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Abstract— This paper presents an Irregular Distributed Space-
Time (Ir-DST) coding scheme designed for near-capacity cqer-
ative communications where the system’s effective througiut is
also maximized with the aid of a joint source-and-relay modale-
sign procedure. At the source node, a serial concatenatedreme
comprising an IRregular Convolutional Code (IRCC), a recursive

code is required for mitigating the potential error profaga
in the DF scheme or to avoid the noise-enhancement in the
AF scheme.

Inspired by the classic turbo codes used in non-cooperative
communication scenarios, Distributed Turbo Codes (DTC) [5

Unity-Rate Code (URC) and a Space-Time Block Code (STBC) have been proposed for “distributed MIMO” systems, which
was designed for the sake of approaching the corresponding penefit from aturbo processing gain. However, DTCs suffer

source-to-relay link capacity, where the IRCC was optimizd
with the aid of EXtrinsic Information Transfer (EXIT) chart s.
At the relay node, another IRCC is concatenated serially wit an
identical STBC. Before transmitting the relayed information, the
relay’s IRCC is re-optimized based on EXIT chart analysis fo
the sake of approaching the relay channel’s capacity as wedls for
maximizing the relay’s coding rate, which results in a maxinized
effective throughput. We will demonstrate that the topoloy of
the Ir-DST system coincides with that of a Distributed Turbo
Code (DTC). At the destination node, a novel three-stage itative

from having an imperfect communication link between the
source and relay nodes. Hence a three-component Distlibute
Turbo Trellis Coded Modulation (DTTCM) scheme has been
proposed in [6], which takes into consideration the realist
condition of having an imperfect source-to-relay commanic
tion link. The DTTCM scheme [6] designed using EXtrinsic
Information Transfer (EXIT) chart analysis [7], [8] is cdpa

of minimizing the decoding error probability at the relaydeo

decoding scheme is constructed in order to achieve decodingand performs close to its idealized counterpart that assume

convergence to an infinitesimally low Bit Error Ratio (BER).
Finally, our numerical results show the proficiency of our jant
source-and-relay mode design procedure, demonstrating #t the

proposed Ir-DST coding scheme is capable of near-capacity

cooperative communications as well as of maximizing the efttive
throughput.

Index Terms— Irregular distributed space-time code, iterative
detection, EXIT charts.

I. INTRODUCTION

perfect decoding at the relay node. However, the DTTCM of
[6] still fails to approach the corresponding relay chaimel
capacity.

On the other hand, there exist several capacity-approgchin
turbo coding schemes designed for specific network topefogi
proposed in [9] by Zhang and Duman for half-duplex relay
systems, where the authors did not aim for proposing a genera
design procedure to find the optimal coding schemes under dif
ferent relay network configurations. Against this backabu
our objective here is to design a near-capacity cooperative

N the past few years, cooperative communication schenf&ieme using a joint source-and-relay mode design proeedur
I [1]-[3] have been intensively studied, which combin®&hich is suitable for arbitrary relay network configuraton
the benefits of distributed Multiple-Input Multiple-Outpu Furthermore, the relay system’s effective throughput iima
(MIMO) systems with relay technologies. In a relay networknized as a benefit of the proposed design procedure. For the
where the nodes (users) are equipped with either singi@ke of approaching the relay channel's capacity, we first de
or multiple antennas, cooperative communications alloev thive the theoretical lower and upper bounds on the Contistiou
nodes (users) to assist each other in forwarding (relay) HIPut Continuous-output Memoryless Channel’s (CCMC) [10]
messages to the destination, rather than transmittingtbely [11] capacity as well as of the Discrete-input Continuous-
own messages. Since the MIMO transmitter’s elements in sue@tput Memoryless Channel (DCMC) [10], [11] capacity
a network are distributed, the network forms a “distribute(¢onstrained information rate) with independent and umify
MIMO” system. For the sake of improving the diversity gairflistributed (i.u.d) inputs. A new Irregular Distributed &-
of relay-aided networks, numerous cooperative protoctis [ Time (Ir-DST) coding scheme is proposed, where two IRreg-
[4] have been proposed. In most cooperative scenarios, p#ar Convolutional Codes (IRCC) [12], [13] having diffeten
dominantly the Decode-and-Forward (DF) and Amplify-andRCC weighting coefficients are employed at the source and

