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Abstract—In this paper, we evaluate intercell interference can-
celation techniques in cooperative downlink multicell systems. We
compare two classical beamforming strategies for the design of
the beamforming vectors: maximum ratio combining precoding
and partial zero-forcing. Since full channel state information at
the transmission is unfeasible, we consider a limited feedback
link and compare different strategies for bit partitioning of the
feedback information for serving and interferer base stations.
We propose a simple adaptive bit partitioning strategy to select
an optimum transmission scheme at the base station. We show
that the adaptive bit portioning algorithm is improved the sum
capacity performance of the multicell networks significantly.

I. INTRODUCTION

Coordinated multicell transmission has recently received
significant attention since it can increase data rates by mitigat-
ing intercell interference (ICI) [1]. Full cooperation between
the base stations (BSs) also called network multiple input
multiple output (MIMO) scheme transforms the interference
channel into a MIMO broadcast channel. Dirty paper coding
and sub-optimal linear beamforming such as Zero Forcing
(ZF) have been investigated in [2] [3] and upper bounds on
the sum rates have been obtained for multicell transmission.
Assuming that a linear transceiver processing is employed,
a base station (BS) equipped with 𝑁𝑡 antennas is able to
accommodate up to 𝑁𝑡−1 interference signals in a coordinated
multicell transmission.

Coordinated multicell transmission requires channel state
information (CSI) of all jointly processed links. A large
amount of data needs to be exchanged between the BSs. For
example, the requirement for CSI grows in proportion to the
number of transmit antennas, the number of BSs and the
number of users. In order to reduce the load on the backhaul
links, the partial cooperative strategies have been considered
in [4]. In coordinated single-cell transmission, the BSs share
only CSI and no data exchange is required where a part
of ICI is removed. Besides, it is possible to apply different
beamforming strategies such as Maximum Ratio Combining
(MRC) and Partial Zero-Forcing (PZF) beamforming [5] by
removing some ICI.

In [6], the authors have considered ICI cancelation for the
mitigation of other cell interference. They have proposed an
adaptive strategy where the BSs exchange the position of their

users and then select the best transmission strategy between
MRC and PZF. They have also shown that the adaptive
strategy can provide significant gain compared to the schemes
without ICI. In [7], a limited feedback scenario is considered
for a multicell beamforming approach that approximately
maximizes the sum-rates in a two-cell two-user network by
quantizing the CSI of serving and interfering base station
with the usage of two separate codebooks. In [8], a chordal
distance-based compression scheme is introduced to reduce
the feedback overhead and combat the intercell interference.

In this paper, we propose a simplified bit allocation algo-
rithm to transfer CSI of the users for limited feedback link to
reduce the backhaul load. In the proposed algorithm, selection
of the transmission strategies is only dependent of the position
of the user in the multicell network rather than the position
of the users in other cells. We demonstrate that the proposed
algorithm outperforms the uniform bit allocation scheme for
feedback link.

This paper is organized as follows. In Section II, we describe
the system model for the coordinated single cell transmission
including limited feedback links. In Section III, we present the
proposed algorithm to select transmission strategies and bit
partitioning schemes for feedback links. In Section IV and V,
we illustrate the performance results and draw the concluding
remarks of this paper respectively.

II. SYSTEM MODEL

We consider a downlink multicell wireless network with 𝐾
cells. As shown in Figure 1, the base station at each cell is
composed of 𝑁𝑡 transmit antennas and each user is equipped
with one single antenna.

Using a narrow band flat-fading model, the baseband re-
ceived signal for the user in the 𝑖𝑡ℎ cell is written as,

𝑦𝑖 =
√
𝑃𝑖,𝑖h

𝐻
𝑖,𝑖f𝑖𝑥𝑖 +

∑
𝑗 ∕=𝑖

√
𝑃𝑖,𝑗h

𝐻
𝑖,𝑗f𝑗𝑥𝑗 + 𝑛𝑖 (1)

where 𝑃𝑖,𝑗 is the received power at the 𝑖𝑡ℎ user from the 𝑗𝑡ℎ

BS, h𝑖,𝑗 is the channel between the 𝑗𝑡ℎ BS and the user of the
𝑖𝑡ℎ cell. f𝑖 is the beamforming vector at the 𝑖𝑡ℎ base station
and 𝑛𝑖 is the complex additive zero mean white Gaussian noise
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Fig. 1. A multicell system with 𝐾 = 3 base stations having 𝑁𝑡 transmit
antennas.

at the receive antenna with 𝔼∣𝑛𝑖∣2 = 1. It is assumed that
each component of h𝑖,𝑗 has independent identically distributed
random variable with 𝒞𝒩 (0, 1) and 𝔼{∥𝑥𝑖∥2} is normalized
to 1.

