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Abstract—In general, the signal of the conventional In this paper, a simple system using majority multi-
multi-code CDMA system has large fluctuations, and these plexing is proposed for the reduction of PAPR. First, the
fluctuations increase nonlinear distortion at a high effici@t  pehavior of the conventional multi-code CDMA system
nonlinear amplifier. To reduce nonlinear distortion, the 54 the majority multiplexing CDMA system will be
amplitude fluctuations of the signal should be reduced as shown. Then our proposed system will be introduced.

much as possible, so majority multiplexing and constant Einallv. th f £ 1h d and
amplitude coding are developed. But, as the system uses inally, the performance ot the proposed and conven-

more codes, both methods make the system more complexional systems will be compared.

because the data bits are coded se\_/gral times._ The proppsed Il. SYSTEM MODEL

system does not need the additional coding and just ) )

needs simple sign operations. And it uses the same simple®- Conventional Multi-Code CDMA System

receiver as the conventional multi-code system. The block diagram of the conventional multi-code

CDMA system is given in Figure 1.
|. INTRODUCTION

One of the mobile communication systems, code divi- W"Wl

sion multiple access (CDMA) is a very attractive system Vi

and has been focused on as the third-generation (3G)
qn S/P—Pé

Y VY

system. The 3G system requires high data rate, high
QoS, large capacity, and flexibility. The most important oy
feature of the 3G system is to service very high data rate >
of maximum 2 Mbps. This system can offer a variable
data rate service using multi-code for high rate and a

variable spreading gain method for low rate. W

Especially, the multi-code CDMA system can offer < i ) e
a higher service rate than any other system, and has ‘ N
enough ability to transfer a MPEG2 video stream. But, it RO > : PS4
has a problem of large amplitude fluctuations from muilti-

plexing several codes. These fluctuations cause nonlinear
distortion and out-of-band radiation at a nonlinear am-
plifier [1]. To reduce nonlinear distortion, the amplitude Fig. 1.  Conventional multicode CDMA system
fluctuations of the signal should be reduced as much

as possible. These fluctuations can be described as th8t the transmitter, the original data stream of a user

parameter, peak-to-average power ratio (PAPR). is represented as

(b) Receiver

As the methods of removing fluctuations, majority bt) — = 5 + kT 1
multiplexing and constant amplitude coding are devel- (1) = k; kpr(t—kT) (1)

oped [2], [3]. These methods make the amplitude of

the signal constant using redundant power for const%néﬁ?é? durlat(ign_ t=T) pr(t) = 0 (otherwise), and

enveloping. But, if the system uses many codes, bo_thThis data stream is divided int&/ parallel sub-streams

methods should be used as a 2-fold or more and it Wi}, a serial-to-parallel converter. The number of sub-stea
make the system much complicated, because the dgtdetermined by the required service rate. The originah dat
bits should be coded two times or more. stream before the S/P conversion can be expressed as



B. Majority Multiplexing CDMA System

+o0o N
b(t) = Z Z b - pr(t — (iN +n)T) (2) Majority multiplexing CDMA system is described in Fig-
i=—ocon=1 ure 2. The process of transmission is the same as the conven-
And, then-th sub-stream is as tional system except an additional process. In the tramsmit
after the parallel signals are summed, only the sign of the
I I signal is captured and multiplied by the PN sequence. The
()= Y bP(t—iNT)= Y Nod b7 -pnr(t—iNT)  structure of the receiver is the same as the conventiongsys
i=-00 i=—o00 3) Because the summed signal is change to a constant amplitude
signal, the correlation values at the receiver are alsogddn
wherepnr(t) =1 (0<t < T), pyr(t) = 0 (otherwise).
Then,n-th sub-stream multiplied by each WH sequence is WoW
as ‘»g tw,
+o0o Ny 1 5 _’é
bl (1) = —= 0w} pr, (t— (iNw+))Tw) (4) S8
i:z_:oo ; VN ’ >
where N,, T, = NT. Fig. 2.  Transmitter using majority multiplexing method kwi8
The summed signal is channels

N +o0o Ny

0o 1 . . , . Majority multiplexing method can be used in 3-code and 7-
by () = Z Z Z \/—N'bi Wi pr, (= (iNw+5)Tw) (B)  ¢o4e cDMA systems [1]. If this multiplexing is done several
times as 2 or more-fold system, the system can3isg 7™

