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Code Sectoring Methods in CDMA-Based
Broadband Point-to-Multipoint Networks

Csaba Novék, Andrés Tikk, and Janos Bit6

Abstract—Code sectoring methodsin broadband wireless point-
to-multipoint (PMP) networks applying code-division multiple
access (CDMA) arediscussed in this paper. I nterferencereduction
isthe key factor in PMP network design, therefore antenna- and
frequency-sectoring solutions are commonly applied. CDMA
allows code sectoring strategies, moreover advanced interference
suppression techniques (e.g., multiuser detection) can be utilized.
The combination of different sectoring schemes and multiuser
recelversin a CDMA-based PMP network provides the effective
control of interference. In this study different CDMA code
sectoring approaches are proposed and downlink interference
analyses of a PMP network sector are presented.

Index Terms—Broadband fixed wireless access, code-division
multiple access, multiuser detection, parallel interference cancel-
lation.

I. INTRODUCTION

ROADBAND fixed wireless access (BFWA) is an
emerging technology offering cheap alternative to copper-
and fiber based solutions. The bottleneck of point-to-multi-
point (PMP) networks is interference. To maintain acceptable
interference level sectored antennas on the base stations (BS)
and narrow-beam terminal station (TS) antennas focused on
the serving BS are practically used. Frequency reuse is also
preferred according to the cellular principle. Such configuration
isillustrated in Fig. 1(a), showing a network comprising 3 x 3
BSs arranged in a rectangular grid with typical 90° sectored
antennas and the most common sectoring approach with four
frequencies (marked with different tones). Critical downlink
interference situations are depicted by arrows. The denoted
TS of the bottom left sector receives interference from sectors
operating at the same frequency and transmitting to the same
direction. The corresponding C/I map is shown in Fig. 1(b),
calculated with antenna patterns of ETSI recommendations for
broadband PMP systems [1]. Critical positions with poor C/I
values occur along the sector borders and diagonal.
Code-division multiple access (CDMA) provides robust air
interface for PMP networks by its interference suppression
capability, as examined in [2]. The present work exploits
interference controlling capabilities of CDMA by proposing
advanced code utilization schemes together with location
dependent receiver agorithm, which results a subsectoring
scenario. In future BFWA systems asymmetric applications
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Fig. 1. (a) Downlink interference situations and (b) corresponding C/I map of
four-frequency PMP network with 3 x 3 BSs.

are foreseen, therefore we restricted ourselves to downlink
interference investigations. Simulation results are given for a
CDMA-based PMP network sector, including bit error rate
(BER) maps and BER versus signa to noise ratio (SNR)
analyses.

Il. APPLYING CDMA IN PMP NETWORKS

Because line-of-sight connection is a requirement in BFWA
systems, applying millimeter-wave frequencies, e.g., 40 GHz,
fading due to meteorological phenomena i.e., rain attenuation
isthe dominant degradation factor rather than multipath fading.
Multipath fading mitigating effect of CDMA, therefore, cannot
be exploited, applying CDMA has not yet been preferred in
BFWA, however recent studies [3] have shown that CDMA can
compete with the most common time-division multiple access
(TDMA). Whereas TDMA requires accurate time-frame syn-
chronization, this can beignored in CDMA assuming a code set
with advantageous cross-correlation properties, however, mul-
tiple accessinterference (MALI) will increase the noise floor [4].
Furthermore, CDMA provides inter-system interference sup-
pression determined by the processing gain. Applying CDMA
the whole available frequency band can be utilized, frequency
sectoring can be avoided.

Without frequency sectoring, interferenceisreceived fromal
sectors|ooking to the same direction — compared to the four-fre-
guency sectored casein Fig. 1. The origin of interfering signals
can be revedled by examining the most interfering sectors in
each position. This way the investigated sector can be divided
into subsectors comprising separate zones, which have common
main interferers. Fig. 2 shows five interference zones of the ex-
amined corner sector of the network. In Fig. 2(a)—(€) the domi-
nant interferers are depicted for the five zones respectively. Sec-
tors in these maps marked with darker tones indicate higher in-
terference level received from the certain sector.
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Fig. 2. Subsector allocation of the bottom left sector (hatched sector) of a
single-frequency CDMA-based PMP network; constructed from interference
zones (zone“a” —zone“€"). The corresponding 3 x 3 network maps (a-€) mark
the most dominant interferer sectors with decreasing grey levels for each zone,
respectively.

