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Abstract—A successive relaying aided network (SRAN) is of the proposed SRAN, hence the performance of cell-edge
designed for a multi-user spread-spectrum scenario conoed ysers may be remarkably improved [6]. In contrast to [7], the
for noncoherent (NC) detection in order to convert the typial successive relaying induced interferences generatedabdtie

50% half-duplex relaying-induced throughput loss to a pota- N
tial user-load reduction of the CDMA system, where the NC €lay node (RN) and at the the destination node (DN) may

allows us to avoid the extra power consumption imposed by be eliminated by directly exploiting the classic DS-CDMA
channel estimation. We commence by evaluating the noncohest  principle upon assigning unique, link-specific spreadiodes

Discrete-input Continuous-output Memoryless Channel (D®AC)  to the potentially interfering links. Naturally, this ime$ that
capacity of both the Amplify-and-Forward (AF) based and of ha orthogonal time-slots used in [5] are replaced by unique

the Decode-and-Forward (DF) based SRAN in the DS-CDMA link ific CDMA di d tth tof i .
uplink. Whilst NC detection has the added benefit of eliminaing INK-Specitic Spreading codes at the cost of Imposing a

both the pilot-overhead and power-hungry channel estimatn, it ~ SOft-limit on the number of users that maybe supported,rgive

tends to form an error-floor at high Doppler frequencies. We the limited number of spreading codes.

mitigate this problem using multiple-symbol detection, wlich In order to eliminate the potentially complex channel es-

increases the detection complexity upon extending the detgon  imation of coherent detection aided cooperative systems,

window. Finally, a relay-aided soft-input soft-output Multiple- . - .
Symbol Differential Sphere Detection (SISO-MSDSD) CDMA which consumes extra energy and requires pilots that reduce

regime is proposed, which significantly reduces the systesr the overall throughput, the family of noncoherent detectio
complexity without sacrificing its performance. arrangements dispensing with any channel estimation besom
an attractive design alternative. Naturally, they tydican-
pose a3 dB performance loss in comparison to their perfect
. INTRODUCTION channel estimation based counterparts. However, in peacti
As a benefit of their spatial diversity, Multiple-Inputthis penalty is lower tham3 dB, since practical channel
Multiple-Output techniques [1] are capable of efficientljt-m estimators may impose a substantial performance loss. Re-
igating the deleterious effects of Rayleigh fading chasnepretfully, however, the noncoherent detector’s perforogan
However, achieving transmit diversity in the uplink is irapr erodes at high normalized Doppler frequencies. As a remedy,
tical due to the limited antenna-separation of shirt-poskeed the Multiple-Symbol Differential Sphere Detection (MSDED
mobiles. Fortunately, the family of cooperation techniguealgorithm devised by Lampet al. [8] strikes an attractive
heralded by van der Meulen in [2] is capable of achievingade-off between the BER performance attained and the com-
uplink transmit diversity by forming a virtual antenna arraplexity imposed. Accordingly, a practical noncoherenededr
(VAA) in a distributed fashion. However, the conventionabt may be conceived. In order to transform the hard decision
phase cooperative system [3] incurs a severe multiplexisg | based MSDSD algorithm to a power-efficient, soft-decision-
due to the half-duplex transmit/receive constraint of ficat aided iterative detection scheme, the MSDSD algorithm was
transceivers. A beneficial technique of recovering the-hafurther developed to the soft-input soft-output MSDSD (@1S
duplex relaying induced throughput loss was advocated]in [ISDSD) regime in [9].
[5], where the successive relaying regime was proposed and\gainst this background, our novel contribution is:
analysed. 1) We design a SRAN for a multi-user scenario, where
We extend the investigation of SRANs from the single-user  a specific interference suppression regime is designed
scenario to a more realistic multi-user scenario of the DS-  and the effects of both the successive relaying induced
CDMA uplink (UL). The pathloss between the mobile station interference and of the multiple access interference
(MS) and base station (BS) will be mitigated with the aid (MAI) are evaluated.
2) We derive the noncoherent DCMC capacity of both the
The financial support of the European Union under the auspidethe AF based and of the DF based SRAN in the multi-user
Concerto project, as well as that of the Research Council){&C under . . . .
the auspices of the India-UK Advanced Technology Centrevknas In-ATC scenario, and further exploit the capacity results atthine
and of the China-UK Science Bridge in 4G Communications istegully to inform our cooperative-protocol-selection based sys-
acknowledged. _ o tem design.
Copyright (c) 2012 IEEE. Personal use of this material isnpited. 3) We specifically devise a relay-aided SISO-MSDSD al-

However, permission to use this material for any other psegomust be . Y A '
obtained from the IEEE by sending a request to pubs-peronis&ieee.org. gorithm, which is capable of combining the different re-



ceived signal streams at the destination, and incorporgawver of the SRAN aided DS-CDMA uplink, which consists
it in the DF based SRAN. of the transmit poweP; of MS s and the transmit poweF,.,

4) We demonstrate that by combing the relay-aided SISOFf relay r;, is also P Explicitly, no sophisticated power-
MSDSD decoder with the successive relaying regimallocation scheme is considered here - we simply equally
the proposed transceiver significantly reduces the syalocate the total powePiy to the source and relay, i.e. we
tem’s complexity while operating close to the systemBave P; = P,, = P = 1/2 P

capacity. Furthermore, all the possible propagation paths between th
The rest of this paper is organised as follows. Our system .. and 4 are assumed to be the correlated time-selective
model is described in Sectionl Il. Sectign] Ill derives th@eneralized block-fading Rayleigh channels of [11], whéee
noncoherent DCMC cz_;lpacitie_s of both the AF based and EPzEding coefficientshy k], a, b € {s,ro,71,d} of the channel
based SRANSs. Then in SectignllV we design the proposggiween node: and nodeb fluctuate in a correlated manner
transceiver architecture based on the capacity analysis Phyer the block period rather than remaining constant, aed th
vided in SectiofLIll and investigate both the complexity #mel  yitch to another in itself correlated, but independeralifig
robustness of the proposed transceiver. Finally, we cdecluyock with respect to the previous block. The independent
in Sectionl. and identical distribution (i.i.d) assumption from one ¢kdo
the next [12] is convenient for information-theoretic ayséd
Il. SYSTEM OVERVIEW as it allows us to focus on a single block in studying the
A typical scenario of the cooperative DS-CDMA uplink iscapacity. The correlated block-fading period of the chaime
portrayed in Figuréll, where the MSroaming close to the represented b}, and the variance?,, a,b € {s,ro,r1,d} of
edge of the DS-CDMA cell activates the SRAN regime tany channel fading coefficiert,;, [k] is assumed to be unity.
improve its communication quality. The activated relays-

and the BSZ are specifically labelled in Figufg 1. More details about the SRAN, especially the transmission

processes of the different cooperative phases are depitted
Figure[2, where the source transmissions are segmented into

~~“Gooperative DS-CDMA Uplink ™™~ o -
e o - identical-length transmission frames bfsymbols.
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Fig. 1: The successive relaying aided cooperative DS-CDM®Ag. 2: The successive relaying aided transmission pracess
uplink topology. its different communication phases.

