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ABSTRACT. In this work, we consider a single relay multiple input multiple output (MIMO) space-
time block-code (STBC) based relaying system for two strategies using transmit antenna
selection (TAS) technique. We consider the Rayleigh distribution between source to destination
(SD), relay to destination (RD) and source to relay (SR) fading channel links. In first selection
strategy, we consider selective decode and forward (SDF) protocol between the relay and
destination and in second selection strategy, we consider STBC SDF protocol between RD
fading channel links. We derive the closed form expressions for SER, SER upper bound and
diversity order (DO). The optimal power allocation factors (OPFs) are derived for the both
strategies, which minimize the SER of the relaying system. Simulation results show that the
second strategy performs better than the first one for the same DO.

RESUME Dans ce travail, nous considéons un systéne de relais abase de code de blocs spatio-
temporels (STBC) aentrées multiples et sorties multiples (MIMO) arelais unique pour deux
stratégies utilisant la technique de séection d'antenne d'énission (TAS). Nous considérons les
liaisons de canaux & €anouissements de la distribution de Rayleigh entre source vers
destination (SD), relais vers destination (RD) et source vers relais (SR). Dans la premiére
stratégie de séection, nous considéons le protocole de déeodage et de transmission séectifs
(SDF) entre le relais et la destination. Et dans la deuxiéme stratéie de sdection, nous
considéons le protocole STBC SDF entre les liaisons de canaux aévanouissements RD. Nous
dérivons les expressions de forme fermee pour SER, limite sup€rieure et ordre de diversit&(DO).
Les facteurs optimaux d'allocation de puissance (OPFs) sont dé&ivés pour les deux stratégies,
ce qui minimise le SER du systéme de relais. Les ré&ultats de la simulation montrent que la
deuxiéme stratégie est plus performante que la premiére pour le mé&ne OD.
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1. Introduction

MIMO is proven, cost-effective technology, high spectral efficiency, provides
antenna diversity and reduces channel fading. Cooperative communication attains
ominously high data rates in 4G/5G communication systems due to their ability to
create a virtual array of antennas (Ibrahim et al., 2008). With increasing emphasis on
Femto, small and Pico cell networks, cooperative systems are a promising solution for
5G systems. The most famous relaying protocols are amplify-and-forward (AF),
decode-and-forward (DF) and SDF protocols (Khattabi and Matalgah, 2015; Ryu et
al., 2018; Shankar et al., 2017; Shankar et al., 2017). Also by using MIMO and STBC
together, better end-to-end error performance has been achieved and it will enhance
the data transmission rate.

In references (Varshney and Puri, 2017; Varshney et al., 2015), the author
analyzed the pairwise error probability (PEP) of MIMO STBC S-DF cooperative
communication protocol. The authors derived the closed-form PEP expressions for
dual phase and multiple phase cooperation protocol, derive the DO and OPFs.

In the works (Amarasuriya et al., 2011; Yang et al., 2014), the authors
investigated TAS based cooperation network. In stduy (Amarasuriya et al., 2011), AF
based relaying is investigated and it is shown that two sub-optimal TAS technique
achieves DOs My, + Mgz min( Mg, Mp) and My + M¢M),. In sdudy (Yang et al., 2014),
TAS for full duplex AF relaying protocol is extensively investigated.

In study (Krishna and Bhatnagar, 2014), the author investigated the symbol error
rate (SER) performance of two sub-optimal TAS strategies having only one relay SDF
cooperation network. Closed form and upper bound expressions of SER for SDF
systems have been taken for both TAS strategies.

In study (Krishna and Bhatnagar, 2016), the authors investigated the single-relay
MIMO DF relaying network with Mg, Mzand Mpnumber of antennas are employed in
source, relay and destination. In sudy (Jin and Shin, 2013), the authors offered the
selection of a new source transmit antenna based on the channel state information. It
is shown that source transmit antenna selection achieves the full DO of M¢M) +
MMz min( Mg, Mp). In study (Halber and Chakravarty, 2018), the author has
investigated the relay for the optimization purpose.

