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Introduction

cdma2000 is one of the proposals for the IMT-2000
requirements for a 3G global wireless communications
system. The 3GPP2 is implementing this wideband
CDMA system as a derivative of the IS-95-B CDMA
system, also known as cdmaOne. The 3GPP2 organi-
zational partners are ARIB, TTC, TIA, and TTA.1

The cdma2000 specifications are still being defined.
However, R&D engineers are already developing
cdma2000 systems and need to test their designs today.

This application note describes measurements to test
and troubleshoot your cdma2000 RF designs. It also
provides a list of HP solutions for these measurements.
Agilent Technologies is committed to providing you
with design tools and test equipment that will keep
pace with all of the evolving 3G standards.

This application note assumes that you are familiar
with cdmaOne measurements and technology basics.
cdmaOne is used as a reference throughout this note.
The main differences between cdmaOne and cdma2000
systems and the corresponding measurement implica-
tions are highlighted. For more information on
cdmaOne measurements see:

Understanding CDMA Measurements for Base Stations
and Their Components [1].

Note: The above application note can be downloaded from
the Web at the following URL and printed locally:

http://www.tm.agilent.com/tmo/Notes/English/5968-5858E.html

1. See Glossary for the meanings of these acronyms.



1. Basic concepts of cdma2000

The main advantages that cdma2000 offers over other
IMT-2000 proposals are its backwards compatibility with
cdmaOne systems and its smooth migration from 2G
(Second Generation) cdmaOne systems to 3G. Figure 1
shows the expected evolution from cdmaOne to cdma2000
systems.

Spreading Rate

Spreading Rate (SR) defines the final spread chip rate
in terms of 1.2288 Mcps. The two main spreading rates
are SR1 and SR3.

1. SR1. A Spreading Rate 1 signal has a chip rate of
1.2288 Mcps and occupies the same bandwidth as

cdmaOne. The SR1 system doubles the system capacity.
Therefore, it can be considered an improved cdmaOne

system. The main differences from cdmaOne are:

e Fast power control and QPSK (Quadrature Phase
Shift Keying) modulation rather than dual BPSK
(Binary Phase Shift Keying) in the forward link.

¢ Pilot signal to allow coherent demodulation, and
HPSK (Hybrid Phase Shift Keying) spreading in
the reverse link.
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Figure 1. Evolution from cdmaOne to cdma2000

e Increased capacity

. SR3. A Spreading Rate 3 signal has a rate of
3.6864 Mcps (3 ¥ 1.2288 Mcps) and occupies three
times the bandwidth of cdmaOne. The SR3 system
incorporates all of the new coding implemented in
an SR1 system and supports higher data rates. It has
two air interface options:

e Direct Spread (DS): uses a single 3.75-MHz-wide
carrier. It requires clear spectrum (green field) to
operate.

Multi-Carrier (MC): uses three 1.25-MHz-wide
carriers. It is designed to allow SR3 signals to

be directly overlaid on top of existing cdmaOne
systems. To achieve an overlay system, the SR3
MC mode breaks up the data into three carriers,
each of which is spread at 1.2288 Mcps (see Figure 2).
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Radio Configuration

Radio Configuration (RC) defines the physical channel
configuration based upon a specific channel data rate.
Each RC specifies a set of data rates based on either
9.6 or 14.4 kbps. These are the two existing data rates
supported for cdmaOne. Each RC also specifies the
Spreading Rate (either SR1 or SR3) and the physical
coding. Currently there are nine Radio Configurations
defined in the cdma2000 system for the forward link
and six for the reverse link.

For example:

e RCl1 is the backwards-compatible mode of cdmaOne
for 9600 bps voice traffic. It includes 9.6, 4.8, 2.4,
and 1.2 kbps data rates and operates at SR1. It
does not use any of the new cdma2000 coding
improvements.

¢ RC3 is a cdma2000-specific configuration based on
9.6 kbps that for voice supports 4.8, 2.7, and 1.5 kbps,
while also supporting data at 19.2, 38.4, 76.8, and
153.6 kbps. It operates at SR1.

Each base station or mobile station can transmit several
channels using different Radio Configurations at the
same Spreading Rate. Refer to [2] for detailed informa-
tion on the different RCs.
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Figure 2. Bandwidth limits for SR3DS and SR3 MC




2. Measurements

Although the exact cdma2000 measurement specifica-
tions have not been defined, in general we can assume
that the basic measurement methodology will be similar
to cdmaOne. Therefore, in this chapter cdmaOne
measurements are used as a reference. For information
on cdmaOne measurements refer to Understanding
CDMA Measurements for Base Stations and Their
Components [1].

With cdmaOne measurements as the basis, this chapter
describes the measurements that you can make on
your cdma2000 components and systems today. Specific
test parameters and special considerations for the par-
ticular measurements are provided. Refer to Appendix
B for a list of HP instruments recommended for these
measurements.

Signal simulation for component testing

In component testing, the stimulus signal must provide
the appropriate channel configuration (number of
channels and individual channel settings—data rate,
power level, and so forth—for each channel). It must
also provide the correct modulation, filtering and chip
rate for the system. This is important when performing
modulation quality and RF power measurements.

