme and
redundancy version

NewData 1-bit New data indicator

ModCodingl 5-bits Modulation and coding scheme for
transport block 1

NewDatal 1-bit New data indicator for transport block 1

ModCoding2 5-bits Modulation and coding scheme for
transport block 2

NewData2 1-bit New data indicator for transport block 2

PrecodingInfo 3-bits (2 antennas) Precoding information

6-bits (4 antennas)

Data Types: struct

dcibits — Recovered DCI message bit vector
cell array of vectors

Recovered DCI message bit vector, returned as a column vector. The length of dcibits is defined
though structure enb in terms of the DCI message format and the bandwidth.

Data Types: int8

More About
EPDCCH Search Processing

EPDCCH search processing blindly decodes DCI messages based on their lengths. The lengths and
order in which the DCI messages are searched for is provided by 1teDCIInfo. For DCI messages
conveyed on the EPDCCH, set ControlChannelType to 'EPDCCH' when calling 1teDCIInfo.

If one or more messages have the same length, the first message format in the list is used to decode
the message. The other potential message formats are ignored. The 1teEPDCCHSearch function does
not consider transmission mode during blind search, and no DCI message format is filtered based on
transmission mode. It does not search for format 3 and 3A (power adjustment commands for PUSCH
and PUCCH). It also does not search for format 1C as this format is never used in the UE-specific
search space. EPDCCH is never used for common search space messages. For more information on
the association between transmission mode, transmission scheme, DCI format, and search space, see
TS 36.213 [2], Section 7.1 and Table 7.1-5A.

Specifying Number of Resource Blocks

The number of resource blocks specifies the uplink and downlink bandwidth. The LTE Toolbox
implementation assumes symmetric link bandwidth unless you specifically assign different values to
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NULRB and NDLRB. If the number of resource blocks is initialized in only one link direction, then the
initialized number of resource blocks (NULRB or NDLRB) is used for both uplink and downlink. When
this mapping is used, no warning is displayed. An error occurs if NULRB and NDLRB are both
undefined.

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[2] 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.
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IteEPDCCHSpace

IlteEPDCCHSpace

EPDCCH search space candidates

Syntax

[ind,info] = lteEPDCCHSpace(enb,chs)

Description

[ind,info] = 1teEPDCCHSpace(enb, chs) returns a matrix or cell array of EPDCCH ECCE
candidate indices, and related dimensional information for the given cell-wide settings structure and
EPDCCH transmission configuration structure. Depending on the configuration, the function returns
a matrix of candidates for a single EPDCCH set, or a cell array containing one or two matrices of
candidates for one or two EPDCCH sets.

Examples

EPDCCH Search Space
EPDCCH Search Space for DCI Format 2A and 1.

For a particular configuration, establish the sizes of DCI messages for format 2A and format 1. Note
that for DCI messages conveyed on the EPDCCH, ControlChannelType should be set to 'EPDCCH".

enb.NDLRB = 50;
enb.CellRefP = 1;
enb.NCellID = 0;
enb.NSubframe =
enb.CFI = 1;
chs.EPDCCHType = 'Localized';
chs.EPDCCHPRBSet (0:3).";
chs.EPDCCHFormat 1;
chs.RNTI = 7;
chs.ControlChannelType = 'EPDCCH';

0;

dcisizes = 1teDCIInfo(enb,chs);
format2Asize = dcisizes.Format2A

format2Asize = uinté4
42

formatlsize = dcisizes.Formatl

formatlsize = uinté64
33

Create the EPDCCH search space candidates for a localized EPDCCH transmission of a DCI format
2A message.

chs.DCIFormat = 'Format2A';
[candidates,info] = 1teEPDCCHSpace(enb,chs)
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candidates = 4x2

4 7
8 11
12 15
0 3

info = struct with fields:
nEPDCCH: 126
NECCEPerPRB: 4
NEREGPerECCE: 4
NECCEPerEPDCCH: 4
EPDCCHCase: 1
NECCE: 16

Create the candidates for a DCI format 1 message for the same configuration. The DCI format 1
message is smaller than the format 2A message, resulting in a change of case number
(info.EPDCCHCase) from 1 to 3. The aggregation level (info.NECCEPerEPDCCH) changes from 4 to
2, resulting in a greater number of candidates.

chs.DCIFormat = 'Formatl';
[candidates,info] = 1teEPDCCHSpace(enb,chs)

candidates = 6x2

2 3
4 5
6 7
10 11
12 13
14 15

info = struct with fields:
nEPDCCH: 126
NECCEPerPRB: 4
NEREGPerECCE: 4
NECCEPerEPDCCH: 2
EPDCCHCase: 3
NECCE: 16

Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.
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Parameter Field |Required or |(Values Description
Optional

NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)

NCellID Required Integer from 0 to 503 Physical layer cell identity

CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length

CellRefP Required 1,2,4 Number of cell-specific reference
signal (CRS) antenna ports

NSubframe Required 0 (default), nonnegative scalar Subframe number

integer

The following parameter applies only when chs.EPDCCHStart is absent.

