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Abstract—In cellular networks, a mobile station (MS) may
be located in the coverage hole or out of the coverage of the base
station (BS). In such a scenario, one or more relay stations (RSs)
can be used to facilitate the transmission. Here, a thresholdbased opportunistic cooperative ARQ transmission scheme is
proposed. Based on this scheme, the transmission between the
BS and the MS can be separated into two parts: firstly, the
transmission between BS and RSs (BS-RSs link) and secondly, the
transmission between RSs and MS (RSs-MS link). The proposed
scheme is different from the conventional ACK/NACK used for
unicast transmission, in which two new types of ARQ messages
are introduced for multicast transmission, namely, the relayassociated ACK/NACK (i.e., R-ACK/R-NACK) and the cooperative
ACK/NACK (i.e., C-ACK/C-NACK), for BS-RSs link and RSs-MS
link, respectively. A pre-defined threshold is applied to evaluate
the reliability of the BS-RSs link. If the number of reliable
RSs is larger than the threshold value, the reliable RSs will
transmit the packet to the MS in a cooperative manner. Since
reliable transmission exists in the BS-RSs link, the BS will release
the packet and further transmission of this packet occurs only
between reliable RSs and the MS. Therefore, the proposed scheme
can reduce the latency of cellular networks and the processing
burden on the BS as well as achieve higher throughput as shown
in the performance analysis and simulation results.

I. I NTRODUCTION
A new form of spatial diversity, whereby diversity gains are
achieved via the cooperation of users has been recently proposed using a virtual antenna system. Some of the early works
have shown that node cooperation transmission can increase
the sum-rate over non-cooperative transmission for ergodic
fading links [1]–[3]. In [4], the space-time-coded cooperative
diversity protocols were developed for combating multipath
fading across multiple protocol layers in a wireless network.
Later, efficient protocols that achieve the cooperative diversity
gains were proposed in [5], which include fixed-relaying
schemes (e.g., amplify-and-forward and decode-and-forward)
and best-relay-selection schemes (e.g., channel-measure-based
relay selection and incremental relay scheme).
The Automatic Repeat reQuest (ARQ) protocol is used at
the link layer as an effective means to overcome the channel
1 This
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fading, where cyclic redundancy check (CRC) is usually used
for error check and retransmissions are requested only if
the received packet is erroneous [6]. Several relay selection
schemes have been reported in the literature which exploit the
limited feedback from the destination terminal using ARQ.
In [7], a relay selection scheme based on the generalization
of Hybird-ARQ (HARQ) is proposed, in which retransmitted
packets do not need to come from the original source but could
instead be sent by relay nodes that overhear the transmission.
Similarly, [8]–[10] proposed schemes based on ARQ/HARQ
for delay-limited single-relay fading channel. However, all
of the schemes reported in [7]–[10] are limited to select
one relay node only. Furthermore, they also assumed that
the source can at least receive the acknowledgement (ACK)
or negative acknowledgement (NACK) from the destination
correctly, which might not be true in practical scenarios
(e.g., nontransparent mode in 802.16j). A cooperative protocol
design with truncated ARQ for multiple relay nodes is studied
in [11], in which all relay nodes that receive both the overheard
packet from the source and NACK from the destination
correctly can cooperatively transmit the overheard packet to
the destination. Note that this scheme is designed to utilize
the feedback from the destination to the source.
In this paper, we consider a practical scenario in which
the destination (mobile station (MS)) can be located at the
coverage hole or out of the coverage of the source (base
station (BS)). In such a scenario, the transmissions between
the BS and the MS can be facilitated by one or more relay
stations (RSs). In particular, a threshold-based opportunistic
cooperative ARQ transmission scheme is proposed. Conventionally, ACK/NACK messages are required only in the unicast
transmission. Here, two new types of ACK/NACK messages
are introduced for the multicast transmission. The proposed
scheme is designed to utilize the cooperative diversity gain in
order to reduce the latency of the network and to improve the
throughput.
The remainder of this paper is organized as follows: In
Section II, an opportunistic cooperative ARQ transmission
scheme is proposed, which includes the system model and
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scheme description. In Section III, the detailed throughput
analysis is given. Simulation results are presented in Section
IV. Finally, Section V concludes the paper.
II. A N OVEL O PPORTUNISTIC C OOPERATIVE ARQ
TRANSMISSION S CHEME
A. System Model and Scheme Description
We consider a time-division-duplex (TDD) cellular network
consisting of a BS, a MS and Q RSs, each equipped with
single antenna. These Q RSs have good channel power gain
with the MS during the periodic ranging process. We assume
that a BS/MS/RS can not transmit and receive simultaneously,
and the RSs operate in a decode-and-forward fashion. The
focus of our proposed scheme is on the downlink transmission
which can be separated into two parts. During the first part
of transmission, the BS transmits the packet to Q RSs in a
multicast mode with CRC attached. In the second part of transmission, the RSs transmit the packet to the MS in a cooperative
manner, e.g. using distributed space-time codes. Additionally,
we also introduce two new types of ARQ messages, namely,
the relay-associated ACK/NACK (i.e., R-ACK/R-NACK) and
the cooperative ACK/NACK (i.e., C-ACK/C-NACK). Note
that these newly-defined messages are different from the
conventional ACK/NACK used in the unicast mode, in which
R-ACK/R-NACK is the feedback message from the RSs in
a multicast group to the BS, while C-ACK/C-NACK is the
feedback from the MS to the Q RSs as shown in Fig. 1. In
this paper, we assume the R-ACK/R-NACK will not collide by
using some CDMA/FDMA techniques in the transmissions.
Let the initial transmission status be defined by m = 1,
n1 = 1, n2 = 1 and WR = 0 in which m is the transmission
number, n1 and n2 are the packet numbers in the first part
and second part of transmission, respectively. WR is the latest
packet number waiting to be transmitted at the RSs. Note that
there could be a queue waiting at the RSs which includes the