Correct simulation of any CDMA signal for power
measurements requires that the stimulus be not only
spectrally correct but also statistically correct. That is,
the signal must provide the correct peak-to-average
power ratio statistics in addition to adequate spectral
shape. That is particularly important when testing
Adjacent Channel Power Ratio (ACPR). The power sta-
tistics of a CDMA signal depend mainly on its channel
configuration, modulation, filtering and clipping level.
Therefore, it is important that you test your components
with signals that have the same channel configuration
and parameters as real-world signals (see section below
on RF power measurements).

CdmaOne uses dual BPSK for the forward link and
OQPSK (Offset Quadrature Phase Shift Keying) for the
reverse link. cdma2000 uses QPSK modulation for the
forward link and QPSK modulation with HPSK spread-
ing for the reverse link. Both forward and reverse links
may haveseveral channels, and individual characteristics
(RC, power level, and so forth) for each channel. The
chip rate depends on the mode selected (SR1 or SR3).

RF power measurements

RF power measurements include channel power,
occupied bandwidth, peak-to-average power ratio,
Complementary Cumulative Distribution Function
(CCDF) curves, ACPR, in-band spurious and out-of-
band spurious/harmonics. Although the actual test
methodology has not yet been specified, you can
make power measurements of your cdma2000 system
components or transmitters today using the cdmaOne
measurement specifications as a general guideline.
(Refer to [1] for a detailed description of cdmaOne
measurements). Some measurement parameters may
be different from cdmaOne, depending on the SR
mode. For example, when performing channel power
measurements on SR3 signals, an integration bandwidth
of 3.75MHz is appropriate. In the case of ACPR and
in-band spurious, the appropriate offsets can be easily
calculated, as shown in the following section.

The following sections focus on three RF power
measurements that are often related to each other:
ACPR, peak-to-average power ratio and CCDF curves.



ACPR

The Adjacent Channel Power Ratio is usually defined as
the ratio of the average power in the adjacent frequency
channel (or offset) to the average power in the trans-
mitted frequency channel. The ACPR measurement is
not part of the cdmaOne standard. However, individual
NEMs (Network Equipment Manufacturers) typically
specify ACPR as a figure of merit for component testing
[1]. This may also apply to cdma2000.

As mentioned earlier, the appropriate measurement
parameters depend on the Spreading Rate. You can use
cdmaOne parameters for SR1, since they both use the
same chip rate and filtering. For SR3, an integration
bandwidth of 3.6864 MHz is appropriate. You can easily
calculate appropriate frequency offsets for realistic
cdma2000 SR3 ACPR! measurements in the following way:

¢ For multiple-carrier (SR3 MC) configurations, add
the frequency spacing between carriers (1.25 MHz)
to the original cdmaOne offset.For example, an
offset of 885 kHz in cdmaOne is equivalent to an
offset of 2.135 (0.885+1.25) MHz in cdma2000 SR3
MC. Figure 3 shows an example of an ACPR
measurement for a cdma2000 SR3 MC signal.

2nd offset

1st offset 3rd offset

For example, an offset of 885 kHz in cdmaOne would
be equivalent to an offset of 2.655 (3 ¥ 0.885) MHz
in cdma2000 SR3 DS. Figure 5 shows an example
of the measurement for a cdma2000 SR3 DS signal.
These calculations may be different for newer proposals
or final specifications for this evolving standard.
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Figure 3. ACPR measurement for a cdma2000 SR3 MC signal

¢ The limits of the baseband filter frequency response
for SR3 DS in the original cdma2000 proposed
specifications are wider than for SR1 (or cdmaOne).
Figure 4 shows the original proposed specifications
for the cdma2000 baseband filters, where the limits
for the SR3 DS filter are three times wider than the
ones for the SR1 (or cdmaOne) filter. In this case,
you can easily calculate the appropriate SR3 DS offsets
by multiplying the cdmaOne offset frequencies by
three.

1.The same calculations may apply to the in-band spurious measurement
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Figure 4. Proposed limits for cdma2000 baseband filters
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Figure 5. ACPR measurement for a cdma2000 SR3 DS signal

When designing components and testing ACPR, it is
important to take into account the power statistics of
the signal. The statistics of the signal determine the
headroom required in amplifiers and other devices.
Different peak-to-average ratio values have a different
impact on nonlinear components. A signal with a higher
peak-to-average power ratio may cause more interfer-
ence in the adjacent channel. Therefore, ACPR measure-
ments can provide different results depending on the
statistics of the signal. In CDMA systems, the statistics
of the signal depend on its channel configuration. The
safest approach is to select at least one high-stress
stimulus signal, and test with various combinations of
channels. You can use CCDF curves for this task.



Peak-to-average power ratio and CCDF curves
Peak-to-average power ratio is the ratio of the peak
envelope power to the average envelope power of a
signal during a given period of time.

A CCDF curve goes a step beyond and fully character-
izes the power statistics of the signal [4]. It provides the
distribution of particular peak-to-average ratios versus
probability. Figure 6 shows the CCDF curves for two
cdma2000 SR3 DS signals with different channel config-
urations. For a probability of 0.01%, the signal with 24
code channels has a higher peak-to-average ratio (10.92 dB)
than the signal with 9 code channels (8.54 dB).

