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Abstract—We propose and evaluate a cooperative system
based on bit-interleaved space-time coded modulation (BI-
STCM) with the iterative decoding, referred as CO-BISTCM
system. We present an analytical approach to evaluate
the performance over frequency flat-fading. The channel
coefficients are modeled as Nakagami distributed, which
covers a wide range of multi-path fading distribution for
different values of m-fading parameter. Our analysis is
focused on space-time coded cooperative (STC-CO) and
orthogonal space-time block coded cooperative (OSTBC-
CO) protocols for the transmission through both fixed-gain
amplify-and-forward (AF) and decode-and-forward (DF)
user cooperation with maximal ratio combining (MRC) at
the destination. The closed-form moment-generating func-
tion (MGF) of the branch metric is derived. We derive an
expression for bit-error rate (BER) of CO-BISTCM system
using M-ary phase shift keying (M-PSK). The derived
expression also shows the diversity order of the system.
Finally, theoretical and simulation results are shown and
they seem to agree well.

Index Terms— Bit-Interleaved Space-Time Coded Modula-
tion, Cooperative Networks, Space-Time Coding, Nakagami-
m distribution, Performance Analysis.

I. INTRODUCTION

Multiple-Input Multiple-Output (MIMO) are consid-

describe different modes of operation and frame structures
[6].

Cooperative diversity protocols are developed to com-
bat multi-path fading in wireless communications [7]- [8].
Two cooperation schemes are introduced in [7] and [8];
i.e. amplify-and-forward (AF) and decode-and-forward
(DF) schemes. In AF, the relay amplifies the received sig-
nal and retransmit the scaled version of the signal to des-
tination. In DF, the relay first decodes the signal and then
forwards it to the destination. Outage probability analysis
is performed for theoretic model of these two schemes
in [7]. In [11] and [12], Alamouti based cooperative
protocols are proposed for Rayleigh and Nakagami fading
environments with fixed-relay structure, respectively. The
performance of time division multiple access (TDMA)
based transmission protocols are discussed for multi-hop
network over Rayleigh and Nakagami fading channels
in [13]- [17]. In [18], the lower bound symbol-error
rate (SER) is derived for the multiple-relay cooperative
network for a variety of fading scenarios from the source
to destination and the relay to destination channels. In
[19], the exact symbol error probability (SEP) expression
is derived for a single-relay cooperative network with
multiple-antennas at the destination. The analysis in [13]-

ered as one of the main techniques for increasing thEL] is performed for TDMA-based transmission proto-
network performance in next generation wireless commu€o!s:

User cooperation diversity is proposed by Sendonaris

nications. MIMO provides a very high spectral efficiency =t
using space-time coding (STC) without any increase irf! al,, _vvhere o_ther users cooperate by forwarding its part-
power and bandwidth [1]. Space diversity provides highner’s information to the destination on orthogonal chan-

data rate and network coverage [2]. However, installind’€!S using code division multiple access (CDMA) [9]-
multiple-antenna on a small mobile terminal brings sevl10l- In [20], we analyze the user cooperation diversity by

eral challenges e.g.; complexity, power consumption etcobtaining the analytical expression of SER for the hybrid
Nosratinia et al. proposed a new technique known asfrequency division multiple access-time division multiple
cooperative diversitywhere distributed intermediate ter- 2cess (FDMA-TDMA) based cooperative protocol over
minals known aselays cooperate in the communication Nakagamim fading channels. _

from source to destination [3]. Cooperative communica- C0ded cooperative protocols are proposed in [3]- [S],
tion converts an SISO system into a virtual MIMO. In where each user decodes partner’'s information and re-
a cooperative network, a virtual multiple antenna arra>}ransmits the additiongl parity bitg to the desti.nation. In
can be realized due to the cooperation of multiple relayl21], @ coded cooperative system is proposed, implement-
Due to the importance of the relaying, IEEE 802.16jiN9 turbo encoding structure on the transmitting side and

standardization is developed for cooperative techniques tierative decoding on the receiver side. Razaghial.
introduce bit-interleaved coded modulation (BICM) [23]-

Manuscript received August 13, 2009; revised January 15, 2010[24] for single-relay cooperat'ive 'network usmg Bilayer
accepted January 27, 2010. LDPC codes [22]. The combination of BICM and STC
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Figure 1. CO-BISTCM: (a) System Model. (b) Transmitter and Receiver Structure.

