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Abstract Precoder design of coordinated multi-point joint transmission (CoMP-JT) multiple-input and
multiple-output (MIMO) network aimied at throughput maximization is a challenging problem. In this
paper, we propose an asynchronous distributed iterative method to solve this problem. We transform the
original throughput maximizing problem to the weighted minimum mean square error (WMMSE) problem,
then decompose the problem into a series of subproblems. Based on alternation direction method of mul-
tipliers (ADMM), the proposed algorithm can solve the optimal precoder in a distributed manner. With
asynchronous information exchange mechanism considered, the convergence rate of our algorithm can be
accelerated further. Numerical results demonstrate the increase of throughput and the optimality of the

precoding scheme provided by our algorithm.
Keywords multiple-input and multiple-output, coordinated multi-point joint transmission, weighted mini-

mum mean square error, block coordinate descent, alternation direction method of multipliers, asynchronous
method
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1 Introduction

Coordinated multi-point (CoMP) transmission is a promising technology, that can improve the through-
put, especially for the cell edge throughput, of a network [1]. Two main CoMP strategies are defined by
3GPP, namely CoMP coordinated scheduling/beamforming (CoMP-CS/CB) and CoMP joint processing
(CoMP-JP) [2]. As a case of CoMP-JP, CoMP joint transmission (CoMP-JT) defines the scenario in
which a single UE may receive data from several base stations (BSs) simultaneously in the CoMP cooper-
ation set. For CoMP-CB, the scenario in which a single user can only receive data from the serving BS it
specifies, but the precoder is jointly decided by several BSs in the CoMP cooperation set [2,3]. Although
CoMP-JT can typically achieve higher throughput than CoMP-CB, the process is more complicated, and
larger backhaul capacity is needed. Various CoMP strategies are compared comprehensively in [4-6].
Numerous studies have concentrated on the precoder design of the CoMP-JT network in recent years.
Some centralized algorithms such as block diagonalization (BD) [7] can be used directly in this scenario, as
long as the number of total transmitter antennas is no less than the number of the receiver antennas [8].
Owing to high computation complexity, centralized algorithms are impractical when the network size
is large. Therefore, many studies have attempted to design the precoder of the CoMP-JT network in
a distributed manner. Considering the cluster size, the authors of [9] propose an algorithm based on
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Figure 1 System model.

block coordinate descent (BCD) procedure. The multiplier of penalty terms can be used to control the
cluster size; a similar method is also used in [10]. Owing to the non-convexity of throughput maximizing
problem, heuristic algorithms can be used to solve the problem of CoMP-JT precoder design [11]. Another
alternative way is to design algorithms based on minimum mean square error approach (MMSE), which
is closely related to throughput maximization [9,10,12]. This method is firstly applied to the CoMP-
CB network [13-16], and then extended to the CoMP-JT network. However, most of the studies on the
CoMP-JT network consider the total power constraint of the transmitter [17-20], which is not as practical
as the individual antenna power constraint.

In distributed computation systems, computation complexity varies in different calculation tasks, and
calculation ability also varies in different computation nodes. The convergence rate of conventional dis-
tributed algorithms can be accelerated theoretically if we enable the asynchronous information exchange
mechanism in those algorithms. Although few studies have been published in this field, this topic has
attracted the attention of researchers [21-25].

In this paper, we propose an asynchronous distributed iterative algorithm for the optimal precoder de-
sign of the CoMP-JT network. Different from previous studies, our approach considers per-antenna power
constraint instead of per-BS power constraint, and we design distributed iterative algorithm based on
this constraint. Conventional distributed algorithms in previous studies are mainly synchronous iterative
algorithms. By contrast, we consider and realize asynchronous information exchange in our algorithm,
which is particularly important in large-scale network. We compare these algorithms comprehensively.
The excellent performance of the proposed algorithm can be proven according to simulation results.

This paper is organized as follows. We model our system and formulate the problem in Section 2. The
review of previous works is presented in Section 3. The details of the proposed algorithm are summarized
in Section 4. In Section 5, the details of our numerical simulation are provided. Finally, this paper is
concluded in Section 6.