Consequently, the amplitude of the summed signal has Igisges simultaneously. The 2-fold 9-code majority multijig
of peaks and large fluctuations. This signal is then muéihli system is shown in Figure 3.

by the Pseudo-Noise (PN) sequence assigned to each user as

n=11i=—o0 j=1

Wo

N 400 Ny Tw/Te 1 »@Wl—>;
ba(t) = DD D \/—N'b?'wﬁl'mﬂw/n sl
n=1i=—o0 j=1 I=1 goW] —
1. (t — (iNy + §) T — IT¢) (6) QBAS/PWE
>
where N,,T,, = N.T. (N, < N.). And the PAPR of this &
summed signal is L e

max|b?| N?
PAPR = sl 7 B
Bl TN ") .

Then, the Raised-Cosine Filter (RCF) for pulse shaping
filters the signal as
cos(mpt/T,)

(0 =)= (= grymp

whereg is the roll-off factor.
After the modulation, the signal is as

Smod(t) = |s(t)| - cos (wt + w(t)) (9) Fig. 3. 2-fold majority multiplexing symtem using 9 codes

ps>h

smc(—)) 8)

(b) Receiver

wherey(t) = arg(s(t)). And, the PAPR of the modulated When the system use&$§ perfect WH codes as the current
signal increases by about 3dB. IS-95 CDMA system, all the correlation values are degraded t
After that, a power amplifier (PA) amplifies the amplitude¢he same value in the comparison of the conventional system.
of the signal to the desired power level and the output signdN sequences also can be chosen as imperfect orthogonal
of the PA passes channel. codes [2], [4]. If the system uses imperfect orthogonal sode
At the receiver, the received signal is filtered by the BPRsm-sequences, truncated WH codesdrperfect WH code,
The filtered signal is demodulated and multiplied by ththe reassurance values change very deeply depending on data
pseudo-noise sequence again. After filtered by a Low Pdsts and codes. In most cases, the receiver receives lower
Filter (LPF), the signal is multiplied by each WH sequence arcorrelation value then the perfegt code system at the same
integrated for decision. Finally, these estimated dataastis transmission power, so the performance is even lower than th
are converted to one data stream. perfect code system.
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If the system uses a linear amplifier, the performance of ti: Proposed System
system is lower than that of the conventional system duego th A WH code set of orderN = 2" has 2" codes, de-

power redunda_\ncy. Bgt, when using a nonlinear amplifier, th@jeq {Wo,Wi,--,Wan_1}. In the proposed system, the
constant amplitude signal of _the perfect code system shows of the first coding blocks consists of every sequent
bet_ter performance than_the signal of the conventionaksyst 4 ¢odes fromWoy to Wan_1; {Wo, Wy, Wa, W5}, ---, and
which has large fluctuations. {Wan_4, Wan_3, Wan_o, Wan_1}. The set of second coding
. ) blocks consists of every sequent 16 codg8/, - -, Wis},
C. Constant AmplltUde COdlng CDMA SyStem e and{I/[/27l7167 cee W2n71}, in which each second Coding
The constant amplitude coding CDMA system is firdelock has 4 first coding block. So, the setketh coding blocks
developed by Tadahiro [3]. The basic method is the sarf@nsists of every sequetft codes, and eackrth coding block
as the3"-code majority multiplexing except that this methodias 4 & — 1)th coding blocks.
uses another specific code to make the signal constantdnstealne proposed multiplexing comprises several majority-
of capturing the sign of the summed signal. The 3-chanrd@ultiplexing levels. The first level multiplexing is exeeut
transmitter is shown in Figure 4. in the level of the first coding, in which arbitrary 3 codes
This method can be used not only in the 4-by-4 wigf the total 4 codes are used for multiplexing. The second
sequences but also in any lengfh WH sequences. The tota|leve_l mulltiple>.<ing is glso executed in the level of the saton
set of WH sequences having any length has specific Comg,q).dlng, in which arbnrqry 3 codes of the .total_4 code_s of the
nations of constant amplitude coding. These combinatioms &rst coding output. So, in the-th level multiplexing, arbitrary
based on the constant amplitude coding of basic 4-by-4 Wi-codes of the total 4 codes of the £ 1)th coding output.
code block. If the system choose specific 3 codes from WRE @ result, the system us8s codes and spends the power

codes set of any length, there is another code making cdnst@h#" codes,i.e. the power of4™ — 3" codes are redundancy.
amplitude. The selection of WH codes in the proposed 27-code system

of 64 chips is shown as an example in Figure 5.

