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Abstract—This letter proposes a beamforming technique for
weighted sum-rate (WSR) maximization in multiple-input singleoutput (MISO) interference channels. In order to solve the WSR
maximization problem in a distributed manner, we obtain a
decoupled problem by applying high signal-to-interference-plusnoise-ratio (SINR) approximation. When there are more than
two users, further approximation is employed to fully decouple
the problem. Then, the decoupled problems are solved by using
a zero-gradient (ZG) based algorithm which converges to a local
optimal point with only a few iterations. Unlike the conventional
distributed schemes where additional information should be
exchanged at each iteration, each transmitter of the proposed
scheme utilizes only local channel information to compute its
beamformer.
Index Terms—Distributed beamforming, weighted sum-rate
maximization, interference channel.

I. I NTRODUCTION

I

T is important to study interference channels (IC) since
well designed cellular systems are interference-limited. In
this letter, we focus on a beamforming design in multipleinput single-output (MISO) IC under the assumption of singleuser detection (SUD)1 . In [1], the authors provided interesting
parameterization of Pareto-optimal beamformers using linear
combination of maximal-ratio transmission (MRT) and zeroforcing (ZF) beamforming vectors. In [2] and [5], distributed
approaches for sum-rate maximization were proposed. However, these algorithms are not fully distributed in a sense that
the receivers should report their interference power which
depends on other users’ beamformers at each iteration. In [3], a
virtual signal-to-interference-plus-noise ratio (VSINR) framework which guarantees a certain point in Pareto boundary2
was proposed. However, it guarantees the Pareto-optimal
point only for the two-user case and the weighted sum-rate
performance with various weights is significantly degraded
compared to the exhaustive search.
In this letter, we propose a fully distributed beamforming
approach which efficiently computes near-optimal solutions
for the WSR maximization problem. The beamforming vectors
of the proposed scheme can be computed using only local
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1 Receivers in SUD treat the interference signals as noise [1]–[4].
2 The Pareto boundary consists of rate-tuples where one can improve a
particular user’s rate only by simultaneously decreasing the rate of at least
one of the other users and its detailed definition is provided in [1].

channel state information (CSI) without a need for any additional information exchange. We first decouple the problem by
applying high signal-to-interference-plus-noise ratio (SINR)
approximation as in [3] and [6]. Since it is difficult to obtain a
closed-form solution for the decoupled problems, we employ
a zero-gradient (ZG) algorithm which converges with only a
few iterations. To the best of our knowledge, the proposed
scheme is the first algorithm which requires only local CSIs
to generate the near optimal weighted sum-rate performance.
II. S YSTEM M ODEL
We consider the 𝐾-user MISO IC where transmitter 𝑖 uses
𝑀 transmit antennas to support receiver 𝑖 (𝑖 = 1, ⋅ ⋅ ⋅ , 𝐾).
Especially, we focus on the case of 𝑀 ≥ 𝐾 for simplicity as
in [1]. At transmitter 𝑘, the symbol 𝑠𝑘 ∼ 𝒞𝒩 (0, 1) intended
for receiver 𝑘 is multiplied by the beamforming vector v𝑘
where v𝑘 is subject to ∣∣v𝑘 ∣∣2 ≤ 1 to satisfy the per-transmitter
power constraint. Then, the received signal at receiver 𝑘 can
be written as
∑
𝑦 𝑘 = h𝐻
h𝐻
𝑘,𝑘 v𝑘 𝑠𝑘 +
𝑘,𝑗 v𝑗 𝑠𝑗 + 𝑛𝑘 ,
𝑗∕=𝑘
𝑀

where h𝑘,𝑗 ∈ ℂ denotes the channel vector from transmitter
𝑗 to receiver 𝑘 and 𝑛𝑘 ∼ 𝒞𝒩 (0, 𝑁0 ) is the additive white
Gaussian noise at receiver 𝑘. We will refer to the pair of
transmitter 𝑘 and receiver 𝑘 as user 𝑘.
The individual rate of user 𝑘 under the assumption of the SUD is given as 𝑅𝑘 (v1 , ⋅ ⋅ ⋅ , v𝐾 ) =
log (1 + SINR𝑘 (v1 , ⋅ ⋅ ⋅ , v𝐾 )) where SINR𝑘 (v1 , ⋅ ⋅ ⋅ , v𝐾 )
represents the individual SINR defined as
SINR𝑘 (v1 , ⋅ ⋅ ⋅ , v𝐾 ) =