In this paper, investigation of the single relay MIMO STBC based SDF system
employing M-ary PSK by deriving the closed form PEP expressions and PEP upper
bounds has been done. The closed form SER expression for two sub-optimal selection
strategies has been derived. There are consideration two criteria for antenna selection
1) Maximization of SNR of SD and RD fading channel links and 2) Maximization of
SNR of RD and SR fading channel links. Also, we investigated the DO and optimal
power allocation.

In this paper, section 2 gives the System Model. Section 3, describes SER analysis.
Section 4, shows the Simulation results and discussions. Section 5 provides the
conclusion for our proposed method.
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2. System model

Consider a MIMO SDF cooperative communication system employing single
relay, as given in Figure 1. The relay, source, and destination nodes are employed with
Mg, Mgand Mpnumber of antennas, respectively. Only in the case of successful
decoding relay node, the signal will be forwarded to the destination node, otherwise
it will be inactive state. Let Hg, € CMRMS, Hy, € CMPMs and Hgj, € CMPMRdenote
the channel matrix from SR, SD and RD respectively. Let hdisj € Hgp, hris]- € Hggzand

hdirj € Hypdenote the channel coefficients for SD, SR and RD fading links. The
channel coefficient is modeled as the zero mean complex Gaussian circular shift

2
(ZMCGCS) random variable (RV) with unit variance.Let Qdirj = |hdirj

’ QTiSj =
2 2

hrl.sj and Q as; = |hdisj- denote the exponentially distributed instantaneous
channel gains from the j transmitter (Tx) to i*receiver (Rx) antenna in the RD, SR
and SD fading channel. §2,, §2; and §2,denote the average channel gain for SD, SR
and RD fading link respectively. The transmission of signals can be divided into two
steps, one transmission phase and one relaying phase. In broadcast phase using Time
Division Multiple Access (TDMA), the signal from the source is being transmitted to
both destination and relay in T, time slots. In relaying phase, the relay node forwards
the signal correctly decoding to the destination node using STBC technique.

2.1. The Broadcast phase

Let X, € C"**denotes the symbol vector, each symbol has unit energy, i.e.,
E{X,"X,} = 1. Let ys, € C"*" and ysz € C™*" denote received symbol vector at
the destination and relay node, modeled as,

Ysp = \/Fshuiij + Wsp 1)
Ysr = \/P_ShRiij + Wgr )

Where wgp, € CT wg, € CT*1| denote the noise vector, modeled as ZMCGCS
RV with noise variance N,. Let yX, denote the received symbol at k% time slot,
modeled as,

V& = \/Fshniijk + wii 3)

Let us define agp, the weight factor for SD fading link, the SNR is maximized
2
when agp = hgisj. Also the maximized SNR is given as, Agp = % |hDisj| . Following
0
similar procedure, weight factor and maximized SNR for SR fading link is given as,

2
P .
asp = hgisjand Asg = N—z |hRi5].| respectively.
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2.2. The relaying phase

2.2.1. Strategy I-single Tx and Rx antenna between the relay and destination nodes

In relaying phase, the relay node selects one aerial in a random manner to
transmitter and receiver selects one aerial randomly to receive, as given in Figure 2.

