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Abstract

In this paper, we investigate how to cancel multi-user interference without
feedback amount over multiple-input multiple-output (MIMO) interference
channel using space-time code. Three transmitter-receiver pairs are consi-
dered and each node is equipped with four antennas. Space-time codeword
with dimension 4 x 4 is designed for three transmitters, respectively. The
number of interfering codeword is reduced through the design of codeword.
Then, multi-user interference is cancelled by a linear operation on the re-
ceived signals. Compared with the existing scheme for the same scene, the
transmission efficiency is improved, and the unidirectional cooperative link is
not required. Simulation results demonstrate the validity of theoretical analysis.
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1. Introduction

Reliability and effectiveness are important factors for wireless communications.
Multiple-input multiple-output (MIMO) systems have the ability to improve
both and hence, are immensely popular. In theory, MIMO systems can achieve
extremely high spectral efficiency by transmitting independent data stream si-
multaneously. However, multiple users, transmitting different codewords to
multiple receivers simultaneously using the same band, are not able to collabo-
rate with each other [1]. There is serious interference at each receiver, and the
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effectiveness becomes limited. Therefore, it is quite important to design trans-
mission techniques to eliminate multi-user interference [2].

Several kinds of interference cancellation methods have been conducted, such
as pre-coding at the transmitters, multi-user detection of the receivers, and in-
terference alignment [3] [4]. Interference alignment methods align the interfe-
rence caused at each receiver from all the transmitters along the same direction
while the desired signals occupy linearly independent signal dimensions. In this
case, the desired signals can be decoded free from interference by zero-forcing
algorithm.

A popular way to approximating the sum-capacity for interference alignment
is using the concept of degrees of freedom (DoF), in terms of transmission effi-
ciency. Many works have been conducted to evaluate DoF [5] [6]. However, ef-
fectiveness is contract to reliability in communication systems. With high DoF,
reliability in terms of the diversity gain is needed to be improved. Therefore, it is
meaningful to combine interference alignment and space-time code, which can
offer diversity gain [7] [8]. [9] proposes a new interference alignment scheme
using Alamouti code for two users MIMO X channel, in which zero vector is in-
troduced into each codeword. The diversity gain of [9] is 2, which is brought by
Alamouti code. Space-time codeword with dimension 4 x 4 is designed and zero
vectors are introduced into each codeword over two users MIMO X channel
with four antennas at each user, in which the diversity gain is 4 [10]. The multi-
user interference is mitigated through interference alignment and linear opera-
tion on the received signals. Motivated by [9], interference alignment and Ala-
mouti code are introduced into MIMO interference channel with three trans-
mitter- receiver pairs [11]. The multi-user interference is mitigated through in-
terference alignment and unidirectional cooperative link. However, channel
state information (CSI) is required at the transmitters. It is very difficult to esti-
mate the CSI in a mobility environment. Therefore, it is crucial to consider
transmission scheme combined interference alignment and space-time code
without CSI.

Under this motivation, interference cancellation method without feedback is
proposed for MIMO interference channel with three transmitter-receiver pairs
where each node is equipped with four antennas. Space-time codeword with di-
mension 4x4 is designed for three transmitters, respectively. Each codeword in-
cludes eight independent modulated symbols and zero matrices are introduced
into each codeword, through which the number of interfering codeword is re-
duced. Then, multi-user interference is cancelled by a linear operation on the
received signals. The transmission efficiency of the proposed scheme is higher
than that of [11]. Theoretical analysis shows that the diversity of the proposed
scheme is the same as that of [11].

Notation: The operators ()* and ()H stand for complex conjugation and
conjugation transpose, respectively. "" denotes Frobenius norm of the en-

closed term. E () is the expectation operations.
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2. System Model

The system model is shown in Figure 1. There are three dedicated transmitter-
receiver pairs, where each transmitter has an individual message to be commu-
nicated to its respectively receiver. All the transmitters and receivers are as-
sumed to have four antennas. We assume CSI is not available at each transmit-
ter.

a,, b, and c,, which take values from a set such that
E[|ak|1 = E[|bk|2J = EU%FJ =1, k=12,--,8, represent the modulated sig-
nals at transmitter 1, transmitter 2 and transmitter 3, respectively. a,, b, and
¢, are encoded into 2x2 space-time codeword, denoted by A4,, B, and C,,
respectively, i=1,2. A4, B, and C, areexpressed as
4= |:a4i3 + ejea“H _a:i—2 - e_‘/ga:i:|

l yp + ejgam' GZH + e_jgaZH

(1)

jo . oy
B - {bm--s +e”b,, —b,,-¢ b4i:|
[ j6 * —j0 7%
by ,+e"b,; by s+e by,

i *

jo o
C - {041'3 +CCy C4iy —€ C4i:|
Jo * -Jjo
Caig € Cy Gy 7€ 70,

where, j= V-1, 0<@<2n. The elements of A, , the elements of B, and the
elements of C, are nonzero by the proper value of €. Each element of 4,
each element of B, and each element of C, includes two independent sym-
bols, with the purpose of improving transmission efficiency. If we see the ele-
ments of A, the elements of B, and the elements of C, as the modulated
signals, i=1,2, 4,, B, and C, have an Alamouti structure. The motive for
such design is that the effective channel matrix of Alamouti code has orthogonal
columns, which can be used to reduce decoding complexity.

