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| ABSTRACT issue, multiuser detection (MUD) techniques have been de-

. . lopedi ffecti ht MAIL. Th
In this work, we propose a cross-layer design strategy basev opedin[18] as an effective approach to suppress ©

oint ve interf lati SIC) det optimal detector, known as maximum likelihood (ML) detec-
on a Joint successive interierence cancetiation .( )de etor, has been proposed in[14]. However, this method is infea
tion technique and a multi-relay selection algorithm foe th

: ) . A sible for ad hoc and sensor networks considering its computa
uplink of cooperative direct-sequence code-division iplgt

access (DS-CDMA) systems. We devise a low-cost gree OIg{onal complexity. Motivated by this fact, several subiol

. . . trategies have b developed: li detect 1
list-based SIC (GL-SIC) strategy with RAKE receivers as the rategies have been developed: linear detecfofs [15jesuc

. o sive interference cancellation (SIC)[16+19], parallétifer-

front-end that can approach the maximum I|kel|_hood d?reCtoence cancellation (PIC)[20=22] and decision feedbaclcdete

performance. We also present a low-complexity multl-relaytorS 0308]

selection algorithm based on greedy techniques that can ap- - . . .
) . . Prior studies on relay selection methods have been re-

proach the performance of an exhaustive search. Simugation

show an excellent bit error rate performance of the propose%ently introduced in[[23=33]. Among these approaches, a

detection and relay selection algorithms as compared &t-exi gre_edy algon_thm IS an effectlve_ way 1o approach the global
ing techniques optimal solution. Greedy algorithms have been widely ap-

plied in sparse approximation [34], internet routihg|[36Ha
Index Terms— DS-CDMA, cooperative communica- arithmetic coding[[36]. In cooperative relaying systems,

tions, relay selection, greedy algorithms, SIC detection.  greedy algorithms are used 82| 37] to search for the

1. INTRODUCTION best relay combination. However, with insufficient number

. L o .. of combinations considered in the selection process, a sig-
In wireless communications, fading induced by multipath

onh detri | off h ved s Iniﬁcant performance loss is experience as compared to an
propagation has a detrimental effect on the received signalyy 4. stive search.

In_de_ed, sev_eral fadif‘g can lead to a de_gradation of the-trans The objective of this paper is to propose a cross-layer de-
Irmss:;)n of |n.f(.)rmat|(;]r_1 ar;fd the reélablhéy of '.[he ner:vx{ork. sign strategy that jointly considers the optimization oba-

n order 10 m!tlgatg t IS € ect, modern .IverS|ty te? requ complexity detection and a relay selection algorithm for ad
like cooperative diversity have been widely considered iNoc and sensor networks that employ DS-CDMA systems
recent years]1]. Several cooperative sc_hemes have been_ p@ross-layer designs that integrate different layers ofnidie
pozeg [PEx] darXJIFamog%the (TOSt Zﬁle:zctlve (:jn%sHariAénpllé work have been employed in prior woik [38] 39] to guarantee
and-Forward (AF) and Decode-and-Forwar .( s ]', of e quality of service and help increase the capacity,bitlia
an AF protocol, relays cooperate and amplify the receive y and coverage of networks. However, there are very few
hat the rel lify thei ise. With DF Sworks in the literature involving MUD techniques (operated
;axcelpt tl at tde reé:lyfhamp ! Yt delr_ownl n0|sO(|e£h 'tf vbm%ot-in the lower physical layer) with relay selection (condulcte
0col, relays decode e recelved signais and then for in the data and link layer) in cooperative relaying systems.

re-encoded message to the destination. _Consequentlgr l_aetrn [3,40], an MMSE-MUD technique has been applied to co-

i ) . ) e&Jerative systems, the results reveal that the transmisbie-
when appropriate decoding and relay selection strategees 3come more resistant to MAI and obtain a significant perfor-
applied.

mance gain when compared with a single direct transmission.

