Measurement of adjacent channel power
on wideband CDMA signals

Use of FSE Spectrum Analyzer for shown by explanation the signal range is an outstanding equipment for
adjacent channel power measure- behavior and the internal structure of this purpose. Up to 73 dB dynamic
ments with wideband CDMA signals is the FSE. The spectrum analyzer family range are attained.

explained. Optimum operation is FSE, featuring a very high dynamic
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Considerations on dynamic
range with W-CDMA signals

Measuring the spectral regrowth of
wideband CDMA signals is one of
most demanding measurements for a
spectrum analyzer. The reasons are
the signal behavior itself and the
requirements needed for adjacent and
alternate channel leakage needed for
interference free communication.

At a first glance the signal within the
transmit channels looks like white
noise. But in terms of signal statistics it
is different to white noise. The peak
power of the signal depends on the
number of coded channels transmit-
ted. It can be, for example 13 dB, e g
the peak power is 13 dB higher than
the power measured using a power
detector like a thermal power meter. In

order not to distort the signal, and con-

sequently generate spectral compo-
nents in the adjacent channel, the
spectrum analyzer must cope with
these high peak amplitudes.

The requirements for wideband
CDMA transmitters in terms of leakage
in the neighbor channels are very high
on the other hand. Requirements for

adjacent channel ratio measurement
capability of 70 dB and more is a high
demand for the measuring device.

Several parameters of the spectrum
analyzer influence its inherent
dynamic range:

= the load capability of the signal
path without distorting the CDMA
signal

= the thermal noise floor of the spec-
trum analyzer and

= the phase noise of the internal lo-
cal oscillators.

As these requirements go to the limit of

the dynamic capabilities of a spectrum

analyzer, it has to be set up very care-

fully in order to attain optimum

dynamic range. To do this, some

understanding of the internal structure

of a spectrum analyzer is necessary.

The following Fig. 1 shows a simpli-
fied block diagram of the FSEA Spec-
trum Analyzer:

The bandwidth and the 1-dB compres-
sion points correspond to the values of
the FSEA 30. For the peak power

levels of the W-CDMA signal a typical
signal with a peak envelope power to

mean power ratio of 12 dB is
assumed. Actual values depend on the
type and number of code channels
available within the CDMA signal.

Following conclusions can be made
regarding the different bandwidths
and power levels within the signal
path of the FSE.

= The peak power of the signal is well
above the measured channel power
(12 dB in the example of Fig. 1). The
peak power has to be within the line-
ar region of the 1st mixer and the
stages in front of the IF filter (RBW).
This has to be considered when set-
ting the input attenuation in order
not to generate nonlinear distortion
causing spectral regrowth. The peak
envelope power should be about
10 dB below the 1-dB compression
point of the signal path in front of the
IF filter (RBW1, see Fig. 1).

= The trace shown on screen (level in
front of the log amp) is 21.3 dB be-
low the mean power level or 33.3
dB below the peak power level of
the W-CDMA signal. This is due to
the decrease of power proportion-
al to the bandwidth reduction from
4.096 MHz to 30 kHz.

1-dB compression BW=10MHz  BW =50.6 kHz BW = 30 kHz
P 4g>10 dBm P,gg> 5 dBm Rgg>-5dBm Rgg>-5dBm
) . RBW1 Step gain RBW2
Input Mixer 1st IF Filter 3rd mixer [F 21.4 MHz 2 poles amplifier 3 poles
W to Log Amp/
— N/ —// — — — Detector
Wi Display
BW = 60 MHz ‘ (+20 dB)
1stLO 3rd LO
RBW Ref Level RBW
Setting Setting Setting
rel level of a WCDMA Signal:
P =0dB_ _ _ _ _ _ o ___________. P =0dB___P =-19dB__ ___ 0dB___ P =-21.3dB
rms rms rms rms
Peax™ 12 dB_ _ Beax=12dB_ _ By=-9dB_ . Reax=-11.3 dB
Example: Transmitter power level = -18 dBm, Ref Lvl = -30 dBm
Pos =-18dBM - ______________._ p.=37dem__ 2098 p -.193dBm
Bea=-6dBM — Beak=-27dBm_ _ _ _ ______ Beak=- 9.3 dBm

Fig. 1 Simplified block diagram of FSEA30 signal path (all levels are referred to RF input, resolution bandwidth is 30 kHz)
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= The narrow resolution bandwidth
compared to the sighal bandwidth
alters the amplitude probability distri-
bution of the CDMA signal to a
Gaussian distribution.

