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1. INTRODUCTION

Wireless communication in a fading channel is very challenging. Performance of wireless
communication systems can be improved by using several diversity techniques using multiple antennas at the
transmitter or at the receiver or at both the ends. In general, this is popularly known as multiple input
multiple output (MIMO) in standards such as Long Term Evolution (LTE), Wideband Code Division
Multiple Access (WCDMA) and Worldwide Interoperability for Microwave Access (WiMAX). In MIMO
systems, at the transmitter, space time block coding (STBC) is used to exploit diversity gain. However,
adverse effect of STBC is there on the code rate. A special case of Orthogonal STBC, the Alamouti space
time code [1], which has been proposed for two transmit antennas, can offer full diversity gain and rate as
well i.e. one. For more than two transmit antennas, the code rate is below one [2].

Recently, some non-orthogonal STBC have been proposed with reasonable decoding complexity
with a motivation to gain full diversity without loss of code rate [3], [4]. In [4], three and four transmit
antennas are used and SER performance was presented using simulations assuming spatially uncorrelated
channels.

However, it is hardly possible to assume spatially uncorrelated channels [5], [6]. Therefore, in this
paper a real time scenario is considered assuming spatially correlated channels in MIMO system at both the
ends with receive antenna selection [7]-[11]. Assuming coherent detection of QPSK modulation with quasi-
static rayleigh fading channels, we present SER performance of this system and shows that effect of spatial
correlation at the transmit and receive antennas to be nullify and improved with proposed receive antenna
selection scheme. The reason behind choosing receive antenna selection are a) No hardware complexity b)
No more RF (radio frequency) chain required c) incereses channel capacity d) do not require feedback bit.
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The rest of the paper is organized as follows. Section 2 describes the system model, encoding and generation
of spatially correlated channels. Section 3 demonstrates Proposed and existing receive antenna selection
procedures. Section 4 and Section 5 deal with low complex detection and result discussion respectively.

2.  SYSTEM MODEL
We have equipped MIMO system consisting L, = 4 transmit and L,=8 antenna out of which

Lseiectes=4 receive antennas are selected. The channel fading coefficient hi' i between transmit antenna

i (1 <i<Lyand receive antenna j (1 <j <L,) are CN ~ (0,1) [9]. We assumed channel state information

perfectly available at receiver (CSIR).
Then received equation can be expressed as:

y = HC+w, 1)

where C is code matrix transmitted from the transmitter. For L; = 4, it can be expressed as [4]:

_Sz* 31* b54* S3 (2)

wherea =i, b=sin(r/6)+icos(/6), c=sin(z/6)+icos(z/6) and d =sin(z/6)+icos(z/6). In (1), w

denotes additive complex gaussian noise with CN (0, &%) . Further, H denotes channel matrix of order L,xL,
as:

h, h, hs hy,
H: hZ.l h2,2 h2,3 h2‘4 (3)

hy h, Ry hy,
er‘l er,Z er,3 er,A

where hji denotes low pass equivalent channel coefficient between j" receive antenna and i transmit

antenna. The hj'i is assumed as a complex gaussian variable with mean zero and variance one. We assume
that all the channel coefficients in H are spatially correlated, which are generated with known correlation
using the following steps [8].

a. Stacking all the entries in one column, we can express:
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b. The correlation matrices at the transmitter and receiver o, and o, respectively, can be expressed as
follows:

E[h1,1h1,1*] E[hl,lhl,z*] E[h1,1h1,3*] E[h1,1h1,4*]

gy = | Elhoahs T EDohy, T ElhuhugT EDhyh,, ) ®)
E[h1,3h1,1 ] E[h1,3h1,2 ] E[h1,3h1,3 E[h1,3h1,4 ]

E[h1,4h1.1*] E[hl,Ahl,Z*] E[h1,4h1,3*] E[h1,4h1,4*]
1 3,(d,) I (2d) J,(3d,)

| @1 3@) @) (6)
Bd) @) 1 ()
3G3d) J@d) @) 1
E[hl,lhl‘l*] E[hl,lhz,li] E[hl‘th,l*] E[h1‘1h4,1*] E[h1,1h5.1*] E[hl‘th‘l*] E[h1,1h7,1*] E[hl,lh&l*]
Elh,h, T Elyhy; 1 Elhyhe ] Egh, T ElyheT Elyhe ] Elhghy T ED ;T
E[h3,1h1,1*] E[hajhz,;] E[h3,1h3,1*] E[hS,lhA‘l*] E[h3,1h5,1*] E[h3,1h6,1*] E[ha‘lhu*] E[ha‘lhs,;] (7)

p — E[h4,1h1‘1*] E[hA,th,l*] E[hA‘th,l*] E[hA‘lhA,l*] E[h4,1h5,1*] E[hA,th‘l*] E[hA,th‘l*] E[hA,lh&l*]