DS'CDMA systems_ are a m“'“P'e access tgchnlque th"’\L|owever, extra complexity is introduced, as matrix invensi
can be incorporated with cooperative systems in ad hoc argljre required when an MMSE filter is employed

sensor networks [9=12]. Due to the multiple access inter- In this work, we devise a low-cost greedy list-based

feren;:e (MA:% effecttthat. an(sjes fro:n ngnotrtgoqlfnna(ljraeemvt successive interference cancellation (GL-SIC) stratedl w

wavetorms, the System 1S adversely affected. 10 address hIQAKE receivers as the front-end that can approach the maxi-
This work is funded by the ESII consortium under task 26 fov-kost mum likelihood detector performarjce. Other more qd_vanced

wireless ad hoc and sensor networks front-ends([41=55] could be easily incorporated. Unlikiepr
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art, the proposed GL-SIC algorithm exploits the Euclidearwheres, = [sx(1),s1(2),...s(N)]T is the signature se-
distance between users of interest and their nearest ¢onstquence for usek. The vectordisg y, hy,q are theL, x 1
lation points, with multiple ordering at each stage, we arechannel vectors for usér from the source to the destination
able to build all possible lists of tentative decisions facke and the-th relay to the destination. The x 1 noise vectors
user via a greedy-like approach. We also present a low-cost,; andn,.; contain samples of zero mean complex Gaussian
multi-relay selection algorithm based on greedy techréquenoise with variance?, Bnd,k is the decoded symbol for user
that can approach the performance of an exhaustive search.# at the output of relay after using the DF protocol. The
the proposed greedy algorithm, a selection rule is employekceived signal in({1) can then be described by

and the process is separated into several stages. A cyess-la K

design technique that brings together the proposed GL-SIC Ya(i) =Y CrHe(i)Ax(i)Bk(i) + n(i), 3)
algorithm and the greedy relay selection is then considered k=1 _

and evaluated by computer simulations. wherei denotes the time instant corresponding to one symbol

in the transmitted packet and its received and relayed sopie

The rest of this paper is organized as follows. In Sectio . . . ! .
2, the system mod(Fe)I ig descriged In Section 3, the GL-SIC’* S a2M x (L + 1)L, matrix comprising shifted versions
X ) ’ of S;; as given by

multiuser detection method is presented. In Section 4, the
relay selection strategy is proposed. In Section 5, sirorat Cr = {
results are presented and discussed. Finally, conclusiens

drawn in Section 6.

Sk 0 . 0

0 S¢ ... S|’ )

Hy (i) represents dL + 1)L, x (L + 1) channel matrix
between the sources and the destination and the relays and

2 COOPERATIVE DS-CDMA SYSTEM MODEL the destin_ation Iink§.Ak(i) isa(L+1) x (L + 1) qliag-
onal matrix of amplitudes for usér. The matrixB (i) =

We consider the uplink of a synchronous DS-CDMA system[bk by s b ien b g KT is a(L + 1) x 1 vector for user
yYria,Ry Yroa,R Yrrpd,

with K users(ky, kz, ...kx ), L relays(ly, b, ...I), N chips 1 that contains the transmitted symbol at the source and the

per symbol and.,, (L, < N) propagation paths for each getected symbols at the output of each relay, afigl is a
link. The system is equipped with a DF protocol at each relay,  r . | noise vector.

and we assume that the transmit data are organized in pack-

ets comprising? symbols. The received signals are filtered 3: PROPOSED GL-SIC MULTIUSER DETECTION

by a matched filter, sampled at chip rate to obtain sufficient this section, we propose the GL-SIC multiuser detection
statistics and organized infd x 1 vectorsy,,, y,, andy,.,, method that can be applied at both the relays and the desti-
which represent the signals received from the sourcesgusemation in the uplink of a cooperative system. The GL-SIC
to the destination, the sources to the relays and the retays fletector uses the RAKE receiver as the front-end, which re-
the destination, respectively. The proposed algorithminfo ~ duces computational complexity by avoiding the matrix irve
terference mitigation and relay selection are employeti@t t Sion required when MMSE filters are applied. The GL-SIC
relays and at the destination. The received signal at the desdetector exploits the Euclidean distance between the users
nation comprises the data transmitted during two phasgs thf interest and their nearest constellation points, with-mu-
are jointly processed at the destination. Therefore, the rdiple ordering at each stage, we are able to build all possi-
ceived signal is described by 2/ x 1 vector formed by ble lists of tentative decisions for each user. When seek-