CCDF curves can help you:

® Determine the headroom required when designing a
component.

e Confirm that the component design is adequate.
For example, you can compare the CCDF curves of
a signal at the input and output of the RF amplifier.
If the design is correct, the curves coincide. If the
amplifier compresses the signal, the peak-to-average
ratio of the signal is lower at the output of the amplifier.

¢ Troubleshoot a system or subsystem design. You can
make CCDF measurements at several points in the
system design. For instance, if the ACPR of a trans-
mitter is too high, you can make CCDF measurements
at the input and output of the amplifier to determine
if the amplifier is compressing the signal.

The measurement methodology for peak-to-average
power ratio and CCDF curves is the same regardless of
the signal’s format.

1. Correct filtering at the test instrument is required
(cdmaOne filtering parameters can be used).

Modulation quality measurements—
forward link

Both Error Vector Magnitude (EVM) and rho provide
a measure of the transmitter’s modulation quality.
Additionally, you can analyze the individual code
channels of the signal using the code-domain power
measurement.

Error vector magnitude (uncoded)

EVM is a common modulation quality metric widely
used in digital communications systems. EVM is not
part of the cdmaOne specifications. Traditional algo-
rithms (uncoded EVM) synchronize to the chip stream,
but do not de-spread and decode the symbols forCDMA
signals. The reference signal is computed from the
received chips. Therefore, uncoded EVM does not detect
coding errors. However, it can be used as an indicator
of modulation quality and as a troubleshooting tool.
Uncoded EVM is sensitive to any impairments that occur
at the baseband filters, I/Q modulator, IF and RF sec-
tions of the transmitter (see [3] for more information
on EVM).

You can use existing instrumentation to perform uncoded
EVM measurements on a cdma2000 pilot signal or on a

signal with multiple code channels, provided that it maps
onto a known constellation.! For example:

e As with cdmaOne, a cdma2000 pilot signal maps onto
a QPSK constellation (see Figure 7). For SR1 and
SR3 MC, the test setup (filtering and chip rate) is
identical to cdmaOne. In the case of SR3 DS, the chip
rate (symbol rate parameter in some instruments) is
different (3.6864 Mcps).
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Figure 7. Uncoded EVM measurement on a cdma2000 SR1 pilot signal
(forward link)



TRACE B:B Ch1 16QAM Err W Tin

The measurement setup for rho and coded EVM
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power level maps onto a 16 QAM constellation. For
example, Figure 8 shows the polar diagram of an
SR3 DS signal consisting of pilot and sync channels,
and a single traffic channel. In this case, the corners
of the 16 QAM constellation are missing due to the
way the pilot and sync channels are combined.

Rho / EVM (coded)

Rho is a metric only used in CDMA systems. It is the
ratio of the correlated power to the total power. The
correlated power is typically calculated by performing
a cross correlation between the measured signal and a
known coded baseband signal (used as a reference), as
specified by cdmaOne.

Unlike uncoded EVM, coded EVM is computed by com-
paring the measured signal to a known coded baseband
signal. The difference between rho and coded EVM is
that coded EVM calculates the error as the vector dif-
ference between the measured and reference signals,
while rho performs a cross correlation between them.

Both rho and coded EVM account for all possible error
mechanisms in the entire transmission chain of a CDMA
transmitter, including coding problems, baseband filter-
ing and timing errors, I/Q modulation anomalies, filter
amplitude and phase non-linearities, and power amplifier
distortions (see [1] for more information on rho).

Figure 9. Rho and coded EVM measurement on a cdma2000 SR1 pilot signal

The same applies to SR3 MC. You can measure rho
(and coded EVM) on the pilot for each carrier in the
same way. However, interference from the adjacent
carriers may degrade the measurement unless the
measuring instrument filters it out.

In the case of SR3 DS, the pilot has a different coding
structure than cdmaOne. Because the coding is different,
the instrument cannot find correlation with the signal.
Therefore, instruments with cdmaOne capability cannot
perform these measurements!.

1. There are several interpretations of rho. The 89400 series vector signal analyzers can make the measurement with certain assumptions

(the measurement is not performed as specified by the cdmaOne standard).



Code-domain power

The other main indicator of modulation quality in CDMA
systems is code-domain power. By using this measure-
ment, you can verify that each Walsh channel is operat-
ing at its proper level, and quantify the inactive traffic
noise level.

In cdma2000, the measurement is complicated by the
fact that the length of the Walsh codes varies to accom-
modate the different data rates and Spreading Rates of
the different Radio Configurations. In general, as the
data rate increases, the symbol period is shorter. For a
specific SR, the final chip rate is constant. Therefore,
fewer Walsh code chips are accommodated within the
symbol period—the Walsh code length is shorter. Table
1 shows the different Walsh code lengths for the differ-
ent RCs that operate at SR1.

Table 1. Walsh code length for different RCs at SR1

Walsh code length

RC 128 bits 64 bits 32 bits 16 bits 8 bits 4 bits
(Walsh 128) (Walsh 64) (Walsh 32) (Walsh 16) (Walsh 8) (Walsh 4)

1 N/A 9.6 kbps N/A N/A N/A N/A

2 N/A 144 kbps N/A N/A N/A N/A
3 N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps
4 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps
5 N/A 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 203.4 kbps

One of the effects of using variable-length Walsh codes
for spreading is that a shorter code precludes using all
longer codes derived from it. Figure 10 illustrates this
concept. If a high data rate channel using a four-bit
Walsh code such as 1, 1, -1, —1 is transmitted, all lower
data rate channels using longer Walsh codes that start
with 1, 1, -1, -1 have to be inactive, to avoid conflicts in
the correlation process at the receiver.

