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Abstract

The antenna diversity mechanism is establishetiesvell known mechanism for reduction of probaypilit
of occurrence of communication failures (outagesjsed by fades. In receiver diversity, multiplecanas
are employed at the receiver side in case of tratendiversity, multiple antennas are the integrait of
transmitter section.. In this paper, Maximal RaReceiver Combining (MRRC) diversity technique is
evaluated to mitigate the effect of fading in IDM&heme employing random interleaver and prime
interleaver with singléransmit two receiving antennas in low rate codedrenment For the performance
evaluation, channel is assumed to be Rayleigh patlti channel with BPSK modulation. Simulation
results demonstrate the significant improvemem®HER performance of IDMA with maximal ratio receiver
combining (MRRC) diversity along with prime intesleer and random interleaver and it has also been
observed that BER performance of prime interleavesimilar to that of random interleaver with reddc
bandwidth and memory requirement at transmitterrandiver side.

Keywords: Multipath Fading, MRRC diversity, Multi user detiget, Interleave-Division Multiple Access
(IDMA) Scheme, Random Interleaver, Prime Interleave

1. Introduction

Based on the developing trends of mobile commuigicathe goal of next generation is to attain bevad
bandwidth, higher data rate, and smoother and quiblandoff. Researchers are required to focus on
ensuring seamless service across a multitude eless systems and networks The Next generationlenobi
communication system will be able to provide a clat® solution where voice, data and streamed
multimedia can be given to users on an "Anytimeywimere" basis, and at higher data rates than pusvio
generations. It will be a major move toward evegent communications systems and seamless high-
quality communication services. The technology nemlito allow a very simple chip-by-chip (CBC)
iterative multiuser detection strategy to deal vaktallenges to make these services available isrumty
known as the Third generation (3G) Cellular Systersieig multiuser detection [Shukla 2006]. Wireless
communication systems performance is limited by Imimspairment such as the thermal noise, the path
loss in power as the radio signal propagates themhing due to the presence of fixed obstaclefién t
radio path, and the fading which combines the &figic multiple propagation paths, and the rapid
movement of mobile units’ reflectors [Wang 2006gading the signal transmission, different signgies
undergo different attenuation, distortion, delaysl gohase shifts. Due to this problem overall system
performance severely degraded.

So, this is necessary to reduce the problem ofinmdith fading, but not at the cost of extra power
additional bandwidth. One effective solution is ffreposed named space diversity (based on orthbgona
design) to combat the effect of multi path fadimgl @anprove coverage, capacity and reliability, withthe
requirement of power or extra bandwidth. The masthmonly used Space diversity method used with
IDMA is the maximal ratio receiver combining (MRR@Jversity technique, with one transmits and two
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received antennas[Shukla 2009], where several wlated replicas of the signals are combined at the
receiver in order to improve the signal reconstamctRef. [Ping 2006] Studied a chip interleaved\NCD
scheme and a maximal-ratio-combining (MRC) techaitpr multiple access channels (MACs) with inter
symbol interference (ISl). It clearly demonstrated advantages of introducing chip-level interleave
IDMA scheme, a chip level interleaver is followey $preading process inherits many advantages from
conventional CDMA scheme, as it allows a low comjpjemultiple user detection (MUD) techniques
[Ping 2006] applicable to systems with large numabef users in multi-path channels and robustness
against fading. The MRRC diversity technique, withe transmits and two receive antennas, is
implemented with interleave-division multiple acges

This paper demonstrates the analysis of IDMA schevite MRRC diversity at the receiver end to
overcome the effect of fading. During the perforcemanalysis of MRC diversity technique, the
enhancement in the bit error rate (BER) performaotdDMA scheme has been observed and the
performance of IDMA systems with Prime interleavsr found to be similar to that with random
interleavers. The paper is structured as follovestiSn Il introduces the system model of IDMA scleem
and introduction about random and proposed prinegleaver. maximal ratio receiver combining (MMRC)
is presented in Section Ill. Section IV shows tlefgrmance analysis of proposed interleaver scheme.
Finally, Section V presents the conclusion.

