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Abstract: Scalable version of multiuser MIMO called
Large-scale MIMO is a one of the powerful technology in future
wireless communication systems in which huge amount of BS
(base station) antennas utilized to process multiple user
equipment. Energy consumed is high with more antennas and also
it leads to increase the signal detection complexity and overall
circuit power consumption. Designing energy efficient and low
complexity MIMO system is considered as a challenging issue.
This paper presents the ISSOR signal detection for energy
efficient and low complexity large scale MIMO system. VA-GSM
(Variable Antenna Generalized spatial modulation) is used in
which the number of active antenna transmissions are varied for
every transmission in the large scale MIMO. In transmitter side,
Eigen value based approach is used for antenna selection. Then,
improved symmetric successive over relaxation (ISSOR) approach
is proposed for low complexity signal detection in receiver side.
The number of user equipment, transmit power, as well as the
amount of antennas at the base station, are considered as the
optimal system parameters which are chosen for enhancing the
efficiency of utilized energy in the system. The proposed scheme
implemented in MATLAB software. The proposed scheme
attained the high energy efficiency compared to other approaches.
Moreover, the BER is utilized to estimate the performance of an
offered algorithm and also compared to the previously determined
algorithm of existing literatures.
Keywords : Signal detection, antenna selection, energy
efficiency, SOR, ISSOR

