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more antennas with fewer users in the BD precoding method.
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1.0 INTRODUCTION

In the communication system, interferences are one
of the obstructions between the antenna and the
receiver. When waveform signals are obstructed, the
signals will become scattered and this affects the
optimum performance of network coverage in the
single input single oufput (SISO). This will lead to
problems such as fading, cutting off of services and
intfermittent, therefore number of errors will increase
and the speed of data transmissions will be reduced.

For this reason, the multiple input, multiple output
(MIMO) has been introduced to eliminates multipath
and mitigate the interferences to the minimum level.
The MIMO technology is used in the latest generation
of mobile communication systems such as in
Worldwide Interoperability for Microwave Access
(WIMAX) system, Long-Term Evolution (LTE) system, as
well as in the orthogonal frequency division
multiplexing (OFDM) system. MIMO can achieve a
diversity gain and degree of freedom by spatial
multiplexing fo improve data rate in the systems [1].
Recently, a majority of applications, particularly in
cellular telephony and wireless LAN have been

deployed in single base environments while sending
data stream simultaneously to many users.

Therefore, multiuser-multiple input multiple oufput
(MU-MIMQ) is infroduced to enhance communication
capabilities. The mulfiple users will exploit the system’s
capacity to its maximum and enable access to the
same channel simultaneously; using the spatfial
degrees of freedom offered by MIMO and combined
with space division multiple accesses (SDMA) in MU-
MIMO. Besides that, MU-MIMO also offers great
potential to gain higher capacity, increased diversity
and suppress the interferences. In  cellular
communication system, two scenarios have fo be
considered; (i) uplink and (i) downlink channel:

Uplink channel, also known as a Multiple Access
Channel (MAC) is when users transmit to base station
(BS) over the same channel and for downlink, also
known as broadcast channel (BC) occurs when BS is
fransmitting signal to a bunch of users, as shown in
figure 1 below. This requires processing in the form of
precoding and SDMA based downlink scheduling
user. At first, the transmitter has to acknowledge
channel state information at the transmitter (CSIT) to
enable throughput improvement over the SU-MIMO
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when the fransmitted antenna is bigger than the
received antenna (nT> nR).
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Figure 1 An illustration of Multiuser-MIMO of downlink. Base
station is transmitting fo group of users simultaneously.

Communication wireless technology evolves in a very
fast pace. In recent years, MU-MIMO has become a
famous topic, especially on the downlink channel,
which is also known as BC. Single base statfion (BS),
fransmits data stream to be decoded by each user
simultaneously in a multiple users channel. Thus, MU-
MIMO potentially has a high gain sum capacity and
diversity with free spatial degree [8]. Similarly, as
explainedin [1] and [10], spatial degree of freedom in
MU-MIMO can be exploited to enhance system
capacity by simultaneously sharing scheduling spatial
channels. Despite the advantages of MU-MIMO,
having mulfiple users with mulfiple antennas can
cause the system fo not only suffer from noise and
infer-antenna inferferences, but also inter-user
interferences [10]. Interferences are often becoming
an issue in the propagation of fransmission channel.
Hence, MIMO is created to mitigate the mulfipath
inferferences due to the obstructions where
waveforms are scattered before reaching their
destination. Evolving from single user — Multiple input
multiple output (SU-MIMO) systems to MU-MIMO,
interferences in fransmission has gained aftention
among researchers due to the fact that networks will
encounterinter-antenna interferences in its own signal
and other user interferences in MU-MIMO . In addition,
other user interferences will take place when the data
streams from BS are fransmitted simultaneously to
multiple antennas and other users intend to receive
signal from other users.

The authors in [8] stated that BS is required in
interferences  cancellation, caused by the
coordination signal detection, considering several
precoding methods as stated in [3].[10] and [8] .
Meanwhile, paper [2] proposed the use of multiuser
detection (MUD) to mitigate interferences, despite the
challenges in applying it at mobile stations (MS) of the
downlink channels although the uplink BS has already
been used. Therefore, several precoding techniques
were infroduced in broadcast channel (BC) to
suppress or mitigate interferences. DPC precoding
techniques are well known techniques which have
the ability to pre-cancel interferences at BS using CSI

In addition it was also proven that it is capable to
gain sum capacity in paper [5] and [4] but
unfortunately ,as mentioned in [3],[10],and [4] ,DPCis
not suitable to be implemented in practical system,
due to high computational complexity involved in
DPC.

