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Abstract

Cooperative communication is one of the latest techniques in wireless communication to form virtual antenna arrays. Cooperative
communication is an alternative method for MIMO (Multiple input multiple output) system. This scheme assumes TDMA (Time
division multiple access) channel accessing and divides the communication into two phases which includes direct transmission
and retransmission by the relay terminal. A few cooperative diversity protocols ,for example fixed relaying, selection relaying
and incremental relaying are used in order to perform different sorts of processing by the relay terminals, and combining at the
destination terminals. Each diversity protocol exhibits its own unique performance. Fixed relaying can be further classified into
amplify and forward (AF) relaying and decode and forward (DF) relaying. In AF , relay users amplifies the signal and
retransmits it, and in the case of DF, the relay users decodes and retransmits the signal. The Selection relaying is performed by
taking the fading coefficient into account.

In this report, the recent works on incremental relaying protocol has been summarized. Incremental relaying is based on the
feedback mechanism. In this scheme, relay users perform retransmission only if needed, based on the received SNR (Signal to
noise ratio) or decoding error that occurs during direct transmission. It is used in cooperative communication in order to attain
efficient use of degrees of freedom and to overcome bandwidth inefficiency. The authors have presented a number of protocols
such as Incremental selection amplify and forward (ISAF), Joint incremental selection relaying (JISR), Fractional Incremental
relaying (FIR), Selective Fractional Incremental relaying (SFIR) and Efficient Incremental relaying (EIR).

Keywords: Cooperative diversity, Relaying, Signal to noise ratio, Hybrid automatic repeat request, Spectral
efficiency.
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1. INTRODUCTION to form virtual antenna networks. This technique overcomes
the limitations of MIMO networks such as increased space
utilization and issues related to incorporating several
antennas into one system.

In recent years the communication technology has
developed exponentially in order to meet user needs.
Cooperative communication is one of the latest technologies
used in  Wireless  communication.  Cooperative
communication helps to achieve a very high data rate.
Comprehensive theory, implementation and performances of
cooperative communication and related topics is given by J
N Laneman [1],B Zhao [2],Q.F Zhou [3], H. Long et al.[5]
M M. Fareed [17],and a significant number of papers are
available in this research area.

Relaying is used in cooperative diversity networks primarily
to employ different types of processing by the relay
terminals and combining at the destination terminals. These
networks are built based on the classical relay channel
model [4] and inspects the issue of creating and exploiting
cooperative diversity by utilizing a collection of distributed
antennas belonging to different terminals, each with its data
to transmit. Repetition coding [5] is used in this system
because of its ease of access and very low implementation
complexity. Relaying protocols used in cooperative-
diversity networks are Fixed relaying, Selection relaying
and Incremental relaying [1], [6]. This paper discusses the
incremental relaying protocols in detail. Cooperative
diversity scenario is divided into two phases such as Phase
1 and Phase 11. Phase 1 is generalized as broadcast phase in
which source broadcasts packets, So that it can be heard by
relays and destination. Phase 11 relays forward the packet
that it receives during phase 1. Usually phase 1 is similar in
all the relaying protocols. Only the processes and procedures
in phase 11 distinguish the various relaying protocols.

Cooperative communication establishes its implementation
by providing cooperative diversity. Thus the network that
uses cooperative communication is also termed as
cooperative  diversity network. In a cooperative
communication system, each wireless user will transmit its
own data and cooperatively transmits data of other users in
the network. Fig-1 and Fig-2 represents a cooperative
diversity network scenario. This particular technique can be
used instead of Multiple Input Multiple Output (MIMO) [2],
[3] technology. Cooperative communication works by
creating a virtual network of nodes that are ready to
cooperate. The nodes can be any wireless device such as
mobile phones, laptops, etc. Each node provides its antenna
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Fig -1: Cooperative diversity scenario for a two user system
(S: source, R: relay, D: destination)
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Fig -2: Cooperative diversity scenario for multi user system

[5]

This rest of the paper is organized as follows. Section 2
briefly explains the system model . And in section 3 we
outline general cooperative diversity protocols. Section 4
presents a literature survey of incremental relaying protocols
in detail. Finally in section 5 the paper is summarized.

