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Abstract

As wireless communication turns out to be more common, the interest for higher rates of data transfer and continuous availability is ex-
panding. Future wireless systems are provisioned to be very heterogeneous and interconnected. Higher data rates and Quality of Service
(Qos) are two major expectations from any wireless technology. Fading is the main phenomenon which restricts the realization of Qos
demand and higher data rates in wireless technologies. Fading is caused by obstacles in signal path which degrades the received signal’s
quality. To mitigate the impact of fading on communication system the application of precoding techniques can be used. In this regard,
this paper presents optimization of Block-Diagonalization (BD) based linear precoding scheme for multi-user multiple-input multiple
output (MU-MIMO) systems. Simulation environment consists of a MIMO downlink scenario where a single base station (BS) with N,
antennas transmits to K receivers each with N,. antenna. The application of Particle Swarm Optimization (PSO) is used to find the opti-
mal number of received antennas so as to reduce system complexity while maintaining Bit Error Rate (BER) performance of the system.
MATLAB based simulation scenario is presented and evaluated over Rayleigh fading environment. Simulation results validate that the
performance of Block— Diagonalization scheme can be improved up to 5dB with the application of Particle Swarm Optimization tech-
nique.

Keywords: Block-Diagonalization (BD), Multi-User Multiple-Input Multiple-Output (MU-MIMO) system, Optimized Precoding, Particle-Swarm Optimi-

zation

(PSO).

1. Introduction

The demand for increasingly high transmission rates from wireless
communication systems and new mobile applications has made it
necessary to find more advanced transmission methods capable of
improving the performance of the system. A possible solution is
use of so-called MIMO systems that, through the use of multiple
antennas in the transmitter and / or receiver, allow to increase the
capacity of the system without the need to increase neither the
bandwidth nor the transmission power [1]. MIMO systems take
advantage of the spatial dimension to distribute the total power
between the different antennas and thus achieve array gain (im-
proves the spectral efficiency of the system) or diversity gain (im-
proves the reliability of the link) [2]. The performance of MIMO
systems is restricted by the number of antennas deployed at trans-
mitter and receiver ends. Furthermore, the system complexity of
MIMO systems also increases with the number of antennas de-
ployed. The performance of MIMO systems can be enhanced if
the channel state information (CSI) can be made available at
transmitter end. It is then possible to utilize CSI to optimize over-
all transmission by anticipating the effect of the channel [3]. This
optimization is made via a precoder at transmitter end, and a de-
coder at receiver end via mostly linear transformations. This tech-
nique provides MIMO systems with an additional degree of free-
dom choosing an optimization strategy. The basic idea of precod-