CFI Required 1,2,0or3 Control format indicator (CFI)
Scalar or if the CFI varies per value. In TDD mode, CFI varies per
subframe, a vector of length 10 subframe for the RMCs ('R.0"',
(corresponding to a frame). 'R.5', 'R.6', 'R.6-27RB',

'R.12-9RB"')
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as:

* 'FDD' for Frequency Division
Duplex or

e 'TDD' for Time Division Duplex

The following parameters apply when DuplexMode is set to 'TDD"'.

TDDConfig Optional 0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink configuration
SSC Optional 0 (default), 1, 2, 3,4, 5,6, 7,8, 9 Special subframe configuration
(SSC)
NFrame Optional 0 (default), nonnegative scalar Frame number
integer
CSIRSPeriod Optional 'Off"' (default), 'On"', Icsi-rs CSI-RS subframe configurations for

(0,...,154), [Tcsi-rs Dcsi-rs].
You can also specify values in a cell
array of configurations for each
resource.

one or more CSI-RS resources.
Multiple CSI-RS resources can be
configured from a single common
subframe configuration or from a
cell array of configurations for each
resource.

The following CSI-RS resource parameters apply only when CSIRSPeriod sets one or more CSI-RS subframe
configurations to any value other than 'Off'. Each parameter length must be equal to the number of CSI-RS

resources required.

CSIRSConfig |Required Nonnegative scalar integer Array CSI-RS configuration indices.
See TS 36.211, Table 6.10.5.2-1.
CSIRefP Required 1 (default), 2, 4, 8 Array of number of CSI-RS antenna

ports
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Parameter Field |Required or |(Values Description

Optional
ZeroPowerCSIRSP |Optional 'Off' (default), 'On', Icsi-rs Zero power CSI-RS subframe
eriod (0,...,154), [Tcsi-rs Dcsi-rs]. |configurations for one or more zero

You can also specify values in a cell
array of configurations for each
resource.

power CSI-RS resource
configuration index lists. Multiple
zero power CSI-RS resource lists
can be configured from a single
common subframe configuration or
from a cell array of configurations
for each resource list.

The following zero power CSI-RS resource parameter is only applicable if one or more of the above zero power
subframe configurations are set to any value other than 'Off"'.

Required
ZeroPowerCSIRSC
onfig

16-bit bitmap character vector or
string scalar (truncated if not 16
bits or '0' MSB extended), or a
numeric list of CSI-RS configuration
indices. You can also specify values
in a cell array of configurations for
each resource.

Zero power CSI-RS resource
configuration index lists (TS 36.211
Section 6.10.5.2). Specify each list
as a 16-bit bitmap character vector
or string scalar (if less than 16 bits,
then '0' MSB extended), or as a
numeric list of CSI-RS configuration
indices from TS 36.211 Table
6.10.5.2-1 in the '4"' CSI reference
signal column. Multiple lists can be
defined using a cell array of
individual lists.

chs — EPDCCH-specific channel transmission configuration

structure

EPDCCH-specific channel transmission configuration, specified as a structure that can contain the

following parameter fields.

Parameter Field Required or Optional Values Description
EPDCCHType Required if the EPDCCH |'Localized’, EPDCCH transmission
type list parameter field is | 'Distributed’ type
absent
EPDCCHPRBSet Required if the EPDCCH |Vector of zero-based EPDCCH PRB pair indices
Type list parameter field is |indices for the PRB pairs
absent corresponding to the
EPDCCH PRB set. The
number of PRB pair
indices must be a power of
2.
EPDCCHFormat Required 1,2,3,0r4d Number of ECCEs per
EPDCCH transmission
(equivalently the
aggregation level L) as
required by TS 36.211
Table 6.8A 1-2.
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Parameter Field Required or Optional Values Description
EPDCCHStart Optional 0,1,2,3,0r4 EPDCCH starting symbol
If this parameter is not
present, then the cell-wide
CFI parameter is used for
the starting symbol.

