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Abstract 
In cooperative strategy selection cooperation is an attractive method for its simplicity. ARQ mechanism can bring 
additional diversity benefit for wireless networks. To develop more powerful cooperative schemes for delay-tolerant 
wireless networks we combine the distributed selection cooperation protocols with ARQ mechanism and from that 
analyze their performance from the perspective of diversity-multiplexing- delay (D-M-D) tradeoff. For small networks 
where any two nodes have direct links, we investigate the general ARQ scheme which directly extends the selection 
cooperation protocol with single round of feedback to multiple rounds. We show that the D-M-D tradeoff is determined 
by the ability of relays in signal combining and demonstrate that allowing relays to perform combining reception can 
achieve optimal D-M-D tradeoff. For large networks where direct links are limited in the neighbors of each node, we 
present a diffusion ARQ protocol which can effectively exploit the channels of nodes that have no direct links with the 
source. To improve the quality, I am going to propose Link Quality aware ARQ (LQ-ARQ) protocol which only 
retransmits packets from a buffer when the link from the sender to the receiver is relatively good. 
 
Keywords- Automatic repeat request (ARQ), cooperative diversity, selection cooperation, diversity-multiplexing-
delay tradeoff, outage probability 

1. Introduction 

Cooperative diversity with multiple relays, as an extension of the original three nodes model (one source, 
one destination and one relay), has been extensively studied [1]–[8]. According to the actions of relays, the 
cooperative protocols for multiple relays can be classified into two categories: full relaying and single relay 
selection. In the first case, multiple relays transmit cooperative signals to the destination [1]–[5], such as 
distributed space-time coding [1], [2]. In the latter case, only one relay which is called best relay and 
selected among all the relays, forwards the signal to the destination. Selection cooperation proposed by 
Beres and Adve in [6] and opportunistic relaying proposed by Bletsas et al. in [7] are two main methods for 
best relay selection. In this paper, we extend selection cooperation protocols to automatic repeat request 
(ARQ) scenarios and discuss the performance in terms of diversity-multiplexing-delay (D-MD) tradeoff. 
Based on selection cooperation, we present three ARQ schemes for small networks and a diffusion ARQ 
protocol for large networks. The proposed schemes are suitable for delay-tolerant networks, such as 
wireless sensor networks and certain systems with relaxed delay constraints. It can also be used for highly 
reliable and loose latency services in the networks that support different quality of services (QoS). As 
presented in [6], selection cooperation can achieve full diversity order in the high signal-to-noise ratio 
(SNR) regime. It has been proved in [9] that opportunistic relaying has the same performance as selection 
cooperation in the most cases. The main difference between selection cooperation and opportunistic 
relaying is the selection mechanism of the best relay.  In the first method, the best relay is chosen after the 
source node sends its information message, while in the opportunistic relaying the best relay is selected 
prior to the transmission of the source node by using the instantaneous channel conditions of the pilot 
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messages, such as ready-to-send (RTS) frame and clear-to-send (CTS) frame.1 We focus on selection 
cooperation in the paper and the necessary performance comparisons between the two single relay selection 
methods in ARQ scenarios are also mentioned.  
 
Various extensions to selection cooperation have appeared in the works of [10]–[17]. In order to improve 
the spectral efficiency, the authors in [14] developed a combined protocol using limited feedback based on 
selection cooperation and incremental relaying. In [16], we proposed a distributed selection cooperation 
protocol in which the best relay was selected in a completely decentralized way and gave its performance 
analysis in Nakagami-m fadings. In [17], we investigated the selection cooperation protocol with feedback 
in multisource multi destination cooperative networks and discussed the best relay confliction problem 
existing in the scenario. In this work, we extend the feedback to multiple rounds and address on the issue of 
using selection cooperation with ARQ mechanism. ARQ mechanism is commonly used in the 
communication system to improve the reliability. El Gamal et al. presented the fundamental performance 
tradeoff of the multiple-input multiple-output (MIMO) ARQ channel in [18] and concluded that the ARQ 
mechanism can provide additional diversity benefit which is called ARQ diversity gain. 
 