2
∣h𝐻
𝑘,𝑘 v𝑘 ∣
.
∑
2
𝑁0 + 𝑗∕=𝑘 ∣h𝐻
𝑘,𝑗 v𝑗 ∣

In this letter, our goal is to find the beamforming vectors
which maximize the WSR defined as 𝑅∑ (v1 , ⋅ ⋅ ⋅ , v𝐾 ) =
∑𝐾
𝑘=1 𝑤𝑘 𝑅𝑘 (v1 , ⋅ ⋅ ⋅ , v𝐾 ) where the weight term 𝑤𝑘 is determined depending on the required quality of service for
applications. Then, the problem can mathematically be written
as
max 𝑅∑ (v1 , ⋅ ⋅ ⋅ , v𝐾 ) s.t. ∣∣v𝑖 ∣∣2 ≤ 1 ∀𝑖.
v1 ,⋅⋅⋅ ,v𝐾

(1)

Solving (1) is quite complicated due to non-convexity. However, since it is obvious that the optimal solution lies on the
Pareto boundary of the achievable rate region, we can find the
optimal point by exhaustive search using the parameterizations
in [1] and [3]. Here, the rate region is defined as the set of all
possible rate-tuples (𝑅1 (v1 , ⋅ ⋅ ⋅ , v𝐾 ), ⋅ ⋅ ⋅ , 𝑅𝐾 (v1 , ⋅ ⋅ ⋅ , v𝐾 ))
which can be achieved simultaneously while satisfying
∣∣v𝑖 ∣∣2 ≤ 1 for all 𝑖.
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III. P ROPOSED D ISTRIBUTED B EAMFORMING
In this section, we propose a near optimal beamforming
scheme which can operate in a fully distributed manner. First
of all, we notice that there is no need to apply power control
as long as 𝑀 ≥ 𝐾 [1]. This means that we can achieve all
Pareto-optimal points by considering only the beamforming
vectors corresponding to full power transmission. Then, the
WSR maximization problem can be reformulated as
max 𝑅∑ (v1 , ⋅ ⋅ ⋅ , v𝐾 ) s.t. ∣∣v𝑖 ∣∣2 = 1 ∀𝑖
v1 ,⋅⋅⋅ ,v𝐾

(2)

where the feasible set involves only the beamforming vectors
with unit power. For illustrative purposes, we begin by presenting the proposed scheme for the 2-user case and it will be
extended to general 𝐾 ≥ 3 cases later.
A. Two-User Case (𝐾 = 2)
For the two-user case, the WSR is given as
(
)
2
2
∑
∣h𝐻
𝑙,𝑙 v𝑙 ∣
∑
𝑅 (v1 , v2 ) =
𝑤𝑙 log 1 +
2
𝑁0 + ∣h𝐻
𝑙∣
𝑙,¯
𝑙 v¯
𝑙=1
where 1̄ = 2 and 2̄ = 1. Computing the beamformers
maximizing the above metric is complicated since each individual rate contains both v1 and v2 . To obtain the decoupled
problems, we apply a high-SINR approximation as in [3] and
[6]
𝑅∑(v1 ,v2 ) ≈ 𝑤1 log