[1] makes the system robust by providing both space Notation. The E(.), T'(.), and|.| denote the expecta-
and time diversity for a given hamming distance of thetion operator, the gamma function and the magnitude of
convolutional code [27]. The bit-wise interleaving on complex value respectivel{f’, — T, describes the link
the transmitter side improves the diversity order of thebetween terminak andy.

system. The performance of bit-interleaved space-time

coded modulation (BI-STCM) with iterative decoding is Il. CO-BISTCM SYSTEM MODEL

analyzed for MIMO channels [28].

Here in this paper, we extend the concept of virtual
MIMO (i.e cooperative networks) with modified space
time coding and analyze a cooperative system with the s

rial concatenated bit-interleaved space-time coded mOdlé'ach other to send their information to the destinafign
lation (BI-STCM). We discuss the Alamouti and orthogo- and all the terminals are equipped with a single antenna.

nal space-time block coded cooperative (OSTBC-CO) Wor o - _giSTCM transmitter and receiver are installed

stage transmission protocol for two relay network. Bothin the transmitting terminalsT{) and destination )
amplify-and-forward and decode-and-forward teChnique?espectively : '

are considered for the relaying of partner's user informa-
tion. The channel coefficients are modeled as Nakagami- . .
m distribution. The Rayleigh distribution is obtained atA. CO-BISTCM Transmitter and Receiver

m = 1 andm = oo makes the channel non-fading i.e. Figure 1 (b) illustrates the CO-BISTCM transmitter
AWGN. Similarly Nakagamis (Rice) and Nakagamj- and receiver. Thek. information bits are first encoded
(Hoyt) distributions can be obtained [30]. The system ispy a nonrecursive convolutional encoder of rate= %=,
analyzed using/-PSK modulation scheme. Same Error- The codeword: is then interleaved BY,ow X teol block
free feedback bound (EF-bound) approach is followed agterleaver to generate a codewordIoblocks, each with
given in [29]. The performance parameters analyzed herngth ofgy bits. Space-time mapper is used to map each
include symbol-error rate, outage probability, capacity angjock onto ¢ symbols from anM-ary complex signal
cooperation gain. The main contribution of this paperconstellation {/ = 2*) , using space-time cooperation

is the derived closed-form expression for the MGF ofprotocol (explained in next section). The average symbol
metric difference for STC-CO and OSTBC-CO transmiS'energy,Emy — MEba WhereEb is the energy per informa-

sion protocols and the use of MGF based approach tgn bit.
analyze the BER performance. Finally, simulation results cO-BISTCM receiver at the destination is shown in
are presented to validate the theoretical results. the Fig. 1 (b). The maximal ratio combiner (MRC) is
The remainder of this paper is organized as followsused to combine the signals through different paths and
Section Il describes the CO-BISTCM system modelthen noise is normalized at the receiver of destination.
transmitter and receiver structure. Section Il explains théhe hard decision of the information bits is made from
STC-CO protocol. Section IV presents the OSTBC-CCthe soft information. The extrinsic logarithmic likelihood
protocol, its input-output equations and signal-to-noiseatios (LLRs) are generated by the de-mapper. The LLRs
ratio. The BER bounds are given in section V. The closedare then de-interleaved and then they are fed to the SISO
form expressions of the MGF for STC-CO and OSTBC-a-posteriori decoder. The iterative decoding is performed
CO transmission protocols are derived in section VI. Theby giving the posterior probability (MAP) as a feedback
numerical and simulation results are discussed in sectiothrough the interleaver to de-mapper for the next iteration.
VII. Finally, the conclusions are given in section VIll.  The 8-PSK constellation is translated into binary channel