WO
W W Selected second coding block
2
W Selected first coding block
" é " Selected code
P —>{s/p > >
SN X

vy v TN N

T () w, @)y w, (s

Fig. 4. Transmitter using constant amplitude coding methidd 3 W m “W @
channels @@@ 22

| e | | e
At the transmitter, the system makes one redundant bit using NN N N @@@ 22

3 other data bit for constant amplitude coding. Especialigmw -
using 4-by-4 WH sequences, specific combinations of 4 bits %Wﬂ@

make constant envelope. (The number of those combinations
is exactly a half of the number of total possible combinatipn

W W Weg W

Therefore, the system makes one redundant bit using 3 other w32w33w3 4W35 Wso@

original data bits in the 3-code model. After that, each sub- Pl e —

stream is multiplied by each WH sequences and summed to : ‘:Wsé‘:W3%v'f\WssI:W3év’ ‘:Wsév':W53I:W5A;v‘:W5§v’
Actually 3-code model of the constant amplitude coding is b YWY ) mw \

the same as 3-code majority multiplexing model. These two : PN ‘»59'

models waste about 25% of the total power as the redundant s I I P m
. : : . . LW IW W, W 8] [

bit for every coding, but it can be used for parity checking R g SN I @@@

in the constant amplitude coding. In the case of a 7-code
majority-multiplexing model, about 30% of the total power
are redundant for every constant enveloping, and it can also
be used for parity checking.

If we use 2-fold constant amplitude coding of 9-code, thefdg. 5. Selection of codes in the proposed 27-code system#of 6
are 7 redundant sub-streams of the total 16 sub-streamschips
this case, about a half, exactly 44% of the total power are
redundant. But, the redundant bits have an ability of céimgc ~ Basically, the proposed system makes the output of multi-
one error bit as well as error detection [5]. plexing of3™ codes have constant amplitude as Figure 6. If the

Not-selected code
Not-selected first coding block

Not-selected second coding block
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W”W.,2 input point making saturation output power level, so they

_’é | W‘ﬁ should limit power level of input signal. A parameter called
% ] “backoff” means the ratio of average and peak power. We used

! ap> > output backoff (OBO) instead of PAPR in this model. If we
G SN use a model using more channels, the PAPR of the model is

also increased in proportion to the increased number ofjusin

(a) First level majority multiplex- channels.
ing of 3 codes In a HPA, high OBO level decreases nonlinear distortion

and preserves original shape of each pulse. In addition, it
is related to power efficiency of the HPA,e. the OBO
N level increase means not only improvement of BER but also

(n-1)-th level
majority multiplexing

degradation of power efficiency and it needs more capacity of
] a HPA.
o o HPA models are generally divided into Traveling-Wave
(b) n-th level majority multiplexing Tube Amplifier (TWTA) and Solid-State Power Amplifier
(SSPA) models. We chose TWTA as a high efficient HPA
. > n-thievel according to the Saleh model [7].
B —> s : mt‘ﬁﬁﬁrgﬂg The input signal to TWTA is described as
(c) Transmitter of the proposed system z(t) =r(t) - cos (wct + w(t)) (11)

Fig. 6. Constant amplitude multiplexing system wherer(t) and(t) are the amplitude and phase of the input

signal respectively, and. is the carrier frequency. The output

signal can be written as
system does not need exac8y codes, the proposed method

can be used to reduce PAPR of the signal by not majority y(t) = Alr(t)] 'COS(wct-HZJ(t) + ‘I’[T(t)]) (12)
multiplexing at the last level. The receiver structure o th
proposed system is the same as the conventional multicoderhen, the amplitude (AM-AM) and phase (AM-PM) char-

system. acteristic of TWTA is described as

This system has the same redundancy power in the propor- anr agr?
. H N H H . A = 7(1 a d @ - 13
tion of the number of majority-multiplexing levels. Becaus (r) 15 5.7 n (r) T+ G2 (13)

the amount of redundancy is the same as majority multiptexin
and constant amplitude coding, the performance of the Byst@here the parametets,, 3., g, andf, are dependent of the
is also same. The main difference between the proposed @jse of TWTA model.
these systems is the number of coding and chips.