packet number ranging from n2 + 1 to WR . We also define
L1 (n), L2 (n), and L(n) = L1 (n) + L2 (n) as the number
of transmissions used for the nth packet in the first part,
second part, and overall transmission, respectively. Initially,
we set L(n1 ) = L1 (n1 ) = L2 (n1 ) = L(n2 ) = L1 (n2 ) =
L2 (n2 ) = 0 for all the packets. We define v as a pre-defined
threshold for 1 ≤ v ≤ Q and Lmax as the maximum number
of transmissions used for a packet. The downlink transmission
sequences are illustrated in Fig. 2. The detailed protocol is
described in the following steps associated with time slot (TS)
for the mth transmission:
1) 1st TS: The BS sends the n1 th packet (with CRC
attached) to all the Q RSs. Thus, L1 (n1 ) = L1 (n1 ) + 1.
2) 2nd TS: All the Q RSs will check the CRC received
from the BS and feedback R-ACK/R-NACK depending
on whether they receive the packet correctly or not.
The RSs which have received the n1 th packet correctly
are defined as reliable RSs (see Fig. 1) for the n1 th
packet. Let Q(n1 )={RSi : RSi receives the n1 th packet
correctly, i = 1, 2, ...Q.} and store the n1 th packet at
the reliable RSs.
3) 3rd TS: Based on the number of received R-ACKs (Qv ),
the BS will send a positive/negative notification message
to the RSs. If Qv ≥ v and L1 (n1 ) ≤ Lmax , then reliable
communication can be established between the BS and
the RSs and the BS will send a positive notification
message. If Qv < v and L1 (n1 ) < Lmax , the BS will
send a negative notification message. In the special case
of L1 (n1 ) = Lmax and Qv < v, the BS will also send
a positive notification message so that all the available
reliable RSs can send the n1 th packet to the MS.
4) 4th TS: If the RSs receive the positive notification
message from the BS, the packet number waiting at
RSs will be updated, i.e., WR = WR + 1, otherwise,
WR remains unchanged. The RSs will then check the
received C-ACK/C-NACK (sent from the MS in the
(m − 1)th transmission).
• If C-ACK is received, then n2 = n2 + 1, which
means that RSs are ready to transmit the next packet
to MS.
– If n2 > WR , meaning no packet to be transmitted
from the RSs to the MS, RSs will have time to do
other processing, e.g., help transmission in other
networks.
– If n2 ≤ WR , Q(n2 ) will send the n2 th packet to
the MS in a cooperative manner. Thus, L2 (n2 ) =
L2 (n2 )+1 = 1. If WR is updated to be n2 in this
transmission, i.e., the reliable RSs are ready to
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send the n2 th packet at the same transmission that
they receive the positive notification message of
the n2 th packet, then L(n2 ) = L1 (n2 )+L2 (n2 )−
1. Otherwise, L(n2 ) = L1 (n2 ) + L2 (n2 ).
• If C-NACK is received (or neither C-NACK nor
C-ACK is receiver) and L(n2 ) < Lmax , then n2
remains unchanged and Q(n2 ) will resend the n2 th
packet to the MS and thus, L2 (n2 ) = L2 (n2 ) + 1
and L(n2 ) = L(n2 ) + 1.
For m = 1, if the RSs receive the negative notification
message from BS, RSs will not send the first packet to
MS.
5) 5th TS: The MS feedbacks C-ACK/C-NACK to the RSs
based on whether it receives the packet from the RSs
correctly or not.
Step 1) to Step 5) will be repeated for m = m + 1. When the
reliable transmission is established between BS and RSs, the
BS will release the current packet and the reliable RSs will be
in charge of this packet in the second part of transmission. This
clearly shows that such a scheme can reduce the processing
burden on the BS and the overall latency of the network. Note
that by allowing the transmission from RSs to MS only if there
are sufficient number of reliable RSs (i.e. Qv ≥ v), higher
cooperative diversity gain can be achieved at the MS. A larger
threshold means a longer delay in the first part of transmission
but smaller delay in the second part of transmission. Thus,
different threshold values will have different impact on the
overall performance which depends on the BS-RSs and RSsMS link conditions as will be shown in Section III.
B. Signal and Channel Models

