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ABSTRACT

Lately, interference cancellation is a hard challenge in a
cellular communication system. In this paper, we consider the
interference cancellation using logic OR gate from the
multiple input multiple output (MIMO) interference channel
where each transmitter and receiver equipped with single or
multiple antennas. In our system, we have used a threshold
logic unit which is operated by logic OR with NOT operation
in the MIMO receiver for interference cancellation. The
threshold unit has two logic threshold signals which are
separated by two vectors. These two logic thresholds are
denoted by High and Low signal in the threshold unit. The
High and Low signals are represented by the desired and
interference signal, respectively. Our approach is to
practically achieve interference alignment and absolutely
cancel to the interference from the received signal by using
logic OR operation in the MIMO receiver.

General Terms
Interference, MIMO transmitter and receiver, logic OR and
NOT operation, threshold unit.

Keywords
System  model; interference alignment; interference
cancellation using logic OR gate operation.

1. INTRODUCTION

3rd Generation Partnership Project (3GPP) started work on
LTE is illustrated in Release 7, 2005 [1]. It is also called as
Evolved-Universal Mobile Telecommunication  System
Terrestrial Radio Access (E-UTRA) and known as 4th
Generation (4G) of mobile radio technologies which is
increasing the spectral efficiency, peak data rate, higher
throughput. The Coordinated multi-Point transmission system
is an essential technology for 4th generation (4G) cellular
system [2] and [3]. This technique can interrupt the intra-cell,
the inter-cell inference and improve the cell edge throughput
[4]. For downlink, the CoMP transmission is mainly two
categories:  joint  processing (JP) and coordinated
scheduling/beamforming (CS/CB) [5]. The transmitter has
entire channel state information (CSI) and then done pre-
coding. In practical wireless communication system, base
station location is stable but the used equipment (UE) safely
moving and the resulting CSI characteristic is varying quickly
in an indefinite behavior. At that time the complete CSI tracks
at the transmitter and receiver sides are very difficult. More
research work is founded for the purpose of enhancing the
system capacity, increase the spectral efficiency, bit-error-rate
performance and increase the cell-edge throughput etc. At
present, the improvement in the study of interference channels
various types of power tools involved in the study of general
wireless networks have founded. Interference alignment and
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cancellation is the one of them. The main feature of the
cellular system is interference which remaining to the
broadcast behavior of wireless links. For multi-user detection,
there are two types of interference in mobile communication
such that very strong interference [8] and weak interference.
For weak interference, the interfering signal is conducted as
noise and single user encoding/decoding suffices. For strong
interference, the efficient to the desired signal, then
interference is avoided by orthogonalzing the channel access.

In this paper we will align and cancel the interference by logic
OR gate operation in the MIMO receiver. This paper is
described as below: Section 2 gives an overview of the system
model and section 3 is narrated the interference alignment,
respectively. The interference cancellation using OR gate
operation is given in section 4. Finally, simulation results and
conclusions are presented in section 5.

2. SYSTEM MODEL

In this section, we describe the system model for the
interference channel. Suppose, K-user MIMO interference
channel with j transmitter receiver pairs and H, be a

N, x M matrix where the channels gain from transmitter j
and receiverk , respectively. The random vectors M, x1for
X; , the received signal at the receiver k is given by from Fig
1 and [6],

K
Vo= HeFs, + D HFs; +n, 1)

Desired  Signal jzk noise

interference signal
where y, is the N, x1output vector at receiver k , H}Fs, is

the desired signal and ngFjsj is the interference signal
j=k

which is coming from theJ interference channel. s; isa M;x1

random vector that denotes the transmitted signal of user j

and n ~N(01)is a zero means Additive White Gaussian

Noise (AWGN). Consider a beamforming matrix F, to send

the signal vector s, to its intended receiver k . At the receiver

side, the receiver k , estimates the transmitted data  vector
s, by using a linear beamforming matrixU, ,
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Fig 1: System model
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Fig 1: Dimension of desired and interference signal subspace
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where the data vector s, is normalized identity and §, is the
k—th F e0™>* and

U, €0 ™ are the beamforming matrices at the transmitter

and the receiver of k users, respectively. We can express that
from Eq. (1), the precoder matrix F, have a product of two
matrices as below

estimate of s, at the receiver.