The path-!oss gai.n achieved _by the reduc_ed_transmission diSObserve in Figur&l2 that in the even phaséroadcasts
tance experienced in cooperative systems is mtroducenbvbelits information stream, while,, listens tos andr, forwards
As detailed in [10], the average path-loss gains of the $BUrGng gjgnals received from during the most recent phase.
to-Relay link G'R;) and Relay-to-Destination linki; D) with |y the™ consecutive odd phase, continues to broadcast its
respect to the Source-to-Destination link (SD) are given By, information stream, but the roles of the relaysand
Ger, = (g—d) ;0 =0,1andG,q = (gfd) ;0 = 0,1, alternate. Similar to [5] [13], we assume that the transioiss
respectively, where the notatidB,;, a,b € {§, ro,71,d} rep- of the SRAN depicted in Figuid 2 are perfectly aligned to form
resents the distance between nedand nodeb. Throughout a synchronous system. As detailed in [5] [13], an impediment
this paper, the path-loss exponent is fixeddo= 3 for of the SRAN is the interference generated among the relays,
representing a typical urban area. which is referred to the inter-relay interference (IRIl).eTh

To simplify our analysis, we assume that the SRAN hdRl is further aggravated by the co-channel interferendglfC
a symmetric topology, which implies thd®,,,, D.,4, Gsr, between the signals transmitted from the source node (SiN) an
and G,,q are identical toD,,, D;, 4, Gsr, and G, 4, re- relay node (RN), both of which are simultaneously received
spectively. Let us define the transmit power of the MS at the destination node (DN), as seen in Figlte 2. As a
for a conventional single-link direct-transmission bas#8- benefit of combining DS-CDMA with the SRAN philosophy,
CDMA uplink as Pita- For the sake of a fair comparisonthe inherent ability of CDMA to deal with the multipath
between the system employing the proposed SRAN and tleffiects assists the SRAN in overcoming its interferenoetéid
operating without a SRAN, we assume that the overall transrbehaviour [14].




A. Concise Introduction of Notations different relays will be consistently scaled and accunadat

Boldface characters are utilized to represent the matricd4fing the transmission process of the AF based SRAN.
and vectors. Many notations will be represented in the fofm uantitatively, they impose an extra noise component lgavin
X!, [k], which normally means that the physical objt,[k] @ variance of% on the DN, which cannot be mitigated
is associated with the network nodesand b, and occurs in by the single despreading operation at thelDN
the £** symbol duration of the** frame. A bar over the

boldface characters is utilized to emphasize that the matg The DS CDMA Based Interference Suppression Regime
(or vector) is constructed from other matrices (or vectors Let C, — [Ciqu[z]’ o ,Ci[QH,i _ 0,1 denote a pair

specific manner. The notations in the formZf (k] represent of PN sequences having a cross-correlation (CCLygfand

the interference generated by nodeand imposed on node . )

b, where the interference is multiplied by a PN sequence. fsprea(j|ng factor of). Observe at RNy of F|g_ure[2 th_at
received AWGN vecton[k] of a symbol-duration consists

0

L ; i t
the multiplication by a PN sequence is omitted as a result o Q chip-related AWGN samples[(k — 1)Q + ], which

executing the despreading operation, we replagék] with v

1L,[k]. The tilde in i, is used to emphasize that it is an' oY be formulated as [15h(k] = [n{(k — )@ + 1], n[(k —

amplified and faded noise variable. 1)Q +2],--- ,n[(k — DQ + Q]], wheren|(k —1)Q +q] ~
CN(0,02/Q). After despreading byCZ, the corresponding

o _ _ ) term of n[k] is given by

B. Limitations of Directly Embedding the DS CDMA Uplink

in the SRAN <

, = k—1)Q + ~CN(0,0%), (5
In conventional DS-CDMA systems, the SiNemploys a n qlzzln[( )@+ aeola] (0,07 ®)
single user-specific pseudo-noise (PN) sequence for spread

ing each individual user's modulated signals. Obverse tHd€rémn is a Gaussian variable. #f; is further spread by,

successive relaying aided uplink in Figifie 2, which posray2Nd then despread by, we obtain

the situation that the signal components received from both Q

the SN and the RN at the DN are spread by the same PN Ny = Z M colgz)erfqz]. (6)
CDMA sequence, albeit this violates the orthogonal code- g2=1

division principle of DS-CDMA. Observe thatr; of (B) obeys a Gaussian distribution in

Then, upon considering the AF based SRAN, the transnaitsistical terms, but each of its realizations becomeseifip
power of the RNr; assigned to thé®" symbol of the(l + value in [). Hencel{6) may be rewritten as
1)t frame consists of four components received during the

most recent frameP![k] contributed by the SN’s broadcast @

signal, P [k] imposed by the IRI,P, [k] imposed by the 2= Z colgz]erlgz] = mor- @)
MAI and o2 representing the AWGN noise, which may be ©2=1

simply formulated by omitting the indek as This implies that the power of the AWGN vectafk] cannot

be reduced by a single combined spread-despread operation,
Prljl - ff‘Mn {Gor, Py + GT?TY?P’{% + s + o’} @ but it can defi)r/ﬂtely bge mitigated by raultiple sp?ead—dezpre
Pl = fin, {Geri Pl 4+ Grr P74 Pyal + 0%} (2)  operations.
' Based on the above analysis, a specifically arranged DS-
: CDMA regime is designed here in order to circumvent the
P2 = foXMTl {Gor, Pl + Gro  PL + Plar +0°},  (3) potential noi_se accumulgtion process, and to mitigate both
the successive relaying induced interferences and the MAI
where the amplification factof?,, —constrains the transmit- imposed on the cooperative DS-CDMA uplink. In more detail,
ted power of the RN taP,, = P. Naturally, the noise com- at the SNs, the modulated symbol$'[k] are alternately
ponent received by; in the (I — 1)%¢ frame will contaminate spread byC, and C,; from frame to frame (= 0,1,---).
the transmitted signal of; in the (I + 1)** frame, as seen If the AF protocol is employed, the received signals are
by substituting [(R) into[(1). This process is then continuefitstly despread byC? in the listening mode of RN-;, and
recursively. Based on the assumption ti#4t P, and the then directly spread by>; in the transmit mode of RNy
Signal-to-Noise-Ratio (SNR) remain constant for the défé before the amplification operation. Hence, when we employ
frames, and proceeding backwards from the- 1)* to the an appropriate PN sequence to suppress the interferinglsign
2nd frame, the variance of the total recursively accumulateghnsmitted by the RNs (e.g. the IRI) at the receiver (RN or
noise component itP/*! may be approximated by DN), according to[{l7), the AF noise component inherent in the
Var| Nl = o2 f2 {1 e (fQG)z T (fQG)l_l} interference will be simultaneously suppressed. This iespl
-1 1 For simplifying the analysis of the noise accumulation jeabin the AF
2,2 1. PP f2 .02 based SRAN, the path-loss reduction fac®,,a,b € {s,ro0,71,d}, and
~o'f llggo Z (f G) = mv (4) the MAI powerP}WA“ as well as the _SNR are assumed to_ be congtgint over
n=0 a number of consecutive frames. The instantaneous chaadfiabfcoefficient
haplk] is also replaced by its varian(ze?zb, which is assumed to be unity.

