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Abstract: In this paper, a novel technique known as Cooperative Communication in MIMO has been incorpo-
rated. This technique allows single antenna mobiles to have the benefits of MIMO systems. Numerical analysis
and mathematical modeling is done for SISO with no cooperation, MIMO with no cooperation and MIMO with
cooperation or Cooperative MIMO. Expressions for SNR, Outage probability and capacity over a channel link
have been derived and simulated. A critical comparative analysis has been carried out between SISO with no
cooperation, MIMO with no cooperation and Cooperative MIMO by evaluating and plotting various performance
parameters. It has been demonstrated that Co-operative MIMO exhibits better performance in comparison to other
two mentioned schemes.
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1 Introduction

The rewards of multiple-input multiple output
(MIMO) systems have been extensively recognized,
to the degree that transmit diversity methods have
been incorporated into wireless standards. Explic-
itly owing to size, expenditure or hardware constrains,
wireless instrument may not be able to sustain multi-
ple transmit antennas. In this paper a technique known
as Cooperative Communications in MIMO [1] have
been incorporated which allows single antenna mo-
biles to have the benefits of MIMO systems. In this
the single antenna mobiles can “share” their antennas
in a multi user scenario in a manner that creates vir-
tual MIMO systems. In this, each mobile transmits for
multiple mobiles leading to trade-offs in code rates
and transmit powers [1]. The forthcoming paper is
organized as follows. Section 2 gives a brief intro-
duction about cooperative system Protocols. Section 3
discusses the considered system models in detail. Sec-
tion 4 analyzes the performance of the systems in de-
tail. Section 5 concludes the paper.

2 Co-operative System Protocols

In wireless communication there are three types of
Cooperative Communication protocols namely [2]:

1. Amplify and Forward

2. Detect and Forward

3. Coded Cooperation

Amplify and Forward cooperative protocol trans-
mission is the most simple and practical protocol. It is
easy to implement but a major drawback is associated
with it i.e. along with the signal amplification perpen-
dicular noise amplification also takes place, which is
unwanted. This problem is overcome by decode and
forward relaying as this relaying scheme inherently
eliminates the perpendicular noise. In coded coop-
eration, two mobile device affiliate with one another
to collectively transmit the data. They use their re-
sources collectively to achieve this. Since, the data is
received via independent fading paths spatial diversity
is achieved [5].
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3 System Model

In order to analyze and evaluate the system, following
system models have been considered.

3.1 SISO with No Co-operation

3.2 MIMO with No Co-operation

3.3 MIMO with Co-operation

We will consider each of the specified model one
by one. SISO with No-Cooperation is a simple exam-
ple of point-to-point communication. Further, MIMO
with No-Cooperation is evaluated. This is an exam-
ple of simple Multiple Input Multiple Output system.
After, their comparison with one another third model
i.e. MIMO with Co-operation is considered. The de-
tailed insight into each system will help us in evaluat-
ing them and conclude which is the best among them.

3.1 SISO with No Co-operation Scenario

Figure 1: Point to point communication consisting of
single base station and mobile station.

Figure 1 shows a Single Input Single Output Sys-
tem model, where the wireless data transmission in
between the user and home base station is in the form
of point to point communications. Let P be the total
transmission power and signal to noise ratio as SNRT

at the transmitting side with additive white Gaussian
noise (AWGN) noise power and N0 as single sided
noise power spectral density [4]. Thus signal to noise
ratio [5] is represented as:

SNRT =
P

σ2
(1)

where σ2 = N0 is Additive White Gaussian Noise.
The channel gain is h, so the instantaneous SNR

at the receiving side is

SNRR =
P

σ2
|h|2 (2)

Assuming the static fading during the whole
transmission duration, the maximum mutual informa-
tion over the link can be expressed as:

I = log2(1 + SNRR) (3)

In case of the static fading channel in SISO with addi-
tive white Gaussian noise channel where

y = x+ η (4)

the channel capacity in bits/s/Hz is given by,

C = log2(1 + |h|2SNRR) (5)

Probability of outage that the channel capacity is be-
low a threshold ‘R’ [4] is given as:

Pr = Pr[(log2(1 + SNRR)) < R] (6)

