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CDMAZ2000 design
and performance requirements

Various heterodyne solutions have continued to flourish through incarnations of
transceiver designs, each generation adding new control loops or components
to improve the architectures. While communications standards such as
CDMA2000 provide challenging performance requirements, the trends are for
deep cost reduction, highly integrated solutions and flexibility.

By Bill Schofield and Brad Brannon

o reduce the costs of code-division
multiple-access systems, circuit stage|
are being integrated or reduced wherevgr
possible, with an eye toward digitizing a
soon as possible. This has resulted in strofg
interest in architectures such as direqt
conversion for high-performance receivers.
Direct conversion offers simplicity and a|
minimum of components consisting of an
RF gain stage, in-phase and quadrature (IQ)
demodulator and digitizing circuitry. This
technique, in use for user equipment, is still
few years away from the provider side. In th¢
meantime, intermediate frequency (IF) sam
pling is the preferred architecture, offering
compromise between performance and codt.
In addition to lowering cost, another ben
efit of IF sampling is that it offers great
flexibility. The two main categories of analog
filters are a band filter and a Nyquist filter.rigure 1. Multicarrier Rx signal path.
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estimation. Because DDCs are digital and
fully programmable, they can be changed téigure (NF) and higher third-order interceptallowed to desensitize the receiver to the
meet the needs of the standards currentfyoint (IP3) performance. Fortunately, asmaller desired signals. Therefore, gain con-
being received. Although this is softwarethe demands for performance have increasetipl must be minimal or absent. Therefore, it
selectable, the manufacturer determines thesemiconductor device performance hais desirable for a fixed gain to be used. As
characteristics as part of the firmware that imet the challenge and enabled the reducethown in Figure 1, the ADC is the last analog
installed during the assembly and test proces®mpologies. elementin the chain. Given a full scale on the
Because it can be determined during manufac- Looking at a multicarrier application in ADC of about +5 dBm, the maximum con-
turing, a single basic design may be used f& DMA2000, the minimum performance isversion gain can be estimated. If the largest
several deployments, reducing the costdefined by a sensitivity of -117 dBm/signal at the antennais -30 dBm and the ADC
associated with inventory, assembly and test.25 MHz. In addition, narrowband signalscan only tolerate a +5 dBm signal, this limits
While IF sampling and direct conversion87 dB or larger must also be tolerated inthe gain to 35 dB, maximum. Current, state-
are often used to reduce direct and indirestome bands. This places the largest signaf-the-art devices can produce this gain with
product costs, they do not come withousomewhere around -30 dBm. While these a@n NF of about 3 dB.
technical challenges. Most notable is that wittminimum specifications, many receivers Is this enough gain? To determine the
fewer stages, the required gain and filteringypically outperform these numbers by manynswer, it is necessary to ensure that the
must take place with fewer devices, resultinglecibels. Because many of these systems aveise floor of the front end (everything up to
in the need for devices with a lower noisenulticarrier, the large signals cannot behe ADC) is greater than the input-referred
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Figure 2. PA linearization observation path sampling.
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Figure 3. Multicarrier adjacent-channel power ratio.

noise floor of the ADC. The noise from theto-noise ratio (SNR) of the desired signafor a 10*% probability, and a composite wave-

front end is (expressed in energy density) is abouform of six adjacent carriers has 12.9 dB
-16 dB. Because CDMA2000 uses correlaPAR. Peak-to-average power reduction

noise,, = 1010g(kTBW J+ Gain+ NF tion to detect the signal of interest, negativéPAPR) engines, such as the AD6633, can be
0.001 SNRs are acceptable as long as the correlatiosed to increase power amplifier (PA) effi-

noise,, = -174dBm/ Hz +35dB +3dB gain is_high (_enc_nugh. For CDMAZOOO_, th_eciency by_tradi_ng modula_tion accuracy for

correlation gain is about 21 dB, resulting icompressionwithout adding out-of-band
noise, =—136dBm/ Hz an effective SNR of +5 dB for this example. distortion. The AD6633 compresses a Six-
The noise floor of a typical 14-bit ADC, The transmit side poses even more chatarrier waveform by up to 6 dB.

such as the AD9444, is lenges. Because of regulatory requirements For greater efficiency, digital pre-distor-
noise ... =-145.94Bm/ Hz and specifications found in the standardgjon PA linearization moves the PA into satu-
ADC : complex feed forward and/or feedback loopsation while compensating for the resulting