Walsh 8 Walsh 16

N (oo s wN = o
© N s w( N = o

10
n
12
13
14
15

Figure 10. Hadamard generation of Walsh codes. Effects of using variable-
length Walsh codes for spreading. Using a Walsh 4 code (in dashed box)
precludes using codes in shaded area

Individual Walsh codes (or functions) are identified by
WnN, where N is the length of the code and n is the
row in the N x N Hadamard matrix. For example, Wy4
represents code 2 of the 4 x 4 Hadamard matrix (4-bit
Walsh code).

Therefore, W,* precludes using:

e W,8 and W5,

. W216, W616) W10167 W1416;

° W232, W632’ W1032, W1432, W1832’ W2232, W2632’
W3032 (not shown in Figure 6);

¢ and so forth.

Appendix A contains a cdma2000 Walsh code table that
shows the relationships among Walsh codes of different
lengths (determined by the data rate in a specific RC).

In the code-domain power measurement, channels with
higher data rates (shorter code lengths) occupy more
code space. For example, W24 occupies four times more
code space than W516, and sixteen times more code
space than W,64. The measurement has to provide some
way to identify the different layers (Walsh code lengths)
and data rates of the code channels being measured.



You can use an instrument with cdmaOne capability
to make code-domain power measurements on SR1
cdma2000 signals by taking some considerations into
account. For an SR1 channel with Walsh code length
different from cdmaOne (that is, a channel with a
Walsh code shorter than 64 bits!), the detected power
is spread onto all the Walsh 64 channels with a related
Walsh code (a code that starts with the same sequence).
Figure 11a shows the actual power levels for a cdma2000
signal with pilot, paging and sync channels and an RC3
channel with data rate of 76.8 kbps (W,8). Figure 11b
shows the code-domain power measurement on that
same signal. The power in W,8 is spread onto W,64,
W1264’ W2064, W2864’ W3664v W4464, W5264 and W6064'
(You can use the cdma2000 Walsh code table in Appendix
A to see the relationship between Walsh codes of differ-
ent lengths). The total power of W48 in the code-domain
power measurement can be calculated by adding the
indicated power levels (in linear units) of all related

Walsh 64 channels.
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Type Config bps Halsh dB Offset Data
1 Pilot N/A 0 -4,12 0 00000000
2 Paging N/A 1 -5.36 0 RANDOM
3 Sunc N/A 32 -6.36 0 RANDOM
L Traffic 1 9600 L 0 RANDOM
5

Power for W,8 iis distributed Actual power level for W8

among all the related channels |

Base Ch Freq 1.0000%7 \\:
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" / PSS
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NN S T~
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Act Set Th
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20.00 dB must be added)

-13.8 dB
-46.9 dB
-49.2 dB

1. RC4 (9.6 kbps) is an exception to this. It is the only RC at SR1 that uses Walsh codes longer than 64 bits.



Therefore, code-domain power on SR1 cdma2000 signals
can be measured using cdmaOne instrument capabilities.
However, when multiple code channels with different
data rates are active, the measurement process can
become tedious. In any case, an instrument with specific
cdma2000 capabilities offers many advantages, such as
fast identification of channels with different data rates
and accurate power readings for all channels. Figure 12
shows an example of a cdma2000 SR1 code-domain
power measurement (performed using an instrument
with code-domain power capability for cdma2000).

=, Code Domain Power Display
Select a Rlate 1o view

Composte View ~]  Updss MOVE MARKER: _Lett | [

:.‘ MARKER INFORMATION:
Select a Timeslot to view

Code Level 768 kbits/z

o | Eﬁmﬁm A0zn9
Select a Mode to view
Hadamard - uit

Marker for W,8(includes total power distributed \
ok d over related Walsh 64 channels)

Power
IdB1
108/

NSNS S

40 o bbb

Coder

Marker information for
W,8 indicates data rate
and total relative power
for that channel
(compare to Figure 11a)

Similar considerations apply to SR3 MC signals. Additionally,
in this case an instrument with code-domain power
capability for cdmaOne can only make the measure-
ment on a single carrier of the SR3 MC signal at a time.

Since SR3 DS uses a higher Spreading Rate, only instru-
ments with specific code-domain power capability for
cdma2000 can perform this measurement.



Modulation quality measurements—
reverse link

The reverse link implementation in cdma2000 is very
different from cdmaOne. In cdma2000, each mobile can
transmit several channels. Channels can have different
data rates and different power levels.

A multiple-channel signal typically has a higher peak-to-
average power ratio than a single-channel signal. There-
fore, it typically requires power amplifiers with a higher
dynamic range. To solve this situation, cdma2000 uses
QPSK modulation with a peak-limiting spreading function,
HPSK—also known as OCQPSK (Orthogonal Complex
Quadrature Phase Shift Keying). This allows for a less
expensive output amplifier in the mobile.