Forward (AF) protocols are used. However, a strong chanrigl2y nodes, respectively, which are designed for suppprti
near-capacity cooperative communications.
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in Section VI. Naturally, the geometrical-gain at the source-to-deitina
link with respect to itself is unity, i.eGgy = 1. Therefore, ow-
Il. SYSTEM MODEL ing to the triangle inequality applied in Fig. 1, the georiuatr
gainsGg and G;q have to satisfy

Gy +Grg + 2\/ GgGrg > G Grg- (5)

Y d.
Y N Destinatior] We assume that the relay node is closer to the source node than
(d) to the destination node, while both the source and relay are
or dra far away from the destination, namely we hasg > Gyg4. In
this scenario, the relay benefits from a higher receivedasign
T T power than the destination. This assumption facilitatess th
employment of near-perfect DF relaying (similar arguments
can be found in [15], [16]), otherwise other relaying modes
might be better choices (e.g. Amplify-and-Forward (AF) and
Compress-and-Forward (CF)). Hence, the vector hosting the
received signal at the relay node durlPigase |, which consists
We consider a two-hop relay-aided network, which hasdf Ls number of symbol periods, can be formulated as
single source node havinys antennas, a single relay node
equipped withN; antennas and a destination node haviag yr = /GaHgCs+ 1, (6)

antennas, where all nodes obey the half-duplex constraipt,o o Ve = [yrs-...yen]T is the Ne-element vector of the
i.e. a node cannot transmit and receive simultaneously. The.oieq signéfs at the relay nodelg is the B x No)-
schematlc of _the proposed system is shown in Fig. 1, whigfpment channel matrix, the entries of which are independen
typically entails two phases. IRhase |, the source nodes) and identically complex Gaussian distributed with a zero

broadcasts the information both to the relay naj@(d to the  ean and a variance of 0.5 per dimension. Furthermore,
.destlnau.on noded). The rela_ly noder( processes the recelvedCS = [Cs1,.. -,C&NS]T is an Ne-element vector of the signals
information and forwards it to the destination nod (n  yangmitted from the source node at an average power of

Phase 11, while the source nodesf remains silent. The des-p " ;4 e = [Mr1 nn]T is an Ne-element noise vector
= [Nr1,... NN .

. . . . .o
tination performs decoding based on the messages it recei¥e ., alement of, is an Additive White Gaussian Noise

in both phases. As in [14], we model the communication "n@WGN) process having a zero mean and a varianchig2

in Fig. 1 as being subjected to both long-term free-spade Pder dimension. By contrast, the signal vector received at th
loss as well as to short-term uncorrelated Rayleigh fading. yastination node duringhase | can be expressed as
Let dyp andP,, denote the geometrical distance and the path

loss between nodesandb. The path loss and the geometrical y'd = v/ GsgHCs + Ny, @)
distance can be related by [14]

NN

Source
(s)

Rela¥ )

Fig. 1. Schematic of a single relay aided multi-antennaesystvhered,y
is the geographical distance between nadend nodeb.

and the signal vector received at the destination node glurin

Pap = K 1) Phase Il, whenL; number of symbols are transmitted from
dg,’ the relay node, is formulated as
whereK is a constant that depends on the environmentcand Y = V/GrgHraCr + ng, (8)

is the path-loss exponent. For a free space scenario, we have | | | | | -
o = 2. The relationship between the enerfy received at Whereyg = [yg,,...,Ygy,]' and Yo = [yd,lw_--,yd,Nd] are
the relay node and that of the destination ndglg can be bPothNg-element vectors of the signals received duritigise

