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Abstract

Overloading is a method to extend capacity limitatof multiple access techniques. The system begome
overloaded, when the number of users exceeds gmalsdimensions. One of the efficient schemes to
overload a CDMA system is to use two sets of ortimad signal waveforms (O/O). In this paper, the BER
performance of a new overloading scheme using ddeghorthogonal Gold code (OG/OG) sets is evaluated
with soft decision interference cancellation (SDI€eiver. When complex scrambling is not useds it
shown that OG/OG scheme provides 25% (16 extresusbannel overloading for synchronous DS-CDMA
system in an AWGN channel, with an SNR degradatioabout 0.35 dB as compared to single user bound
at a BER of 1le-5. We have evaluated the overloagdarfprmance, when two set are scrambled with set
specific deterministic or random complex scramblsggjuence. It is shown that the amount of overtaadi
increases significantly from 25% to 63% (40 extsgng) by using random complex scrambling for N=64.
For deterministic (periodic) scrambling, the ovading percentage increases considerably to 78. On a
Rayleigh fading channel, an overloading of 40%ktamed without scrambling at a BER of 5e-4 witlame
single user performance. With complex scramblingrimading % increases considerably to 100%.
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1. Introduction using two sets of orthogonal codes is explainedh Wit
help of Figurel. For the first N users, the systdlocates

Efficient use of the available radio spectrum is arPrthogonal codes drawn from the first set of N eode
important requirement for future wireless commutima ~ When the number of intending users exceeds ‘N’, the
The number of users supported in a DS-CDMA cellula€Xcess users are accommodated in the system by
system is typically less than spreading factor @y the Providing suitable codes drawn from a second se¥lof
system is said to be underloaded. As the demand fé&@des. In this way, we are able to accommodatetegrea
cellular CDMA increases, the number of users n#ifura humber of users (K) than the spreading length NN)X>
exceeds the available dimension due to bandwidtRnd the cell becomes overloaded.
limitation. Overloading is a technique to accommodate The number of active users (K) in a conventional
more number of users than the spreading factorié i§  Synchronous orthogonal CDMA environment is limited
an efficient scheme to increase users in a fixedlwidth, by the spreading factor N, which is WT where Whe t
which is of practical interest to mobile system mgpers.  transmission bandwidth and T is the duration ofratsl.
But the increase in capacity is obtained with at éos When K exceeds N, the system becomes overloaded and
BER and receiver complexitin fact this type of channel the signatures are no longer orthogonal. This leads
overloading is provisioned in the 3G standard [1]. multiple access interference (MAI). In an overlodde
Among the approaches described in the literatine, t system, a conventional matched filter receiver @ n
most efficient ones use multiple sets of orthogamales  optimal, due to the high level of MAI Multiuser
[2]. The concept of overloading in a DS-CDMA systemdetection (MUD) is required in order to obtain a
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satisfactory performance of the users. Linear MUidsh 5; >2
as the decorrelator, the minimum mean squared error T \\
detector or linear decision directed interference :
cancellation are devised to detect users in anrloated
system. The Maximum Likelihood (ML) detection istno
an option because of its complexity that is exptiaém
the number of users. The nonlinear MUDs such as
multistage parallel interference cancellation (Pk2)d
successive interference cancellation (SIC) [3],ehgwod " D 7
complexity- performance trade-off as compared toeot
MUDs. Hence these MUDs are suitable for overloaded @ N §
systems. a N