I. INTRODUCTION

T

his is MIMO (Multiple input and multiple output)
technology is able to enhance the capacity and reliability of
wireless communication systems without use of additional
bandwidth and transmit power. Therefore it is utilized in
many future wireless standards as well as wireless systems
[1]. At base station, huge amount of antennas (>100) utilized
in the large scale MIMO for attaining the finest enhancement
in the efficiency of radiated energy as well as throughput.
Most of the antennas present in the base station are set to
focus the obtained energy on the spaces of ever- smaller
regions. [2]. However, there are many different conditions
have to be recognized to utilize the finest benefits of massive
MIMO. Developing the algorithm for minimal-complexity
detection of energy efficient signal in uplink is the major
challenging issue. [2]
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The MIMO techniques will expand spectral efficiency
and reliability through spatial multiplexing and spatial
diversity respectively [3]. Spatial Modulation (SM) is known
as the familiar modulation scheme which mostly utilized in
the large scale MIMO. It reduces the necessity of multiple RF
chains for transmission. To realize the spectral effectiveness,
a single transmit antenna employed at every instance for
transferring a guaranteed data symbol where the sending of
data as well as the active antenna index are calculated
according to the incoming data bits. [4]. Spatial modulation
permits one active antenna for eliminating the ICI (Inter
Channel Interference), nevertheless, decrease an applications
of flexibility of design as well as spatial dimensions. GSM
(Generalized Spatial modulation) is known as the evolved
SM. This GSM permits different group of antennas to be
active simultaneously. The GSM is used to exploit the
spectral efficiency. It also enhanced energy efficiency by
reducing number of RF chains [5].
According to the different data requirements, most of the
joined devices are must be isolated for reconstructing the
signals which are transmitted. The main investigation
challenge is to proceed the signals which are obtained at the
BS with less computational complexity [6]. Different signal
detection algorithms are used to achieve the optimal signal
detection and reduced complexity. ML (Maximum
likelihood) is known as the optimal detector, increases the
complexity with more antennas and hence becomes difficult
to implement [7]. According to the SD (sphere decoder),
consists only set of vectors to determine the ML solution with
non-linear signal detection algorithm and difficult with high
complexity. Another non-linear algorithm for the detection of
signal used which related to TS (Tabu search) likewise the
LTS (Layered Tabu search) algorithm [8].
Most of signal detection algorithms need complex matrix
inversion. By new method with an expansion of Neumann
series is used to reduce an issues of computational difficulty
on large-scale MIMO systems in the uplink. The matrix
inversion is converted by Neumann Series expansion into a
sequence of matrix additions as well as multiplications. [9].
However the convergence speed is slow in Neumann
Series[10].Based on Newton iteration (NI) the matrix
inversion method, signal detection get low complexity. But
the computation complexity is more for calculating proper
initial input in Newton iteration [10].The existing works are
faces the problem of high computational complexity and low
energy efficiency during the transmission.
To reduce these kind of issues this work proposed an
Improved Symmetric Successive Over relaxation (ISSOR)
method for the signal detection. For antenna selection, this
work implementing Eigen
value based approach. This
proposed algorithm increases
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the energy efficiency of the large scale MIMO system.
The rest of this work is categorized as follows; section II
describes about the existing work done by different
researchers. The section III, brief about the system model of
large scale MIMO and antenna selection algorithm. The
section IV, explains the SOR and propose ISSOR method. In
section V, the energy efficiency of the proposed work is
presented. In section VI, an outcomes of simulation of our
proposed work is provided. Finally the section VII finalizes
this work.
II. RELATED WORK:
A less critically iterative suboptimal detector method was
proposed by Hugo lopes et al [11]. This algorithm process are
unconstrained Euclidean distance minimization problem,
over the signal constellation of projection in an element wise
and projection over the bunch of accurate antenna
combinations. The MIMO schemes are provided by GSM for
accomplishing the finest energy efficiency as well as spectral
efficiency. Furthermore, the scheme of MIMO able to be
concerned as an agreement between Spatial multiplexing
MIMO and conventional SM. The proposed algorithm gives
better efficiency compared with existing works.
An iterative detection was proposed by Xiaochen He et
al. [12] for the uplink. The channel matrix decompositions
deliver the transformation matrices. For accurate iterative
LMMSE detectors, transformed system model is developed
using transformation matrices. The quadratic complexity
required for the LMMSE (linear minimum mean squared
error) detector in which more number of antennas also
required. This proposed iterative LMMSE detectors, were
achieved better performance as the conventional LMMSE
detector. This work were also worthy to minimize the
difficulty of downlink pre-coding.
A less critical MMSE–IRC (interference rejection
combining) signal detection algorithm proposed by Ben Ren
et al. [13] according to the Eigen value decomposition of the
noise variance as well as the interference. When conducting a
comparison between the conventional algorithms with the
suggested
algorithm,
the
matrix
inversion
of
computation-intensive of is reduced by the suggested
algorithm. The computational complexity is focused in this
work, this exhibited that the noise covariance matrix as well
as inverse of the interference computed by the detection
algorithm MMSE-IRC in uplink. While the quantity of
antenna is maximized. This method provides the effective
performance compared with other works.
For deliver the finest efficiency in energy as well as
spectrum used in communication systems, Zhen Gao et al.
[14] proposed a work. A low complexity signal detector is
utilized in this work for downlink single-user massive
SM-MIMO according to the SCS (Structured Compressive
Sensing). In this proposed work, the massive low cost
antennas are fitted for the massive SM- MIMO however at
transmitter part, chains of less power-hungry transmit radio
frequency (RF) are used. An algorithm of structured
subspace pursuit (SSP) were presented in this work. At the
part of the receiver, the structured sparsity is leveraged to
detect as well as combine the multiple SM signals. This work
attain better performance gain from the SM signal
interleaving.

The large scale MIMO uses more number of service
antennas that are operated adaptively and coherently.
Additional antennas help to focus energy of the transmitted
signal into ever-smaller regions of space. The VA
GSM-MIMO selection module has the PTR transmit
antennas, PL active antennas, PRE receive antennas and
also the constellation mapper exists of points N . The
information bits are classified into groups in grouping
module at the side of transmitting. Each group has P bits.
Then the selected transmit antenna are given as input of the
transmitter.
Input
bits
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Fig 1. Block diagram of antenna selection and signal
detection with VAGSM for large scale MIMO
The information bits are encoded by using a conventional
encoder. The output of the encoding signal is to be
interleaved. The interleaved symbols are modulated by using
variable antenna generalized spatial modulation. Then the
selection of antenna is performed by using Eigen value based
approach. The output of antenna selection is an input to the
space time encoding. It provide the one or more spatial data
streams. The spatial data streams are mapped to the transmit
antennas by space-time pre-coding block. The signals are
transmit through the channel in selected antenna. The
receiver collects the signals at the output of each receive
antenna element and reverses the transmitter operations in
order to decode the data through space-time processing and
space-time decoding. The signal detection is done by ISSOR
method without the complex matrix inversion. After, the
variable antenna generalized spatial demodulation is used to
demodulate the signal. Finally, the deinterleaving and
decoding process is performed. The maximum number of bits
which can be transmitted is denoted by P. The equation for P
is given below


 P 
P = log 2  TR  + log 2 N
 PL 

The floor function indicated as
The antenna combinations

2

(1)

. in above equation.