(1)

where hi is the channel gain between the BS and RSi , and wi
is the additive white complex Gaussian noise (AWGN) with
(1)
zero mean and variance N0 at RSi .
For the second part of the transmission, let snj (u2 ) denote
the u2 th symbol in the nth packet sent by RSj in Q(n) to the
MS. The corresponding received signal at the MS is given by

αjn snj (u2 ) + z n (u2 ),
(2)
y n (u2 ) =
RSj ∈Q(n)

III. O UTAGE , D ELAY AND T HROUGHPUT A NALYSIS
In this section, we analyze the outage probability, delay,
and throughput of the proposed scheme. We first assume the
nth packet is sent from the BS and no packet is transmitted
or waiting to be transmitted between the RSs and the MS.
As described in Section II, the total number of transmissions
used to transmit the nth packet is L(n) = L1 (n) + L2 (n) − 1.
When the BS sends a positive notification message to RSs,
there are two possible events for the packet to be correctly
received at the MS , and two corresponding possible events
for the packet to be incorrectly received at the MS (i.e., lost
packet), respectively, within Lmax transmissions:
•

•

•

As described in the previous section, we consider the
scenario where the MS is out of the coverage region of the
BS. Therefore, the BS and the MS are usually located far away
from each other. Without loss of generality, we assume that the
instantaneous channel gains of the BS-RSs link and the RSsMS link are independent and a perfect channel knowledge is
assumed to be available at the receiver side (i.e., RSs/MS).
In this paper, we consider flat fading channels. For frequencyselective channels, orthogonal frequency division multiplexing
(OFDM) can be used to combat the frequency selectivity. The
channel coefficients of different transmissions are independent
from each other. For the first part of the transmission, let
xn (u1 ) be the u1 th symbol in the nth packet sent by the BS.
The equivalent baseband representation at RSi is given by
rin (u1 ) = hni (u1 )xn (u1 ) + win (u1 ), i = 1, 2, .., Q,

where αj is the channel gain between RSj and the MS and z
(2)
is the AWGN with zero mean and variance N0 at the MS.
In this paper, the following notations are used: pi and
qi denote the packet error rate (PER) of the transmission
from BS to RSi , and from RSi to MS, respectively, and qi,j
denotes the PER when RSi and RSj transmit to the MS in a
cooperative manner. In order to demonstrate the performance
of the proposed scheme, we assume all the ACK/NACK are
received correctly in the analysis.