Let y,'?‘; "t denote the received symbol block at the destination at the k + T, time

corresponding to transmission of x* data, modeled as,

AN Prhp,s;x* + WKp (4)

The weight vector ay of the RD link and maximum SNR is given as agp = hgiRj

2
and Azp = Z—’; |hDiRj| respectively. Cooperation mode SNR is modeled as,

2 2
PslhDiSjl +PR|hDiRj|

No

(®)

2.2.2. Strategy 11-STBC between relay and destination

In strategy Il broadcast phase is similar to strategy I. Relay generated the STBC
code-word block X € CMR*Tz after receiving the transmitted vector X; € C™** at T,
time slot. According to the STBC transmission from the relay node, the symbol block
received on the destination node has been modeled as,

YRD: PR/MRHRDX+WRD (6)

Where Hg;, € CMPMR denote channel matrix for RD fading link and Weo denote
the noise vector for RD fading link respectively, modeled as ZMCGCS RV with noise
varianceN,. Assuming perfect CSI availability at receiver terminal and uncorrelated
noise component, the maximum likelihood (ML) decoding of X is given as [1],

R 2
X = argmax Yzp — /Pr/MgH rpX|| , Y

Where C denotes the STBC code-word set and |C| denote the cardinality of the
code-word set C

3. SER analysis

3.1. SER analysis for strategy |

In Figure 2, it has given the various steps involve in the broadcast phase and in the
other phase of selecting the antennas in strategy . Broadcast phase is comprised of
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two steps. Broadcast phase involves the selection of it j*" and k' aerials
respectively, shown in Figure 2.
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Figure 2. Selection strategy Il

In step 1, it antenna at the source and k% antenna at the relay is selected
depending on the maximum instantaneous gain Q. of all fading links. In step 2,

j*"antenna at the destination node has been selected depending on the maximum
instantaneous gain Q,, of the fading channels displayed as dotted lines. Lastly, in

step 3, one antenna is selecting between m® antenna at the relay node and n®”
antenna at the destination node. Qg, Qg and Q,, are given as,

Qs = max (Qg, g Dy, s o o o 'QSMS.RMT) A1<i<Mg,1<k< M,
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Qsp = max (Qy ., Ty oo Qg )1 ST < MpQy = Qppu 1 <M<
Mg, 1<n< M, (8)

The cumulative distribution function (CDF) and probability distribution function
(PDF) of the Qg,), Q,, and Q, is modeled as [8],

o= e () (1= e ()]
o= (1= (2) "
o == ()
o @ = -0 (32), ©

In study (Shankar et al., 2017), the end-to-end error Probability is given as,
P§ = Ps_prop X (1 = Ps_g) + Ps_,p X Ps_p. (10)

Let ¥ (Agp) represents the instantaneous symbol error rate of M-PSK modulation,
given as (Varshney et al., 2015),

Y(Asp) = %J‘O(T_)" exp (Si;fg

Asp) d6, (11)

Where b = sin?(m/M), 6(a) denotes the Gaussian Q function, defined as

12 x? _ T
(Varshney et al., 2008), 8 (a) = ;foz exp (sng) do and b = sin (H)

The SER for SD link can be derived as (Varshney et al., 2017),
Psp = Eq ((Asp)} = [ ¥(Qp)fag, (AQ

M- l)H
=G I I T exp(— (g O — exp() 0 7NdedR. (12)

By using the expression, (1 — x)M = ZM’; 1( )( 1)™x™, we further simplify
Ps_p as,

Ps.p = Mp ZMD ! (MD )(‘Dj (bPSSSD +j+ 1) (13)

J Ng sinZ 6

Following the similar procedure, SER for the SER link can be derived as,
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Ps_p = EﬁSR {w(Asr)}

= MM 5 (MsMe =) (ot (2% 44 1), (14)

The SER for the cooperation mode can be written as,

PS—>D,R—>D {710 (A)}

*SD CrD

H 2o (0p)d 0 f o) e Q)40

M i bPg62 3 bPR&%
— MD 1 D~ 1V s8p R6%p
=M1 (l ) D'F <(N0 sinzg Tt 1) (No 2o T 1)) (15)

Substituting (13), (14) and (15) into (10), end to end SER for selection strategy |
is expressed in (16).