where f andG represe.n'ngMi and Grlmi .respectlvely. This Based on these simplifying assumptions, Edqs-{@) were derived, which are
reveals that all the noise generated in different frame$at tphysically plausible from a long-term average perspective



that the noise accumulation process is indeed avoidedelf tthistribution. Hence the componelﬁ’tM [ | in (@) may be

DF protocol is employed, the remodulated symh$i§:] are approximated by a Gaussian variable. Based on the Gaussian
always spread b¢; in the RNr;. Thus our spreading schemeapproximation method [17], the variance ﬁsfg,lT[ ] may be

also guarantees that the two different components of thekigapproximated by '

received at the DN, namely those, which correspond to the Ny

SN's transmitted signal and to the RN’s forwarded signal, Var {fz;} } ~ Z 1 o (12)
respectively, are always spread by different PN sequences. s 3Q T

These operations are also illustrated in Fidure 2. ) )
Regretfully, the power of the MAI imposed on the RN is

, : unknown, but we may utilize the MAI imposed on the DN to
D. General Form of the DN's Recaived Sgnals approximately model it. Then, based on the assumption that

We assume that the channel's fading coefficienfgk] the DS-CDMA system has a perfect power control, we may
maintain the same value in different chip-durations of ti®& readily derive the following relationship

symbol. Hence, th&'" received signal of th&" frame at the . .
DN may be formulated as Z :
GsnaPs, = MPs; > Gon Ps, =X MP;, (13)

=V/Gaahl K]k K] + /Groahl, glK]eL, [K] =t m=t

+ Tl g[k] + nly[k], (8) where the factor)\ is determined by the ratio of the MAI
imposed on the RN; to the MAI imposed on the BH.

By substituting [(IB) to[(12)[(12) is rewritten as

A

wherei = (I +1) mod 2; i =1 mod 2; andl = 0,1, -

The SN's broadcast signal is given bj[k] = S'[k] - C; and
) i l _ pli . .

the RN'’s forwarded signal by,. [k] = R;[] SZ. Moreover, Var {ISMT } A up. (14)

the spread AWGN vecton!,[k] obeysé& {nfi [k]nfi[k]} = 3Q

—aQIQ, whereI, denotes the identity matrix having a di-In order to constrain the transmitted power of the

mension of@. We assume havingM + 1) users, namely RN r; to P, [18], and invoking [(ID) as well as
the desired user plus/ interfering users, and the transmis{14), the ampllflcatlon factor ofr; is represented by

sions of theM interfering users are asynchronous with th P,
transmissions of the desired user. In more detail, the MAP — GorPs + 52Grin P + 35 Mp + 02 - We note
|mposed by ther/ |nterfer|ng uselrs on the DN is given by .. i ¢l [] of @) corresponds to the“‘ modulated source
Lo glk Zm 1V Gspnd hs alk1Ss,, [k] - Cs,. symbol of the previous frame, namely 8~![k], instead of
corresponding toS![k] transmitted by the SN in the present
E. AF Based SRAN Model frame. This particular property of the SRAN was also de-
When employing the AF protocol, the RN's forwardedcribed in [13, (Fig.1d)].
signalcl. [k] of () can be detailed as At the DN, the different components of the received signal
y'[k] can be resolved by appropriately configuring the chip-
ck, [k] =fan,, x {\/Gsnhlw} [k]ci k] waveform matched-filter for the different spreading codes.
' When the filter is matched to the wavefor@;, the signal
Zﬁ T1 k] + T3k [K] + nzv1[,€]}. 9) directly transmitted by the SN will contribute the main com-
! s " ponent of the despread signal, while the RN’s forwardedadign

The componerifﬁ;li [k] in (@) captures the effect of IRI after and the interfering users’ signals become the interference

the combined despread-spread operation off/RNvhich can Henc_e, t_he associated output of the chip-waveform matched-
be detailed as filter is given by

TR = WL RREVE] - Coy o (20)  Zulk]l =V Gaaha kIS TR + I lk] + Toa o [K] + nglK], (15)

TT1 T

where the CCL between the PN sequer€g and the PN Wherelﬁid[k] accounts for the relay’s forwarded signal com-
sequence, is commonly represented by,;,. We specifically ponent after the despreading operation. Recalling theysisal
assign a pair of PN sequences having CCL-df/Q as C; of Sectior{II-C, according td{7), the noise terf1 ' [k] in (9)
andC; in order to significantly reduce the IRI effects, i.e. wevill be suppressed along with the other component§iof (9) by
have~;; = —1/Q. Then, after the combined despread-spredbe CCL;;. ThenIiMd[ k] is the despread version @t ,, ,[k]
operation, the MAI imposed on; during the(l — 1)** frame in (@), whose variance may be calculated by a process similar
becomes to (11), [I4). Hence the variances of the interference ténms
A jl;{l -, ) are obtained a¥ar [vad]l: éGndeVar [Tl y] ~
shir; st 50 M Ps. Moreover, we have[k] ~ CN(0,0?).
Similarly, the despread signal extracted frghfik] but dom-

_ -1 =17y, )
Z YmiV/Goribig v K]S K] - Cie (1) inated by the RN'’s forwarded signaj. [k] can be expressed

From the Central ||m|t theorem [16], the summation/afin- _2The actual value o will vary owing to different network topologies. As
dependent random variables can be modelled by the Gaussi@possible value2.0 is assigned to\ in our simulations.



as transmissions of two half-duplex three-terminal coopeeat

! - -1 . -1 networks [13] conditioned by that the CCI and IRl imposed

Zri (K] = fans,, o/ GaroV/ Grodhig [kl hy g[K]S™ (K] on the SRAN have been equivalently induced in the two
+ LMK A+ I52 (K] + I lk] 4 Tia g K] half-duplex three-terminal cooperative networks. Thisliso
Al + ng[k]’ (16) illustrated in FiguréR2, where the transmissions represehy

the solid lines in the even phase and odd phase constitute one
where I'-1[k], 115} [k] and #l '[k] are the amplified and of the half-duplex three-terminal cooperative networksyely
faded, then despread versions &f![k], Ii&lr_[k] and Coop-Il. Similarly, the transmissions represented by trehed
nlnfl[k] in @). Il k] is the interference impoéed by théines in the even phase and odd phase constitute another one,
SN’s broadcast signal’,[k]. Their variances are summarizechamely Coop-Il. Hence we split the DCMC capacity derivation
as: Var[I[}] = (gzGrir, Pr.) fAng,, Griai Var [15} ] ~ process into two steps. First we attain the noncoherent DCMC
(%Mps)ffwn G..4; Var [Iid} _ éGsdPs; Var [ﬁl”—q _ capacity of the half-duplex three-t_ermln_al coop_eratlvmmek
(UQ)ffo G and then extend the result ob_talned in the first step to _the
Ti SRAN. Furthermore, as stated in Sectidn Il, based on thk i.i.
assumption of the channel, in this capacity analysis sectio
F. DF Based SRAN Model we can focus our attention on a single transmission block,
When employing the DF protocol, the despread signal @fich is randomly extracted from a transmission frame and
the (I — 1)*' frame atr; associated with6'~'[k] is given by happen to experience a complete fading block.