RNTI Required 0 (default), scalar integer |Radio network temporary
identifier (RNTI) value (16
bits)

DCIFormat Optional '"Format0', 'Formatl', |Downlink control

'"FormatlA’, information (DCI) format
'"FormatlB’,

"FormatlC’,

'"FormatlD', 'Format2',

'"Format2A',

'"Format2B',

'Format2C’,

'"Format2D', 'Format3’,

'Format3A', 'Format4’,

'Format5', 'Format5A'’

EPDCCHPRBSetList Optional cell array of one or two PRB pair indices for one or

vectors two EPDCCH sets

EPDCCHTypelList Optional cell array of one or two EPDCCH transmission

arrays types for one or two
EPDCCH sets

Output Arguments

ind — EPDCCH ECCE candidate indices
M-by-2 matrix | cell array

EPDCCH ECCE candidate indices, returned as an M-by-2 matrix or a cell array containing 2 M-by-2
matrices. M is the number of EPDCCH candidates monitored for the configuration provided. This
variable is defined in TS 36.213 Tables 9.1.4-1a to 9.1.4-5b. Each two-element row of the matrix ind
(or the rows of each matrix in cell array ind) contains the inclusive indices of a single EPDCCH
candidate location.

If chs.EPDCCHPRBSetList and chs.EPDCCHTypeList are present and either
chs.EPDCCHPRBSet or chs.EPDCCHType are absent, one or two EPDCCH sets are returned in a
cell array containing one or two matrices, one for each set.

If both chs.EPDCCHPRBSet and chs.EPDCCHType are present, only the single candidate matrix
which matches the PRB set size and EPDCCH type given by chs.EPDCCHPRBSet and
chs.EPDCCHType is returned. This allows the number of candidates M to be correctly calculated
for TS 36.213 Tables 9.1.4-3a to 9.1.4-5b (corresponding to two EPDCCH sets) while returning a
single set of candidates in matrix form. This format is consistent with the parameterization other
EPDCCH-related functions that take CHS.EPDCCHPRBSet and CHS.EPDCCHType as parameters
and operate on a single EPDCCH set.

If chs.EPDCCHPRBSetList is absent, then chs.EPDCCHPRBSet is required, and if
chs.EPDCCHTypeList is absent then chs.EPDCCHType is required.
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info — Dimensional information about the EPDCCH search space candidates
scalar structure

Dimensional information about the EPDCCH search space candidates, returned as a scalar structure
containing:

Parameter Field Description Values

nEPDCCH Number of REs in a PRB pair Integer
configured for possible EPDCCH
transmission. See TS 36.211.
[1], Section 6.8A.1.

NECCEPerPRB Number of ECCE per PRB pair |Integer
NEREGPerECCE Number of EREG per ECCE Integer
NECCEPerEPDCCH Number of ECCES per EPDCCH |Integer

transmission (equivalently the
EPDCCH aggregation level L) as
given by TS 36.211 [1] ,Table

6.8A.1-2

EPDCCHCase Case number (1,2,3). See TS Integer
36.213 [2], Section 9.1.4

NECCE One or two element vector Integer

containing the number of ECCE
available for transmission of
EPDCCHs in the PRB pair set

Data Types: struct

References

[1]1 3GPP TS 36.211. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

[2] 3GPP TS 36.213. “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures.” 3rd Generation Partnership Project; Technical Specification Group Radio Access
Network. URL: https://www.3gpp.org.

See Also
1teEPDCCH | LteEPDCCHDecode | LTteEPDCCHINdices | LteEPDCCHPRBS | LteEPDCCHSearch

Introduced in R2016b


https://www.3gpp.org
https://www.3gpp.org

[teEPDCCHIndices

IteEPDCCHIndices

Enhanced physical downlink control channel (EPDCCH) resource element indices

Syntax

[ind,info] = 1teEPDCCHIndices(enb,chs)
[ind,info] = 1teEPDCCHIndices(enb,chs,opts)
Description

[ind,info] = lteEPDCCHIndices(enb,chs) returns the subframe resource element (RE)
indices for the Enhanced Physical Downlink Control Channel (EPDCCH) and information related to
EPDCCH indices, given the cell-wide settings structure, enb, and the EPDCCH transmission
configuration, chs.

[ind,info] = 1teEPDCCHIndices(enb,chs,opts) formats the returned indices using options
specified by opts.

Examples

Generate RE Indices of Localized Transmission
This example generates RE Indices of localized transmission in default and subscripted formats.

Specify the cell-wide settings in parameter structure, enb.

enb.NDLRB = 6;
enb.NSubframe =
enb.NCellID = 0;
enb.CellRefP = 1;
enb.CyclicPrefix = 'Normal';
enb.DuplexMode = 'FDD';
enb.NFrame = 0;

enb.CSIRSPeriod = 'Off"';
enb.ZeroPowerCSIRSPeriod = '0ff';

0;

Specify the channel transmission configuration in parameter structure, chs.

chs .EPDCCHECCE [0 71;
chs.EPDCCHType "Localized';
chs.EPDCCHPRBSet = 2:3;
chs.EPDCCHStart = 2;

chs.RNTI = 1;

Generate 1-based linear resource element indices of a localized transmission.