3.2 MIMO with No Co-operation Scenario

MIMO systems are also referred as multiple-element
antenna systems (MAEs). Figure 2 depicts a MIMO
system [5], where the data stream from a single user
is demultiplexed into nT separate substreams. The
number nT equals the number of antennas. Each sub
stream is then encoded into channel symbols. The sig-
nal are received by nR receive antennas [7]. The gen-
eral equation for MIMO with various transmits and
receive antenna [8] are given by:

y = hx+ η (7)

y1
y2
y3


 =



h11 h12 h1t
h21 h22 h2t
hr1 hr2 hrt





x1
x2
xt


+



η1
η2
ηr




MIMO model consists of ‘t’ transmitter and ‘r’ re-
ceivers with the full ‘t × r’ channel matrix h in be-
tween [9].

N parallel channels operating in MIMO systems
with AWGN of variance (σ2) have been considered.
The capacity over the link grows only as log2 at high
SNR but linearly at low SNR. In order to combat this
some power some power has been provided to weaker
channels hence increasing the overall sum capacity,
because in channel with lower noise power more en-
ergy will be allocated whereas in channel with large
noise power the energy allocated is low. If energy is
allocated, the sum of allocated energy and the effec-
tive noise power will be constant

Hence capacity will be defined as

C =

N∑

n=1

log2

(
1 +

En|hn|2
σ2

)
(8)

where N = number of channels and En is the energy
allocated to the nth channel.

If the channel to each user is changing with time
it likely that, at any time instance one user has a good
channel. By transmitting energy on that channel, over-
all Capacity can be achieved in a multi user situation.
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Figure 2: MIMO block diagram showing a 2×2 sys-
tem.

This new form of diversity is known as Opportunistic
beamforming.

Finally, if the channel is not available at the trans-
mitter, clearly the best distribution scheme is to spread
the energy evenly between all the transmitters and is
given by

C =
N∑

n=1

log2

(
1 +

Es

Nσ2

)
(9)

where En = Es
N .

Defining R as data rate measured in bit/sec/Hz
(Threshold value), the outage probability over the link
can be expressed as

Pr[C < R] = Pr

( N∑

n=1

log2

(
1 +

En|hn|2
σ2

)
< R

)

(10)

Where the threshold value has been selected in a
manner if the total received power is below this level
then the system is said to be in outage for this particu-
lar channel and the probability is called outage proba-
bility.

3.3 MIMO with Co-operation

As discussed in Section 2, this relaying scheme elimi-
nates the perpendicular noise which is an inherent fea-
ture of Amplify and Forward Cooperative Protocol.
This scheme is easier to implement in comparison to
Coded Cooperative protocol.

We have used Detect and Forward protocol [1] in
which a user attempts to detect the partner’s bits and
then retransmit the detected bits. Figure 3 shows a
MIMO with Co-operation scenario where the partners
may be assigned by base station via scheduling al-
gorithm, including the orthogonality pairing, random
and so on and the paired users can be allowed to trans-
mit the signals in the uplink using the same frequency
resources, which could not only improve the spectrum

utilization but also effectively reduce the noise distur-
bance between the paired users via the different atten-
uation in each individual sub channel. Besides this
the transmission channels, which is used by different
paired users, cannot seem to be correlated each other
so that they are easy to recognize at the receiver, and
thus it can improve the uplink throughput for the sys-
tem dramatically.

Following are the steps for pairing algorithm in
MIMO via cooperation:

1. If home base station detects the first user in the
system, it will randomly allow a sub channel to
this user.

2. Keep on detecting, if the other users are not
found. If the other user is found, home base sta-
tion should select these two users to form a pair
in order to form a cooperative transmission.

3. Repeat step 1 and 2 for more no of users.

Let P be the total transmission power and be
equally divided to allocate the users. The transmit
power of each user scales as “P/Mn”, where Mn are
the number of users. Then the mutual information for
the users can be given as

Figure 3: MIMO with Co-operation consisting of sev-
eral BTS and mobile stations.

