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Abstract

With the revolution in technology, most of the communication
systems are going to be wireless. But wireless communication
performance is badly ejected by channel fading. One of the
possible solutions is MIMO, but it is not always possible to
provide more than one antenna, due to size constraints. So
virtual MIMO, known as cooperative diversity was
introduced, to provide diversity. This report presents a study
of network with source, destination and relay, deferent
transmission protocols and relay selection techniques. In
cooperative wireless networks, it is often the

case that multiple sources and multiple relays cooperate to
transmit their data to destination. For the cooperative systems,
selecting an appropriate relay node is of prime importance.
Various relaying algorithms are used to select appropriate
relay. In this report, the algorithm, namely greedy and
exchange algorithm, is used for relay selection. It aims to
minimize the total transmission power in the multi source and
multi relay wireless networks in which one source has only
one partner to help for information transmission. Later on,
based on the analysis and the mechanism used in GAEA, an
alternative version of GAEA is provided, that enhances the
algorithm for more optimized result.

Keywords— Multi-source, Multi-relay, Relay selection
technics.

l. INTRODUCTION

Now a days wireless communications have gained
much popularity in recent years due to its ability to provide
unbound connectivity and mobile access. But reliable and high
data-rate communication over the wireless channel has been
unsuccessful due to multipath fading, shadowing, and path
loss effects. One of the possible solution is to develop
effective transmit and receive diversity techniques to exploit
diversity in different channel dimensions, such as time,
frequency, and space, and achieve the so-called diversity
gains. Multiple-input multiple-output (MIMO) systems have
made it desirable to embed multiple antennas on modern
wireless transceivers, inorder to achieve spatial diversity

gains.

The increasing numbers of users demanding service have
encouraged intensive research in wireless communications.
The problem with the cooperative communications is the
unreliable medium through which the signal has to travel. To
mitigate the effects of wireless channel, the idea of diversity
has been deployed in many wireless systems. Diversity is a
communication technique where the transmitted signal travels
through various independent paths and thus the probability
that all the wireless paths are in fade is made negligible.
Frequency diversity, time diversity and space diversity are the
three basic techniques for providing diversity to the wireless
communication systems.

Multiple-input multiple-output (MIMO) systems, where the
transmitters as well as receivers are equipped with multiple
antennas, proved to be a breakthrough in wireless
communication system which offered new degree of freedom,
in spatial domain, to wireless communications. After that,
MIMO became part of many modern wireless communications
standards like LTE Advanced, WiMAX and Wireless LAN..
Though, the idea of cooperative communication was given in
2003 by Sendonaris[5], it is still considered an extensive
research which is going to exploit its benefits in the next
generation communication systems.

II.  MIMO SYSTEMS

In MIMO systems, multiple antennas are used at the
transceiver. This arrangement can significantly increase data
rate and reliability of the wireless link. MIMO systems use
either VBLLST (Vertical Bell Laboratories Layered Space-
Time) or DBLLST (Diagonal Bell Labs Layered Space-Time)
algorithm. However, using multiple co-located antennas
causes degradation in the system Quality of service (QoS) due
to correlation between them. Also, due to size, cost, or
hardware limitations, small handheld wireless devices may not
be able to support multiple antennas. To overcome the above
drawback, an innovative approach known as cooperative
communication has been suggested to exploit MIMO’s benefit
in a distributed manner. Such a technique is also called a
virtual MIMO, since it allows single antenna mobile terminals
to reap some of the benefits of MIMO systems. This concept
is illustrated in Fig-1 below.
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Figure 1. Illustration of MIMO and virtual MIMO systems [10]

The idea of cooperation was presented by van der Meulen in
1971, which established foundation of relay channel.
Cooperative communication takes advantage of broadcast
nature of the wireless medium where the neighbouring nodes
overhear the source’s signals and relay the information to the
destination.
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Figure 2
Each mobile has one antenna and cannot individually generate
spatial diversity. However, it may be possible for one mobile
to receive the other, in which it can forward some version of
"overheard" information along with its own data. Because the
fading paths from two mobiles are statistically independent,
this generates transmit diversity.