A. CDMA Multiuser Detection

The application of CDMA produces inter-sector interference
which is the multiple access interference (MAI) caused by
nonorthogonal pseudo noise (PN) codes assigned to the sectors.
Multiuser detection aims to remove MAI when detecting the
desired user. In our contribution parallel interference cancella-
tion (PIC) detector is investigated. Assuming a CDMA system
with K users transmitting continuously the received signal is
given by (1)

(t)z Z ZAkbk(i)Sk(t—iT—Tk)—i-n(t) (@D}

i=—oc k=1

wherethe k** user isidentified by spreading waveform sy, by (4)
denotes the sent ¢** bit with the duration 7", A, is the received
amplitude of the £*" user and n is the white Gaussian noise.
The PIC receiver [4] detects al users at the same time with a
first bank of matched filters (MF). The output vector of the first
MF bank b(® is used for respreading and subtracting from the
delayed received signal, which then will be theinput of asecond
MF bank to perform the final decision corresponding to (see (2)
at the bottom of the page).

B. Code Utilization — Code Sectoring

Four code sectoring strategies are introduced: Code | and 11
for single-frequency, and Code 111 and IV for four-frequency
approaches.

1) Code I: A unique identifying code is assigned to each
sector. Because of different delays of the received signal com-
ponents from different sectors, PN codes should be used, which
provide acceptable cross correl ation properties. Sector synchro-
nization therefore can be avoided. Users of a certain sector are

separated by orthogonal Walsh codes. A certain TSreceivesthe
desired signal spread by the PN code identifying its serving
sector and also multiplied by its unique Walsh code, identifying
the desired downlink connection, similarly asin UMTS[5]. As
on the downlink the BS separates the users' signals by orthog-
onal Walsh-codes, intra-sector interference at the TS does not
occur. Because the sector identifier PN codes are not orthog-
onal, inter-sector and inter-cell interference must be taken into
account.

2) Codell: If thefour sectors belonging to one BS are syn-
chronized, orthogonal Walsh codes can separate all subscribers
of the cell coverage area. One PN codeis assigned to each cell.
Four orthogonal Walsh code sets are assigned to the four sectors
of acell, eliminating intra-cell interference.

3) Code lll: Reduced inter-sector interference by the four-
frequency sectoring alows simpler code utilization, exploiting
the possibility of code sectoring is not necessary. In this ap-
proach, the same PN code set is applied in all of the sectors.

4) CodelV: Unigue PN codes are assigned to each cell, bit-
asynchronism between the sectorsis allowed in contradiction to
the similar single frequency code system Il. Code system IV is
also the combination of PN + Walsh codes, similarly as code
systems | and |l. The same Walsh code set is utilized in each
sector for TS separation.

C. Location-Dependent Receiver Subsectoring With Multiuser
Detection

The PIC receiver assumes the knowledge of al spreading
codes used in the interference canceling algorithm as given in
(2). In PMP systems this would lead to very complex receiver
structure, whereas in practical signal processing units alimited
number of matched filters are available. Asit could be seenin
Fig. 2, inmost of the TS positions only afew sectors cause most
of the interference. Receiver complexity can be reduced by as-
signing only afew branches of correlatorsto the most dominant
interferers, without the significant decrease of interference sup-
pression efficiency, as examined in our former study [6]. This
optimum allocation of signal processing capacity means aloca-
tion dependent receiver a gorithm. Interference zones of asector
will lead to subsectorsinterms of multiuser detection algorithm,
thisway a further sectoring procedure is obtained.