]T

expressed as | and Phase II at the destination noderis € (CNdXNS. and
P Hig € CNaxNe gre the corresponding channel matrices, the
Eg = — Ey = Gg Ey, (2) entries of which are independent and identically complex
Ps Gaussian distributed with a zero mean and a variance of 0.5

whereGg is the power-gain (or geometrical-gain) [14] expePer dimension. Finallye; = [Cr1,...,Cin T is anNy-element
rienced by the source-to-relay link with respect to the seur vector of the signals transmitted from the relay node at the
to-destination link as a benefit of the commensurately reducsame powelP, as that ofcs andng = [Ng.1,...,Ndn,] ' is an
distance and path loss, which can be expressed as Ng-element AWGN vector with each element having a zero

42 mean and a variance df/2 per dimension.
Gy = (i") : 3)
IIl. | RREGULARDISTRIBUTED SPACE-TIME CODES
Similarly, the geometrical-gain at the relay-to-desiioatink A |r-DST Encoder

with respect to the source-to-destination link can be fdateal

as In this contribution, we consider a specific two-hop relay-

aided network associated witRs = 2, N = 2 and Ng = 4,
G ded | 2 4 S shown in Fig. 1. At the source node, we use Alam-
Md=\dq/ - (4) outi's STBC [17] amalgamated with a recursive Unity-Rate
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URGC" decoder as the priori information Lz a(uz) through
the interleavers. We term this information-exchange process
i i seen in the top trace of Fig. 3 as the “inner” iterafio8im-
Code (U,RC} used as the inner code,. while an IRCC [12]i1arly, during the “outer” iterations, tha priori LLR values
[13] having an average c_:0(_je rate_ 8 is er_nployed as the L14(uz) fed into the IRCG decoder are also subtracted from
outer code, which is optimized with the aid of EXIT charf,q 5 pogeriori LLR valuesLy p(up) for the sake of generating
analysis for the sake of near-error-iree decoding at canig, oyirinsic LLR values; o(up) as seen at the top right corner
SNRs close to .the capacity of the_sourcg-to—relay link at tquz Fig. 3. ThenLie(Uy) is p;assed to the amalgamated “STBC
relay node during the relay'_s receive perlod I%hiase, I. On IRCC,” relay-deCoder as the priori information L a(Cir)
the_other hand, as shown in Fig. 2'_ in the relay’s tr"’ms‘nmrough the interleavert in conjunction with the Signals
perlod of Phase Il z_;mother IRC_,C having a code rate Bf received duringPhase |1 in order to compute tha posteriori

is amalgamated with Alamouti's STBC scheme, where thg o valuesLy () of the permuted information bits; from

IRCC is further improved with the aid of a joint source-andy,s ejay node. As seen in Fig. 3, the extrinsic information

relay mode design procedurg, as we will show in Section I.Y—4 o(Cir) is generated by subtracting tiaepriori information
B for the sake of approaching the relay channel’'s capacify,

- ; Lo ; 4:a(01) from the a posteriori information L4 p(01), before
Specifically, the notationss andTt in Fig. 2 represent the bit- L4e(Ci1) is fed back to the IRCCdecoder as the priori

wise random interleaver used at the source node and the rq}ﬁeration L1a(u1) through the de-interleaver; 1. During
node, respectively. Compared to the topology of the DTC [Shg |4t “outer” iteration, only the LLR valuds p(up) of the
it may be observed that the cooperative scheme seen in Fig, gina| information bitsu; are required, which are passed

combines the benefits of a serially concatenated scheme gNgh o hard-decision block of Fig. 3 in order to estimate the
of a DTC, which is referred to as an Irregular DistributegOurce bits. '

Space-Time (Ir-DST) coding scheme in this contribution.

Fig. 2. Schematic of the Irregular Distributed Space-TimnedST) encoder.