2
∣h𝐻
1,1 v1 ∣

2
𝑁0 + ∣h𝐻
1,2 v2 ∣
(
)𝑤1
2
∣h𝐻
1,1 v1 ∣

+𝑤2 log

2
∣h𝐻
2,2 v2 ∣

2
𝑁0 + ∣h𝐻
2,1 v1 ∣
(
)𝑤2
2
∣h𝐻
2,2 v2 ∣

Then, the local optimal point occurs at ∇ṽ𝑙 𝑓𝑙 (ṽ𝑙 ) = 0
where ∇ṽ𝑙 𝑓𝑙 (ṽ𝑙 ) is the gradient of 𝑓𝑙 (ṽ𝑙 ) with respect to ṽ𝑙
computed as
𝑤𝑙
𝑤𝑙
𝑤¯𝑙
∇ṽ𝑙 𝑓𝑙 (ṽ𝑙 ) =
ṽ +
ṽ
h𝑙,𝑙 h𝐻
𝑙,𝑙 ṽ𝑙 −
𝐻
2 𝑙
2 𝑙
2
∣∣ṽ
∣∣
∣∣ṽ
∣h𝑙,𝑙 ṽ𝑙 ∣
𝑙
𝑙 ∣∣
(
)
𝑤¯𝑙
−
𝑁0 I + h¯𝑙,𝑙 h𝐻
¯
𝑙,𝑙 ṽ𝑙 .
2
2
ṽ
𝑁0 ∣∣ṽ𝑙 ∣∣ + ∣h𝐻
∣
𝑙,𝑙 𝑙
After some manipulations, we see that ∇ṽ𝑙 𝑓𝑙 (ṽ𝑙 ) = 0 is
satisfied only when
)
(
𝐻
(5)
h𝑙,𝑙 h𝐻
𝑙,𝑙 h¯
𝑙,𝑙 ṽ𝑙 ∝ 𝛼𝑙 I + h¯
𝑙,𝑙 ṽ𝑙
(
)(
)
𝐻
∣h¯𝑙,𝑙 ṽ𝑙 ∣2
𝑤𝑙
where 𝛼𝑙 is defined as 𝛼𝑙 = 𝑁0 + 𝑁0 + ∣∣ṽ ∣∣2
−
1
.
𝑤¯𝑙
𝑙
Thus, in our proposed scheme, each transmitter 𝑙 computes
its beamformer v𝑙 according to the following iterative algorithm.
—————————————————————————Initialize ṽ𝑙 .
for 𝑛 = 1 : 𝑁itr ,
(
)(
)
𝐻
∣h¯𝑙,𝑙 ṽ𝑙 ∣2
𝑤𝑙
Compute 𝛼𝑙 = 𝑁0 + 𝑁0 + ∣∣ṽ ∣∣2
−
1
.
𝑤¯𝑙
𝑙
)−1
(
Update ṽ𝑙 = 𝛼𝑙 I + h¯𝑙,𝑙 h𝐻
h𝑙,𝑙 h𝐻
¯
𝑙,𝑙 ṽ𝑙 .
𝑙,𝑙
end
𝑙
Normalize v𝑙 = ∣∣ṽ
ṽ𝑙 ∣∣ .
—————————————————————————Here, 𝑁itr indicates the predetermined number of iterations.
B. Extension to General 𝐾 ≥ 3