The instantaneous signal-to-interference-plus-noise ratio
(SINR) for the user of the 𝑖𝑡ℎ cell is given by:

SINR𝑖 =
𝑃𝑖,𝑖∣h𝐻

𝑖,𝑖f𝑖∣2
1 +

∑
𝑗 ∕=𝑖 𝑃𝑖,𝑗 ∣h𝐻

𝑖,𝑗f𝑗 ∣2
(2)

The associated average rate at each cell and the sum rate
for multicell system are respectively calculated as

𝑅𝑖 = 𝔼[log2(1 + SINR𝑖)], 𝑅 =
∑𝐾

𝑖=1 𝑅𝑖 (3)

A. Transmission Strategies

In this work, we consider two classical transmission strate-
gies for the design of the beamforming vectors f𝑖.

1) Maximum Ratio Combining (MRC) beamforming: The
other cell interference is ignored and the precoding vector is
designed according to the channel direction of the user itself.
For the 𝑖𝑡ℎ BS, the precoding vector is given by,

f𝑖 = h𝑖,𝑖/∣∣h𝑖,𝑖∣∣ (4)

The distribution of ∣h𝐻
𝑖,𝑖f𝑖∣2 for MRC precoding is given by,

∣h𝐻
𝑖,𝑖f𝑖∣2 ∼ 𝜒2

2𝑁𝑡
(5)

where 𝜒2
𝑛 denotes the chi-square random variable with 𝑛

degrees of freedom.
2) Partial Zero-Forcing (PZF) beamforming:
In order to maximize ∣h𝐻

𝑖,𝑖f𝑖∣2, some degrees of freedom are
used for the ICI cancelation. This corresponds to select f𝑖 in
the direction of the projection of the channel vector h𝑖,𝑖 on
the nullspace of H𝑖 = [h1,𝑖, . . . ,h𝑖−1,𝑖,h𝑖+1,𝑖, . . . ,h𝐾,𝑖]. The
unnormalized version of the precoding vector is given by

f̃𝑖 = (I−P)h𝑖,𝑖 (6)

where P = H𝑖(H
𝐻
𝑖 H𝑖)

−1H𝐻
𝑖 which is the projection matrix

on H𝑖.

For PZF precoding, the distribution of ∣h𝐻
𝑖,𝑖f𝑖∣2 [5] is given

by,

∣h𝐻
𝑖,𝑖f𝑖∣2 ∼ 𝜒2

2(𝑁𝑡−(𝐾−1)) (7)

B. Limited feedback link

In order to address the lack of perfect CSI, a classical
solution is to quantize the channel direction information (CDI)
and the channel quality information (CQI) before transmission
over the finite rate feedback link. The CDI codebook is known
by both the user side and the BSs. Each user quantizes
its CDI to the closest codeword. At the BS, CDI should
be constructed by minimizing the maximum inner product
between codewords [9]. In order to analyze the achievable
average rate, we use random vector quantization (RVQ) since
the optimal vector quantizer is not known in general. For
RVQ, each vector is independently chosen from the isotropic
distribution on the 𝑁𝑡-dimensional unit sphere [10].

Firstly, we consider a limited feedback link constructed for
2-cells network. Under this condition, we have four different
transmission strategies at the BSs. The base station 1 (BS1)
and base station 2 (BS2) can select MRC or PZF depending
on the position of the user in the cell.

Depending on the chosen transmission strategy for 2-cells
network, the average rate of user 1 for a fixed position (𝑥1, 𝑦1)
is calculated as,

𝑅1(𝑃1,1, 𝑃1,2) =⎧⎨
⎩

𝔼

[
log2

(
1 +

𝑃1,1𝛾1,1𝑍
1+𝑃1,2𝑌

)]
with 𝑍 ∼ 𝜒2

2𝑁𝑡
𝑌 ∼ 𝜒2

2

if (BS1,BS2)=(MRC,MRC)

𝔼

[
log2

(
1 +

𝑃1,1𝛾1,1𝑍
1+𝜅1,2𝑃1,2𝑌

)]
with 𝑍 ∼ 𝜒2

2𝑁𝑡
𝑌 ∼ 𝜒2

2

if (BS1,BS2)=(MRC,PZF)