These differences will have immediate consequences
for the way modulation quality measurements are defined
for the reverse link. For example, some sort of code-
domain power and QPSK/HPSK demodulation/de-spreading
may be necessary to provide the appropriate testing.

While the measurement methodology is being defined,
you can use existing test instruments to obtain an indi-
cation of the modulation quality of your signal. The
easiest methodology is to configure the signal so that it
maps onto a known constellation (for instance, QPSK
or 16QAM) and measure uncoded EVM!. The following
are three suggested configurations:

¢ QPSK constellation (Figure 13): activate R-Pilot
(Reverse Pilot) and R-FCH (Reverse Fundamental
Channel) with equal power levels. Activating only
the R-Pilot channel also produces a QPSK constellation.
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Figure 13. EVM (uncoded) on a cdma2000 SR1 reverse link signal with R-Pilot
and R-FCH (RC3 at 9.6 kbps) activated. Both channels are at the same power
level

¢ 8PSK (Figure 14): activate R-Pilot and R-FCH.
Select the power level of the R-FCH 7.5 dB below
the power level of the R-Pilot.

TRACE B:B Ch1 @PSK Err V Tine

Marker 0.0000 syn 2.1132 %

X

LinMag |

800 h
13
fdiv

0
%

Start: O syn

Figure 14. EVM (uncoded) on a cdma2000 SR1 reverse link signal with R-
Pilot and R-FCH (RC3 at 9.6 kbps) activated. The power level for R-FCH is
7.5dB lower than level for R-Pilot

e 16 QAM (Figure 15): activate R-Pilot, R-FCH and
R-SCH 1 (first supplemental channel). Select equal
power for all channels.

TRACE B:B Ch1 Q@PSK Err WV Tine

Marker 0.0000 sy 2.1132 %
-0
300
"
fdiv
-1.5
3 EVI = 2.64909 Arns
“ 5.8843 % pk_at _syn 141
5305 " % kgt sy 180
i . % pk_at_syn
Linfag ' H Phuse Err = 1.2028 dea
K 3.1536_ dea pk_at syn 14
800 | i | Freq Err = 3.9288 Hz
1% |0 Offset = -46.249 dB
fdiv Rha = 0.88927
Q 01011 01111110
16 TOO00111 01001011
32 10000111 Q1111011
0 48 11100111 10001000
% 64 10110100 00100010
Start: O syn Stop: 199 swyn

Figure 15. EVM (uncoded) on a cdma2000 SR1 reverse link signal with R-Pilot,
R-FCH (RC3 at 9.6 kbps), and R-SCH 1 (RC3 at 307.2 kbps). All channels are at
the same power level

1. Correct filtering parameters are required in the test instrument (filtering parameters for cdmaOne mobile stations can be used). 13



HPSK

In the reverse link, the different channels are assigned to either the | or
Q paths. For example, for RC3 to RC6, R-Pilot (Reverse Pilot) is assigned
to |, and R-FCH (Reverse Fundamental Channel) is assigned to Q

(see Figure 16).

Channels can be at different rates and different power levels. Complex
scrambling facilitates this by continuously rotating the phase of the

3. Summary

Cdma2000 is the 3GPP2 standard for 3G technology
derived from cdmaOne. Although the standard has
not yet been defined, R&D component and system
engineers need to test their cdma 2000 designs today.
This application note is a guide to cdma2000 testing
based on established cdmaOne measurements.

constellation, distributing the power evenly between the axes. Without
scrambling, unequal channel powers would result in a rectangular 4
QAM constellation (assuming that only R-Pilot and R-FCH are active).
With complex scrambling, the constellation generally has eight points
distributed around a circle; the angular distribution being determined
by the relative powers of the two channels. If the channel powers are
equal, then pairs of constellation points merge to give a QPSK-like
constellation. For example, Figure 13 shows the constellation of an
SR1 signal with the R-Pilot and R-FCH channels at the same power
level. Figure 14 shows the constellation of a signal with the R-FCH 7.5
dB below the R-Pilot level.

Basic complex scrambling applies a phase rotation of 0, +1t/2, or p
radians to each chip. HPSK takes this a stage further and defines the
complex scrambling in such a way that for every second chip, the
phase rotation is restricted to +m/2. This constraint on the phase
transitions entering the baseband filter reduces the peak-to-average
ratio of the signal (by 1 to 1.5 dB). The HPSK technique continues
to be advantageous even when the signal has more than two channels.

As the standards continue to evolve, Agilent application

information, design tools and test equipment will keep

pace with the changes to help you achieve your product
development goals.