When using majority multiplexing and constant amplitude I1l. SIMULATION

coding, the number of total chips is The simulation has been carried out under the additive white

Neoding Gaussian noise and the ideal synchronization. We measured
(10) , .
the bit error rate (BER) performance of conventional and the

where Nepips totoat 1S the number of chips for each coding,prolooSeOI method.

andN,.q4ing iS the number of codings. So, this number of total
chips is limited to one of specific numbers. But, the propo . o
system does not need additional coding, the number of 1 ool e 7 —
chips that the system needs can be applied directly. If alec ol /
needs 9 codes, majority multiplexing and constant ampit

0.7

coding methods increase the number of the total orthog: ya

0.6 -

modulation chips to the square of the number of chips of e /
coding, and the complexity also increases. /

Nchips,total = (Nchips,coding)

Normalized output amplitude

E. High Power Amplifier (HPA) st/

The HPA can be viewed as a nonlinear filter with gain €
phase characteristics. The power efficiency of an amplifie Y
mainly determined by Peak-to-Average Power Ratio (PAP % 05

PAPR determines the degree of nonlinear distortion . _
power loss by out-of-band radiation. All HPAs have a specific Fig. 7. TWTA amplitude characteristic

Normalized input amplﬁtude
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0.01

1E-3

1E-4

Proposed (3dB OBO)

system. In the figure, the performance of the proposed system
of 3dB OBO is similar to the 6dB case of the conventional
system at low SNR, and the performance is better as SNR
increases.

When a linear amplifier with 3dB OBO was used, the
proposed system had some BER degradation the same as
majority multiplexing and constant amplitude coding syste
It is because those systems lose much portion of power as
the additive redundant sub-stream. But, the degradatidineof
proposed system with 3dB OBO reduction is much smaller

1E-54 @ |deal
& 7dB OBO \
1E-64 —o— 6dB OBO \;’
—+  5dB OBO .

BTy

than that of the conventional system.

IV. CONCLUSIONS

4

12 14
SNR[dB]

(a) Proposed and conventional 3-code systems

BER

1E-3

A conventional multi-code transmission has large PAPR,
which induces large nonlinear distortion and power lossnfro
out-of-band radiation. So the constant enveloping methods
as majority multiplexing and constant amplitude coding are
developed and they make multi-code transmission using an
HPA more efficient. But, the complexity of those systems
increases in the proportion of the number of codings and
the structure of the receiver should also be changed. And the
number of total chips is limited to one of specific numbers

The proposed system using more than 3 codes shows the
same performance of the above two systems, but its coding

1E-4

Proposed (3dB)

—a— ldeal

—n— 9dB OBO \ A\
—o— 8dB OBO

—o— 7dB OBO \
—+— 6dB OBO .

1E-7T+——T—
0 2 4

1E-5

1E-6

m-
©
=
o
P
N}
I
NS

(1]

(b) Proposed and conventional 9-code systems

Fig. 8. BER performance of the proposed and conventionaésys  [2]

(3]

Both of an ideal linear amplifier and a HPA are used for
comparison. TWTA was chose as an HPA, and we simulate
each case of several OBO level cases. As the optimum
normalized parametera, and 3,, 1.9638 and 0.9945 is
selected from data reference [8]. In general, the effect db]
the phase characteristic is relatively small, so only thasgh
characteristic is ignored. The amplitude characteristithe
selected parameters is shown in Figure 7. 6]

Figure 8(a) shows the BER performances of an ideal Iinea{r
amplifier and a HPA in the conventional and proposed 3-
code system. The BER performance of majority multiplexingz)
and constant amplitude coding was the same as that of the
proposed method, so we did not show it. In the proposed 3-
code system, the use of a HPA as 3dB OBO is the same
majority multiplexing. So, the proposed method is not dffec
in the 3 codes.

Figure 8(b) shows the 9-code case, which explains the trade-
off relationship of the OBO level (the power efficiency and th
size of the HPA) and the BER performance at the conventional

23

N N process is more simple and the structure of the receiveeis th
same as the conventional system. The number of total chips
\ is not limited, and can be chosen at any length. This method
¢ can also be used at base stations for reducing the capadity an
\ PAPR of a HPA.
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