-1 -1 -1 -1 -1
k] = /G, W ELSTHE] + v/ G B[R] R K , ,
r. K] Foor 1F K+ orifir (1R (K] A. Noncoherent DCMC Capacity for the AF Based SRAN in

M
+ Z Vi /Gt hEL (K]S K] + nl K] (17) the Cooperative DS-CDMA Uplink

1 T ' According to above philosophy, the noncoherent DCMC
which is similar to [®). In order to avoid the typical errorapacity of the AF based SRAN is constituted by the sum
propagation problem of the DF protocol, we ensure that ti9 the capacities of the AF based sub-networks Coop-I and
signals at RNr; are forwarded only when correctly decoded=@0P-1l, which is formulated as
Consequently, the signal forwarded byis formulated as Cg\gccessive: Cégop_l + Cégop_”_ (1)

S'=11k] perfect detection

0 | In the sub-network Coop-I, during the even phase broadcast
else.

interval of lengthT’, a block of the modulated source symbols

(18) i _ ! ! T
At the DN, when the chip-waveform matched-filter is a §' = [S'[k + 1], Sk + 2], , S'[k + T4]] s broadcast by

plied to the waveform oC;, the resultant output correspond—the SN. The transmissions via the SD link generate the signal

l l l 1 T ich i
ing to the information bearing symbdal' k] is given b vectorz, = [z[k + 1] [k + 2),--- 2 [k + Ty]], which is
¢ gsy [klis g y actually constituted by the associated despread sigredé/esl
LK) = /Geahlg[k]S k] + 1L, 4[K] + Itar y[k] + n[k], (19) at the DN, as detailed if{(15). According to [16] again, the
where the definitions of the terms dtid[k]’ IlMd[k] and interference components if_{15) are treated as a Gaussian

. . . Tsd] variable. Consequently, the overall equivalent noise comept
nY[k] are similar to that in[(15), and their variances are d y 9 n

also equivalent to that in_(15). Similarly, another desﬂreémposed on the vectod, may be expressed as

T4

cl [k] = S'k] - C;, S'[k] = {

signal extracted fromy![k] of (@) but corresponding to the IL gl + 1) 4 Iy 4k + 1] + nhlk + 1]
information-bearing symba$’~![k] may be formulated as n! = : . (22)
2y, (K] = \/Groahy, alk)S' K] + I [K] + Las g [k] + ng[K]- I} glk + To] + T gl + To) + nglk + T
(20) Furthermore, the associated fading coefficients of the 8b i
are represented dy,q = [h! [k + 1], L [k +2],- - AL [k +

IIl. NONCOHERENTDCMC CAPACITY OF THE TbHT_ Hence, given the definitiolﬁs@sd _ PE{hsdhsdH}

SUCCESSIVERELAYING AIDED NETWO_RK andS = diag{S'}, the covariance matri¥ ., of the despread
Both the AF and the DF protocols may be invoked by thg,ceived signal vectaz! is given by

SRAN. Hence we have to find the appropriate cooperation "

protocol for a given transmission scenario. The optimum ., = £{zz." |S'}

cooperation-protocol-selection can be achieved with idef —  _nH Grid
. . . . p— Tl

capacity analysis. As mentioned above, noncoherent detect =S®,4S + { [ Q2 30

will be employed in order to avoid the complexity as well i T i
Py piextty IJ;ere both the successive relaying induced interferende an

as pilot overhead of channel estimation. Hence we focus _ ) . . .
deriving the noncoherent DCMC capacity of both the A e MAI are included in the evaluation. The detailed deiormat

based and DF based SRAN. Then in Sedfion IV we will exploﬂf @) is not provided here owing to space limitations, but
this in order to inform and motivate our design. similar procedures may be found in [8] and [19].

Th_e transmiSSion arrangement Of.the tWin'reIay'aide_d SUCSErom now on, the assumption th&y = P, = P is utilized in order to
cessive relaying procedure may be viewed as the superirdposeplify the form of the equations.

+ %} P+02}IT57 (23)



Similarly, the signal vectoe!t* = [zI1[k + 1],25 [k +  probability density function (pdf) oZ conditioned onS is
2),--- 21k + T)] " represents another replica of the samadily expressed as
modulated source symbol bloc®’, which is generated by o 1
the consecutive transmissions from the SN to the RN duridgt(Z[S) = TNz dot( @V
the broadcast phase (i.e. even phase) of durafignand [ et(P)]

then to the DN during the multiple-access phase (i.e. ogddhere the conditional covariance mati is calculated by
phase) of duratioff’.. The equivalent fading coefficients of the

- exp {—tr (ZH\I'%Z)] , (27)

— —H
associated channels are representethly, = [h., [k + 1] W =S (®sq+ Psrya) S
W k41), - bl [k+T3)- R A [k+T)] . Then the overall Gria M
rod, rod. v L+ — | P+o* Iy, 28
eqowvalent noise componeﬂfff)1 imposed on the vectar.* ¥t Q2 + 3Q togm (28)
is composed by all the interference and noise components in ] T . .
(18). The relevant covariance matrix is formulated as Let us definef; = 7= and fo = g, which
was introduced for evaluating the effect of the source- and
Grod { [G”{O + M} P+02} P relay-transmission duration ratio of a conventional FAgl
Q 3Q . . .
\Ilnthl = e Ny relay aided two-phase cooperative network, as detaile®2h [
[Gsm + —57° @} P+o? Apparently, the AF based sub-network Coop-I has the inlieren
a M relationship of3; = B2 = 0.5, which can be hence represented
+ [ SQd + —] P+ 02} x I, . (24) Dby a single variable ofs. Then, according to [23] and [24],
the capacity of Coop-l may be readily formulated as
Q*  3Q h ity of Coop-1 may be readily formulated

Similar to our previous analysis, given the definition AF [ p—— Jé] _ S

Dyrga = Pff«MmGsrondc‘?{hsmdhgod}, the covariance CCoopt = EI (S 5Z) = T, [H (Z) - H (Z|S)] , (29
matrix ¥,,,q of the signal vectorz!! may be formulated » _ )
as where the conditional entroplf (Z|S) can be calculated in a