Gain
R'SCHZ""G}"’ scale "': Complex scrambling
1228.8 kcps : Tchannel 1228.8 keps
Walsh 4/8 * short code >
R-Pilot+ enerator generator
power g _ /i\ 1228.8 kcps + |
control o *
: Y -
I\ [ Gain
R-DCCH—> T scale — 1228.8 keps
1228.8 kcps
Walsh 16 User long » | Long code Walsh 2 ||
generator code mask " | generator generator
R-SCH1
or -
R EACH — (> Sain Y
or L 1-Chip Deci
R-CCCH 1228.8 keps delay by 2 > 1228.8 keps
Walsh 2/4/8 A +
generator @ @—> Q
1288 kops  —— Y +
- -channe
RFCH —b C) »-| Gain A short code .
generator 1228.8 k
1228.8 keps ops
Walsh 16
generator

Figure 16. Channel summing and HPSK spreading in cdma2000 reverse link (SR1)



4. Appendix A:
cdma2000 Walsh code table

Table 2 shows the relationship between Walsh codes of
different lengths for the different RCs at different data
rates. The energy in a channel with a shorter code
correlates into all channels with longer related codes.
Therefore, a shorter code precludes using all longer
codes derived from it (from right to left in the table).
For example, RC3 at 76.8 kbps uses Walsh 8 codes.
W48 precludes using the codes in the shaded area
(see Figure 17):

W16, Wy,16;

W432, W1232, W2032, W2832§

W04, W04, W04, Woghd, Wseb4, W64,

W;5284, Wg04;
and so forth.

Spreadrate  RC c¢dma2000 Walsh Code Table
1.2288 Mcps 1 N/A N/A 9.6 kbps N/A N/A N/A N
1.2288 Mcss M N;A 14.4 kbps N;A N;A / y /
1.2288 Mcps @ N/A N/A 9.6 kbps 19.2 kbps 38.4 kbps 153.6 kbps
1.2288 Mcps N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps -6 KOps 307.2 kbps
1.2288 Mcps 5 | N/A N/A 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps
3.6864 Mcps 6 N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kas 153.6 kbps 307.2 kbps
3.6864 Mcps 7 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps 614.4 kbps
3.6864 Mcps 8 N/A 14.4 kbps 28.8 kbps 56.7 kbEs 115.2 kbps 230.4 kbps 460.8 kbps
36864 Mcps 9 | 14.4kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps 4608 kbps | _1036:8 kbps
Walsh 256 Walsh 128 Walsh 64 Walsh 32 Walsh 16 @" Walsh 4
0 0 0 0 0 0 0
128
64 64
192
32 32 32 /\/ /\/
120 /\V 120 /\/ /\/
248 |
4 4 4 4 4 1 4 |
132 | l
68 68 : !
196 | |
36 36 36 ] !
164 | |
100 100 : .
228 W, i
2 20 20 20 — !
148 | l
84 84 J !
212 | |
52 52 52 ] !
180 | |
116 116 ! !
244 | l w,2
12 12 12 12 2 | —
140 | l
76 76 : :
204 | |
44 44 44 ! " !
172 | 12 |
108 108 T !
236 | l
2 28 28 2 ! !
156 | l
92 92 : :
220 | I
60 60 60 ] !
188 | |
124 124 ! !
252 L |
Figure 17. Using W,8 precludes the codes in the shaded area. 15



Table 2. cdma2000 Walsh code table

c¢dma2000 Walsh Code Table

Spreadrate  RC
1.2288 Mcps 1 N/A N/A 9.6 kbps N/A N/A N/A N/A
1.2288Mcps 2 | N/A N/A 14.4 kbps N/A N/A N/A N/A
1.2288 Mcps 3 | N/A N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbgs 153.6 kbps
1.2288 Mcps 4 | N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps
1.2288Mcps 5 | N/A N/A 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps
3.6864 Mcps 6 | N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbEs 153.6 kbps 307.2 kbps
3.6864 Mcps 7 | 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps 614.4 kbps
3.6864 Mcps 8 N/A 14.4 kbps 28.8 kbps 56.7 kbgs 115.2 kbps 230.4 kbps 460.8 kbEs
3.6864 Mcps 9 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps 460.8 kbps 1036.8 kbps
Walsh 256 Walsh 128 Walsh 64 Walsh 32 Walsh 16 Walsh 8 Walsh 4
0 0 0 0 0 0 0
128
64 64
192
32 32 32
160
96 96
224
16 16 16 16
144
80 80
208
48 48 48
176
112 12
240
8 8 8 8 8
136
72 72
200
40 40 40
168
104 104
232
24 24 24 24
152
88 88
216
56 56 56
184
120 120
248
4 4 4 4 4 4
132
68 68
196
36 36 36
164
100 100
228
20 20 20 20
148
84 84
212
52 52 52
180
116 116
244
12 12 12 12 12
140
76 76
204
a4 a4 a4
172
108 108
236
28 28 28 28
156
92 92
220
60 60 60
188
124 124
252




¢dma2000 Walsh Code Table

Spreadrate  RC
1.2288 Mcps 1 N/A N/A 9.6 kbps N/A N/A N/A N/A
12288 Mcps 2 | N/A N/A 14.4 kbps N/A N/A N/A N/A
1.2288 Mcps 3 | N/A N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps
1.2288Mcps 4 | N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kBps 307.2 kbps
1.2288Mcps 5 | N/A N/A 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps
3.6864 Mcps 6 N/A 9.6 kbgs 19.2 kbps 38.4 kbps 76.8 kbEs 153.6 kbps 307.2 kbps
3.6864 Mcps 7 | 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps 614.4 kbps
3.6864 Mcps 8 /A 14.4 kbps 28.8 kbps 56.7 kbgs 115.2 kbps 230.4 kbps 460.8 kbgs
3.6864 Mcps 9 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps 460.8 kbps 1036.8 kbps
Walsh 256 Walsh 128 Walsh 64 Walsh 32 Walsh 16 Walsh 8 Walsh 4
1 1 1 1 1 1
129
65 65
193
33 33 33
161
97 97
225
17 17 17 17
145
81 81
209
49 49 49
177
113 113
241
9 9 9 9 9
137
13 73
201
4 41 4
169
105 105
233
25 25 25 25
153
89 89
217
51 57 57
185
121 121
249
5 5 5 5 5 5
133
69 69
197
37 37 37
165
101 101
229
21 21 21 Al
149
85 85
213
53 53 53
181
117 17
245
13 13 13 13 13
141
1 71
205
45 45 45
173
109 109
237
29 29 29 29
157
93 93
221
61 661 61
189
125 125
253