_Because the front-end noise density is mucgy st pe used. Architectures become drivedistortion. Third-order intermodulation prod-
higher than that of the ADC, the ADC will ot o1y by costs, but by specifications suchicts in the forward path of a PA linearization
not significantly contribute to overall sensi-5 code domain powererror vector magni- loop will occupy a bandwidth three times
tivity of the receiver. However, if additional ,4e and adjacent-channel power ratio. Ththat of the signal, centered on the signal, with
sensitivity is desired, either an automatic gaiiangard for CDMA2000 (Section 4 of 3GPPifth order occupying five times the signal
control can be used or the 8 dB margin can kg 50010-B) defines a nominal test modebandwidth. The digital-to-analog converter
reduced or a combination of the two. having a pilot, sync, single paging channe{DAC) must have the same bandwidth to

_As shown in Table 1, signal levels can bgyq six traffic channels. Code-domain powecancel the distortion. For six adjacent carri-
high. Itis not uncommon for IF output levelS cppy can be considered code-domain noisers, 37.5 MHz is needed for fifth-order can-
to approach levels as high as +15 dBm 1 there is too much then the receiver's abilitycellation. In the observation path, the RF is
overcome the loss of following analog filtersy, ge_correlate channels is reduced. For atown-mixed and digitized to baseband where
such as the Nyquist filter shown in thesrq1/RC3 carrier, the code-domain poweit is averaged with a digital signal processor,
example. Because these levels are so highy )| pe |ess than 27 dB. CDP can be calcwvhich also computes new pre-distortion co-
third-order intercepts can become a probleniaieq using error vector magnitude (EVM)efficients. One possible digitization approach

In traditional receiver architectures thisyng gpreading factor (Walsh code). mixes down close to dc using an ADC nyquist
problem can be mitigated by distributing theCADP = lOlogw(EVMz/SF) bandwidth equal to the distortion bandwidth.
gains and losses over more stages, but in"a zntenna power amplifiers operating pointsFor six adjacent carriers, a 92.16 MSps ADC

multicarrier IF sampling and direct conver-,.q set 5o that signal crests are below thiesufficient (Figure 2a). Alternatively, a down-
sion radio, this is often not possible. For & mjifier's maximum unsaturated outputmix to a low IF followed by an undersampling
case in point, the Nyquist filter is often imple-,\ver Depending on the type of informatiorADC captures the third-order components
mented as a surface-acoustic wave (SAWjging transferred, a carrier can have higtithout aliasing with higher orders aliasing in
filter. Because SAW filters have such highpeak-to-average ratios (PAR) if the compoband; for an IF of 76.8 MHz, a 61.44 MSps
losses, their input levels must often be drivenent signals add in-phase; combining mulconverter is sufficient (Figure 2b). The ADC’s
hard to overcome their loss. If the filter weretiple carriers further increases the probabilityisiortion should be lower than the desired
a lower loss version, the input drive levelof phase alignment, increasing the PAR. Thgntenna distortion, typicalls 70 dBc spuri-
could be greatly reduced and IP3 perforincreased PAR lowers the efficiency of thepus-free dynamic range. The samples are av-
mance would be easier to meet. power amplifier for a fixed linearity. A single eraged so the ADC's noise can be relaxed to
Noted in Table 1 is the fact that the signalnominal test model carrier has 9.6 dB PAR135 dBm/Hz, which is about 60 dB SNR.
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Figure 4. Multicarrier linearity level plan.
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Figure 5. Multicarrier noise level plan.
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Figure 6. Simplified transmit signal chain.
The 3GPP2 emissions requirements determine linearity, widebanc

: . - . - ise and dynamic range requirements of the converters. To illustrate
n. The ACPR for a single caFr)rlzzrf, dominated by IP3, is estimated by e requirements, a worked example of a 30 W PA. using PAPR anc

