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Abstract: Problem statement: This study proposes a novel Distributed Amplifyddforward (DAF)
cooperative scheme, achieving higher diversity oed&l yet maintaining the same transmission freedsm
the conventional Amplify-and-Forward (AF) scheme.the DAF scheme, a user’s transmitted symbols are
partitioned into several sequences in order todbeyed by different user&pproach: In the cooperative
network, each user still uses half of their trarssiain for relaying others’ signals. But insteadedélying one
user’s entire transmitted sequence, it helps diffeusers for the relaying. Theoretical analysishef DAF
scheme is carried out in order to justify its adages over the existing schemes. The outage behanitb
Diversity-Multiplexing Tradeoff (DMT) analyses dfi¢ DAF scheme are presentBasults. Through outage
behavior analysis, it is shown the DAF scheme aeliesubstantial diversity gains over the AF scheme.
Furthermore, the DMT analysis justices both theesatis achievable diversity gains and its abilityrtaintain

the same multiplexing gain as the AF scheme. Th®rétical analyses are then extended to a general
cooperative network consisting of NXR) relays, showing the diversity order can be iaseel with respect to
the number of relays but not at the expense of aaehis multiplexing gainConclusion: Finally, a practical
coded cooperative system that integrates the DAEme with the concatenated Reed-Solomon Convolution
Codes (RSCC) is proposed, validating the achieyadatiormance gain offered by the DAF scheme.

Key words: Multiple Input Multiple Output (MIMO), Amplify-and-orward, distributed cooperation,
diversity-multiplexing tradeoff, outage probabilityconcatenated Reed-Solomon
convolution code, Decode-and-Forward (DF)

INTRODUCTION 2000), Decode-and-Forward (DF) (Laneman and
Wornell, 2000; Lanemaret al., 2004) and Coded

ol A PP ; : : Cooperation (CC) (Hunter and Nosratinia, 2006;
Spatial diversity is a crucial technique to improv X ;
communication quality. The Multiple Input Multiple Stefanov and Erkip, 2004). The authors have caoigd

Output (MIMO) system (Alamouti, 1998) and the a comparative investigation of the existing scheimes
cooperative system (Lanemah al., 2004) are intro- (Chenetal., 2008). . K h |
duced due to their nature of creating spatial diter For a cooperative network, each user not only
Among them, the cooperative system can be app“egansmlts symbols carrying its own information phist
more widely since it does not impose any sizedlSO transmits symbols carrying others’ information
constraint and extra cost to the mobile unit. le th bits. Hence, in a cooperative network, transmission
cooperative communication network, each useffeedom is denned as the ratio of the transmission
equipped with a single antenna not only transnhiggrt ~ carrying one’s own information bits to its total @aumt
own information, but also relays other’s informatio of transmission. User cooperation enables eachtaser
creating a virtual multiple transmit antennas arf@g  achieve diversity gains, but it is also at the eggeof
far, there are three types of cooperative schemesheir transmission freedom. In a practical
Amplify-and-Forward (AF) (Laneman and Wornell, communication system, this freedom loss is traadlat
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into spectral efficiency loss. In this study, spakt achieves further diversity gains. The diversityngés
efficiency is defined as the number of one’s infaiora  increased according to the number of relaying users
bits carried by each of its transmitted symbol. ToPrior to the writing of this study, the authors'rlea
compensate, Chatzigeorgi@ al. (2008) proposed a Work (14) of integrating the DAF scheme with chadnne
high-order modulation scheme to be employed in th&0ding showed significant coding gains can be aeiev:
cooperative system. Later, the authors proposeliisTre OVer the AF scheme. In this study, the DAF schesne i
Coded Modulation (TCM) scheme (Ungerboeck, 1982)!ntegrafted with a widely used concatenated error-
achieving better coding gains for high spectralcorrecuon code, the concatenatepl Reed-SoIomon
efficiency systems (Chest al., 2009). Laneman and Convolgthr] Code (RSCC). The 5|mulat|on' results
Wornell (2003) showed that better diversity gaias c zhor\gcfi'g;Izg%gtdpseg?émance gain can be achieved fo
be achieved if cooperation is performed in a distied P y )