We consider a multiple-terminal network as shown in
the Figure 1 (a), where the termindls (j = 1,---, N)
are the users (wireless device) and the termifigis a
Hestination (base station). The termir&jscooperate with
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from the four possible pairs by the two bits that are
fed back to demapper through interleaver at the 2nd-
pass decoding [25]. In this regard, Set partitioning (SP)
labeling outperforms Gray labeling for iterative decoding

[25].
TI >, Td

B. Channel

The CO-BISTCM system operates over independent T at¢ | Listening sub | Listening sub | Cooperation
and identical (i.i.d.) versatile Nakagami-fading chan- i frame 1 frame 2 sub frame 1
nels. The Rayleigh distribution is obtainedrat= 1 and _ _
m = oo makes the channel non-fading i.e. AWGN. For Figure 2. STC-CO Channel Allocation.
Ri(?ean dis_tributiorm =(K+1)?/(2K +1) [31] (where TABLE 1.
K is the Rice factor). All the channels are subject to block STC-CO TRANSMISSION PROTOCOL

fading, where the channel coefficients are assumed to be

same for the duration of four time slots and are considered

to vary independently afterwards. It is assumed that all the Time Slot 1| Time Slot 2 | Time Slot 3 | Time Slot 4 ]
users are transmitting signals through orthogonal channels T, — T, | Ts, T, — Ty T, — Ty Ts, T — Ty
by using TDMA, FDMA or CDMA schemes [7]. Perfect | #1 = Ysr1 | &2 = Ysaz | —%3 = Ysr2 | L1 — Ysda
channel state information (CSI) is known to the receiver Lr2 7 Yrd2 Tra 7 Yrdd
The fading coefficient of linkl;, — T, is denoted a%.,,

and the probability density function (pdf) ¢f,, | is given

as [32] and a relay terminalZ(.), wheres,r € {1,---,N}. The
m o1 signaling in STC-CO protocol is explained in a Table 1.
Fllhayl) = ( m > 2| hay| « In first time slot, the source termindl, sends a symbol

Y E(lhay|?) ['(m) 21 to the relay terminall,.. In second time slot thd,
—m|hgvy\2 1 transmitsz, and T, retransmits the signal received in

exp E(lheyl?) )’ (1) first time slot to the destination termindl;. In case of

amplify-and-forward (AF), ther. will first amplify and
then retransmits the signal received from thein first
time slot. In decode-and-forward (DF), only the signal
that is successfully decoded fy., will be forwarded to
2mmag§;1 T, [34]. Here we assume tHE, to T; andT;. to Ty links
floy) = W exp(—mazy)- (2 tobe orthogonal. In third time sldf, sends the symbol
—z5 to T,.. TheT, retransmits the received signal using
I1l. SPACE-TIME CODED COOPERATION(STC-CO) AF or DF scheme and’s transmitszj to 7, in fourth
PrOTOCOL time slot.

This section describes the frame structure, transmission
signaling and input-output equations for STC-CO protocolc. |nput-Output Equations
for two-user cooperation scenario.

whereI'(.) is a gamma function an@(|h.,|*) = 1. Let
Qzy = |hay|? is gamma distributed random variables and
its pdf is given as

This section presents the input-output equations for the

. two-user CO-BISTCM system using the ST-CO protocol.

A. STC-CO Channel Allocation In first time slot the signal received at the is given as
The time and frequency devision channel allocation

is given in Figure 2, where each transmitting terminal Ysr1 = V Esrhsrt1 + ngr1, 3)
is allocated a different frequencyfy( f2, -, fiv) and .. .
two time frames are aIIocatgd fory{hceftransrr{isgion of itsghere_n,. ,;Iv . ON&%{,ZOI\%’ denoteiv Add'w% Whge
own information bits to partner terminal and destinationfoﬂgvsv?r']antwoos'iﬁeé}es for)th;t'rr. e consider the
terminal known as listening sub-frame. Only one timeA ? ~and-f d and Brd de-and-f d
frame is allocated to forward the partner's message to the) amplify-and-forward and B) decode-and-forwar

destination and it is known as cooperation sub-frame. . . .
P For AF: In AF scheme, the signal received &t is
) ] normalized and retransmited f&;. In second time slot,
B. STC-CO Signaling the received signat; through7, at7), can be written as