 PTR  
 
 log 2 
 PL  


chosen from the all

 PTR 
 antenna combinations with
P
 L

possibilities of 


suitable CSI estimated at receiver side in antenna selection
module.

III. SYSTEM MODEL OF LARGE SCALE VA-GSM
MIMO
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The point of the constellation, as well as the antenna
combination, are decided according to the bit group, in which
the similar constellation point is transmitted on the basis of
PL chosen antennas. Over the gradual time varying
channel H , the modulated signal is transmitted and there has
no channel variations during the transmission period.
Additionally, the Rayleigh flat fading channel dimension
H is PRE  PTR . From –th transmission antenna to

2
2
s1vˆ112 vˆ21 + s 2 vˆ12 vˆ22  (8)
~  s1vˆ11 + s 2 vˆ12
H =

2
2
s1vˆ21
+ s 2 vˆ22
 s1vˆ21vˆ11 + s 2 vˆ22 vˆ12

By equating the diagonal terms in equation (6) and (8),
based on this equations can derive the below relationships

s vˆ =  q11 (l ) − s 2 vˆ122

n

the

m –th

Es ~
H Rd + 
PL

y=
Where,

(

Es

~
H R = H RT H R

(2)

denotes the average bit energy and

) is the channel matrix (P  P ) joined
L



1



H R = H R (0) H R (1)  H P (L − 1)
T

T T

T

l =0

(

2
uˆ remove = arg max vˆ112 , vˆ21

~



H = H (0) H (1)  H (L − 1)

(4)

l =0

RE

(l )T

(5)

Where
(l) denotes the white Gaussian noise vector
with zero-mean at nth receive antenna.

 1
2
q11 (l )
~  
H =  1 l =0
 q (l ) q (l )
11
12

l =0

T

T



T T

(12)

In antenna selection, a method named as decremental
selection strategy is adopted, which begins with set of
(PL + 1) transmit antennas. In general case th equation can
be written as

(

A. Antenna Selection using Eigen value approach
The natural characteristics of the Eigen space of the
channel matrix is used in this algorithm. For clear view,
assume
the
combined
channel
matrix
L
=
2
for PTR = 2 ,
, PRE = 1 and PL = 1 .Hence
is known as
combined matrix which is in the form of 2  2

(11)

(PTR  PTR ) channel matrix H (= H T H ) ,

L −1

 (l ) = 1 (l ) 2 (l )  N

)

Above example shows for 2 2 matrix. Therefore for
general case the antenna selection method utilized with

(3)

 =  H R (l )T  (l )

2

(10)
The eigenvector v̂1 contains two elements of v̂11
and v̂ 21 and these elements are linked with transmission of
first and second antennas. The optimum impact on the
eigenvalue is discovered based on the range of each
component vector, then remove the corresponding antenna.
Where û is denoted as antenna index

L

together with space and time domain. The set of potential
subsets of transmit antennas are denoted by the notation R
likewise d is the transmitted bit of information and L is
resolvable paths as system parameters.

(9)

l =0

2
2
s1vˆ21
=  q12 (l ) − s 2 vˆ22

receiver antenna and also Gaussian random

variable is denoted by every entry of H and it is also
identically distributed (i.i.d) as well as complex independent.
After the signal passed via the channel, in which the
following equation (2) taken for denote the received signal.

2

1

2
1 11

2
uˆ remove = arg max vˆ112 , vˆ21
,, vˆ(2PL +1)1

)

Therefore, set the channel matrix as





H (l ) = q(1) (l ), q(2 ) (l ),, q( PL +1) (l )


 q (l ) q (l )
l =0

12

1

 q (l )
l =0

2

12

(15)





(6)
That transmit antenna, which have highest contribution
towards the eigenvalue can removed on the basis of channel

Here, obtaining the diagonal as well as unitary matrix of
Eigen values as given below.

