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Relay selection, antenna selection, and link selection are three potent means to enrich network capacity in MIMO relaying
networks. To reduce feedback overhead, in this paper, three distributed antenna-and-relay selection schemes are proposed for
AF multiple-relay network, which is equipped with multiple antennas at nodes. Closed-form formulations of system outage
probability are derived for these schemes, as well as the lower bounds and upper bounds. Furthermore, the approximate
expressions of outage probability at high SNR regime are also derived, showing that the proposed optimal strategy can achieve
full diversity order. In addition, link selection scheme can improve spectral efficiency since it saves one time slot when direct

link is selected.

1. Introduction

The combined application of cooperative communications
and multiple-input multiple-output (MIMO) techniques has
attracted much attention in wireless networks [1-3]. It proves
to be an effective means to increase system capacity and link
reliability. However, these techniques increase the system size,
complexity, and cost. Therefore, transmit antenna selection
(TAS) methods are proposed at the transmitter side which also
can achieve full cooperative diversity with lower complexity of
implementation [4, 5]. At the receiver side, some diversity-
combining techniques are used, such as maximal-ratio com-
bining (MAC) and selection-combining (SC) [4].

In [6], the SER (symbol error rate) in a MIMO cooperative
system which equipped an amplify-and-forward (AF) relay
based on TAS/MAC was investigated. Furthermore, in [7],
performance comparison between optimal TAS/MAC and
TAS/SC strategies was performed in a multirelay MIMO sys-
tem. Similar comparison was made in [8], which investigated
a MIMO decode-and-forward (DF) relaying network. More-
over, authors analysed system outage of the optimal relay
and antenna selection strategy in MIMO DF relaying system

under Nakagami-m fading conditions in [9]. It is noteworthy
that all the authors in [6-9] took no account of the direct link
between source and destination. Various TAS strategies were
proposed in [10-16] by considering direct path in the system.
In [10], both optimal and suboptimal TAS/MAC strategies
were proposed in cooperative system which can achieve full
diversity. However, the implementation complexity was con-
siderable. To overcome this, in [11], a suboptimal TAS/MAC
scheme, namely, DAS was presented, which only needs a low
delay/feedback overhead. In [12], two low-cost strategies
(DAS/SC and DAS/LS) were proposed for relaying networks
based on [11] which achieve full diversity order and nearly-
tull diversity order, respectively. In [13], similar schemes were
proposed in a multiantenna relay system. Furthermore, in
[14], one diversity-optimal and three suboptimal TAS/SC strat-
egies were proposed in a multirelay network, which equipped
with multiple antennas both at source and the destination
and only one antenna at relay. The implementation complexity
of three suboptimal schemes is simpler than the diversity-
optimal scheme at the cost of reduced performance. In [15,
16], the performance of an optimal TAS/MAC strategy in
MIMO AF relaying system is analysed, where the transmitting
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antennas in source and relay are selected through the CSI esti-
mates for all links to maximize the SNR received by the desti-
nation. Moreover, the distributed algorithms are potent
methods in many communication scenarios [17, 18]. Most of
the relay and antenna selection schemes in the literature need
to estimate the CSI of all links, calculate the signal-to-noise
ratio of each possible path at the destination, and require high
complexity calculation at each node. In order to reduce imple-
mentation complexity, we proposed three distributed relay and
antenna selection schemes in a MIMO AF relaying network.
Exact formulations of the outage probability are derived as well
as upper bounds and lower bounds for all three schemes. And
asymptotic expressions at high SNR are also derived for the
obtained bounds to evaluate the diversity orders of proposed
schemes. Finally, comparisons of all proposed schemes are per-
formed through simulations in terms of spectral efficiency and
outage probability.

2. System Model

A MIMO AF relaying network is considered in this paper
which compose by a source S with N, antennas, a destina-
tion D with N, antennas and M relays with N, antennas,
as shown in Figure 1. The direct link between S and D is
available, and all nodes in this model are working in the
half-duplex mode. The information received in D through
the direct (S; — D;) and relayed (S; — R,; — D;) links
are combined by means of SC, where i € {1,2,---,N_}, p.q
€{1,2,--,N,}p,ge{1,2,---,N,}, j,€{1,2,---,N,;}, and I
€{1,2,---,M}.

