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Abstract: Multiple antennas play primary role in sig-
nal multiplexing and heterogeneous transmission in a broad
range of communication applications. Modern high-speed
4G wireless communication technique is highly dependent on
advanced design of multiple-input-multiple-output (MIMO)
systems. The successful signal transmission is highly depen-
dent on the control techniques of error rate. In this paper,
an exploratory survey is presented regarding various error
causing factor and their control methods in MIMO system.
However, this paper also focuses to provide a comprehensive
overview of MIMO transmission and future enhancements.
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1 Introduction

The explosive growth in the use of smart mobile devices such
as smartphones and wireless modems has led to an expo-
nentially increasing demand for wireless data services. Ac-
cordingly, substantial effort has been directed at improving
the spectral efficiency and data throughput of wireless com-
munication systems. In particular, multiple-input–multiple-
output (MIMO) technologies promise to provide gains in
multiplexing and/or diversity. By increasing the number of
antennas at base stations and mobile terminals, communica-
tion systems can achieve better performance in terms of both
system capacity and link reliability [1–4]. To date, MIMO
technology has been adopted by the Long-Term Evolution
(LTE) standard of the third-Generation Partnership Project
(3GPP), IEEE 802.11n, and other wireless communication
standards [5].

To this end, a 5G air interface is proposed, incorporating
three basic technologies: massive MIMO, millimeter-wave,
and small-cell. For millimeter-wave transmission, beam-
forming achieved with the use of large antenna arrays, in-
cluding both analog and digital beamforming, can reduce
propagation losses. Cell shrinking also requires the deploy-
ment of large conformal antenna arrays, the cost of which de-
pends inversely on infrastructure density. Therefore, MIMO
technology will continue to play an important role in upcom-
ing 5G and other future wireless networks [6, 7]. Ad-hoc
on demand multipath distance vector (AOMDV) protocol
is capableto handled load by providing alternative path in
MIMO also [8, 9]. An efficient selfish node detection and

novel replica allocation technique are used to handle the
MIMO selfish replica allocation suitably [10, 11].

2 MIMO Model

MIMO techniques were first investigated in point to point
or SU-MIMO scenarios, that is, the Base Station (BS) or
transmitter equipped with multiple transmit antennas and
the User Equipment (UE) or receiver equipped with mul-
tiple receive antennas [12]. It is predicted that remarkable
spectral efficiencies for wireless systems with multiple an-
tennas when the channel exhibits rich scattering can be ac-
curately obtained. SU-MIMO is one of the key techniques
in Long Term Evolution (LTE) Release 8, which requires
300 Mb/s for Downlink (DL) and 75 Mb/s for Uplink (UL)
throughput[13, 14].

2.1 MIMO Diversity

For a general MIMO system with Nr receive antennas and
Nt transmit antennas, the maximum diversity order that
can be achieved is by Equation 1

D = Nr ×Nt (1)

where the channel between each transmit-receive antenna
pair is assumed to fade independently.

2.2 MIMO Multiplexing

The strategy of SM transmission is to divide the data source
into multiple parallel sub streams , where each sub-stream
can be modulated and coded independently, and transmit-
ted simultaneously[15]. Foschinihas shown that in the high-
SNR regime, the capacity of a channel with independent
and identically distributed Rayleigh fading between each
transmit-receive antenna pair is given by Equation 2.

C(SNR) = min{Nr, Nt} log(SNR) (2)

The SM transmission offers a linear increase in the trans-
mission rate for the same bandwidth and with no addi-
tional power expenditure[15]. SM is only possible in MIMO
channels and compared with the spatial diversity transmis-
sion, the SM transmission aims to maximize the sum-rates.
One typical SM transmission model is the Bell Laboratory
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Figure 1: SU-MIMO Channel Model

Layered Space-Time (BLAST) system.The maximum mul-
tiplexing gain of the BLAST system is

r = min(Nr, Nt) (3)

where r is the multiplexing gain. The SM configuration can
also be applied in a multiuser format. This allows a capacity
increase proportional to the number of transmit antennas
and the number of users.

3 SU-MIMO Channel Model

The typical SU-MIMO [16, 17] channel is showed as follows
in Figure 1.