V = vˆ1 vˆ 2  is unitary matrix, where
eigenvector

s
S= 1
0

1

and

2

are

0
is diagonal matrix. The combined matrix is
s 2 
~
denoted in the below equation for H
= VS

(7)

(14)

After, that to determine the least value of combined
matrix
are linked with the eigenvector u 1 ,
where

1

11

(13)

vector q (û )

(l ) . For the removal of next antenna update the

channel H the process is repeated till every transmit
antennas (PTR − PL ) are removed.
IV. SOR BASED SIGNAL DETECTION
For detecting the signal with low complexity, the method of
Successive Over Relaxation is
utilized.
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This method is used in the signal detection, for eliminating
the use of complicated matrix inversion. For uplink, the
matrix of MMSE
filtering is acting as the symmetric
positive definite. Due to this behavior, the equation is
generally solved like Bx=b

=

r=



H (l ) = q(1) (l ), q(2 ) (l ),, q( PL +1) (L ) , L = 0,1,, L − 1

(21)
By taking transpose on both sides;

Compute
For k = 1,2,  , (PTR − PL )

=

( )

U , T  = eig H~
~

value of H

=

vˆ , tˆ  = sort v
1

(22)

Then the equation (21) and (22) are added and the
equation can be written as

Find the Eigen vector, v1 ,corresponding to least Eigen

1

(20)

In this equation r is act as an arbitrary non zero real valued
vector, multiplying by
on both sides

Algorithm: Eigen value based transmit antenna selection
algorithm
Set



(19)
Based on the representation of Eigen value, expressed as

1

(23)

(1)

uˆ = rˆ1

Update



Later, substitute the equation (17) into (23) then the
equation will be explained as



H (l ) = q (1) (l ),, q (uˆ −1) (l ), q (uˆ +1) (l ),, q ( P +1) (l )
L

(1-

= (1+

(24)

Hence, this study concluding that SOR iteration is
convergent.

Define
Obtain
end

in which the B known as the symmetric positive definite
matrix. C is the measurement vector, x is known as the
solution vector, the acquired effectiveness is mentioned by x
based on an iterative way unused any requirement of any
inversion of complicated matrix.

A. Symmetric SOR method for Signal detection
The SSOR method is mostly utilized to conduct the
matrix inversion less detection of signal. The symmetric
positive definite matrix W is expressed as

W = C + L + LT
Where,

lower

triangular

component

(25)
denoted

as
T

L likewise upper triangular component expressed as L
and

The SOR algorithm can be represented as
+

(16)

Where µ denotes the relaxation parameter, j indicates the
number of iterations.
A significant role plays by the relaxation parameter in
convergence speed, when µ = 1, the SOR technique
simplifies to the Gauss-Seidel method. Then decompose B as
B = C+L+U
(17)
In this equation, the strictly upper triangular, diagonal
component and strictly lower component of the triangle are
denoted by U, C, and L. After that apply the method of SOR
for estimation of the transmitted signal vector, as expressed
below

C denoted as diagonal component

Then, the first half iteration is calculated and also the iteration
known as the method of successive over relaxation.

(C + L ) yˆ (t +1 2 )

(26)
= (1 −  )Cyˆ (t ) − LT yˆ (t ) + x
After the first half iteration, the second half iteration done
by inverse order

(C + L ) yˆ (t +1)

= (1 −  )Cyˆ (t +1 2 ) − LT yˆ (t +1 2 ) + x (27)
Based on above equations the iterations are done several
times and the obtained vector ŷ is multiplied by the matrix.
The obtained vector ŷ is repeatedly computed for each

source signal vector

x

(18)
(0)

When j=0 the y indicates initial solution. SOR fails to
convergence if µ is outside this interval 0 to 2 in large scale
MIMO system,
Taking

B. Proposed improved symmetric SOR methodology for
signal detection
The proposed method is a combination of SOR and
SSOR. In this method, four steps are presented

and
as D and then

1) Decomposition: In this step the positive definite matrix

W of large scale MIMO is decomposed as

as b, then the

SOR iteration is given as
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W = C + L + LT
In which,

T

L C , L,

(28)
2

 min

are indicated as upper triangular

diagonal and lower triangular components of the matrix W .

y

= (C + L )

−1

(x + ((1 −  )C − L )yˆ )
T

Where t indicates that the number
 denotes relaxation parameter.