,,.0=S®,.,4S + O (25) closed form as
ro

In the capacity analysis, a single-input-multiple-output H (Z[S) = _/Pr (Z,S) In [Pr (Z]S)] dZdS
(SIMO) system havingvy = 1 transmit antenna, anz = 2 7 Nn
receive antennas may be employed to equivalently model the = log, {e - [det ()] } : (30)

AF based sub-network Coop-I, where the transmissions eia th — _
SD link during the broadcast phase of Coop-I can be view&tPWever, the entropy/ (Z) cannot be evaluated in a closed

as the transmissions from the single transmit antenna to JREM- A practical approach to its numerical evaluation is
of the two receive antennas in the equivalent SIMO systeffPnstituted by the following Monte-Carlo integration
Similarly, the consecutive transmissions from the SN to the ox [—tr (ZH\P‘lz)}

RN ensuing during the broadcast phase, and then to the DN Z) — —&{log P

during the multiple-access phase in Coop-l can be treated aé 2 mD £ [det (x®)] V"

the transmissions from the single transmit antenna to @noth S ex (31)
receive antenna, while experiencing the equivalent clanngsince each element of thig-component differentially encoded
fading effect and incurring the same interference-pluseo signal vectorS! is chosen independently from ai.-point

impairment in the SIMO system. Hence the entire input-outplyntellation set\, with equal probabilities, the number of
relation of the equivalent SIMO system may be formulated hy hypothetically transmitted symbol matric& equals to

7Z—-S.H+N, (26 MTo anq the notatio_n/x in @) repr_ese_nts the set of all
_ o hypothetical values 0§ . Additionally, in line with [25], we
where we have the definitionZ = [z, z''|, H = also define the so-called equivalent transmit SNR, which is
hsa hgoq) andN = [n) nlft]. determined by the ratio of the transmit power with respect

It was pointed out by Dinget al. [20] that the channel’'s to the receiver's noise. This definition is convenient, but
fading coefficients experienced !, namely by the re- unconventional, since in contrast to the classic SNR, these
layed versions of the source codewords, involve a produgantities are measured at physically different pointsyNee
of Gaussian random variables, which is no longer Gaussiae ready to calculate the value(d@,fop_,. Then, we can simply
Nevertheless, fortunately, Direg al. further demonstrated thatattain the capacity of the sub-network Coop-Il following a
the ergodic channel capacity of the AF aided single-relsymilar process. According td (R1), the noncoherent DCMC
system based on the Gaussian assumption is still achigvablgpacity of the AF based SRAN becomes available.
provided that the covariance matrix of the system’s input
signal is diagonal, and the diagonal elements may be ob- , )
tained by solving the resultant optimization problems kiag B. Noncoher(_ent DEMC CapacVFy for the DF Based SRAN in
multidimensional integrals. In the spirit of [20], we ma)}he Cooperative DS-CDMA Uplink
approximate the capacity of the equivalent SIMO systemdase Similarly to (21), the noncoherent DCMC capacity of the
on the Gaussian assumption. Hence, according to [21], tB& based SRAN is constituted by the sum of the capacities



of the DF based sub-networks Coop-I and Coop-Il, which &s

formulated as follows — —
W,,, = PGy,SE {hy, b }§"

DF DF DF Griry | AM P+o2}41
Csuccessive= C’Coop—l"'o(:oop—ll- (32) + | Q2 +% to Ty
W4 = PGySE {hh!) 8"
In the broadcast interval of sub-network Coop- (Gra M P 21y
I, presented by solid lines in the even phase of + Q2 +@ +ot i,
Figure [2, the source signal blocks! is broadcast, _ - gy aH
which is received and further despread to the §ignal ‘I’T‘Jd_PGTPéSE {h;\‘;hrod}s
blocks i, = [yt [k + 1l [k 2] ol k4] +{ s;+_}p+02}1n, 37)
associated with[(17) and! associated with[(19), at RN | Q% 3Q

ro and DN, respectively. Then, during the consecutighere the interference components are treated as noise con-
multiple-access interval, presented by the solid line i@gminating the desired signal having the equivalent power.
the odd phase, the hypothetical source signal Dblogie h,,, and h, denote the fading coefficient vectors
Si+1 — §l+1[k +1], §l+1[k +2,--- ’§l+1[/€ +Tp) corresponding t&& Ry link and Ry D link, respectively.

generated by RNy is received at the DN, which is despread After obtaining the_ relevant covariance matrices, the enc

to signal blockz! associated with[{20). Hence, based 0her_ent DCMC capac_|ty_of sub-network Coop-l can be attained
the upper and lower bounds on the capacity of a half-duplB implementing a similar process according[fol (29)] (3@) an
relaying system provided in [22] and on the fact that the Sf¢1)- According to the symmetry between sub-network Coop-

remains silent during the odd phase, we can obtain the uppetnd Coop-Il, we may argue that the noncoherent DCMC
and lower bounds for sub-network Coop-I as capacity solution of sub-network Coop-Il is also available

Hence the evaluation of the noncoherent DCMC capacity of

the DF based SRAN is deemed completed. Moreover, no

Chops < min {ﬁll shzl,yl), code-rate-optimization was considered here for the sake of
- simplifying the analysis. Hence we equally split the time

Bl (S'2L) + Bol (SHI;ZQ:I) }7 (33) petween the broadcast and cooperation phases, whichlgirect

(
(

. leads to3, = 2 = 0.5, wh lculati 6).

ngop_lz min {511(81;3’5‘0)’ eads tog; = [ when calculating[(36)
(

BiI (Shzl) + BoI (gl“;zﬁ;‘l) } (34) C. Smulation Results and Analysis
Let us defined = g”;, and assume thab,.,., equals to

Furthermore, in order for the RN, to detect the received sig- the relatively smaller value betwedn.,, and D,,4. Based on
nal correctly and thus to avoid the potential error propiagat the Symmetrical structure of the proposed SRAN assumed in
problem, the actual source transmission rate, nangf, ., Sectior(]l, the exact proportions &, Dr.a, Dsa @nd Dy,
cannot exceed the noncoherent DCMC capacity of $ii&, associated with differertt values are summarized in Talble |,

link. Hence we obtain another constraint on the error-frehere the distanc®,, is always normalized to unity. Hence
relaying-based capacity as the process that the value éfincreases represents the fact

that the selected relays roam further and further away from
SN, but closer and closer to DN. Employing the normalized

Rggop—l < Bl (SZ§Y£0) . (35) -
0=5"% | Dsr, Dra Dsa Drory

1
Accordingly, based on[{33)[(B4) anf[35), the error-free- 3 0262 078 1.0  0.262
. . 1 0.357 0.714 1.0 0.357
relaying-based noncoherent DCMC capacity of sub-network %5 0T 0ETT 10 05T
Coop-l is given by 2.0 0.714 0.357 1.0  0.357
3.0 0.785 0.262 1.0  0.262

. TABLE I: Distance proportions with respect tb

C(I?t'):op—Even: nmn {51] (Sl§ yio) ) prop P

Il Ql+1. 1+1
il (S ’ZS) e (S 4o ) } (36) distance list of Tabléll, the path-loss gain associated with

certaind may be obtained according to [10]. Furthermore, in
our simulations, the Gold sequence set having a spreading
3 factor of 127 is employed.