2. SYSTEM MODEL

The system model is considered for single relay cooperative
networks. We assume the terminals to operate in time
division multiple acces (TDMA) scheme with QPSK
signals. The channel is frequency non-selective Rayleigh
fading with AWGN (Additive white Gaussian noise)
transmission. Let i and j represents two terminal nodes, then
aj, nijrepresent the link coefficient and AWGN respectively
between the terminals. Each channel coefficient can be
modeled as independent complex Gaussian random variable
with variance o;j; 2 and mean zero, Given yij is the

instantaneous SNR and pj; is the average SNR between
terminals i and j .Let R’ represent the spectral efficiency and
Aij is the SNR offsets. The base band equivalent cooperative
diversity channel can be modeled as follows:

During phase 1, the received signals at the destination and
relay will be as follows

Y ¢=854XstNsg @
Y, =agXstNg 2
where X;represents the source transmitted signal.

The received signal at the destination during phase 11 is
Yg=agX+Ny 3)
Where the relay transmitted signal is given by X;.

3. COOPERATIVE DIVERSITY PROTOCOLS

Cooperative diversity protocols are described in detail by
Leneman [1] and Aria Nosratinia and Ahmadreza Hedayat
[6]. Cooperative diversity mainly uses fixed, selection and
incremental relaying protocols. In this paper, the analysis is
performed by considering the transmission of packet data.

In all the cooperative diversity protocols, the transmission of
packets is being done in two phases. These operations are
illustrated in Fig-1.

e  Phase 1: Coordination phase - In this phase, users
(source, destination, relay) exchange their own
source data and control messages with each other
and/or the destination.

e  Phase 11: Cooperation phase - In this phase, the
users cooperatively retransmit their messages to the
destination.

Cooperative diversity transmission is performed by several
numbers of protocols such as Fixed relaying, Selection
relaying and Incremental relaying. Leneman [1] proposed
all these protocols in 2004 and researches in this field are
still going on to modify these protocols to obtain a better
performance.

. Fixed relaying: The received signals subject to their
power constrains will either be amplified, or
received signals are re-encoded followed by
decoding operation and retransmit the messages.

e  Selection relaying: The transmitting terminals are
allowed to select a suitable cooperative action based
upon the measured SNR between them.

. Incremental relaying: This scheme improves the
performance of existing fixed or selection relaying
by exploiting limited feedback from the destination
and relaying whenever necessary.

3.1 Fixed relaying

Fixed relaying is classified into two
e  Amplify and forward.
o Decode and forward.

3.1.1 Amplify and Forward (AF)

In AF, noisy versions of the transmitted signal from the
partner users will be received at every user terminal. The
user then amplifies and retransmits this noisy version. The
base station proceeds the processing by combining the
information sent by the user and partner users, and settles on
a final decision about the transmitted bit. Even though the
noise is amplified by cooperation, the base station receives
two independently faded forms of the signal and can make
better decisions on the detection of data.

The expression for probability of outage for amplify and
forward scheme is given as

out 1 Jszr +O-r2d 22R' —1 ?
= ’ 4)
ol 207, ol.0% SNR
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3.1.2 Decode and Forward (DF)

Aria Nosratinia and Ahmadreza Hedayat [6] describes
decode and forward system as follows. In the decode and
forward protocol user tries to decode the partner’s data and
then proceeds to retransmit the detected data. The base
station then combines the data sent by the user and partner,
and settles on a final decision about the transmitted bit. The
decoding process at the relay terminal removes the noise
unlike AF protocol.

The expression for probability of outage for decode and
forward scheme is given as

out __ 1 22R. -1 (5)
Por = a2, )L SNR

3.2 Selection Relaying (SR)

Selection relaying is performed by taking the fading
coefficient into account. Optimum selection relaying
protocols are discussed by Su and Xin Liu [7]. Fading
coefficients [8][9] can be measured accurately in
cooperative terminals and they are known to the receivers.
So in selection relaying, transmission is adapted in
accordance with fading coefficients. Adaptation is done as
stated below.

. Measured fading coefficient falls below a certain
threshold: The source progresses with its
transmission to the destination, in the form of
repetition or more powerful codes.

. Measured fading coefficient lies above the
threshold: The relay progress with its transmission
by either amplify and forward or decode and
forward, in order to achieve diversity gain.