At transmitter 1, 4 and A4, are combined according to a certain rule to
get codeword A.Similarly, B, and B, are combined to obtain codeword B
while €, and C, are combined to obtain codeword C. 4, B and C are

given by

Y !

Transmitter 1 | 4, A, > A Y 7 Y Receiver 1 —>

Transmitter 2 |B

A 4Y Receiver 2 ——>

Transmitter 3 |C, ¢, > C ﬁ—,Y Receiver 3 | »

Figure 1. The system model of the proposed scheme.
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A

A] 02 ,B: Bl 02 ,C: 02 Cl (2)
AZ 02 02 BZ 02 CZ

where, 0, represents 2x2 zero matrix. 0, is introduced because it can be
used to mitigate partial multi-user interference, as shown later. 4, B and C
are the desired codewords for the three receivers, respectively.

As shown in Figure 1, three transmitters send 4, B and C on the same
frequency band at the same time. The received signals at receiver j denoted by

Y, , are expressed as

Y=H A+ H,B+H.,C+N, (3)
Y,=H,A+H,,B+H,C+N, (4)
Y,=H, A+ H,B+H,.C+N, (5)

where, i=1,2,3, H, isthe channel from transmitter & to receiver 7and AV,
is the complex additive white Gaussian noise at receiver 7 The dimension of
H, and N, are both 4x4. To avoid degenerate channel conditions, we as-
sume that the channel coefficient values are drawn i.i.d. from a continuous dis-
tribution and the absolute value of all the channel coefficients is bounded be-
tween a nonzero minimum value and a finite maximum value.

The term H| ;A in Equation (3) is the desired signals for receiver 1 and the
term H,,B+ H,,C in Equation (3) is the interference signals for receiver 1.
The term H,,B in Equation (4) is the desired signals for receiver 2 and the
term H, A+ H,,C in Equation (4) is the interference signals for receiver 2.
The term H,,C in Equation (5) is the desired signals for receiver 3 and the

term H, A+ H,,B in Equation (5) is the interference signals for receiver 3.

3. Interference Cancellation Method

We describe the interference cancellation method at R, . It can be similarly used

to mitigate interference at R, and to mitigate interference R,.

3.1. Remove the Undesired Codeword
Let HII:[HI Hz] > H12:[H3 H4] > H13:[H5 H6] > Yl:[Yll Yzl]
and N1:[N11 N21]- The dimension of H,, N, and ¥, are both 4x2,
I=1,2,---,6 , i=1,2.Then, (3) can be expressed as

[Y, Y,|=[H A4 +H,A+HB HQB,+HC +HC]|+[N, N,] (6

(6) is equivalent to the following two equations,
Y,=H A+H,A +H,B +N, (7)
Y,=HB,+HC +HC,+N,, (8)

The codeword of transmitter 1 and the partial codeword of transmitter 2 are
encompassed by ¥,,. The codeword of transmitter 3 and the partial codeword
of transmitter 2 are encompassed by Y, . So, the number of interfering code-
word is reduced by the introduction of zero matrices. However, both the desired

codeword for receiver 1 and the undesired codeword for receiver 1 in terms of
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B, are included by Y¥,,.In what follows, we represent how to cancel the unde-

sired codeword B, .

hlll h112 hlzl 22 3l h’132
1 1 2 2 3 3
Let H, = hzll hiz , H,= h221 h222 and H, = h231 hiz . Use Yy and
h’jl h32 h3l h32 h31 h’32 »
By hy, iy hy, by h

n, todenote the element of ¥, and N, i=1,2,3,4, j=12.The elements
of ¥, can be effectively written as