¢dma2000 Walsh Code Table

Spreadrate  RC
1.2288 Mcps 1 N/A N/A 9.6 kbps N/A N/A N/A N/A
12288 Mcps 2 | N/A N/A 14.4 kbps N/A N/A N/A N/A
1.2288 Mcps 3 | N/A N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kb E 153.6 kbps
1.2288 Mcps 4 | N/A 9 6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps
1.2288Mcps 5 | N/A 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps
3.6864 Mcps 6 | N/A 9 6 k E 19.2 kbps 38.4 kbps 76.8 kbg 153.6 kbps 307.2 kbps
3.6864 Mcps 7 | 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps 614.4 kbps
36864 Mcps 8 | N/A 14.4 kbps 28.8 kbps 56.7 k B 115.2 kbps 230.4 kbps 460.8 kbE
3.6864 Mcps 9 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps 460.8 kbps 1036.8 kbps
Walsh 256 Walsh 128 Walsh 64 Walsh 32 Walsh 16 Walsh 8 Walsh 4
2 2 2 2 2 2 2
130
66 66
194
34 34 34
162
98 98
226
18 18 18 18
146
82 82
210
50 50 50
178
114 114
242
10 10 10 10 10
138
74 74
202
42 42 42
170
106 106
234
26 26 26 26
154
90 90
218
58 58 58
186
122 122
250
6 6 6 6 6 6
134
70 70
198
38 38 38
166
102 102
230
22 22 22 22
150
86 86
214
54 54 54
182
118 118
246
14 14 14 14 14
142
78 78
206
46 46 46
174
110 110
238
30 30 30 30
158
94 94
222
62 62 62
190
126 126
254




¢dma2000 Walsh Code Table

Spreadrate  RC
1.2288 Mcps 1 N/A N/A 9.6 kbps N/A N/A N/A N/A
1.2288 Mcps 2 | N/A N/A 14.4 kbps N/A N/A N/A N/A
1.2288 Mcps 3 | N/A N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbgs 153.6 kbps
1.2288Mcps 4 | N/A 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps
1.2288 Mcps 5 | N/A N/A 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps
3.6864 Mcps 6 | N/A 9.6 kbgs 19.2 kbps 38.4 kbps 76.8 kbEs 153.6 kbps 307.2 kbps
3.6864 Mcps 7 | 9.6 kbps 19.2 kbps 38.4 kbps 76.8 kbps 153.6 kbps 307.2 kbps 614.4 kbps
3.6864 Mcps 8 | N/A 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps 460.8 kbgs
3.6864 Mcps 9 14.4 kbps 28.8 kbps 56.7 kbps 115.2 kbps 230.4 kbps 460.8 kbps 1036.8 kbps
Walsh 256 Walsh 128 Walsh 64 Walsh 32 Walsh 16 Walsh 8 Walsh 4
3 3 3 3 3 3 3
131
67 67
195
35 35 35
163
99 99
227
19 19 19 19
147
83 83
211
51 51 51
179
115 115
243
1 1 1" n 1
139
75 75
203
43 43 43
il
107 107
235
27 21 21 21
155
91 91
219
59 59 59
187
123 123
251
1 7 7 7 7
135
Jil 71
199
39 39 39
167
103 103
231
23 23 23 23
151
87 87
215
55 55 55
183
19 119
247
15 15 15 15 15
143
79 79
207
47 47 47
175
m m
239
31 31 31 31
159
95 95
223
63 63 63
191
127 127
255




5. Appendix B:
Agilent solutions for cdma2000

Signal generation

This section provides a list of Agilent equipment that
you can use to make measurements on your cdma2000
components and systems today.

The Agilent ESG-D series RF signal generators with
Option 101 have the capability of simulating statistically-
correct forward and reverse link cdma2000 signals for
component testing#1. An easy-to-use interface allows
you to:

¢ select the Spreading Rate (SR1 or SR3)

¢ choose multicarrier or direct spread in the
forward link;

¢ use QPSK/HPSK modulation/spreading in the
reverse link;

e select from several predefined cdma2000 multi-
channel signals; or

¢ use the table editor to fully configure a cdma2000
multi-channel signal per your requirements.

1. cdma2000 forward and reverse link signals for receiver measurements will be available in the future in the Agilent ESG-D series RF signal generators

20



Signal analysis

Table 3 provides a list of Agilent signal analyzers that
have cdma2000 measurement capabilities today (as of 6/99).