B. Three-Sage Iterative Decoding at the Destination IV. NEAR-CAPACITY SYSTEM DESIGN AND ANALYSIS

The novel three-stage iterative decoder structure of the Ir |5 order to design a near-capacity coding scheme for the
DST scheme is illustrated in Fig. 3. At the destination nodgroposed two-hop relay-aided network, in Section IV-A we
the signals received duringhase | are first decoded by the first derive the upper and lower bounds on the relay channel’s
amalgamated “STBCs-URG,” decoder in order to produce ccMC capacity as well as those of the DCMC capacity
thea priori Log-Likelihood Ratio (LLR) values.a(c1) of the (constrained information rate) for Alamouti's STBC scheme
coded bitscy by the Maximum Aposteriori Probability (MAP) since the relay channel’s exact capacity formula is unaiél

algorithm [19]. The IRCE decoder seen at the top right ofrhen the EXIT chart based joint source-and-relay mode
Fig. 3 processes the information forwarded by the “SIBCdesign will be carried out in Section IV-B.

URGC” decoder in conjunction with the priori LLR values
L1a(u1) of the information bitsu; gleaned by the “STBG
IRCC” relay-decoder in order to generate theposteriori A Relay Channel’s Capacity

LLR valuesL p(u1) andLyp(c1) of the information bitsug ]
and of the coded bits;, respectively. As seen in Fig. 3, tae  AS Presented in [15], a general upper bound on the CCMC

priori LLRs Ly a(c;) are subtracted from theposteriori LLR capacity _of_ a half-duplékrelay system may be derived based
valuesLy p(c;) and then they are fed back to the “STBC °" the original results of [20] on the full-duplex relay cinafs,

1URCs were proposed by Divsalerr al. [18] for the sake of extending the  3Explicitly, at the destination node, the extrinsic infotioa exchange
overall system’s impulse response to an infinite duratiohickv efficiently — between the amalgamated “STBORC” decoder and the IRCCdecoder
spreads the extrinsic information, hence improves theesmabie iterative is referred to as the “inner” iteration, while that betwedme tparallel
detection gain. amalgamated “STBEURGCs-IRCC;” decoder and the amalgamated “STBC
2The terminology “amalgamated” is used here to indicate #itmough it |IRCG” relay-decoder is referred to as the “outer” iteration.
might have some benefits to exchange extrinsic informatiemvéen these  “In [15], the source node continues transmission during twersd time
two blocks, no iterations were used between them. slot.



which is given by ~— CCMCeggp
20| S

Coeme < max min{AE[1(X1;Y1,Y)]+ (1—A)E[I (Xz; Y2|X)], A~ poMCa
p(X1,%2,X) —+— DCMCypeqt

AE[ (X Y1)]+ (1= NE[1(, X Y2)]}. (9) §as|

whereA is the ratio of the first time slot duration to the total@

frame duration. On the other hand, another achievable r@ei I
definition for the DF protocol, which can be regarded as @ e e
lower bound on the CCMC capacity of the relay system, w@

provided in [15] in the form of

Conpe > p(max MmN AE [I (X2;Y)] + (1= NE [I (X2; Y2 X)],

X2,X)

AE[I(X1; Y1)+ (L=ANE[I (X2, X;Y2)]},  (10)

05|

C=1.0 (bit/channel use) SNR=-5.6dB:DCMCjjrec(

C=0.5 (bit/channel use) SNR=-11.4dB:DCMCcqp

-15 -10 -5 0 5
SNR (dB)

wherep(x1,X2,X) indicates the joint probability of the signals
transmitted from the source and the relay nodes. The signgils 4. The relay channel's CCMC capacity and constrainddriimation-

X1 and X, are transmitted from the source node during t

first and the second time slot, respectively, whileand Y,

represent the corresponding signals received at the déetin

during the two consecutive time slots. FurthermoXeand

Hate bounds employing the 4QAM-modulated G2 scheme wheméehgork

Is configured withGg =8 andG;y =2 as well asLs=L,.

Y4 = /GraHrdaCr + Ng, (16)

Y are the transmitted and received signals at the relay ”OQ@spectwely SpecificallyY; = [yr1,...,yry] € CV*V YI _

respectively.