' E[h5,1h1,1*] E[h5‘1h2,1*] E[h5,1h3,1*] E[h5,1h4,1*] E[h5,1h5,1*] E[hs,lhe‘l*] E[h5‘1h7,1*] E[hs,lh&;]
Elgh, T Eghy: 1 Elghe, ] Eh, 1 ElgheT Emehe ] Eghy T Elgh,,]
Efh.h, T Elhhy 1 Elhgh 1 Ehon, T EDhe T Elhghe, T Elhoh, T Elhy g,
Efhyh, ] Ehgh, 1 Elghe. ] Elgh, T Elghs ] Elghe.T Elgh,, T Elhghg,]

1 3d) 3@d) 3,3d) J(@4d) 3,6d,) J,(6d,) I,(7d,)
L) 1 3(d) (2d) @) J,(4d) J(6d) J(6d,)
LRd) k@) 1 () J2d) J@d) d@d,) J(6d,) ®)

5 | B @) K@) L hE) @) @) L)

Th0d) 3,6d) J@d) @) 1 3d) dd) )

H6d) JAd) K@) H@d) hd) 1 ) §ed)
5H6d) JGd) LH@d) @) LEd) k@) 1 ()
5(1d) 3,6d,) Jy(6d) J(4d,) I3d) k@d) k@) 1

Here,d, and d, denote distances between two consecutive antennas at the transmitter and receiver

respectively, while JO (X) is the zero™ order Bessel function of first kind. For higher values of dt ordr ,

spatial correlation will reduce and vice a versa.
¢. Channel correlation matrix R can be expressed as:

R=p ®pr ©)

where ® denotes kronecker product.
d. Using Eigen Value Decomposition (EVD), we can write:

R=VDV (10)

where V is a unitary matrix and D is diagonal matrix for eigenvalues. The ( )" denotes transpose and

conjugate.

e. Generate vector r of order LyxL,, where each entry in r is independent and identically distributed as
complex gaussian with mean zero and variance one.

f. Now vec (H) can be expressed as:

vec (H) = VDY?r (11)
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Now, from vec (H), we can get H as defined in (3) and (4). We assume that channel matrix H is perfectly
known at the receiver and is quasi static at least for a period of one code symbol.

3. RECEIVE ANTENNAS SELECTION (RAS) SCHEMES
3.1. Scheme-1-conventional receive antenna selection scheme

The receive antenna jth amplitude is given as Y; [51, [9], [11].

Algorithm
for j=1:1:L,
2
ve =l
end for

y=argmax(y, )

I € Lselected

In conventional receive antenna selection scheme, the received power gain of all receiver antenna have been
measured and as per maximum received power gain of receive antenna, the selection of receive antenna is to
be done.This is optimum receive antenna selection scheme which gives better performance compare to all
other receive antenna selection scheme.

3.2. Scheme-2-best 2-random 2 receive antenna selection scheme

Algorithm
for j=1:1:L,
2
Yo =yl
end for

y, =argmax(y, )

r€lselected —2

y. =argmin(y,)

reblselected —2
Y=Ly, @D, y,(2),rand (y. (1), rand (y. (2))]
In best 2 —random 2 receive antenna selection scheme [11], there are two receive antenna selected based on
maximum received power gain and rest of two receive antenna select randomly from remaining receive
antenna.

3.3. Scheme-3-consecutive receive antenna selection scheme

Algorithm
for j=1:1: L4

v =2yl

end for

for j= Lselected:1: Lt

yrz =Z

end for

2

‘yJH

|f (yr1>: er)
y=LY1 Y2 Y3, Yal
else

y=LYs, Ys, Y7, Yel
end if
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In consecutive receive antenna selection scheme [11], there are two group to be divided in sequential
number.Then, received power gain of each two group are to be measure in addition of all receive antenna in
their group. Finally, highest addition received power gain group will be selected for receive antenna.