Table 3. Agilent instrument capabilities for cdma2000
Agilent Instruments
cdma2000
Vector signal analyzers Spectrum analyzers
VSA series igé?gé\ 8560 8590 E-series ESA-E
Measurements transmitter vector | E-series with series
tester! signal | Spectrum | measurement |spectrum
analyzers? analyzers3| personality? |analyzers3
Channel power ([ ([ ] o o [ ]
Occupied bandwidth [ ] ([ ] ([ o
4 5 5
In-band ACPR o ® { () [ )
Emissions In-band 13 6 6
spurious o o o ® o
Out-of-band up to up to 6
spurious/harmonics 4 GHz8 2.6 GHz® ® ® o
Peak/average power ratio [ ] o o
CCDF [ J o
EVM ; o
(uncoded) o ®
Rho/EVM . 10
Modulation (coded) hd e
quality—
forward I/Q Offset ( J [}
link Frequency
accuracy o o
Code-domain "
power ®
Modulation | EVM 7 8
quality— (uncoded) o ®
reverse Rho/EVM 2
link (coded) @ or
Notes:

1.

2
3.
4

No o

Measurement pre-configured for cdma2000.
Some measurements pre-configured for cdmaOne. Measurement parameters can be manually
changed to accommodate cdma2000.
Measurements are not pre-configured to a specific standard. Measurement parameters can bhe
manually selected to accommodate cdma2000.
ACPR measurement is not part of cdmaOne standard specifications. However, individual NEMs
typically specify ACPR as a figure of merit for component testing. This may also apply to cdma2000.
Measurement can be performed if same integration bandwidth is used for main channel and offsets.
Power (or rms) averaging is not available. The Agilent ESA-E series is targeted at service applications.
Manual measurement (no automatic spurious search).
Measurement can be performed if the reverse link configuration forms a QPSK constellation.
See related sections in the application note for more detail.
Measurement can be performed if the reverse link configuration forms a "conventional" constellation.
See related sections in the application note for more detail.
Only available for SR1 and SR3 MC.

. There are several interpretations of rho. The 89400 series vector signal analyzers can make the
rho measurement with certain assumptions. Coded EVM is not available in this instrument.

. Available in an external PC.

. RC1 and RC2 only.

. Pre-configured for cdmaOne. Measurement parameters can be manually selected to
accommodate cdma2000.

21



6. Glossary

2 G . Second Generation
B Third Generation
SGPP2 ... Third-Generation Partnership Project 2
ACPR ... e Adjacent Channel Power Ratio
ARIB ............ .. ... ... ... Japanese Association of Radio Industries and Businesses
BPSK ... Binary Phase Shift Keying
CCDF ...... ... i Complementary Cumulative Distribution Function
CDM A .. Code Domain Multiple Access
cdmaOne ........... ... . . . i IS-95 standard-based CDMA system
cdma2000 ......... . e cdmaOne derivative, 3G proposal
DS . e e Direct Spectrum
EVM Error Vector Magnitude
HPSK .. Hybrid Phase Shift Keying
TF e Intermediate Frequency
IMT-2000 .......... ..., International Mobile Telecommunications-2000
L/ In-phase/Quadrature
IS-95 ... ... .. ... Interim Standard for US Code Division Multiple Access
MO . e e Multiple Carrier
NEM ... e e Network Equipment Manufacturer
OCQPSK ......... ... ... ..., Orthogonal Complex Quadrature Phase Shift Keying
OQPSK . ... Offset Quadrature Phase Shift Keying
PSK . Phase Shift Keying
QAM ... Quadrature Amplitude Modulation
QPSK .. Quadrature Phase Shift Keying
RO . Radio Configuration
RE e e Radio Frequency
R-CCCH . ... . . e Reverse-Common Control Channel
R-DCCH . ... e Reverse-Dedicated Control Channel
R-EACH . ... ... . . i Reverse-Enhanced Access Channel
R-FCH . . ... e e Reverse-Fundamental Channel
R-Pilot . . ... Reverse-Pilot
R-SCH . ... .. e e Reverse-Supplemental Channel
SR e Spreading Rate
TIA . Telecommunications Industries Association
TTA .. Korean Telecommunications Technology Association
TTC ... Telecommunication Technology Committee
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Agilent Technologies’ Test and Measurement

Support, Services, and Assistance

Agilent Technologies aims to maximize the value you
receive, while minimizing your risk and problems. We
strive to ensure that you get the test and measurement
capabilities you paid for and obtain the support you
need. Our extensive support resources and services can
help you choose the right Agilent products for your
applications and apply them successfully. Every instru-
ment and system we sell has a global warranty. Support
is available for at least five years beyond the production
life of the product. Two concepts underlay Agilent's
overall support policy: “Our Promise” and “Your
Advantage.”

Our Promise

Our Promise means your Agilent test and measurement
equipment will meet its advertised performance and
functionality. When you are choosing new equipment,
we will help you with product information, including
realistic performance specifications and practical rec-
ommendations from experienced test engineers. When
you use Agilent equipment, we can verify that it works
properly, help with product operation, and provide
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Your Advantage means that Agilent offers a wide range
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extra-cost upgrades, out-of-warranty repairs, and on-site
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services. Experienced Agilent engineers and technicians
worldwide can help you maximize your productivity,
optimize the return on investment of your Agilent
instruments and systems, and obtain dependable
measurement accuracy for the life of those products.
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