)𝑤2 +log (
)𝑤1 . (3) In this subsection, we extend our proposed scheme to
= log (
𝐻
2
2
the case of general 𝐾 ≥ 3. After applying the high-SINR
𝑁0 + ∣h𝐻
𝑁
v
∣
+
∣h
v
∣
0
2,1 1
1,2 2
approximation to the WSR expression for general 𝐾, all terms
dependent on ṽ𝑙 are given as
From (3), we now have two decoupled problems as
)
(
(
) ∑
2
)𝑤𝑙
(
− 𝑤𝑙 log ∣∣ṽ 𝑙 ∣∣2 −
𝑓 (ṽ 𝑙 ) = 𝑤𝑙 log ∣h𝐻
𝑤𝑘 log (𝑁0 + 𝐼𝑘 )
𝑙,𝑙 ṽ𝑙 ∣
𝐻
2
∣h𝑙,𝑙 v𝑙 ∣
𝑘∕=𝑙
)𝑤𝑙 for 𝑙 = 1, 2.
max log (
(4)
𝐻
∣∣v𝑙 ∣∣2 =1
∑
∣h ṽ𝑗 ∣2
𝑁0 + ∣h𝐻
v ∣2
𝑙,𝑙 𝑙
where 𝐼𝑘 = 𝑗∕=𝑘 ∣∣𝑘,𝑗
ṽ𝑗 ∣∣2 represents the interference power
at receiver 𝑘. This is not a decoupled problem because 𝐼𝑘 is a
For the unweighted sum-rate case (𝑤𝑙 = 𝑤¯𝑙 ), the above
function of all beamforming vectors. In order to fully decouple
problem (4) has a closed-form solution as shown in [3] and [6].
the problem, we additionally apply a high signal-to-noise-ratio
However, since the problem is typically non-convex as long as
(SNR) approximation. Notice that at high SNR, since the ZF
𝑤𝑙 ∕= 𝑤¯𝑙 , it is difficult to obtain the closed-form solution. Thus,
beamforming achieves the near-optimal WSR performance,
we propose to solve (4) using the ZG algorithm introduced in
the interference power caused by other beamformers ṽ𝑗 (𝑗 ∕=
[7] which utilizes the fact that the beamformers at a stationary
𝐻
∑
∣h ṽ𝑗 ∣2
point always satisfy the ZG conditions. First, by expressing 𝑘, 𝑙) expressed as 𝑗∕=𝑘,𝑙 ∣∣𝑘,𝑗
ṽ𝑗 ∣∣2 can be approximated to 0
𝑙
v𝑙 = ∣∣ṽ
in
(4),
we
get
an
unconstrained
problem
with
with
a
little
performance
loss.
Then,
ṽ𝑙 ∣∣
( the last𝐻 term)in 𝑓 (ṽ𝑙 )
∑
∣h ṽ𝑙 ∣2
respect to ṽ𝑙 as
can be replaced with 𝑘∕=𝑙 𝑤𝑘 log 𝑁0 + ∣∣𝑘,𝑙
ṽ𝑙 ∣∣2 .
max 𝑓𝑙 (ṽ𝑙 )
Now, the gradient expression for the fully decoupled probṽ𝑙
lem is computed as
⎞
⎛
where 𝑓𝑙 (ṽ𝑙 ) is defined as
∑
𝑤
𝑤
𝑙
𝑘
( 𝐻
)𝑤𝑙
⎠
⎝
h𝑙,𝑙 h𝐻
h𝑘,𝑙 h𝐻
∇ṽ𝑙 𝑓𝑙 (ṽ𝑙 ) = 𝐻
𝑙,𝑙 ṽ𝑙 − 𝛼𝑙 I +
𝑘,𝑙 ṽ𝑙
∣h𝑙,𝑙 ṽ𝑙 ∣2
𝐷𝑘
∣h𝑙,𝑙 ṽ𝑙 ∣2
𝑘∕=𝑙
∣∣ṽ𝑙 ∣∣2
)
.
𝑓𝑙 (ṽ𝑙 ) = log (
𝑤𝑙
𝐻
where the coefficients 𝐷𝑘 and 𝛼𝑙 are defined as
∣h¯ ṽ𝑙 ∣2
2
𝑁0 + ∣∣𝑙,𝑙
2
𝐷𝑘 = 𝑁0 ∣∣ṽ𝑙 ∣∣2 + ∣h𝐻
and 𝛼𝑙 = ∣∣ṽ𝑤𝑙∣∣2 +
ṽ𝑙 ∣∣
𝑘,𝑙 ṽ𝑙 ∣
𝑙
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)
− ∣∣ṽ1 ∣∣2 𝑤𝑘 , respectively. The ZG condition
𝑙
∇ṽ𝑙 𝑓𝑙 (ṽ𝑙 ) = 0 occurs only when
⎞
⎛
∑ 𝑤𝑘
𝐻
𝐻
h𝑙,𝑙 h𝑙,𝑙 ṽ𝑙 ∝ ⎝𝛼𝑙 I +
h𝑘,𝑙 h𝑘,𝑙 ⎠ ṽ𝑙 .
(6)
𝐷𝑘
𝑘∕=𝑙