stacking the received signals from the relays and the seurcéd appropriate candidates, a greedy-like technique is per
as given by formed to build each list and all possible estimates withi t

list are examined when unreliable users are detected. &nlik

K
y > al;Sehsa b Nog prior work which employs the concept of Euclidean distance
L,Sd] ="'k A + {nsd } , (1) with multiple feedback SIC (MF-SIC)[19], the proposed GL-
rd > > ak Sehyakbrak " SIC jointly considers multiple numbers of users, constielfa

1=1k=1 i i i ;
constraints and re-ordering at each detection stage ténobta

whereM = N + L, _kl’ b Ek{+1’ —1} correspond to t,he an improvement in detection performance.

transmitted symbolsgg, anda; , represent thé-th user’s

amplitude from the source to the destination and fromi4tre ~ 3-1. The proposed GL-SIC design A

. . . . AQ  ukg 5 Q Up(i
relay to the destination. Th&/ x L, matrix S;, contains the 0 §—du y
signature sequence of each user shifted down by one positiol P . . G i | bl e
2 g * 1
at each column that forms \ din e ala e
2 a I I § 4 -
Sk(l) 0 = » ‘ 1
. . X Sk (1) C3 e Cae €10 co an ci3
Sk B Sk (N) . ’ (2) % - dth.l e cra cs - cie
0 s (N) Fig. 1. The reliability check for soft estimates in BPSK, QPSK and#M

constellations.



In the following, we describe the process for initially all possible constellation value§' (m = 1,2, ..., N.) from
detectingn users described by the indicés, ko, ..., k, at  thel x N, constellation points s& C F, whereFis a subset
the first stage. Other users can be obtained accordingly. A# the complex field anaV. is determined by the modulation
shown by Fig[L3 is the distance between two nearest contype. The detected symbols are given by

stellation pointsdy;, is the threshold. The soft output of the be (t)(') = Q( 1,0 (1)), for t € [1,2,...,myp], (11)
RAKE receiver for usek is then obtained by (1) =", fortel,2,..,n4] (12)
up (i) = WkHym (1), (5)  Atthis point, ]‘} a comblnatlons of candldates’fﬂg users are

wherey,. (i) represents the received signal from the sourcgienerated. The detection tree is then split iNtty branches.
to the - th relay, u(z) stands for the soft output of theth  After this processing[{8) is applied with its correspomgin
symbol for userk andw’ denotes the RAKE receiver that combination to ensure the influence brought bysthesers is
corresponds to a filter matched to the effective signature ahitigated. Following that)V." updatedy,,, (i) are generated,
the receiver. After that, we order all users into a decreasae reorder the remaining users at each cancellation statje an
ing power level and organize them into a vedipr We pick  compute a conventional SIC with RAKE receivers for each
the firstn entries|t,(1),t.(2), ..., t,(n)] which denote users branch. The followingk” x 1 different ordered candidate de-
ki, ko, ..., kn, the reliability of each of the users is examined tection lists are then produced
by the corresponding Euclidean distance between the desiréy’ (i) = [sye(i), S,(i), (i), Sed(®)]”, 5=1,2,..., N,
user and its nearest constellation paint (13)
Decision reliable wheresye(i) = [br, (1)(1), br, (2 (1), ...] T stands for the previ-
If all » users satisfy the following condition, they are deter-g ;g stages detected reliable symbg)éi) = [bt (D), btp@)( i)
mined as reliable, namely b

i, (n,) (1)]T is @an, x 1 vector that denotes the current

ut, (1) (i) & Carey, fort e [1,2,...,n], (6) stage reliable symbols detected dlrectly from sh@@)
these soft estimates will be applied to a slicgf-) as de- \ypen [9) occursg(i) = [¢" ) Gy e T )] o=
scribed 53’ N N 7 1,2,..,N. is an, x 1 vector that contains the detected
() (1) = Que, (7)), fort € 1,2, ..,m], () symbols deemed unreliable at the current stage under the