The probability of outage for selection relaying scheme is
given by

out 1 O_s2 r + O-rzd
Psor = Y (6)

2 2 2
2(fs,d Gs,rar,d

3.3 Incremental Relaying (IR)

Incremental relaying is developed in order to achieve
efficient spectral efficiency and efficient use of degrees of
freedom. This particular relaying protocol is discussed in
detail in the next section. According to this protocol relay
retransmits only if the reception of the packet fails in first
phase. IR can be of either IAF (Incremental Amplify and
Forward) or IDF (Incremental Decode and Forward) based
on the action that is performed by the relay.

The probability of outage for incremental relaying scheme is
given by

w [ 1 ol+oh|(2¥-1)
Piar = 252 C (7
Oiy 0eiO,q SNR

The performance curve of analytical outage probability for
all the diversity protocols discussed so far is given in Fig-3.
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Fig- 3 performance plot of AF,DF, SR, IAF with respect to
outage probability and rate normalized SNR[1]

4. INCREMENTAL RELAYING PROTOCOLS

Incremental relaying protocol is the key interest of this
paper. A number of authors have proposed and analyzed the
implementation of this particular protocol. Performance
analysis of incremental relaying is still an interesting
research field. Leneman [1] Ikki and Ahemed [10] [11],
Bastami and Olfat [12], Zhou and Lau [15], Long and Zheng
[16], Kuang and Chunjing Hu[18], M M Fareed et al.[19]
have stated in detail and have evaluated performance of
Incremental relaying protocol. like amplify and forward,
decode and forward protocol, during phase 1, source mobile
node broadcasts the packets to all the other nodes including
relays and destinations. But during the second phase the
relay retransmits data packets only in the necessary
conditions. This means that the relay retransmits only if the
reception of the packet fails in the first phase. This is done
by providing a limited feedback from the destination, which
indicates the success or failure of the packet in the direct
transmission phase. Thus the protocol tries to save the
spectrum by restricting the relaying process only to the
necessary conditions [1].

The feedback information regarding the success or failure in
incremental relaying (IF) scheme is determined by the
destination is based on either instantaneous SNR (signal to
noise ratio) or decoding error. Leneman [1] states that
incremental relaying can be viewed as an extension of
hybrid ARQ [10]. In ARQ (automatic repeat request) source
performs retransmission if destination sends a negative
acknowledgement. In incremental relaying the relay
performs the retransmission. ARQ protocols for two user
cooperative networks have been discussed in detail by
Zahng,Wang et al. [13]. They introduced two types of ARQ
protocols. Post cooperative and Pre cooperative ARQ
protocols. Post cooperative ARQ is a fixed relaying
protocol, in which both source and relay take part in every
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ARQ round. Post cooperative ARQ is evaluated by using
Alamouti space time coding in [14].

e  Step 1: Initially data packet is broadcasted from the
source, and then the relay and the destination
receives it. Destination then tries to decode the
message. If errors are detected while decoding, a
negative acknowledgement (NACK) information is
sent to source and relay, or else, the
acknowledgement (ACK) information is sent.

e  Step 2: If the relay receives NACK information in
step 1 then it transmits the data packet received
during initial broadcasting, or else, the source starts
a new transmission.

Zhou and Lau [15] introduced two new protocols for
incremental relaying in 2008, and they analysed the
protocols by calculating probability of outage and spectral
efficiency. Then in the year 2009, H Long, Kan Zheng [16]
et al. used fractional incremental relaying protocol as a
modification of existing incremental relaying protocols. And
Brante, Souza et al. [17] further considered incremental
relaying protocol based on fractional incremental relaying
and mentioned it as cooperative partial retransmission
scheme in their research paper by 2011. Selective fractional
incremental relaying (SFIR) is the other protocol which is
used in incremental relaying. In SFIR, fractional incremental
relaying (FIR) and incremental redundancy (IRD) protocol
is the selected scheme as introduced by J. Kuang, C. Hu et al
[18] in 2010. And the latest works of incremental relaying is
termed as efficient incremental relaying for fading channels
as given by M M Fareed, M S Alouini [19] in July 2014.

4.1 Incremental Selection Amplify and Forward

(ISAF)

The ISAF protocol is proposed by Zhou and Lau [15].
According to this protocol there are three feedback
messages indicating success, half- success, and failure. So in
order to use ISAF the feedback message will be of two bits.
In ISAF at the end of phase 1 destination will broad cast one
of 3 messages. The 3 feedback messages that are introduced
by Zhou and Lau [15] are as following.

. Success: Success message is generated when the
destination decodes the information without any error during
phase 1. In this case relay will not perform any
retransmission and source proceeds to send the next packet.