M ; bPg6%
P =Mp ZMD 1(] . )(_1)J (N ssmzue +ti+ 1)

X MgMp ZMSMR 1 (iVlsMR )(_1)i (strSSR rit 1)

N sinZ 8
+M, R Mo = )(—1)1'F (—“’55?0 +j+ 1)(1"”*5’2*” +1)
b j Ng sin2 @ J Ng sin? @
(1—M5MR Ssolr- 1(71‘145MR N 1)”F(bP565R +n+ 1)) (16)

3.1.1. SER upper bound

For deriving the SER upper bound, we assume 1 — Pg_,; ~ 1 at high SNR regimes.
Tight SER upper bound of P. can be given in (17),

M-1 M-1
| _ MsMgMp (—)ﬂ (—)T[ MgMp-1 MSMR -1 -nn"
Pp = 2 0 M fo M Zn:O (n )X<bP555R n +1) x
Ng SinZ 6
Mp-1 MD -1 (- 1)m
Zm:O (m ) X (bpsasD m +1)
Ng Sin2 @
x df,d6, +
1 (My; -1 i 1 (E)T[ 1 1
Mp-1 (d 1 x |2 U
Mo ZFO (] >X( R nfo <bPR6RD +]+1> " <bPR6}2?D +1) e
Ng SinZ 6 Ng Sin2 6

Applying the approximation,
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o (V) eon = (18)

x+ny - H¥=0(x+ny)

We can write tight SER upper bound for the selection strategy | as,

[ < MsMRMp(MsMr—1)!(Mp—1)!ByBy Mp(Mp—1)!By (19)
E= b 62\ VSVR rpp 52 \ND P62 \ND (bp 62
2 2=S°SR 27S9Sp [ ==35sD 2YRORD
No No No No

M-1 M-1

Where B, = fO(T)”(sin 0,)2MsMrdQ, B, = fO(T)"(sin 6,)2Mpdg,.

3.1.2. Optimal power allocation

Substituting P = P, — Ps in (19) and differentiating the resultant expression w.r.t.
P and after equating it to zero, we can get,

Kl(MSMR + MD)PS—(M_S'MR+MD+1)
+K,(P — Ps) M, Py M2*Y _ kg, pm M) (p _ py=2 =, (20)

Where K, and K, are appropriately defined constant terms, given below,

_ MsMRMp(MsMRp—1)!(Mp—1)!BgBy _ Mp(Mp—-1)!B4
1= MM N y B = N .
2 SMR /, 2 D 2 D/} 52
2(2%5r bdsp (285D bégp
No No No No

Solution of (20) will give optimal powers for source and relay nodes.

3.1.3. DO calculation
Substituting Q, = ?,Ql = %R, (19) can be written as, (21),

< MSMRMD(MSMR_1)!(MD_1)!BOBl
~ w2(b6%)MsMr (b6, )Mo Qg MSMEHMDI (P /Ng)~(MsM M)

Mp(Mp—-1)!B,
nQ, M2 (b6%p)""P (bB163p)(P/Ng)~(MD+1)’

Fe

(21)

DO expression is given as,
DO = — lim

I
log(PE)

SNR-x —-—-—log(SNR)D

min(sp

3.2. SER strategy 11

In this selection strategy, the SD and SR link is having a similar error probability
to the previous strategy. In this strategy between the relay and destination fading link
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we apply STBC. Let us define the PEP as the error probability when STBC codeword
X,, is of confused with STBC codeword X;. The PEP can be modeled as,

2MRNy

POty = XilHap) = J Heo X, = X,I3).