𝔼

[
log2

(
1 +

𝑃1,1𝛾1,1𝑍
1+𝜅1,2𝑃1,2𝑌

)]
with 𝑍 ∼ 𝜒2

2(𝑁𝑡−1) 𝑌 ∼ 𝜒2
2

if (BS1,BS2)=(PZF,PZF)

𝔼

[
log2

(
1 +

𝑃1,1𝛾1,1𝑍
1+𝑃1,2𝑌

)]
with 𝑍 ∼ 𝜒2

2(𝑁𝑡−1) 𝑌 ∼ 𝜒2
2

if (BS1,BS2)=(PZF,MRC)
(8)

Assuming that RVQ is used [10] [11] , we have:

𝛾1,1 = 1− 2𝐵1,1𝛽
(
2𝐵1,1 ,

𝑁𝑡

𝑁𝑡 − 1

)
(9)

and

𝜅1,2 = 2𝐵1,2𝛽
(
2𝐵1,2 ,

𝑁𝑡

𝑁𝑡 − 1

)
(10)

where 𝛽(𝑥, 𝑦) is the Beta function and 𝐵𝑖,𝑗 is the number of
bits used for the quantization of the normalized channel vector
h𝑖,𝑗 .

82



We use a path loss model where 𝑃𝑖,𝑗 = 𝑃0(𝑅/𝑑𝑖,𝑗)
𝛼 with

𝑃0 is the received power at the distance 𝑅 from the BS
(received power at the edge of the cell), 𝛼 is the path loss
exponent and 𝑑𝑖,𝑗 is the distance between the 𝑖𝑡ℎ user and the
𝑗𝑡ℎ BS.

This 2-cells network can be easily extended to the multicell
case by introducing the interference from other cells.

III. THE PROPOSED ALGORITHM FOR COOPERATIVE

MULTICELL SYSTEMS

In this section, we propose an algorithm for cooperative
multicell networks to perform optimum transmission strategies
with limited feedback link. The feedback link is established
to send back the CDI of both the serving and the interfering
BSs to the serving BSs. The total number of bits of the 𝑖𝑡ℎ

user is fixed to 𝐵max and we have
∑

𝑗,𝑗 ∕=𝑖 𝐵𝑖,𝑗 bits to send
the interfering BSs information using backhaul.

In order to perform MRC or PZF beamforming at the
BSs, we propose to choose the number of allocated bits for
serving and interfering BSs for each user at each cell without
cooperation between the BSs. The proposed algorithm is based
on the definition of regions and subregions depending on the
power at the cell edge and the location of the user within the
multicell network.

We first split each cell’s region, ℛcell, into two regions as
ℛInner and ℛOuter with ℛInner

∪ℛOuter = ℛcell. The border
of the regions depends on 𝑃0 and the number of interfering
BSs. When low 𝑃0 values are considered, there is only one
region as ℛInner = ℛcell while 𝑃0 value is high, only the PZF
region is defined as ℛOuter = ℛcell.

While the proposed algorithm is suboptimal, we will show
in the simulation results section that the performance loss is
limited compared to the optimal transmission strategy where
the feedback bits are selected assuming the knowledge of all
the users’ position.

The proposed algorithm for 2-cells networks:
For the 𝑘𝑡ℎ user:
∙ Step 1: The region of the user (inner/outer) is chosen

according to the position of the user :

𝑈𝑘 = (𝑥𝑘, 𝑦𝑘) ∈ ℛInner or 𝑈𝑘 = (𝑥𝑘, 𝑦𝑘) ∈ ℛOuter

After the determination of the region of the user, the
repartition of the bits from the 𝑘𝑡ℎ user to the serving
and/or interfering BSs is selected in Step 2.

∙ Step 2a: If the user is inside the inner region, 𝑈𝑘 ∈
ℛInner, all bits are assigned to the serving BS as,

𝐵𝑆 = 𝐵𝑘,𝑘 = 𝐵max and 𝐵𝐼 = 𝐵𝑘,𝑘′ = 0

for 𝑘′ = 1, 2, ...,𝐾 and 𝑘′ ∕= 𝑘.
Since the user is in the inner region, the effect of the
interference power coming from other BSs is ignored for
the user 𝑘.

∙ Step 2b: If the user is in the outer region, 𝑈𝑘 ∈ ℛOuter, it
is necessary to apply ICI schemes. Therefore, a portion of
the bits is assigned to the serving BS and the remaining
bits are reserved for the interferer BSs.