Soft computing based radio resource management tech-
nique for base station (BS) power management can be ap-
plied to MIMO based base stations [18, 19]. It is assumed
that the transmit antenna number isNb , the receive antenna
number is Nu and the maximum number of multipaths be-
tween the BS and UE is L. The channel statistical model
can be expressed as

H(τ, t) = Σ(l=0)L−1At(t)δ(τ − τ1) (4)

Where the quantity A(t) ∈ CNu×Nb represents the lth path
between transmitter and receiver. If we adopt Hi,j(τ, t) to
represent the impulse response between the jth transmit and
ith receive antenna, the channel matrix of SU-MIMO can be
represented as

H(τ, t) =


h1,1(τ, t) h1,2(τ, t) ... h1,Nb

(τ, t)
h2,1(τ, t) h2,2(τ, t) ... h1,Nb

(τ, t)
...

...
. . .

...
hNu,1(τ, t) hNu,2(τ, t) ... hNu,Nb

(τ, t)

 (5)

Where Hi, j(τ, t) is the function of time, delay and loca-
tion of receiving antenna? And also includes the amplitude
gain and phase rotation. If the transmitted signal vector is
s(t) ∈ CNb×1 and the received signal vector is obtained as

y(t) = H(τ, t) ∗ s(t) + n(t) (6)

Where n(t) ∈ CNu is the Gaussian noise with i.i.d. entries of
zero mean and variance σ2

n. In the flat fading channel, since

the output at any instant of time is independent of inputs
at previous time, the received signal can be expressed as

y = Hs+ n (7)

Another factor that we should take into account is the spa-
tial correlation caused by the scattering and insufficient
spacing between adjacent antennas. A correlated channel
matrix can be obtained using Kroneker model [20].

Hc = R1/2
u HR

1/2
b (8)

Where Ru and Rb are the receive and transmit covariance
matrices with tr(Ru) = Nu and tr(Rb) = Nb . Both Ru
and Rb are positive semi definite Herrmitian matrices. In
the presence of receive and transmit correlation, the rank
of Hc is constrained by min (r(Ru), r(Rb)). Therefore, the
system will suffer from both BER and sum rate performance
loss because of rank deficiency. For the case of an urban
wireless environment, the UE is always surrounded by rich
scattering objects and the channel is most likely independent
Rayleigh fading at the receive side. From the transmitter’s
point of view, however, the spatial structure of the channel
is governed by remote scattering objects and will most likely
result in a highly spatially correlated scenario. Hence, we
assume Ru = INu and we have

Hc = HR
1/2
b (9)

To study the effect of antenna correlations, random realiza-
tions of correlated channels are generated according to the
exponential correlation model such that the elements of Rb
are given by

Rb(i, j) =

{
rj−i i ≤ j |r| ≤ 1
r∗j,i i > j otherwise

(10)

Where ‘r′ is the correlation coefficient between any two
neighboring antennas. Thus correlation model is in practice
suitable since the correlation between neighboring channel s
is higher than that of distant channels.

4 Related Works

Techniques for multi-user MIMO downlink and uplink pro-
cessing can be implemented in various way as described by
researchers.
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Hong et al. [21] obtained analytical expressions for the av-
erage (Bit Error Rate) BER of MIMO systems in transmit-
correlated Rayleigh flat-fading channels with or without pre-
coding and with MMSE receivers. These expressions, whose
accuracy even for small dimensions has been proved by com-
parison with numerical results, can be used to optimize the
transmitter for a given target BER or, in general, as a use-
ful tool for the system design. the average BER for the kth

signal can be obtained as

P̄e(α, θ) =

∫ ∞
0

Pe(s)
sα−1e−s/θ

Γ(α)θα
ds (11)

where Γ(·) is the complete Gamma function, and Pe(·) is
the instantaneous BER function for the corresponding scalar
signal (s), which depends on the modulation scheme used at
the transmitter.

Cerone et al. [22] proposed an algorithm for computing
tight bounds on the system parameters, through the formu-
lation of a suitable polynomial optimization problem, where
the uncertainty affecting the data is properly handled. More
precisely, the intrinsic correlation between successive occur-
rences of the same uncertain variables in the constraints that
implicitly describe the feasible parameter set. The problem
is then solved through a computationally efficient convex re-
laxation approach, by exploiting the peculiar sparsity struc-
ture of the problem. The effectiveness of the proposed ap-
proach is shown by means of a simulation example, where
the percentage relative estimation error is quite small (typ-
ically less than 15%) also for a significantly large amount of
noise (SNR = 15 dB).

