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ABSTRACT

Cooperative transmission schemes are used in wireless net-

works to improve the spectral efficiency. In a multi-cell en-

vironment, other cell interference (OCI) degrades the perfor-

mance of wireless systems. In this paper, we study the perfor-

mance of downlink sum rate for cell-edge users in a multi-cell

environment under base station cooperation. The base-stations

coordinate their transmission to the two cell-edge users in or-

der to improve their Signal-to-interference-noise ratio (SINR)

and throughput. Sum Capacity of cell-edge users for differ-

ent transmit cooperation strategies is compared. Results show

that Dirty Paper Coding (DPC) scheme, in a 2-cell coopera-

tion, has significant gain in sum-rate compared to other coop-

erative schemes. However, when interference from all the other

cells are considered, DPC performance is only marginally bet-

ter than other low complexity cooperation schemes.

Keywords: Cooperative transmission, MIMO, Capacity,

Dirty Paper Coding (DPC)

I INTRODUCTION

Ever increasing demand to support higher data rates for broad-

band services like triple play, online gaming etc., over wireless

networks, requires a large capacity. However, with scarcity of

available radio resources, to achieve a good capacity and Qual-

ity of Service (QoS) efficient utilization of channel resources

is important. In a conventional cellular network, a terminal re-

ceives signals not only from the base station of that cell, but

also from other cell base stations. Using a proper frequency

reuse, such interference is reduced to a tolerable limit. How-

ever, this method of using different frequency bands for dif-

ferent cells will decrease the spectral efficiency. In a full fre-

quency re-use network, this interference degrades the system

performance, and thereby reduces network capacity. Using

Base Station Cooperation, this ability to receive signals from

multiple base stations can be utilized as an opportunity to im-

prove the spectral efficiency of the cellular network.

Cooperative transmission utilizes the inherent user diversity

available in a multi-user environment to provide higher spec-

tral efficiency [1–3]. In [4], it is shown that the downlink effi-

ciency can be improved using Coherent Coordinated transmis-

sion (CCT) from multiple base stations. Comparison of differ-

ent coordination schemes using Dirty Paper Coding (DPC) is

presented in [5] for a downlink Multiple Input Multiple Out-

put (MIMO) system in a slow fading channel. A new partial

coordination scheme, where the base stations transmit in Time
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Division Multiple Access (TDMA) mode is proposed in [5] to

minimise the latency involved in a full coordination using DPC.

In [6], it is shown that in a multi-cell environment, us-

ing cooperation the overall interference can be reduced only

marginally, whereas the interference within the cooperation re-

gion is largely reduced as shown in Figure 1. It can be observed

that the average interference power in a 19 cell case is only

reduced marginally, compared to interference reduction in the

collaborative region as described in [6]. Cooperative encod-

ing and scheduling in a Networked MIMO system is discussed

in [7], in order to supress Other Cell Interference (OCI) and

thereby achieve maximum capacity in MIMO downlink chan-

nel. DPC is one such encoding scheme that can cancel the in-

terference, if the interference channel information is available

at the transmitter. It is shown that such an encoding scheme can

achieve maximum capacity for a multi-user downlink channel.

However, it is difficult for practical implementation of the such

scheme, as it requires exact channel information of all the inter-

fering stations. Since DPC can give a theoretical upper bound,

we study the performance of other lower complexity coopera-

tion strategies in [8] and compare it with DPC.

In this paper, we present a performance analysis through

simulations for different cooperation scenarios in a multi cell

environment where the other cell interference is significant.

The sum capacity achieved through cooperation is presented

for two different interference environments. In the first case, a

network with only two cell is considered to study the perfor-

mance of different cooperation schemes. In the second case,

a 19 cell re-use1 environment is considered where the interfer-

ence from the other base stations not in the collaborative region

is treated as noise by the users in cooperation. The downlink

environment under consideration will not have any interference

from users in the same cell. They are properly seperated in

time, frequency or code such that orthogonality exists. Inter-

cell interference is allowed by doing a full frequency re-use in

each cell.

The rest of the paper is organised as follows: Section 2

describes the system model, signal to interference noise ra-

tio (SINR) and user throughput with and without cooperation.

Section 3 describes the different schemes of 2-cell cooperation

considered in this paper and their sum capacity calculations.

Section 4 presents the simulation results and conclusions are

presented in section 5.