Fe=Vi-R 3
where V, =[V,,...,Y,]is the transmission vector which used to
diagonal effective transmission channel HF, and

R =diag{p,.... p,} is the diagonal matrix whose elements

p, denotes the inductive of the column vectors v, inV, . We
can be written from Eq. (3) by

p 0 O
F=[% - 9]0 0 [=[PV PV ] (4)
0 0 p

3. INTERFERENCE ALIGNMENT

In this section we describe the interference alignment for K-
Users interference channels. The theoretical validation of
information in the cellular commutation system comes from
the capacity pre-log or rate pre-log which is called the degree
of freedom (DoF). The sum of the time-varying K-users
interference channel with the dimension of receiving signal
space A>1 antennas at each node is [6]

K AK
DoF, ,,= max » d, =— (5)
“ {uka}r,lkzz; 2
where A is the dimension of receiving signal space and
UIijszo j=Kk (6)
rank (Uy H,, F ) =d, )

The received signal space has two subspaces where one is the
signal subspace and the other is the interference subspace as
shown in Fig 2.

The Eq. (6) assurances that all interference is in the subspace
orthogonal [9] to U, while the Eq. (7) assures that the signal

subspace H,;F, has dimension d, and linearly independent
of the interference subspace and we can define by

d, =dim(Received signal space)

=dim(S, +1,)=A ®
where  d, =dim(S,)=A/2andd, =dim(l,)=A/2 for
k e{1,2} . We can write,
Hy S L1 ©)
SN, ={0} (10)
HS; i, =k (11)
The signal space S, can be identically determined by
S =Hy'l, for any j=k (12)
The interference signal subspace for K-users
I =H,S, (13)



Consider from Figure 1, a transmitter transmits a signal s,
with precoding p,on the first antenna. This is equivalent to

multiplying  p;s,by the unit vector [1 0 O]T before

transmission where []T is the transpose of the vector. After
transmission, the receiver will receive the vector
H[L 0 0] ps, where His the channel matrix (ie. the
matrix hy;). If H is the 3x3channel matrix and for MIMO
case, the receiver will receive the sum of three vectors which
are along the directionH[1 0 O]T, H[0 1 O]T and

H[O 0 1]T. If multiple signals p,s, are multiplied by

different vectorst, the receiver will receive the vector
HV pX . In MIMO 3x3case and ifk {1,2,3}, we can
expressed from Fig 1,
yla
You |= H\71 piS; + H\72 P,S,; + H\73 PsS; (14)
y3a
Putting the values of V,, V,and V,for 3x3case in Eq. (14)
and is given as [7]
yla
Voo |=H[L 0 0] ps,+H[0 1 0 ps,+H[0 0 1] ps,
Y2

h, h b o
=/h,|[1 0 0]T P, +| hy ([0 1 0]T p,s,+| hy [0 0 1]T NS
hs hys hy,
We can write from Eq. (15)
Yia = hy PiS; + My, 0,8, + h31 PsS; (16)
Yaa =M, PiS; + 0y, 0,8, + hy, pos, (7)
Y32 = NP8, + My P,8, + Ny sy (18)

We can calculate SIR, using Eq. (16), Eq. (17), Eq. (18) and
if j €{1,2,3} and k {1,2,3} for 3x3case
SIR. = T (Y1) = T (Mupys, + oS, +yypss; ) (19)
SIR, = T (Ya) = T (NS + M8, + 1S3 (20)
SIRy, = f(Vsa) = f (NaPS, + Do PoS, + g Pys;) (21)
If je{1,2,3}and the encoding vectorsV,, V,and V,are
picked to time varying channel satisfy the Eq. (4). The vector
v, is given by
v, =eig{H,} (22)
where eig {H,} is the eigenvector of the channel H,; . If the

stream k with vector V, and we want to pick V, and V, such as

that the second and third streams are aligned at receiver 1 to
receiver 3. The solution of the interference alignment for the
downlink 3x3MIMO case is below,