The transmit antenna and relay selection are executed at S
and R before communication process, according to the proce-
dure described in the next section. Then, the traditional two-
phase amplify-and-forward cooperative transmission takes
place as followed in [16]. Therefore, the end-to-end SNR is

yi,l,q =max [y ysx‘val qu,lez (1)
SPi pop + Vi, * 1 ’

ipl

- 2 - 2
where Ysp, = (PS/N0)|hs,,Djl| » VSR, = (PS/N0)|hs,v,pr,| » and

Yr,D, = (PR/I\]OHhRW,DjZ |2-

Herein, Py and Py are, respectively, transmit powers in
source and relays. hS,-,DJ’ hsi’prl, and h R,D, denote the channel
coefficients between the ith antenna to the jth one in S — D
hop, between the ith antenna to the pth one in the S— R,
hop, and the gth antenna to the jth antenna in the R, — D
hop, respectively. N, is noise variance of additive white Gauss-
ian noises (AWGNS). As in [19], the amplifying factor at R is

G= \/Ps/(PsEHhs,.RPJ ]+ No). We assume jg, 2 E[)’s,.Djl )

VYor, = Elvse, b Yoo = Elve p,b Yi=1- Ny ¥p=vq=1,
N, and Vjl=Vj2 =1, N,.

Wireless Communications and Mobile Computing

For convenience, some expressions used in this article
are listed as

/\SRI = MaX; .ioN ,1<p<N, {YS,.RPJ:| >
AS,*R, =max; .,N, [YS,.*RP‘,} >

_ 2
ARID =MMaX; 4N, 1<j<N, [VR%,DJ] > (2)

Asp = max, ¢i<n1<j<N, [YS,-D]} >

Ay =min (A, Agp)-

The SNR in all links follow an exponential distribution,
Therefore, the CDF of Ag is

Fig, (t)=Pr{g <t} = Pr{maxlsist,lgpsNr {VS,»RPJ < t}

, N,N,
= [l—exp <_E>] .
(3)

Similarly [20], the CDF of Ag g, Ag p» and Agy, can be, respec-
tively, obtained by F, () =[1-exp (—t/)_/SRl)]N', Fy (t)=
i R

R)D

[1 = exp (~t/pg )] and Fy (1) = [1 = exp (<t/p5p)]™ .
Therefore, the PDF of Agp, Ag > and Agp, can be, respec-
tively, expressed by

dF, (t) NN, exp (—t/ym) O\
fr )= —t = mep ()|
* dt Vse,

NN, exp (-tlygp) [ O\ NNt
= SRR R [ (1Y
Ysp L Ysp

NNy sp (7m0 [ NI
f)uelp(t) = 1 —exp —% .
L 1

YD
(6)

3. Antenna and Relay Selection Scheme

Optimal relay and transmitting antenna selection criterion
[16] needs a large amount of feedback overhead and also
considerable computation complexity in destination. There-
fore, we propose three schemes to accomplish the relay and
transmitting antenna selection by lower complexity and less
feedback overhead. Moreover, the diversity-combining tech-
nique used in our work is SC which can also reduce the sys-
tem complexity.

3.1. DAS/SC Optimal Scheme. The following is the steps
involved in antenna and relay selection.
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FIGURE 1: MIMO AF relaying network.

(i) Step 1. D from each antenna broadcasts 1-bit reverse
pilot signal [13], thus, all relays and source can esti-
mate instantaneous SNR value toward to D. There-
fore, the best transmit antenna of I-th relay can be
selected

{a)} =arg max, .y 1 jcn, [VR%,DJ . (7)

(ii) Step 2. The i -th source antenna broadcasts a pilot
signal, and R and D receive this signal by means of
SC

(iii) Step 3. Each relay amplifies and forwards the receive
signal through the respective selected transmitting
antenna in turn. D receives them by the means of
SC and selects the best relay based on the following
decision rule

n 1] - (®)

Moreover, D combines signal from the best relay and the
signal from Step 2 by the means of SC. Therefore, SNR of the
system where signal delivered from the ith source antenna is

Ysr,,Yr, D

iTpl T Pl 2
Ys,»Rmy,

{li} =arg max, < m,1<j<N, n
YR,D,

yi’l"’qli — max {)/ YS,’Rplli
= S.D; >

" YsR,, TYR

Yqu 1iPp

: -9
i Pp * 1}

(iv) Step 4. Let i=i+ 1, make i = N, by repeating Steps 2
and 3. Then, the best transmit antenna of source in
this system is

{i*,j+,q +} = arg max [y"’l"’q“], (10)

where i *, [ %, and g % are the selected source transmitting
antenna, the selected relay, and the relay transmitting
antenna, respectively.