It is interesting to note that several studies heen :
made in the recent past to understand, analyze and D
evaluate the detrimental effects of overloadingmédt &
all studies consider the uplink or reverse link arsgeral First‘N' active users  Excess ‘M' active users
studies suggest usage of appropriate multiuserctiate
(MUD) schemes at the base station receiver. Fompleg  Figure 1. Overloading scheme in a DS-CDMA cellular
a method of accommodating K N + M users in an N-  system.
dimensional signal space that does not compronhise t _
minimum Euclidean distance of the orthogonal sigigal ©/C scheme [7]. In this paper, we have evaluated th
has been presented in [4] for AWGN channel. A tiee- BER performance using orthogonal Gold code (OG/OG)
correlation coefficient structure of user signasure S€tS With IMSD schemes. An efficient iterative rraitige
suitable for optimal multiuser detection has beerd€tection with soft decision interference cancifatis
proposed in [5]. In another approach, two sets of'Se€d toincrease the amount of overloading. ,
orthogonal codes which are orthogonal within this s This paper is organized as follows. In the nextiea¢
introduced in [6]. In [6], the orthogonal sets gemerated We describe the system model for the O/O overlaadin
using Walsh-Hadamard (WH) codes, where the sam&heme. In section 3 we explain the IMSD operatiod
WH code set is scrambled with set specific scramgbli d(_escnb(_e the process of iterative mterfe_renceelait_u_an.
sequence (s-O/0). An iterative multistage detectionsimulation results are presented and discusseedatidh
technique has been proposed to cancel the intadere 4- Finally, we present the conclusion of this paper
between the two sets of user. In [7], it is showat tfor
uncoded BPSK modulated CDMA signal with N=64, an2. System Model for OCDMA/OCDMA
overloading of 11% can be achieved in an AWGN
chann(_al fpr S’_'O/O schemg. Another kind O_f receiverln the section we consider a DS-CDMA system with
simplification is presented in [8], where signalse
divided into groups that are orthogonal to eacleioti
new overloading scheme using hybrid techniques h

been proposed in [9], where the spreading codes angy ssian noise (AWGN) channel and that the differen

transmission modes are different for the two Sels tser gignals are in perfect time synchronizatiohe T
increase the overloading performance. The attrctiV s rete-time matrix model of the received BPSK

property of the overloading scheme was the inceriv. 4jated CDMA signal  after demodulation and chip
integrate a particular type of O/O, called quasi- ampling may now be expressed as:
synchronous sequences (QOS) [10], into cdma2008
standard [11]. r=r,+r,=b,A S +b,AS,+n @)

To the best of our knowledge, the usage of orthagon
Gold codes has not been considered in any of the Herer; andr, are the received samples from set-1 and
overloading schemes. In [12], a new method forset-2 uers respectivelybl={b11,b12, _______ bm} and
generating different orthogonal sets of same lergth
been proposed. The new algorithm generatéd)(
distinct, orthogonal sets df sequences of lengtN. It <o of users Wheq?D{i]}. s, ={SI ______ N }Tis the
has been shown that the peak value of crosscaarlat ’ v N .
between different sets of same length is less tiaginthe ~ S€t of orthogonal sequences for set-1 users amd is
sequence length fof >32. Such sequence sets would dimension(N x N). S, :{5;1, ,,,,, ,STzM}T is another set of
offer low intracell interference, when used in deaded . .

. orthogonal sequences for set-2 users and is ofrdiime
environment. Recently, the present authors have o . . _ .
proposed a new overloading scheme using a set kof GO(M xN). Additive noisen is normally distributed with
codes [13], which provides better performance tean zero mean andariance equal tw’. A, and A, are the

BASE STATION

processing gainN and the number of usetls users
=M+N), where M is the number of set-2 users. We
sume that the channel is a nondispersive addifive

b, ={b,.,b,,........b,,} represent information bits of two
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refined estimate ol? is obtained in second iteration.
1 This process repeats for required number of itenati so

q
Y

that near single user performance is obtained.

When scrambling is used, the orthogonal Gold codes
of both the sets are overlaid by a set-specificugpge
noise (PN) sequence which is the same for all users

- within the set. In other words, we have

A S =W[a1a2 ........ a,] and S, =W[Blﬁ2 ........ Byl

Composite Let P, =(Pyy, PoprePyy) @A P, =(Pyyy Pogsen Py o)

Composite ; . .
Sigmﬁ of S'Qt”é’" of designate the PN sequences overlaying the orthbgona
set-1 users Sl users Gold sequences in the two sets of users. In oadeplit

the interference power evenly over the in-phase and
guadrature components of the useful signal (irrethae
Set-2 of the carrier phase), we consider complex valudd P

Set-1 Matched sequences: the chips,, takes their values from the set
Matched Filter

gilter Output C=
utput
{exp(jr14), exp{ & /4), exd(5B [4), exp(n? }

: Y i The scrambling sequence can be deterministic
Y1 \ — (periodic) or random. In periodic scrambling, the
Decision scrambling sequence randomly takes values fornsehe
C and it is kept constant for all symbols. On theeoth
hand, in random complex scrambling, it takes random
Sequence Sequence complex values from the sef for each transmitted
spreader spreader symbol.