1. Half success: If the destination is not able to decode the
packet in phase 1 and then if destination determines that
doubling the SNR will allow a successful decoding of the
packet. In this case a ‘half success’ message will be broad
casted by the destination. So once if the half success
message is received then relay will not perform
retransmission, instead retransmission will be performed by
the source. Combining the signals received in the two
phases will double the overall SNR, that is, enhanced by 3
dB, so that the destination will decode the packet without
errors.

I11. Failure: Suppose if the destination cannot decode the
packet successfully in Phase I. Also in addition, it realises
that doubling the SNR will not permit a successful decoding
of the packet. At that time, it will broadcast a ‘failure’
message. For this case, during phase 11 the relay amplifies
and forwards the information signal that it received in phase
1. The outage probability of ISAF is given below

out 3 O-sz,r +Gr2d ZRI _1 i
Pisar = 2 2 2 ©)
8o,y 0,,0,4 SNR

4.2 Joint Incremental Selection Relaying (JISR)

JISR protocol is also proposed by Zhou and Lau [15] with
some modifications in the operation when ‘failure’ message
is received as feedback after phase 1. JISR utilizes the
channel state information (CSI) between the source and the
relay that is known at the relay side in order to take actions
during phase 11. JISR protocol operates in a similar manner
that of ISAF protocol when ‘success’ and ‘half success’
feedbacks are received. In the case of failure feedback relay
will perform any of the following actions.

I. Relay encode and forward packet: If relay has
successfully decoded the packet that it received during
phase 1, will be encoded and forward the packet during
retransmission.

Il. Relay amplify and forward the packet: If relay has not
successfully decoded the packet that it received during
phase 1, then it will just amplify and forward the packet
during retransmission.

The information regarding whether the relay has been
successfully decoded the signal or not during phase 1, will
be determined from the channel condition of the source to
the relay.

Outage probability of JISR protocol is given as

pou (3 ot oy )27 1Y o
IR 80, ol.07 SNR

Performance analysis plot of ISAF and JISR protocols
based on outage probability is given in fig- 4. Also ISAF
and JISR is compared with IAF and SDF.
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Fig- 4 Performance curve for JISR,ISAF,IAF and SDF
cooperative network[15].

4.3 Fractional Incremental Relaying (FIR)

In this scheme the idea of partial retransmission HARQ
[20], [21] is introduced into incremental relaying protocol in
order to achieve spectral efficiency. In the IR protocol so far
we have discussed, transmission of the entire packet by
relay is a waste of system resource if powerful channel
coding is utilized. Fractional incremental relaying (FIR) was
proposed by H.Long,K zheng et al. [16] . G G de Oliveira
Brante, R.D Souza et al. [17] also studied in detail about
FIR in 2011. They termed FIR as cooperative partial
retransmission in their work. The idea of FIR is explained as
follows.

According to FIR, during phase 11, relay divides the packet
into fractions and relay retransmits only a fraction of the
original message when the destination requests a
retransmission. If the ACK information is received or the
maximum number of relaying transmissions is reached,
source starts a new transmission. FIR scheme is developed
based on the partial retransmission strategy: “When a packet
of data needs to be retransmitted, that packet is not repeated
entirely. Instead, symbols of that packet are repeated, a few
at a time, sequentially, as needed.”

The partial retransmission strategy makes more effective use
of channel than the full retransmission ARQ strategy [13].
The system operates under the incremental decode and
forward (IDF) cooperative protocol using Type-l HARQ
with chase combining (CC) [20]. In FIR the code rate
changes at each retransmission, and as a consequence, the
decoder is more complex in order to support different code
rates[8]. Fig-5 illustrates the FIR frame scheme. Detailed
protocol description of FIR is given in [16]. H.Long,K
zheng et al. [16] done performance analysis and simulation
of the protocol and concluded that the FIR protocol makes
more efficient use of channel freedom degrees and spends
less relay transmission duration.

Phase 11 Phase 11
Phase | : " Phase 1| Phase | * : .

i iili

NNA A NNNNN
Fig -5: lllustration of FIR scheme [16].