. . . The study is organized as follows: In the bigninig
manner, meaning more relays are involved for signal resented the preliminaries of the studv. then |
retransmission. Laneman and Wornell (2003), twa, P Y

types of distributed cooperation schemes wer he DAF system_ model, after that presented thegeuta
proposed: Repetition-based cooperation and spac _ehavpr analysis; the at the enq presentgd the DMT
time-coded cooperation. For the repetition-base(fnalys!s' Both the outgge behavior analy§|s a“‘? DMT
cooperation, extra spatial diversity is createthatcost ~2nalysis are extended in a larger cooperative Imétino

of extra transmission freedom loss. As a resulg th@ RSCC coded DAF system with performance
achievable diversity gain cannot be increased aaogr €valuation. Finally, concludes the study.

to the number of users. For space-time-coded = ) o
cooperation, the transmission freedom loss does ndtr€liminary: This study presents the preliminaries of
apply and hence diversity gains could be furthefthe study. It includes dentitions of commonly used
achieved according|y_ Space_time_coded Cooperéﬁ'on parameters and an introduction to the conventidal
operated in DF mode requiring decoding and rescheme which will be used to compare with the
encoding at the relays. The diversity gain is aghde proposed DAF scheme.

with substantial system complexity increase. Tharsf o ]

providing a distributed cooperative scheme withoutPar ameterizations: The analyzed cooperative network

sacrificing transmission freedom or system compjexit IS assumed to operate in half-duplex mode, reqgirin

inspires the design of the DAF scheme. orthogonal time division channel allocation for the
This study introduces the DAF cooperative 'eceiving and transmitting of each user. The channe

scheme, in which each user uses half of theiguality is measured by the transmitted Signal-tasio

transmission to relay more than one other user. T&®atio (SNR) which can be defined as Eq. 1:

achieve this, the transmitted sequence of a user is

partitioned into several parts, each of which isyed £

by a different user in AF mode. Therefore, diverseP~ ;2 @

transmission paths are created for the relayed skgmb

while each user still maintains their transmissionyhere ¢ denotes the average transmitted symbol energy

freedom, half of that in noncooperation scenario. 2 . . .

Theoretical analysis of the DAF scheme is preseinted a.ndc. qlenotes the variance of noise at the receiver. For

order to verify its performance advantage. Ourysial ~Simplicity of the analysis, it is assumed that tieework

is drawn from a network with two relaying users andhas symmetric channels meaning all of them have

then extended to a larger network with N>@) users.  Similar SNR values. The channel between transrgittin

The outage behavior analysis of the DAF scheme showuser and receiving user b is assumed to be Quatii-st

that substantial diversity gains could be achiewedr Rayleigh fading with fading coefficient. All charlee

the conventional AF scheme. The achievable diwersitwithin the cooperative network are assumed to be

gains can be increased with respect to the number atatistically independento,, is a Gaussian random

relays. The DMT analysis was first introduced byvariable with zero mean and unit variance. The

Zheng and Tse (20.03)' analyzing th_e b_alance betWee&ponential order of H4b|2is defined as Eq. 2:

the performance gain and the transmission freedss |

in MIMO systems. It was then applied to cooperative .

systems in Lanemaret al. (2004); Laneman and g§gp= im R(p)

Wornell (2003) and Azariagt al. (2005). Our DMT p - o logp

analysis shows that the DAF scheme has the same

maximal multiplexing gain as the AF scheme, butwhere, the base of the logarithm is 2.
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If the cooperative system operates with abetween S-D, S-R and R-D respectively and R denotes

transmission rate of R[ bits sec HZ, which is a

the transmission rate of the cooperative systera, th

function of the SNR, the multiplexing gain of the outage behavior of the AF scheme can be modeled as

system can be defined as Eq. 3:

:Iimﬂ
"o~ wlogp ©

where, r is a normalised value representing thie ot
effective transmission. At a SNR pf if the system can
achieve a Maximume-Likelihood (ML) error probability

of Py(p), its diversity gain is defined as Eq. 4 (Zhengf(ll: v)

and Tse, 2003):

go" lim log(P¢(p))

, @
0gp

_paoo

Eq. 6 and 7 (Lanemaat al., 2004):

out
Par =Pl 1+ losfo + faudo Jands) < 2] ©
Where:
uv
= 7
il )
KL And v are random variables. The DMT

characteristics of the AF scheme can be descrilyed b
Eqg. 8 (Lanemaset al., 2004):