In Cover and El Gamal [2], three node network consisting of
a source, a destination, and a relay. It was assumed that all
nodes operate in the same band, so the system can be
decomposed into a broadcast channel from the viewpoint of
the source and a multiple access channel from the viewpoint
of the destination. The relay channel model is shown in Fig 3.
In this model, transmitter A sends a signal X, whose noisy,
attenuated version is received by both the destination C and a
relay B. The relay then transmits another signal X1 to the
destination, based on what it has received.
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Figure 3: Relay Channel
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This model can be decomposed into a broadcast channel (A
transmitting, B and C receiving), and a multiple access
channel (A and B transmitting, C receiving).

User 1

Destination

User 2
Figure 4: In Cooperative Communication each mobile is
both a relay and a user

I11. COOPERATIVE COMMUNICATION

Cooperative communication is similar to the relay
channel model to some extent but differs significantly in that
each wireless user is assumed to both transmit data as well as
act as a cooperative agent for another user. In other words,
cooperative signaling protocols should be designed so that
users can assist there users while still being able to send their
own data. This reciprocal arrangement is illustrated in Fig.4.

Cooperation leads to interesting tradeoffs in code rates and
transmit power. In the case of power, it may seem that more
power is required because, in cooperative mode, each user is
transmitting for both itself and a partner. However, the point
to be made is that the gain in diversity from cooperation
allows the users to reduce their transmit powers and maintain
the same performance. In the face of this tradeoff, one hopes
for a net reduction of transmit power, given everything else
being constant. Similarly for the rate of the system. In
cooperative communication, each user transmits both its own
bits as well as some information for its partner, so it may
appear that each user requires more bandwidth. On the other
hand the spectral efficiency of each user improves because,
due to cooperation diversity, the channel code rates can be
increased. Thus to summarize, in non-cooperative
communication users send directly to a common destination,
without repeating for one another.

The received signal can be written as :
Y g:r = Ng.r Xz + Ng;r = hg.rhrs Xy + Ng. s + Nge (1)

Where hq. ( is the channel from the relay to the destination
nodes and n.. is the noise signal added to hg.,. In cooperative
wireless, users not only transmit their own information, but
also repeat other users' information during its transmission to a
common destination. During the first slot, Base station
receives from userl
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Ys; d= ths; dt ns; d (2)

Where Y4 is the signal received at destination from source,
Xy is the transmitted signal, hs.q is the channel gain and ngq is
the AWGN noise. In the next time slot, it receives the relayed
version of the same information from its partner, user 2 as

Yr,a= Xihs; g + Ng; g (3)

Here Y4 is the signal received at destination from relay or
cooperating user, X; is the transmitted signal of user 1, relayed
be its partner, h.q is the channel gain, and n4 is the AWGN
noise. These two copies of the same signal received at BS are

combined and used by the receiver for decision making or
decoding purpose.

IV. COOPERATIVE TRANSMISSION
PROTOCOLS

A. Amplify and Forward Method

Received Signal /L

Signal @ —
wuyg . |
L
| @ Destination (D)

Figure 5: Amplify and Forward method [4].
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Laneman and Wornell first proposed amplify-and-forward
as a cooperative signaling scheme in [4]. Amplify-and-
forward is conceptually the most simple of the cooperative
signaling method. In this method, each user receives a noisy
version of the signal transmitted by its partner; the user then
amplifies and retransmits this noisy signal (see Fig 5).The
destination will combine the information sent by the user and
partner and will make a final decision on the transmitted
symbol. Although the noise of the partner is amplified , the
destination still receives two independently-faded versions of
the signal and is thus able to make better decisions for the
transmitted symbols. A potential challenge in this scheme is
that sampling, amplifying, and retransmitting analog values
may be technologically non-trivial.

Nevertheless, amplify-and-forward is a simple method that
lends itself to analysis, and therefore has been very useful in
furthering the understanding of cooperative communication
system.

