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Improvement in Error Performance by Cooperation

Kamel Tourki and Luc Deneire

Abstract— For mobile users without antenna arrays, trans- networks for cooperative diversity [5] and in sensor netgor

mission diversity can be achieved with cooperative transmsi  for energy efficiency and fault tolerance [6]. The rest of
sions, or by multi-branch system which uses the relays reaet

by the transmitter. When there is only one relay that can BS
be reached by the transmitter, the transmission diversity an
be obtained by a multi-hop system, then we emulate the (2
transmit antennas, 2 receive antennas) cooperative divatg
scheme. This approach successfully deals with the problem
of just one receiving antenna in a handset. Simulation rests
indicate an improvement in error performance over the simpke
(2,1) Alamouti (coded) or relaying scheme.

. INTRODUCTION

Multiple antennas at the receiver and the transmitter are
often used to combat the effects of fading in wireless commu- MS1
nication system. However, implementing multiple antennaﬁg. 1
at the mobile stations is impractical for most wireless &ppl scheme
ations due to the limited size of the mobile unit. So, active
users pool their resources to form a virtual antenna array
(VAA) that realizes spatial diversity gain in a distributed
fashion [2]. It is the cooperative diversity (CD) system.

The concept of VAA mainly bases on relaying with a
clever synchronization and encoding technique. Benefits of
relaying include extension of high data coverage, redactio

of transmitting power, overcoming dead-spots and ad-hoc
networks. Relaying can be used to combat the difficulties

of high data rate transmission over large distances. The ide

of relaying was used for the concept of Opportunity Driven
Multiple Access (ODMA), which was one of the proposals

for UMTS Terrestrial Radio Access (UTRA). The main idea MT—Tx

was to use mobile stations (MSs) as repeaters (Amplify an . )
( ) P ( P fy Fqg. 2. Cooperative network scheme, the termirfdsand R, cooperate

Forward)'_WhiFh is depicted in '_:ig- 1. ) with the undergoing transmission betwelT — Tx and MT — Rx
Another situation, where a VAA is embedded into@ &om-

munication system. Here, the direct link between baseostati ) ) . .
(BS) and mobile terminals (MTs) is based ofs IMTS the paper |s_orgar_1|zed as follows. Starting with general
W — CDMA. For the relaying link, a current standard withco0oPerative links, in which we present the uncoded and
direct mode communication capabilities is required, whic/f0ded transmission cases, section Il lays out the simulatio
is chosen to be Bluetooth. Therefore, MTs which happen &Sults, and section 1l concludes the paper.

be in communication range of the Bluetooth tranceiver form Il. GENERAL COOPERATIVELINKS

a VAA in the sense that they start supporting each other vi

o : - V& Uncoded Transmission for VAA
mutual communication. They continue communicating with

the BS using th&V — CDMA link and, at the same time, relay _ 1) SysttmModel: Consider the CD strategy shown in Fig.
further captured information, after decoding and Forwagdi 2» Where we have an information sour®é] —Tx, and a
it, to the other MTs within the VAA group using Bluetooth, destination,MT — Rx, communicating over a channel with
thereby increasing the end-to-end link capacity. Cooperat fading coefficientf;. The relay terminaR1l communicating

transmission (without STBC) has been proposed in celluld¥ith MT —Tx, is willing to participate in the link providing
MT — Rx with a second copy of the original signal through
K. Tourki is a PhD student in image and signal processing athe complex channeIT — Tx— R1 andR1 — MT — R,
the U&‘PV%SiSW of Nice Sophia Antipolis, 135 Laboratory , afice  with flat fading coefficientgy andhy respectively. Without
ourki @3s. unice.fr : o . .
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Laboratory, Francelenei r e@ 3s. uni ce. fr noise (AWGN) termsn, ng,, and n have equal variance

2 BS antennas and 1 relaying MS emulating the (2,2jnAlai




No. Similar to [3], [5], we propose that the realizations of\NhereAE: ﬁm is an amplification factor, andr, and
the random variables;, g; and h; have been acquired at ;' 41 the noigze terms.