Therefore, BD precoding was chosen and this paper
discusses how BD performances will help to mitigate
interferences since data transmission is not straight
forward. Coordinated signal detection or precoding
method aft receiver side for BC is need. Recenftly, BD
was discussed among researchers in  papers
[31.141.151.16].171.18].[?]. due to the level of complexity
in BD precoding is not as complex if compared fo
others precoding techniques; precoding is used in
multi-antenna  wireless communication systems to
support  mulfi  stream  transmissions by the
generalization of beamforming. However, the
objective of this study will study BD performances in
different parameters of the antenna,NM and user K
by assuming complete CSIT at BS.

Even though DPC can achieve the sum capacity
level in MU-MIMO, it has high computational
complexity level if compared to BD [5] . Meanwhile,
Cl method is a linear precoding similar to BD but with
a lower level of complexity. However, Cl has issues
with interferences cancellation since it considers all
signals other than the target signal as interferences
and will cancelit. This may work in SU-MIMO, but in MU-
MIMO, the performance worsens because of the inter-
antenna interferences in its own signal. Other user
interferences, which mitigate both signal and noise
enhancement become more severe from the
perspective of the target users. In this case, BD is the
most suitable method since BD will only cancel out
interferences from other users and inter antenna
interferences will be mitigated by other detection
methods.

This paper will present the result of the simulations
about the differences parameter between (i) variable
of users and (i) variable of antenna in ferm of bit error
rate (BER) and signal to noise rafio (SNR) in limitation
using only the QPSK mapper.

2.0 MU-MIMO WITH BD SYSTEM MODEL

Each mobile station (MS) is assumed to be equipped

with ™M and Ng antennas respectively and K is
considered as an independent user in MU-MIMO.
Where x € (N x 1.,is tfransmitting signal from BS and

yu € CNy X 1,is a received signal af Ufhuser, u =
1.2,....K . If channel gain between BS and u th user is
represented by HEL € CNy x Ng.In downlink channel,
received signal is expressed as:

yo= H'x +2z,,uU=1,2,3...K (1)

and z,e€ (N M*! s an additive noise. So overall
system is represented by this single vector:
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Figure 2 Downlink channel model for MU-MIMO systems.

BD is chosen as a suitable method for precoding
technique in MU-MIMO because BD has the least
complexity if compared to other precoding [?].If Nyy

. th
is assumed as the number of antennas for U user, u =

1,2..K . For Uih user signalxy, € CNy,u x 1, and the
received signal, y, € (Ny,u X 1is given as:

K
Yo = BB Wik +2,
k=1
2
K
yo = HI'W, %, + HD'W, %y + 2z,
k=1k#u

Where W, € (Ng X Ny, is the precoding matrix for U"l
user, HXL € (Ny x Ny is the channel matrix between

BS and the u™ user and and z, is the noise vector,

considering the received signals for the fourth user
case (i.e., K=4),

v, ] |HL HL Hp HDL[w, R,
Yo |_|Hz Hz  Hp o Hp | Wokp | 17z
Y3 | |Hy HF Hy Hy | W3x3 zz (3)

V4 HfL HfL HfL HfL Wyxy 7y
HfLWJ HIDLWZ HPw oww |
Y1 X1 Z1
DL DL DL DL
vy | |HZ W, HZW, HyW, HZW, AR
=| oL DL DL DL <
% Hy W Hy W Hyw Hyw |X z
y3 3T T3 T2 T3 Ty U3y }3 Z3
A\ ulw wPw owlw, wPw |4 4
1 2 3 4

Where H2'w, effective channel matrix for u=1, 2, 3, 4
user receiver and 4th user transmit signal.