Notations. Matrices and vectors are represented by boldface. (-)! denotes for Hermitian transpose.
Tr(-) indicates the trace and det(-) the determinant. A < B indicates that A— B is negative semidefinite.
I, denotes a identity matrix which has s dimensions. diag(A) means that the diagonal elements of A are
taken to form a diagonal matrix.

2 System model and problem formulation

In this paper, we consider the downlink scenario of the CoMP-JT MIMO network, in which N, BSs serve
N, users. The system model is demonstrated in Figure 1. The set of users is denoted by U = {1,..., N..},
and the set of BSs is denoted by 7 = {1,....N,}. The set of users who were served by BS p in the CoMP
network is represented by U,. U, represents the set of BSs that serve the user ¢, and U, denotes the
number of users in U,. To improve the network throughput, especially for cell-edge users, several BSs
may serve a user simultaneously. We use 7; to denote the set of BSs that serve the user i concurrently,
and T; to denote the number of BSs in 7;. Each BS is equipped with N; transmit antennas, and each
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user is equipped with N, receive antennas. Each user can receive d; < min(Ng, N,.) data streams from
corresponding BSs. Let s; denotes the transmit data streams to the i-th user in the CoMP network and
E[s;s!] = I. The precoding matrix W;, € CNt*4s is defined for transmit data streams s; of BS p. Based
on above notations, the receive signals of user ¢ in the CoMP network can be written as

Y = Z HipWipSi + Z Z Hiijij + n;, (1)
peTi jeU\ip€eT;

where H;), € CN»*Ne denotes the channel matrix between transmitter p and user i. n; € CN+*1 denotes
the additive white Gaussian, of which the distribution is n; ~ CN(0,0%1y,). Considering individual
antenna power constraint, the throughput maximizing problem of the CoMP-JT MIMO network can be
formulated as

N.
maximize E R;
{Wip|i€I/{,p€77;} i—

P,
. H t
s.t. diag Zijij jEIN” VpeT, (2)
JEU,
where
H
R; =log det |In, + [ > HypyWi | [ Y Hyp,W,
peTi pET;
H
<D | D HoWip | | D HoWiy | +0iIn,| |- (3)
JeuNi \peT; peT;

No-convexity of (3) hinders solving it by standard convex optimization methods. However, Ref. [13]
has proven the feasibility of transforming (3) to weighted MMSE (WMMSE) minimizing problem which
can compute the local optimal solutions of (3). This method can also be used to solve the weighted
sum-rate maximization problem [26]. Linear receive filter A; is applied at user i to recover original data
from received signals. The estimated MSE matrix of desired signals received by user ¢ can be written as

E; = E |(Aiy; — s:) (Aiy; — )"

= AC AN —Q, — Q' + 524, A1, (4)

where

H
Ci=) (D HyWj || > HWi | (5)
Jjeu \peT; PET;
and
Qi=A; Y H,W,,. (6)
peT;

Let G; = 0 indicates the weight matrix of user . Let W = {W,,|i e U,p € T;}, E = {E;|i € U} and
G = {G;|i € U}. The corresponding WMMSE minimizing problem can be formulated as

mﬁ?ér’rlvl‘/ge Z Tr(G E;) — log det(G;)

icU

P
st. diag | Y W, Wi | < FiIN,,, VpeT. (7)
iU,
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Similar to previous studies, the BCD procedure is applied to solve A, G, W iteratively. Given W,
the optimal A* and G* can be written as

whHgH
Ar = ZPET— (8a)
C; + o INT

-1

G- = (1 -a Y HW,) )
p€ETi
Given A and G, the optimization problem of W can be expressed as
minimize ZTr [Gi (AC;A}Y)] Z T [Gi (Qi + Qi)
icU €U
t. di w,wh | < Lr et 9
S.t. 1agz ipWip _EN“ pe/. ()
icU,

Obviously that (9) is convex with respect to W. Therefore, standard convex optimization methods
such as CVX can be applied to compute the optimal W. However, being characterized with centralized
and inefficient, CVX is impractical in handling large-scale network optimization. Therefore, distributed
optimization algorithms have to be developed to solve this problem.