Averaging the PEP over the probability distribution of the fading channel, the
average pairwise error probability can be derived as,

Mg PRAKIORD Mp
P(X, - X) =G|l 5 (1 + 7) = Eppp {P(X;, = X;|Hgp)},

4NgMpg sin? 6
Where Ay, A1 .ccvinnnnnn. AMR , are the non-zero singular values of (X, —

X)X, — X)" and G(x(6)) = fzmde For RD link the PEP can be upper

bounded using union bound, which is very tight on high SNR,

Prop = leecl::n Prop(Xn = X)) =
Mp
ICl M PRA,15F
ZX[ECI#TL < k§1 (1 + ‘Mﬁ) ) (22)
Ps_.prop = Efgsdfgm{lp(l)}

m-vn_ .
= ﬁfo M fo w(/lSD)fQSD (QSD)dQSD X fo lp(lRD)fQRD (QRD)dQRDdg

M-Il M- 1)H

_f M f f l/)(/lSD)fQSD (QSD)dQSD X
fg IP(ARD)fQ‘RD (QRD)dQRDdGIdGZ

Mp-1

_ Mp—1\, \m bPs&ép
=M, z (27D F(iNosin29+m+1 x

m=0
M
Z|C| Mr (1 + _PRAORD )0 (23)
X€C, l==n k=1 4N0MRsin29 ’

The end-to-end error probability for selection strategy Il is given as,
Pl = Ps_p X Ps_p + Ps_prop X (1 — Ps_g) (24)

Substituting (13), (14) and (23) into (24), we are getting (25),

M i ( bPs82
JJ g MD 1 D~ —1)F S9sp
Pg Mp Z (] )( 1) ( 0 Sin2 6 ti+ 1)

MM i bPs& .
X MgMy, $MSMR= 1(1 sMr — )(—1)1F(ﬁ+l+1)
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Mp-1

Mp =1\, -y [ bPsO%
+Mp Z (m )( 1) F(Nosin29+m+1

m=0
2 Mp
lecl MR 1+ PRAK,19RD
xecizn O | 1=t 4NoMpg sin? 0

Table 1. Optimal power allocation for SR link for selection strategy |

Number of Antennas Q, Q
Mg =1Mz =1,M, =1, 0.60 | 0.40
Mg =2,Mg = 2,Mp, =2 0.70 | 0.30
Ms =2,Mg =3,Mp =3 0.73 | 0.27

3.2.1. SER upper bound
Replacing 1 — P;z = 1 at high SNR, we can write Ps_,p ,pas (26),

Mp-1(Mp — 1\ . 1
PS_’DR_'D_ f M Z ( )( 1)m(bP55sD+ +1>d9
Ngsin2 6
(M-1)71
[C] M 1
XZX[EC,Z:HLIQ M dg’

Mp
R (14 PRM1%p
k=1\""4NoMpsin2 6

Using an expression given in (18), Ps_,p g p IS approximated as,

Mp(Mp—1)!12
M M
2 D 2 D
2 bPSaSD PRORpZ
No 4NoMpg

Table 2. Optimal power allocation for SR link for selection strategy Il

PS—>D,R—>D <

Number of Antennas Q, Q,

Ms=1,Mp=1M,=1 | 060 | 0.0
Ms=2,Mg =2,M, =2 053 | 047

Ms=3,Mg =3,M, =3 048 | 052

Finally, the SER upper bound for strategy Il can be written as,

MsMpMRp(MsMRp—1)!(Mp—1)!ByB4 MD(MD—I)!IZZ

MgM M M Mp’
2 S™R 2 D 2 D 2 D
n2(PPsO5r bPsé5p n2(PPs%sp PRORp?

No No No 4NoMR

P§h <

(25)

(26)

@7)

(28)
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M-1)1

Where, z = lecllec,z;en Ao Ay = TLeR A, I, = %fo 2 (sin6)*Mrde.
3.2.2. DO analysis
Substituting Ps = Q,P, P = Q, P, we can express SER upper bound as,

M Mo M, (MM, ~1)\(M,, ~1)!B;B; My (M ~2)!1,1,

<o ™ )y |

P! <

MsMR+Mp 2Mp !