We propose to perform an adaptive bit partitioning ac-
cording to the location of the user in the cell by defining
subregions as ℛ𝑃𝑍𝐹1

∪ℛ𝑃𝑍𝐹2
...
∪ℛ𝑃𝑍𝐹𝐿

= ℛOuter

with 𝐿 is the number of subregions in the outer region.

– Bit selection strategy for serving BS: if the user is
in the ℓ𝑡ℎ subregion as 𝑈𝑘 ∈ ℛ𝑃𝑍𝐹ℓ

, the predefined
number of bits, 𝐵𝑘,𝑘, is assigned to the 𝑘𝑡ℎ serving
BS.

– Bit selection strategy for interferer BS: the remaining
𝐵max −𝐵𝑘,𝑘 bits are assigned to the interferer BSs.

Theoretical analysis for 2-cells networks:
For 2-cells networks, we can compute the average rate 𝑅1

theoretically as follows:

𝑅1(𝑃11, 𝑃12) =⎧⎨
⎩

𝑄𝔼

[
log2

(
1 +

𝑃1,1𝛾1,1𝑍

1+𝑃1,2𝑌

)]
+ (1−𝑄)𝔼

[
log2

(
1 +

𝑃1,1𝛾11𝑍

1+𝜅1,2𝑃1,2𝑌

)]

with 𝑍 ∼ 𝜒2
2𝑁𝑡

𝑌 ∼ 𝜒2
2 if (BS1)=(MRC)

𝑄𝔼

[
log2

(
1 +

𝑃1,1𝛾11𝑍

1+𝜅1,2𝑃1,2𝑌

)]
+ (1−𝑄)𝔼

[
log2

(
1 +

𝑃1,1𝛾1,1𝑍

1+𝑃1,2𝑌

)]

with 𝑍 ∼ 𝜒2
2(𝑁𝑡−1) 𝑌 ∼ 𝜒2

2 if (BS1)=(PZF)

where 𝑄 is the ratio of the two surfaces ℛInner/ℛcell

assuming a uniform distribution of the users within the cells.
The proposed algorithm for more than 2-cells networks:
For the multicell networks including more than 2-cells,

we share the number of quantized bits for the interferer
BSs unequally. The algorithm that performs this bit selection
strategy for interferer BSs is described as follows:

∙ Step 2b:

– Bit selection strategy for interferer BS: We propose
to share the remaining number of bits, 𝐵max−𝐵𝑘,𝑘,
unequally to transfer the CDI of the interferer BSs.
The sharing strategy is based on quantizing the
information of the dominant interferer using more
bits. Therefore, we define the sharing mechanism
based on the distance ratio.
For each 𝑘′ = 1, 2, ...,𝐾 and 𝑘′ ∕= 𝑘:

𝐵𝑘,𝑘′ =
(𝐵max −𝐵𝑘,𝑘)(1/𝑑𝑘,𝑘′)

𝑆𝑘

where 𝑆𝑘 =

𝐾∑
𝑎=1
𝑎 ∕=𝑘

(1/𝑑𝑘,𝑎)

IV. SIMULATION RESULTS

We perform the simulation results to illustrate the benefits of
the proposed adaptive feedback link in a cooperative multicell
system. For the simulations, we chose the parameters as 𝑁𝑡 =
4, 𝑅 = 1km and 𝛼 = 3.7.

Depending on the values of 𝑃0, we can select to perform
the different transmission strategies in 2-cells networks [6] as
only the MRC (For 𝑃0 is below 10dB), both MRC and PZF
(For 𝑃0 is around 10dB) and only the PZF (For 𝑃0 is above
10dB).
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Firstly, we consider a simplified 2-cells network model
where the positions of BS1 and BS2 are (−𝑅, 0) and (+𝑅, 0)
respectively.