Suppose, the interference channel vectors,

S i T

Vi = ﬁ[l 1 1] (23)
v, = hgll hSl\_ik (24)
v, = hlehanz (25)
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v, = ( hl_alhza h1_21h32 h2_11 hs, ) Vi
= eig { If]1731|f]23 hlehsz h£11h31}

The Eq. (4) is definitely satisfy and we can align the
interference signal subspace for K-users using Eqg. (13),

lepzs = €ig {uihuhohohythy s, oo @7
For K-users interference channels, the sum rate is

(26)

Ry :iE[Iogz(1+ SIR)] (28)

If transmitter- receiver pairs je{1,2,3}and ke{1,23},
then the conventional sum rate are bellows

Ry = ZE[log, 1+ SR,)] (29)
1

R, :EE[Iogz(1+ SIRZa)] (30)
1

R =5 E[10,1+ SIR,,)] @

where the common degree of freedomis1/2.

4. INTERFERENCE
CANCELLATION USING LOGI

4.1  Logic Gate Operation

We have used NOT and OR gate operation in MIMO receiver.
The gate operations in the receiver as below: A. NOT gate
operation: The NOT gate is operated one input and one

output. It is also called an inverter. In Fig 3, the output Q is
true when the input C is NOT true, i.e.

Q=NOTC (32)

Fig 3. Traditional symbol of NOT gate

Truth Table 1 for NOT gate operation:

Input C Output Q
0 1
1 0




4.2  OR gate Operation:

An OR gate can operate one output and two or more inputs.
If at least one input is true, then the output is true. The
traditional symbol of OR gate is below:

c
D

Fig 4. Traditional symbol for OR gate

In Fig 4, the output Q is true, if input C or D is true or both of
them are true. We can express from Fig 4 as below

Q=CORD (33)
Two inputs truth Table 2 for OR gate operation:
Input C Input D Output Q
0 0 0
0 1 1
1 0 1
1 1 1

In Table 2, we can observe, if both inputs are low then output
is zero or false. If one or both inputs are high, the output is

high.
4.3  Interference Cancellation Using
NOT and OR operation in the MIMO

Receiver:
For K-users case from Fig 5,

T = f(Yk): f[hk':vkpksk+_ZK;hkT\7j pjsjj (34)
iz
Suppose MISO case j=3andk =1, we can write from Eq.
(34), the received desired signal is h,v,p;s, = High and the
received interference signal is (h,,p,s, +hy p;s;)V; = Low for
the first receiver, respectively. Let T =h,psand
T, =h,p,s, +hy,ps;  whereT, >T . Putting T, and T,
values in Eq. (34) for the first receiver and given as
T =Y = T (T, +T,%) (35)

where V, =[1 0] andv,=[0 1].
We can be expressed using OR and NOT operation in Eq. (35)
for the interference channel at the first received signal is

ylb:(Trd [ o] or(NOT(T, [0 1]T)))

=(High OR Low) (36)
= High
=h,ps;

Similarly we get,
Yoo =Ny P,S, (37)
Yap = Ny PsSy (38)

We can be calculated the SIR, value using Eq. (19)-Eq. (21)

for interference channels for our proposed system and if
ke{1,2,3} ashbellows

SIRlb: f(ylb): f(hllplsl) (39)
SIR,, = f (yzb): f (hzz pzsz) (40)
SIRy, = f (Y3b) =f (hss p333) (41)

International Journal of Computer Applications (0975 — 8887)
Volume 64— No.7, February 2013

The achievable sum rate if je{1,2,3}and k €{1,2,3} using

OR operation in the MIMO receiver for interference channels
are

Ry :%E[Iogz(l+ SIR,)] (42)
1

R, :EE[Iogz(1+ SIR,)] (43)
1

Ry, :EE[|092(1+ SIR3b)] (44)