3 Precoder design based on BCD and ADMM

Although the coupling between precoder matrixes hinders obtaining the closed-form of optimal W', convex
optimization methods can still be applied to solve (9) iteratively. If we divide the precoder matrixes of
each BS to several blocks of variables, namely, W, = {W,,|p € T, Vi € U, }, we can observe the fact that
constraints can be decomposed among these blocks of variables. This division method is called “BS-centric
divide”. As the optimization goal cannot be divided according to the BS-centric divide, so BCD procedure
(also termed as the nonlinear Gauss-Seidel algorithm) is applied by [9,10] to solve similar problems. We
can also divide the precoder matrices according to different users, namely WZ = {Wi,li € U,Vp € T;}.
We find that the optimization goal can be decomposed among these blocks of variables. This division
method is called “user-centric divide”, which is discussed in detail in Section 4. In this section, we extend
previous studies to an individual situation with antenna power constraint.
For the block p of variables, namely W), we have to solve the sub-problem as follows:

mlmmlze Tr Z Tyip + Z T, +T pzq —Tr Z QipW, WH H)
JEUp q€Ti\p €U,
t. di w;, W | < B 10
S.U. l1ag ezu ip ip Nt Ny ( )

where

Tyig =Y WHHAYG;A;H; Wi,
jeu
Qip =GiAH;,.
Different blocks of variables are coupled in the optimization goal, and we take the variables in W\ W),

as constants. Obviously (10) cannot be solved in closed-form, but the iterative method, such as the
alternation direction method of multipliers (ADMM) algorithm [27], can be used to solve it.



Wu Z K, et al. Sci China Inf Sci  August 2018 Vol. 61 082306:5

To apply the ADMM algorithm, auxiliary variables L = {L;y|Vp € T,i € Up} are introduced. We
similarly define L, = {L;p|p € T,Vi € Uy,}. Then (10) can be written as

miWnimize 9p(Wy) + hy(Ly) st. Wi, = Ly, Yield, (11)

p>+p

where g,(-) can be written as follows:

n( T | Y T+ Y. (Tig+Thy) | —Tr > (QuyWip + WHQL), (12)

€Uy q€Ti\p €U,

hp(+) is a function, that indicates whether L, satisfies the constraint

P
diag [ > Li, Ly, jFiINt. (13)
=

The Lagrange formulation of (12) is

Lp(Wp, Ly, ) = gp(Wp) + )+ Z pllLip = Wip — @37, (14)
i€Up

where ®;, is the normalized Lagrange multiplier corresponding to constraint Wy, = L;p,, ®, = {®;|p €
T,Vi € Uy} and p is the penalty parameter. According to the update rules of ADMM, we sequentially
update L,, W, and ®,, until the algorithm converge or the maximum iteration number is reached. The
update rules are detailed as follows.

(1) Procedure of L, update. Given Wi(;) and @E;), the update of L,(,Hl) can be conducted
according to

LD = minimize Y 3" pl|Lip - Wiy — @)%,
i€U, q€T;

t

P
st. diag [ Y LipLj, < 5 v (15)
;! t
i€Up

Inspired by [13,14], we further decompose (VVi(;f) + @g;))H and L% into

(W) + <1>@)H = w9 M0

ip ip

: th] (16)
So (15) can be written as

LI(fH mlmmlze Z Zp”l - wfp(t)H%,
i€Up s=1

DN AR (17)

€U

According to the Karush-Kuhn-Tucker (KKT) conditions, we can solve the optimal I, as follows:

by (t) s
» wy, ", w13 > —,
15,0+ = \/Nt Yicu, llwg, D113 2 N (18)

€U,

t .
wfp( ) otherwise.
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(2) Procedure of W, update. For W, with L,E;H) and @E;) given, we update it as follows:

2
e . t+1 t
WD =minimize g, (W) + gu: p HLEP )W, — @Ep) .

