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Abstract— In multi-user multiple input multiple output (MU-
MIMO) system; the main difficulty in data transmission in
broadcast channel is that the desired signal is affected by
other user signal. So, interference cancellation at the base
station is required. In this paper, two methods channel
inversion and block diagonalization are used to cancel
interference. First the channel inversion method is used to
cancel inference due to other signals and minimizes noise
enhancement and second Block Diagonalization (BD)
method eliminates or minimizes the multi-user interference.
This paper discusses the performance of channel inversion
and Block Diagonalization (BD) in term of bit error rate
(BER)
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I. INTRODUCTION

multi-Input multi output (MIMOQO) systems is more popular in
the past few years due to their great potential to achieve high
throughput in a wireless communication system [1][2].
Wireless communication  technology has increased
widespread acceptance in recent years [3].

More recently, the research of the capacity region
has been of concern in multi-user MIMO broadcast channels
[4]. In multiple antenna broadcast channels, transmit antenna
arrays can be used to simultaneously transmit data streams to
receivers and thereby significantly increase throughput. The
transmitter and receiver of uth user are respectively equipped
with NT and NR antenna elements [5].

In multiple antennas at both the base station and
mobile station operating in space, time have been proposed
and demonstrated to significantly increase system
performance as well as capacity. The main advantage of using
multiple antennas is that no bandwidth expansion is required
for capacity and performance improvement. This paper
focused on multi user MIMO broadcast channel because the
main difficulty in broadcast channel is that the desired signal
is affected by other user’s signals [6].

This paper, channel inversion is used to cancel
interference due to other users and block diagonalization
method eliminates or minimize the multi-user interference
and give the performance of both methods in terms of BER

[7]

Il. SYSTEM MODEL

A. Communication Schemes for Multiuser- MIMO Systems:

Communication schemes for MU-MIMO systems include
both uplink MU-MIMO and downlink MU-MIMO. In uplink
communication user transmit signal to the base station [8]. In
the case of downlink communication, base station transmits
signals to users. For uplink MU-MIMO Xk the transmit
signal of uth user; k=1, 2, K. The received signal at the base
station y is given as below,

Yk = Zh=1 Hi-Xi + By (1.1)

In the above equation (1) Hk is the channel matrix
between the user and base station and b is the noise. For
downlink MU-MIMO assumes K user is simultaneously
receiving signals from the base station.

The transmitted signal is expressed as the sum of
signals to users u=1, 2,.. K.

x = Zito Hi (L2)
The received signal y is given as below,
yk = Hk.x + Bk
K

j#k
In the above Equation (1.3) Bk is the noise.

B. Channel Inversion:

In channel inversion method, we assume NM=1 for all users
and K=NB. Let Xu stand for the uth users signal and the
H_u"DL Stand for the channel matrix between base station
and the uth user u=1, 2...K.

The received signal of uth user can be expressed as,
x1

HDLI I
[ .|
lxKJ
Where, u=1, 2... K.
The received signals of all, users can be represented as,
JoeeffiE 1 %21 S}
[3’2] [HZDL]IXZ [ D]
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Above Equation (2.2) is received signal at each
individual user terminal. Since each user is equipped with a
single antenna, interferences due to other signals cannot be
canceled.
Channel inversion is the same processing as the ZF
pre-equalization.

(2.1)

22)

Fig. 1: Pre-equalization process
Fig.1 shows the pre-equalization on the transmission
side. The pre-equalization can be represented by a pre-
equalizer weight matrix W and precoded symbol vector X can
be expressed as,
X=wX (2.3
In the above Equation (2.3), X is the original
symbol for transmission. The zero-forcing equalization in use
the corresponding weight matrix is given as below,
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Wze = pH* (2.4)

In the above Equation (2.4), B is a constant total
transmitted power after pre-equalization and it is given as
below,

B = |romasm (25)

T,(H~1(H~1) H)

To balance the effect of amplification by a factor of
[ at the transmitter, the received signal must be divided by f
via automatic gain control of the receiver. The received signal
y is given by,

y = %(HWZFX +b) (2.6)
= %(H[)’H‘i)? +b)
—X+1b
B
=X+b (2.7)

C. Block Diagonalization:

In Block Diagonalization (BD), technique the multi user
interference can be cancelled in the process of precoding. The
MIMO channel of each user is assumed to BS has NT
transmitter antennas, and each user has NR receiver antennas.