DL
l'Iu Wk:NM}ux Ny, vV u#k (4)

Where O0y,,,-n,,is zero matrix and can be block
diagonalized W, € (Ng X Ny, must be unitary, u =1,
2..K, Therefore ,the equation below indicates
interferences free fransmission.

yu=H.?LWuiu+zu ,u=1,2,...K. (5)
%, can be estimated by other signal detection
methods .The precoder matrixW, € (Ng X Ny, must
be designed to lie in the null space of AP as equation
5 below;

FHRLWU = ONM,total_NM,u , U= ],2..,K (6)

The received signal for K = 4 is expressed as;

V1 [HPLW, 0 0 0
v| | o HMw, o 0o |
3|~ | 0 0 HP W, 0 | )
el | o 0 o HPw,|

Where, zero matrices are appropriate dimensions.
Then singular value decomposition can be expressed
as;

ﬁl]l)L — U“7\“ [v;lon—zerovlfero]ﬂ (8)

Where Vnon—zero ¢ C(Nm,toml—NM,u)XNB and Vzero e ¢Nmu*Ng
u u

are composed of right singular vector to non zero
singular values and zero singular values, respectively.
Multiply with H2L with 7Z¢™ as equation 9,

’“non—zero)ﬂ

~p o~ ~ o u ~ _
Hlll)LVlfero — Uu[/\gon Zero 0] (vﬁem)ﬂ Vzero =
TJ 7\non—zero (Vnon—zero)H yzero
u’‘u u u
= ﬁui‘\gon—zero 0
=0 9)

Lets us take example as;Ny = 6K =2, Nyy; = Ny, =3

ﬁ?L — Ulﬂl[vimn—zerovlzero]ﬂ
ﬁ;)L — U27\2 [‘Vznon—zerovzzero]H
I:I?L — U3K3 [Vgnon—zerngzero]H
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From equation (10),(11),(12) the following precoding
matrices were obtained W, € (3 ,u=1,23:

W = Viere = [y T15  Tyel (13)
Wy = V30 = [U2s U5 Tl (14)
Wi = V0 = [U3, T35 T3l (15)

Which construct the following fransmitted signal, €
C6><1 ,

X = W1i1+W2i2+ W3i3 “6)

Where %, € (3*1 is the uMuser signal, u = 1,2,3 .Then
the received signal of the first user is given as ;

y1 = Hlx + 24
=H11)L (Wlf(l + Wziz + W3)‘Z3) + zq
= HDV (Vorog, + V5%, + Vio°%;3 ) + 74
= H?L (Vlzero)’zl + szemf(z + \73“"’)?3) + zq
= H:?L Vlzeroil + Zq
= HZDLvlzero)’Zl + zq
= HPLVZerog, + z, (17)

From equation (16), we have used the fact that
HPL = HY' = HDL \We can see that the received signal
is composed of the desired signal only.

3.0 RESULT AND DISCUSSION

For this study, MATLAB simulation results were derived
fo explain the effects of BER and signal noise ratio in
the decibel (SNRdAB) for BD performances. This
simulation results were effective when varying
different antennas and users respectively. On the
other hand, the effects of inter antenna interferences
were mitigated by applying several techniques as
discussed in [9], [3]. This paper discusses user
interferences and comparing BER system
performances in different parameters.

In the process of precoding, BD method was used
to cancel interferences from other users. This paper
focuses on mitigating user interferences , but, does not
discuss in details inter-antenna
interferences.Therefore, results in the figure 4, 6, and 7
was simulated using Zero forcing (ZF) detection
method to eliminate inter antenna interferences.
Beside the ZF method, any other advanced signal
detection method was also be used to improve BER
performances such as the minimum mean square
error (MMSE) signal detection or ordered successive
inferference (OSIC) signal detection as well as other
methods.

3.1 BER Performance Of MU-MIMO With BD With Fixed
Number Of Received Antenna, NM .

Figure 3(a) illustrates the antenna configuration for
k=2,"\M =2 and figure 3(b) shows the antenna

configuration for K=3, NM =2. It can be concluded from
the demonstrated figure, that when the number of
users increased, more interference will present in the
communication system.

User, X
1
Nz

User, X

User, X
3

(b)

Figure 3(b) Antenna configuration for K=3, N =2

Figure 4 shows the effect of varying number of users
(K=2,3.4,5) with fixed number of received antenna (

N =2) on the system BER.
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Figure 4 BER performance of BD method for an example
Number of user,K vary with fixed number of antenna , N M

Table 1 shows BER gets higher proportional with
number of user,K. Hence, the performance of BD is
better with less number of user K .