~ 0 —0.Y 2 _g O -distortion linearization for six carriers at an RF of greater than
=~16.12 + 0 o o + pre-distor g
ACPR=16.12 10|09mg48[(DIP3ZB (3-{0) @o" -8 Q)B 1 GHz with category A emission requirements will be considered.
Using the above observations and equation, one can refeConsider first the linearity requirements for a single carrier
multicarrier linearity specifications to a single carrier and calculaEigure 4a). The first requirement is -45 dBc¢/30 kHz from 885 kHz to
signal chain requirements. 1.25 MHz. The second is a -45 dB¢/30 kHz requirement at 1.25 MHz
The 3GPP2 specification defines the waveform qualitysing a offset or -9 dBm/30 kHz, whichever is the more stringent. The next
single pilot channel and requires it be >0.912. Compps#@@ better limitation is at 1.98 MHz, but since a single carrier’s third-order
measure of system modulation accuracy, and if determined by catistortion does not occupy 1.98 MHz, the defining limitation on a
ponent linearity, the below equation provides a good approximatigingle carrier’s linearity, for a 44.77 dBm/1.2288 MHz carrier, is the

4P, -9 dBm/30 kHz requirement. For six carriers (Figure 4b), per-carrier

p=1- 30IP3 power is now 36.99 dBm/1.2288 MHz, occupying a distortion band-
S width of 7.479 MHz from the edge of the outermost carriers. The

The above approximation links to EVM by, -9 dBm/30 kHz at 1.25 MHz is a requirement for multicarrier, but this
EVM (%) =100* }_1 does not define the linearity. A requirement starting at 2.25 MHz
p offset of -13 dBm/1 MHz defines the linearity requirement. With 3 dB

which can be used to approximate the CDP, as detailed above. margin over the specification, the ACPR requirement becomes
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-68.21 dBc/30 kHz at 2.25 MHz offset. Referring back to the single
carrier case, (Figure 4c) dividing the frequency offset from the
edge of the carrier by six gives a linearity requirement of -68.21 dBc/
30 kHz at 887 kHz frequency offset. This is a harder linearity
requirement than the single carrier case.

Consider the noise requirements. The single carrier case, Figure
5a, has a 9.67 dB peak-to-average ratio with 2.5 dB reduction for
peak-to-average power reduction and 3 dB extra dynamic range fol
digital pre-distortion, giving a peak of 54.94 dBm/1.2288 MHz.
Category A emission limits the noise to -13 dBm/1 MHz at a 4 MHz
offset. With 3 dB of margin, this requires 70 dB of dynamic range or
-130.94 dB/Hz noise power spectral density. The six-carrier case,
Figure 5b, has 12.9 dB of peak-to-average ratio, but this can be
reduced by 6 dB with peak-to-average power reduction. Allowing
3 dB extra dynamic range for digital pre-distortion puts the peaks at
54.67 dBm/1.2288 MHz, about the same as the single carrier peak.

The six-carrier requirement of -16 dBm/1MHz at 2.25 MHz
offset determines the linearity. The wideband noise is defined by the
-16 dBm/1 MHz category A emissions plus margin requirement.
Looking at a simplified signal chain (Figure 6), modulators typically
have an output power of -15 dBm. With 20 dB variable gain amplifier
(VGA) gain, the PA needs 40 dB to deliver +45 dBm from the DAC.
With PA linearization, a +15 dBm PA output third-order intercept point
(OIP3) improvement can result. Modulators typically have an OIP3 of
approximately +18 dBm, and VGAs have OIP3s exceeding +20 dBm for
20 dB gain. The cascaded OIP3 at the PA output is +75.15 dBm anc
suggests that the overall OIP3 is dominated by the PA and is insensitive t
DAC linearity. This OIP3 gives -15.22 dBm/1 MHz at 2.25 MHz offset.

The modulator will typically have a noise contribution of about
-155 dBm/Hz. Setting the DAC and synthesizer contributions to
-155 dBm/Hz and -152 dBm/Hz, respectively, means that to achieve
the wideband noise requirement of -16 dBm/1 MHz, with this gain
planning, requires the VGA and PA to have an NF of 8 dB. With this
level plan, the DAC’s mean output is at -15 dBm. With 10 dB due
to peak-to-average overhead, this puts the DAC’s full scale output
at -5 dBm. The DAC'’s dynamic range needs to be -150 dBFS/Hz.
The AD9779 is suited to this signal chain. An approximaitef
0.9987 and a code domain power of -46.96 dB will result.

The requirements for high rate packet data access, 1x Evolution:
Data Only (1xEV-DO), are detailed in the 3GPP2 specification
C.S0032-0. The limitations on emissions are the same as discussed |
this document, but the waveform quality facter,s improved to
0.97. So the system has to be more linear with similar noise require:
ments. As shown by the simplified signal chain design, the linearity is
dominated by the PA and will have minimal impact on the converter
performance requiremen®RFD
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