B. Decode and Forward Method

The first work proposing a detect-and-forward protocol for

International Journal of Advanced Technology & Engineering Research (IJATER)

www.ijater.com

user cooperation was by Sendonaris, Erkip, and Aazhang [5].
Nowadays a wireless transmission is very seldom analogue
and the partner has enough computing power, so Detect
and Forward is most often the preferred method to process
the data in the partner. The received signal is first decoded
and then re-encoded. So there is no amplified noise in the sent
signal, as is the case using Amplify and Forward protocol.
There are two main implementations of such a system. The
partner can decode the original message completely. This
requires a lot of computing time, but has numerous advantages.
If the source message contains an error correcting code,
received bit errors might be corrected at the partner station.
Or if there is no such code implemented a checksum allows
the partner to detect if the received signal contains errors.
Depending on the implementation an erroneous message
might not be sent to the destination. But it is not always
possible to fully decode the source message. The additional
delay caused to fully decode and process the message is not
acceptable, the partner might not have enough computing
capacity or the source message could be coded to protect
sensitive data. In such a case, the incoming signal is just
decoded and re-encoded symbol by symbol. So neither an
error correction can be performed nor a checksum calculated.

Received Signal = /7 Re-Encoded
Signal
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Signal
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Figure 6: Decode and Forward Method [5].

C. Compress and Forward Method

The main difference between compress-and forward
and decode/amplify-and-forward is that in the later the partner
transmits a copy of the received message, while in compress
and forward the relay transmits a quantized and compressed
version of the received message. Therefore, the destination
performs the reception function by combining the received
message from both source node and its compressed version
from the partner node. The quantization and compression
process at partner node is a process of source encoding, i.e.,
representation of each received message as a sequence of
symbols. Let us assume that these symbols are binary digits
(bits). At the destination, an estimate of the compressed
message is obtained by decoding the received sequence of bits.
This decoding operation involves mapping of received bits
into a set of values that estimate the transmitted message. This
mapping process normally involves the introduction of
distortion, which can be considered as a form of attenuation
and noise.
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D. Coded Cooperation Method

Coded cooperation differs from the previous schemes
such that the cooperation is implemented at the level of the
channel coding subsystem. We know in both amplify and
forward and decode-and-forward schemes, the partner repeats
the bits sent by the source. In coded cooperation incremental
redundancy at relay, which when combined at the receiver
with the codeword sent by the source, results in a codeword
with larger redundancy.

V. APPLICATIONS

* Cooperative sensing for cognitive radio
*  Wireless Ad-hoc Network

*  Wireless Sensor Network

* Vehicle-to-Vehicle Communion

V1. PARTNER SELECTION
TECHNIQUES

In cooperative communication, to choose the partner
or relay or set of them, is the challenging task. The proper
selection of the relay can effectively improve the overall
performance of the network in terms of higher data
rate/through put, lower power consumption and better bit
error rate performance. The relay is based on the
performance indices like Channel state information (CSI),
Signal to noise ratio (SNR), Packet error rate (PER) etc. The
relay is not to be selected by only considering the source to
destination performance but it must be done by keeping the
overall system performance in view. The relay selection can
be classified as follows.

* Group selection- In this method, relay selection occurs
before transmission. The purpose of selection is to
achieve certain pre-defined performance level

* Proactive selection- In this method relay selection is
performed by the source, the destination, or the relay
itself during the transmission time

* On-demand selection- Here relay selection is performed
when needed i.e. when direct channel conditions decrease
below a pre-defined threshold.
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Figure 7: Partner selection

Depending on the relation between the network entities,
relay selection mechanisms can be divided into two categories:

* Opportunistic Partner Selection
* Cooperative Partner Selection

The basic opportunistic relay selection scheme is based on
local measurements. They can be further classified as

* Measurement-based partner selection
* Performance-based partner selection
* Threshold-based partner selection

All these three approaches are opportunistic and follow a
proactive selection approach.