the receiver ends e.g., via training. Note that no particula

assumptions are made on channel statistics. YRR, = h2Ag (f2A7 (91X +ny) +N2) + N3 8
We consider the Amplify and Forwar@&F) model where
relays simply amplify the signal received from the sourde [3
Assuming thaMT — Tx andR1 transmit through orthogonal

Where A} = & and A, = o are the amplification factors,

andng, ny, andng are the noise terms. We have

channels, the destinatidiT — Rx receives two independent — 1Aoaoho|2 P _ 9
. . . R, = | 202 2| =¥y ( )
copies of the signak, transmitted by the source. (1+ |A2h2|2) No
b= fix+n
¢ 1) 7 | f2 AL Abgs |* P

YR = MAL(g1X+NR,) + 1N = hiArgix+N (10)

YRuRe = 2 2
/ | o (1-+ A+ AhaA o[ ) No
WhereN = hiAing, +n, and A, is the amplification factor
which will be discussed later. In four receiver-branches cag®MT — Tx,R1} — {R2,MT —
The receiver collects these copies with a maximum ratiBx}, the resulting SNR of the decision variable is
combiner (MRC). We emphasize that the noise temand
N do not have identical power becauseincludes a noise =0t Rt R TR (11)
contribution at the intermediate stage; for this reasom, tfSince the relayingkl andR2 introduce additional noise and
MRC should be preceded by a noise normalization steghe relaying channels are double-Rayleigh or triple-Raple

With this combining rule, we form a decision variatdéy the scheme is expected to operate below a diversity gain of
weighting the combination with the respective powers. Thepur.

resulting SNR of the decision variable is,
B. STBC for VAA
Vo= |fl|2%+ |Alglh1|2% =¥b+WR (2) As for the schemes proposed by Alamouti in [1], we
0 0 consider a wireless communicating system with two transmit
WherePR is the transmitted power MT —Tx, yb = |f1|2 % antennas at the BS. The path gains are modelled as samples
of independent complex Gaussian random variables. The real
epart and imaginary part of the path gain have zero mean
and equal variance of.B. We also assume that fading is
constant across two consecutive symbols. Receiver noge an
interference are represented by complex random variables.
They are mathematically modelled by two independent zero-
P 3) mean Gaussian random variables with variaf28\R) !
(1+|A1h1|2) No per complex dimension since the average power of the
transmitted symbols is normalized to unity.

and yr, = [Argshy|* 5.

The termyp in (2) is the per-hop SNR associated with th
direct channelfy; that is, yb = yf, = |f1|2%, but the term
Yk requires a bit more elaboration. Expandimg the term
¥k takes the form :

VR, = |A1grhy 2

Here we have choices over the amplification facqr a fo = r(t) = hoso+ hist +n
convenient one maintains constant average power output 0 0 ! 0 (12)
g€ p put, r=r(t+T)=—hos; +his;+m

equal to the original transmitted power [4].
WhereT is the symbol duratiorr,g andr; are the received

A% = L;‘ (4) symbols at andt+T, andng andn; are the complex random
Pl91]”+No variables representing receiver noise and interference.
Substituting (4) into (3) and (2) we obtain, The main idea is to use another (supporting) MS as a
transparent relay. This latter one acts as a second regeivin
Vo= _Yoh + Vs (5) antenna for the target MS. The scheme is depicted in Fig.
1+¥%+n 1. The idea is to send both orthogonal streams intended

Wherey, and y, are the per-hop SNRs associated with théor the targetMSL from two tr_ansmit antennas at the BS.
channelgy; andh;, respectively, and are defined similarly toBoth these streams are received by the relay? and

yi; that is yg = 01/° & and y, = |hy | &. the targetMSL, through different channets, hy, h, andhs.
T N No . - g ;
At high SNR, (5) reduces to : The relayingMS2 retransmits, after amplifying or decoding,
Vol its received double stream to the targédEl, acting as a
Vo= 0 oy (6) transparent transceiver.
Yo+ Wh

Since the two signal streams are considered separable, the
Which is equivalent to considering an amplification factocombining takes place in the targktSl as suggested by

A = L. Similarly, we have another cooperating brancheddlamouti. As for the (2,2) Alamouti scheme, the target
via R2 and{R1,R2}, then we derive: receives

ro = hpSo + h1s1 + ng

YR, = ho Ay (g2x+ nRZ) + n. @) ri= —hoSI + h]_SB +ng (13)