Let us consider a muticell network comprising of
n co-operative base stations assigned with same car-
rier frequency. Each cell serves Mn users. The base
stations are equipped with Ma antennas each. Due to
lack of space, we mostly consider base stations side
interference control. The base station can assume any
geometry; however, strongly structured cell models
can help the theoretical analysis of co-operation.

In the uplink, the received signals at the nth BTS
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[10] and lth being cell number can be written as

yn =

Mn∑

Mn=1

n∑

i=1

hnlMnxlMn + Zn (11)

Let P be the total transmission power and be
equally divided to allocate the users. The transmit
power of each user scales as P/Mn where Mn are the
number of users. Therefore power allocated to each
user can be written as

P ′ =
Pt

Mn
(12)

And the SNR received at the receiver side is given
by

SNRR =
P ′

σ2
(13)

Hence the mutual information for the users can be
given by

I = log2(1 + µ) (14)

Where µ =
∑Mn

i=1

∑Ma
j=1 P

′(h(i,j))2.
The outage probability for a given power and rate

at the receiver can be given by

Pr[I < R] = Pr[µ < 2(R−1)] . (15)

4 Performance Analysis and Numer-
ical Results

Co-operation b/w wireless users have been proposed
to achieve spatial diversity in applications. To un-
derstand in a more general context we examine the
SNR, Outage probability in detect and forward proto-
col where capacity is defined as the maximum mutual
information over a link.

Numerical analysis was simulated and compared
using three comparison parameters SNR, outage prob-
ability and link capacity [7]. In this section simulation
results were carried out to verify the analysis of dif-
ferent models presented in the above sections. The
performance of three models is simulated. Results of
Outage Probability, Channel Capacity and SNR were
simulated in the form of curves using semilogy com-
mand. Here an Additive White Gaussian Noise chan-
nel is considered.

4.1 Gain vs. SNR

Figure 4 shows Gain vs. SNR for SISO with no co-
operation and MIMO with no cooperation. Figure 5
shows for SISO with no cooperation and Cooperative
MIMO.
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Figure 4: SNR comparison in SISO and Cooperative
MIMO System.
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Figure 5: SNR comparison in SISO and MIMO Sys-
tem.

It is observed from simulation and numerical re-
sults that for same gain the SNR of Cooperative
MIMO is highest. This is depicted elaborately in Ta-
ble 1. SNR specifications are important measurement
as they describe the noise level in a communication
system. More is the SNR better is the system

4.2 Outage Probability

A system is said to be in outage for a particular chan-
nel if the total received power is below the threshold
power level defined. Figure 6 and Figure 7 show the
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Table 1: SNR vs. Channel Gain in different Systems
Channel Gain SISO MIMO MIMO with CO-OP

0.91 6.30 7.10 7.90
0.92 6.51 7.33 8.09
0.93 6.69 7.52 8.28
0.94 6.88 7.71 8.46

plot between SNR and outage probability. Figure 6
compares the outage probability for SISO with no co-
operation and MIMO with no cooperation where as
Figure 7 compares the outage probability for SISO
with no cooperation and Cooperative MIMO. It can be
observed that it varies inconsistently with three mod-
els in different SNR conditions. MIMO with coopera-
tion was observed with best outage graph as compared
to other two schemes. Lesser the probability of outage
in system better is the performance. Same is depicted
in Table 2. We observe from the graphs that Coopera-
tive MIMO provides highest gain.
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Figure 6: Outage probability comparison in SISO and
MIMO system.

Table 2: Outage Probability vs. SNR
SNR(dB) SISO MIMO MIMO with CO-OP

1 0.716 0.367 0.262
2 0.548 0.167 0.090
4 0.394 0.061 0.024
6 0.271 0.019 0.005

4.3 Capacity

Figure 6 shows capacity as a measure of efficiency of
a system model including SISO, MIMO and MIMO
with Co-operation. The capacity is defined as the
maximal of the mutual information between the trans-
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Figure 7: Outage probability comparison in SISO and
Cooperative MIMO system.

mitted and received signal. Here the system capacity
curves as the function signal to noise ratio. It was ob-
served that with increase in power the link capacity in-
creases. Multiple antennas provide MIMO transmis-
sion for cooperative transmission and thus improve
the channel capacity. It is observed from the graphs
that Cooperative MIMO provides highest capacity in
comparison to SISO and Cooperative MIMO.
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Figure 8: Capacity comparison in three different sys-
tems.