(t )

Correspondingly
(29)

of iterations and

1 =

3) Second half iteration: In this step the second half
iteration is calculated with inverse order, which same as the
SOR method

(

(

)

−1
y (t +1) = (C + L ) x + (1 −  )C − LT yˆ (t +1 2 )

)

(30)
4) ISSOR: For the third as well as second step, The
ISSOR is weighted then

yˆ (t +1) = y (t +1 2 ) + (1 −  ) y (t +1)

The major difference happened in convergence rate as
well as convergence by  which is known as the weighting
factor. When the value of  = 1 , the SOR is degenerated by
ISSOR method likewise the SSOR degenerated while the

 =0

by ISSOR method.

The method of ISSOR will deteriorate into SSOR when

and into SOR when  = 1 . When 0    2 the
ISSOR based method is feasible in any feasible solution. The
major difference can happened in the performance of ISSOR
because of the weighting factor as well as relaxation
parameter. The relaxation parameter at peak is denoted by

 =0

 opt =

2

1 + 2(1 −  ( A))

.

2 =

(33)
The fixed value N is created for the system of large scale
MIMO by the converging of diagonal component C
(34)

Where the overall quantity of active users is represented
by K,
K is the quantity of active users & N is the quantity of
antennas at the base stations. The figure of K as well as N is
large enough, which K N will be fixed, the highest then
lowest Eigen value of the matrix H able to be represented as




2

K
N


 +



(38)

1 + 2(1 − d 2 )

1 +  2

(39)

2

K
 = 
N

2

(40)

The execution of ISSOR method is generally according to
the SSOR method because N is greater than K generally in
large scale MIMO system.
V. ENERGY EFFICIENT IN VA-GSM MIMO SYSTEM
According to the usage of Gaussian codebooks, inter user
interference is taking as noise and the exploitation of channel
reciprocity, the average information rate of the
expressed as

(32)

A = C P − IK

 max = N 1 +

2

After the continuous experiment this work presented a
derivation for  which known as the optimal weighting
factor





K 

I r = 1 −  E log 2 1 +
T  






−1

1
IK
N

(37)

1 + 2(1 − d1 )

 =

In which, spectral radius of matrix A denoted by  (.) and
the expression is presented by

C −1 

2

Where d1 and d2 are the spectral radius of the iteration
matrix. Then utilize  relaxation parameter of ISSOR based
pre-coding, which equation is represented as

(31)

A significant role is

value of

(36)

1 ,  2 are acquired based on the  min and  max

2) First half iteration: The calculation of initial half
iteration is conducted which is identical as the SOR method
(t +1 2 )


K
 +
= N 1 −
N 


K

h

l =1,l  k

H
k

ul





2 
+  



2

hkH u k
2

k th UE is
(41)

Where  2 denoted as noise variance [15]. According to
the available Channel state information (CSI) the direction
and power of the pre-coding vector u k are calculated.
Furthermore, the power utilization of circuit, in addition to
the power amplifier at the processing of the signal, is
calculated. The below equation expressed to find the
consumption of power at the unit of a joule.
K

P=

 +

E uk

2

3

C

2

K i +  Ci ,1 K i N

(42)

i =0
i =0
The effectiveness of the power amplifier is treated on the
basis of the locations of user and channel realizations.
k =1

C 0,0  0 ,

(35)

i ,0

represented as consumption of static hardware

power. λ is the efficiency of
power amplifier.
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To consider the energy efficiency (EE) instead of spectral
efficiency for the design of communication systems. Hence
the system parameters such as transmit power, UE and
number of transmitting antennas are optimized for designing
energy efficient large scale VA GSM MIMO. Energy
efficiency is defined as the ratio between the average
information rate and total power consumption.
The average energy efficiency (EE) is given as below,


EE =

K
k =1

Ir

The proposed Eigen value based antenna selection and
ISSOR based signal detection for large scale VA GSM
MIMO system is performed in MATLAB software. For the
simulation of this work transmit antennas and receive
antennas are 64 and 16 respectively. Then the active antennas
are fixed as 4 and number of iterations is 25. Based on these
parameters the output of our proposed work is obtained.
Finally our proposed work performance based on bit error
rate (BER) is compared with Richardson method, MMSE,
SOR and SSOR.