(v) Step 5. Source start communication process, where
the i * th source antenna deliver signals to destina-
tion with the aid of the [ * th relay. Here, D combines
signal from § in first slot and signal from R in second
slot using selective combining. End-to-end SNR of
this system is

Vi*,l*,q* = max |:yi,l*,q*:| ) (1 l)
i

3.2. DAS/SC Suboptimal Scheme. The DAS/SC suboptimal
strategy is presented to reduce signal overhead. The selection
of source transmitting antenna relies solely on the direct
link. The following is the steps involved in this scheme.

(i) Step 1. The same with Step 1 in DAS/SC optimal
scheme. The best transmit antenna of source are
selected based on the following decision rule

{i*}=arg max iy 1cjen, [YS,-D}} . (12)
SNR from S to D is

Vs,p, = MAXi<ian 1<j<N, [Ys,.DJ : (13)

(ii) Step 2. The i * th source antenna broadcasts a pilot
signal, and R receives this signal by means of SC.
Then, each relay estimate SNR of the relayed
(§; — Ry, — D;) link using



Vs, VR,,D,

+1°
Vs,R,, T VR, D,

VS, Ry Dy = (14)

Afterward, each relay node starts a timer according to its
own estimate SNR. Similar to [21], the initial value T of this
timer is inversely proportional to the relayed link SNR
Vs.R, . Dy according to the following equation:

i pplgy
a
T =|—|. (15)
\‘VSR DJ

ik pllq, j
Here, « is a constant value.

(ili) Step 3. The “best” relay gets expired first. The relay
selection can be expressed as (16). And it broadcasts
feedback information. Other relays stop their timer
as soon as receiving this information. Meanwhile,
source starts its communication process, where the
i * th source antenna transmits signal to destination

with the aid of the [ * th relay

{l'+} =arg min [T}]. (16)

(iv) Step 4. Source start communication process. The
end-to-end SNR in the network is

ik, lk,g%
YT = max {Vs,#Dﬂ 2 VS, Ry, 10 D; } (17)
3.3. DAS/LS Scheme. The DAS/LS is proposed to improve
the spectral efficiency. And the following are the steps con-
tained in DAS/LS scheme for choosing relay and transmit-
ting antenna.

(i) Step 1. The same with Step 1 in DAS/SC suboptimal
scheme. The SNR from S to D is expressed in (13). If

Vs.p, >2R —1, where R, is system transmission

rate. S broadcasts feedback information to all R
and D. And source starts communication process,

NN, M z \ 1V NS NN =1\ )
poptse _ |:1 —exp < i>:| . 1—exp |- +N,N,- B e*Z'(JJrl)/)’R,u
. sD [[ YrD ! j:ZO j j+1
NNa = (_1)i+je‘z'i/7sﬂ,‘z'(j+1)/7R1D . 4i(Z2 + Z) K, 41(.’ + 1)(22 + Z)
Vsg, - Vol +1) VYsr, " YrD

4
NsNr NrNd 1
+

=1 j=0
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where the i *th source antenna delivers signal to
destination only through the direct link

.e R _ .
(ii) Step 2. If Vs, < 2% —1, the i * th source antenna

broadcasts a pilot signal, and R receives this signal
by means of SC. Then, each antenna estimates
SNR of the relayed (S;, — R, — D)) link just like
Step 2 and Step 3 in DAS/SC suboptimal scheme

(iii) Step 3. The transmitting antenna of source starts its
communication process only through the relayed
(i — R;, — D)) link

4. Performance Analysis

The outage probability of the proposed schemes is obtained
in this chapter. And asymptotic analysis is executed, as well
as the diversity order.

4.1. DAS/SC Optimal Scheme. Outage probability is mathe-
matically formulated as

poPEse = Pr{ log (l + yi*’l*‘q*) < RO}

Vs.R,... YR, ..D;,

i Rt
" Vs Ry T VRLD,

=Pr{ max Ys.p. > <2% 1

VSie Ry tuyqe P2

=Pr{maxys,, <z -Prqmaxys, <z
i,j i) (NN iplg™j
m max
Vs,RP vy YR,
1 <z
m +
1 Yisp, ,]. aXYR, D,

M
=F — < ,
hol? H {/\SR +)\,RD+1 Z}

=1

’,:]z

v

(18)
where z =22 — 1, and R, is the system transmission rate.

Theorem 1. The exact outage expression of DAS/SC optimal
strategy is given in (19).
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where K, (o) denotes the modified Bessel function of the sec-
ond kind.