whereb;, (1) (i) denotes the detected symbol for thet)-th  situation of [ID), each entry of this vector is selected ran-
user,Cg,cy is the shadowed area in Fig. 1, it should be notedjomly from the constellation point s& and all possible

that the shadowed region would spread along both the verticay”¢ combinations need to be considered and examined.
and horizontal directions. After that, the cancellatiothisn i () = | bjl (i), i J(@)]” includes the corre-

_ oo b1y (8) 00, b/, :
per_formed N the same way as a conventional SIC where w, onding detected symbols in the following stages after the
mitigate the impact of MAI brought by these users:

j-th combination ofs, () is allocated to the unreliable user
vectort,, andt’ is an x 1 vector that contains the users from
Varpa1(8) = Yar, o0 ZHS”t Ol oL OIS the Iastqstage.

whereH,., .. (1) (i) = am Sta(t) (i)sr, 1, (i) stands for the (b). If all n users are considered as unreliable:

desired user’s channel matrix associated with the link betw Uty () (1) € Cgrey, fort e [.1’ 2,...,m}, (14)

the source and thieth relay.y ..,  is the received signal from wheret, = [.1 2, ]; then alln unrehable users can assume
the source to theth relay at thes-th (s=1,2,..,K/n)can- the values irC. In this case, the detection tree will be split
cellation stage. The above process is repeated subsegueriflto V' branches to produce

with anothem users being selected from the remaining users b, (1) (i) = ™, fort € [1,2,...,7], (15)

at each following stage, and this algorithm changes to the urSimilarly, (8) is then applied and a conventional SIC with di
reliable mode when unreliable users are detected. Additiorferent orderings at each cancellation stage is performad vi
ally, since the interference created by the previous usihs w each branch. Since all possible constellation values atede
the strongest power has been mitigated, improved estimatéasr all unreliable users, we have the candidate lists:

are obtained by reordering the remaining users. b (i) = [Sore(i), 8(i); Shext(@)]T, 7 =1,2,..., N, (16)
Decision unreliable

(a). If part of then users are determined as reliable, while . ”n
others are considered as unreliable, we have symbols that are detected from previous sta%&,)

) et (1y> Chy2)s - Sy )] .7 =1,2,..,N"isan x 1 vector
w (t>( ) # Carey, fort €[1,2,..., 1), ) that repFesente rlfumber of users WhICh are regarded as un-
) € Copey, forte(l,2,

U (10)
wheret,, is a?ft1< n,, vector that c:ontamep reha%l’e users and reliable Iat thg cur:jent Ista;ge ashshown Imil(m) each g;try of
t, is al x n, vector that includes, unreliable users, subject % is selected randomly from the constellation point Sat

tot,Nt, = @ andt,Ut, = [1,2,...n] with n,+n, = n. Con-  The Vectorshe(i) = [.. ,bt}’( )('), ...,Bts,g(n)( )T contains the

sequently, they, reliable users are applied to the sli€gf-)  corresponding detected symbols in the following stagess aft
directly and then, unreliable ones are examined in terms ofthe j-th combination ofs,(i) is allocated to all unreliable

where sye(i) = [by, (), bt (2)(),...]7 are the reliable



users. After the candidates are generated, lists are louilt ftained through an exhaustive search of all possible subéets
each group of users, and the ML rule is used at the end oklays. However, the major problem that prevents us from
the detection procedure to choose the best candidate list applying an exhaustive search in practical communicai®ns

described by its high computational complexity. Witlh relays involved
bP*(i) =  min ||y, (i) — Hs, (9)b7(i) |*. (17) in the transmission, an exponential complexity2df— 1 is
;{ﬁi’;;ﬁ'ﬁ'ﬁ experienced. This fact motivates us to seek other altemati
o ¢ methods. The standard greedy algorithm can be used in the
3.2. GL-SIC with multi-branch processing selection process by cancelling the poorest relay-deitima