The derived result of the relationship between d

and r is called the Diversity-Multiplexing Tradeoff dAF (r) < 2(1- 2)°
(DMT), denoted as d(r). We could further claim
protocol A is superior to protocol B if for any
multiplexing gain r, d(r) > dg(r). 0" and ' denote the
set of real and complex N-tulles. N+ denotes thieoge
nonnegative N-tulles. O is used to denote the $et
outage events in the cooperative systenz @™ and
0" = ond™. According to (Zheng and Tse, 2003;
Azarianet al., 2005), the DMT (d(r)) of a cooperative
system with N users is upper bounded by Eg.
(Azarianet al., 2005):

(8)

It can be seen that diversity order of 2 can be
obtained from the AF scheme.

céystem model: This model presents the system model
for the DAF scheme, detailing this novel transnassi
protocol. In general, if a DAF cooperative netwbiks
relaying users, the transmitted signal of S il
equally partitioned into N sections, each of whiaif
be relayed by a different user. It is not difficuti
realize that when N = 1, it becomes the conventiona
AF scheme. For simplicity, the description of thAmP
system model is given with N = 2 and it could bsilga
where, j is the index of all the W channels of theextendeq into a larger cooperative network. A catgpl
cooperative network. The analyses result of thidyts ~ COOPerative process of the DAF scheme also cortiists
given when d(r) saturates the bound. Note thahen t WO TSs, which is shown in Fig. 1. In the first S,
rest of the study, N means the number of the netpyi transmits its signal to D as well as to two diffdre
users excluding the transmit usemaP n’" and d relays (R and R). It is assumed that,Rand R are
pary(r) denote the outage probability and DMT of the perfectly synchronized with S and Received the first

d(r)<d, and ¢ = 0“25 (5)

[E]

DAF scheme with N relaying users. Furthermorg, |
denotes the NxN identity matrix,.(k) denotes the
determinant of the matrix x2, denotes the auto

half of S’s signal while R received the second half.
In the following equations, signals (X, y, w, \Gve
double subscripts (a, b) where denotes the TStkieat

signal belongs to and b denotes the symbol index. x
denotes the transmitted signal and y denotes the
received signal. v, wand ware the Additive White
Amplify-and-forward: The AF scheme consists of Gaussian Noise (AWGN) at D,;Rnd R respectively.
three users: Source (S) and its signal Destingi®n  They are modeled as mutually independent, zero-mean
Relay (R) helps S for the transmission. A classicatomplex random sequence with varianegs, ¢%,, and
cooperative process contains two Time Slots (T$) wi %, respectively. The S-D transmission can be
equal duration. The first TS is for initial transei®  described Eq. 9 as:
when S transmits its information to D and R. The
second TS is for relaying transmission when R
amplifies its received signal from S and transniit® i
D. D would combine the received signals using ML ) )
detection (Laneman and Wornell, 2000)adf, asr and where, | denotes the length of the signal transwahitt
orp denote the fading coefficients of the channelsduring the two TSand I|2N.
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covariance matrix of vector x"xlenotes the Hermitian
conjugates of matrix x and (xjneans max{x, 0}.
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The first TS The first half of the second TS with y,  of (12) for further signal processing in order to
o retrieve the transmitted information. Figure 2 shdthe
time division channel allocation structure of thé&m
scheme. It can be seen that half of a user’s total
transmission is used for their own transmissionilevh

o
'
b

()

° nk ‘ the other half is partitioned into smaller divisson
The second half of the sccond TS order to help different users. It maintains the sam
@ transmission freedom as the conventional AF scheme
e /' (Lanemaret al., 2004).
Yok

Outage behavior: This study presents the outage

behavior analysis for the DAF scheme with two
Fig. 1: Cooperation process for the DAF scheme relaying users. Its extension to larger networkts be
mentioned in Section VI. The conclusion is drawn by
first formalizing the transmission signal model, rthe
: determining the scheme’s mutual information andyNel
Rio R R. S Riw S modeling its outage behavior. The following theorem
g A tx A ix R 2 tx tx tx tx
DAF | St (forSifor§ ™t |PorRyForRy Row  |ForRyForRy models the scheme’s outage behavior.