Kim et al. [23] proposed a new adaptive iterative learning
controller (AILC) approach for uncertain MIMO nonlinear
systems in the normal form. The proposed AILC learns
the system and input gain parameters as well as the desired
input. Compared with the existing results in AILC, the
AILC with input learning is first developed for the uncer-
tain MIMO nonlinear systems in the normal form; the input
learning rule is simple, and so it can be easily implemented
in industrial applications. The tracking error and desired
input error signal asymptotically converge to zero, and the
error signals are bounded in the learning control system.
Single-link and two-link manipulators are presented as sim-
ulation examples to demonstrate the validity of the proposed
controller.

Sugimoto et al. [24] proposed a new MIMO FEL scheme
and showed a proof of zero convergence of tracking error.
Numerical simulation shows effectiveness of the proposed
scheme over the conventional one. Our future work would
be experimental validation of the proposed scheme.

5 Proposed Model for MU-MIMO
System

Consider K independent users in the multiuser MIMO sys-
tem. We assume that BS and each MS are equipped withNB

and NM antennas, respectively. Figure 3.4shows the uplink
channel, known as a multiple access channel (MAC) for K in-
dependent users. Let xu ∈ CNM×1 and yMAC ∈ CNB×1 de-
notes the transmit signal from the uth user, u = 1, 2, . . . ,K,
and the received signal at the BS, respectively. The chan-
nel gain between the uth user MS and BS is represented by
HUL
u ∈ CNB×Nm , u = 1, 2, . . . ,K. The received signal is

expressed as

yMAC = HUL
1 x1 +HUL

2 x2 + ....+HUL
k xk + Z

=
[
HUL

1 HUL
2 ... HUL

k

] x1...
xK



= HUL

x1...
xK

+ z (12)

Where z ∈ CNB×1 is the additive noise in the receiver and

Figure 2: Uplink channel model for multiuser MIMO sys-
tem: multiple access channel (MAC)

it is modeled as a zero mean circular symmetric complex
Gaussian (ZMCSCG) random vector.
On the other hand, figure 3.5 shows the downlink channel,
known as Broadcast Channel (BC) in which x ∈ CNB×1

is the transmitted signal from the BS and yu ∈ CNM×1

is the received signal at the uth user,u = 1, 2, . . . ,K. Let
HDL
u ∈ CNM×NB represents the channel gain between BS

and the uth user. In MAC, the received signal at the uth

user is expressed as

yu = HDL
u x+ zu (13)

where u = 1, 2, . . . , k Where zu ∈ CNM×1 is the additive
ZMCSCG noise at the uth user. Representing all the signals
by a single vector, the overall system can be represented asy1...

yk

 =

H
DL
1
...

HDL
k

x+

 z1...
zK

 (14)
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6 Conclusion

This paper has surveyed wireless techniques for Multiuser
MIMO broadcast channel following a system perspective and
has proposed novel precoding algorithm that can offer an im-
proved performance while requiring a lower complexity than
existing methods. This final Chapter summarizes the contri-
butions of the thesis and outlines some directions for future
work. Conventionally, for the algorithm design, there is al-
ways a dilemma between performance and computational
complexity. In order to achieve an optimal performance
a design often requires a higher computational complexity,
whilst if the goal is an easy implementation and efficiency
this is inevitably associated with a loss in performance. In
this paper, the art of novel efficient error correcting algo-
rithms has been explored with a comparable performance
as the optimal one.

References

[1] H. Manohar and D. K. Sambariya, “Model order reduction
of mimo system using differentiation method,” in 2016 10th
International Conference on Intelligent Systems and Control
(ISCO), Jan 2016, pp. 1–5.