(43)

P

Table 1. Simulation parameters

Then the energy efficiency is maximized based on the
assumptions of zero forcing, gives the BS with suitable CSI
(channel state information).
A. Optimal system parameters
Find, which value of the parameters N, K and  that
optimizes the energy efficiency while the other two are fixed.
There are Tc data samples available in coherence time (T)
with the duration of T seconds. The total number of bits
transmitted by the K UEs at a unique coherence time. The
optimal value of an amount of antennas N is represented as
following
K

K 1 −  log 2 (1 +  ( N − K ))
T

max imize
N K
KB
3
2
+ i =0 Ci , 0 K i + i =0 Ci ,1 K i N



The optimal transmit power
energy efficiency.



Parameters

Values

Number of iterations, t

25

Coherence time, T

32 ms

Noise variance,  2

10 −20

Number of antennas,
N
active user equipment,
K
Transmit power, 

64

Number of receive
antennas

(44)

4
2 dBm
16

is used for increasing the

K

K 1 −  log 2 (1 +  (M − K ))
T 

max imize
 0
KB
3
2
+ i =0 Ci , 0 K i + i =0 Ci ,1 K i M

(45)



The optimal number of UEs
transmit power such as

 = K

antennas are fixed as  =

tot

K

is obtained by the

and number of transmit

N
. Then the energy optimization
K

problem is given as

(

)

K

K 1 −  log 2 1 +  tot ( − 1)
T 

max imize
K 0
KB
3
2
+ i =0 Ci , 0 K i + i =0 Ci ,1K i N

Fig.2 Comparison of BER performance for
N X K= 64 X 4 versus SNR (dB).
Figure 2 shows the BER performance for N=64 number
of antennas and K=4 active users.

(46)


Obtained expressions from the above mentioned
equations separately optimizes the N , K ,  while the
other two parameters are fixed. After that the standard
alternating optimization are utilized,

1. According to the equation (46) update the number of
UEs K;
2. Based on the optimal value from equation (44) the
number of transmit antennas N have to replace;
3. On the basis of equation (45) transmit power have to
optimize;
4. Repeat these till reaches the convergence.

Fig. 3 Comparison of BER performance for
N X K= 128 X 4 versus SNR.

VI. EXPERIMENTAL RESULTS
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Figure 3 shows the BER performance of N=128 number
of antennas and K=4 active users based on our proposed work
compared with other existing works such as Richardson
method, MMSE and SOR method versus SNR. When the
SNR value is low then BER performance of the compared
works are high. When the SNR value is increasing the BER
rate is decreasing. This graph shows that our proposed
ISSOR method achieves good performance when compared
to other works.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Fig. 4 Comparison of Energy efficiency for ISSOR
method and Zero forcing versus No. of antennas

13.

This graph shows that the performance of our proposed
work and compared that with zero forcing. When the number
of antennas is 50 then our proposed work energy efficiency is
60% and zero forcing method energy efficiency is 40%.
When number of antennas is 100 then our proposed work
energy efficiency is 75% and zero forcing energy efficiency
is 55%. The graph shows our proposed work has best
performance compared with zero forcing.
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VII. CONCLUSION
Recently the number of antennas used in wireless
communication systems are gradually increasing because of
that less signal detection and high power consumption is
occurred. In this work, proposed and executed a new method
for efficient signal detection named as Improved symmetric
successive over relaxation (ISSOR) method. Eigen value
method is used for antenna selection of our proposed work in
large scale MIMO systems. This work executes the detection
signal without complex matrix inversion. This work also
executes the optimum energy efficiency. The proposed large
scale VA GSM MIMO system is implemented in MATLAB
platform. After the execution our proposed work is compared
with other existing works based on BER. The simulation
results shows that our proposed work achieves good
performance compared with existing works.
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