The Alamouti code is given as [1]

L. rErd ~
C— < X T2 ) Yrd2 = |/ mh57-h7'dxl + Nrdz, (4)

—ry 2] N
We focus on the message sent by the source termin?i‘lhere””fE2 ~ CN(0,Ny) and
rd

T, to the destination terminal; through a direct path No = ( =45 |hral® + 1) No.
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TABLE II.
OSTBC-CO TRANSMISSIONPROTOCOL
Time Slots Time Slot Time Slots Time Slot Time Slot Time Slot Time Slot Time Slot
1,2 3 4,5 6 7,8 9 10,11 12
Ts — Tri TS7 TT,, — Tq Ts — Tr,; Ts; Tr,; — Tq Ts — Tri Ts, Tri — Ty Ts — Tr, T57 Tr,; — Tq
T1 — Ysry1 T3 — Ysd3 —T5 = Ysrid | Tri6 — Yrid6 | T3 — Ysr7 | —T1 — Ysd9 | T3 — Ysrall —T5 — Ysdi2
T2 — Ysry2 Lr13 — Yrid3 I’T — Ysra5 Lro6 — Yrod6 Lr19 — Yrid9 Lro12 — Yrodl2
Tro3 — Yrod3

After noise normalization (4) can be written as

1 Eerrd
r hsrhr rd2, 5
Yrd2 = “Esr-i-No srrdT1 + N2 ©)

wherew? = zEde|h,q|? + 1 and n,az ~ CN(0, Np)
The signalz, received afl; from T through direct path

in second time slot can be written as

=V Eyqhsqra 4 ngaa, (6)

wherengge ~ CN(0, Ny). Similarly in the fourth time
slot, the received signals at the destination from The
andT, can be written as

1 Ey Erq
- 7hsrhr 5 rdds 7
w\/Esr‘FNO A%y + nras, (7)

V Esahsax] + Ngaa, (8)

wheren,..qq ~ CN(0, Ny). The received signals during
four time slots atl; can be written in matrix form as

Ysd2

Yrda =

Ysda =

Y = HX + N, 9)
where
Y' = (Yraz Vsd2 Yias Yiaa )ins
A 0 B* 0
T _
H N ( 0 B 0 -4 >2><4
X" = ( L1 X2 )1><2
NT — (nrdg Nsd2  Mygs  Mada )1><4
and A — EragEsy hgrhyq and B = @hsd- Multi-

Esr+No
ply H? on both side of (9) as

HYY = (|A]* + |B) ( 1 ) +HYN, (10)
X2

whereHZY Qzl .
2
For DF: In DF, the T, when it decodes the signal

received fronil’; successfully, forwards it té,; in second
time slot [34]. The signal received froff}. atT, in second
and fourth time slots are given as

Yrd2 = V Erqhrqzi + Nyrd2, (11)
Yrda = —\/ Erghra®s + Nraa. (12)

D. Equivalent Signal-to-Noise Ratio (SNR)

The equivalent SNR at the destination for STC-CO
protocol can be expressed as:

For AF:
VsTC-co = W
=~ (J Bl 0rgp i + Esdasd>
14)
For DF:
CI* +|B?
Ysrc-co = T
= NLO (Eracira + Esqosq)  (15)

IV. ORTHOGONAL SPACE-TIME CODED
COOPERATION(OSTBC-CO) RRoTOCOL

This section describes the transmission signaling and
input-output equations for OSTBC-CO protocol of CO-
BISTCM system.

A. OSTBC-CO Channel Allocation

The time and frequency devision channel allocation
is given in Figure 3, where each transmitting terminal
is allocated a different frequencyfi( f2,---, fn) and
three time frames (listening sub-frames) are allocated for
the transmission of its own information to two partner
terminals and a destination. Two time frames (cooperation
sub-frames) are allocated to forward the message of other
two partner terminals to the destination.