•

Event Ek,l : RSs receive C-ACK with the condition of:
Qv ≥ v, L1 (n) = k for 1 ≤ k ≤ Lmax and L2 (n) = l for
1 ≤ l ≤ Lmax −k+1. Thus L(n) = L1 (n)+L2 (n)−1 =
k + l − 1.

Event EL,1
: RSs receive C-ACK with the condition of:
0 < Qv < v, L1 (n) = Lmax and L2 (n) = 1. Thus,
L(n) = L1 (n) + L2 (n) − 1 = Lmax .
Event Ekc : RSs never receive C-ACK with the condition
of: Qv ≥ v, L1 (n) = k for 1 ≤ k ≤ Lmax . L(n) =
Lmax and L2 (n) = Lmax − L1 (n) + 1 = Lmax − k + 1.
c
Event EL,1
: RSs never receive C-ACK with the condition
of: 0 < Qv < v, L1 (n) = Lmax . L2 (n) = Lmax −
L1 (n) + 1 = 1.

When BS sends a negative notification message to RSs, the
following event for packet loss is defined:
•

Event E∅ : None of the RSs receive the packets correctly
within Lmax transmissions.

A. Outage Analysis
We define Ik (i) and Jk (i) as

1, RSi receives the packet correctly within



the (k − 1) transmissions
,
Ik (i) =
0,
RSi does not receives the packet correctly



within the (k − 1) transmissions
(7)
and


 1, RSi receives the packet correctly

at the kth transmission and Ik (i) = 0
.
Jk (i) =
0,
RSi does not receive the packet correctly



within k transmissions or Ik (i) = 1
(8)
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P (Ekc )



Q 


=

i=1

Qv =v Dk
Q

v

c
P (EL,1
)

v−1


=





Qv

Q 




=





Qv =1 Dk

Qv

Q 


Q 


i=1

v

v−1


(1−ILmax (i)−JLmax (i))

(k−1)Jk (i)

1 − Ik (i)pik−1 pi

i=1

L

pi max

k(1−Ik (i)−Jk (i))

pi

(k−1)Jk (i)

1 − Ik (i)pik−1 pi

(1−ILmax (i)−JLmax (i))

L
max

l−1
(1 − Jk (i)pi ) qG(D
k

Qv )



1 − qG(DQ
k

v

)

.

(5)

Qv

))

.

(6)

Q


Ik (i) +

Q


Jk (i) = Qv }

Lmax Lmax −k+1
(9)

(10)

k=1

where the probability that E∅ occurs is given by
max Lmax
max
p2
...pL
,
P (E∅ ) = pL
1
Q

and the probabilities that
and (4), respectively.

T =

k=1

i=1

c
P (Ekc ) + P (EL,1
) + P (E∅ ),

Ekc

and

c
EL,1

where P is the outage probability defined in (10) while

) are given in (5) and (6), respectively.
P (Ek,l ) and P (EL,1
C. Throughput Analysis
Throughput is defined as the average number of correctly
received packets per transmission. In the proposed scheme,
the first TS and fourth TS of the same transmission could
transmit different packets, which make the throughput analysis
very complicated. Thus, in this paper, we assume that the
BS will only transmit a new packet to RSs after the current
packet is correctly received by the MS or when L(n) = Lmax .
Therefore, the throughput can be expressed by
S=

occur are given in (3)

1−P
,
T

(14)

where P and T are computed from (10) and (12), respectively.
D. Case Study: Two RSs

Delay of a packet is defined as the total number of transmissions required to transmit this packet, i.e., L(n). The average
delay of a packet can be expressed by
L
−k+1
max Lmax


(k + l − 1)P (Ek,l )

l=1

)
Lmax P (EL,1


(k + l − 1)P (Ek,l ) + Lmax P (EL,1
)
l=1
.
Lmax Lmax −k+1

P (Ek,l ) + P (EL,1 )
l=1
k=1
(13)

(11)

B. Delay Analysis

k=1

+

.