2. Interleave-Division Multiple-Access (IDMA) Schene

It is well investigated by researchers that thdgsarance of conventional Code-Division Multiple-Ass
(CDMA) systems [Liu 2006] is mainly limited by migte access interference (MAI), as well as
intersymbol interference (ISI). Also, the complgxidf CDMA multi-user detection has always been a
serious problem for researchers all over the worlde problem can be visualized from the angle of
computational cost as well complexity of multi-usktection algorithms in CDMA systems. The use of
user-specific signature sequences is a charaatefesiture for a conventional CDMA system. The
possibility of employing interleaving for user segt#on in CDMA systems is briefly inducted in [1litothe
receiver complexity is considered as a main probléminterleave-division multiple-access (IDMA)
scheme, users are distinguished by user specifig-letel interleavers instead of signatures as in a
conventional CDMA system. The scheme considered &pecial case of CDMA in which bandwidth
expansion is entirely performed by low-rate codimbis scheme allows a low complexity multiple user
detection techniques applicable to systems withelamumbers of users in multipath channels in antditd
other advantages.

In CDMA scheme, signature sequences are used &rseparation while in IDMA scheme, every user is
separated with user-specific interleavers, whigh @tthogonal in nature. The block diagram of IDMA
scheme is shown in figure 1 for K users. The ppglecof iterative multi user detection (MUD) which a
promising technique for multiple access problem#\(Ms also illustrated in the lower part of Fig. The
turbo processor involves elementary signal estimbkock (ESEB) and a bank & decoders (SDECSs).
The ESEB partially resolves MAI without considerifC coding. The outputs of the ESEB are then
passed to the SDECs for further refinement usieg”lBEC coding constraint through de-interleavingcklo
The SDECs outputs are fed back to the ESEB to imgpits estimates in the next iteration with propser
specific interleaving. This iterative procedurerépeated a preset number of times (or terminatel if
certain stopping criterion is fulfilled). After thignal iteration, the SDECs produce hard decisiongsthe
information bits [Ping 2006, Wu 2006].

The complexity involved (mainly for solving a sik&K correlation matrix) i<O(K?) per user by the well-
known iterative minimum mean square error (MMSEghteque in CDMA, while in IDMA, it is
independent of user. This can be a major benefinihis large [Shukla 2009].

2.1 IDMA Scheme Model
Here, we consider an IDMA system [Ping 2006], shawrrigure 1, withK simultaneous users using a
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single path channel. At the transmitter, a N-lerigghut data sequence,d [d (1), ......... A (@, ... dy
(N) 1" of user k is encoded into chipg=dc « (1), ......... ,ck()), ... cx(9) T based on low rate cod®

where J is the Chip length.

The chips gis interleaved by a chip level interleavélk’, producing a transmitted chip sequence XX
), ...... X @)+ ... x« () T . After transmitting through the channel, the lite seen at the receiver side
asr=1[re(Q), ...... Ie@) , ... r« () T . The Channel opted is additive white Gaussiasen¢AWGN)
channel, for simulation purpose.

In receiver section, after chip matched filteititg received signal form th€users can be written as
r(i) =D hx () +n(i).j =1,2,.....d "

whereh  is the channel coefficient fok“k user and f1i(])} are the samples of an additive white
Gaussian noise (AWGN) process with mean as zerovanidnce 6 2 =N, / 2. An assumption is made that
{h \} are known priori at the receiver.

The receiver consists of a elementary signal estimblock (ESEB) and a bank &€ single user a
posterioriprobability (APP) decoders (SDECSs), operating iritarative manner. The modulation technique
used for simulation is binary phase shift keyin® @) signaling. The outputs of the ESEB and SDHE€s a
extrinsic log-likelihood ratios (LLRs) about {xdefined as

p(y/aa(bzﬂ)jm i

= @
P(y/ %(D=-1)

e(>$<(D)=Iog(

2.2 LLR Generation

These LLRs are further distinguished by the suptsiie., €-eg( X, ( ])) andespec( X ( ), depending
upon whether they are generated by ESEB or SDEGs.tDthe use random interleavel$§, the ESEB
operation can be carried out in a chip-by-chip mneenmwith only one sample r(j) used at a time. So,
rewriting (2) as

r(j) =hx(i)+ (i) 3)
where
Zk(j)=r(j)—hkxk(j)=thrxk‘(j)+n(j) (4)

is the distortion ir( j) with respect to user-k&, (j) is the distortioh’including interference-plus-seji in
received signal with respect to user-k.