In Figure 2, we show the required number of bits to maxi-
mize the sum data rate of the 2-cells network at 𝑃0 = 10dB.
It is observed that the number of bits allocated bits for the
serving and interferer BSs only depends on the location of
the user itself in the 2-cells network and does not change
according to the location of the other user in the neighboring
cell. In addition to that, both MRC and PZF transmission
strategies can be performed at the BSs considering the number
of allocated bits for serving and interfering BSs. According to
this bit partitioning scheme, the inner and outer regions can
be determined as

ℛInner = {0.45𝑅 ≤ ∣𝑥𝑘,𝑘∣ ≤ 𝑅}
ℛOuter = {𝑅 < ∣𝑥𝑘,𝑘∣ < 0.45𝑅} (11)

with 𝑘 = 1, 2. In addition to that, we can define two subregions
(𝐿 = 2) as,

ℛPZF1
= {0.25𝑅 ≤ ∣𝑥𝑘,𝑘∣ < 0.45𝑅}, 𝐵𝑘,𝑘 = 5

ℛPZF2
= {0 ≤ ∣𝑥𝑘,𝑘∣ < 0.25𝑅}, 𝐵𝑘,𝑘 = 4
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Fig. 2. Optimal bit partitioning for User 1 at 𝑃0 = 10dB for 2-cells network.

In Figure 3, we compare the proposed algorithm with the
scheme where only the PZF is applied at the BS by sharing
the quantization bits for serving and interfering BSs equally.
We observe that the proposed algorithm improves the sum
capacity by choosing the bit partitioning scheme and the best
transmission strategy according to the location of the user in
2-cells network and the defined regions.

Assuming the users are uniformly distributed in the cell
area, we evaluate the performance of the proposed algorithm
in 2-cells network at 𝑃0 = 10dB considering the regions and
subregions defined in (11) and (12). We compare the proposed
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Fig. 3. The sum capacity versus the location of the users at 𝑃0 = 10dB
2-cells network.

algorithm with the scheme that only the MRC is employed
with 𝐵1,1 = 𝐵2,2 = 𝐵max = 10. According to the sum
capacity results as shown in Figure 4, the proposed algorithm
improves the sum capacity with the percentage of 4 − 16%
compared to only the MRC scheme by adaptively selecting
the transmission and bit partitioning strategy depending only
on the users’ itself location in 2-cells network.
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Fig. 4. The performance gain between MRC and the proposed algorithm at
𝑃0 = 10dB for 2-cells network.

In order to illustrate the performance of multicell networks,
we simulate 3-cells network employing the proposed adaptive
algorithm. Firstly, we obtain the optimum bit partitioning
to maximize the sum capacity for both the serving and the
interferer BSs as drawn in Figure 5 according to the location
of the user 1 for 𝐵max = 30 bits. The same kind of
bit partitioning scheme is also obtained for the other users
belonging to their locations in 3-cells network.

Considering the optimal case, we can find the predefined
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Fig. 5. Optimal bit partitioning for User 1 as (𝐵1,1, 𝐵1,2, 𝐵1,3) at 𝑃0 =
5dB for 3-cells networks.

bits and corresponding subregions as follows:

ℛPZF1
= {0.85𝑅 ≤ ∣𝑥𝑘,𝑘∣ ≤ 𝑅}, 𝐵1,1 = 10

ℛPZF2
= {0.55𝑅 ≤ ∣𝑥𝑘,𝑘∣ < 0.85𝑅}, 𝐵1,1 = 9

ℛPZF3
= {0.25𝑅 ≤ ∣𝑥𝑘,𝑘∣ < 0.55𝑅}, 𝐵1,1 = 8

ℛPZF4
= {0 ≤ ∣𝑥𝑘,𝑘∣ < 0.25𝑅}, 𝐵1,1 = 7

In Figure 6, we evaluate the performance of the proposed
algorithm in a 3-cells network for 𝐵max = 36 and different
values of 𝑃0 comparing by the MRC only scheme and the PZF
only scheme with an uniform bit partitioning of (12, 12, 12).
According to the sum capacity results, it is shown that the
proposed algorithm improves the performance of only the PZF
scheme with uniform bit allocation by 7−12% in average. At
the cell edges, the performance gain increases to 11− 16%.

V. CONCLUSION

In this paper, we have considered interference cancelation
strategies in cooperative downlink multicell systems with
limited feedback link. In order to achieve sum capacity
improvement on the multicell network, we have employed
two classical beamforming strategies for the design of the
beamforming vectors: maximum ratio combining and partial
zero-forcing beamforming. We have shown that the required
bit partitioning for the transmission strategies can be chosen
according only to the users’location and the degree of the
received power at the edge of the cells. We have proposed
a simple adaptive bit partitioning strategy by defining optimal
regions and subregions adaptively depending on the location
of the user in the multicell network. We have shown that the
proposed algorithm having a simple structure for both users
and base stations improves the sum capacity of 16% in the
cell edges at high 𝑃0 values for 3-cells networks.
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