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Abstract. Aiming at the problem that the existing EUG IA algorithm does not have anti-
noise performance, this paper proposes an interference alignment algorithm based on SLNR.
The algorithm uses a hierarchical design idea. The outer layer first uses the extended
grouping strategy to group the cells and users, and solves the outer precoding matrix and
the interference suppression matrix to eliminate the inter-cell interference, so as to
transform the multi-cell multi-user interference cancellation into single-cell multi-user
interference cancellation problem. The inner layer uses the Max-SLNR criterion to iterate
to solve the single-cell precoding matrix and the interference suppression matrix to
eliminate inter-user interference. The simulation results show that the proposed algorithm
has better performance and anti-noise performance than the original algorithm.

1. Introduction

In recent years, how to make efficient use of wireless spectrum resources to improve the capacity
of wireless systems has been a hot topic in academic research. In the existing cellular system, the
same frequency multiplexing method (reuse factor of 1) can greatly improve the spectrum
utilization rate, but it is easy to cause serious inter-cell interference with the same frequency, and
finally become a bottleneck to limit the capacity of the system. So, the "Interference Alignment
(IA)" technology was proposed in [1][2], which breaks the traditional understanding of the
interference network capacity in the traditional sense, and is considered to be important to enhance
the future communication system capacity and spectrum efficiency means.

For the application of interference alignment technology in multi-cell multi-user system,
domestic and foreign scholars have done extensive research. In [3], the interference technique is
first applied to the cell network, and it is proved that it is feasible to interfere with the alignment
technique under the broadcast system or multiple access system. Based on this, in the paper [4], a
cascade precoding interference alignment method is proposed. The inner layer precoding is used to
eliminate inter-user interference (IUI), and the outer precoding is used to eliminate inter-Cell
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interference, ICI). This algorithm has achieved better results under the two communities, but it will
cause greater interference leakage for multi-cell systems, due to the need to select the main
interference and residual interference, and the remaining interference is treated as noise. In [5], a
two-cell interference alignment algorithm is proposed. By aligning the inter-cell interference of
each user in the cell into the same subspace, the transmitter uses the zero forcing algorithm to
eliminate inter-cell interference and inter-user interference. On the basis of [5], in [6], an
interference alignment algorithm of Extension User Group (EUQG) is proposed and is extended to
any cell. In [7], a regularized zero-interference alignment algorithm is proposed for the two-cell
system, which effectively reduces the complexity of the algorithm, but it is difficult to extend to any
number of cells. [8] and [9] proposed an opportunistic interference alignment algorithm under
broadcast channel. By choosing to communicate with other users with less interference, it can
effectively reduce inter-cell interference, but this method will make some users unable to
communicate. [10] tried to solve the precoding matrix by using the iteration of the transmitter and
receiver, but it will bring the huge feedback between different base stations and users. [11]
proposed a triangular decomposition of the interference alignment algorithm, but only applies to
three-cell system, multi-cell system does not apply. In [12] and [13], an interference alignment
algorithm based on eigenvalue decomposition and minimum mean square error is proposed, which
can be applied to multi-cell systems and achieve better results. However, since only two cells are
disturbed at a time alignment, the capacity performance achieved with the literature [6] there is still
a certain gap.

Thus, on the basis of [6], this paper proposes a SLNR-based packet IA optimization algorithm.
The algorithm uses the hierarchical design method, first in the outer layer to obtain the transceiver
matrix to eliminate inter-cell interference, so multi-cell multi-user interference broadcast channel
scene into a single-cell multi-user broadcast channel scene. And then use the iterative method based
on Max-SLNR to find a single cell transceiver matrix to eliminate inter-user interference. Finally,
the performance of the algorithm is verified by simulation.