[ Idl’ 7yd\/] E(CNdXV andY" [yd 17- .,ydv] e(CNde are

In our half-duplex-constrained relay-aided system, thﬁe matrices hosting the sampled signal received at thg rela

source node does not transmit duriRgase Il, i.e. X, =0,
we haveE[ (Xz,Y2|X ] 0 and E[ (Xz,x Yz)] E[|(X Yz)]

node and the destination node, respectively, whilg <
CNexNs - Hoy e CNa*Ns gnd H,q € CNaexNe gre the corre-

in (9) and (10). Hence, based on Egs. (6)-(8) the upper agdnding quasi-static channel matrices, which are cohstan
lower bounds of the relay channel's capacity can be derivgger v = 2 consecutive symbol periods. Furthermo@s,=

accordingly as

Conpe < maxmin{—>—E
p

1(Cs; Y4, Y],
(Cs,Cr) Ls+Lr (G ¥, )]

L,
Ls+ Ly

Ls
Ls+ L,

E[I(CsY))] + ENC;Yy)]H (A1)

[Cs1,---,Csv] € CNY and Cr = [cr1,...,Cryv] € CNV repre-
sent Alamouti's G2 matrices characterizing the transroissi

of the source and relay nodes, whil¢ = [n,1,...,nrv] €
CN>V and Ng = [ng1,...,nqyv] € CN*V represents the
AWGN matrix incurred at the relay and the destination nodes,
respectively.

and Hence, we may readily derive the upper and lower bounds
co% > maxmln{ E[I(Cs Y], on the constrained information rate of the relaying channel
p(Cs;Cr) Ls+ Lr with i.u.d G2 codeword-matrix inputs as
Ls . L Il
Lop G - T EICN] (02 e ming o= B [1(Ca Y Y1),
r
respectively. L _ ; Ol
In addition to the CCMC capacity bounds of (11) and (12), Ll El (CS'Yd)] LT E[I(CrYy)]} A7)
we evaluate the information-rate bounds for the relaylnaghd
channel in conjunction with i.u.d inputs. In this contriimur,
we employ Alamouti’s G2 scheme [17] at both the source and CEoop g 92 mln{ E[I(Cs Yr)],
relay nodes, whoseodeword matrix is given by . L
T —SEIC;Y +——E[I(C; Y} 18
Ce2 = <Cé— 2—2 ) . (13) Ls+Ls [( s d)} Ls+Lr [( ' )]} (18)
—C C

respectively, where the corresponding constrained indiion

Based on Egs. (6)-(8), the signal received at the relay nogges of E [1(Cs; Yy, Yr)], E[I(CsYr), E[I(CsYY)] and
duringV = 2 consecutive symbol periods can be written asg [1(Cr;YY)] can be computed based on Eg. (9) of [21].

Yr = vGgHsgCs+ Ny, (14)

while the signals received at the destination node duving
2 consecutive symbol periods iRhase | and Phase Il are
expressed as

Y4 = v/GsaHsaCs+ N, (15)
and

An example for a specific network configuration associated
with Lg =L, as well asGg =8 and G;q = 2 is given in
Fig. 4, where the direct transmission based benchmarkksus a
depicted with the power constraify for a fair comparison.
The CCMC capacity and the information rates obeying the
i.u.d 4QAM-modulated GZodeword-matrix-input constraint
are evaluated by the upper and lower bounds given in (11)-
(12) and (17)-(18). We can see in Fig. 4 that the lower and



upper bounds converge and exhibit a substantial capadity ga
over conventional direct transmission in the low and medium
SNR regimes below a certain convergence threshold, which 10— Decoding trajectory for Source-to-Relay link, SNR¥ = -1.0 dB
is caused by the geometrical-gain of the relay-to-destinat 09— Decoding trajectory for Source-to-Relay link, SNR” = -2.1 dB
link. On the other hand, it is observed that the relay chasinel

Section IV-B, we will propose an optimal distributed coding 06 |
scheme, which is capable of approaching the relay channeITs
. . . - 0.5
limits under arbitrary relay network configuration. w