[ind,info] = 1teEPDCCHIndices(enb,chs);
size(ind)

ans = 1x2
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228 1

Display the size and the first 10 indices of ind.
ind(1:10)
ans = 10x1 uint32 column vector

1177
1178
1179
1180
1181
1182
1183
1184
1185
1186

Generate 1-based resource element indices in the subscript format [ subcarrier, symbol,
antenna ].

[ind,info] = 1teEPDCCHIndices(enb,chs, 'sub');
size(ind)

ans = 1x2

228 3

Display the size and the first 10 indices of ind.
ind(1:10,:)

ans = 10x3 uint32 matrix

25 3 2
26 3 2
27 3 2
28 3 2
29 3 2
30 3 2
31 3 2
32 3 2
33 3 2
34 3 2

Input Arguments

enb — eNodeB cell-wide settings
structure

eNodeB cell-wide settings, specified as a structure containing these parameter fields.
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Parameter Field |Required or |(Values Description
Optional

NDLRB Required Scalar integer from 6 to 110 Number of downlink resource
blocks. (NRE)

NCellID Required Integer from 0 to 503 Physical layer cell identity

CyclicPrefix Optional '"Normal' (default), 'Extended' |Cyclic prefix length

CellRefP Required 1,2,4 Number of cell-specific reference
signal (CRS) antenna ports

NSubframe Required 0 (default), nonnegative scalar Subframe number

integer

The following parameter is only read

when chs.EPDCCHStart is absent.

CFI Required 1,2,0r3 Control format indicator (CFI)
Scalar or if the CFI varies per value. In TDD mode, CFI varies per
subframe, a vector of length 10 subframe for the RMCs ('R.0"',
(corresponding to a frame). 'R.5', 'R.6', 'R.6-27RB',

'R.12-9RB"')
DuplexMode Optional "FDD' (default), 'TDD' Duplexing mode, specified as one of

the following:

* 'FDD' — Frequency division
duplex (default)

e 'TDD' — Time division duplex

The following parameters apply when DuplexMode is set to 'TDD"'.

TDDConfig Optional 0, 1 (default), 2, 3,4, 5, 6 Uplink-downlink configuration
SSC Optional 0 (default), 1, 2, 3,4, 5,6, 7,8, 9 Special subframe configuration
(SSC)
NFrame Optional 0 (default), nonnegative scalar Frame number
integer
CSIRSPeriod Optional 'Off"' (default), 'On"', Icsi-rs CSI-RS subframe configurations for

(0,...,154), [Tcsi-rs Dcsi-rs].
You can also specify values in a cell
array of configurations for each
resource.

one or more CSI-RS resources.
Multiple CSI-RS resources can be
configured from a single common
subframe configuration or from a
cell array of configurations for each
resource.

The following CSI-RS resource parameters apply only when CSIRSPeriod sets one or more CSI-RS subframe
configurations to any value other than 'Off'. Each parameter length must be equal to the number of CSI-RS

resources required.

CSIRSConfig |Required Nonnegative scalar integer Array CSI-RS configuration indices.
See TS 36.211, Table 6.10.5.2-1.

CSIRefP Required 1 (default), 2, 4, 8 Array of number of CSI-RS antenna
ports
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Parameter Field |Required or |(Values Description

Optional
ZeroPowerCSIRSP |Optional 'Off' (default), 'On', Icsi-rs Zero power CSI-RS subframe
eriod (0,...,154), [Tcsi-rs Dcsi-rs]. |configurations for one or more zero

You can also specify values in a cell
array of configurations for each
resource.

power CSI-RS resource
configuration index lists. Multiple
zero power CSI-RS resource lists
can be configured from a single
common subframe configuration or
from a cell array of configurations
for each resource list.

The following zero power CSI-RS resource parameter is only applicable if one or more of the above zero power
subframe configurations are set to any value other than 'Off"'.

ZeroPowerCSIRSC
onfig

Required

16-bit bitmap character vector or
string scalar (truncated if not 16
bits or '0' MSB extended), or a
numeric list of CSI-RS configuration
indices. You can also specify values
in a cell array of configurations for
each resource.

Zero power CSI-RS resource
configuration index lists (TS 36.211
Section 6.10.5.2). Specify each list
as a 16-bit bitmap character vector
or string scalar (if less than 16 bits,
then '0' MSB extended), or as a
numeric list of CSI-RS configuration
indices from TS 36.211 Table
6.10.5.2-1 in the '4"' CSI reference
signal column. Multiple lists can be
defined using a cell array of
individual lists.

chs — EPDCCH-specific channel transmission configuration

structure

EPDCCH-specific channel transmission configuration, specified as a structure that can contain the

following parameter fields.

Parameter Field Required or Optional Values Description
EPDCCHECCE Required 1- or 2- element vector The set of one of several
specifying the zero-based |consecutive ECCEs
ECCE index or inclusive  |defining the EPDCCH
[begin, end] ECCE index |[transmis