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ABSTRACT

The effect of Walsh code assignment and data correlation on the
peak-to-average power-ratio (PAPR} of a downlink CDMA signat is
investigated. A PAPR-reduction algorithm is proposed using data re~
versal and channel hopping. Simulations show that improved PAPR
reduction and bit-error rate performance can be achieved by the pro-
posed algorithm.

1. INTRODUCTION

In the field of personal communications, high data-rate wireless ap-
plications have attracted a great deal of attention, and one of these ap-
plications is code-division multiple-access (CDMA). Itis well known
that the capacity of a CDMA system is limited by multiple-access in-
terference (MAI). Since the peak-to-average po-wer-ratio (PAPR) of
the transmit signal in CDMA systems is usually quite high, the sig-
nal may be distoried if the transmitter contains nonlinear components
such as power amplifiers (PAs). As a result, nonlinear distortion be-
comes another interference source that further degrades system per-
formance. In order to mitigate the nonlinear distortion, the PAs can
be operated with a large backoff but such operatioti makes the PAs in-
efficient. Recently, several algorithms for the reduction of nonlinear
distortion for downlink CDMA systems have been proposed [13-[3].
In [11(2], Walsh code selection algorithms to reduce the PAPR of
the transmit signal were described, but the effects of data correlation
on PAPR were not considered. In [3], an algerithm using deliber-
ate data reversal to reduce the power variance of the transmit signal
at the cost of bit-error rate (BER) performance degradation was re-
ported. In this paper, we propose a new PAPR reduction algorithm
based on data reversal and channel hopping for downlink CDMA
systerns. Computer simulations demonstrate that considerable im-
provement in PAPR reduction as well as BER performance can be
achieved.

2. WALSH CODE BASICS

The N x N Hadamard matrix can be generated recursively as fol-
lows:

Hy,2 Hyye

H,=[1]; Hy= [ wre —Huys

] for N > 2. ()
The Walsh code W, (0 < i < N - 1} of length IV is obtained as
the (i + 1)th row of H, and subscript i will be used as the index
of Waish code W,. Several useful properties of the Walsh code are
listed below.
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Property 1 The component-wise product of two Walsh codes of the
same length is also a Waish code. For example, if W, and W; are
both Walsh codes of length N, then W.; ;. = W, - W, forms a
new Walsh code of length N.

Property 2 For a given Walsh code W; = [W (0D : N/2 - 1)
Wi {N/2: N —1)], the component-wise product of W and W o
can be expressed as Wo; o> = [Wil(0: N/2 — 1) —W,(N/2:
N -1

Property 3 Walsh codes with indices of 2k, especially for k > 3,
have a large runlength, where the runlength is the maximum number
of continuous 1's or -1’s in the codeword.

3. SYSTEM DESCRIPTION

In this section, the models of a nonlinear PA and the downlink CDMA
transmitter are briefly described.

3.1. Nonlinear PA model

A memoryiess mode! for a nonlinear PA is described in [4] where
only amplitude-modulation/amplitude-modulation { AM/AM) conver-
sion is considered. The input-output relationship is given by

_ X
Tt X

AlX)
where A(X) and X represent the amplitude of the output and input
signals, respectively. Parameter p in (2) is a positive number to con-
trol the smoothness of the nonlinear curve, and a good approximation
of a solid-state PA can be obtained by selecting p in the range 2 to
3. The nonlinear characteristic for various values of p is illustrated
in Fig. 1.

3.2. Transmitter model

The generation of a downlink CDMA signal is illustrated in Fig. 2.
For the kth user, the traffic bits are moduiated using quatrature phase-
shift modulation (QPSK), where d, () and d {(n) represent the nth
traffic bit in inphase (I) and qudrature (Q) branch, respectively. After
being scaled by the power-control factor Gy, the QPSK-modulated
symbol is spread by an assigned Walsh code W ;. The spread signals
for different users are combined before being multiplied by the chip-
rate complex scrambling sequence Py, namely, Pl + jPY. The
scrambled signal is then passed through a root raised-cosine rolloff
filter, with impulse response h(t). Owing to the band-limited prop-
erty of the channel, the pulse width of &({} would span over several
chip intervals. At the last stage, the output of the filter is fed into the



Figure 1: Nonlinear characteristic of a PA for various values of p.
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Figure 2: Configuration of transmitter at the base station.

power amplifier.