The multlpl_e branch (MB) s_tructure employs multiple paral;j]ink stage by stage, however this method can approach only
lel processing branches which can help to regenerate exdra L local ootimum. The proposed areedv multi-relav selection
tection diversity has been discussed carefullyin [[24, 56]. P : brop 9 y Y

: . method can go through a reduced number of relay combina-
spired by that, an extended structure that incorporatgute tions and approach the best one based on previous decisions
posed GL-SIC with multi-branch is achieved. By changin pp P '

g . . .
the obtained best detection order I with indicesO — In the proposed relay selection, the signal to interferemce

[1,2,..., K] into a group of different detection sequences Wenoise ratio (SINR) is used as the criterion to determine the

are able to gain this parallel structure with each branchesha optimumrelay set. The exprgssgn 2f the SINRis given by
a different detection order. Since it is not practical tat tes SINR, = M, (19)
all L, = K! possibilities due to the high complexity, a re- Eln[?]+n

duced number of branches can be tested, with each ind&¥herew, denotes the RAKE receiver for user E[|n|*] =
number inO,;, being the corresponding index numberGn

K
E H by |?] is the interf brought by all oth :
cyclically shifted to right by one position, namel\D;, = i ,;1 kbi[*]is the interference brought by all other users

k
gKKl_22]K07: K . 13] 21.2“7;{ | [jfa;dglf :1[1(]12 " nisthe noise. For the RAKE receiver, the SINR is derived by
1,...,1](reversed order). After that, each of tié parallel SINR, = hg HH™h, (20)
branches computes a GL-SIC algorithm with its correspond- trace{Han) + hfa?\,hq’
ing order, respectively. whereh, is the channel vector for uset H is the channel

After obtaining K + 1 (O included) different candidate matrix for all usersH,, represents the channel matrix of all
lists according to each of the branch, a modified ML rule isother users except user It should be mentioned that in
applied with the following steps: various relay combinations, the channel vedigrfor user

1. Obtain the best detection candidate bramhw (i) ¢ (¢ = 1,2,.., K) is different as different relay-destination
among allK +1 para”e' branches according to the ML links are |nV0|Ved,O'12V is the noise variance. This problem

rule thus can be cast as the following optimization:
base (i) = min || Yor, (i) — Hap, b (i) | . (18) SINRgq,,., = maz {min(SINRq, ., ),q=1,..., K}, (21)
OsbsK where(,. denotes all possible combination séts< L(L +

2. Re-examinethe detected value forusek = 1,2,..., K)  1)/2) of any number of selected relayINRq, ,, represents
by fixing the detected results of all other unexaminedhe SINR for usey in set(2,,, min (SINRQY@) = SINRg,
users inbtese (i), then replace thé-th user’s detection  stands for the SINR for relay s andQy .. is the best relay
resulthy, in b%wace (1) by its corresponding detected values set that provides the highest SINR.
from all otherK branche$®" (i) (b = 0,1, ..., K, 1, #
Ibase; O = Oy,) with the same index, the combination 4.1. Standard greedy relay selection algorithm
with the minimum Euclidean distance is selected throughrpe standard greedy relay selection method is operated in
(18) and the corresponding improved estimate of User gia465 by cancelling the single relay according to the chan-
is saved and kept. nel condition, as the channel path power is given by

3. The same process is then automatically repeated with the P, , = hgdh”d, (22)
) - . e ) . "

next user inb™vace () until all users irb™"vss (i) are ex-  whereh,, 4 is the channel vector between théh relay and

amined. the destination. The selection begins withZalielays partici-

As each combination selection seeks an improvemergating in the transmission, and the initial SINR is detemxin
based on the previous choice, a better candidatd¥ti)  when all relays are involved in the transmission. For the sec
can be generated. This is performed at all the relays and thend stage, we cancel the poorest relay-destination link and

destination using the RAKE receiver structure. calculate the current SINR for the remainihg- 1 relays, as
4. PROPOSED GREEDY MULTI-RELAY compared with the previous SINR, if
SELECTION METHOD SINRcur > SINRpre, (23)