ing is to use a form of knowledge of the channel to the transmitter
to customize the signals transmitted to the proper structure of the
matrix channel. Precoding improves the probability of error, the
transmission rate and therefore the capacity of the system by a
more efficient sharing of the channel with the different users, it
also allows the suppression of interference and the occurrence
reduces the complexity of the receiver [4]. In information theory,
it is well known that the optimal strategy for achieving the sum of
the capabilities of a downlink MU-MIMO system is the Adjacent
information coding (DPC - Dirty Paper Coding) [5]. In this theory,
the capacity of a channel where the transmitter knows a priori the
interfering signal is the same only if there was no interference.
Therefore, precoding can be applied considering this knowledge in
order to remove interference at the level of the issuer. However,
the implementation of this technique remains impractical in be-
cause of the high complexity of coding and decoding [6]. For
suboptimal performance with low complexity, several types of
linear and nonlinear precoders have been proposed [7-10]. An
example of such precoder is the Tomlinson-Harashima precoder
(THP) [7], [8]. Tomlinson-Harashima precoder is the most popular
nonlinear precoder. It is basedon the principle of equalization of
the Decision-Feedback Equalization (DFE). THP provides proven
performance gain in MU-MIMO scenario but its deployment in
real-time systems is restricted due to its higher complexity. More-
over, the performance of THP is sensitive to the inaccuracy of the
CSIT [11].For applications requiring low complexity, Zero Forc-
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ing (ZF) and Minimum Mean Square Error (MMSE) precoding
techniques can be used. These methods are known as channel
inversion methods [9]. Precoding based on the ZF algorithm can
completely suppress multi-user interference (MUI). However, it
causes noise amplification when precoding vectors are not stand-
ardized. On the other hand, precoding based on the MMSE algo-
rithm surpasses the ZF algorithm because it makes a compromise
between noise and deletion interference. Nevertheless, it suffers a
loss of performance when it tries to attenuate the interference be-
tween two antennas close together [12]. To overcome this prob-
lem, the SMMSE (Successive Minimum Mean Square Error) cal-
culates successively the columns of the precoding matrix for each
of the reception antennas separately [13]. These channel inversion
methods are not effective when the receiver is equipped with mul-
tiple antennas. In such case, Block Diagonalization (BD) precod-
ing technique comes into existence. Block Diagonalization tech-
nique cancels the interference by breaking MU-MIMO into sever-
al parallel and orthogonal SU-MIMO channels using Singular
Value Decomposition (SVD) [14]. Block Diagonalization scheme
is interesting in the case where the receiver is equipped with an
antenna array. Moreover, in terms of performance, it is better than
the channel inversion methods and it is capable of eliminating
multi-user interference (MUI) completely. Whereas, it leaves the
receiver with the responsibility of separating the data streams that
are sent to it and it requires more antennas on the transmitter than
the number of antennas at receiver for all users. Recent researches
on Block-Diagonalization precoding are focused towards the per-
formance optimization through application of soft computing
techniques such as Genetic Algorithm (GA), Particle-Swarm Op-
timization (PSO) etc. This paper presents the optimization of
Block-Diagonalization scheme through PSO algorithm. The opti-
mization is done for finding optimal number of receiver antennas
S0 as to provide minimum Bit Error Rate (BER). Rest of this paper
is organized as follows: Section-Il discusses related work in field
of MU-MIMO precoding. In Section-IIl, proposed system model
for downlink MIMO system is presented, results and discussion is
provided in section-1V, finally section-V concludes this paper.

2. Related Work

Performance enhancement through application of precoding tech-
nique is interesting area of research since last decade. Several
researchers have contributed towards this field. F. Wang and M. E.
Bialkowski [14] have presented two antenna selection techniques
namely norm-based and project-maximization based to improve
the performance of MU-MIMO system with Block Diagonaliza-
tion precoding scheme. Authors have concluded that the applica-
tion of antenna selection schemes improves channel capacity
while reducing complexity and cost of the systems. M. Naeem and
D.C. Lee [15] have presented an optimised joint user scheduling
and receive antenna selection algorithm based on Binary Particle
Swarm Optimization (BPSO) approach to improve the perfor-
mance of MU-MIMO system.W. Ni and X. Dong have considered
case of MIMO downlink scenario and presented hybrid block
diagonalization scheme to improve the capacity performance of
conventional BD scheme. On comparing performance, proposed
hybrid-BD scheme is found to be less complex and more spectral
efficient as compared to conventional BD scheme[16].X Zhu et al.
have proposed a combination of soft pilot reuse (SPR) and multi-
cell block diagonalization scheme to improve the quality-of-
service (QoS) performance for edge users in MU-MIMO system
[17]. To facilitate hardware implementation of massive MU-
MIMO system, J.C. Chen [18] et al proposed a low peak-to-
average power ratio (PAPR) precoding scheme based on approxi-
mate message passing scheme. The proposed scheme provides
better performance in terms of multi-user interference (MUI) can-
cellation while having low complexity. V.F. Cragmariu et al [19]
presented a QR-decomposition based approach for optimizing the
performance of BD in MU-MIMO systems. ElinaNayebi et al
have considered Cell-free Massive MIMO systems to evaluate the