𝑁0
𝐷𝑘

𝑘∕=𝑙

Thus, at each iteration, the newly updated beamformer for
transmitter 𝑙 becomes
⎞−1
⎛
∑ 𝑤𝑘
⎠ h𝑙,𝑙 h𝐻
⎝𝛼𝑙 I +
h𝑘,𝑙 h𝐻
(7)
𝑘,𝑙
𝑙,𝑙 ṽ𝑙 .
𝐷𝑘
𝑘∕=𝑙
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C. Comparison to Conventional Distributed Algorithms

IV. S IMULATION R ESULTS
In this section, we confirm the effectiveness of the proposed
scheme by observing the average weighted sum-rate performance. In all simulations, spatially uncorrelated Rayleigh
fading channels with unit variance are assumed. For a fair
comparison, we consider only the beamforming schemes based
on the local CSI except for exhaustive search algorithms [1]
[8]. The performance of [2] and [5] is excluded since they
require additional information exchange. For the two-user
case, the exhaustive search using parameterization in [1] is
simulated to check the upper bound on the performance of
the beamforming schemes. For 𝐾 ≥ 3, the simulation time of
the exhaustive search [1] becomes prohibitive since it requires
a search over 𝐾 complex parameters. Instead, we present the
performance of the gradient-descent (GD) algorithm which
guarantees a local optimal solution [8]. In order to increase the
probability of finding the global optimal solution, two initial
points (MRT and ZF) are applied to the GD. For the proposed
scheme, we have chosen the ZF beamforming as an initial
point.
In Fig. 1, the WSR performance is plotted as a function
of the SNR 𝑁10 for the 2-user MISO IC with 𝑀 = 2.
The proposed scheme shows a near-optimal performance with
only 2 iterations regardless of weight terms. As the ratio
between 𝑤1 and 𝑤2 increases, the performance gain over the
VSINR maximization scheme grows. Figure 2 presents the
performance for the 3-user IC with 𝑀 = 3. It is observed
that the proposed scheme exhibits a very little performance
loss compared to the exhaustive GD method for all simulated
configurations with small number of iterations.

0
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[ w1 w2] =[ 5 1]
0

5

10

SNR [dB]

Fig. 1.

Average WSR performance in 2-user MISO IC with 𝑀 = 2.
Average WSR performance in 3- user IC with M=3

60
Average Weighted Sum- Rate [ bps/ Hz]

Now, we compare the proposed beamforming scheme with
the conventional distributed algorithms in [2] and [5]. In these
schemes, transmitter 𝑙 computes its beamformer as a function
’s denote the local channel state
of {h𝑘,𝑙 , 𝐼𝑘 , ∀𝑘} where h𝑘,𝑙∑
2
information (CSI) and 𝐼𝑘 = 𝑘∕=𝑙 ∣h𝐻
𝑘,𝑙 v𝑙 ∣ is the interference
power at receiver 𝑘. Since 𝐼𝑘 is a function of all the beamformers, the receivers should report their interference power to the
transmitters until convergence. In contrast, in our proposed
scheme, there is no need for information exchange during
iterations since each transmitter 𝑙 can compute its beamformer
using its own local CSIs {h𝑘,𝑙 , ∀𝑘}. Thus, the overhead for
information exchange is lower in our scheme compared to the
conventional schemes in [2] and [5].

1133

50

40

MRT
ZF
VSINR [ 3]
GD method w/ 2 initial points [ 8]
Proposed (2 iterations)
Proposed (10 iterations)

[ w1 w2 w3] =[ 10 5 1]

30

20

10

0
-5

[ w1 w2 w3] =[ 5 2 1]
0

5

10

SNR [dB]

Fig. 2.

Average WSR performance in 3-user MISO IC with 𝑀 = 3.
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