2. System model

Figure 1 Interference broadcast channel model

In this paper, we consider a multi-cell multi-user interference broadcast channel scenario. There
are L cells in the scenario and K users in each cell. The system model is shown in Fig.1.
Assuming that each base station node and user node are respectively equipped with the M and N
antennas, and M > N . The power of transmitter is P . And the K-th user in the I-th cell is denoted
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as user[k,I]. In the text, I, denotes the d xd dimensional unit matrix, (¢)" and ()" denote the

0||2F denotes the square of the F-

matrix transpose and the matrix conjugate transpose respectively,
norm of the matrix, and rank(e) denotes the rank of the matrix. The signal transmitted by the base
station | to the user [K,l] can be expressed as

xF =y Ikl e — 12 K;l1=1,2,...,L (1)

where x™*'e C" is the transmitted signal matrix of the k-th user in the I-th cell, which represents
the signal transmitted from the antenna after passing through the precoder,

sl = (g sl sl“M)T is the transmitted symbol vector of the d_ x1 dimension, and satisfies an

ower constraint E ([s*"[ | <P VI — vy v IRy s M xd, dimension precodin
P R 1 oVy e Vg, s p g

matrix, and satisfies V" = 1 And V{!! represents the precoding vector of the d,-th data

stream of user[K,1]. The received signal for user [K,|] can be expressed as

L K
Y[k’l] — ZHi[k,l]ZX[JJ] + n[k,l]
i=1 j=1
K L K 2)
— Hl[k’l]v[k’I]S[k’l]-l- Z Hl[k’l]v“’l]S“’l]-l- Z ZHi[k’I]V[J’I]S“’I]+n[k’|]

j=1,j=k i=L,izl j=1

where HMNV U™ denotes the desired signal of the k-th user of the I-th cell,

K
Z H* 'V UNSU denotes  the inter-user interference signal of the wuser [k,1]
j=Lj=k

L K

D > HEWBISU denotes the inter-cell interference signal for the user([k, 1], n'*! denotes the
i=Lizl j=1
additive white Gaussian noise of the user[k,l], and n™'"e C"'. To suppress the interference and
restore the transmit signal, the user[k,l] needs to pass the interference suppression filter. The
complete signal processing can be expressed as

Hi[k’l]\/[j’i]S[j’i])+ﬁ[k’l] (3)

Mx

K
y[k,l] :U[k,I]HHI[k,I]\/[k,I]S[k,I]+U[k,|]1—l( Z Hl[k,l]\/[J,I]S[j,I]+ Z

L
j=1, j#k i=L,i

1l
—_

il j

where U™ denotes the interference suppression matrix of user [k,I] and U™ eCM .

Akl = Y denotes the additive high white noise signal after passing through the linear filter,
which still satisfies the complex Gaussian distribution of CN(0,1). The above is the specific model

of the system.
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3. Extended user group interference alignment
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Figure 2 Extended user grouping diagram

As shown in Fig.2, the base station |,1 =1,2,...,L—1 and the users in the cell 1 +1 are grouped
into group | according to the paper [5] and [6]. The base station L and the users in the cell 1 are
divided into the group L. Finally, the entire broadcast interference channel is divided into L
groups. Align the interference of the base station within each group to the users:

GI _ span( H|[1,I+1]HU [1,|+1]) e span( H|[k,|+1]HU [k,l+1]) e span( HI[K,I+1]HU [K,I+1]) (4)

Where | +1=mod(l,L)+1,1 =1,2,---,L , and span(A) represents a subspace with a matrix A. The
solution of this type can be transformed into the form of the following formula,

I, _Hl[l,l+1]H 0 0 S’II !

I O _H[2,|+1]H 0 U ’ _

M . ' . : U = EU, =0 (5)
IM 0 0 _H|[K’M]H U[K.,I+1]

With this formula, the base station | can be aligned within the same subspace as the inter-cell
interference of the user within the cell | +1. At the same time, at the base station |, the inter-user
interference and inter-cell interference of the transmission signal can be eliminated by forcing zero
algorithm.

k1] [t(t=1,2, K ),s(s%, 1 +1)TH g [t(t=1,2,--K),s(s#l,1+D)] \ [t(t=k),H 1y 1617\
V&l cnlll | G (U H. ) (U H{*") (6)

—
aligned ICI

unaligned ICI 1UI

In the formula (6), the dimension of the extension matrix E, is KM x(M +KN). In order for the

equation to be solved and the receiving matrix is at least d dimension, it needs to be satisfied

KM +d < (M +KN) (7)