EZ(b@oaio)M”[@;‘k’;:Zj m (29)

DO expression is given as,

. log(P)
DO=- — Bl ;
ISNF!ED log(SNR) Mp min(MgMg, Mp). (30)

3.2.3. Optimal power allocation

Substituting P, = P — P in (28) and differentiating it with respect to P, after
equating it to zero, the resultant expression we get,

Ky X (MsMg 4+ Mp)(Ps)~MsMrR=Mp=1 4

My, (Ps)MP x (P — Pg)~Mp+1)
; D( S) X ( S) — 0 (31)
—Mp (Pg)~Mp*D(p — po)Mp

Where K, and K, are appropriately defined constant terms. Solution of equation
(31) will provide the optimal power for source and relay nodes.

4. Simulation results and discussions

We analyzed the SER performance of the single relay relaying network for the
identical and best possible power factors Q, and Q, . In Figure 3, the plots show that
analytical results are in close agreement with simulated results. Also, SER simulated
matches the SER upper bounds at high SNR regimes. It can be seen from the given
graph that S2 performance is better than that of S1 and SER for optimal power
outperforms SER for equal power allocation.
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Figure 3. SER Simulated, SER Analytic, SER Upper bound for single relay relaying
ﬂetWOkaithM = 4’,N0 = 1'MS = MR = MD = Z,SSZD = (SSZR == 6}%D == 2, QO =
0.70,Q, = 0.30 for selection strategy S1 and Q, = 0.53,Q, = 0.47for selection

strategy S2

N M =M =9 & oon i e
~o-MEM =M =2, 55!:’2‘ 5SR—5, ERD—Z. 81

Y Q- I

e MEM =M =2, 6= 6=, 6 =, 82
oM =M =M =t P =5 5 g =

o M@EMEM =2, 025,60, =2, 87 =581
TR TR SR S S

— MM, =M =2, 6 =5, 60 =2, 8 =5, 8

£ =081

[ R
— ML, M =5, M, =2, 6 <0, 0 0,8

sD

T R, . I
=M= M =5, M =2, 60,22, 6=, 8 =2, 52

W 1g [P R S
e MEL MM =S = R st
- - el gl 4
o MAL ML M =S 8 =2 8t 0 il =2
104_ |
10° 3
10.6 | 1 Y |
0 2 4 6 8 10 12 14 16

SNR(dB)

Figure 4. Comparison between selection strategy S1 and selection strategy S2 for
various antenna configurations and various values of channel variables
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In Figure 4, we show a comparison between selection strategy S1 and S2 in
different channel conditions and different antenna configurations with M = 4, N, =
1. Figure 4, shows that whenMg = 2, My = 5, M}, = 2,8%, = §%andé3, = 2, SER
performance of strategy S2(DO=10) is better than strategy S1 (DO=8); and when
Mg = 2,My = 2,Mp = 5,82, = 6%,and83, = 2, SER performance of strategy
S1(D0O=10) are better than strategy S2 (DO=8). Lastly, when Mg = 2, My = 2, Mp, =
2,62, =2,8% =5,85, =2 i.e., strategy S1 and S2 have same DO, SER
performance of S1 is better than S2 by 3dB because it is based on the maximization
of the SNR of source-to-destination fading link which is strong in this scenario; when
Mg =2,Mg = 2,Mp = 2,62, = 5,82 = 2,83, = 5, the strategy S2 performs better
(1dB gain) because it is based on maximization of SNR of the relay to the destination
and source-to-relay fading link which are strong in this scenario.

5. Conclusion

We investigated the SER performance of two antenna selection strategy S1 and S2
for S-DF relaying network over time invariant Rayleigh fading links. We presented
the closed form expression for SER analytic and SER upper bound for both antenna
selection strategies. Analytical outcomes have been validated with simulated
outcomes. We have conducted simulations for various antenna configurations and
various channel gains. We can select the antenna selection strategy which has
maximum DO for that particular antenna configuration. In case both the strategies
give the same DO then one can choose strategy |, when source-to-destination link is
strong and strategy 11, when source-to-destination link is weak as compared to source-
to-relay and relay-to-destination fading links.
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