(19)

Let the derivative of (19) about W;, to be zero, and then we can get the optimal W;,. Let S, =
Z'LEL{ HgA?GiAiHiq, and the optimal W;, can be written as

1 - 1
Wt = (S + )7t QI+ o (25 = @) = 7 s, W) (20)
q€Ti\p

(3) Procedure of ®, update. The update of the Lagrange multiplier ®;, is given by

P ip ip

(I,Z(_tJrl) _ ‘I’z(-;) tu (W_(t+1) _ L(t+1))7 (21)

where p is the step size. We name the proposed iterative algorithm as WMMSE-BCD-ADMM (WBA)
algorithm. This algorithm can be operated in a parallel or distributed manner. In this paper, we only
discuss how to conduct the WBA algorithm as a distributed algorithm here. Similar to [13], our study
makes the following assumptions.

Assumption 1. Each BS knows it is channel state information (CSI) between itself and the users it
serves.

Assumption 2. Each BS is linked to neighbor BSs, so only neighbouring BSs can exchange information,
including CSI and calculation results.

We denote neighbouring set N, = {q|Vi € Up,Vq € T;} for BS p. By our definition, the BS p itself also
belongs to it is neighbor set. By our assumption, the CSI and calculation results exchange only happens
between BS p and the BSs in it is neighbor set.

Assumption 3. Each terminal can accomplish several basic measurement and calculation tasks, and
feed calculation results back to corresponding BS via an upload link.

Based on the preceding mentioned above, we provide details of the algorithm in Algorithms 1-3, where
n; indicates the iteration number of WMMSE iteration and n,,,, denotes the maximum iteration number.

Algorithm 1 The WMMSE algorithm for solving problem (7)

1: Terminal 1;

2: Initialize AEO), GEO)

3: repeat

4:  Update AZ(."“LU according to (8a);
Update GE""_H) according to (8b);
Feed AZ(."*H) and GZ(."*JFD to BSs in T;;

, E!

5, ni = 0;

5
6
7 Receive Wénﬁ_l) from BSs in 7; via pilot frequency;
8:  Calculate EZ("“LU according to (4);

9 ni=n; + 1
10: until n; < nmax-

4 Precoder design based on asynchronous ADMM

The WBA algorithm proposed in Section 3 can solve (9) theoretically. However, a possible drawback
of this algorithm is that the BCD procedure (Algorithm 2) cannot be conducted in parallel. In the
ultra-dense CoMP-JT network, the practical applicability of the WBA algorithm is a problem because
the time overhead increases linearly according to the scale of the network. A possible solution is the
nonlinear Jacobi algorithm, which can be conducted in a parallel way. However, the (9) is not strongly
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Algorithm 2 The BCD algorithm for solving problem (9)

1: Initialize W,.*, Vp € T, rp = 0;

2: repeat

3: Circularly pick up g € T;

4: BS p;

5: ifp=gq;

6: Update W,ST" ) according to Algorithm 3;
7 Ise

8: Wq(rP+1) _ Wq(rp);

9 rp=rp+1;
10: until 7, < rmax, VP € T.

Algorithm 3 The ADMM algorithm for solving problem (10)

: Initialize L;,O), (1,1(70)7 tp =0;
: repeat

Update L;tp+l) according to (18);

1
2
3
4:  Update Wp(t”+1) according to (20);
5 Update <I>;tp+1) according to (21);
6: until tp < tmax.

convex with respected to W, so a unique optimal solution can not be guaranteed [28]. Therefore, the
convergence of the nonlinear Jacobi algorithm becomes troublesome. Inspired by the parallel structure
of the ADMM algorithm, we employ the ADMM algorihtm to solve (9) directly.