Similarly, for equation (5), all the interference constructed by the matrix dimension is
(L-1)Kd x M . In order to enable the base station to transmit d non-interference data streams, it

needs to be satisfied
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(L-DKd+d <M (8)
The minimum number of transmit and receive antennas can be obtained by combining (7) and (8)
{ M=(L-1)Kd+d ©)

N=(L-1)K-1)d+d

4. The Proposed Iterative SLNR-IA Algorithm

As mentioned above and as seen from (6), EUG IA algorithm uses the zero forcing algorithm to
directly eliminate inter-cell interference and inter-user interference to obtain the precoding matrix,
so that the algorithm does not have anti-noise performance. Therefore, this paper proposes a group
IA optimization algorithm based on SLNR. And the algorithm uses hierarchical cascading design.
The outer layer is designed to eliminate ICI, which take the multi-cell multi-user IBC scene into a
traditional single-cell multi-user BC scene. And then uses the Max-SLNR criterion to design the
inner layer matrix to eliminate the IUI. Finally, the two layers cascade construct the precoding
matrix and the interference suppression matrix. The specific design is as follows.

4.1. Outer Layer ICI Elimination Design Based on Extended User Grouping

This paper preserves the idea of extending the group IA in the first step. Firstly, the BS-User is
divided into L groups. Then, as in equation (99), the base station | can adjust the ICI of the cell

[l +1] into the same subspace. Finally, the corresponding G, . U™ [ U™ and U™ are

obtained from the equation (100), where U™"*! represents the outer interference suppression matrix

of the k-th user of the [l +1] cell. Similarly, the outer interference suppression matrix U™" of all
the cells and their users can be obtained, and | =1,2,...,L,k=1,2,...,K.

In this paper, V' is defined as the outer precoding matrix of all users of the I-th cell, then the
matrix should be in the zero space of the other cell receiving matrix, as

7 = e = ‘e H H
VI Cnuu([el (U[t(tfl,z, ,K),S(s¢l,l+1)]HHi[t(tfl,z, ,K),S(s¢l,l+l)]) j| (10)

through the above formula can make all the users within the cell | no interference caused by

other cells. At this point, the multi-cell multi-user IBC scene can be transformed into a classic

k.11

single-cell multi-user BC scene. The equivalent channel I:||[ of cell | to user[k,I] can be

expressed as

HI[kJ] :U[k’I]HH|[k’I]\7I (11)

at this time, the outer precoding matrix and the interference suppression matrix are designed.
4.2. Inner Layer IUI Elimination Design Based on SLNR

In [88], the EUG IA algorithm eliminates inter-cell interference and inter-user interference by
the formula (101), and finds the precoding matrix of the user[K,|] without considering the anti-
noise performance of the algorithm. It can not overcome the adverse effects of noise on system
performance. Therefore, this paper designs a SLNR criterion after eliminating ICI. By using the
generalized Rayleigh quotient, the precoding matrix and the interference suppression matrix of the
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client [k, 1] are obtained by iterative algorithm. Not only can eliminate the district IUI, but also the
algorithm has good anti-noise performance. The specific approach is as follows.

First, the inner layer precoding matrix is defined as V™' and the interference suppression matrix
is U™ The SLNR function for user [K,|] can be expressed as

HU[k,I]H |:| [k,l]\7[k,|]H2
I
E

SLNR™! = — (12)
TLLIH L LiIN7 K] 2 2
PN TR VA
j=L j#k
Therefore, the optimal objective function for solving is
max SLNR™
vk Gl
tr(v[k,uH(H [k H T T HH )V kl]) (13)

viki gikill _ K n R . _
tr V[k’I]H( Z HI[JJ]HU[JJ]U[JJ]HHI[JJ] +O'2|)V[k’|]
j=1,j#k
From the equation (13), we can see that it is a multi-objective optimization problem. Therefore,
we can fix one of them to solve the other, and iterate over it, finally find the inner precoding matrix
V™! and interference suppression matrix U™" which satisfies the condition. As follows:
1) Known V™' solve U™

Initializing the matrix V™! that satisfies V''W™" =1 So that the corresponding

interference suppression matrix can be obtained ""':
(H k,I]\7[k,I])H
gl - — 1 (14)
A IKINT K]
H*V HF

2) Known U™ solve V!