In this section, a greedy multi-relay selection method is in we update the previous SINR as
troduced. For this problem, the best relay combination is ob SINRpre = SINRcur, (24)



and move to the third stage, where we remove the current 5. SIMULATIONS
poorest link and repeat the above process. The algorithm wil, this section, a simulation study of the proposed GL-

stop whenSINRc,, < SINRy,. or when there is only one gic multiuser detection strategy with a RAKE receiver
relay left. The whole process can be performed once beforgnq the low cost greedy multi-relay selection method is

each packet transmission. carried out. The DS-CDMA network uses randomly gen-
_ _ erated spreading codes of length = 16 and N = 32,
4.2. Proposed greedy relay selection algorithm it also employsL,, = 3 independent paths with the power

In order to improve the performance of the existing alganith profile [0dB, —3dB, —6dB] for each source-relay, source-

we have modified the above standard greedy algorithm. Theestination and relay-destination link, their correspgngd

proposed method differs from the standard technique as wghannel coefficients”,,, hlspd and hlﬁd(lp = 1,2,..,L,)

drop each of the relays in turns rather than drop them basegfte taken as uniformly random variables and normalized to

on the channel condition at each stage. The algorithm can kehsure the total power is unity. We assume perfectly known

summarized as: channels at the receiver. Equal power allocation with nbrma

ization is assumed to guarantee no extra power is introduced

and its corresponding SINR is calculated, denoted b)(él;)risnig the transmission. We consider packets Wi.th 1000
SINR.... symbols r_:md average the curves over 300 trlal_s. For

pre the purpose of simplicityd;, = 0.25 and BPSK modulation

2. For the second stage, we calculate the SINR.foombi-  technique are applied in the following simulations. Furthe
nation sets with each dropping one of the relays ffém  more, in the GL-SIC algorithm; = 2 users are considered
After that, we pick the combination set with the highestat each stage. The performance is evaluated in both non-

1. Initially, a setQ24 that includes allL relays is generated

SINR for this stage, recorded 88N R cooperative and cooperative schemes.
3. CompareSINR,,, with the previous stag8INR,e, if v _
[23) is true, we save this corresponding relay combination S e e rcsiver
asQqr at this stage. Meanwhile, we update BI&R . ! %E?E{%}(}};@
asin m) 107 {4 Single user bound
4. After moving to the third stage, we drop relays in turn
again fromQg,, obtained in stage twad. — 1 new combi- %107l

nation sets are generated, we then select the set with the
highest SINR and repeat the above process in the follow-

ing stages until eitheBINRc., < SINR.. or there is 107}
only one relay left.

3

This new greedy selection method considers the combination P S S S S S
effect of the channel condition, which implies additionaéu _ SNR(dB)
ful sets are examined. When compared with the standaocﬁi‘ﬁg- 2. INOH-COOPefaﬁve system with N=32, 20 users over Rayleidméa
greedy relay selection method, the previous stage decisidhi> "¢ _ o

is more accurate and the global optimum can be approached The first example shown n F'.El 2is _the proposed GL-SIC
more closely. Similarly, the whole process is performegonl interference suppression technique with 20 users that only

once before each packet. Meanwhile, its complexity is IestgakesI gltg gc;:m:nt j[h(fhsoutrce(;dedstlsnlétlor_wtr:l;I;K'Iéhe conven
thanL(L + 1)/2, much lower than the exhaustive search. lona etectoris the standar Wi recevers

employed at each stage and the Multi-branch Multi-feedback

Table 1. The proposed greedy multi-relay selection algorithm(MB_MF) SIC detection algorithm mentioned i [19] is pre-
Q4 =11,2,3,...L]% 2 4 denotes the set when all relays are involved