I(S%2,) and I (Sl“;zlﬁ;l) are represented b¥,,, ¥sq A cooperative-user-selection scheme is employed, where
and ¥, 4, respectively. Since the covariance matrix of ththe effect of the RN’'s position is considered. The corre-
despread signals is the crucial element engaged in evaduasponding simulation results af4"  .cse@S €valuated from
the noncoherent DCMC capacity, we formulate them expjicit@1), (29), [30) as well ad (81) are displayed in Figlre 3,

The covariance matrices associated with(S;y! ),
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S o —— AF Based SRAN S, M  —— AFBased SRAN
e Direct Transmissiory e Direct Transmissior
00 0 5 10 15 20 %0 0 5 10 15 20
System SNR [dB] System SNR [dB]
Fig. 3: The effect of the geographic position of the RN offig. 4: The noncoherent DCMC capaci€y4 cessiveln Z€r0,

CLF ossive @S evaluated fronf(21)(R9],(30) arid](31), whemnoderate and heavy MAI scenarios, as evaluated fiom (21),
a normalized Doppler frequency ¢f; = 0.01 is assumed.  (29), (30) and[(31), where a normalized Doppler frequency of
fa =0.01 is assumed.

where the following RN positions expressed in terms of
6 € {4 4,1.0,2.0,3.0} were considered and the number of
interfering users was fixed td/ = 0.

Observe in Figurd]3 that the capacity of the SN's up-
link employing the AF based SRAN exceeds that of the
conventional single-link direct transmission structunden
appointing RNs sufficiently close to the SN. By contrast, it
results in a degraded capacity compared to the conventional
direct transmission structure, when appointing RNs clase t
the DN. In our particular case, appointing the RNs at the
position off = % is seen to be the best strategy in Figure 3,
which slightly improves the capacit§¢'4f, cssieCOMpared to
the scenarios of =  andd = 1.0. In our next investigation % — DF Based SRAN |
we fixed the position of RNs t@ = % and focussed our T Dirept Trapsmisgior
attention on the detrimental effects of having an increased 5 0 5 10 15 20
number of interfering userd/. Specifically, the values of System SNR [dB]

M € {0,32,64} are considered for modelling the scenariogig. 5: The effect of the geographic position of the RN on
of zero, moderate and heavy MAI, respectively. O essive &S evaluated froni (B2)(B6) arld{37).

The relevant simulation results displayed in Figure 4 demon
strate that the capacity of the AF based SRAN always exceeds
that of the direct transmission system, regardless of theben appointing RNs, which roam closer to the SN - rather than
of interfering users. It is more intriguing to find that theo the DN - in the DF based SRAN provides a higher
capacity advantage of the AF based SRAN increases withpacity. To expound a little further, in the low SNR region
respect to the conventional direct transmission systenenwh(< 1dB), the DF based system appointing RNs at the position
the MAI becomes stronger. This implies that in contrast ® tlof ¢ = 1.0 achieves the highest capacity. The previously
conventional DS-CDMA uplink, the cooperative DS-CDMAnoted phenomenon, namely that the capacity gain achieved
uplink will exhibit more substantial advantages in higlado by replacing the direct transmission structure with the SRA
situations. Furthermore, it is expected that if we adjust tlincreases upon increasing the number of interfering users
amplification factorfaas,, with the aid of accurate power-remains valid, when considering the DF based SRAN, as
control instead of equally splitting the power between tihe Sdemonstrated by Figufd 6.
and RN, the AF based capacity may be further improved,Upon comparing Figur€l3 to Figufd 5, We observe that
as also reported in [20], [26]. This benefit may indeed ke DF based SRAN appointing appropriate RNs outperforms
anticipated, since having a reduced SN and RN transmif based SRAN, especially at low SNRs, i.e. in the low-
power results in reduced MAI in comparison to the direghroughput region. In this treatise, we configure our SRAN
transmission scenario. to operate at low SNRs for the sake of saving precious

Similarly, when the DF based SRAN is employed, th&ansmit power. Accordingly, instead of the AF scheme, the
attainable capacityC2' ... associated with different RN DF scheme is proposed for our SRAN, where an improved
positions is characterized in Figure 5. This demonstrdias t BER performance is expected.
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IV. RELAY-AIDED SISO-MSDSD ASSISTEDITERATIVE Fig. 7: Schematic of the proposed transceiver in our DF based
DECODING FORSUCCESSIVERELAYING SRAN.

Based on the analysis provided in Section Ill, we simply
assume that two relays are selected, which employ DF rejayin
and roam close to the mid-way position between the SN afg@invergence behavior of the iterative decoder with the &id o
DN, where we havé,,, = D, 4. In this system design part, athe URC decoder, as detailed in [6], [27]. As a benefit, the
low MAI scenario is assumed for the sake of concentrating @fror propagation problem of the DF scheme is avoided. The
the specific properties of SRANs. Furthermore, we consideRAN’s transmitter is designed to be identical to the thregst
more realistic scenario in this section, where all the cleésin RSC-URC-DM encoder of the SN. Furthermore, the proposed
are assumed to be conventional narrowband correlated tinfdSO-MSDSD decoder is also employed at the DN, where
selective Rayleigh fading channels. we have to ensure that its multiple input signal streams are

The transceiver architecture specifically designed for o@ppropriately time-aligned, so that they correspond testee
DF based SRAN is portrayed in Figufé 7. At the SN, wélifferentially modulated symbols. Hence, if the estimategs
use a conventional differentially encoded modulator, sagh are correctly generated by the RN'’s receiver, the diffeadyt
DQPSK depicted at the top right corner of Figlile 7, whicAodulated symbols produced by the RN’s transmitter will be
is further combined with a unity-rate-code’s (URC) encoddhe same as'[k].
in order to create a two-stage inner cdlieFurthermore, a  Before introducing the DN's receiver design, we first
conventional half-rate RSC is employed as the outer cod®alyse the proposed SISO-MSDSD algorithm. Initially, the
Hence a three-stage RSC-URC-DM source encoder is cfdSO-MSDSD algorithm advocated by Paeli al. in [9]
ated. The Corresponding URC decoder assisted three-stﬂ@é invoked for iterative decoding in the direct transnaissi
receiver proposed for the re|ay is also portrayed in [}|g$y5tem, which was then further deve|0p8d for our COOpEﬂ'atiV
In more deta”, the RN’s receiver consists of three Stagé}ﬁ’twork. The resultant modified SISO-MSDSD algorithm is
namely the conventional single-path SISO-MSDSD [9] basé@nsequently termed as the relay-aided SISO-MSDSD. This
soft decoder, the URC decoder and the RSC decoder. Mas achieved by developing a sophisticated sphere detectio
extrinsic information anda priori information, represented scheme, which is capable of simultaneously dealing with
by E(-) and A(-) respectively, are interleaved and iterativelynultiple soft-input information streams, where the stream
exchanged within the two-stage inner decodgr, ., times, are associated with the same modulated symbols. Instead of
before the result is further exchanged between the inner @#f@cessing a single received signal stream, our relaydaide
outer decoderg’,,. . times. The motivation of employing this SISO-MSDSD evaluates the posteriori LLR of the p'* bit
three-stage concatenated decoder architecture is towmgine u[x] by simultaneously processirg received signal streams