A brief description of CBC algorithm [1] used inMA, has been presented in [3]. The operations EES
and APP decoding are carried out user-by-user.

The outputs of the ESEB as extrinsic log-likelihgatios (LLRS) is given as,
r(j)—E(r () +hE (X, (i)
var(r)) - |h [ Var(x.( )

€eses( X ( ) = 2hy.
The LLR output of SDEC is given as,
Coocc 4 D) =3, Cesel XAT( D) ] =1,..8
=
Now, these steps are repeated depending on rterafions and users.
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3. Various Interleavers for IDMA Scheme

Interleaving is a process of rearranging the ondeoif a data sequence in a one to one determifistitat.
Interleaving is a practical technique to enhan@edtror correcting capability of coding. In turbading,
interleaving is used before the information datarisoded by the second component encoder. The basic
role of an interleaver is to construct a long blackle from small memory convolutional codes, aglon
codes can approach the Shannon capacity limit. ri8igoit spreads out burst errors [Ping 2004, Ping
2004]. The interleaver provides scrambled infororatidata to the second component encoder and
decorrelates inputs to the two component decoderthat an iterative suboptimum-decoding algorithm
based on uncorrelated information exchange betweenwo component decoders can be applied. The
final role of the interleaver is to break low weighput sequences, and hence increase the code free
Hamming distance or reduce the number of codewaittssmall distances in the code distance spectrum.
The size and structure of interleavers play a megt in the performance of turbo codes. Thereaare
number of interleavers, which can be implemdnte

a) Random Interleavers:

The user specific Random Interleaver rearranges efeenents of its input vector using a random
permutation [Ping 2006]. The incoming data is ra@aged using a series of generated permuter indices.
permuter is essentially a device that generatasdoseandom permutation of given memory addresdes. T
data is arranged according to the pseudo-randomr @fdmemory addresses. If random interleavers are
employed for the purpose of user separation, toenflmemory space will be required at the trantmit
and receiver ends for the purpose of their stordgso, considerable amount of bandwidth will be
consumed for transmission of all these interleagewell as computational complexity will be increas
receiver ends.

b) Prime Interleavers:

Prime interleaver is based on prime number whickegjia novel user-specific interleaver generation
mechanism with lesser time to get it generatedadmiolg with minimal consumption of bandwidth reqdire
during transmission well similar performance imterof BER to that of random interleaver. In gerierat
of prime interleaver we have used the prime numhbsrseed of interleaver. Here, user-specific saegls
assigned to different users. For understandingrtbehanism of prime interleaver, let us considease of
interleaving n bits with seed p. First, we conside&salois field GF (n). Now, the bits are interledwith a
distance of seed over GF (n) [Shukla 2010].

In case, if {1, 2, 3, 5, 6, 7, 8... n} are consecethits to be interleaved with seed p then locatibbits
after interleaving will be as follows:

In generation of prime interleaver we have usedptfrme numbers as seed of interleaver. Differeptise
are assigned to different users. Consider a casgarfeaving n bits with seed p.

First consider a gallois field GF(n), now interleahits with a distance of seed over the GF(n). That

11{1,2,3,5,6,7,8,............ ,n} are consecutive bits these to be interleaved with seed p
Then

Location of bits after interleaving will be as faNls

1===>1

2===> (1+p) mod n
3===> (1+2p) mod n
4===> (1+3p) mod n

n===> (1+(n-1)p) mod n
for Example if we have to interleave 8 bits sucit #1,2,3,4,5,6,7,8} and we wish to interleave théds
with seed 3 then the new location of bit will befafows
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1===>1

2===> (1+1*3) mod 3===>4

3===> (1+2*3) mod 3===>7

4===> (1+3*3) mod 3===>2

5===> (1+4*3) mod 3===>5

6===> (1+5*3) mod 3===>8

7===> (1+6*3) mod 3===>3

8===> (1+7*3) mod 3===>6

So new order of bits will be{1,4,7,2,5,8,3,6}.

The memory required by the Prime Interleaver isllemthen other available interleavers as now @elgd
is to be transmitted. The prime interleaving scheetices the bandwidth requirement that occursharo
available interleaving scheme. It is shown by thklof a comparison table 1.

The bandwidth required by the Prime Interleave) (®Ismaller than other available interleavers as n
only seed is to be transmitted, in addition to vemall amount of memory required at the transméedt
receiver side as well this scheme reduces the ctatipoal complexity that occurs in random interliegv
scheme.