Let XK show the transmit signal of uth user and bu
is the noise vector. The signal of each user preprocessed at
the transmitter by precoding matrix. At mobile station the
received signal of uth user signal X _uis given as,

K

Yu = HBLZWka +bu
k=1

= HX'W, X, + Z HPLwW, Xk + b,

k=1

k#u
31

In the above Equation (3.1), H_u"DL is the channel

matrix between base station and the uth user, Wu is the
precoding matrix for the uth user. The second part of the
equation (3.1) on the right side is an interference result from
messages belongs to other users. Consider the received
signals for the three-user case (i.e. K=3),

V1 HfL H{)L H{)L W1X~1 b,
y2| = |HPY HPL HPL | |W, X, | + | b2 (3.2)
sl ug gt gl lwi ] b
HPLW, HP'W, HP'W;][X, b,

= |HP'Wy HP'W, HP'Ws || X, |+ [b2| (3.3)
HP W, HP'w, H2'w,][X,] Lbs

Where H_u"DL W_Kk is useful channel matrix for
the uth user receiver and kth user transmit signal (u, k=1,
2,..K). In Block Diagonalization precoding matrix is use to
cancel or minimize the multi-user interference [9]. To reduce
all multi-user interference the useful channel matrix is given
as [10].

HPIw,=0 uzk (3.4)

Now, the received signal of uth user is interference
free, that is,

y, = HP'W, X, + b, (3.5)

HP! s indicated as the channel matrix for all users other than
the user k.
ﬁg’“ = [(HfL) " (H5£1) H (Hz%ﬂ "
(3.6)

(Hgh) 1

So we should have H uw*DL W_k= 0 for u#k. This
means the interference of other users is totaIIy eliminated for
the uth user. Let us denote singular value decomposition of
matrix H_u"DL .

HBL — ﬁu;\u [Vlrllon—zero ’Vgero] H (37)

Where U, is the left singular matrix of A2% and &,
is a diagonal matrix whose diagonal elements are the singular
values of APL [11]. Sub-matrices V7*°"~2¢T° and 7¢7° are the
right singular matrices corresponding to non-zero singular
values and zero singular values of HP* respectively.

Multiplying A2 with?7¢™°, we have the following
relationship,

ALy @ = (3.8)

From equation (3.8) it can be seen that \/'_u”zero is
in the null space of H_u~DL, that is, when a signal is
transmitted in the direction of \V'_u”zero, all but the uth user
receives no signal at all. Thus Wu = V' _u can be used for
precoding the uth user signal.

Let us take an example of NB=4, K=2, and
Nm1=Nm2=2,

H%) — Hli\l [Vlnon—zero Vlzero] H
= [ily1 Ty,] [ 000
2o 4200
(3.9)
HZ — HZIN\ [Vnon—zero Vzero] H
= [y, uzz][ 221 0 0 0 ] (021 Dpz Doz Ual ¥
(3.10)
The precoding matrices W, foru =1, 2.
W, = ‘712”0 = V13 D14l
W, = szem = [D3 a4l

The transmitted signal s is given as,

x =Wy + W,%, (3.12)

Where %, is the u user signal u=1, 2. Then the
received signal of the first user is given as,

y1 = H'x + by
= HPL(W, %, + W,%,) + by

[511 1?12 1?13 1714] H

(3.11)

— HDL(Vzero = Vzerox )
+ b, (3.13)
— HDL(Vzero )+ bl
— HDL(Vzero )+ bl

In Equation (3.13), we have used the fact that HP*
= HP" and HP* =HP". In equation (3.13), we can see that the
received signal is collected of the preferred signal only. The
received signal of the second user is found in a similar way.

I1l.  SIMULATION RESULTS

Fig.2 shows that the BER performance of channel inversion
method for NB=4, and NM=1 in which four users with the
highest channel norm values are selected out of K = 20.
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Fig. 2: BER performance of channel inversion method
Fig.3 shows that the BER performance of block
diagonalization method for NB=4, and K=2 and
NM,1=NM,2=2,

BER
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Fig. 3: BER performance block diagonalization of method

IV. CONCLUSION

Channel inversion is cancel interference due to other users
and block diagonalization method eliminates or minimize the
multi-user interference. The presented results show that the
channel inversion and block diagonalization BER
performance.
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