V7N
V2

For DF, the received signals at the destination in matrix

form and equivalent SISO model are given as
n 2 2 T H\
= (|C B H"N 13
(0 )=epsip(2)m

whereC = E,qhq.
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Y" = (Yrd3s Urds Ysas Upas Uids Uiido Yido Ursdi2 Ysd12 )i,
A0 0 A 0O -B* 0 0 0
HT = 0 A, 0 0 —-Af 0 0 —-B* 0
0 0 B 0 0 0 A 0 A3 ),,
XT = ( 1 X2 T3 )1X3
NT = (N3 Mrgds Msas Migg Migde Mivdy Midg Mradi2  Tsdl2 1o (20)
B. OSTBC-CO Signaling wherew? = 7% |h, a2 +1, 43 ~ CN(0, No) and

In orthogonal transmission, the number of time slotsnsas ~ CN(O,jVo)- Similarly the signals received &f;
increases with the increase of transmitted symbols. Th# sixth, ninth and twelve time slots are given as
general form of OSTBC is given as [33]

-1 | By B
x1(1) a2(1) ... zn(1) Yrids = — Mhsnhﬁdx;Jrnndﬁ,
T (2) .1‘2(2) . JZN(Q) w1 Esrl + NO
B o 1 | Ey,Erya
’ ’ ’ . = — | —"h..h * .
n(t) wat) o anl) ) Prats = g\ By N oL st
wheret is the number of time slots used by number 1 By Era .
of transmit antennas. For simplicity, we assume 3 Yrido = B + N, hsry hry a3 + 1y a9,
. . . . 1
OSTBC by considering three-user cooperation scenario. .
Ysdd = —V Esdhsdxl + Nsdy,
I To I3
ek * 1 E E d *
C= lﬁz l(')l (;* Yrodli2z = JQ“ Esrzi_krjzvohsrg h’l“zd‘rs + Nrod12,
3 At ST9
* ek
0 25 =23 / 13 Ysatz = —V EsahsaZs + nsaiz.
The signaling in OSTBC-CO protocol is explained in (18)

Table 1.
In first and second time slots, tfg transmits signat1 ~ The above equations can be written in matrix form as

to T,., andz, to relayT,.,, respectively. In third time slot,

T,, andT,, retransmit the signal using AF or DF mode Y = HX + N, (19)

to the destinatiorf; and T, transmits signaks to Ty. In

fourth and fifth time slots[’; transmits—z3 to 77, andz  \where'Y, H, X and N are given in (20). and4; =

to 7., respectively. In sixth time slof;., and7,., forward 1 [EBraBsr, _ : .

the scaled signals t0;. Similarly, seventh, eight and ninth %rm eEdath{[\’ﬁéL;’“ }_T_’"hé eBuiv_aIeEgsod.m'(\)/lcliqecl:islst‘)brt)zirne q

time slots,z% and —z7 is transmitted tdl’; throughT,., b “multi I‘?' 'tthH both sid £ (19

and direct path, respectively. In tenth, eleventh and twelvgy Pre-muitiplying wi oth sides of (19).

time slot, signak} and —«3 are transmitted througtt,.,

and direct path, respectively. z; _ <22: 142 + |B|2> 2 +HAN. (21)
= ; .
Ys i=1 T3

C. Input-Output Equations
Using the OSTBC-CO protocol for the multiple-user For DF: In DF, the received signals at destination in