\4 ) In the next section, we explain iterative multigag
~ b!, detection scheme, which reduces the high level of
6D interference due to overloading.

Decision

Y

3. Iterative Multistage Detection

A

The received demodulated and chip sampled sighas (1
Figure 2. Block diagram of iterative multistage detection despread and we obtain soft outputs of the tratsthit

(IM SD) for overloaded DS-CDMA scheme. bits corrupted by multiple access interference (MAI
from other users and AWGN noise. In conventional

diagonal matrices of received signal amplitudesatf1 ~ Matched filter detection, these outputs are fedthi
and set-2 users respectively. .deCISIOI’l. dewc_e to make_hard deuspns o_f the nmsd
The received chip sampled and demodulated sighal (information bits. In this paper, iterative multigea
is despread and integrated over a bit duratioretmgoft ~ detection (IMSD) technique is used to remove thel MA
estimate about a transmitted bit. These soft egtisnare  between two sets users. The basic principle of this
fed to an iterative multistage detector (IMSD) (g 2). receiver is to iteratively remove the estimated
As N > M set-1 users matched filter outputs are amor interference from each set due to the users @fratht in
reliable (due to less MAI) as compared to the set-2nultiple stages such that near single user perfocmas
matched filter outputs (MAI=1). In the first itefah we  achieved. The interference power from set2-user
will assume 19 =0 and accordingly find 61 and (assuming that the useful signa! power is normé)iis
estimatd}. This estimated interference is removed fromllN’ and thereforg the total interference po_vvert tha
) ) . . affects setl-users is M/N. As long as M remainslisma
the received signal, bejore taking decisions of2sgters. compared to N, preliminary decisions can be madthen
Subsequently we findb;, and estimate the interference symbols transmitted by setl-users with some good
I on set-1 users from set-2 users. In the secoratiiter reliability. But each of the set2-users gets amrfetence

. , . ~ power of N (1/N) =1 from setl-users. Clearly thedsior
we obtain the refined data estimates of set-1 usérs (BER) performance will be poor for this set of wsér

after removing the estimated interferericeas shown in.  detection is made prior to interference canceltatids
As we have more reliable data estimates of seetsya  setl-users are detected with some good reliabiligycan
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estimate the interference created from this setef2- user Signatures_ The matched filter Outmthas three
users. This estimated interference is removed fseti- ’

uers before making the decision. Now in secondtiken, components:

interference from set2-users on set-1 are estinfated : M D

! . . . i Vi = bu * z (bzk 'bzk )Iolk + 7

the first iteration outputs of set-1 and a moréatsé setl iy k=1 . (7
. . . ) . desired &=  Noisesample

bits are obtained. This process continues till etagnear MAI from set - 2 users

single user performance. data S

To explain the operation of IMSD the following

notations are used”]il and Biz are decisions about set-1  considering all N set-1 users and sufficient nundfer

) ) . . . _ set-2 users, we assume Gaussian approximation df MA
and set-2 user data bits at theh iteration;y, andy,  So, the following expression from (7) is used tdidate
are set-1 and set-2 matched filter outputs-t iteration  the total noise:
respectively. - i