[2] J. Li and P. Stoica, MIMO Radar Diversity Means
Superiority. IEEE, 2009. [Online]. Available: https:
//doi.org/10.1002/9780470391488.ch1

[3] Y. S. Cho, J. Kim, W. Y. Yang, and C. G. Kang, MultiUser
MIMO. IEEE, 2010, pp. 395–417. [Online]. Available:
https://doi.org/10.1002/9780470825631.ch13

[4] Y. S. Cho and J. Kim and W. Y. Yang and C.
G. Kang, MIMO: Channel Capacity. IEEE, 2010, pp.
263–280. [Online]. Available: https://doi.org/10.1002/
9780470825631.ch9

[5] H. Zheng, A. Lozano, and M. Haleem, “Multiple arq
processes for mimo systems,” EURASIP Journal on
Advances in Signal Processing, vol. 2004, no. 5, p. 479713,
May 2004. [Online]. Available: https://doi.org/10.1155/
S1110865704311042

[6] R. Vannithamby and S. Talwar, Massive MIMO
Communications. Wiley, 2017. [Online]. Available:
https://doi.org/10.1002/9781118979846.ch15

[7] H. Holma and A. Toskala, Downlink MIMO. Wiley, 2012,
pp. 63–74. [Online]. Available: https://doi.org/10.1002/
9781118399439.ch6

[8] R. S. Pippal, S. Verma, and D. Joshi, “Congestion control
load balancing scheme intended for improving performance
of manet,” International Journal of Engineering and Com-
puter Science, vol. 4, no. 06, Jun. 2015. [Online]. Available:
http://www.ijecs.in/index.php/ijecs/article/view/3935

[9] S. Verma, D. Joshi, and R. S. Pippal, “Congestion control
multipath load balancing techniques in mobile ad hoc net-
work: A survey,” INTERNATIONAL JOURNAL OF SCI-
ENTIFIC PROGRESS AND RESEARCH (IJSPR), vol. 6,
no. 02, pp. 75–80, 2014.

[10] S. Dubey and R. S. Pippal, “Efficient selfish node manage-
ment method for manet,” International Journal of Com-
puter Sciences and Engineering, vol. 6, pp. 336–340, 10 2018.

[11] S. Dubey and R. Pippal, “Efficient replica allocation in
ad hoc networks for developed data accessibility,” Interna-
tional Conference on Contemporary Technological Solutions
towards fulfilment of Social Needs, pp. 120–124, August
2018. [Online]. Available: http://www.shodhsangam.rkdf.
ac.in/papers/suvenir/120-124-Sandeep-Dubey.pdf

[12] Y. Lan, A. Benjebbour, X. Chen, A. Li, and H. Jiang, “En-
hanced channel feedback schemes for downlink noma com-
bined with closed-loop su-mimo,” in 2016 IEEE 83rd Vehic-
ular Technology Conference (VTC Spring), May 2016, pp.
1–6.

[13] S. Ahmad, S. Musleh, and R. Nordin, “The gap between
expectation amp; reality: Long term evolution (lte) amp;
third generation (3g) network performance in campus with
test mobile system (tems),” in 2015 9th Asia Modelling Sym-
posium (AMS), Sept 2015, pp. 164–168.

[14] A. Goldsmith, S. A. Jafar, N. Jindal, and S. Vishwanath,
“Capacity limits of mimo channels,” IEEE Journal
on Selected Areas in Communications, vol. 21, no. 5,
pp. 684–702, June 2003. [Online]. Available: https:
//doi.org/10.1109/JSAC.2003.810294

[15] S. H. Chang, P. C. Cosman, and L. B. Milstein, “Optimal
transmission of progressive sources based on the error prob-
ability analysis of sm and ostbc,” IEEE Transactions on
Vehicular Technology, vol. 63, no. 1, pp. 94–106, Jan 2014.

[16] A. P. Theeksha and S. Srikanth, “Performance analysis
and mode selection of su-mimo and mu-mimo in 802.11ac,”
in 2013 International Conference on Recent Trends in
Information Technology (ICRTIT), July 2013, pp. 732–737.
[Online]. Available: https://doi.org/10.1109/ICRTIT.2013.
6844291

[17] F. W. Murti, R. F. Siregar, and S. Y. Shin, “Su-
mimo based uplink non-orthogonal multiple access for
5g,” Journal of Network and Computer Applications,
vol. 110, pp. 87 – 96, 2018. [Online]. Available:
https://doi.org/10.1016/j.jnca.2018.03.009

[18] M. M. Patel, S. Ahirwar, and P. Goldar, “Soft com-
puting optimization technique for efficient radio resource
and power management at base station,” International
Journal of Engineering Trends and Technology (IJETT),
vol. 26, no. 5, pp. 256–262, August 2015. [On-
line]. Available: https://pdfs.semanticscholar.org/d320/
9116797b1a5e4441f478a0c616ce704f9a68.pdf

[19] M M Patel, S. Ahirwar, and P. Goldar, “An exploratory
review of base station power optimization techniques and
methods,” International Journal of Emerging Technology in
Computer Science & Electronics (IJETCSE), vol. 16, no. 2,
pp. 83–86, 2015.