Proof. See Appendix A. O

The expression is difficult to evaluate the diversity order.
So, we analyse asymptotic outage expressions to get the
diversity order. First, the analysis of lower bound is consid-
ered, which can be derives as

opt-sc
Pout-LB - F)\SD

Hl I[Ff\su (z) +

~

Corollary 2. Asymptotic expression of ¢ in high-SNR regime
z

S0 G

Yrp
Then, an asymptotically expression for lower bound in

high-SNR regime is
NN, (M=i) 7\ NN
) &)

N,N,
—00 z
)
[ Ysp 2 Ysr
M )N,N,,i

1=0
NNy M z \ NN (M=) o
) ; 1 (7 > <?RD

> NN +N,N,(M-I)+N,N,I

(21)

Proof. See Appendix C. O

- M /M
Popt-sc Y z
out-LB >

i

D Ysr

z

. > NN, .5 NN, (M-l).~ NN
Proof. See Appendix B. O o\ 1/ Yso sk Yro
(22)
Now, we concentrate on the behaviour of lower bound in
high-SNR regime. For another, an upper bound for (18) is
opt-sc 2R, ys-Rpl}}R 2R,
Py: =Pr{ max maxySD,maxySR b | <2*% -1} =Pr{ max |maxyg,, max — 22T | <% g
I iplay e B iplai Vs g, T VR D,
1 . opt-sc
condmnn <) e i (s 1, o ()] <211 T o 9 0 s 5] =22
¢
(23)
where (e) is obtained according to (B.2). Similar to ¢, ¢ in high-SNR regime is
M (MY [0z \ NNoM=i) 7o\ NN
o= <_—> : (_—> : (24)
im0 \ i Ysr YrD
Therefore, an asymptotically expression for upper bound
in high-SNR regime is
. NN, M /M 92\ NN (M=i) /5 Nj M NN, (95NN, (M=i)+N, Nyi
PEEE%:BV = [1_eXP (_—i)} Z (—i) ( Z) Z fZNN(*Za\TN(Mfi)* N Ngi® (25)
Ysp i\ i ) \Vsr YrD i=0 Yoo " Vsr T YR



Remark 3. As shown in (22) and (25), the diversity order
of DAS/SC optimal strategy is equal to NN, + MN, min
(Ns’ Nd)
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4.2. DAS/SC Suboptimal Scheme. Mathematica formulation
for the outage probability of DAS/SC suboptimal strategy is

1 ; 1
poub-se = Pr{i log (1 + y’*’l*’q*) < RO} = Pr{i log <1 + II}Z]lX [VS,-D,-’ Vsr D}) < RO}. (26)

Similar to (19), the closed-form expression of outage
probability is

o 2 \TNNg M 2
P = [1-exp (—7—)} . l—exp [ ——
o { Ysp g YrD

Pha’j

NNy NN (N Ny -1 (_1)1' _
. r . 72-(j+1)/y,<l,,
) e ) ]
- ! (27)

N, N,N~1 _ - —
+ Z . NV NrNd 1 (_1)i+]e’z'i/YsR,*Z'(]‘*’l)/VRID - 41(722 + Z) Kl 41(]7+ I)EZZ + Z) .
-1 j=0 i j Vs, Vrpl+1) Ysr, " YrD

It is not easy to get the exact solution to this probability.
Alternatively, lower bound and upper bound for it are
derived.

Similarly, lower bound and upper bounds of the DAS/SC
suboptimal scheme are

M
Pt =Fuy () [[[Fa ()4 B0 B (9) @], (28)
=1

M
b-
s = Fay (2)- [[[Fay., 22+ Bay, 22) - By, (22) - By, (22)]-

Asymptotically expressions for the lower and upper
bounds in high-SNR regime are

ZNNG+N, (M=1)+N, Nl

_ M
psub-sc Y=o M
out-LB T —
=0\ ! / Ysp

NN, | )*,SRNY(M—I) “Vro

N,N,l’

ZN:Na (2 Z)N,(M—i)JrN,Ndi

e FNTVNe M MY g\ NM-i) g9 \NNi M (M
sy ™= [1-ew (D) B (E) - e e (1)
' Ysp ,; i Ysr YrD ; i ) Pop"NapgpNr Mg NeNai

Remark 4. As shown in (30) and (31), the diversity order of DAS/
SC suboptimal strategy is equal to N,N; + MN, min (1, N,).