At each stage of iteration, the decision on an Total Nmse-é(bz,k 05,00, + 7 (8)
information bit is made according to the following i ) ) .
expressions: In equation (2) and (3)a¢’(b1,|) is the decision

function of I-th user (set-1). According to the decision

bl =p(y!) = @(SI (r-1 (2“1))) (2)  function qa(bu ) IMSD can be classified as hard decision
A= = : interference cancellation (HDIC) or soft decision
b, = @(y,) = ¢ (S (r -11) (3 interference cancellation (SDIC). For HDIC receivee

decision function is defined as:
Here the reconstructed interference for two graapis-
th iteration arel! =b!A.S, andl’, =b\A ,S,. We assume _ _J71 B, <0 9
. . o(b, ) =san(b,) = ©)
that the reconstructed interference for the finstug of 1 b, >0
users in the first iteration is zero i.@3=0. Matched
filter outputs after interference cancellation fortine For SDIC except for the last iteration, where weeta

decision vectors/. andy’, for set-1 and set-2 user data hard decision, in other iterations several nonlinea
bits respectively ! 2 decision functions can be used. We have used piseew

We have assumed equal power, equal phasI|near approximation of hyperbolic tangent and é$irked

€.
synchronous users in a single cell environment @rer as:
AWGN channel. The set-1 matched filters outputs in

matrix form may be expressed as E |bl | <0
J
o g(b,)=son(o,) =1 @ (10)
y, =Si(r-15) 4 sgnby, ) |b,|26
yi =S (0,A,S,+b,A S, +n-bG YA S ) Here @ is selected to minimize the average BER.
=b, +S[S,A,(b,~b ™) +Sln (5)
4. Simulation Results
In the case of AWGN channel, amplitude matrix is an
identity matrix, i.e.,A =1 . For thel -th user of set-1, This section presents the Monte-Carlo simulaticsulis
the matched filter output during i-th iteration is of the proposed scheme with SDIC technique. The

simulation has been carried out in MAT-LAB to e\att
i M i the BER performance of the proposed scheme in an
Y= by 2 0, 05000 +2 ®  AWGN channel.
k=1
Relevant simulation parameters are shown in Table 1
The value of the parametét is found through simulation

herel =1, 2, 3......... , N andz = [S]n] is the noise L L
W da 5 ]_ I ! as 0.5 for SDIC and it is fixed for all iteratiorfsor all
sample forl -th user. The following notations have beengjmylations, the system performance is evaluated by
used:s;, = | -th user (set-1 ) signaturd;, = | -th user means of critical overload. We define trétical overload

transmitted data-bit (set-1 Jy, = k -th user transmitted @S the maximum achievable channel overload
, ~ , » Bumac= (K maN )/N with interference cancellation, so that
data-bit (set-2)b{;”= k -th user tentative decision (set- _ .
s } i the SNR degradation for an average BER of le-gds |
2) onb,, at (-1) " iteration; g =Normalized cross- than 0.35 dB as compared to single user performanise

correlation value between set-ith user and set-R-th  a measure for the maximum acceptable channel agrlo
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Table 1. Description of some parametersreevant in scrambling. Hence, complex scrambling increases the
simulation. amount of overloading significantly in an overlodd®S-
CDMA system as compared to unscrambled OG/OG
Parameters Specifications scheme [13].
Transmission mode Synchronous 5. BER Performance on a Rayleigh Fading
Modulation/ Spreading BPSK/BPSK Channd
Syreading factor 64 _ _ _
N We notice that the case of an AWGN channel is obthi
Spreading codes Orthogonal Gold codes by taking the received signal amplitude matx=1, .
The Rayleigh fading channel model can be describyed

P d ph ; . ;
Owﬁ; 328rp a Equal fading amplitudes generated according to

a =a') +ja? , wherea!) and a® are independent
zero-mean real Gaussian distributed random vasable
with variancea,i,) =0:£Q) =1/2.

Type of Receiver SDIC

Perfect chip, symbol ar

Assumptions ; o
carrier synchronizatic

) ) In order to compare the performance of these scheme
so that the system performance is degraded sligitly we define the critical overload as the maximum
compared to the single user performance. . achievable channel overlodt],=M ../ N =(K .:N)/N

To increase the amount of overloading an efficgadt L . .
with interference cancellation receiver, so tha 8NR

deCISI.OI’l |pterfer(a_nce cancgllatlon receiver is used degradation as compared to a single user systeam at
described in Section 3. In Figure 3, BER perforneaot average BER of 5e-4 is less than 1 dB in an AWGN
this receiver at different overloading has beerwsh®r  hannel. It has to be emphasized that the receives