II SYSTEM MODEL

The basic system model and transmission protocol is as shown

in Figure 2. Base stations BS1 and BS2 are the candidates
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Figure 2: System Model

for cooperation, to transmit signals to mobile terminals MS1

and MS2. For BS1, BS2 is one of the interfering base stations

among the total 12 base stations in a re-use1 network. More

than one base station can be involved in cooperation, but for

simplicity we are considering only two stations to form a coali-

tion. The observation still holds good even for three station

coalition. The signals from the serving BS and from the neigh-

bor BS arrives at the terminal at the same time, i.e., received

signal by the terminal from the two base stations are frame syn-

chronized. The frame duration in which the BS1 transmits to

MS1 is divided into two sub-frames, where the first sub-frame

is used for signal transmission to MS1 and the second one to

MS2. Similarly, BS2, which is under cooperation with BS1,

transmits in the same sequence of BS1. The received signals

at MS1 and MS2 is y1 and y2, and is given by system equation

1, where hij is the channel between terminal i and BS j. x1

is transmit signal of BS1 and x2 is that of BS2.zi is the total

interference received by MS i due to transmissions from all the

base stations other than the one under cooperation (in this case

BS2) and ni is the additive white Gaussian noise.
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III 2-CELL COOPERATION SCHEMES

In this section, we describe different types of transmission co-

operation schemes between two cells and Signal to Interference

plus Noise Ratio (SINR) expressions of the received signal at

the user terminal MS1. The sum capacity (or throughput) of

the terminals under cooperation in bits/sec/Hz is also provided.

1. Cooperative MIMO

In this scheme, the base stations BS1 and BS2 together

transmit information signal to MS1, thereby forming an

Alamouti trasmit diversity of order 2. This scheme is re-

ferred in some literature as Network MIMO. The SINR

expression for this scheme will be of form:

SINRcoop =
(|h11|

2 + |h12|
2)E

{

X2
1

}

σ2
n +

∑12
k=3 |h1k|2E {X2

i }
(2)

2. Simple cooperation

The signals transmitted by base stations BS1 and BS2 are

added using simple vector addition. The SINR expression

for this scheme will be of form:

SINRcoop =
|h11 + h12|

2E
{

X2
1

}

σ2
n +

∑12
k=3 |h1k|2E {X2

i }
(3)

3. Cooperation with 1-bit Phase feedback

In this scheme, the addition of two signals is done with

proper co-phasing the information signal from the second

base station based on the 1-bit feedback of the phase in-

formation [9]. The SINR expression for this scheme will

be of form:

SINRcoop =
(|h11|

2 + h12|
2 + 2<(|h∗

11h12|))E
{

X2
1

}

σ2
n +

∑12
k=3 |h1k|2E {X2

i }
(4)



In all these schemes, the Channel State Information (CSI)

for the downlink of the serving base station and cooper-

ating base station is known at the user terminal. This as-

sumption is valid and is used in schedulers for rate adap-

tation in 3G systems. Besides, scheme 3 has an addi-

tional overhead of 1 bit to provide the phase information

of the cooperating signal in order to do co-phasing at the

received terminal. The sum throughput for system under

consideration in bits/sec/Hz can derived from the Shannon

Capacity as

Rcoop = log2(1 + bSINRcoop), (5)

where b is determined by the SNR gap between the practi-

cal coding scheme and the theoretical limit. Under normal

operation that is when there is no cooperative transmis-

sion, the signal to interference noise ratio (SINR) in the

downlink for MS i is given by

SINRnci
=

|hii|
2E

{

X2
i

}

σ2
n +

∑

k 6=i

|hik|
2E

{

X2
k

}

, (6)

where hik represents the the channel between the termi-

nal i and base station k, E
{

X2
k

}

is the average transmit

power of Base Station k, and σ2
n is noise variance. The

sum throughput under normal operation in bits/sec/Hz is

Rnc =
∑

i

log2(1 + bSINRnci
). (7)

4. Selective Cooperation

A low complexity cooperation selection algorithm based

on user throughput is proposed in [8]. In this algorithm,

each user calculates the achievable throughput for both

cooperation and no cooperation from available measure-

ments of its own channel and the nearest neighbor (or

strongest interfering channel). The user throughput under

cooperation will be α times Rcoop, where factor α defines

the proportion of resource sharing among terminals under

cooperation. User requests the base station for a coopera-

tive transmission only when its throughput under cooper-

ation is greater than the no cooperation case. That is, co-

operation is selected by user i only when α Rcoop > Rnci
.

5. Dirty Paper Coding

Dirty Paper Coding uses the knowledge of the interfer-

ing signals in calculating the optimal transmit covariance

structure that can maximize the sum-rate for a Gaussian

Broadcast Channel (GBC). Closed form result for achiev-

able throughput for t × 1 : 2 GBC, using successive dirty

paper encoding with gaussian codebooks is given in [10].

The maximum achievable sum throughput R given in [10]

is

R =

{

log(1 + |h1|2A), A ≤ A1

log
(Adet(HH

H)+trace(HH
H))2−4|h2(h1)H |2

4det(HHH ) , A > A1

where A is the maximum allowed transmit energy per

channel use and

A1 =
|h1|2 − |h2|2

det(HHH)
.