performance of linear precoding schemes. The considered scenario
consists of a number of single antenna access points (APs), which
are connected to a centralised network controller. The authors
have shown the impact of zero forcing (ZF) precoder with Max-
Min power control to the overall throughput achieved at several
users and concluded that ZF precoding outperforms conventional
conjugate beamforming algorithm [20]. M. Ge and D. M. Blough
have addressed the problem of user selection on the performance
of multi-user MIMO system and presented a pairing-and-binary
tree-based user selection algorithm (PBUS) for optimal user selec-
tion. Authors have concluded that the proposed scheme provides
better sum rate performance while having low computational
complexity [21]. The application of evolutionary algorithms such
as GA and PSO can be used to optimize the performance of
MIMO system is presented by N. sindhwani et al [22]. Authors
have proposed an optimal transmit antenna subset selection
scheme based on PSO algorithm to achieve optimal channel ca-
pacity while maintaining lowest BER performance. The applica-
tion of Riemannian manifold optimization (RMO) to solve the
problem of multi-user interference (MUI) in constant envelope
(CE) precoding scheme [23]. B. Makki et al proposed Genetic
Algorithm (GA) based antenna selection scheme for Large-
MIMO systems with finite antenna arrangement. The proposed
scheme is evaluated for different cases of CSI and precoding ar-
rangements [24].

3. Proposed Methodology

MIMO Downlink System Model

Let us consider a downlink Multi-User MIMO scenario where a
single Base Station (BS) is serving K users via N; antennas, Also
each user is equipped with N, antennas. The considered arrange-
ment is shown in Fig-1. At the reception, the signal received at the
Kthuser can be expressedby the following equation:

Vi = Hkx + ng, k= 1,23..K (1)

Where H,, € CN~*Nedenotes the matrix of channel coefficients of
the k" userx € CNt represents thesignaltransmitted by the BS
andn,, € CNris Gaussian white additive noise of N, variance and
zero mean.

It is assumed for simulation that the channel is quasi-static in na-
ture i.e. channel states do not vary within a frame of N symbols,
but can change from one frame to another [25]. At the level of
each user, it is assumed that the knowledge of the channel is per-
fect and instantaneous. And, it is not necessary for each user to
know the channels of other users.
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Fig. 1: MIMO Downlink System Model

This research work focuses on liner precoding, therefore, the
transmitted signal, x, can be given as follows:
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X = 25:1 Wi Sk, 2

Where w;, € CNepresents the precoding vector of k" user.S) de-
notes the symbolof information to be transmitted to k" user.In
this case, the signal received at the k™*user can be expressedas
follows:

Yk =/ PrHxwy Sk + T ik \/EHkWiSi + 1y, (3)

The first part of equation (3) represents the desired signal, while
the second part is the interference caused at k" user due to other
users and the last part represents the noise present at k* user.
Furthermore, it is assumed that the BS transmits QPSK symbols
(Quadrature Phase-Shift Keying) with a total power Pywith fol-
lowing constraints [26]:

E[IIWsl13] = tr(WuW™) < Py (4)

K
P0=Zpk
=

Where W = [w;y ...wy] represents the precoding matrix, S =
[s1 ...sk] is the signalto be transmitted and py is the portion of
transmit power available at k" user.It is important to mention that
this power is considered constant and identical for each user in
order to eliminate its effect on the performance of proposed sys-
tem. With Block Diagonalization precoding scheme, the main idea
is obtain precoding vector w; such that, interference from all other
users at k" user must be zero. i.e.

Hyw; = 0. foralll#k,1<Lk<K (5)
To satisfy the constraint given in eq. (5), orthogonal channel ma-
trix H, for all users except k" user can be given as:

~ T

Hy = [H], ., H_y Hsy, - H]] ©®)

To satisfy constraint of zero-interference from other users,
wymust lie in the null space ofH,. Applying singular value de-
composition to the channel matrix,,, resulting matrix can be giv-
en as:

_ H
Ay = Upl5, 01 [ v ] 7

In Eq. (7), Z, represents a diaggnal matrix with entries equals all
non-negative singular values H, .The dimension of X, depends
upon the rank of matrix H,. Furthermore, V”'and V" represents
vectors corresponding to zero singular values and non-zero singu-
lar values respectively. On multiplying H, Witth(O), we get,

v =0 ®)

From Equation (8), it can be seen that Vk(o)is in the null space of
H,, that is to say namely, when a signal istransmitted in the direc-
tion of Vk((’), all but the k" user receives no signal at all. Thus, the
precoding matrix for k" user can be represented by:

Wi = Vk(O) (g)

Since Size of Vk(o) depends on size of H,, we can manipulate the

size of H,, by setting the number of receiving antennas Ny for each
user.