Phase ] [ssee e

The FIR protocol is described as follows:

Let ‘N’ be the total number of packets. ‘L1’ denotes the
number of coded bits in each packet. And ‘M’ denotes the
modulation level. ‘Ng;” be the number of fractions that a
packet is divided into in relay. ‘L2’ is defined as the number
of coded bits in each fraction. ‘i’ denotes the number of
packets. Where ‘i’ varies from 1,2.N. ‘j° represents
fractions into which each packet is divided. ‘j° varies from
1,2 ....., Ng.

e  Step 1: Initialize i=1.Source transmits a packet with
L1/M symbols.

e  Step 2: Relay receives the packet and divides it into
‘NFir’ fractions with L1/ (M*Ng,) symbols each
L2=L1/Ng;.

e  Step 3: Destination receives the packet and tries to
decode the message.

" 3.1: If errors are detected, the NACK
information is sent to Source and Relay.

" 3.2: Otherwise, the ACK information is sent.

3 Step4:

" 4.1: If the ACK information is received or the
maximum number of relaying transmissions is
reached, Source starts a new transmission, go
back to Step 1.

" 4.2: Otherwise, R transmits the j’th fraction of
the packet just received, j=j+1, go back to Step
3.

Let the instantaneous SNR between source and destination
be represented by ¥ sp and equivalent SNR of the received

eq
signal in phase 11 be represented by TR Po(y)and P(y)

represent the approximate BER (bit error rate) performance
under instantaneous SNR » with code word length L1 and
the approximate BER performance under AWGN channel
respectively. For FIR protocol [16] ,BLER (Block error
rate) performance is calculated as

NER

PEFIR = E|:P0(}/SD)HPi(}/SD,7;q):| (10)
i=1

Since average SNR( pj; ) and instantaneous SNR ( ) are

related BLER is evaluated against pj; in performance
analysis (Fig-6).

Volume: 03 Special Issue: 15 | Dec-2014 | IWCPS-2014, Available @ http://www.ijret.org 27



IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

14 7
T \a\& simulation result
AN theoretic result
0.1- ‘
I ]
5
-
m | \
1 IR/AF FIR‘AF A, AK”(dB)\‘\ ’
0.014 e a 0 0 AN
: * - 0 10 ‘
R A § 5
v - 10 10
6 -4 -2 0 2 4 6 8
P, (dB)

Fig -6: Performance comparison of FIR and IAF for
different values of SNR offset [16].

In general if P; is the BLER and P; is the probability for
relay transmission then the spectral efficiency is given by

I (11)
T

Where, T is the transmission duration and is given by

T=1+PF; (12)

So in FIR Probability of relay transmission P, is smaller

compared to all the protocols discussed so far. This is
because of the reason that In the FIR protocol, when a
packet of data needs to be transmitted by relay node,
symbols are transmitted a few at a time as needed instead of
the entire packet [15]. Thus the relay transmission duration
will be less So according to equation (11) spectral efficiency
will be high. Normalized spectral efficiency performance
plot is given in fig-4d.

4.4 Selective Fractional Incremental Relaying
(SFIR)

Selective Fractional Incremental Relaying (SFIR) protocol
is the modification of FIR .SFIR is proposed by J. Kuang, C.
Hu et al [18]. SFIR protocol is based on the FIR and the
IRD (incremental redundancy) [18] protocols. The FIR and
the IRD protocols are similar in the first phase through the
source destination link, but different in phase 11. The FIR
and the IRD protocols are adaptively selected during phase
11 (retransmission) according to the performance and the
overhead .The boundary condition for adaptively selecting
FIR and IRD protocols is being calculated on the basis of
the instantaneous channel conditions. If the function of
instantaneous SNR from source to destination is greater than
instantaneous SNR of packet fraction at destination, then
phase 11 is proceeded with IRD protocol else FIR is
performed. The detailed protocol description of FIR and

IRD is given in [18]. Simulation results in [18] demonstrate
that the SFIR protocol makes more efficient use of degrees
of freedom compared to the FIR and the IRD protocols.

1.0

—m— FIR, —A— SFIR, A_,=0dB,A_ =0dB J
—0— FIR, —A— SFIR, A__=5dB,A__=5dB _/.
0.8 {—@— FIR, —4— SFIR, A -IOdB_\/—IOdB A/O 2

—e— IRD

0.6

0.4

Spectral efficiency(normalized)

-
-
=
-

4
4
.
.

-8 -6 -4 -2 0 2 4 6 8 10

Fig -7: Normalized spectral efficient performance
comparison of SFIR with FIR and IRD [18].

Outage probability of SFIR is obtained by modifying the
analysis of FIR by taking into account the IRD protocol in
required section. The outage probability obtained will be
less compared to that of FIR.