And the relayingMS2 receives From Fig. 4 one can see that the emulai@l2) VAA
. scheme (A & F or D & F) performs worst than the traditional
:2 _ rlzsg%iﬁ;%i% (14) (2,2) Alamouti scheme (green curve), however better than
the (2,1) Alamouti scheme (red curve). Therefore, at link
After amplification(A&F) or decodingD&F), which is set level VAA proves to be superior over a non-VAA scheme.
to unity due to the preformed channel and signal normalizéinally, since it is difficult to implement a MS with more
tion, the relayingS2 retransmits the received double streanthan one antenna, this technique provides better perfarenan
through channehs. Then the targeMSl receives finally :  than known techniques using two transmit antennas and one
receive antenna. The diversity order of the emulga®)
(15) VAA is three.
In fig. 2, the uncoded transmission scheme was simulated

rg =haro+ny
rs = harg+ng

We defineHp andH; as : assuming perfect power control and prefect channel estima-
Ho = hshy tion. From Fig. 3 one can see that the emula2®) VAA
Hy = hghs (16) scheme, performs better than the single relay cooperative
h system. The diversity order of the emulat@d2) cooperative
en ;
r4 = HoSo + H11 + No a7 system is three.
5= —HOSI + Hl% + Ny e 1 } ‘ ‘
Where N h . ETQ”Z.RyX“c;pt
= 1 —= - ooperative system
0 4Nz + Ny (18) 107 : :

N1 = hghg+ng

Since the two double streams are separable, the combini
for each path takes place independently. Traditional celanr
estimation is performed for the relaying stream since th
receiver does not know about the relay a priori. The combineg
then builds the following estimated signals for the dirgdt] °

S = hgro+hir; = (ag + a?) so+ hgno+han; (19)
§1 = hiro—hor; = (ag + a?) sy + hing — hon} 10

And the relaying link :

S =Hira+Hirg = (aza2 + aza2) so+ HgNo+ HiNj
S1 = Hiry —Horg = (afag +a3aZ) s+ HiNo Holy ol
20)

0 5 10 15 20 25 30 35 40
SNR (dB)

Where ag, a1, a2 and as are the Rayleigh distributed
envelopes of the channels from the two base station antenna
elements to the target and relay mobile, respectively,@and
represents the relaying channel.

The estimations of the two symbols are then summed.
Since the relayingS2 introduces additional noise and the
relaying channel is double-Rayleigh, the scheme is expecté. Conclusions

to operate below a diversity gain of four. The Virtual Antenna Arrays was presented, which primar-
ily targets to overcome the disadvantage of having only one
or few antennas available in a mobile terminal. Adjacent

All schemes were simulated assuming BPSK modulatiomnopile terminals form an ad-hoc VAA by means of a link

transmit antenna to each receive antenna are uncorrelated

and Rayleigh distributed. Furthermore, we assumed that &t Future Works

receivers have the same noise properties. This impliesrthat Unfortunately, it is difficult, and in most cases impossijble
Fig. 1 and Fig. 2 the noise power of aiceiver — branches to achieve perfect synchronization among distributedstran
is the same. Further, we assumed that the receiver has perimitters. Therefore a challenge is the lack of perfect syn-
knowledge of the channels. chronization on delay and mobility of distributed trans-
Under these assumptions, the simulations provide referenmitters. Considering both imperfect delay synchronizatio
performance curves for comparison with known techniqueand frequency selective fading, is similar to considering
Fig. 4 depicts the reference curves of tf1) and (2,2) dispersive channels. Although contributions on the topic
Alamouti scheme. of the asynchronous cooperative diversity have begun to
The VAA scheme with applied STBC was simulated assunemerge,[7] and [8], the amount of work done is scarce in
ing perfect power control and prefect channel estimatiomomparison to the vast amount of potential scenarios.

Fig. 3. uncoded multi-branch cooperative transmission

IV. CONCLUSIONS AND FUTURE WORKS

IIl. SIMULATIONS
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Fig. 4. BER performance of 2 BS antennas and 1 relaying MS aingl
the (2,2) Alamouti scheme with perfect power control in te&aying link
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