For convenience, waveforms are represented only for a symbol pe-
riod Ts and the subscript/index n will be ommitted hereafter. The
transmit CDMA signal s(t) can be expressed as

L Ny

=3 S GeWLOAPOR(E - IT) )

I=1 k=1

where T is the chip duration, L is the number of chips per symbol
duration, NV, is the number of active vsers in the system, Wg(!)
represents the lth chip of Walsh code Wy, and the complex data
symbol dj. and scramble sequence P () arc given by

di = di + jd @
and
P() =PI+ 5P21). (5)
respectively. For simplicity, {3) is expressed as
s(t) = I1(t) +7Q(1) 6
where

L Ny
1) ZZ GeWi()Re [diP()] At —IT)  (7)
=1 k=1
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L Ny

QY = Y. GeWi(Dim [P At - ITe).  (8)

i=1 k=1

Functions Re [-] and Im [-] in (7) and (8) represent the real and imag-
inary components of the signal, respectively.

4. DEPENDENCE OF PAPR ON WALSH CODE
SELECTION AND DATA CORRELATION

Generally, the PAPR of a transmit signal is defined as the ratio of its
peak and average power. If we denote the envelope of the transmit
signal s{t) as E(t), then the PAPR of signal s() is defined as

PAPR = max [E*(1)] ‘
[s(2)] = —E-El—*jz—(t_)]— 9

where max [-] and £ [] denote maximum and expectation, respec-
tively. From Eqs. (3)-(8), we have

Pty + Q%)
Z Z {Gity Gioy W, (11 )W, (EZ)RE fde, P(11)]

.4z fey ke
‘Re [de, P(l2)] R(t — LT )R(t — 12Tc)}
+3 3" Gy Gy Wi, (L)W (12)Tm [dey P (1)
o hadz kg kg
-Im [deP(iz)] h(t - lle;)h(t - lzTc)} (10)

Bty =

Eq. (10) can be further simplified as

E )= E\ + Ba an
where
B = Y 2GkCx, dl,di, +d )
k1,k2
LY Wekia> QA — 1T (12
¢
and

3N Gk G Wiy () Wiy (l2)Re [di, P (1)

t1#ln k1,ka
Re [diy P(12)] At — LTL)A{E - 1T2)}

+ 3 D Oy Gy Wiy (1) Wiy (12)Im [, P(1)]

tiotia kyk2

Im [di, P(l2)) B{t — LT)R(t - 2T:) {13)
Therefore, Eq. (9) can be express as

max [E; + E3
£ B2 (1))

From (14} it follows that in order to reduce the PAPR of the transmit
signal, the peak value of E; 4+ E; must be reduced. As can be seen
from (13), the value of £ is randomly distributed due to the compiex
scrambling code P. Therefore, &1 dominates the value of F1 +
Ey. From Eq. (10}, it can be observed that the peak value of £
depends on two factors. First, its peak value depends on the product
of each pair of assigned Walsh codes. If the runlength of Wz, ips

PAPRg = (14)



is large, then the peak value of Ey can be large since the pulse width
of h(t) spans over several chips. If the product of the power-control
factors G, and Gy, is large, then the peak value of E1 can be large.
Second, if vectors [dﬂl dSJ and [dL2 dfz] are correlated, then the
peak value of E) may be large. In the next section, a PAPR-reduction
algorithm is proposed based on these observations.

5. PAPR-REDUCTION ALGORITHM

First, we follow [1] to determine the Walsh code allocation. At the
base station (BS), the whole Walsh code space is divided into 8 bins,
ie., Vi, Va, - -, Va. A Walsh code falls into bin V; if its index mod-
ulo by 8 is equal to 7. At the stage of call origination, the BS counts
the number of assigneﬂ Walsh codes in each bin and an available
Walsh code in the lowest bin will be allocated to the new user. In this
way, the occurrence of a Weg, &, with large runlength is reduced.
Next, the correlation between the data of users in the same bin is con-
sidered. If users k; and k3 are in the same bin and vectors [d{cl dfl]

and [d,ﬂz deg] are correlated, then the sign of dfﬁ is reversed. Such

operation makes vectors [ciil dfl] and [dﬂ2 - d',‘;":] uncorrelated
and the peak value of Ey is reduced. However, this deliberate data
reversal can cause detection error if no proper scheme is adopted at
the receiver. To avoid such error, a channel hopping scheme can be
applied. When data reversal oceurs for user kg, the Walsh code as-
sociated with user kg will hop from Wy, to Wy, 1 n/2, which does
not change the bin distribution, At the mobile station (MS), the re-
cetved signal is passed through the root raised-cosine rolloff filter,
and then descrambled, as shown in Fig. 3. Next, the chip-rate sig-
nal is demodulated using both of the assigned Walsh codes Wy, and

Wi, +nya, and the output signals of correlators are denoted as Pl

ka
and rﬁﬁh_h . Based on this knowledge, a hard decision can be made

using the following criterion.