= The reference level setting should be
decoupled from the input attenuator
setting, because the step gain ampli-
fier (see Fig. 1) which sets the refer-
ence level is loaded with a power
19 dB lower than the stages preced-
ing the IF filter stage 1. The coupled
settings for the input attenuator are
optimized for CW signals with
equal level independent of band-
width. Decreasing the reference lev-
el with a fixed input attenuator set-
ting (e g increasing the gain of the
step gain amplifier) leads to a lower

Noise Power Level =
04.096x10°Hz0O
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noise floor of the FSE as the stages
following the step gain amplifier do
not contribute to the overall noise
floor. The lowest noise floor is at-
tained with a reference level setting
30 dB below the setting of the input

attenuator, e g for 10 dB input atten-

uator setting reference level setting
should be =20 dBm or less.

= When measuring in the adjacent
channel the amplifier setting the
reference level (step gain amplifier
in Fig. 1) is not loaded by the
transmit power. This allows a fur-
ther decrease of the reference level
resulting in a higher trace level in a
more linear region of the display.
The measurement uncertainty of
the power measurement in the ad-

where:
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Fig. 2 Contributions for inherent ACPR of FSEA spectrum analyzer dependent on mixer level (= channel

power at the input mixer)

Measurement of adjacent channel power on wideband CDMA signals

jacent channels is improved due to
the better linearity of the logarith-
mic amplifier and the detector.
For minimal spectral regrowth due to
the non-linearities of the internal signal
path a low input mixer level is desira-
ble. The lower limit is the internal noise
floor of the FSE.

Low thermal noise floor is very impor-
tant for high dynamic range with
ACPR measurement as it determines
the minimum power which can be
measured. The noise figure of the
FSEA is about 15 dB. This results in a
noise power within 4.096 MHz chan-
nel bandwidth of -92.8 dBm accord-
ing to the following formula:

the equivalent noise power of a
50-Q resistor in 1 Hz bandwidth
channel bandwidth of the
W-CDMA transmit channel
noise figure of the FSEA

The adjacent channel power ratio is the
difference between the transmit channel
power and the inherent noise power
within the 4.096 MHz W-CDMA chan-
nel bandwidth. Therefore, itis desirable
to have high power at the input mixer of
the FSE to attain a high offset to the
internal noise floor.

The third limiting factor for dynamic
range is the phase noise of the internal
local oscillators of the FSE. The high
spectral purity of the FSE synthesizers
leads to an inherent noise floor in the
adjacent channel of about 80 dB
below the transmit carrier power.
Therefore it is not the limiting factor for
dynamic range. The absolute level of
phase noise decreases as the signal



power at the RF input is reduced. For
this reason ACPR due to phase noise is
independent of signal power at the RF
input.

The following figure shows the contri-
butions of the three limiting factors to
the inherent maximum adjacent chan-
nel power ratio of the FSE (spectral
regrowth, inherent noise floor and
phase noise).

The horizontal axis of the diagram shows
the channel power at the input mixer of
the FSE. If RF attenuation is set to be

>0 dB then it is the signal power minus
the RF attenuation. The vertical axis
shows the adjacent channel power ratio
(ACPR) with 4.096 MHz bandwidth of
the transmit and adjacent channel.

The phase noise of the internal local
oscillators hardly contributes to the
ACPR. The contribution of spectrum
analyzer inherent noise floor to the
ACPR result is reduced as the channel
power of the signal is increased at the
input mixer.

The ACPR due to spectral regrowth

increases with a 2:1 slope by increas-

ing the mixer level, e g by increasing
the transmit power by 1 dB the relative
power of the spectral regrowth
increases by 2 dB. The behavior is like
3rd order intermodulation.

The power contribution of all three
sources for adjacent channel power is
summed up in the total ACPR curve. It
shows a optimum mixer level range of
-13 dBm to =19 dBm for maximum
inherent ACPR ratio. The ACPR maxi-
mum achievable is about 73 dBc.

To set up the FSE for optimum dynamic
range the following parameters have
to be selected correctly.