o o o
a, +¢e”’a a.+e”’a b +¢”b
»=G,| " P +G,| ST +G, ! 3+, (9)
a, +e%a a. +e'%a b, +e”’b
2 4 6 8 2 4
B 0 ] B Jo ] B o ]
a +¢e’a a.+¢e”’a b +e”b
¥, =Gy, : o +G,, ° o + Gy, ' . +n, (10)
a, +e’a a. +e'a b, +e”’b
L™2 4 | L™6 8 | L™2 4 ]
i o, ] i o, ] i 0y
a +e’a a. +¢e”’a b +¢e’’b
=G| " P+ Gy, | ST +G, | ! 3 |+, (11)
a, +e’a a. +e'a b, +e”b
L™2 4 | L6 8 | L™2 4]
r o ] B 0 ] B 07 ]
a +e”a a.+e”’a b +¢eb
v.=G,| " T P +G,| T T G| T P [+, (12)
a, +e’a a. +e’’a b, +¢e”b
Y2 4 | L*6 8] L™2 4 ]
/YA . n. .
where, G, =| " 2oy = i o= ", i=1,23,4, j=123. y
J J* j* yl * i * > == bl i
hy  —hy i2 n;y

and n, are the effective received signals and the effective noise at the ith an-

a,+e’a a,+¢”a b, +¢e”b
tenna, respectively. | 0 1 » 7| and | " 0 ’ | are the effec-
a,+e”’a, as +e”ay b, +e”°b,
tive transmitted signals of the three transmitters. G, is the effective channel
matrix corresponding to the effective transmitted signals, i=1,2,3,4,
H
Gi/

G,
/=123, G,, having orthogonal columns, satisfies —";’ =1,, where I, is
i

|6
unit matrix with dimension 2x 2. The third terms at the right side of Equation
(9-12) are the interference signals, which can be mitigated using interference

cancellation method as follows

H H 6 o
“= Gny; - Gmyé =F {al +e;ea3 } + P {as +e;ea7} +w, (13)
||G13|| ||G23|| a+tea, as +¢e”ag
H H i0 o
(o a, +era, a, +e”aq

_ GG, GG, P - G536y, B GGy, )
= 5 = >
l6.[" leal " el Gl
w, = ng; ~ ngzz o, = G3"3'nz B ng; ,

|Gl [l |Gs]™ G|

the signals and the noise after linear operation, respectively, i=1,2. P, is ef-

where, P

i

i=12, j=L2. z, and w, are

fective channel matrix after linear operation, i=1,2,3,4. The dimension of g,

and the dimension w, are both 2x1, i=1,2. The dimension of P, is 2x2,
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i=1,2,3,4. Symbols transmitted from transmitter 2 and symbols transmitted
from transmitter 3 are not included in (13-14). So multi-user interference is mi-
tigated through linear operation on the received signals.

3.2. Separate the Desired Codewords

Even if multi-user interference is cancelled, the desired codeword at receiver 1
includes 8 independent modulated symbols, namely a,,a,,::-,q,, as shown in
(13-14). If we decode a,,a,, :-,a, based on (13-14), the complexity of maxi-
mum likelihood (ML) algorithm is proportional to the 8th power of modulation
order, which is extremely high. So, it is necessary to divide these symbols into

several groups. Take operation on z, and z, to get,

Pz Pz, a, +ea, 1
" ) A A ¢ a, +¢”a, s (15)
2 4
Py Pz as+e’a,
= - = ) 16
R T e R b 1o
where, 0~ P/B_B'P o R'P_PIP - P'w  Plw
» 2 2 2 2 2 P
el Izl 18] el
P'w, _P'w,
W, =———x - . a, a,, a; and g, are encompassed by A4, whereas
T L 4 |

as, ay, a, and g, are encompassed by A,. So, the elements of 4, and the
elements of A, are separated, as shown in (15-16). The decoding complexity
can be reduced.

From the above analysis, not only multi-user interference is cancelled, but also
the two desired codewords A4, and A, are separated. Similar operation can be
performed at the other two receivers. Note that neither feedback information

nor the unidirectional cooperative link is required.

4. Decoding Method

In this section, we will show how to decode, taking receiver 1 as example.

G, has an Alamouti structure, i=1,2,3,4, j= 1,2,3. Due to the com-
pleteness of matrix addition, matrix multiplication, and the scalar multiplication
of the Alamouti matrix, @, and @, still have the Alamouti structure. Let

0 = {ql _qf} and Q, = {% —q4} . Multiply both sides of (15) with Q" to

9 4 q4 q;

get
2 2 .
+ 0 70
Qlel:|:xl:|: |ql| |q2| 2 2 |:al+e’9a3}+Q1Hw3 (17)
2 0 [ +la.|
Multiply both sides of (16) with Q" to get

2 6
Q2Hx2 =|:x3:|= |Q3| +|q4 0 |2 |:a5+e/ (17:|+Q2Hw4 (18)

Xy 0 |q3|2 +|q4 Qg +ej9a8

|2
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In (17), the channel corresponding to @, +¢’a, is orthogonal to the channel
corresponding to @, +¢”’a,. So we can decode @ +e¢”a, and a,+e¢”a,
separately. Similarly, we can decode a;+e”’a, and a,+e”a, separately as
well. According to the analysis mentioned above, the decoding method is as fol-
lows.