DCMC capacity is only half of the direct transmission due ¢gg!| — - , e e AE
to a factor ofﬁ = 0.5 multiplexing loss in the half-duplex ; , : s
scenario. The DCMC capacity provides the fundamentaldimit 0.7 | e I - i -
on the performance of a practical coding/decoding scheme. | e '

B. Joint Code Design for the Source-and-Relay Nodes Based 04 il /
on EXIT Charts 0.3 P==
For the sake of analysing the convergence behaviours of it- .

erative decoders employed by the two-hop relay-aidedsyste 0.2 i , :
we use two EXIT charts [7], [8] to examine the evolution of the /. Ng&=2, N=2, 1/=L bit/s/Hz

input/output mutual information exchanges between therinn S % Biggg &;‘3212;232 EZZS;SS%
amalgamated “STBEURGCS" decoder and the outer IRGC 0.0 ‘ ‘ ‘ * IRCCs R=0.5 (A=0.50)
decoder at the relay node, as well as between the parallélama 0.0 0.1 0.2 03 04 05 0.6 0.7 08 09 1.0
gamated “STBGURGC-IRCCs” decoder and the amalgamated N—

“STBC;-IRCC;"” decoder at the destination node during the
consecutive iterations. As has been investigated in [24],[ Fig. 5. The EXIT chart curves of the URG2;, the IRCG with optimized

; - eighting coefficientsay,...,a17]= [0, O, 0, 0, 0, 0.327442, 0.186505,
a narrow but marginally open EXIT-tunnel between the EXI 113412 0, 0.0885527. 0. 0.0781214, 0.0962527. 0.0ELAGD346015,

curves of the inner amalgamated “STBUORG” decoder and  ¢.0136955, 0.0500168] and 17 IRCC subcodes for the22source-to-relay
the outer IRCG decoder at the relay node indicates thabommunication link.

a performance close to the capacity of the source-to-relay

link could be achieved. Similarly, at the destination node,

a narrow-but-open EXIT-tunnel between the EXIT curves

of the parallel amalgamated “STBOTRGC:-IRCC” decoder 1.0

and the amalgamated “STBTRCC,” decoder indicates the S e Ry

possibility of achieving decoding convergence to an indigit 0.9 | | $30IRCC.URC-GZRA0S (=037

*

imally low Bit Error Ratio (BER) at SNRs close to the relay TR IRCC/G2; R=05 (As=029)
\ . o O 8 ecodlng Trajectpn/ for Irregular Distributed
channel’s capacity. Therefore, we propose a joint sounck-a : Space-Time Coding System: SNR, = -10.0 dB

relay mode design procedure for supporting near-capacity 07!
cooperative communications as well as for maximizing the
system’s effective throughput, which can be simplified totw g g L
EXIT curve matching problems summarised as follows:
Step 1 Choose a specific average code Riéor the IRCG at 05+
the source node and employ the EXIT curve matching alga
rithm of [12] to obtain the optimized weighting coefficients 0.4 |
aj,i = 1,...,17 of IRCG, where a narrow but marginally
open EXIT-tunnel between the EXIT curves of the inner
amalgamated “STBEURGC;" decoder and the outer IRGC 02|
decoder emerges at the relay node. This implies that a near- |
capacity performance may be achieved for the source-to- g1} “MM“‘ e / . ;
relay communication link. Then we store the value of the s I [t ;‘
corresponding transmit power required at the source node. 0.0 : : : : : : : : :

Step 2 Choose the same transmit power at the source as 00 01 02 03 0'4| 05 06 07 08 09 10
stored inStep 1 Fix the optimized weighting coefficients A T