represented byzy} =12, ..o as follows
4The URC model has an infinite impulse response (IIR) due teitarsive
encoder structure, consequently t'he EXIT curve of the URd@&diinner Lu[ ] —In Pr (u[ﬂ] = l_7|{z>\}>\:1,2,...,9)
decoder is capable of appro_ach'lng the point of p_e_rfect ogevee at Pr (U[H] — b|{zA}>\:1_,2 vvvvv Q)
(1.0,1.0) in the EXIT chart, which is a necessary condition for negracity

operation [6], [27], and for eliminating the potential erfor phenomenon. \where b is the complement ob. The resultant relay-aided
Therefore, the receiver of the RN is capable of near-pdyfatdtecting the

information bitsé, bore in the signals received from the SN, at as low SNI§‘ISO'M.SDSI.D deCOd_er is employed as the f.irSt stage of the
values as possible. overall iterative receiver at the DN, which is then further

, be{0,1}, (38)
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amalgamated with the URC decoder in order to form a twef a fair comparison, we ensured that both the conventional
stage inner decoder for appropriately complementing this SNingle-path SISO-MSDSD decoder and the relay-aided SISO-
and RN's transmitter architecture. As described in Sedfign MSDSD decoder operated near their associated “turbd-cliff
the despread signal streams zjf and zﬁ;jl generated at the points. Then we varied tha priori mutual information of
DN correspond to the same SN’s transmitted signal stf8am the two different SISO-MSDSD decoders and recorded the
Upon substituting them intd (88) &z, }r—1,2, (38) can be associated number of RMO required for producing a single

rewritten with the aid of Bayes’ theorem as soft-output once per iteration. Observe in Eg.8 that the
Pr (U[M] — bz zl+1) proposed relay-aided_ SISO-MSDSD decod_er approximately
L,[p] =In s ZL doubles the complexity compared to the single-path SISO-
Pr (U[N *b|z Zro ) MSDSD decoder, which is valid right across the entire
| Zvexw] , Pr(zL|v) Pr (201 v) Pr(v) 2 priori mutual information region considered. The remaining
" Zvex P (zL|v) Pr (2t |v) Pr(v)’ (39)

M Relay-Aided SISO MSDSO
4000 |- [0 Single-Path SISO MSDSD

where the vector consists of(7, — 1) QPSK symbols. The
relationship of the symbol-vecterandS! becomes explicit in
the model seen at the top- rlght corner of Big.7. Furthermore
X:ulu)=b TEPresents the set 0$— number of legitimate
transmitted vectors, whoseu'" b|t is constrained ta[u] = b,

and similarly, x5 is defined as the set correspondlng
to u[p] = b. Based on[(39) and invoking the “sum-max”
approximation as well as replacir®j with a simple notation

s, the a posteriori LLR of u[u] is further approximated by

3000

2000

1000

Average number of RMOs per soft output

Luy]
~1n MAXv e u[p)= eXp{_HUSS”2 ||UT°S||2+1nP1"(V)} ° 0.0 02 04 06 08 10
~ — o exp{—HUSs||2 ||UTOS||2 T In Pr(v)} A priori mutual information
= — | U8apll? = U8 pp||? + In Pr ({,’?AAP) Fig. 8: Complexity comparison betwe_en the r_elay-alded SISO
o 2, Uros 2\ lup 40 MSDSD decoder and the conventional single-path SISO-
+ [U"Skap 1> + | wapl® + I Pr (Fap), (40)  MSDSD decoder at differena priori mutual information

where U® can be attained byJ* £ (Fdiag{z.})*, with F values.

being an upper-triangular matrix obtained by the Cholesky
factorization of the matrix¥,, of (37). Explicitly, U™ can components of the DN’s receiver are similar to those of the
be calculated by a similar method, whdrds given this time RN, hence they affect the overall complexity in a similar way
by the Cholesky factorization of the matnk,.,; of (34). Still When designing an iterative decoding aided cooperative
referring to [40),s%,,p is one of the legitimate differentially system, the distributed turbo coding scheme advocatedsi [2
encoded DQPSK symbol vectasswhich maximizes the term is attractive, since it benefits from the iterative inforinat
{—||U?s||*—||U"s||?>+In Pr(v)} involved in the numerator of exchange between the direct and relayed versions of the same
(40). The signal vectasf,,p can be attained by implementingcodeword, which experience uncorrelated fading. Natyrall
a specific sphere detection (SD) algorithm, which is sintitar the improved system performance is achieved at the cost of
that described in [28]. The SD’s search space is constrainadreasing the complexity imposed by employing an extra
t0 X.u[uj=b- Thenvi,e is the corresponding QPSK symboiiteration stage.
vector, which is uniquely identified b§§,,p. Similarly, if the By contrast, the proposed relay-aided SISO-MSDSD al-
SD’s search space is fixed 10.,,)—3 8hap and vb,p are gorithm constitutes a realistic method of maintaining a low
readily obtained. complexity, where the combination of the information pro-
Our complexity comparison between the single-path SIS@ided by the direct and relayed signal streams, namelyg'by
MSDSD decoder advocated in [9] and the proposed relagnd zﬁ;jl is achieved without an extra iteration stage. More
aided SISO-MSDSD decoder is provided in Eig.8. In thexplicitly, in a cooperative network, where the distrilite
spirit of [9], the average number of real-valued multiptioa turbo coding principle is employed by invoking the single-
operations (RMO) required for generating a single sofpatut path SISO-MSDSD algorithm, as in [12], each input signal
during the SISO-MSDSD detection once per iteration is erstream is first individually processed by a single-path SISO
ployed here as our complexity measure. If a correlated blodldSDSD aided turbo decoder within the inner iterative stage
fading period ofT, = 6, and a normalized Doppler frequencyof [12, (Figure 5)]. Then the resultant information is pakea
of fy = 0.01 are assumed, the SNR values®05 dB and to the outer iterative stage, and typically at least twaatiens
2.12 dB represent the corresponding “turbo-cliff” points foeth are carried out in order to exchange information between the
single-path SISO-MSDSD assisted system and for the relajifferent input signal streams. Hence, based on our coritplex
aided SISO-MSDSD assisted system, respectively. We wilbmparisons shown in Fig.8, it is reasonable to argue that ou
return to these issues later in the context of[Eip.9b. Fos#ke three-stage relay-aided-MSDSD-URC-RSC decoder is capabl
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observation window size of the SISO-MSDSD algorithm to

O 10 1 - .