 
 
2. System Models and Background 
 
The basic system model consists of one source node, one destination node and multiple relay nodes. The 
channel between any two nodes is assumed to be a flat and quasi-static Rayleigh fading channel. The 
channel gains between source and destination, source and relay i, relay i and destination, relay i and relay j 
are all independent and identically distributed, zero-mean, circularly symmetric complex Gaussian random 
variables with unit variance and denoted by αs,d, α s,ri , αri,d, and αri,rj , respectively. It is known that the 
magnitude square of the channel gain is exponentially distributed. Here we use the unit variance for 
simplicity.  
 
However the D-M-D tradeoff is not affected by the value of channel variance and the identical distributions 
in Rayleigh fading channels. We also assume that the channel between any node and the destination node is 
reciprocal. There are two channel models for ARQ scenarios: long term static channel and short-term static 
channel. In long term static channel model the channels remain constant during all the ARQ rounds and 
change independently when a new information message begins to transmit. In contrast, in short term static 
channel model the channels change independently from round to round and keep unchanged within one 
round. Since the time diversity gain exists in the latter case, for the sake of highlighting the ARQ benefit, 
we use long-term static channel model during this paper. We assume that all relays operate in the half-
duplex mode. Each node is equipped with a single antenna and transmits in orthogonal channels under the 
same power constraint P. The noises at relays and the destination are independent, zero-mean, circularly 
symmetric white complex Gaussian with variance σ

2. The average SNR at each receiver ρ is defined as: ρ = 
P/σ2. Moreover, nodes have perfect receiver-side channel state information (CSI) only and can get CSI 
from the received acknowledgment (ACK) or negative acknowledgment (NACK) frames.  
 

 
 

 

 

 

 

 
Fig: System Model 
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3. Selection Cooperation Schemes with ARQ 
 
A small network where nodes have direct links with each other .This is a conventional scenario for 
selection cooperation, in which the number of relays between the source and destination is M and keeps 
unchanged during the transmission. We notice that the following schemes with L maximum ARQ rounds 
are based on distributed selection cooperation protocol with feedback in [16], which can be viewed as the 
scheme with only one round ARQ. 
A. Generalized scheme: 
1) The source sends the information message. 
2) The destination combines the message with previous received signals and tries to decode. An ACK 
frame is sent if it decodes the message correctly and the transmission of current information message is 
finished successfully. Otherwise the destination broadcasts a NACK frame and the process continues to (3). 
3) The relays that correctly decoded the message form the decoding set of round i, which is represented as 
D(s)

(i). Each relay in D(s) 
(i) estimates the instantaneous channel between the destination and itself through the 

NACK frame and competes with each other in a fully decentralized manner according to the channel value. 
Each relay starts an own timer with an initial value that is inversely proportional to the channel value. All 
relays in the decoding set listen until their timers reduce to zero or someone grabs the channel. The best 
relay, which has the maximum channel value, sets the minimum initial time value and expires first. Thus it 
wins the competition and retransmits the message. 
4) The destination combines the message from the best relay and all previous received signals again. If it 
can fully decode the message, an ACK frame is sent which indicates the accomplishment of current 
information message. Otherwise another NACK frame is sent and the   
Process continues to next round. 
 

 
Fig.2 ARQ round in the general scheme 

 
According to the receiver complexity at the relays, there are two subschemes: memoryless reception and 
combining reception. In the former one, due to limited receiver function, each relay discards the erroneous 
packets received at previous round. Thus whether a relay could decode the message of the source correctly 
only depends on the current state of the source-relay channel. On the contrary, the relays in the latter 
subscheme can combine all previous received signals prior to detection. Consequently, every relay knows 
the codebooks used by the source at each round. Once a relay joins the decoding set at round i, it will stay 
in the decoding set at the following rounds until the current transmission finishes. We note that these two 
cases correspond to the two kinds of receivers in the practical networks: low-cost radios and complicated 
radios. 
The following theorem establishes the D-M-D tradeoff of the scheme. 
 