Oi,i =1,...,17 Qf the. IRCG ObFained inStep la-lt the Sc-)ur(-:e-Fig 6. The EXIT chart curves for the IRG@RCs-G25 with various “inner”
node, perform iterative decoding by exchanging extrinsic 'iter;’:ltié)ns, the IRCGG2 with IRCC; having optimized weighting coeffi-
formation between the amalgamated “STBIRGC;" decoder cients By, ...,B17] = [0, 0, 0, 0, 0.233115, 0.0158742, 0.292084, 0.220065,

and the IRCG decoder duringPhase | at the destination node, 0-%15ﬁ108,T% 0, 06 0,,0t, 0% ?ég§237t5] a;rr:d 17 St’)\lR-deeﬂ@?-Gt%
. . subcodes. € subscript o enotes e number or 'inner- iterations
until the further increase of the aréa under the EXIT curve [ ovoen the IRCCand “G2-URC," decoders and the SNRrepresents the

of the amalgamated “STBGJRCs-IRCCs” decoder becomes equivalent SNR at both the source and relay nodes.
marginal, then stop this “inner” iterative decoding praces




Step 3 Assume perfectly error-free DF relaying and thelecoding convergence to an infinitesimally low BER at near-
same transmit power at the relay as that of the source dapacity SNRs for the Ir-DST coding scheme. This prediction
the second EXIT chart, which examines the evolution of thie verified in Fig. 6 by plotting the corresponding Monte-Bar
input/output mutual information exchanges in the thregst simulation-related decoding trajectory, which indeedchess
iterative decoder of the Ir-DST coding scheme. Use the EXKhe (1.0,1.0) point of the EXIT chart. On the other hand, sinc
curve matching algorithm of [12] to match the SNR-dependetite code ratdR; of the relay’s IRCC has been maximized by
EXIT curve of the amalgamated “STBCRCGC” decoder to the joint source-and-relay mode design procedure, theSIF-D
the target EXIT curve of the amalgamated “STHURCs- coding scheme achieves a maximum effective throughput of
IRCCs” decoder observed iistep 2 Obtain the maximized ﬁRslogﬂ: 0.5 bit/s/Hz, when the 4QAM-modulated G2
average code rate and the optimized weighting coefficientsscheme is employed.
Bj,j =1,...,17 of IRCG when a narrow-but-open EXIT-
tunnel emerges. V. SIMULATION RESULTS ANDDISCUSSIONS

In this contribution, we consider an average code rate
of Ry = 0.5 for the outer IRCE at the source node and 1

the specific relay network configuration witBy = 8 and e
Grd = 2, which satisfies Eq. (5). The EXIT chart of the serial 10— I
concatenated IRCAURCs-STBG scheme of the source-to- |

relay link is depicted in Fig. 5, where the decoding trajée® 42| \‘

are computed based on a frame length of 250 000 bits. The \
EXIT curve of the outer IRCChaving optimized weighting 4.
coefficientsa; as shown in Fig. 5 was constructed using thel
curve matching algorithm of [12]. As we can see from Fig. 5, &, 4 |
narrow but marginally open EXIT tunnel emerges for the2
source-to-relay communication link. A receive SNR of about10_5

-2.1 dB is needed in order to attain a decoding convergence N e Relay
to an infinitesimally low BER. Due to the geometrical-gain [ % Ir-DST Coding Scheme, Imperfect Relay
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of the source-to-relay link, the equivalent SN& the source ] -10 SNBR 4B -7
node can be computed as (dB)
SNI%: SNF& _10|0910(Gsr)[d8] (19) Fig. 7. BER versus equivalent SNR performance of both peréex

imperfect relaying Ir-DST and non-cooperative IRCC-UR@-&hemes for
. . a frame length of 250 000 bits, where the cooperative netw®donfigured
where SNR is the receive SNR at the relay node. Hence, theth Gg =8 andG,q = 2 as well ad s = L; and the non-cooperative system

minimum SNR at the source node required for the sake df equipped with two transmit and four receive antennas.