4.3. DAS/LS Scheme.
strategy is

Outage probability of DAS/LS

1
S/LS
PPASILS _ Pr{lr%?xySiDj <R _ 1}.Pr{E log (1 + 2}2}})}51_*&[#1)]) < RO}. (32)

Again, closed-form expression can be obtained as

Ry _ NNg M
P = [l—exp <—2_ 1)] TI9 [ -exp -
Ysp 1 Yrp

M=

N:Nq NN /NN, -1 (—l)j )
NN, - r . ~2(+1)/Vep
)} T { 0 [( j > jrl ‘ ] (33)

=
. NN,-1 _ - —
3y N\ (NiNa=1 (=L))o 4i(z* +2) K, 4i(j+1)(2° +2) )
= i j Vs, VrpU+1) Ysr, * Yr,D
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Again, we analyse its upper and lower bounds. The lower
bound is given by

DAS/LS 2R — 1\ M 1 R
Po\n =|1- exp | — ?SD -Pr z log 1+ !I,:Iﬂ-l;iif) [YS'RPMDJ] < RO =~ FASD (2 0 — 1) .

In high-SNR regime, (34) can be expressed as

out-LB -
Ysp

On the other hand, the upper bound is

=

DAS/LS _ R
Pout-UB - F)LS,, (2 ' - 1) :

Il
—

As shown in (35) and (36), the diversity order of DAS/LS
scheme is equal to DAS/SC suboptimal one.

Now, we will analysis the mean spectral efficiency of S1
and S2. Assuming the spectral efficiency of the transmission
only through direct link R,,. So in the DAS/SC optimal strat-
egy and DAS/SC suboptimal strategy, the spectral efficiency

R R, R 2R - 1\1V R
ER:RO-Pr{n}?xys,D/>2°—1}+7-Pr{n}§xyspj<20—1}:RO- 1—{1—exp (— o )} 5

5. Numerical Results and Discussions

The simulations are executed to verify analytical expressions in
this section. Without loss of generality, as in [13], let distance
between S and Dd, normalize to one, and dyj, and dg denote
the distance of R — Dlink and S — R link, respectively. Let trans-
mit power in S the same with which in R, ie. P=Pg=Py.
Therefore, the SNR of these links can be expressed as y, =
Pd;g/No, Vsr = Pd;{;/NO, and ypp = Pd;g/NO, where 3
denotes link loss exponent. Moreover, set 8 =2 and the target
spectral efficiency be R, = 1bps/Hz. For convenience, we use
S1, S2, and S3 represent DAS/SC optimal scheme, DAS/SC
suboptimal scheme, and DAS/LS scheme, respectively.

Figure 2 presents the normalized mean spectral effi-
ciency versus yg,. The number of antennas used at relay
and destination is N = N, = 2. The mean spectral efficiency
of S3 increases with the increase of Y, while the spectral

R NN; M
pDAS/LS V2 (2 ‘- 1) .
1

7

M

TT[Fron )+ Fayp (2 - Fa (2) By (2)] = POASES.

=1

(34)
N, (M-i) N, Ni
o) G )
i Ysr Yrp
NN, M N, (M-—i) N,Nyi
y—0o0 (2R -1 d M\ /22 2z

[F’\SRI (22)+FA"1”(2Z)_F)‘5“1 (22).FA“1”(2Z)] ) < Vsp ) ,;;’( i E % ’
(36)

is R)/2 because it spends two slots in transmission. However,
the transmission process in DAS/LS scheme is finished in
one or two slots which depend on the direct link or relayed
link choosing by the transmission. Therefore, in DAS/LS
strategy, the spectral efficiency can be expressed as

(37)

|: 2Ry _ 1\ 1NNa
1-exp <— — >} .
Ysp

efficiency of S1 and S2 is always Ry/2. This is because with
the increase of yy;), the probability of maxy,,, >2% -1 is
i,j i)

increasing, and the direct link is more likely to be selected
for transmission.

Figure 3 is outage performance versus dgy for three pro-
posed schemes with different number of antenna and relay.
As we expected, S1 is better than S2. However, the perfor-
mance of §3 is interesting. One may expect $3 is worse than
S2, because S3 preselects the relaying or the direct path
before transmission only relied on CSI of direct link, while
S2 selects the link after transmission according to full CSI.
For another, as mentioned in Figure 2, spectral efficiency
of 83 is better than the other schemes. Furthermore, the
SNR threshold of S3 decreases when direct link is chosen
(2R — 1 for one slot and 2%% — 1 for two slots). Therefore,
§3 may outperform S2 or S1, according to antenna number
and relay position in this system, as shown in Figure 3.
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FIGure 2: Comparison of proposed strategies in the aspect of spectral efficiency (dSR = 0.5).
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FiGure 3: Comparison of proposed strategies in the aspect outage probability (PS/NO = PR/NO = 10dB).