)

i=1

i=1

T =

(3)


(L
−1)JLmax (i)
max −1
1 − ILmax (i)pL
pi max
(1 − JLmax (i)pi ) (1 − qG(Dk
i

is defined as the set that Qv RSs receive the packet correctly
k
) is defined as the indexes
within k transmissions and G(DQ
v
of the RSs with Ik (i) + Jk (i) ≥ 1 corresponding to each
element of DkQv .
Outage probability is defined as the probability that a packet
is lost, which can be expressed as

 


c
E∅ EL,1
P = P (E1c E2c . . . ELc max
)
=

,

Qv

DkQv ={[(Ik (1), Ik (2), ..., Ik (Q)), (Jk (1), Jk (2), ..., Jk (Q))] :
Ik (i) < v,

Qv


(L
−1)JLmax (i)
max −1
1 − ILmax (i)pL
pi max
(1 − JLmax (i)pi ) qG(Dk
i

Moreover,
Q


Lmax +1−k
(1 − Jk (i)pi ) qG(D
k )

(4)

Qv =v Dk
Q


P (EL,1
)

L

pi max

k(1−Ik (i)−Jk (i))

pi

i=1

Qv =1 Dk

P (Ek,l ) =

Q 


Q 


(12)

In this subsection, we consider a case study for two RSs, i.e.,
Q = 2. The impact of predefined threshold v is demonstrated
with v = 1 (Scheme A) and v = 2 (Scheme B).
1) Throughput Analysis for Scheme A: From (11), P (E∅ )
can be expressed as
max Lmax
P (E∅ ) = pL
p2
.
1

+ Lmax P,

and the average delay of a successfully received packet can
be expressed by

Dk1

= {[(0, 0), (1, 0)], [(0, 0), (0, 1)]}, and
Since
{[(0, 0), (1, 1)]}, P (Ekc ) given in (3) becomes

(15)
Dk2

=
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From (5), P (Ek,l ) can be expressed as
P (Ekc ) =
pk2 p1k−1 (1

Lmax +1−k
p1k−1 p2k−1 (1 − p1 )(1 − p2 )q12
+
Lmax +1−k
Lmax +1−k
k−1
− p1 )q1
+ p1 p2 (1 − p2 )q2
,

(16)

c
) given in (4) can be simplified to
and P (EL,1
c
P (EL,1
)

= 0.

P (Ek,l ) = [(1 − p1k−1 )p2k−1 (1 − p2 ) + (1 − p2k−1 )p1k−1(1− p1 )
l−1
p2k−1 (1 − p1 )(1 − p2 )]q12
(1 − q12 ),
+ pk−1
1

and
(17)

Substituting (15), (16) and (17) into (10), we can obtain the
outage probability for Scheme A given by
max Lmax
q2Lmax − pL
p1
2
q2 − p1 p2
max Lmax
q Lmax − pL
p1
2
+ (1 − p1 )p2 q1 1
q1 − p1 p2
max Lmax
q Lmax − pL
p2
1
max Lmax
+ (1 − p1 )(1 − p2 )q12 12
+ pL
p2
.
1
q12 − p1 p2
(18)

P = (1 − p2 )p1 q2


)
P (EL,1

(25)

can be simplified to


max
max
max
max
P (EL,1
) = pL
(1−pL
)(1−q2 )+pL
(1−pL
)(1−q1 ).
1
2
2
1
(26)
Similar to Scheme A, the delay and throughput can be obtained
from (12) and (14), respectively.