Firstly, we write (9) as another form, though which we can decompose the original optimization in a
user-centric way, and which can be formulate as

min‘i}‘rfnize Z Tr (D;) — Z T [Gi (Q: + QiH)L

icu icu
t. di wi,wh | <L et (22
s.t. diag Z ipWip _EN“ pe/, )
i€Up
where
H
Di:ZGjAj Zijvvip Zijvvip Ajl. (23)
jeu pET; peTi

We can further decompose (23) to sub-problems according to different users. Through this decomposi-
tion method, we can solve different optimal W; = {W;,|i € U,Vp € T;} a parallel manner and in a closed
form. Similar to the procedure we performed in Section 3, we define

[i(Wi) =Tr (D) = Tr Y (Qipy Wiy + WHQL). (24)
peT;

Then, Eq. (22) can be written as

minimize Z (W) + Z hy(Lyp),

wle jeu peT
s.t. Wip = Lip; VpeT, Vie Up. (25)

The procedure of the ADMM algorithm is detailed in Section 3. Evidently the WMMSE-ADMM
(WA) algorithm, the procedure of L, update and ®, update are the same as that of the WBA algorithm.
Therefore, we omit the details and only formulate the update method of W;.
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Procedure of the W; update. Similar to the procedures in Section 3, the optimal VVi(;H) can be
written as

1 - 1 1
Wt = (S + )7t Q4+ (B = @0)) = 7 s, Wi (26)
a€Ti\p
The only difference between (20) and (26) is that in (20), W, is known, whereas in (26), it is a variable

to be calculated. In (26), the optimal Wi(;H) is coupled with other elements in Wi(t+1). Furthermore,
we can list T; similar equations in total. We further combine those equations so that we can solve the

optimal Wi(;H) in a closed form. We denote 7; = {T.},772,..., 7;T7'}7 W, = [VViIiIr_l,WiI;I__Q, e W};_T]H
The update procedure of W; can be written as ’
= (t+1 _
W, = (K4 pIy, )T MY, (27)
where
57217;1 57217’1_2 oo STITTi
S7_-27_-1 ST27’_2 oo S T;
K=| T T (28)
STiTq, T STiT7' T2 S,];T% 7_iT%
and

Qi + P(LE%U - @5%1)
(t+1) (t)
A0 Qirz + p(Lij - (Pir]?)

K2

(29)

t+1 t

4.1 Parallel implementation of the WA algorithm

We assume that a fusion center exists in the network. All CSI information is collected and computation
tasks are operated in this center. Parallel computation is enabled in this center by multithreading
technology. The WMMSE algorithm can certainly be conducted in parallel for different users. Then we
should calculate (K; + pIy, x7,)"* and Mi(t) in parallel for different users. Evidently Eqs. (18), (26) and
(21) can also be conducted in parallel. In other words, the WA algorithm can be operated efficiently if
we treat it as a centralized algorithm.

4.2 Distributed implementation of WA algorithm

Different from parallel implementation, in distributed implementation, each calculation node can access
a fraction of CSI information and calculation results of other BSs in order to reduce signaling overheads.
As K needs all the CSI information of the BSs in 7;, obviously, we cannot update (27) in terminals. For
terminal i, we choose a specific BS, noted by BS p; to calculate (K;+pIn, x7,) "' Let (K;+pIn.x1;)" ' =
[FiIfril,Fi};_iQ, . ,F;I%Ti]H, in which Fj, € CVexTiNt| Then the update of W;, can be formulated as
(t+1) (t)
W, =Fy x M;". (30)

As we update L, update and ®, in a BS-centric way, we can also update Wj(;ﬂ) in a BS-centric way.
We detail the proposed WA algorithm for the CoMP-JT network in Algorithms 4-6. A slight change of
the WMMSE algorithm in the WA algorithm is that Ag"iﬂ) and GE”“H) are feed to BS i,, rather than
BSs in 7;.
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4.3 Asynchronous implementation of WA algorithm