Setup procedures and test results

Setting of input attenuator

The input attenuator has to be set so
that the signal path prior to the IF filters
is not overloaded. Optimum mixer level
(e g level at RF input minus RF attenua-
tion) is about =13 dBm to —19 dBm
dependent on the crest factor of the
W-CDMA signal. This may require an
external attenuator, if the signal to be
measured cannot adjusted to the opti-
mum mixer level range.

Example
Power level of transmitted signal =
19 dBm

Input attenuator setting = 30 dB
Mixer level = =11 dBm

Note: An additional 6-dB pad and

an input attenuator setting of
30 dB result in nearly opti-
mum mixer level.

Setting of reference level

Reference level setting results in a spe-

cific gain setting of the 21.4-MHz IF
path. To minimize the influence of
wideband noise after the IF filters and
to maximize the overload capability
for a wideband signal the gain is
switched between the filter stages of
the FSE. That way the reference level
can be set in a wide range without
causing intermodulation or overload.
The RF attenuation has to be kept
fixed, however. To be sure that the
reference level is not exceeded trace 2
with detector Max Peak can be used in
parallel to trace 1, to show the peaks
of the filtered signal on screen. With
peaks up to 3 dB above reference

level the power is calculated correctly.

Resolution bandwidth setting

Resolution bandwidth has to be set nar-

row compared to the channel band-
width in order not to widen the channel

bandwidth due to the high shape factor
of spectrum analyzer filters. With reso-
lution bandwidths between 0.5% to
5% of the channel bandwidth a good
compromise can be attained between
sweeptime and bandwidth require-
ments of the transmit channel. With the
4 MHz channel bandwidth for wide-
band CDMA the recommended resolu-
tion bandwidth is between 20 kHz and
200 kHz. Lower bandwidths lead to
long sweeptimes increasing the meas-
urement speed unnecessarily. Wider
bandwidths lead to overlapping of the
channels due to the relatively poor
selectivity of Gaussian type filters used
in spectrum analyzer.

A further issue is the dependency on
resolution bandwidth of the overall
noise figure of the FSE. With 30 kHz
resolution bandwidth lowest overall
noise figure is attained. The reason is
the implementation of the IF filters. With
bandwidths between 1 kHz and 30 kHz
the resolution filters are implemented
using crystals operated in series reso-
nance. For 50 kHz or wider resolution
bandwidths lumped LC circuits are used
operated in parallel resonance. In both
cases the bandwidths of the resonators
is set by variable resistors determining
the Q factor of the resonators.

Due to the characteristics of the RBW fil-
ter implementation, lowest noise floor is
achieved with a 30 kHz RBW setting.
For 50 kHz bandwidth setting it is worst.
With 50 kHz resolution bandwidth the
noise is increased by about 6 dB com-
pared to 30 kHz resolution bandwidth.
With 100 kHz bandwidth the increase
of noise figure is still about 2 dB.

Setting of the detector

For adjacent channel leakage the
power in the different neighbor chan-
nels is specified, because the interfer-
ing power is the measure for degrada-
tion of transmission. To perform cor-
rect power measurements the rms
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X-tal filter pole
RBW =1 kHz to 30 kHz

Ri =0 Ohm
Setting

lumped LC filter pole
RBW = 50 kHz to 5 MHz

c

R

Fig. 3 Simplified schematic of an X-tal and an LC filter pole of the FSE

detector is recommended for signal
detection as it measures power inde-

pendent of signal shape and gives sta-

ble and repeatable results.

In the FSE, power calculation is per-
formed on the linear video voltage
using 16 bit word length for input and
output of the power calculating ASIC.
The 16-bit word length limits the
dynamic range available on display to
96 dB. For accurate results the display
range is limited to less than 80 dB due
to the internal wordlength used. With
lower levels relative to the reference
level the resolution decreases up to

6 dB from —90 dB to —-96 dB. The error
due to the 16 bit resolution tends to be
negative in any case because of the

rounding algorithms used with the dig-

ital video filter and in the rms detector.
It can be reduced partly by setting the
video bandwidth to 10 MHz. In this
case no video filtering occurs and
therefore the rounding algorithm
doesn’t affect the test result.

With measurement of ACP ratios up to
65 dB this is not a problem (error

<0.5 dB). For higher ACP ratios this

behavior can be overcome by measur-

ing the power in the transmit channel
and the adjacent channels separately.
Due to the bandwidth reduction in
front of the IF step amplifier used for
setting the reference level, the refer-
ence level can be reduced by 20 dB

from the reference level used for trans-

mit power measurement. This causes
no overload in any stage of the signal
path, if the RF attenuation is kept con-
stant.