14 16 18 20

SINRq, = min(SINRa,  ),q = 1,2, ..K s_ented _here for comparison purposes. We also produced the
SINRpre = SINRq simulation results for the multi-branch SIC (MB-SIC) where
for stage =lto L — 1 four parallel branchesl(, = 4) with different detection or-
for r=1to L + 1-stage ; ; ;
Qp = Q4 — Q4% drop each of the relays in turns d.ersl arg applr:eg. Sslmc;'lla.tlonf.resu:ts revealfthat Ou{] pml?qbos
SINRg, = min(SINRq, (), = 1,2, ..., K single branch GL-SIC significantly outperforms the linear
end for MMSE receiver, the conventional SIC and exceeds the per-
%INRw{): max(SINRg, ) formance of MB-SIC withL, = 4 and MB MF-SIC with
Ty TN Bour Ly =4 for the same BER performance. .
if SINRcur > SINRpre and length(Qcur) > 1 > The Second: exampﬁ«f eRotes the cooperative system

Qa = Qcur

SINRpre = SINRcur where relays assist to process and forward the information.

else Fig. [3(a) shows the BER versus SNR plot for the different
break multi-relay selection strategies, where we apply the GC-SI
end if (L, = 1) detection scheme at both the relays and the des-

end for




10°

—o—RS-all relays

~©- Rs-standard greedy
—B— RS-proposed greedy
—%— RS-exhaustive search

a more effective reduction of BER and achieves the best per-
formance that is quite close to the single user scenarie, fol
lowed by the MB MF-SIC detector, the MB-SIC detector, the
linear MMSE receiver and the conventional SIC with RAKE

P~ RS-all relays
—9—RS-standard greedy |

107

~©~ RS-proposed greedy |-
—B— RS-exhaustive search
_s| =% Single user bound ; }i

5 10 15 20

10
SNR(dB)
(8) Number of users(K)

Fig. 3. a) BER versus SNR for uplink cooperative system (N=16) b) BER
versus number of users for uplink cooperative system (N=16)

receivers employed at each stage.

6. CONCLUSION

A cross-layer design strategy that incorporates the grkstely
based joint successive interference cancellation (GL)-8¢éc

tection technique and a greedy multi-relay selection éligaor

for the uplink of cooperative DS-CDMA systems has been
presented in this paper. This approach effectively redtrees
error propagation generated at the relays, avoiding the-poo
est relay-destination link while requiring a low complgxit
Simulation results demonstrated that the proposed ceyss-|

tination in an uplink cooperative scenario with 10 users an@ptimization technique is superior to the existing techais
6 relays. The performance bound for exhaustive search isnd can approach the exhaustive search very closely.

presented here for comparison, where it examines all pessib
relay combinations and picks the best one with the highest
SINR. From the results, it can be seen that with relay selec{1]
tion, the BER performance substantially improves. Further
more, the BER performance curve of our proposed algorithm(2]
outperforms the standard greedy algorithm and approaches
to the same level of the exhaustive search, whilst keepiag th
complexity reasonably low for practical utilization. 3]

The algorithms are then assessed in terms of the BER ver-
sus number of users in Fid.] 3(b) with a fixed SNR=15dB. [4]
Similarly, we apply the GL-SIGL, = 1) detector at both
the relays and the destination. The results indicate theat th .
overall system performance degrades as the number of use s]
increases. It also suggests that our proposed greedy elay s
lection method is more suitable than the standard greedy rel g
selection and non-relay selection scenario with a high SNR
and a large number of users, as its curve does not change con-
siderably when the number of users increases.

U 7]
10 —<— Conventional SIC
—p— Linear MMSE receiver
% —9— MB-SIC (Lb=4)
10 —6— MB MF-SIC(Lb=4)
—8— GL-SIC(Lb=1)
—#— Single user bound [8]
107
w10°E
[9]
107
10°% [10]
1075Cl é L‘l é 8 10 1‘2 1‘4 1‘6 1‘8 20
SNR(dB) [11]
Fig. 4. BER versus SNR for uplink cooperative system with differféters
employed in the relays and the destination (N=16)
In order to further verify the performance for the proposed[12]

cross-layer design, we compare the effect of differentaete
tors with 10 users and 6 relays when this new greedy multi-
relay selection algorithm is applied in the system. Theltesu
depicted in Fig[# indicate that the GL-SIC approach allowg13]
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