[20] B. T. Maharaj, L. P. Linde, and J. W. Wallace, “Mimo
channel modelling: The kronecker model and maximum
entropy,” in 2007 IEEE Wireless Communications and

https://doi.org/10.1002/9780470391488.ch1
https://doi.org/10.1002/9780470391488.ch1
https://doi.org/10.1002/9780470825631.ch13
https://doi.org/10.1002/9780470825631.ch9
https://doi.org/10.1002/9780470825631.ch9
https://doi.org/10.1155/S1110865704311042
https://doi.org/10.1155/S1110865704311042
https://doi.org/10.1002/9781118979846.ch15
https://doi.org/10.1002/9781118399439.ch6
https://doi.org/10.1002/9781118399439.ch6
http://www.ijecs.in/index.php/ijecs/article/view/3935
http://www.shodhsangam.rkdf.ac.in/papers/suvenir/120-124-Sandeep-Dubey.pdf
http://www.shodhsangam.rkdf.ac.in/papers/suvenir/120-124-Sandeep-Dubey.pdf
https://doi.org/10.1109/JSAC.2003.810294
https://doi.org/10.1109/JSAC.2003.810294
https://doi.org/10.1109/ICRTIT.2013.6844291
https://doi.org/10.1109/ICRTIT.2013.6844291
https://doi.org/10.1016/j.jnca.2018.03.009
https://pdfs.semanticscholar.org/d320/9116797b1a5e4441f478a0c616ce704f9a68.pdf
https://pdfs.semanticscholar.org/d320/9116797b1a5e4441f478a0c616ce704f9a68.pdf


2nd International Conference on

Contemporary Technological Solutions towards Fulfillment of Social Needs

Page – 33September 28–29, 2019

Networking Conference, March 2007, pp. 1909–1912.
[Online]. Available: https://doi.org/10.1109/WCNC.2007.
358

[21] L. Hong and A. Garcia Armada, “Bit error rate performance
of mimo mmse receivers in correlated rayleigh flat-fading
channels,” IEEE Transactions on Vehicular Technology,
vol. 60, no. 1, pp. 313–317, Jan 2011. [Online]. Available:
https://doi.org/10.1109/TVT.2010.2090369

[22] V. Cerone, V. Razza, and D. Regruto, “Set-membership
errors-in-variables identification of mimo linear systems,”
Automatica, vol. 90, pp. 25–37, 2018. [Online]. Available:
https://doi.org/10.1016/j.automatica.2017.12.042

[23] M. Kim, T.-Y. Kuc, H. Kim, and J. S. Lee, “Adaptive
iterative learning controller with input learning technique
for a class of uncertain mimo nonlinear systems,”
International Journal of Control, Automation and Systems,
vol. 15, no. 1, pp. 315–328, Feb 2017. [Online]. Available:
https://doi.org/10.1007/s12555-016-0049-z

[24] K. Sugimoto, X. Han, and W. Imahayashi, “Stability
of mimo feedback error learning control under a strictly
positive real condition∗∗this work was supported in
part by jsps kakenhi under the grant # 18h01462,”
IFAC-PapersOnLine, vol. 51, no. 33, pp. 168–174,
2018, 5th IFAC Conference on Analysis and Control
of Chaotic Systems CHAOS 2018. [Online]. Available:
https://doi.org/10.1016/j.ifacol.2018.12.112

https://doi.org/10.1109/WCNC.2007.358
https://doi.org/10.1109/WCNC.2007.358
https://doi.org/10.1109/TVT.2010.2090369
https://doi.org/10.1016/j.automatica.2017.12.042
https://doi.org/10.1007/s12555-016-0049-z
https://doi.org/10.1016/j.ifacol.2018.12.112

	Introduction
	MIMO Model
	MIMO Diversity
	MIMO Multiplexing

	SU-MIMO Channel Model
	Related Works
	Proposed Model for MU-MIMO System
	Conclusion