Ergodic Capacity

The capacity over AWGN is

C = B ∗ log2(1 + SNR) (16)

Let SNR = γ.
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Table 3: Capacity vs. SNR
SNR(dB) SISO MIMO MIMO with CO-OP

6 2.5 3.46 4.01
12 3.4 3.7 4.1
16 3.7 3.9 4.2
18 3.9 4.1 4.4

Taking bandwidth B as 0.5 for simulation pur-
poses and SNR is the signal to noise ratio at the re-
ceiver. If the capacity hen anticipated over a fading
channel, makes SNR a random variable. So the er-
godic capacity is the average of C over the PDF of
gamma:

C =

∫ ∞

0
log2(1 + γ)P (γ)dy (17)

C is termed as average capacity. The rate over the
channel is constant and for each transmitted symbol
a fraction of all the information is received at the re-
ceiver. This formula gives the maximum of informa-
tion transmission rate in the average and that is why it
is called “ergodic” [10].
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Figure 9: (Ergodic capacity and Shanon Capacity)
Vs.SNR

5 Conclusion

For a gain of .92, Cooperative MIMO showed an im-
provement of 22% in SNR in comparison to SISO
with No Cooperation and 9% improvement in com-
parison to simple MIMO with Cooperation. Outage
Probability also showed much improvement for Co-
operative MIMO, when compared to SISO or MIMO
without Cooperation. When we analyzed capacity we
observed Cooperative MIMO showed an increase of

12% in capacity at SNR of 12 db and 7% increase in
comparison to simple MIMO. Thus ,MIMO with Co-
operation was observed to be better than the other two
schemes.

References:

[1] S. Muthukumar and V. Nagaranjan, Multiuser
MIMO Cooperation for Wireless Network, Proc.
of International Conference on Communications
and Signal Processing, 2012, pp. 98–103.

[2] David Gebsert, Stephen Hanlay, Howard Huang
Shlomo, Shamai Shitz, Osvaldo Simeone and
Wei Yu, Multicell MIMO Cooperative Net-
works, IEEE journal on selected areas in Com-
munications 28 (9) (2010), 1380–1408.

[3] Aria Nosratina and Ahmadreza Hedyat, Coop-
erative Communications in Wireless Networks,
IEEE Communication Magazine 42 (10) (2004),
74–80.

[4] Long Yu, Jian Lui and Keping Long, Analysis
of Virtual MIMO based Cooperative Communi-
cation in Femtocell Networks, Proc. of Global
Telecommunication Conference, 2011, pp. 1–5.

[5] Jefrey G. Andrews, Overcoming Interference in
Spatial multiplexing MIMO cellular networks,
IEEE Wireless Communications, 14 (6) (2007),
95–104.

[6] Wessam Ajib and David Haccoun, An overview
of scheduling Algorithms in MIMO based fourth
Generation Wireless Systems, IEEE journal of
Network, 19 (5) (2005), 43–48.

[7] Steven W. Peters, Cooperative Algorithms for
MIMO Interference Channels, IEEE Transac-
tions on Vehicular Technology, 60 (1), 206–218.

[8] Quentin H. Spencer, Christian B. Peel, A. Lee
Swindlehurst and Martin Haardt, An introduc-
tion to Multiuser MIMO downlink, IEEE Com-
munication Magazine, 42 (10) (2004), 60–67.

[9] Hongyan Zhang and Huaiyu Dai, Cochannel In-
terference Mitigation and Cooperative Process-
ing in Downlink Multicell MIMO Networks,
Eurasip Journal on Wireless Communication
and Networking, 49 (8), 1307-1311.

[10] Hyundong Shin and Jae Hong Lee, Closed for-
mulas For Ergodic Capacity of MIMO Rayleigh
Fading Channels, in Proc. of IEEE International
Conference on Communications, 5 (2003),
2996–3000.

WSEAS TRANSACTIONS on COMMUNICATIONS Sindhu Hak Gupta, R. K. Singh, S. N. Sharan, Ashima Chawla

E-ISSN: 2224-2864 14 Volume 13, 2014