As mentioned in Subsections 4.1 and 4.2, the WA algorithm can be conducted in a parallel or dis-
tributed manner. If we conducted the WA algorithm in the distributed way, we have to consider that
the computation ability, computation load, computation complexity and communication delay of dif-
ferent computation nodes vary from one another. Therefore, for each iteration of the WA algorithm,
time overheads of different computation nodes may vary in a wide range. The covergence rate of the
synchronous WA algorithm will be limited by the “slowest” computation node. We can accelerate the
coverage rate by enabling asynchronous information exchange mechanism in the WA algorithm, and we
call it WaA algorithm. In other words, in Algorithm 6, we can update W;Stpﬂ) for BS p before we receive
all (LE;"H), @E;"H)) from BSs in N,. X;” denotes the set of BSs whose computation results arrive timely
for (t, + 1)-th iteration of W, and n is the minimum num of such BSs. To guarantee the convergence

p
of the asynchronous ADMM (aADMM) algorithm, we set up Assumption 4 according to [29].

Algorithm 4 The WMMSE algorithm to solve problem (7)

1: Terminal 1;

Initialize AEO), GEO), EZ(O), n; = 0;

: repeat

Update AE"“LU according to (8a);

Update Gg"i_H) according to (8b);

Feed AE””LU and GE”*JA) to BS ip;

Receive Wénﬁ_l) from BSs in 7; via pilot frequency;
¢ Calculate Egnﬁ_l) according to (4);

9: n; =n; + 1;

10: until n; < nmax.

v

3
4
5:
6:
7
8

Algorithm 5 Auxiliary calculation to solve (9)

1: BS ip;

2:  Wait until all users in U;, feed their AE”"'_H) and GE"VH) to it;
3:  Calculate {F;,|Vp € T;} for each user i and feed the Fj), to BS p.

Algorithm 6 ADMM algorithm to solve problem (10)
1: BS p;
2:  Tnitialize W, L, ) p e T, t, = 0;
: repeat
Update L;tﬁl) according to (18);
Update <I>§,t”+1) according to (21);

3
4
5:
6:  Feed (LE;D+1),<I>£;’)+1)) back to corresponding BS in Nj;
7
8
9

Wait until all (L3 ", &%) is received from BSs in Af;
(tp+1) (tp+1)\ (tqg+1) (tq+1)y.
Let (L™ @llr )y = (it g llatl)),
: Update Wp(t”+1) according to (30);
10: tp =tp+1;
11: until ¢, < tmax.

LE;”H), @E;”H)) of BS p can be skipped at most Tax times.
Assumption 4 indicates that N, C XU X;}’H U X;}’JFT""“"*I. Let ¥y = {q|7p% > Tmax — 1} indicates

the set of those BSs whose (L,(Z"‘H), @E;"H)) must be provided for the (¢,+1)-th iteration of BS p, in case

3

of the violation of Assumption 4. The details of the aADMM algorithm are summarized in Alogrithm 7.

Assumption 4. The renewal of (

4.4 Computational complexity

For the convenience of computational complexity analysis, we assume that T; is the same for all users,
and U, is the same for all BSs. Therefore, T;N. = U,Np. We also assume Ny x Ny > N, x N,, which
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Algorithm 7 aADMM algorithm to solve problem (10)

1: BS p;
e 0 0 0
2:  Initialize W,S ), L;, ), <I>; ) peT, tp, =0;
3: repeat
4 Update LS”-H) according to (18);
5 Update <I>;tp+1) according to (21);
6:  Feed (L;;p+1),<l>§.pp+l)) back to corresponding BSs in Njp;
7 Wait until at least ng’i“ BSs in N} provide their (LS;‘?JFD, <I>;ZLI+1)) to BS p;
8 If g € X?”Ll
(tp+1) Fp+t1)y _ p(tq+1) g (tg+1)y.
set (f’jqp ’(I’jqp )= (quq ’(I’jqq );
set Tp5+ =0;
O (et 1) gty _ 1) (i)
) tp+ tpH1)y o (t tp)y.
set (qupl ’?J’_EI; )= (qup "qup );
set Tpg+ =Tpg +1

9:  Update Wp(t”Jrl) according to (26);
10: tp =tp +1;
11: until Stop.

means that total transmit antennas are more than the total receive antennas.