obtaining a near error-free performance at the relay node i§p this section, we present the BER versus equivalent SNR
-11.1 dB. As presented in Section II, we assume that both thgrformance of both the perfect and imperfect relaying cide
source and relay transmit their signals at the same transipibsT schemes as well as that of a non-cooperative seral co
power, hence they have the same equivalent SNR. In org@fenated IRCC-URC-STBC scheme in Fig. 7. For the Ir-DST
to avoid the potentially high computational complexity B¢t coding scheme, according to the trajectory predictions &ee
relay node, a wider-than-necessary EXIT tunnel is createditigs. 5 and 6, the number of decoding iterations between the
the EXIT chart of Fig. 5 at the receive SNR _of -1.0 dB afrcc, decoder and the amalgamated “STBARC” decoder
the relay node, which corresponds to an equivalent SNR \ghs fixed tol" = 13 at the relay node. At the destination node,
-10 dB based on Eq. (19) at both the source and relay nodgg number of “inner” decoding iterations was fixed fo= 4,
As clearly seen in the EXIT chart of Fig. 6 at the destinatiofyhjle the number of “outer” decoding iterations between the
node, after 5 “inner” iterations between the IRC@ecoder parallel amalgamated “STBGJRCs-IRCCs” decoder and the
and the amalgamated “STBUORC” decoder, the increase of amalgamated “STBGIRCC,” decoder was fixed mg —17.
the areaAe under the amalgamated “STBURGS-IRCG” o the other hand, for the non-cooperative IRCC-URC-STBC
decoder becomes marginal. Hence, we fix the number Qfheme, we employ an outer IRCC, which has the same
“inner” iterations tol = 4 at the destination node. FOHOWingweighting coefficients; and hence the same code rate as
the design procedure above, we obtain the resultant maichifat of the IRCG in the cooperative system. The number of
EXIT curve for the Ir-DST coding scheme in Fig. 6, whergjecoding iterations exchanging extrinsic informationesn
the IRCG has the optimized weighting coefficienls and {he outer IRCC decoder and the inner “STBC-URC” decoder
a maximized average code rate Rf = 0.5, hencels = L. \yas fixed tolno, = 13 as well.
It is clearly seen in Fig. 6 that a narrow-but-open EXIT- ag seen in Fig. 7, the Ir-DST coding scheme outperforms
tunnel emerges, which indicates the possibility of achmgvi e non-cooperative IRCC-URC-STBC scheme by approxi-
mately 5.1 dB in terms of the required equivalent SNR, which

5Here_weintroduced the terminqlogy Qf equ_ivalent $NIRdefir_1e the ratio corresponds to a 3 dB lower value of 2.1 dB in terms of
of the signal power at the transmitter side with respect torthise level at Ev/No d f 0.5 ltiolexi | in the half-duol
the receiver side, i.e. SNR= Py/Ng, as in [14]. Although this does not have b/No due to a factor 0.5 multiplexing loss in the half-duplex

a direct physical interpretation, it simplifies our disdoss. Ir-DST scheme. On the other hand, the performance of the



perfect relaying-aided Ir-DST scheme matches the EXITtch@te] A. Host-Madsen, “Capacity bounds for cooperative diity,’ |EEE

predictions of Fig. 6, while the imperfect relaying-aided |

DST coding scheme performs similarly to the perfect relgyir{ﬂ]
scheme. This is due to the fact that the source information
becomes near-error-free at the relay node after a suffigieritl
high number of decoding iterations. Furthermore, it is diea
shown in Fig. 7 that the Ir-DST coding scheme is capable pb]
performing within 1.4 dB of the corresponding relay chafmel

DCMC capacity.

VI. CONCLUSIONS

In this contribution, we have proposed an Ir-DST coding
scheme for near-capacity cooperative communications. \yej
derived the CCMC capacity and the constrained information-
rate bounds of Alamouti's G2 scheme for the half-duplex
relay channel. The proposed joint source-and-relay morie]
design procedure is capable of finding the optimal Ir-DST
coding scheme, which performs close to the capacity limit
and achieves a maximum effective throughput. Furthermore,
the code design procedure is not limited to a specific net-

working scenario, it is applicable under virtually any netiw
configuration.
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