To find an optimal value of Ny an objective function can be
drawn as:

Where,
He = f(N,) (11)
The value of N, can be found as,

Ng = PSO(NR) (12)
4. Simulation Results

This research work is focused towards optimization of Block-
Diagonalization for optimal number of receiver antennas using
PSO algorithm. The simulation scenario consists of MIMO down-
link system where single BS is transmitting to several users. Simu-
lation scenario is developed using MATLAB (2014a) with simula-
tion parameters given as:

Table 1: Simulation Parameters

Number of transmitter antennas (N,) | 6

Number of Receiver antennas (N,.) [1-10] (to be Found by PSO)

Number of Users (K) 3

Fading Scenario Rayleigh Fading
SNR Range -10dB to 20 dB
Modulation Scheme m-PSK
Equalizer Zero Forcing

Block Digonolization

BER

@

Block-Diagonalization Using PSO

5
SNR (dB)

(b)

Fig. 2: BER performance analysis for BD and BD-PSO for Different
Number of User Present

Bit error rate comparison of Block-Diagonalization precoding and
Optimized Block-Diagonalization scheme for Zero forcing equal-
izer for different number of users is presented in Fig. 2. On ob-
serving above results it can be seen that for 6 users BD scheme
achieves error rate of order 10 at 15dB SNR, while the same
level is achieved in case of PSO-BD at 10dB SNR. Clearly the
application of PSO with BD scheme provides SNR improvement
up to 5dB for the given case.
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Fig. 3: BER curve for BD and PSO optimized BD for different modulation
schemes

Bit error rate comparison of Block-Diagonalization precoding and
Optimized Block-Diagonalization scheme for Zero forcing equal-
izer for different modulation schemes is presented in Fig. 3. On
observing above results it can be seen that for BPSK scheme
(M=2) the minimum achievable error rate of order of 10 at 20dB
SNR while PSO-BD scheme provides minimum error rate of 10-
at 10dB SNR and error free transmission is obtained after 10dB
SNR level. Clearly PSO-BD outperforms conventional BD
scheme for the considered case. Bit error rate comparison of
Block-Diagonalization  precoding and Optimized Block-
Diagonalization scheme for Zero forcing equalizer for QPSK
modulation schemes is presented in Fig. 4. On observing above
results it can be seen that the minimum achievable error rate of
order of 10 at 20dB SNR while PSO-BD scheme provides mini-
mum error rate of 10 at 15dB SNR and error free transmission is
obtained after 15dB SNR level. Clearly PSO-BD outperforms
conventional BD scheme for the considered case.

Block Diagonalization with and without PSO

e S EEEERNSNERE

BER

SNR (dB)

Fig. 4: BER curve for BD and PSO optimized BD
5. Conclusion

Multiple-Input Multiple Output (MIMO) technology is a promis-
ing solution to several problems of modern communication sce-
nario including high data rate requirement and reliability. The
major disadvantage of MIMO system is their complexity. The
performance of MIMO system can be enhanced using application
of Channel State Information (CSI) at transmitter end. One solu-
tion to the above problem is use precoding technique at the trans-
mitter end. Block-Diagonalization is a popular precoding tech-
nique and it has proven performance in Multi-User scenario (MU-
MIMO) as well. The major drawback of Block Diagonalization
scheme is that it requires more antennas at receiver end as com-
pared to the antennas mounted on transmitter end. The search of
optimal antenna arrangement with required performance is a tire-
some work. Recently evolutionary algorithms have found applica-
tion in communication system designs. The problem of optimal
number of antenna selection can also be solved through evolution-
ary algorithms. In this regard, this research work presents optimi-
zation of block-diagonalization precoding scheme using PSO for
MU-MIMO downlink system. Simulation scenario is developed
using MATLAB (2014a) and the developed system is simulated
over Rayleigh fading environment. To evaluate performance of
developed system scenario Bit Error Rate (BER) is considered.
Simulation results validate that the performance of Block— Diago-
nalization scheme can be improved up to 5dB with the application
of Particle Swarm Optimization technique.
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