Theorem 1: The D-M-D tradeoff achieved by the above general ARQ scheme is determined by the ability 
of the relays for the scheme in which the receivers of relays are memory less; the D-M-D tradeoff is given 
by 
        
d(re, L)= M(1 − re)+(1- re/L) 
 
For the scheme in which the receivers of relays can perform combining reception, the D-M-D tradeoff in 
the ARQ scenario is upper bounded by 
d*(re, L)=(M+1)( 1- re/L) 
 
B. Simplified Scheme 
The process of round i (2 ≤ i < L) is described as follows. 
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1) Upon receiving the NACK frame sent by the destination in round i − 1, the relays form the 

decoding set D(s)
(i) of round i. D(s)

(i) consists of two kinds of members: the members that already 
exist in the decoding set of last round and the new members. A new member is the relay which 
decodes the message successfully through combining the signal from the best relay of round and i-
1 previous received signals. Then the best relay of round i is selected by competition and sends the 
message to the destination by using an independent codebook. 

 
2) The destination combines the signal from the best relay of round i with previous received signals 

and decides to send an ACK or NACK frame. 
 
 

3) When the NACK frame of round i is received, the relays form the decoding set D(s)
(i+1) of round i + 

1. The same process as 1) for round i + 1 continues. 
 

 
Fig.3 Illustration of the adjacent ARQ rounds in the simplified scheme 

(a) Round 1 and 2; (b) The other rounds 
 
4. Diffusion ARQ Protocol 
 
In general scenarios for selection cooperation, a node capable of active relaying must have direct links both 
from the source and destination. If a node has a better direct link to the destination but has no direct link 
from the source, is it possible to participate in the best relay competition? The work in this section shows 
that this kind of nodes could be exploited as active relay in ARQ scenarios. We present a diffusion ARQ 
protocol based on selection Cooperation for large networks. Consider a network where each node has a 
neighbor list. Only the nodes in its neighbor list, which are called neighbors, have direct logic links to it.  
 
The node listens, sends or receives with its neighbors. In many practical networks, the neighbor list is 
maintained by network layer through a dedicated protocol, such as neighbor discovery protocol. We 
assume that there still exists a direct link between the source and destination. But the neighbors of the 
source and the destination could be different. Define N(s), N(d) and N(bi) as the neighbor sets of the source, 
the destination and the best relay of round i , respectively.  
 
 
 

 
Fig.4 Illustration of typical diffusion ARQ protocol 
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5. Result 
 
I combine the distributed selection cooperation protocols with ARQ mechanism to develop more powerful 
cooperative schemes for delay-tolerant wireless networks and analyze their performance from the 
perspective of diversity-multiplexing-delay (D-M-D) tradeoff. Diversity gain is increased.To improve the 
quality Link Quality aware ARQ (LQ-ARQ) protocol which only retransmits packets from a buffer when 
the link from the sender to the receiver is relatively good. Feedback is low. For large networks, the outage 
probability curves of the Diffusion  ARQ protocol, as well as scheme 3, are depicted in Fig. Here we set L 
= 2, Ms = 2, Md = 3, 4, 5 and simulate the best case where the active relay set rapidly extends to the total 
Md neighbors of the destination at the second round. As illustrated in the figure, the proposed diffusion 
protocol evidently outperforms the general ARQ protocol.  
 
Moreover, the outage probability for large  Md is lower than that of small Md, which demonstrates the fact 
that the protocol achieves better outage probability performance as it diffuses to more relay nodes. 
 

 
. 
6. Conclusion 
 
For delay-tolerant wireless networks, we extended the distributed selection cooperation protocols to ARQ 
scenarios for two network topologies and analyzed their D-M-D tradeoff. For small networks we presented 
three ARQ schemes and the simplified scheme was preferable for most cases due to its minimum 
overheads. Unlike the opportunistic relaying, we showed that using selection cooperation protocol with 
feedback in ARQ scenarios straightforwardly could not achieve the optimal D-M-D tradeoff unless the 
relays could combine the signals received from previous rounds. For large networks, we proposed a 
diffusion ARQ protocol in which the cooperation region increased along with the ARQ rounds. Nodes 
without direct links from the source had the chance to cooperate and it resulted in better diversity 
performance. 
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