For the computational complexity of the WBA algorithm, we firstly analyze the calculation complex-
ity of solving (10). The calculation complexity of solving (10) mainly depends on (20). For BS p and
user 4, the computational complexity of (20) is O(N2N,T;). Therefore, the computational complex-
ity of Algorithms 2 and 3, and WBA algorithm are O(tmafoNrTfUp), O(Tmaxtmax NEN. T2 N,.), and
O (NmaxTmaxtmax NF N T2 N,.), respectively.

For the WA algorithm, we firstly analyze the computational complexity of Algorithm 6. Therefore, for
Algorithm 6, the computational complexity mainly depends on (30), of which the computational complex-
ity is O(NZN,.). Therefore, for Algorithm 6, the computational complexity is O(tmax NZ N, T2N,). For
Algorithm 5, the calculation complexity mainly lies in the calculation of (K; + pIn, ), of which the
calculation complexity is O(N.(T;N;)?). Therefore, the computational complexity of the WA algorithm
is O(Nmax (Ne(TiNt)? + tmax NEN,T2N.)). For the WaA algorithm, the computational complexity is the
same as that of the WA algorithm.

We take full coordination zero-forcing algorithm for comparison, of which the computational complexity
is O(N.(N;Np)?). Evidently, the calculation complexity of WBA, WA and WaA increase linearly with
increasing network size. However, for full coordination zero-forcing algorithm, there will be a cubic
increase with increasing network size. A similar situation happens when we take CVX to solve can solve
(9) via interior-point method, of which the computational complexity also increases cubic with increasing
network size. Therefore, the WBA, WA and WaA algorithm are suitable for solving (1) in the large-scale
CoMP-JT network.

5 Numerical simulation and results

We consider the downlink scenario of a CoMP-JT MIMO network in which N, BSs and N, users are
randomly placed in a square area of 20V, x 20N, square metres. The minimum distance between BSs is
30 m. Users are randomly located in the cell edge area of each BS. Path loss is modeled by ITU urban
macro model. We assume that the channel gain obeys the complex Gaussian distribution CN'(0,1). Each
BS is equipped with N; = 4 transmit antennas. Each user is equipped with N, = 2 receive antennas,
and receives ds = 2 data streams. We define 02 = 10 mW and SNR = P;/o2. Various criteria can be
used to ensure the BSs cooperation set of a specific user. For instance, the maximum BSs number of
the BSs cooperation set is limited, or the minimum SINR of the signals received from the BSs in the
cooperation set should be larger than a specific threshold. Although we don not concentrate on how to
ensure the BSs cooperation set of each user, our algorithm can be applied to an arbitrary combination
of users and BSs. We consider two situations in our simulation: (1) CoMP-CB, in which we assume
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Figure 2 (Color online) Coverage examples of CVX, WBA, WA, and WaA algorithm.

that each user is assigned to the BS with highest instantaneous SINR; (2) CoMP-JT, in which each user
is served by available BSs in the CoMP-JT MIMO network. CVX is also used to verify the optimality
of our algorithm. We denote the simulation results of CVX as “CoMP-CB-CVX” and “CoMP-JT-
CVX”| respectively. The simulation results of our algorithm are represented by “CoMP-CB-WA” and
“CoMP-JT-WA” | respectively. Similarly, we define “CoMP-CB-WaA”, “CoMP-JT-WaA”, “CoMP-CB-
WBA” and “CoMP-JT-WBA”. We also consider full coordination zero-forcing beamforming method in
our simulation, which is denoted by “CoMP-JT-ZF”.

We assume that the time overhead for each calculation task distributes uniformly between four and eight
time units. BS p can update W,Stpﬂ) with at least ngli“ = 2 BSs in N, provide their (LE;‘*H), @E;‘*H))
to BS p and we set Tiax = 4.