Sk | Rig | Ry

Direct |

IX: transmit

Fig. 2: Time division channel allocation for the BA Theorem 1: For a DAF cooperative scheme with two
scheme with N = 2 relaying users, if its transmission rate is R bits HZ",

N ] its outage behavior can be determined by Eq. 14:
The second TS are also partitioned into two equal

halves for relaying transmission. In the first haflthe )
second TS, Ramplifies it's received signal with gafa o _ P{!‘Ill + |asD’p + f(\a SR/’p ,Ja R lﬁp) (14)

and re-transmits to D as Eq. 10 and 11: DAR) ™ R
<2
— 1 1 .o . .
Yor = QRO 0ge Xy o + Wlk + Vo (10) Proof: To prove Theorem 1, it is necessary to formalize
-z the system model of the DAF scheme into matrix form
k=1/2+11/2+2,.,3l/4 Equations 9-13 can be alternatively expressed £gs1
Where: deol e 0
o — O aSDI 114 o
€ y= X
B < | (11) aR,DB,aSR, I/ 4 0
|Ore | € + 0% i 0 OGRZDBZGSRZIIM (15)

Similarly, in the second half of the second T$, R

re-transmit §'signal to D as Eq. 12 and 13: + 0 0 @J,B
aR,DB,Il/ 4 0
Yok = O(RZDBZ(GSszl iz T W1,|e|/2)+ Va.k (12) 0 aR,DB,Il/ 4
k =31/4+1, 3114+ 2, ..., |, Jox1
Where: where,x € C  denotes vector of transmitted signals,
' y € C** denotes the vector of received signals at D,
_ Ix1
3 13 v €eC denotes the vector of noise samples at D and
B, = 2 ; (13) _ _ il
‘GSRZ‘ €+ 0y wland w2eC  denote the vector of noise samples at
R: and R. Let x and y denote the entices ofandy,
After the two T§ D combines y, (k =1, 2, .. ., the relationship between and y can be categorised into
I/4) with y, of (10) and y(k = I/4+1, /4+2, . . ., 1/2) the following two sets. Fori =1, 2. . . I/4 as B§-21.:
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A1 y —

= ! =Gix +n 16

Y LH/J X+ (16)

Where

@?{ Gso } (17)
GRIDB].GSRl
o? 0

zi=| Totviar. 128, fo3, 18)
Similarly for i = I/4+1, I/4+2. . . I/2:

V=l Y |=Gk 4R

], 2] -

Where:

@?{ s } (20)
GRZDBZGSRZ
o? 0

i [ val+lar, P, Foiz} (21)

Now, it is straight forward to see that the mutual
information betweernx andy can be determined by
Eqg. 22:

1

4

The mutual information between; xand f/,l
determined by Eq. 23:

I(x; 37,1) :Iog(de{

< Iog[de{ L+ 8%1%1»42 nllD

|(xi,§/,1) Can only be determined by saturating the
bound in (23). By substituting Eq. 17 and 18 in® 2
with a few algebraic manipulations, it can be dediv
that as Eq. 24:

1609) =] 09 106,59 (22)

L+ x 6T

(23)

ostre , [ou0flp oS s

I(x,,y,) =log| 1+ (24)

2
2 2 2
Gu + ‘GR].D‘ ‘Bl‘ Gwl

., 4 (4): 607-616, 2011

Through the same methodology, we can determine
that as Eq. 25:

ast’e a0l B/ ]oSR, [«

I(x,,y,) =log| 1+ (25)

2
2 2 2
o, + ‘GRZD‘ ‘Bz‘ O

Therefore, by substituting Eq. 24 and 25 into 22,
we have Eq. 26:

2 2 2 2
Uy e, o, D| (B [asR, | &

> (26)
OU

— — 1 2
I(x,y) == log| 1+
N o} + [a0|1B o,

When B; and B, saturate the bounds in (11) and
(13) and in a symmetric network implied as:
€ € €

2T 2 =
OU wil

— =
wl

o

p Eg. 26 can be simplified as:

(% 3)= 3300a(1+ Jouf ' + {lacel p: la R D)) 27)

In a DAF system with transmission rate of R, its
outage behavior is determined by:

PO, = Pr[ (%) < |R]

By substituting Eq. 27 into 28, it is not diffi¢ub
derive Eq. 14 and the proof is complete.