In Figure 3, for the set of N, = N, outage probability of
81 reduces with the increase of dgz when 0 < dg, < 0.5, while
the outage probability increases with the increase of dg;
when 0.5 < dg, < 1. So the best performance of S1 is achieved
when dgz =0.5. And it is figured that the best relay position
of 81 is closer to the source when N, < N, while it is closer
to destination when N,>N,. This behaviour can be
explained from (B.2), and the CSI of relaying link almost
depends on the worse one between S— R and R — D. When

N, <Ny, and dg =0.5, the S—R link is worse than R - D,
so that the performance will be better when relay is closer
to the source. Similar explanation can be used in the behav-
iour when N, > N ;. In particular, best relay positions for S1
are around dg; =0.9 for N,=3 and N, =1 and dg =0.35
for N, =2 and N, =3. However, the best relay position of
S2 and S3 is not the same with S1, that is because the source
transmitting antenna is chosen only by the direct link. And it
is only one transmitting antenna for the relaying link. In
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FI1GURE 5: Outage probability versus SNR for S2 and §3.

particular, best relay positions for $2 and S3 are around
dgr=0.5 for N;=1 and N;=3, dgz =0.25 for N, =2 and
Ny;=2,and dgz =0.1 for N;=2 and N,; =3.

The system outage probability of S1 versus SNR with dif-
ferent sets (three scenarios with different antenna number) is

conformed in Figure 4. In each scenario, relays have been
placed in best relay position which is obtained in Figure 3.
In order to verify the theoretical formula for S1, analytical
results of lower bound and exact expressions are also pre-
sented. In this figure, we can see simulation results are close
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to lower bounds, especially in high SNR range. The outage
probability decreases with the increase of antenna number.
Moreover, the simulation results are in accordance with
asymptotic curves in high SNR regime, which confirm that
S1 could achieve full diversity order.

Figure 5 is the average system outage probability of S2
and S3 versus the SNR with different sets (three scenarios
with different antenna number). Again, relays have been
placed in best relay position according to Figure 3. It can
be observed that the system performance of S3 is always bet-
ter than S2. Asymptotic curves confirmed that the diversity
order of S2 and S3 is the same, which agree with our theoret-
ical analysis. Furthermore, the more antennas at D, the bet-
ter the system outage performance. In addition, the system
performance improves with the increase of relay number.

6. Conclusions

A multiple-relay MIMO network with direct link has been
studied using three amplify-and-forward relaying strategies
with antenna and relay selection in this paper. The three

Wireless Communications and Mobile Computing

strategies are proposed to reduce the implementation com-
plexity and the amount of feedback overhead. Moreover,
closed-form outage probability expressions are calculated,
as well as the lower and upper asymptotic analytical expres-
sions. The asymptotic results in high-SNR regime reveal the
DAS/SC optimal scheme can achieve full diversity order of
NN, + MN, min (N,, N,), while the DAS/SC suboptimal
scheme and DAS/LS scheme achieve diversity order of N
N, + MN,. Since the DAS/SC suboptimal scheme can select
the best transmitting antenna without CSI of SR and RD
links. The implementation complexity is less than the
DAS/SC optimal scheme at the cost of performance degra-
dation. In addition, mean spectral efficiency of DAS/LS
scheme is analysed, which is higher than the other schemes.

Appendix
A. Proof of Theorem 1

¥ can be written as

Asg, - Arp (Agp+1)-2
y= Pr{m <zp=Pr{dg - (Agp—2) < (Agp+1) -2} =Pr{Agp <z} +Pr Ap p>2, A < T

[ t+1
=60 [ E (22) 0 D )
Jz RD -

NN, NN~ /NN NN, -1
—F, (@) YNa 3TN < ' >< o )(_1)H,e,z.,%,z.w)%DJW
L .