CO-BISTCM system, the received signal at the(i =  four time slots (i.e3, 6, 9 and12) are given as
1,2) in ¢-th time slot is given as
T4 = Er- hr' 7 rid3»
Yor, = /7Esr,;hsrixi . (16) Yr;d3 \ Erridlr,dTi + Nord3
Ysaz = V Esqhsats + nsgs,
wheren,., ~ CN(0, No). = VEnaheath -1
For AF: In AF scheme, the destination receives the Yr1ds ndTndt2 e
signal z; through7; and x5 from the T, through direct Yrsds = V Erydliryd®i + Nryds,
path. The received signal in third time slot can be written Yrdo = A Eridhr a5 + nag,
as Ysdos = —V Esqhsa®] + Nsqo,
Yr;d3 = - \/ J;ES” ET]i\Uzl'hm R, d%i + Npa3, Y1z =V Ersahr,a®s + naz,
Wi ST + No Ysdiz = —V Esdhsdx; + Nsdi2-
Ysd3 = V Esdhsdxl’» + Nsd3- (17) (22)
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1
(I)A T,2)|a (S) m X - m (35)
@ )lara (1 — Beasd2 (25N, — 1)) | B p 96Ny 1)
m(%ard+l) E=r
1
o z,2)\S = ™ m X
A (%) (1 — Est 52, (25No — 1)) (1 — = 52, (25No — 1))
<1 + Z Co(s)m™ (p(s)" " P(m,m —v + 1, mp(s))) (36)
v=1
1
PA(z,z)(5) = (38)

(1= Eetsd (25No — 1)) (1= Bxtsd3, (25Ng — 1))

For DF, the received signals at the destination in matri@A(xyz)(s) is the Laplace transform (MGF) of the metric

form and equivalent SISO model are given as differenceA(z, z) between x and z. The PEP for BICM-
ID can be written as [26]
’ (i 2 2 1 HG +Jj
Y2 = |Cz| + ‘Bl X9 + H N, (23) 1 /a Joo ddS
< — 2
" = o fapx)<gox | W@l @8)
whereC; = \/E,,qhr,q and B = \/Eihgq. where
1 &<
D. Equivalent Signal-to-Noise Ratio (SNR) Vey(s) = u2m Z;bz: Z Pag. () (29)
=1 b=0 gcx?
The equivalent SNR at the destination for OSTBC-CO ’
protocol can be expressed as: The union bound of probability of bit error for convolu-
For AF: tional code of rateR = k./n. is given as [24]
2 2 2 oo
2 AP+ B 1
osac-co = Suml gL Py < o= D Wad)f(d X)), (30)

c —
B, d=dy

1 2 1 i Erid
=N (Zi—l 07 By N XsriOrid + Esdasd>

where dy is the minimum Hamming distance of the
(24)  convolutional code andV;(d) is the total input weight
of error events atl.

For DF:
G+ B VI. M OMENT GENERATING FUNCTION (MGF) OF
TOSTBC-CO = No METRIC DIFFERENCE
2 ) ) ) L
_ L ZE st B In this section, we describe the metric difference and
No \ & ridrid sd%sd the MGF of that metric difference for CO-BISTCM

(25) system. The branch metric ferth bit is given as [24]

A = min {|y — ha|?}, (31)
V. BIT ERRORRATE (BER) BOUND TEX,

The probability of decoding a received sequence as Where x; denotes the subset of all the symbols in the
codewordz with an error weightd (hamming distance) constellation having value € {0, 1} ati-th position. The
given that the transmitted codeword isis known as Metric difference between and z can be denoted as
pairwise error probability (PEP). The PEP union bound 5 5
for BICM can also be expressed in the form of moment Az, 2) = |y — hz|” — |y — hz|". (32)
generating function (MGF) approach, given as [24] The MGF of A(z, z) can be expressed as