€ ,,l0=1(04=Dy sjn =0833 b"SQS’HZ . Nying = 6 for all the systems. Furthermore, in order to
0 ,,| SNR=212d8 o guarantee the fairness of our comparisons among all the
% Iinner=2 5 | X —— Single-Ljnk Direct Transmigsian . . .

207 =9 -|o — AF Basdd SARN systems considered, the overall transmit pofey, is equally

Qo5 Nyng=6 o1 " T DFBesqdSRAN shared between the SN and RN transmitters, as suggested in
Zost L B .| |capaciyor | | | Section[l, which equals to the overall power of the direct
D o4l 08 10° yeu SRAN | o b q

2L, ; - transmission based system.

§Z: _ ol ! Capacty of RAN: | Capaciy o Observe in Fig.9a that an open tunnel exis_ts between the
EO Aoty el s b ye " EXIT curves of the two-stage inner relay-aided-MSDSD-
g, Cofv=6,R.=0. :

Ty M Trajectory L L URC decoder and the outer RSC decoder, when the overall

1 2 4 5 6

00 01 02 03 04 05 06 07 08 09 10 -1 0 3
Overall System Equivalent SNR [dB

1a(Relay-Aided-SISO-MSDSD-URC)g(RSC)
(a) EXIT Chart

equivalent SNR vallfe reaches2.12 dB. Furthermore, the
associated Monte-Carlo simulation based decoding t@jgct

) = 3 v
Fig. 9: The EXIT characteristic of our proposed dest'nat'orﬁly'ng on a frame length of, = 960_>< 10 b|_ts_c!ose_ly
9 1t r prop et atches the EXIT curves. Correspondingly, an infinitesiynal

receiver and the BER performances corresponding to differ . . 4
systcla\?ns P ponding %w BER is expected beyond the SNR2.12 dB point. This

is further evidenced in Fig.®b. The capacity of the proposed
DF based SRAN is also characterized in [Ei§j.9b, which can

. Lo . be directly attained from Figl.5. In our case, the correspund
of halving the system complexity imposed by the Convemlongandwidth efficiency is) ~ R. x logy M, x Tl’jz"zl — 0.8333

single-path SISO-MSDSD aided distributed turbo decodetr. Lbit/s/Hz. Hence, the proposed transceiver architectufiol
attains a performance within6 dB from the capacity of the

(b) BER performance

Channel Model Time-Selective Block-Fading Channel . .
Path-Loss Exponent a=3 DF based SRAN. Thi2.6 dB discrepancy may be further
Correlated Fading Block Length T =6 reduced for example with the aid of an irregular outer code,
Normalized Doppler Frequency fa = 0.01 . X
PN sequence Gold sequenceq) — 127 as detailed for example in [27].
Channel Coding RSC Code To elaborate a little further, observe in Fig.9b that an
Code Memory Length v==~6 . . . .
Code Rate K. —05 approximately3.9 dB power reduction is achieved by the
mg%uéasi%wb I - DQPSK proposed DF scheme in comparison to the classic direct
servation Window Siz¢g wind = 6 P . . .
inner Tierafions of DN's Decoder Y transmission regime. By contrast, its correspondlqg Afebas
Outer Iterations of DN's Decoder 14, =9 counterpart attains a more modest power reduction of about
Relay Position in AF Based SRA Ty b= )%; 0.5 dB, which is attained at a lower complexity than that of
Cor, = (555)°, Grra = (0%

Relay Position in DF Based SRAN 025 (-)0;1?0, the DF arrangement‘

G, = Cra = (5%)°
Overall Bandwidth efficiency n = 0.8333 bits/s/Hz

V. CONCLUSIONS

TABLE Il: SYSTEM PARAMETERS . I . .
In this contribution, we suppress the successive relaying

induced interferences with the aid of the specifically agegth

us now investigate the robustness of the proposed three stB§-CDMA technique. Then, based on the capacity analysis of
relay-aided-MSDSD-URC-RSC decoder in the terms of iection Il and the simulation results of Section IV, we may
BER performance_ We commence by |dent|fy|ng the “turbdeasonably conclude that instead of inVOking the distadut
clif” SNR with the aid of Extrinsic Information Transfer turbo coding regime of [25], our proposed transceiver gpeci
(EXIT) Charts as detailed in [6]. Both the relevant EX|Tically designed for the DF based SRAN allowed us to halve
chart and BER results of our AF/DF based SRAN are shovifi¢ System complexity. The SNR discrepancy with respect to
in F|gB’ when using the System parameters Summarizedtlﬂ@ aSSOCIated DF based SRAN'’s nonCOherent DCMC CapaCIty
Table[l. was as low ag.6 dB. Furthermore, a power reduction of about
block to be correlated. By contrast, we have to eliminate tig direct transmission based counterparts, respectively
fading-induced correlations among symbols for the sake of
achieving efficient iterative decoding, which is attaingdus-
) ) ; 3 g
Ing an. interleaver frame length correspondn_‘\gw x10 qlf [1] G. J. Foschini and M. J. Gans, “On Limits of Wireless Conmications
ferentially modulated symbols. Tmaptwe'\’\"ndow'durat'gn ~in a Fading Environment when Using Multiple Antenna®lreless
based scheme proposed for the SISO-MSDSD algorithm in  Personal Communications, vol. 6, pp. 311-335, Mar 1998.
[9] is capable of reducing the system’s complexity, but lag t [2] iavgr-m;’gl d?ifedMF‘er(‘)'g;‘BiI;‘tTh:/eo‘T'gefm'”ngflngzﬁu{‘é"?ﬁf'on Ghals,”
systems involyeq in our comparisons, such as the convelitioqs] I N ,_anenfgn’ D.N.C. Ts)é" and élr\’,ﬁ)," wornell, JCOopémm,ersity
direct transmission based system, and the AF or DF based in Wireless Networks: Efficient Protocols and Outage Betravi EEE
SRANS are capable of directly adopting it. Hence, regasdles Transactions on Information Theory, vol. 50, pp. 3062—-3080, Dec 2004.
whether or not we opt for employing thaedaptive-window- 5 _ L . _ _
duration based scheme. this would not affect the preferen Her_e the terml_nology of 'equivalent S_NR is dgflned as theormﬂ the
ural ; ’ ° p. fr&nsmit power with respect to the receiver's noise, whighmeasured at
order of the different systems. Accordingly, we fixed thehysically different points.
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