Comparison of spectral efficiency performance of IRD,FIR,
and SFIR is given in Fig- 7. From the plot it is clear that
SFIR out performs IRD and SFIR protocols.

4.5 Efficient Incremental Relaying (EIR)

In this scheme a group of N packets are send from source in
phase 1. So unlike all the relaying protocols, according
efficient incremental relaying (EIR)[19], a group of packets
is sent during phase 1. At the end of phase 1 the destination
sends feedback to the relay in order to indicate that M
number of packets out of N packets is received with low
SNR. So in phase 11 the relay forwards only a compartment
of weakest packets as instructed and these packets are then
combined with the directly received signal using Maximal
ratio combining (MRC) and decoded at the destination.
Along with this scheme three threshold based schemes are
introduced in order to increase the throughput of the
scheme. These protocols are introduced by M M Fareed, M
S Alouini [19] in 2014 for fading channels.

For the efficient incremental relaying in which the weakest
packets are retransmitted, we are considering N packets out
of which M number of packets are weakest ones , the Total
packet error rate (PER) is calculated in [19] as

1 M
PER' :WZ PER _+— z PER (13)

i=M+1
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Where PER, is the PER of i" weakest packet from i=1 to

M that are decoded at destination using MRC and PER; is
the PER of packets from direct link.

Thus the basic scheme under incremental relaying is that the
relay forwards the M weakest packets ranked based on their
direct link SNR. The three threshold based schemes other
than the basic efficient incremental relaying protocol are as
follows.

EIR with threshold at destination (EIR-TD): Packets with
the weakest SNR among all the packets are forwarded by
the relay based on a threshold SNR at destination. PER of
EIR-TD [19] is as follows

M N
PERTD:%ZPER (i)+% > PER (i) (14
i=1 R

i=M+1 Dir

Where PER_ (i) is the PER of i" weakest packet from i=1
to M that are decoded at destination using MRC and
PER; is the PER of packets from direct link that are with

higher SNR than the threshold SNR y;

EIR with threshold at relay (EIR-TR): Packets at the
relay are forwarded only when the received SNR is above a
certain threshold. Packet error rate of EIR-TR[19] is

PER®™ ™ (i) = Fi (7, )PER, (i) +

. (15)
[1- Fe (z.)I[PER, (1)]

Where Fg,(7,) is the probability that the received SNR at
the relay is less than the thresholdz,, PER (i) is the

PER with no cooperation and PER, (i) is the PER with
cooperation.

EIR with threshold at relay and destination EIR-TRD:
In this scheme, thresholds are introduced at both the relay
and the destination.

The packet error rate and the efficiency of the proposed
scheme is calculated to get analytical insight, and provided
numerical results to validate the performance of the
proposed scheme. The PER [19] at the destination for the i"
packet where i=1,2,... ,M can be written as

PER®®T (i) = [1— P. (co(i))]PER (i) + (16)
B, (co(i))PER, (i)

Where P.(co(i)) is the probability for cooperation given
by
R.(co(i)) =P, (¥ > )R (i < 7p) 17

PER,. (i) is the PER with no cooperation, and
PER_, (i) is the PER with cooperation.

= = = Analytical
= Simulation

0 é 1|0 115 2b 2I5 30
SNR [dB]
Fig -8: Performance curve of EIR-TD for different values

of threshold T, for BPSK signalling [19].

Performance analysis curve of EIR-TD protocol with respect
to PER and SNR is given in Fig 8 And performance
analysis plot of EIR-TR and EIR-TRD can be found in [19].

5. SUMMARY

This study contains a brief description of cooperative
diversity protocols and a detailed examination of
incremental relaying protocols. A detailed discussion of five
incremental relaying protocols has been made. The analysis
in all the protocols is performed by considering the Rayleigh
fading channels and system model of single source relay and
destination. ISAF (incremental selection amplify and
forward) and JISAF protocols give an improved
performance based on outage probability in comparison with
traditional incremental relaying protocols. As far as FIR and
SFIR are concerned spectrum efficiency is improved. EIR
protocol is analyzed by considering three cases EIR-
TD,EIR-TR and EIR-TRD. So in order to get a better
performance in spectral efficiency and outage behavior
simultaneously, it has been observed that two or more
incremental relaying protocols have to be combined there by
completely modifying a new protocol.
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