1 atiee dds —sA(z,z)
fld px) < 2 e [tbup(s)] 5 (26) PA(a,)(s) = E {6 ’ } (33)
whered is hamming distance of convolutional code and The conditional MGF expression can be obtained as
2 2 2
1 d P (s, (8) = E {exp (—sdB(|A]* + 2|B|*)(1 — 2sNp)) } ,
Yanls) = 5 DD D0 D Bagn(e) (@) (34)
i=1 b=0 zexi zex] whered?, = |z — z|? is a squared Euclidean distance.
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A. MGF of STC-CO Protocol mappeds-PSK modulation. The iterative decoding helps
For AF: After substituting the values aft and B in  In converging the BER curves to the theoretical bound.
(34), the MGF givena,, by taking the average with In Figure 4, the BER curves converge to the EF bound
respect toc,y and a,,, we get the expression in (35). at thed-th iteration. The error floor effect occurs at BER
After some simple mathematical steps, we obtain closed€ss thanl0~*. The derived theoretical expression can be
form expression of MGF as (36), wherg(.; ;.) is the u_sed to predict the system performance at medium and
confluent hypergeometric function of second kind [35].high SNR, where the bound is tight.
&(ay,q) and Cy(s) along with the detailed derivation are
given in Appendix I.
For DF: The conditional MGF for DF scheme is
obtained by substitutingd and B in (34) and can be 10
written as

(I)A(ac,z)(s) - E {e(*SdZE(1*281\/'0)(Erdard+2Est¥sd))} )
@7

10°F

10’
1

107

The unconditional MGF can be written as (38).

BER

10

B. MGF of OSTBC-CO Protocol
For AF: On substituting the values of; (i = 1,2) and 107 —— lteration=1
B in (34) and taking the average with respecitg and T teraton=2

. . . —+— |teration=3
asr,, We get the expression in (39). After some simple 15| —— yeration=4

mathematical steps, (39) can be written as (4Q,,4) O Iteration=5 !

andC,(s) along with the detailed derivation are given in %)

Append'x “ o N 0 05 1 15 2 SN;.(SdB) 3 35 4 45 5
For DF: Similarly, the unconditional MGF for DF

scheme can be written as (41). Figure 4. BER curves of STC-CO protocol over Nakaganiading

channels3-PSK and SP labeling.

VIlI. RESULTS ANDDIScCUSSION ) i .
: . . . : Figure 5 shows the EF bound and the simulation results
In this section, we verify the analytical expressions ob-

tained by presenting the Monte-Carlo simulation resultsforthe OSTBC-CO transmission protocol over Nakagami-

) 2 fading channels for five number of iterations on the
The comparison of STC-CO and OSTBC-CO protocols;. .. or side. The BER curves converge at SNRIB in
for various m values are also shown. The analytical

._4-th iteration. In this case, the error floor occurs at SNR
results of EF bounds (36) and (40) are evaluated usin ! ! ' u

. . . . Nss than10—4, similar to the previous case. It is clear
Mathamatica and simulation results are obtained using '
. . PP . . om both figures 4 and 5 that OSTBC-CO converge to
Matlab environment by simulating0’ information bits.

The 1/2 convolutional encoder of generator se uence:ghe EF BoundldB earlier than that for STC-CO.
/ 9 d Figure 6 presents the EF bound and the simulation

g = [133 171]s and a random interleaver are used on lts for th b Ravleiah fadi
the transmitter side. The mapper assigns the interleaver(iSu ts for the same system but over Rayleigh fading
' annelsq = 1). Here the BER curves converge to the

. b : . C
codewor_ds intoM constellation pql_nts_ using\/-PSK . theoretical bound a@dB SNR value, whereas, in the case
modulation scheme. The set partitioning (SP) labelin

. : . : Sfm =2 (Figure 5) the BER curves converge labdB.
map for 8-PSK modulation [25] is used in the simu- . Figure 7 shows the BER performance of STC-CO and

lation. The space time encoder generates the Alamou& . ) )
. STBC-CO protocols foB-PSK SP signaling withn =
and space-time block codes for STC-CO and OSTBCl andm = 3 for single iteration at the decoder. It is clear

transmission protocols, respectively. The simulation re%om the results that performance gap between the two
sults are obtained for independent and identical (i.i.d. P gap

Rayleigh (n — 1) and Nakagami block fading channels rotocols increases as the SNR increases. Figure 8 shows
. On the receiver side, the SISO decoder using the lo the BER performance versus transmit SNR of STC-CO