In Figure 2, we demonstrate a convergence example of CVX and the WBA, WA, and WaA algorithms in
terms of different SNR values. In this situation, the throughput of CoMP-JT outperforms that of CoMP-
OB by nearly at least 10.1%—15.3% in terms of different SNRs. The optimum of the WBA algorithm, WA
algorithm, WaA algorithm can also be proven according to Figure 2. All the algorithms can converge at
no more than 40 WMMSE iterations.

Figure 3 shows the throughput of the CoMP-JT network and CoMP-CB networks in terms of different
SNRs. Whether in the high SNR region or in low SNR region, the throughput of the CoMP-JT network
can outperform CoMP-CB significantly. Generally speaking, CoMP-JT can improve the throughput of
the network by 10%-17% in terms of different SNRs. The results of the WBA algorithm, WA algorithm
and WaA algorithm are very close to the calculation results of CVX, which prove the optimality of those
algorithms. Furthermore, we compare the full coordination zero-forcing method with our algorithms.
Simulations results show that our algorithms significantly outperforms the full coordination zero-forcing
beamforming method significantly.

As the algorithms proposed in this article are mainly iterative, the influence of different initial points
should be analyzed. Figure 4 shows the influence of different initial points of the WaA algorithm in
terms of different SNRs. “Boundary point”, “Exterior point”, and “Interior point” mean that the initial
point is boundary point, exterior point and interior point of feasible region respectively. Evidently, the
convergence results of the interior point outperform that of the exterior and boundary points, especially
when SNR is relatively high. Therefore, the interior point should be chosen for the initial point of those
algorithms.

Figure 5 shows the convergence rate difference of asynchronous ADMM and synchronous ADMM in



Wu Z K, et al. Sci China Inf Sci  August 2018 Vol. 61 082306:12

35

N
(=]

—— CoMP-CB-CVX B
CoMP-CB-WBA 7

30 CoMP-CB-WA Vs

© CoMP-CB-WaA 7 W 35
o R /
OMP_JT-

25 | % CoMPIT-WA o

O CoMP-JT-WaA -

~&- CoMP-IT-ZF ey

20 7 R

Throughput (bps/Hz)
Throughput (bps/Hz)
(58]
W

103 —o—Boundary point
SNR=15 dB Exterior point
5 \ \ ! ! | Interior point
0 5 10 15 20 25 30 35 40
SNR (dB) Iteration number

Figure 3 (Color online) Throughput of CoMP-JT vs. Figure 4 (Color online) Influence of different initial
CoMP-CB network in terms of different SNRs. points of WaA algorithm in terms of different SNRs.

T — CoMP-JT-WA
— CoMP-IT-WaA

N=7,N=14
e

Reduced time overhead (%)

Nb=§, N=6

Relative residuals of sum WMMSE
=

1014 i i L |
0 500 1000 1500 2000

2500 3000 10 | | | |
Iteration time 3 4 5 6 7 8
Cell number
Figure 5 (Color online) Coverage speed of asynchronous Figure 6 (Color online) Reduced time overhead of asyn-
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terms of various network sizes. The converge speed of both asynchronous ADMM and synchronous
ADMM decrease with increasing network size. Furthermore, asynchronous ADMM converges faster
than synchronous ADMM in terms of network size. The reduced degree of time overhead brought by
asynchronous information exchange in terms of different network sizes is detailed in Figure 6. We set
n;"i“ = |2/3 x T),]. We can observe an increasing trend when the network size increases. When N, = 8
and N, = 16, asynchronous ADMM can coverage nearly 17.5% faster than synchronous ADMM.

6 Conclusion

CoMP-JT is a promising technology for future wireless communication system. To achieve maximum
throughput, we propose an iterative method to handle the precoder design problem in the CoMP-JT
network. Based on WMMSE, BCD and ADMM, previous study is extended to the scenario of individual
antenna power constraint. Then, we propose an asynchronous distributed iterative algorithm based on
WMMSE, ADMM and asynchronous calculation. The proposed algorithm we proposed can also be
conducted in a parallel manner, which is practical for a large-scale wireless network. Numerical results
show a gain in throughput, decrease in time overhead, and the optimality of the precoding scheme
provided by our algorithm.
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