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Abstract

To achieve high capacity and high data rates is the main requirement for today’s generation. This paper studies about the perfor-
mance and capacity comparison of MIMO and cooperative MIMO systems. The comparison of capacity between multiple- input-
multiple- output (MIMO) and cooperative MIMO systems helps us to know that which system have better performance and better
capacity. The simulation results shows that among SISO, SIMO, MISO and MIMO system the capacity of MIMO will be better but

in between MIMO and cooperative MIMO, Cooperative MIMO system have high capacity than MIMO systems.
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1. Introduction

Now a days the communication system goes to a rapid develop-
ment. Antenna systems performs major roles in wireless commu-
nications. The rapid development of mobile users now a days
give rise to a common problem for mankind that how the capacity
and data rates of the users can be increased [11.]The main limiting
factor for single input antenna systems will be less capacity and
less data rates. so to increase data rates and capacity multiple an-
tenna systems should be used now a days. The capacity of MIMO
systems will be less as compared to cooperative MIMO because
in cooperative MIMO distributes antenna should be used. In
MIMO system multiple antenna will used in transmitter side and
in receiver side also, so that each user’s quality of service can be
increased. A new spatial diversity techniques called as cooperative
diversity can be introduced. By the help of cooperative diversity
each mobile user can access spatial diversity by the help of single
antenna[1]. Cooperative diversity techniques can increase the
capacity and quality of service of each user and the cross layer
routing and resource allocation will be explained in [2]. In [3-8]
the gain of cooperative MIMO capacity will be analyse. This pa-
per studies about multiple antenna terminals by Cooperative
MIMO systems.In MIMO system due to presence of more number
of antennas, so if one path will be facing fading there will be other
path which have not facing fading [9-13]. The capacity can be
calculated between MIMO and cooperative MIMO keeping same
antenna numbers. And the distance between transmitter and re-
ceiver should have range from 75 m to 125 m in MIMO antenna
for 5G communication [4,14,15]. So taking this distance consider-
ation the distance between transmitter and receiver should be cal-
culated by taking a constant SNR value.

2. Preliminary

2.1 MIMO system models

MULTIPLE-ANTENNA wireless terminals, which have used to
achieve diversity and multiplexing have special signal processing
techniques, distinguish MIMO systems. The MIMO system utiliz-
es space, time and frequency dimension for data rates. MIMO
channel is used to represent by its channel matrix whose elements
are channel gains between transmitter-receiver antenna pairs.
Wireless communication involves information to transmit over a
distance without any sort of cables or electrical conductors.

The MIMO systems model will be shown in fig 1.
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Figure 1: MIMO system model

The MIMO system model will be shown in figure. In this the
transmitting antenna will be expressed by nt and receiving antenna
will be expressed by nr. The channel matrix can be expressed by
H matrix.
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2.2 Capacity of MIMO system models

To increase capacity and keeping bandwidth and transmitting
power same put more antennas at the transmitter and receiver side.
The Rayleigh model which is the random channel has been used.
A complex matrix that has identically independent distributed
entries with unit variance and zero mean is used to approximate a
channel in the frequency domain [5].

The capacity of MIMO system will be given by:

Cwmimo = Mt M Blogz(1+S/N) (1)
Where channel capacity expressed by C, bandwidth of the signal
expressed by B, signal to noise ratio expressed by S/N and Mt
and Mr will be respective numbers of transmit and receive anten-
na.

A lower bound generalized capacity formula that is applicable to
any MIMO system:

C=log2(det [ In; + (p/nt) H HT]) bps/Hz )
In the above equation, the determinant is symbolized by ‘det’,
Identity Matrix (Inf) having dimensions nixn; and ‘H™ is the
transpose conjugate of the channel matrix H.