Example: Let the location of user one (ul) at the point ( X,0)

between BS1 and BS2 in the MIMO interference channel as
shown in Figure 6. From ul to BS2 at the point(2,0) . The

height of BS1 and BS2 are 1. The desired signal is coming
from own cell or at the point (0,1) and interference signal is

coming from interfering cell or others cell or at the point
(2.1). We can define signal-to interference ratio for a single

user is

f(X)=SIR, = EBSl

BS2

(45)

where k e {1}and Py, , Py, is the power of receiving signal
from BS1 and BS2, respectively and is given as below

1 1
P351:E:x2+1 (46)
1 1 @7)

Po,=—=—r

L (x-2)P+1
where L; and ie{1,2} is the distance from the mobile phone
to BS; antennas. Hence we get from Eq. (45)

X -2)°+1
f(x):@:% (48)
Pas, X*+1
For compute the signal power, we have to search the
maximized the power of the system. Thus we have to

derivative in Eq. (48) and setting f'(X)=0 is equivalent to

setting find
2(X?+1)(X —2)-2X (X —2) +1| 4(X?-2X +1)
(x2+1) (x?+1)
(49)
4(X?-2X +1)=0 (50)
Using the quadratic formula and we get from Eq. (50)
X =1iﬁ (51)

where T, =X =1-\2 signal is from BS1 and
T =X=1+42 .
f +\2 from BS2, respectively.

The corresponding values are

T, =BS, = f(1-+/2)=50B 52)

10



T,=BS, = f(1++/2) =0.3dB (53)

From Eq. (35) we get,

ylc:(Trd [ o] or(NOT(T, [0 1]T)))
(5 OR 0)

=(High OR Low)

= High

=hyps,

(54)

Using Eq. (39), we get the SIR, for k {1}

SIR, = f (y,) = f (h,ps,) (55)

5. SIMULATION RESULTS AND
CONCLUSIONS

The target of interference cancellation from K-users
interference channel using OR operation with a NOT gate in
the MIMO receiver. The OR operator is counted only HIGH
values and removed all LOW values. The condition of our
proposed receiver system is
desired signal > interference signal for j =k . There are

two parts in this system. One is the interference alignment and
others are cancelled. 1A process depends on DoF or capacity
pre-log and cancellation process depend on sum rate or gain.
Interference cancellation enhances sum rate has been shown in
Figure 8 using Eq. (19), and Eq. (42). The sum rate depends on
k-users because the transmitter and receiver signal pairs are
variable and j=k . In Figure 7, has been shown that the

transmitter j=3 and userk =2&3. Ifk = 2,3, then the DoF

is 1.5 and 1.8, respectively. Hence our proposed method has
been completely removed the interference and it shows the
better sum rate than the conventional MIMO receiver system.

Vi P:S;

V> P5S;

Pea T, n, o
Hos=|hy, hy, hy
\73 p3 53 hai hsz haa
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Fig 5: Interference cancellation by OR with NOT operation in MIMO receiver

11


tel:2012-002521

B?l =(0,1)

Desired
Signal

-

International Journal of

Interference

Computer Applications (0975 — 8887)
Volume 64— No.7, February 2013

Signal 552 = (2,1)

(0

Sum DOF

Sum rate[bps/HZ]

,0)  (x ,0) (2,0)
Fig 6. Interference Channel with two BS and one User
4 T T T T T
{ — - Kkj=3x3 case ; j=3; k=2 & 3 with Interference Channel
3.5
3
2.5
a7
2 —— -
R
1.5 B3
1
0.5
(0]
(0] 1 2 3 4 5 6 7
Number of K-users
Fig 7: Sum DoF using j=3 and k=2&3 users
4 T T T T T T
~ Without OR operation in MIMO receiver
3.5 — = with OR operation in MIMO receiver
3
2.5
> ,,m/Pr*B”’B’JBJ{]
s — R
e I
= .
e -
15 - =
m/B/Z san g
1 /Q —
0.5 Z/i
0
[0} 2 4 6 8 10 12 14 16 18 20
SIR[dB]

Fig 8. Sum rate vs. SIR

12