MAP algorithm with iteration for decoding is modeled togror the DF case witim = 1,2,3.
estimate the transmitted signal. The analysis is performed

by evaluating the BER and achievable rates for the system VIIl. CoNCLUSION
over uncorrelated Rayleigh( = 1) and Nakagami block We analyze the performance of BICM-ID based coop-
fading channels. erative network over Nakagami- and Rayleigh . = 1)

Figure 4 shows simulation results with analytical errorfading channels. We derive the closed-form MGF of
free feedback (EF) bounds (36) versus average signal-tdéhe proposed system for both STC-CO and OSTBC-
noise ratio of STC-CO protocol for Nakagamifading  CO transmission protocols. The BER theoretical bounds
channels. It shows the BER curves of the single-relayare obtained using MGF-based approach to predict the
CO-BISTCM system operating in AF mode. These curveperformance of the proposed system. The analysis is
are simulated upté iterations using set-partitioning (SP) carried out for theM-PSK modulation scheme. It is

©2010 ACADEMY PUBLISHER



304 JOURNAL OF COMMUNICATIONS, VOL. 5, NO. 4, APRIL 2010

2

! 1
@ x.2) o, S = _ ) 39
A,2)|ar;a(8) (1 — Esa542 (25N, — 1)) 1;[1 P (39)
1— R sd%a,,a(2sNy — 1)
77L(T:—1\7()(XTid+l)
1
(I)A(m,z)(s) = - _ _ .
(1 — £245d%(2sNy — 1)) (1 — Le25d3,(25Ng — 1))
= 2
(1 2 Colshm™ (p(s)™ " wo(mym — v + 1, mp(8)>> (40)
v=1
1
PA@,2)(8) = o

(1 — Bot g2, 25Ny — 1)) (1 — Eet 52, (25N, — 1))
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Figure 5. BER curves of OSTBC-CO protocol over Nakaganfading Figure 6. BER curves of OSTBC-CO protocol over Rayleigh fading
channels8-PSK and SP labeling. channels{» = 1), 8-PSK and SP labeling.

clegr from_ simulation results that a significant gain isare real constants. After taking partial fraction
achieved in the p_erfor_mance pf the system due to _th f (43), we obtain (44). Where Cy(s) _
space and code diversities by introducing the space-time | *  jm—v m

coded cooperation and bit-interleaved coded modulatiorim—v)! da’, ((ara + p(s)) 5(0@1)) ara=—p(s):  BY _
with iterative decoding. We observe that the performancd2king average of (44), we obtain closed-form expression
of OSTBC-CO is better than that of STC-CO transmissior?T MGF as given in (36).

protocol. In general, the proposed system achieves better

performance. The results show that the derived expression

can be used to_ predict the performance of the_propo_sed APPENDIX I

system for medium and higher SNR where the S|mqlat|or_1 DERIVATION OF (40)

results converge to the EF bound. The results obtained in
this paper can be extended to other fading channel models.

By substituting the values ofd; and B in (34),
we obtain conditional MGF as (45). The MGF given
DERﬁ/Z‘T’IEONNDIOXFI (36) ar,q by taking average of (45) with respect 0y,
and o, We get an expression as (39). After some
After substituting the values oft and B in (34), we  simple mathematical steps, (39) can be written as (46).
obtam_condmonal MGF as (42). After 'Faklng average OfWheref(ar,d) o CmoOya Trbeitndtoo e taking
(42) with respect tev,4y andag,., we obtain an expression _ : ]
in (35). After some simple mathematical steps, (35) can bgarlual fraction of (46), we obtain (47). Wher&, (s) =

(Oérld"l'p(s))m

m=l, 4oa e 1 dmv m
written as (43). Wheré(a,.q) = C’"‘la(g dip(g)in a0 o) g ((ara +p(5))" E(aria)) la,a=—p(s)- BY
_ Eertiy taking average of (47), we obtain closed-form expression
with p(s) = 17%5%(25%71) and ¢p—1,°,¢1,¢0  of MGF as given in (40).
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Figure 7. BER comparison of STC-CO and OSTBC-CO protocols forFigure 8. BER variation using STC-CO protocol for DF case over

AF case withm = 1,3 andu = 3.
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