N=64 at 28%, 25% and 22% overloadings. Itis oEs®r not require any kind of user sorting to yield thesided
that 28% overloading cannot be achieved, with taas  overloading performance. As a consequence, this
1.0 dB SNR degradation at an average BER of 1évse| measure guarantees that the mean BER performance
reduce the overloading to 25%, the SNR degraddtion remains close to that of the ideal BER curve predid
about 0.35 dB as shown in Figure 3 and we can ersur that M <M __ . It is worth noting that the BER
BER of 10 for all users. So, we can obtaincsitical performance in case of perfect interference caaibeti is
overload of 25%, when the spreading factor N is 64. Weidentical to the performance of a non-overloadestesy
have observed that the amount of critical loachly 49%, Where the users are orthogonal, and also to the
when the spreading length is reduced to 32. performance of a single-user system. The BER aetliev

The critical channel overload for s-O/O is 3% a6l Ezagnesllr?sglgei-vuesnerbytransmlttlng over a Rayleigh fgdin
for N=32 and 64 respectively [7] for the same skt o

parameters. So there is a significant improvement i 1[ 1 ]
critical channel overload in OG/OG scheme as coetar R, =7l ———= (1
to s-O/O scheme. 2 J1+N, /E,

In Figure 4, the BER performance of OG/OG scheme )
with random complex scrambling is shown for N=32. _In Figure 8, the BER performance of OG/OG scheme
Here, both the sets are scrambled by a set speciﬁ@'th conventional matched filter and SDIC receioer a

complex random scrambling sequence. We observe frofpay!€igh fading channel is shown. We have consitlere
the figure that, with complex scrambling the amoaht St 1 and set 6 users for simulation. Figure 7 shemws
overloading is 31%, with about 0.35 dB SNR degriadat N€ theoretical single-user BER performance over a
as compared to single user performance. In Figure dRayleigh fading channel. The channel overloadirfge
overloading performance with periodic scrambling is@t 40% (26 extra users). It can be observed traSKR

shown. It is interesting to observe that the owfing ~degaradation at a BER 06.10" is about 1 dB. So, we
performance increases to 50% with less than 0.3SMR ~ can obatain 40% channel overloading on a Rayleigh
degradation. fading channel with the SDIC receiver fér= 64.

In Figure 6, the BER performance with complex Figure 9 shows the BER_ performance of scrambled
random scrambling is shown for N=64. Here we otserv OG/OG scheme, where a single set of orthogonal Gold
that we can support 40 extra users (63% channdlode is used. The amount of overloading is fixetiC&1%
overloading), with less than 0.35 dB SNR degradatie for N = 64. It is interesting to observe that the
compared to single user bound. In Figure 7, geRoverloading increases considerably from 40% to 100%
performance with periodic complex scrambling isvsho (64 extra users). The overloading for s-O/O [6]esoh is
It is shown that with periodic scrambling, criticelad ~ ©nly 75% with complex scrambling with same set of
increases to 78%. This is a significant amounttainpel ~ Simulation parameters. When we choose two _different
overloading, which can be obtained with complexSets of orthogonal codes and complex scrambling, th
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achievable overloading is again 100%. This is a o

significant amount of overloading on a flat Rayleig 10
fading channel.

. -
6. Conclusions 10}

Overloading is an efficient scheme to increase remalh

users in a DS-CDMA system. In this paper, overlogdi 10°%

performance of OCDMA/OCDMA overloading scheme is
evaluated, which uses orthogonal Gold codes. shisvn

that this scheme with soft decision interference.

cancellation (SDIC) can overload the DS-CDMA system glo
by 25% at BER of 1le-5 for N=64, with an SNR
degradation of about 0.35 dB as compared to singge

bound. The amount of overloading increases sigmifly 10t

from 25% to 78%, with periodic complex scrambli@n

a Rayleigh flat fading channel, we can obtain an
overloading of 40% at a BER of 5e-4 without complex
scrambling and SDIC receiver. With complex scrantpli
overloading % increases considerably to 100%.

0" F| —P— SDIC (50% channel overload)

—+— SDIC (31% channel overload)
— single-user performance
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