Stepl, obtain G,,,G,,,---,G,; from the channel matrices, and then compute
P, P, P, and P, from G,,G,,,G;;

Step 2, compute OQ, :iﬁ—ilg and Q,

I21 2]

rect multiplications and subtraction ;

:ﬂ_ﬂ through di-
.

Step 3, obtain y,, y,, y, and y, according to the received signals, as in
(9-12);
Step 4, take operation on y,, y,, y, and y, to get z and z,,

z = GLy, _ Guy, L= G,y _ Gayy
2 2 2 2
|Gl 6] loal 1G]
Pz Pz
Step 5, take operation on z and gz, to get x =—— -2
LA

X, =iz2]_izzz,
14

through direct multiplications;

X, X,

X X.
furthermore, computer { l}:Q]’"xl and { 3}:Q2sz

Step 6, estimate @, and a, by
(G,ay) = arg min [xl —(|q1 [ +|g, |2)(a1 +e’a, )}, where 4, and 4, are the es-
ap,a3
timation of a, and a,, respectively;

Step 7, estimate a, and a, by

(4,,4,) = arg min[x2 —(|q1|2 +|q2|2)<a2 +e’a, )} ,where @, and a, are
[}
ay,ay
the estimation of a, and aq,, respectively;
Step 8, estimate a; and g, by
(s, )= arg min [x3 —(|q1 [ +|g, |2)(a5 +e”a, )] ,where 4, and a, are the
—
as,de
estimation of @, and a, respectively;
Step 9, estimate a, and g, by
(a,,a4) = arg min [x4 - (|q1 [ +]a.f )(a7 +e'ay )J ,where @, and d, arethe
—
a7,ag
estimation of a, and a, respectively;
The ML decoding complexity in step (6-9) is proportional to the square of
modulation order.
It is easy to see from (17) that the channel corresponding to a, +e”’a, is
2 2
|%| + |Q2 |
a,+e”a; has a diversity gain of two, which is equal to that of [11]. Similar ar-

?, which includes two independent path with gain |ql and |q2 |2. So

guments can be used to prove that other symbols achieve a diversity of two as

well.
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5. Simulation Results

6 independent modulated signals are sent over two time slots in [11]. Feedback
information, namely 16 complex numbers, are required at the transmitters,
which occupy 16/3 time slot if these three receivers adopt the same transmission
and the same code mode as the transmitters. So, 22/3 time slot is required to
send 6 independent modulated signals in [11]. The transmission efficiency is
3/22 symbol per antenna per time slot. 24 independent modulated signals are
sent over four time slots in the proposed scheme. The transmission efficiency is
1/2 symbol per antenna per time slot, which is 11/3 times as that of [11].

Performance of the proposed scheme and performance of the scheme in [11]
are compared in Table 1. Two schemes have the same diversity gain. The ad-
vantage of the proposed scheme is that neither feedback information nor unidi-
rectional cooperative link is required, and the transmission efficiency is im-
proved. The disadvantage is that the decoding complexity is proportional to the
square of modulation order, higher than that of [11], which is proportional to
the modulation order.

In Figure 2, we simulate the average BER curves of the proposed scheme and
the scheme in [11]. We consider uncoded systems, in which all the underlying
links experience Rayleigh fading channels. The data symbols are assumed to be
4QAM symbols and 16QAM symbols, generated independently at each trans-
mitter. The average BER is determined through monte-carlo simulations. The

10°
10" :
10° 5
(=
(€5
mM i
10 F—— [11] 160aM
—— Proposed 16QAM
10"
[11] 4QAM
—6— Proposed 4QAM

0 10 20 30
SNR/dB

Figure 2. The BER curves of the two schemes.

Table 1. Performance of the two schemes.

Scheme Proposed Ref. [11]

Transmission efficiency 1/2 symbol/antenna/time slot ~ 3/22 symbol/antenna/time slot

Diversity gain 2 2
Feedback No Local CSI
Unidirectional cooperative link No Transmit two complex number

Proportional to the square
Decoding complexity P d Proportional to the modulation order

of modulation order
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slope of BER curves represents diversity gain, which is 2 in these two schemes. It
can be seen from this figure that the slope of BER curves of the proposed scheme
is almost the same as that of [11], which demonstrate the validity of theoretical

analysis.

6. Conclusion

In this paper, the multi-user interference is cancelled by the design of the code-
word and linear operation on the received signals. Compared with the existing
scheme for the same scene, the proposed scheme doesn’t require feedback in-
formation and doesn’t require unidirectional cooperative link, while keeping the
same diversity gain. However, the scheme is limited to three transmitter-receiver
pairs, where each node is equipped with four antennas. Future work on this

scheme includes extending the application scene.
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