Figure 3 shows the Monte-Carlo simulation results
comparing the outage behavior between the AF and
DAF schemes. They are obtained by using Eq. 6-14
respectively. The cooperative systems are set Rith
0.5 and R 1 bits sec Hz It can be seen that
cooperation outperforms direct transmission. More
importantly, the DAF scheme can achieve significant
diversity gains over the AF scheme. For example, at
outage probability of I8 the DAF scheme can achieve
a 5dB diversity gain over the AF scheme.

(28)

1E+00

LE-01{ ~

&
&

1.E-03

1E-04

Outgoing probability

1.E-05

1.E-06

0 2 4 6 8 10 12

SNR (dB)

14 16 22 24 26 28 30

Ei

g. 3: Outage behavior analysis of the DAF scheme
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It is also important to emphasize that unlike most Equation 32 links the mutual information with the
distributed cooperative schemes, this diversity gginot  exponential orders of each channel. The set ofgeuta
achieved at the cost of each user's transmissemuém. events is defined as the set of instantaneous channe
Its ability to maintain the same transmission fa¥edas realizations in which its mutual information fabielow

the AF scheme will be justice in the next step. its transmission rate as:

Diversity-multiplexing tradeoff: This segment _

presents the DMT analysis for the proposed schemeD = {(BSD,BSRU?)R D(t=1,3) || x ¥ < |R}) (33)
Through the DMT analysis, we are able to determine
the scheme’s maximal multiplexing gain and divegrsit
gain. The tradeoff between them can also be rejecte
from the analysis. First of all, the following them is P
proposed to describe the DMT of the scheme.

Based on Eq. 32-34 knowing asymptotically R = r log
we can further define:

0" = {(85 85 SRD(t =1, 3) 00 |

Theorem 2: For a DAF cooperative scheme with two , . (34)
relaying users, if its transmission rate is R bi#ts HZ', " (max{l - 8, 1= (8gs,* 85,0 ) < 4r}

its diversity-multiplexing tradeoff is upper bourtley: t=1

dDAF( )(r) < 3(1 _ 29+ (29) From Eq. 34, it can be calculated that 1&p< 1

2

and 2-4r<2(max{1 = B, 1= (Bni+ 3p D)< 2.
Proof: Referring to Eq. 3 and 4, both d and r describe
the system’s asymptotic behavior whemso. To  According to d(r) dentition given by Eq. 5, we can
analyze gar) (1), we shall also analyze A(y)’s egsny conclude its upper bgund expression which is
asymptotic behavior since it is also a functionpof diven by Eq. 29. The proof is complete. Furthermore
Based on Eq. 26, it can be derived that: the scheme’s capability of achieving such an upper
bound is proven in Chent al. (2011) to which the
interest readers may refer.

im 106y) _ fim 2'09(1 + |asO’p Figure 4 shows the DMT analysis result of the
p-clogp p- °°4|ng DAF scheme. Its performance is compared with the
2,012 (30)  conventional AF scheme with one and two relays
laR,Df' |4 \asa\p el o that th h ith twi

TIIER - respectively. Notlce_t att e AF sc eme with tways

1+ |aR Of|B| 0°, /0? is identical to the distributed cooperative schemiag
When p—w, we could claim the following repetition re-transmission_ propo_sed in (Laneman and
approximations: Wornell, 2003). Observing this, we conclude the

following comments: First, cooperation achievestfer
2 o 55D diversity gain compared to direct transmission, but
|8, fO10,, /o] 01k SDI0p loses %ugl;tiplexing IOgain, i.e., loss of transmission
laB, FOp ™ and b R DIOp°R® freedom; second, the DAF scheme achieves the same
maximal multiplexing gain as the AF scheme with one
Therefore, Eq. 30 can be further simplified to¥q.  relay, but achieves higher diversity gain. It vartbe
achieved diversity gains shown in Fig. 3. Thirde th
lim 1(x 9) 1>z Iog(l + poP 4 pkﬁstéRtD)) DAF scheme achieve_s the same maximal d.iversity.gain
: (31) as the AF scheme with two relays, but achievesdrigh