Yro 20 0 i j 0

N,N;-1
= FARID(z)+N,Nd-{ D
j=0

where (a) uses Binomial theorem, and (b) is calculated with
the help of ([22], Eq. (3.324.1)). (20) can be obtained by
plugging (A.1) into (18)

B. Lower-Bound Expression for DAS/SC
Optimal Scheme

0o NN, N.N;~1 /' N N NN,-1
NN, ‘ * Z” S T (Cayii (e (Dt gy
z =0 j=0 i j

_ i+ N.N, N,N,1
NNa=IN (D)™ o], Re (NN
e 0| 4
j j+l1 P

D~ %

J

e—(zhz)-;/ym-x—x-(ﬁl)/7R!Ddx

NNy =1 (1) e . diiZ2+z) [ [+ +2)
— 1 — ,
j sz, Ve +1) Ysr, " YrD

(A1)

Ys,r,, YR D

opt-sc _ 2R - i*p)l 2R,
Poue Pr{ max maxySD , m Vis LD, | <270 —=1p=Pr{max maxys x R TRaly | 92k g
piqDj ij JIPI‘IJVSR,"'YRID

bj T iplgf

H ), (2)= Fy, (2

(9

opt-sc
- Pout LB — FASD

> Pr{max [maxySD , max { (VS,RPI qule)H < z} = Pr{max [/\SD, max [min (Agg, )\,RID):I:| < z} (B.1)
BINENG

F)‘RD( ) - F/\SRI (Z) ’ FARZD (Zﬂ >

4
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where (c) is given as follow [11]:

) - VsiR, YR,D;
D. —
.l

< < min (y y )
SR, VR,D;
Ysir, t VR, te e

I .
5 min (YS.R > VR

ip,l

(B.2)
And (d) is given as follows:

F),(£)=Pr(A <t) =Pr(min (Agg, Agp) <t) =1~ [1=Pr(Ag <t)]
[1=Pr(Agp<t)] = FMR, (1) + FARID(t) - FMR[ (1) FARID(t)'

(B.3)

C. Proof of Corollary 1

In the high-SNR regime, using the approximate formula
e =701 —q, and employing the lowest order terms cor-
responding to 1/y, ¢ can be asymptotically expressed as

M 2 \ VN 2 \ NN M
= |F F =|[1- - 1- -
¢ [ Ao @+ }L'{’l](Z)} H o ( ?svc)] " [ “p ( ?RD)] }
oo ( z >NSN,+ < z >N,Nd M7 i M < 2 >NSNV(M—i)< z )N,Ndi
?SR ?RD i=0 i ?SR ?Rn ’

(C.1)
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able from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

This work was supported in part by the National Key
Research and Development Program of China under Grant
2019YFB1600100, National Natural Science Foundation of
China under Grant 61871059, and the Innovation Capability
Support Program of Shaanxi under Grant 2021KJXX-102.

References

[1] V.S.Krishna and M. R. Bhatnagar, “A joint antenna and path
selection technique in single-relay-based DF cooperative
MIMO networks,” IEEE Transactions on Vehicular Technol-
ogy, vol. 65, no. 3, pp. 1340-1353, 2016.

(2] L.Du, Y. Tan, Y. Li, and Y. Chen, “On the energy efficiency of
multicell massive MIMO with antenna selection and power
allocation,” Wireless Communications and Mobile Computing,
Article ID 7224731, 11 pages, 2022.

[3] C. C. Hu and B. H. Chen, “Two-way MIMO relaying systems
employing layered relay-and-antenna selection strategies,”
IEEE Systems Journal, vol. 12, no. 1, pp. 854-861, 2018.

[4] S. Sanayei and A. Nosratinia, “Antenna selection in MIMO
systems,” IEEE Communications Magazine, vol. 42, no. 10,
pp. 68-73, 2004.

11

[5] J. Zhang, J. Ge, and Q. Ni, “Joint relay-and-antenna selection
in relay-based MIMO-NOMA networks,” in 2018 IEEE 87th
Vehicular Technology Conference, pp. 1-5, Porto, Portugal,
2018.

[6] P.L.Yeoh, M. Elkashlan, and I. B. Collings, “Exact and asymp-
totic SER of distributed TAS/MRC in MIMO relay networks,”
IEEE Transactions Wireless Communications, vol. 10, no. 3,
pp. 751-756, 2011.

[7] P. L. Yeoh, M. Elkashlan, N. Yang, D. B. da Costa, and T. Q.
Duong, “Unified analysis of transmit antenna selection in
MIMO multirelay networks,” IEEE Transactions on Vehicular
Technology, vol. 62, no. 2, pp. 933-939, 2013.

[8] M. C.Ju, H. K. Song, and I. M. Kim, “Joint relay-and-antenna
selection in multi-antenna relay networks,” IEEE Transactions
on Communications, vol. 58, no. 12, pp. 3417-3422, 2010.