3. Maximal Ratio Receiver Combining (MRRC) Techniqwe

The block diagram of maximal ratio combining (MRdyersity also referred as Maximal Ratio Receiver
Combining (MRRC) diversity technique with IDMA sche is shown in figure 2. In this method, the
diversity branches are weighted for maximum SNRsBAswn in block diagram in figure :q is data of

kth user, after encoding and spreading the dataridomly interleaved and termed as ‘chips’. Novg thi
chip Signal X, is sent from the transmit antenna, which will prggie from both the channel [Shukla
2009].

If we consider 1 transmit and 2 receive antennan tbhannel between transmit antenna and the first
received antenna igland between the transmit antenna and second ecaatenna one is denoted hy h
The channel can be modeled having magnitude anskpleaponse. So,

i60

a e
tra,e” )(5
Noise can be added at both the receiver. The negukceived signals are
Ro=hoXic+Mo
Ri=hyx+ny 6) (

where g and nrepresents the noise and interference at bothettever separately.
Now the Receiver combining scheme for two brasddRRC can be written as

X «=ho . Ro+ hl[ Ry (7)

Now this output of maximal ratio combiner can fedthe detector for the proper estimation of
transmitted signaky.

4. PERFORMANCE ANALYSIS OF PROPOSED SCHEME

For performance evaluation of IDMA scheme with MRRBi@ersity, it is assumed that there is no adjacent
channel and co-channel interference i.e. the sitioulds performed in single cell architecture. Alsbe
mobility of the user in the cell is assumed to bgligible.

Figure 3 and Table-1 demonstrates the bandwidthineagent of random, tree based and prime interleave
The bandwidth required by the Prime Interleave) (®lsmaller than other available interleavers as n
only seed is to be transmitted, in addition to vemall amount of memory required at the transméted
receiver side. In Figure3.for the simulation pugadhe data length is opted to be 512 bits whileTtf
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iteration at the receiver is chosen to be 15. Timelgtion has been performed for 100 users.

Now, we present simulation results to demonstria¢epterformance of the MRRC diversity scheme with
IDMA systems along with random and prime interleavélere we refer, that the channel is a flat fadin
Rayleigh multipath channel and the modulation iSBPThe simulations are performed for one trangnitt
and two receiver arrangement.

Figure 4 demonstrates the performance of IDMA sahewith rate “2 FEC convolutional coding using
prime interleaver. Here two branches maximal ratonbining scheme is used for implementation of
diversity technique. The performance with MRRC déity along with FEC coding outperforms the other
simulations. The block length is 2000, data lerigth024 bit/user with spread length to be 16 anber

of iterations used are 15.

Figure. 5 shows the BER performance of IDMA schenrith both random interleaver [3] and prime
interleaver with MRRC diversity with rate Y2 FEC gofutional coding. From this figure we can see that
the performance with coding MRRC diversity is fatter than that without coding MRRC diversity also
the BER performance of prime interleaver with MRRI@ersity comes out similar to that of BER
performance of random interleaver with MRRC divigtsi

5. Conclusion

This paper demonstrates the analysis of IDMA scheiitie maximal ratio receiver combining (MRRC)
diversity at receiver end to overcome the effectfamfing. During the performance analysis of MRRC
diversity technique, the enhancement in the BERopmance of IDMA scheme with coding MRRC
diversity has been observed better than that tfout coding MRRC diversity and the performance of
IDMA systems with MRRC diversity along with Primatérleavers is found similar to that of random
interleavers. Due to the advantages of same BERompesnce, smaller bandwidth and memory
requirement, the prime interleaver can take plddbeorandom interleaver without performance loss.
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Figure 2. IDMA with proposed two branches MRRC diversity scieefor K" user
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Figure 4. Performance comparison of uncoded andccddMA with Prime Interleaver with MRRC
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Figure 5. Performance comparison random interleamdrPrime Interleaver in uncoded/ coded IDMA with
MRRC diversity

Tablel.Comparision of bandwidth requirement fonsraission of interleaving mask

User Count Random Interleaver Tree Based Interleave | Prime Interleaver
2 2 0 1
6 6 1 1
14 14 2 1
30 30 3 1
62 62 4 1
126 126 5 1
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