Lower bound capacity for the (n, n) in terms of independent chi-
squared variable with second degree of freedom is as follows:

c> 22:1 @)

The optimal ratio combining or receive diversity (NR=NT=n) for
the capacity formula is:

log2 [1+ (p/n). A2k2] bps/Hz

C=log2 [1+p. A2n2] bps/Hz 4)

3. Cooperative MIMO

Cooperative MIMO techniques is the advance version of multiple
antenna systems which can be significantly improve the perfor-
mance in wireless communication system and among mobile
user’s by increasing more capacity and data rates as compared to
the conventional MIMO antenna array systems. It is generally
known as CO- MIMO and network MIMO. Cooperative MIMO
now a day’s use more as compared to MIMO system in different
wireless communication. Cooperative MIMO uses distributed
antenna systems and it have more capacity more gain as compared
to MIMO antenna systems

3.1 Cooperative MIMO system model

The cooperative MIMO system model shown in fig 2. in propor-
tion to [6].
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Figure 2: Cooperative MIMO system model

Where the transmitted signals from the source node and the relay

nodes are X1 and Xzrespectively. The received signals are Y1 and
Y at cooperative and destination nodes. Hi, Hz ,Hs expressed as
the channel coefficient matrix of MIMO channel. Z1 and Z are the
expressed as the Gaussian white noise present at the Cooperative
node and destination node.

3.2 Advantages of cooperative MIMO

e The main advantages of cooperative MIMO will be its abil-
ity to improve the capacity, coverage and group mobility of
wireless systems. In cooperative MIMO as distributed an-
tenna systems should use that’s why it can be used in dif-
ferent radio devices to achieve theoretical gain of multiple-
input- multiple- output systems.

Cooperative MIMO can achieve gains of MIMO even by the use of
single antenna per node. Cooperative MIMO have more capacity
and data rates than MIMO systems that’s why now a days it can be
used more in wireless communication as compared to MIMO sys-
tems.

3.3 Cooperative MIMO capacity:

According to [6] the provided Rayleigh fading case and for the
ergodic capacity of cooperative MIMO channel a upper bound
case will be given as

C < Cupper=min(Cy, C2) (5)

Ci1 and C: are the expections are to be taken and they should be
express by channel matrix. The lower bound on the ergodic capaci-
ty of Cooperative MIMO will be given by:

C > Ciower = max( Ca, min(Cs,Cz)) (6)

Cq and Cs are the expectation taken in the lower bound case it will
also be taken according to the channel matrix.

4. Simulation results
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Figure 3: SNR vs capacity of SISO, SIMO, MISO, MIMO

In the above results the number of transmitter and receiver antenna
should be 2. SNR should be varry from 0 to 25 dB.taking this
consideration it is clear that among this SISO system have less
capacity[7] and MIMO system have more capacity as compared to
SISO, SIMO and MISO system. The capacity will be increased
more when antenna number at the transmitter side and receiver
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side will be increased [8]. By taking more number of antennas the
data rates will be more and the system can be used for 4G systems
to accommodate large number of users [10].

Before calculating the Cooperative MIMO and MIMO capacity
we have to consider a case study. According to Rappaport in
milimeter wave communication or 5G communication the distance
between Tx and Rx will be varry from 75m to 125 m in MIMO
antenna system. so we take 2 cases by varying SNR and capacity
for show that the distance between Tx and Rx will be 75m and
125m, which is suitable for 5G communication.
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Figure 4: SNR VS Distance calculate between Tx and Rx of MIMO

In the above plot we can varry the SNR from 2 to 18 dB and by
varying capacity we get the distance between Tx and Rx will be
125 m, which will suitable for 5G communication[4]
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Figure 5: SNR vs Distance calculation between Tx & Rx of MIMO
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Figure 6: SNR vs capacity of MIMO & cooperative MIMO

In the above results we can varry the SNR from 2 to 18 dB and by
varying SNR and capacity the distance between Tx and Rx will be
75m which is suitable for 5G[4].

In the above results number of transmitter and receiver antenna
will be 2. SNR will varry from 0 to 20 dB. From the results it is
clearly know that the capacity of cooperative MIMO will be high
than MIMO systems. That’s why cooperative MIMO can be more
useful than MIMO systems when capacity, coverage, data rates
will be taking in to consideration.

5. Conclusion

The paper analyzed the capacity vs SNR comparison between
different diversity schemes antennas. The main factor which
would be focused in this paper will be the which system have
better capacity and all the capacity vs SNR calculation should
done when Rayleigh fading channels should be used.

It is clearly known from the results that cooperative MIMO have
better capacity than MIMO systems. Cooperative MIMO have
better capacity that’s why the data rates in cooperative MIMO will
be better than the MIMO systems.
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