I1l. SIMULATION RESULTS

Our simulations compare different sectoring methods in
CMDA-based PMP networks. Free-space line of sight propa
gation conditions were assumed in the 26 GHz domain taking
signal attenuation proportional to the square of the distance.
All BSstransmit with the same power. ETSI-recommended [1]
BS and TS antennas were applied. Considering CDMA codes,
PN codes of code system | and |1 are 64 chip long Gold codes.
Users of a certain sector are separated by orthogonal 64 chip

K
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Fig. 3. Downlink BER conditions of the examined CDMA-based PMP
network sector applying single-frequency and 4-frequency approaches, code
sectoring schemes I-1V, MF and PIC receivers, SNR = 7 dB.
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Fig. 4. Sector average BER valuesfor the corresponding maps of Fig. 3.

long Walsh codes, as described in Section I1. In four-frequency
sectored approaches to preserve signal bandwidth, code length
divided by four was applied in code systems |1l and IV. PIC
receivers were applied in code systems | and I, with reduced
complexity having matched filter banks for the five most
interfering sectors as introduced in Section 11.

Maps of Fig. 3 indicate BER conditions of the examined
bottom left sector. A tone of a certain point on the map indi-
cates the BER value on the downlink of a hypothetical TS in-
stalled at that point. The dark first map of Fig. 3 (1-fr. Codel,
MF) indicates poor BER conditions due to heavy interference,
especialy at the border positions. In this approach nonorthog-
onal codes are assigned to the asynchronous sectors, therefore
adjacent sector interference dueto the not perfect side-lobe sup-
pression of BSantennasiscritical. Applying location dependent
PIC receiver in a subsectoring scenario could significantly im-
prove BER conditions of the border zone (see zones d and e
in Fig. 2). Best BER results are shown on light grey maps of
code system I1. In this single frequency approach effective code
sectoring is provided by orthogonal subsets of Walsh codes as-
signed to synchronized sectors of a cell, however, subsectoring
effect of location dependent multiuser detection is not signifi-
cant. Four-frequency sectored approachesareinferior to Codell
scheme. Interference protection by frequency sectoring isnot so
significant compared to the single-frequency Code | approach,
further improving effect of subsectoring by multiuser detection
cannot be exploited. Code system |11 performed nearly the same
as Code | with PIC receiver. The map of Code |V indicates sig-
nificant inhomogeneities in terms of BER having critical diag-
onal positions with unacceptable BER values. Sector average
BER values given in Fig. 4 reveal that PIC detector even wors-

1-fr. Code |, MF
1-fr. Code I. PIC
1-fr. Code I, PIC
4-fr. Code I, MF
4-fr. Code M, MF
BPSK

0 2 4 6 8 10
SNR [dB]

Fig. 5. Downlink BER versus SNR analysis at a fixed location of CDMA-
based PMP network applying different frequency- and code sectoring schemes
with MF and PIC receivers.

ened the average BER performance of code system II, which
is due to wrong initial decisions used in the interference can-
celing algorithm givenin (2). Second best averageresultsare ob-
tained with code system 1V, however extreme inhomogeneities
observed in Fig. 3 are concealed.

BER versus SNR analyses are shown in Fig. 5, comparing
BER performances at the same bottom right point of the exam-
ined sector of PMP networks with different sectoring schemes.
Four-frequency sectored approach with code system IV per-
formed worse in the selected critical TS location. 1 dB gain
at 10~ BER can be achieved by Code I, the best performing
Code Il with location dependent PIC gains 2 dB at the same
BER value.

IV. CONCLUSIONS

Sectoring solutions in broadband PMP networks have been
examined exploiting code sectoring capabilities of CDMA.
Interference analyses of a single-frequency PMP network
have shown the existence of interference zones in terms of
common dominant interferer sectors of the network. A location
dependent interference canceling receiver has been proposed
for optimal allocation of signal processing capacity. Applying
multiuser detection this way leads to subsectoring according to
interference zones, providing further interference suppression
capability. BER performance analyses of different sectoring
schemes have shown that applying a single-frequency CDMA
approach is superior to frequency-sectoring solutions provided
by the appropriate code sectoring and subsectoring schemes.
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