P Iogp 4logp maximal  multiplexing  gain-maintaining  higher
] transmission freedom compared to the existing
It can be further approximated as: distributed cooperative scheme.
lim 1(x,y) Extension to multiple users network: This study
p - o logp . extends the analysis proposed in the above twiossct
to a larger cooperative network with NXR) relaying
13 logp™*® logp' *R "SR ° = users. Two theorems describing its outage behavidr
4= logp ' logp (32) diversity-multiplexing tradeoff will be presente8lince
12 the same methodology to prove Theorem 1 and
,Z(max{ 1-8,, .+ PSR+ SR [}34, Theorem 2 is _used, the proof given in th!s studlf wi
4= only state the important generalized equationgrtter
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to substantiate the theorems, the correspondingroof: Similar to the proof of Theorem 2, by analyzing

simulation and analysis results will also be shown.  the asymptotic behavior afx,y) given by (37), we can
In a DAF cooperative network with N relaying conclude that Eq. 39:

users, S will partition its sequence into N equaitp

of length I/2N, each of which will be relayed by a lim (x,y)

different user. Its system model can be easilyp _ o« logp

extended. The following theorem describes its oatag

behavior. 2N < 1(max{1 Op k- Bsr tO SR D}))

(39)

Theorem 3: For a DAF cooperative scheme with N (N By defining its outage event set of O ant] Dis
> 2) relaying users, if its transmission rate isi® bec not  difficult to calculate that 1-2fsp<1

Hz*, its outage behavior can be determined by: andN = 2Nr <Z‘Nl( ot 6RID) <N. Therefore, the

N dpar(N)(r) upper bound given by Eg. 38 can be
pou P{I:I ( lasg’p + f(aSR\ p.JaR lﬁp)) (35) obtained and the proof is complete.
<

2NR
2 3

_ _ Direct
__AF(N=1)
--- AF(N=2)

Proof: Similar to the proof of Theorem 1, by 2 \\ —DAF(N=2)
formalising its system model into matrix form, wanc = rsigh
have the following N signal tuples 1 \__\\:‘T;_;\_
(%500 3 e Y with length V2N, o PR
The mutual information between the transmitted 0 07 02 o5 o4 o5 o6 o7 o os 1
signal x and received signay can be determined by t
Eq. 36: . .
Fig. 4: DMT analysis of the DAF scheme
_ 1N At
I(va)zizl(xilyi)' (36) LE+00 L AF(N=1)
2N t=1 . LE-01 L\-\\ SNR. (dB) -=- DAF EN,
= = Zoaroe-n
Applying the derived results of Eq. 24 and 25, £ 1F® BN
we have: %_[ 1E-03
é, 1.E-04 .
2 2 2 2 = \ ~
— N Og| € |agD aSR, | € © 1E-05 AL B
|(X,Y)=ﬁzlog 1+‘ SDZ‘ +‘ Rt ‘ ‘B{‘ ‘ 12‘ (37) 1i Z; ?\:b\ D
— 2 2 2 E- % . =]
e % g, * ‘aRtD‘ ‘BZ‘ O 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 3

SNR (dB)
By substituting Eq. 37 into 28, after a few

Fig. 5: Outage behavior analysis of DAF scheme
algebraic manipulations, we can obtain (35) and the

with different number of relaying users, R = 1

proof is complete. . . bits sec H#

The Monte-Carlo simulation results of the DAF ¢ — —
scheme with different numbers of relaying users is | \‘\.\ —_DaF(N=)
shown in Fig. 5. It can be seen that further divgrs N e P =< S
gains can be achieved by increasing the number o1A4 \\ e et R

relaying users. T3ko

(S}

Theorem 4. For a DAF cooperative scheme with
N(N>2) relaying users, if its transmission rate is B bi
sec HZ', its diversity-multiplexing tradeoff is upper 9 i
bounded by Eq 38: 0 0.1 0.2 0.3 0.4 0.5