The following two examples show the
setup procedure for ACPR measurement.

Example 1
FSE settings for ACP measurement up
to 65 dB adjacent channel power ratio

PRESET:

CENTER: {input frequency of transmit-
ter signal}

SPAN: 15 MHz

REF: -30 dBm: RF ATTEN MANUAL: 0 dB
COUPLING:

RES BW MANUAL: 30 kHz: SWEEP-
TIME MANUAL: 2 s

TRACE 1: DETECTOR: RMS

MARKER NORMAL: (menu left):
POWER MEAS SETTING:

CHANNEL BANDWIDTH: 4.096 MHz
CHANNEL SPACING: 5 MHz

{menu up}

ADJ CHAN POWER

ACP/CP REL

Figure 4 shows the test results using
the above settings:

Marker 1 [T1] RBW 30 kHz RF Att 0 dB
Ref Lvl -102.04 dBm VBW 1 MHz
-30 dBm 1.89250000 GHz SWT 2 s Unit dBm
-3
YTl -102.04 dBm
. » 1.99250000 GHz,
- CHIPWR -17.39 m|
ACHK Up -62.60 db
ACH | o —62|. B4

1RM

WM M AP AU A

cyil

Center 2 GHz

1.5 MHz/

Span 15 MHz

Fig. 4 Display of ACPR test result on FSE screen
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Exam Ie 2 ¢/ Marker 1 [T1] RBW 30 kHz RF Att 0 dB
P " Ref Lvl -50.89 dBm VBW 300 kHz

FSE Settlngs for ACP measurement 73D73D dBm 41.85000000 MHz SWT 500 ms Unit dBm
with adjacent channel power ratios of vi|iT -50}.83 dBm
Ian A AL A 1 Inlmllul Ud A A AIBEDGD DU HZ
more than 65 dB -40 vitretiirbory o il e LA L i Sy o
REA PWR -19.54 m)
5 CH BW 4.09600000 MH
PRESET:
CENTER: {input frequency of transmit- -50 .
ter signal} -
SPAN: 4.5 MHz
REF: =30 dBm: RF ATTEN MANUAL: 80
0dB -
COUPLING:
RES BW MANUAL: 30 kHz: SWEEP- o
TIME MANUAL: 500 ms o
TRACE 1: DETECTOR: RMS
MARKER NORMAL: (menu left): o il ch
POWER MEAS SETTING: -130
Center 44.1 MHz 450 kHz/ Span 4.5 MHz
CHANNEL BANDWIDTH: 4.096 MHz
CHANNEL SPACING: 5 MHz Fig. 5 Measurement of channel power in the transmit channel
(—> results in a 5-MHz step size of the
up/down keys) {channel power of sig- ® Marker 1 [T1] RBU 30 kHz  RF Att 0 g8
. Ref Lvl -104.82 dBm VBW 300 kHz
nal is measured, after one complete 50 dBm 46.85000000 MHz ~ SWT 500 ms Unit dBm
SWeep preSS:} {press menu Up key} ° YTl -104|.82 |dBm)
CHANNEL POWER: 5 “p-B5000pD0 |z
CHT FPUR —/71.B5 |dB
ACP/CP REL: SET CP REFERENCE RER PR -19. 16 [dBnm
7 CH Bl 4., 06900000 jMH
Decrease reference level by 20 dB:
REF: -50 dBm 8

1RM

CENTER: {use up and down keys for
switching to the adjacent channels}

Using the up key the FSE center fre- ML
quency is stepped to the upper adjacent o S SIS E U SRSV IR SRNVOVIY PRI R R e A

channels in 5-MHz steps, with the down 12
key FSE center frequency is stepped to
the lower adjacent channels.

co

The following figures show the chan-
nel power in the transmit channel and Center 43.1 MHz 450 KHz/ Span 4.5 MHz
in the upper adjacent channels.

Fig. 6 Measurement of channel power in the upper adjacent channel

Measurement is performed at a trans-
mit channel center frequency of 44.1

MHz because of the availability of low -71.69 dBc. This value matches the Josef Wolf
ACP signal. Adjacent channel power ACPR predicted in Fig. 2 for a mixer
can be read out in Fig. 6 to be level of —=19.1 dBm very well.
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