The solution of the formula (13) is transformed into the generalized Rayleigh quotient form. The
optimal precoding matrix is the matrix of the eigenvectors corresponding to the largest d
eigenvalues in the generalized eigenvalues of

K
{Hl[k’I]HU[k’I]U[k’I]HHl[k’I], z HP’”HU“’I]U“’I]HHl[J’I]+O'2|} ,as

j=Li=k

K
VA eigenvector{Hl[k’”“U[k’”U[k’”“H,“‘"], D e VR Ve s T azl} (15)

j=1,j=#k
Finally, the optimized precoding matrix V™'"and the interference suppression matrix U™" of
the base station | to the user [K,l] are obtained by the cascade of the inner and outer matrices,
which can be expressed as

VAREAVAVES (16)
Ykl = gk (17)
Finally, the formula for calculating the capacity of the system is given as follows
L [k,ITH [kl [kl [k,ITH [k, 1H]y [k,
C 3 log |1, + YRV Y H ey |

18
e U[k,I]H (Q[k,|]+O_2IN)U[k,l] ‘ ( )

where
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L K

K . .. . -
Q[k,l] — z ZHi[k,l]\/[j,l]\/[j,l]H Hi[k,I]H + z Hl[k,l]\/[j,l]\/[j,l]HHl[k,I]H (19)

i=Lizl j=1 j=1,j=k
4.3. Algorithm Steps

The design steps of this paper are as follows:
The Proposed Iterative SLNR-IA Algorithm
STEP1: User grouping,
STEP2: Calculate G, and U™ according to formula (5), wherel =1,2,...,L;k =1,2,....K

STEP3:  Calculate the outer precoding matrix V' according to (10),

Calculate the inner precoding matrix V™' and interference suppression matrix
U™ according to (14)(15),

Calculate the optimized precoding matrix V™" and the interference suppression
matrix U™" according to (16)(17).

STEP4:

STEPS:

5. Simulation

The simulation experiments are carried out and compared with the [6]. Assuming that the system
has symmetry, that is, the number of users in each cell is the same, the number of transmitting
antennas and the number of receiving antennas are the same, and the number of the respective
configurations is set according to the minimum number. And the transmitter has the same
performance configuration and transmit power, and the transmit power is normalized to 1, and the
transmission data streams are equally distributed. (L,K,M,N) represents the number of cells

configured by the system, the number of users, the number of transmitting antennas, the number of
receiving antennas. d is the number of user data streams. And the number of Monte Carlo is 50.
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. . T T
—8—EUGIA
—8—EUGIA
—*— Proposed IA —*— Proposed IA

100 i}

(4,3,20,14),d=2
120 ‘ : ‘

=)

200 [

o]

o
o
o

N

o
o
o

Capacity/(bps/Hz)
(2]
o
Capacity/(bps/Hz)

50 [
20

0 | I 1 L I 1 L L I I I I I L
-10 -5 0 5 10 15 20 25 30 -10 -5 0 5 10 15 20 25 30
SNR/(dB) SNR/(dB)

Figure 3 System capacity of (3,2,10,6) Figure 4 System capacity of (4,3,20,14)

Fig.3 and Fig.4 show graphs showing the system capacity changes with the signal-to-noise ratio
when the system is configured as (3,2,10,6), (4,3,20,14) data streams of 2, respectively. It can be
seen from the figure that the system capacity of the proposed algorithm is better than that of the
EUG IA algorithm. This is because the traditional algorithm solves the IUI and ICI by using the
zero forcing algorithm while solving the precoding matrix. And the algorithm itself does not
consider the influence of noise. In this paper, the proposed algorithm is different from the original
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algorithm while eliminating the ICI and IUI practice. Firstly, we transform the multi-cell multi-user
interference broadcast scene into the traditional broadcast channel scene of single-cell multi-user,
and then the SLNR algorithm is used to obtain the inner layer Precoding matrix and interference
suppression matrix, taking into account the impact of noise, with better system performance.
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