The on-demand selection category (e.g. Adaptive relay
selection) follows a different approach, in which the relay
selection procedure is only triggered if needed.

Contrary to opportunistic relay selection, cooperative relay
selection procedures require the exchange of information
among the involved communication nodes. In this case there
are two categories:

e Table-based relay selection that leads to the selection
of a controlled number of relays (one or two) based on
information kept by the source

e Contention-based relay selection that leads to the
selection of a set of a variable number of relays.

[1] Measurement-based Partner Selection

Measurement-based relay selection approaches are
characterized by requiring no topology information, being
based only on local measurements of instantaneous channel
conditions.  This technique is proposed by H. Shan [6].
Measurement-based approaches are able to select the best
relay among N devices, but for this they may require 2N
channel state estimations.
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Relay estimates CSI of S-R & R-D channels using
RTS/CTS signalling

!

Relay sets a transmission timer which is inverse
to CSl value

v

Compares timer of present relay with timer of Goto next
previous relay relay

Timer of present relay is<
the previous relay?

yes

Relay is selected

[2] Performance-based Partner Selection

Performance-based  selection  approaches rely on
performance criteria like delay and energy efficiency to select
the most suitable relay [7]. The operation of performance-
based selection approaches isas follows:

Each relay determines transmission energy/symbol for source &
destination and accordingly sets timer

!

Relay waits until timer expires

It has heard any beacon
message from other relay
until timer expires?

no

Relay is back
off

Grab the channel

stop l|<—

[3] Threshold-based Partner Selection

Threshold-based approaches rely on a certain threshold to
reduce the number of competing relays, and thus reducing the
overhead of channel estimations.
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Threshold SNRin S-R & R-D links are decided

b

Relay compares the received SNR with threshold

Threshold requirements are no

satisfied?

Relay enters into relay selection algorithm

v

The node with maximum value of SNR is selected as a
relay

[4] Adaptive Partner Selection

Due to variations on channel conditions the PER of the link
from source to destination may decrease in a way that relaying
over a helping node is not needed. Adaptive relay selection
approaches propose to perform relay selection only if relaying
is needed with high probability. An example of adaptive relay
selection is Adam et al. [9].

Start

Destination compares the QOS of the received signal

Received Q0S is
below
threshold?

Relay selection process is Direct transmission from source
triggered to destination

3| stop |~|’

[5] Table-based Partner Selection

Table-based approaches [9] follow a cooperative relay
selection process aiming to decrease the impact of relay
selection on transmission time. Here sources keep CSI
information about the links between themselves and potential
relays as well as about the links from potential relays and each
potential destination. The CSI information is gathered using
RTS/CTS frames as well as information collected from
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overhead transmissions. Relays are selected by the source by
looking up in a table. A node may be selected as relay if the
transmission time over the direct link to a destination is
higher than the sum of the transmission time over the
source-relay and relay-destination links.

Relay estimates CSl of S-R & R-D channels using RTS/CTS signalling
)

Relay sets a transmission timer which is inverse to CSl value

v

According to the timer of each relay , look up table is formed

¥

Calculation of transmission time over direct link, & S-R & R-Dlink

ansmission time over dire
link > transmission time over S-
R+R-D?

yes no

Source selects the relay according to Transmission is done through

look up table _J direct link

[6] Contention-based Partner Selection
Contention-based selection follows a cooperative approach

making use of contention windows to increase the probability
of selecting the best relay, aiming to achieve a good resource

allocation.

Relays estimate their local conditions, i.e. relay position & degree

Estimations satisfy certain
threshold?

Relay is qualified for the

Relay s rejected )
VBT selection

Each relay broadcasts nomination messages to destination by choosing contention window

]

At destination no. of successfully received non collide messages are calculated

)

The relay with larger no. of non collide messages s selected as a cooperative relay
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VII CONCLUSION

This study provides the different types of partner
selection techniques in Cooperative communication. The
proper selection of the partner can effectively improve the
overall performance of the network in terms of higher data
rate/through put, lower power consumption and better bit
error rate performance.
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