If lr,’c2| > |va,'2+k,|, then d,ﬂz = sign(rﬂz};

else d,’cz = sign(rf\,/2+,c2};
If frf,| > Irf,/2+k2[, then d,i = sign(r,?z);

else d,fz = sign(—rﬁ/2+k2);

Q)
N{2+ks

has more power, the sign of rﬁ Favk is reversed before final decision
. . 2 -

and, therefore, the potential detection error caused by the deliberate

data reversal is avoided.

where sign(-) represents the sign function. In particular, if r

The complexity of the above algorithm seems to be quite high since
the MS must demodulate two Walsh channels simultaneously. In
practice, the demodulation procedure can be simplified as shown in
Fig. 4. After descrambling, the chip-rate signal is demodulated us-
ing only Walsh cade. The correlations of the descrambled signal and
Wi, in the time intervals [0,7%/2] and [T,/2,T| are performed
and the output signals are denoted as 'réi?]) and '";2,2 , respectively.
Based on Property 2 of the Walsh code, it can be seen that the corre-
lator output signals for channels Wy, and Wy, 4 n/2 tan be obtained

HQy _ Q) He) HQ) _ L@ Q)
as Ty~ =TT b and Ty, =Ty, (1) — e, *'(2),

respectively. Thus, demodulation of two Walsh channels at MS is
avoided. Compared with the receiver structure in Fig, 3, the com-
plexity, of the receiver in Fig. 4 is dramatically reduced.
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Figure 3: Structure of receiver at the mobile station.
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Figure 4: Simplified structure of receiver at the mobile station.

6. SIMULATIONS

Simulations were carried out for a downlink CDMA system with 14
active users in which Walsh codes 0, 1, and 32 were assigned to the
pilot, paging, and sync channels, respectively. The power-control
factors for the pilot, paging, and sync channels were set to 1, and
that of each waffic channel was set to 0.8. Two different bin con-
figurations for active users were considered with Walsh code indices
T: = {4, 8, 12, 16, 20, 24, 28, 36, 40, 44, 48, 52, 56, 60} and
T3 = {2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15}. Note that
configuration 2 had a more balanced distribution than configuration
1. The rolloff factor of the square-root raised-consine filter was cho-
sen as (.22 and the pulse width of its impulse response spanned 12
chip intervals. The long PN sequence was a randomly generated
code with length 2%, The proposed algorithm was applied to the
case of configuration Z, and the complementary cumulative distri-
bution function (CCDF} of the PAPR of the transmit signal is plotted
as a solid line in Fig. 4. For comparison purposes, the CCDFs of
the PAPRs of the transmit signals using configurations I, and Ty are
plotted in the same figure as dash-dot and dashed lines, respectively.
It can be observed that at the clipping level of 107, the PAPR of the
transmit signal using the proposed algorithm is 1.4 dB and 1.7 dB
less than that with configurations 2 and 1, respectively.

The BER performance of the CDMA system using the proposed al-
gotithm was evaluated in an additive white Guassian noise (AWGN)
channel. In the simulations, the nonlinear PA had the characteristic
shown in Fig. 1 with p = 3. The BER performance achieved is
plotted in Fig. 5 as a solid line. The BER performance of the sys-
tems with configurations 2 and 1 is plotted in the same figure with



~"Fin canfiguration 1
- in configuration 2
prope anthm

CCDF(PARRAPAPH}

PAPR,

Figure 5. CCDFs for PAPRs of transmit signals for various configu-
rations.

dash-dot and dashed lines, respectively, as reference. As can be seen
from the figure, in the range of high SNR, the BER performance of
the system using the proposed algorithin is better than that of the
systems with configurations 2 and 1. For example, at the levei of
BER = 107%, the SNR 1equired by the proposed algosithm is 1 dB
and 1.5 dB less than that required by configurations 2 and 1, respec-
tively. On the other hand, in the range of low SNR, the BER perfor-
mance of these systems is comparable. The performance degradation
of the proposed algorithm for low SNR is due to the fact that AWGN
dominates the noniinear distortion when the SNR is low.

BER

SN |dB)

Figure 6: Comparison of BER performance for various system con-
figurations.

7. CONCLUSIONS

The effect of Walsh code assignment and data correlation on the
PAFR of the downlink CDMA signal has been investigated. Based
on our analysis, a new PAPR-reduction algorithm using data rever-

sal and channel hopping has been propesed. Simulations show that
at the clipping level of 1078, approximately 1.4 dB improvement
can be achieved by the proposed PAPR-reduction algorithm. The
system performance of the CDMA system in term of bit-error-rate
was evaluated in an AWGN channel. It is observed that at the level
of BER = 107%, the SNR required by the proposed algorithm is
approximately 1 dB less than that required by the algorithm in {11.
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