[9] Y.Y.Zhangand]. H. Ge, “Joint antenna-and-relay selection in
MIMO  decode-and-forward relaying networks over
Nakagami-m fading channels,” IEEE Signal Processing Letters,
vol. 24, no. 4, pp. 456-460, 2017.

[10] H. A. Suraweera, P.J. Smith, A. Nallanathan, and J. S. Thomp-
son, “Amplify-and-forward relaying with optimal and subop-
timal transmit antenna selection,” IEEE Transactions
Wireless Communications, vol. 10, no. 6, pp. 1874-1885, 2011.

[11] H.Ding,J. Ge, D. B. Costa, and T. Tsiftsis, “A novel distributed
antenna selection scheme for fixed-gain amplify-and-forward
relaying systems,” IEEE Transactions on Vehicular Technology,
vol. 61, no. 6, pp- 2836-2842, 2012.

[12] D. C. Gonzalez, D. B. da Costa, and J. C. S. S. Filho, “Distrib-
uted suboptimal schemes for TAS/SC and TAS/LS in fixed-
gain AF relaying systems,” IEEE Transactions Wireless Com-
munications, vol. 13, no. 11, pp. 6041-6053, 2014.

[13] D. C. Gonzalez, D. B. da Costa, and J. C. S. S. Filho, “Distrib-
uted TAS/MRC and TAS/SC schemes for fixed-gain AF sys-
tems with multiantenna relay: outage performance,” IEEE
Transactions Wireless Communications, vol. 15, no. 6,
pp. 4380-4392, 2016.

[14] R. Swaminathan, G. K. Karagiannidis, and R. Roy, “Joint
antenna and relay selection strategies for decode-and-
forward relay networks,” IEEE Transactions on Vehicular
Technology, vol. 65, no. 11, pp. 9041-9056, 2016.

[15] G. Amarasuriya, C. Tellambura, and M. Ardakani, “Perfor-
mance analysis framework for transmit antenna selection
strategies of cooperative MIMO AF relay networks,” IEEE
Transactions on Vehicular Technology, vol. 60, no. 7,
pp. 3030-3044, 2011.

[16] L. Cao and X. Zhao, “Performance analysis of transmit
antenna selection and relay selection in two-hop multiple
MIMO relaying,” in 7th International Conference on Commu-
nications and Networking in China, pp. 667-672, Kunming,
China, 2012.

[17] M. Liu, Z. Liu, W. Lu, Y. Chen, X. Gao, and N. Zhao, “Distrib-
uted few-shot learning for intelligent recognition of communi-
cation jamming,” IEEE Journal of Selected Topics in Signal
Processing, vol. 16, no. 3, pp. 395-405, 2022.

[18] M. Liu, C. Liu, M. Li, Y. Chen, S. Zheng, and N. Zhao, “Intel-
ligent passive detection of aerial target in space-air-ground
integrated networks,” China Communications, vol. 19, no. 1,
pp. 52-63, 2022.

[19] M. K. Simon and M. S. Alouini, Digital Communication over

Fading Channels, Wiley, Hoboken, NJ, USA, 2nd edition,
2005.



12

(20]

(21]

(22]

M. Liu, B. Li, Y. Chen et al.,, “Location parameter estimation of
moving aerial target in space-air-ground-integrated
networks-based IoV,” IEEE Internet of Things Journal, vol. 9,
no. 8, pp. 5696-5707, 2022.

A. Bletsas, A. Khisti, D. P. Reed, and A. Lippman, “A simple
cooperative diversity method based on network path selec-
tion,” IEEE Journal on Selected Areas in Communications,
vol. 24, no. 3, pp. 659-672, 2006.

I. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series,
and Products, Academic, San Diego, CA, USA, 7th edition,
2007.

Wireless Communications and Mobile Computing



	Distributed Antenna-and-Relay Selection Schemes for MIMO Cooperative Relay Network
	1. Introduction
	2. System Model
	3. Antenna and Relay Selection Scheme
	3.1. DAS/SC Optimal Scheme
	3.2. DAS/SC Suboptimal Scheme
	3.3. DAS/LS Scheme

	4. Performance Analysis
	4.1. DAS/SC Optimal Scheme
	4.2. DAS/SC Suboptimal Scheme
	4.3. DAS/LS Scheme

	5. Numerical Results and Discussions
	6. Conclusions
	Appendix
	A. Proof of Theorem 1
	B. Lower-Bound Expression for DAS/SC Optimal Scheme
	C. Proof of Corollary 1
	Data Availability
	Conflicts of Interest
	Acknowledgments