+ Fig. 6: DMT analysis of DAF scheme with different
dDAF(N)(r) < (N+3(1- 2) (38) number of relaying users
613
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Figure 6 shows the DMT analysis of the DAF scheme In the concatenated coding scheme, a RS code and
with different numbers of relaying users. It varitbg a convolution code are employed as an outer code an
achievable diversity gains shown by Fig. 5, in vahic an inner code respectively. Correspondingly, in the
the outage probability performance is achieved byeceiver, the soft-decision lturbi algorithm (Viber
evaluating the probability model of (35). Note tfiat ~ 1967) and the Berlekamp-Massey (BM) algorithm
the conventional AF scheme with N relaying usess, i (Massey, 1969) are employed in the decoding process
DMT performance bound is given by Integrating with the DAF (N) scheme, the modulated
dar(N)(N<(N+1)(1-(N+1)r). It implies the achievable Symbols of a codeword are partitioned into N equal
multiplexing gain is degraded by increasing the ham Parts for distributed relaying. The coded coopeeati

of relaying users. In contrast, the maximal muitkihg ~ Systeém is shown by Fig. 7, where Fig. 7a shows the

gain of the DAF scheme remains unchanged regardie$§yStém structure. It can be noticed that the messag
of the number of relaying users and the transmissioPartitioning process is assisted by a symbol iage.
freedom is maintained. Correspondingly, at D, a symbol deinterleaver is

employed before the decoding process. The use of

RSCC coded DAF systems: This system presents a interleaving is to enable the Iturbi algorithm tenkefit
coded cooperative system that integrates the widel{fom this diverse transmission (Chea al., 2010).
used concatenated RSCC codes with the DARigure 7b shows the interleaving and deinterleaving
scheme, aiming to show how a practical codedProcesses for a DAF (N = 2) scheme. Naykx1, 2,
system can exploit the information theoretic gains-- /2) denotes the modulated symbols of a codéwo
provided by the DAF scheme. before interleaving.

Information Xy .

k Xk
—| RS Encoder —*{Conv. Encoder [—* Modulation —* Interleaver —
v

DAF (N) cooperative

channel
Decoded .
information Yk Vie Vo
BM Viterbi .
4_‘ . o] —| Deinterleaver [e—{ ML Combiner |«—
Algorithm ‘ Algorithm '
@
Interleaving for transmitted symbols
Xt | ] 203 | 4 \ ------ w2-1 i
\\
A 4
v [0 =]
we [T - -
ML
combining
Y2 | 1 l 3 | ------ 2 - 2

Fig. 7. RSCC coded DAF system (a): System stru¢h)rd ' he interleaving and deinterleaving processes
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conventional AF cooperative network. Outage behavio
of the DAF scheme was analyzed, showing 5dB
diversity gain can be achieved over the AF scheme a
outage probability of 18- Further diversity gains can
be achieved by increasing the number of users. ADM
analysis of the DAF scheme was not only varied that
the DAF scheme can achieve a higher diversity gain
than the AF scheme, but also justice it can mairttaé
same transmission freedom by showing its ability to
maintain a constant multiplexing gain. Howeverijsit
also worthwhile to point out that the DAF scheme
requires higher system complexity, since better
synchronization and more complex channel infornmatio
shall be provided among cooperative users. A RSCC
coded system was proposed in order to validate the
It is then interleaved and partitioned into two &qu performance advantage provided by the DAF scheme. |
parts ready for transmission. After the DAF coofieea was shown that with the assistance of the symbol
channel, received symbols y1,k and y2 k are conbineinterleave, significant performance gain can bedypi|
using the ML combiner (Laneman and Wornell, 2000)CVver the existing AF scheme. Therefore, the pragpose

The combined symbols are then deinterleaved to forrﬁ)(ﬁ)': g’g}%ﬂigfa?esmﬁi %nguﬁaeg[g?éfrorg&?cgism
symbols y(k =1, 2, ..., /2)which will be passedthe P %y P

—AF(N=1)
© DAF N=2)

BER

0 2 4 6 8 0 12 14 16 18
SNR (dB)

Fig. 8: Performance of (255, RS code

239)
concatenated with (171, 133) convolution code
over the DAF channel

Iturbi decoding algorithm.

To ensure a fair comparison of simulation
results, the schemes to be compared should prdvede
same spectral efficiency. Figure 8 shows the padioce
RSCC coded DAF system. In the system, the innes ixod
the rate 1/2 (171, 133) (in octal form) 64 states
convolution code and the outer code (55, 239)
RS code. With Quadrature Phase Shift Keying (QPSK)
modulation, it achieves a spectral efficiency effbits
symbol™. The presented simulation results demonstrate
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