We use the same result for our calculation of cooperative

throughput upper bound using DPC. The channel matrix

used for our calculations Hz , includes the effect of in-

terference from the other cells and is defined as Hz =
Λz

−1/2
U

H
H. Λz and U is obtained by performing SVD

of the noise covariance matrix Σz . Since the interference

from other cells are treated as noise, the noise covariance

matrix is obtained from the energy of the interfering sig-

nals from other cells that are not under cooperation. H

is the cooperation channel matrix as defined in (1). The

noise covariance matrix Σz is defined as
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where P is the maximum transmit power in the downlink.

IV SIMULATION AND RESULTS

Simulations to analyse the performance of sum capacity for

four transmission scenarios namely, i) Without Cooperation,

ii) With Cooperation iii) Selective Cooperation and iv) Dirty

Paper Coding in multi-cell environment is done based on

Monte Carlo methods. Selective Cooperation is a hybrid

scheme, where cooperative transmission is performed only if

the individual user throughput of Case (ii) is greater than Case

(i). A cellular network of radius 500m, operating at 1800

MHz with one cell edge user per cell is considered for sim-

ulations. The channel gains for both signal and interference

are based on COST-231 path loss model [11] including fading

and log-normal shadowing. The correction factors for the path

loss model are that of metropolitan/urban areas. The shadow-

ing component is a gaussian random variable with zero mean

and 10 dB of standard deviation. Fading component is an iid

random variable with zero mean and unit variance. The trans-

mission power of each base station (at the antenna) is 2W (33

dBm). The superposition of signals for cooperation is per-

formed in three different ways as mentioned in section 3.

The simulations are performed for two different setup, where

in the first case only two cells are considered in the network and

therefore, z1 ans z2 in (1) will be zero. In second setup, a 19

cell full re-use multi-cell environment in which there will be

interferences from other cells which are not part of coopera-

tion. The sum capacity of all cooperation schemes described in

section 3 are compared for both the cases.

• 2-cell simulation

For a two-cell network, the average sum capacity for dif-

ferent input SNR is shown in Figure 3. Averaging is

done over 105 frames for each combination of cooperative

scheme and selection of cooperation. Dirty Paper Coding



Table 1: Average per User Throughput (bits/sec/Hz) for differ-

ent Cooperation schemes in a Multi-cell environment

Type of Schemes Scheme 1 Scheme 2 Scheme 3
Without Cooperation 1.034 1.034 1.034

With Cooperation 1.235 1.197 1.347

Selective Cooperation 1.596 1.582 1.674

scheme sum throughput is best of all the other schemes

with significant gain margin. However, the gain in DPC is

reduced as noise/interference dominates the information

signal. It can be observed from Figure 3 that at -20 dB

SNR, DPC is better by only 1 bits/sec/Hz compared to

simple cooperation schemes.
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Figure 3: Sum Throughput for different Cooperation Schemes

• Multi-cell simulation

Average per user throughput for different cooperative

schemes for a multi-cell environment is shown in Table

1. The observed values from the simulation given in the

table, clearly shows the advantage of selective coopera-

tion over full cooperation. The average sum throughput

of all cooperation schemes for a multi-cell simulation is

given in Table 2. DPC still gives better sum throughput,

but the gap is not significant. The sum throughput of se-

lective cooperation performed on Scheme 1 is on par with

DPC.

V CONCLUSIONS AND FUTURE WORK

In this paper, we presented simulation analysis of 2-cell co-

operation for downlink in a multi-cell cellular network. The

simulation result shows that selective cooperation gives a user

throughput improvement of 33.3% when compared to full co-

operation for same SINR. Dirty Paper Coding scheme is the

Table 2: Average Sum Throughput (bits/sec/Hz) for different

Cooperation schemes in a Multi-cell environment

Type of

Schemes

Scheme 1 Scheme 2 Scheme 3 DPC

Without Co-

operation

2.0525 2.0525 2.0525 -

With Coop-

eration

2.4669 2.3935 2.6936 2.9960

Selective

Cooperation

2.8234 - - -

best when compared to all other cooperation shemes for a 2-

cell network. When more interference cells are considered, co-

ordinated DPC across all the base stations will be complex to

overcome the interference. When DPC is done only across 2-

cells and all the other cell interference is treated as noise, the

sum throughput of DPC is only marginally better (by 6%) than

low complexity selective cooperation scheme.

As our future work, we are studying performance for a 3-cell

collaborative region, where DPC with iterative waterfilling will

be compared with simple cooperation schemes using 3 base

stations.
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