Table 1 Number of antenna, Ny, s fixed with vary number
of user, K at SNRdB 20

Number of Number of Number of BER

antenna antenna user K (at 20dB)
fransmitter, receiver
N
B N M

4 2 2 0.03075

6 2 3 0.05296
8 2 4 0.06675
10 2 5 0.08468

3.2 BER Performance of MU-MIMO with BD with Fixed
Number Of Received Antennaq, K.

Figure 5(a) illustrates the antenna configuration for
K=3,Ny, =2 and figure 5(b) shows the anfenna
configuration for K=3,Ny; =3.When the number of

received antenna increased, more interferences
presences in inter-antenna systems is observed.

Exampla 2;: N2=6. k=3 Nu: Naa =2

- User, X
1

User, X
2

- User, X

(a)

Figure 5 (a) Antenna configuration for K=3, Ny, =2

Example 2; N2=9. k=3 Nu: Nao Nas =3

y —— User X
- ' i l

tbi L
2

- — User, X

(®)

Figure 5(b) Antenna configuration for K=3, Ny, =3

Figure 6 illustrates the number of antenna, NM varies
from (N =2,3,4,5) and the observed effect numbers
of antenna, N,, on BER performance. Number of

users is fixed with three user (K=3) each to differentiate
performances as shown in table 2.

Number of antenna,Nm is vary with fixed number of user
10

i Nm2,k3
—S— Nm3,k3

=N o NmM4kK3
. w\&%\% —©— Nm5k3

S
SN

s
10° \

P T

Bit Error Rate(BER)

10°

0 5 10 15 20 25 30
SNR[dB]

Figure 6 BER performance of BD method for an example
number of user, K is fixed with vary number of antenna, N,

SNR is inversely related to BER, hence, the higher the
SNR, BER will become lower. Since there is a varying
number of antenna, the graph represents
performance of ZF precoding instead of BD; ZF is a
linear precoding for multiuser fransmission scheme but
it mitigates only interferences among different
antenna. Table 2 presents BER performances at 20dB
and shows BER is better with fewer number of
antennas.
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Table 2 Number of antenna, N, is vary with fixed number of
user,K at SNRdB 20

Number of Number of Number of  BER
antenna antenna user K (at 20dB)
transmitter, receiver,
N

B N M
6 2 3 0.05296
9 3 3 0.06839
12 4 3 0.08796
15 5 3 0.1092

3.3 BER Performance of MU-MIMO with BD With Fixed
Total Transmit Antenna, N .

Result in figure 7 show fixed base transmitter, N is 6,

but the numbers of of antenna receivers, Ny, are

varied and user, K as shown in table 3 below.
The total number of fransmitter antenna is calculated

Py NB =K x Ny, .Inthiscase, K x Ny, is 6

Number of antenna,Nm and Number of user,k

1 —S— Nm2,k3
E— | —o— Nm3k2

o e—g
N

Bit Error Rate(BER)

0 5 10 15 20 25 30
SNR (dB)

Figure 7 BER performances of BD methods for varying user
and receiver at SNRdB 20.

Table 3 Compare number of antenna, Ny, and number of

user, K
Number Number Number BER BER
of of of user K (at20dB)  (at 22dB)

antenna antenna
fransmitt receiver ,

er,Ng Ny
6 2 3 0.05387 0.03304
6 3 2 0.05387 0.03567

Figure 7 and table 3 show that at a higher SNR (> 20dB
Jwhen Ny, is 2 and K'is 3, the result is better when

compared with when NM is 3 and K'is 2 ( N, =2 &K=3

>Ny =3 &K=2). This shows that having more users with

fewer anfennas is better than having more antennas
for fewer users. However, at low SNR (< 20dB), result for
both is comparable as shown in the table above.

5.0 CONCLUSIONS

Our communications system improves in parallel with
the advancement of technology. Interferences will
become more severe as more users and more
antennas take place in the system. Therefore, even
though BD precoding has the ability to mitigate
interferences, some improvements need to be done
to tackle this issue. From this paper, it can be observed
that having more users with fewer antennas is better
than having more antennas for fewer users.

Future researches should study how to combine the
BD precoding with other methods to mifigate both
inter-user interferences and inter-antenna
interferences with low complexity level.
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