3.4. Scheme-4-even odd receive antenna selection scheme

Algorithm
for j=1:2: L,
2
Y, =2.|vil
end for
for j=2:2:L,
2
Y., = 2|V
end for

if (yrl>: er)

Y=L Y1 Y3 Vs, ¥7]
else

Y=LY2 Ya, Vs, Yel
end if

In even odd receive antenna selection scheme [11], even receive antenna and odd receive antenna groups
have been created out of which maximum addition of received power gain group is selected as receive
antenna.

3.5. Scheme-5-zero forcing (ZF) based receive antenna selection scheme
Algorithm

y=HC+w

yd=(H"H)"H"y

for j=1:1:L,

ye= 1l ydCD)IP
end for

[yu in1]=max (y)
y=[y(in1(1)) y(in1(2)) y(in1(3)) y(in1(4))]
In zero forcing (ZF) based receive antenna selection scheme [11], the product of pseudo inverse of channel

matrix with matrix of all receive antenna. Then, based on maximum norm of zero forcing equation receive
antenna have been selected.

3.6. Scheme-6-gradual elimination receive antenna selection scheme

Algorithm
Initilisation:
for t=1:1: L,
f=H{l, +(E,/N)H"HY'H/
end for
[yu ing=min (t)

H=[ H(iny(5)) H(iny(6)) H(iny(7)) H(iny(8))]
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In gradual elimination method [11], the fundamental concept behind this method is to remove consecutive
exclusion of receive antennas based on which one of the row at each stage have been eliminated. This will be
repeated L, - Lgejected times in the channel matrix and at each step channel matrix have been updated.

3.7. Scheme-7-proposed receive antenna selection scheme

Algorithm
for j=1:1:L,

on=[nf

end for
[y; in]=argmax (ch)

for in=2:1: Lejected
for j=1:1:L,

i
hH;

ch,, = arg max

end for
end for

In proposed receive antenna selection scheme, the received power gain of all receiver antenna have been
measured and as per received power gain of receive antenna, the selection of first receive antenna is to be
done.Then, rest of the antenna are selected from minimization of channel capacity equation at higher
SNR.This scheme gives approximately equal performance as conventional or optimum receive antenna
selection scheme which gives better performance compare to all other receive antenna selection scheme.

4. LOW COMPLEX DETECTION

We calculate intermediate symbol | wherej=1,2,3,4andt=1, 2, 3, 4 using received symbols

it
Y and channel Lggecteg @S Shown below [4].

I it yj,t'h(k, j)é‘t,k (®) (12)

tth

Where 5t,k (C) signifies the code word element at the t™ row and k™ column of C, which comprises the

transmitted symbol s, or Sy
Then, the intermediate symbol Ij’t value inserted in to conditional Maximum Likelihood (ML) estimates for

Sy, Sy, Sa. The conditional Maximum Likelihood (ML) estimates for s4, S5, S3can be expressed as:

M . «

$=3(1 b+ Yh -1 Yh - h) )
j:1 £ i j2 2j j3 3j 4 4
Moo C

2D (1,00, 1)) "
= ! i i2 1 i3 4 4 3j
M . * * *

S:AL:Z(Ijlhsj +Ijzh4j +(I13)hli-(li4) th) o

j=1

Then, receiver minimizes the ML decision metric [8].
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4 2 N 2
ZZHVM -0 Ci,tH (16)

t=1 j=1 i=1

5. RESULTS AND ANALYSIS
In this section, we have presented symbol error rate (SER) versus average signal to noise ratio
(SNR) performance of the considered system i.e. correlation coefficient at both the side for QPSK

modulations with different receive antenna selection schemes. The avg. SNR is denoted by E_ / N, in dB.

Figure 1 present SER versus SNR for spatially correlated antenna at transmitter and receiver
(d; = 0.1x, d, = 0.11) with various receive antenna selection (4; 8, 4) schemes. It has been observed that the
SER vs avg. SNR performance of proposed receive antenna selection scheme beat consuctive receive antenna
group selection scheme, even odd receive antenna group selection, gradual elimination receive antenna
selection and zero forcing based receive antenna selection scheme in to entire SNR range. The performance
of proposed receive antenna selection scheme have same SER with conventional receive antenna selection
scheme over entire signal to noise ratio. There is a minimum 0.4dB SNR gap present between proposed
scheme and existing schemes through out entire result which shows little complexity increases compare to
existing method result improvement in SER.

T T
—O— Conventional Scheme
—U—Best -Random Scheme
—¥— Consecutive Scheme
—#—0Odd even Scheme
—%— ZF based Scheme
—<0— Gradual Elimination Scheme [
+  Proposed Scheme

10° 1 L L L
o 1 2 3 4 s 6 7
Ayg SNR

Figure 1. SER Vs. Avg. SNR for spatially correlated antenna at transmitter and receiver (d;= 0.1, d, = 0.1%)
with various receive antenna selection schemes (4; 8, 4)

6. CONCLUSION

The effect of spatial correlation is to be compensated with proposed receive antenna selection scheme
which is as good as conventional method SER performance. It can be observed that proposed receive antenna
selection scheme outperforms over all existing schems with little addition of complexity.Receive antenna
selection do not increase hardware complexity with RF chain at receiver side. The benefit of the system is not
to provide feedback bit for the selection of receive antennas.

REFERENCES

[1] Alamouti, S. M., “A Simple Transmitter Diversity Scheme for Wireless Communications”, IEEE Journal on
Selected Areas in Communications, vol. 16, no. 8, pp. 1451-1458, 1998.

[2] Tarokh, V., et al., “Space-time Block Codes from Orthogonal Designs”, IEEE Trans. on Information Theory,
vol. 45, no. 5, pp. 1456-67, 1999.

[3] Tirkkonen, O., et al., “Minimal Non-Orthogonality Rate 1 Space-Time Block Code for 3+ Transmit Antennas”,
IEEE 6th Int. Symp. on Spread-Spectrum Tech. and Appl. (ISSSTA2000), 2000.

[4] E. Basar and U. Aygolu, “Full-rate full-diversity STBCs for three and four transmit antennas”, IET Electronics
Letters, vol. 44, no. 18, 2008.

[5] M. K. Ozdemir, et al., “On the Correlation Analysis of Antennas in Adaptive MIMO Systems with 3-D Multipath
Scattering”, Wireless Communications and Networking Conference, vol. 1, pp. 295-299, 2004.

[6] P. Hsieh and F. Chen, “New Spatial Correlation Formulation of Arbitrary AoA Scenarios”, Antennas and Wireless
Propagation Letters, vol. 8, pp. 398-401, 2009.

Int J Elec & Comp Eng, Vol. 8, No. 5, October 2018 : 3732 — 3739



Int J Elec & Comp Eng ISSN: 2088-8708 O 3739

[7]1 Lari, M., “Effective capacity of receive antenna selection MIMO-OSTBC systems in co-channel interference”,
Journal of Wireless Networks, pp. 1-9, 2016.

[8] J. W. Wallace and M. A. Jensen, “Modeling the indoor MIMO wireless channel”, IEEE Transactions on Antennas
and Propagation, vol. 50, no. 5, pp. 591-599, 2002.

[9] Z. Chen, et al., “Performance of Alamouti scheme with transmit antenna selection”, Electronics Letter, vol. 39,
no. 23, pp. 1666-1668, 2003.

[10] Y. Yang, et al., “Antenna Selection for MIMO Systems with Closely Spaced Antenna", EURASIP Journal on
Wireless Communications and Networking, doi:10.1155/2009/739828, pp. 1-11, 2009.

[11] Z. Zhou, et al., “A Novel Antenna Selection Scheme in MIMO Systems”, International Conference on
Communications, Circuits and Systems (ICCCAS-2004), doi: 10.1109/ICCCAS.2004.1346007, 2004.

BIOGRAPHIES OF AUTHORS

Sagar B. Patel is Assistant Professor with the Dept. of E&C Engineering at C S Patel Institute of
Technology, Changa, CHARUSAT, India. He did his B.E. in Electronics and Communication
Engineering from North Maharashtra Uni. His research areas are wireless communication engineering,
especially in MIMO - STBC. He is presently serving in the department of EC engineering at Charotar
University of Science and Technology Changa Gujarat India since Oct. 2008 and also doing Ph.D.
form CHARUSAT University, Changa. He is teaching the subjects of under graduate engineering
students of this university.

Dr.Jaymin Bhalani is Professor with the Dept. of E&C Engineering at Babria Institute of
Technology, Vadodara, GTU, India. He received the BE degree in E & C engineering from South
Gujarat University , M.E. degree in Communication System Engineering from Gujarat University and
did Ph.D. from M.S. University, Baroda. He is currently working as Associate Professor in E & C
dept., Babaria Institute of Technology, Vadodara. His area of interest is in Communication Systems,
MIMO Communication system, VLSI, Signal processing etc.

Near Optimal Receive Antenna Selection Scheme for MIMO System under Spatially ... (Patel Sagar)