IV. SIMULATION RESULTS
A. Simulation Setup

We consider the case of two RSs. When both RSs receive
the packet correctly, they will cooperatively transmit using the
distributed Alamouti space-time code [12]. We assume that
BS-RSi and RSi -MS links are both Rayleigh distributed. There
From (5), P (Ek,l ) can be expressed as
are 40 QPSK symbols in one packet. The channels are kept
l−1
P (Ek,l ) = p1k−1 p2k−1 (1 − p1 )(1 − p2 )q12
(1 − q12 )
constant over one packet and vary independently from packet
k−1 k
l−1
l−1
k k−1
+ p1 p2 (1 − p1 )q1 (1 − q1 ) + p1 p2 (1 − p2 )q2 (1− q2 ), to packet. Only if all the symbols in a packet are decoded
(19) correctly, the packet is considered to be received successfully.
In simulations, we also consider two conventional schemes

) given in (6) can be simplified to
and P (EL,1
which use single RS as the benchmark:

• Scheme C: If there is only one RS receives the packet
) = 0.
(20)
P (EL,1
correctly, that reliable RS will forward the packet to the
The delay can be obtained by substituting (18), (19) and (20)
MS. When both RSs receive the packet correctly, the best
into (12), and the throughput can be further obtained from
RS 2 will forward the packet to the MS. If none of RSs
(14).
receive the packet correctly, the BS will retransmit the
2) Throughput Analysis for Scheme B: From (11), P (E∅ )
packet to the RSs till at least one of the RSs receives the
can be expressed as
packet correctly.
Lmax Lmax
• Scheme D: If there is only one RS receives the packet
p2
.
(21)
P (E∅ ) = p1
correctly, that reliable RS will forward the packet to
Since
the MS. When both RSs receive the packet correctly, a
Dk1 = {[(0, 0), (1, 0)], [(0, 0), (0, 1)], [(1, 0), (0, 0)], [(0, 1), (0, 0)]},
randomly selected RS will forward the packet to the MS.
and
k
c
If none of RSs receive the packet correctly, the BS will
D2 = {[(0, 0), (1, 1)], [(0, 1), (1, 0)], [(1, 0), (0, 1)]}, P (Ek )
retransmit the packet to the RSs till at least one of the
becomes
c
k−1 k−1
k−1 k−1
RSs receives the packet correctly.
P (Ek ) = [(1 − p1 )p2 (1 − p2 ) + (1 − p2 )p1 (1 − p1 )
Lmax +1−k
+ pk−1
pk−1
(1 − p1 )(1 − p2 )]q12
,
1
2

(22)

c
and P (EL,1
) is simplified to
c
max
max
max
max
P (EL,1
) = pL
(1−pL
)q2 +pL
(1−pL
)q1 . (23)
1
2
2
1

Substituting (21), (22) and (23) into (10), the outage probability for Scheme B is given by

B. Simulation Results
Fig. 3 shows the PER performance comparison for the
second part of transmission to the MS from the following
RS(s): i) either RS1 or RS2 (single relay), ii) the best RS
among RS1 and RS2 (best relay), and iii) both RS1 and RS2
(cooperative relay). It can be seen that the cooperative relay
case achieves the best performance compared to the best relay
and the single relay cases. For example, at P ER = 10−2 , the
cooperative relay case is approximately 2 dB and 12 dB better
than the best relay and the single relay cases, respectively.
Figs. 4-8 compare the throughput, outage probability and
delay performance for different schemes. Since the quality of
the BS-RSi links are usually good, we consider the signal-toratios (SNRs) of BS-RSi links (SN R1 ) fixed at 16 dB and

Lmax +1
max
q12
− pL
q12
2
q12 − p2
max
q Lmax +1 − pL
q12
1
+ (1 − p1 ) 12
q12 − p1
max Lmax
q Lmax +1 − pL
p2
q12
1
+ (p1 p2 − 1) 12
q12 − p1 p2
max Lmax
max
max
max
max
2 Here, we assume that the best relay is selected among RS and RS
+ pL
p2
+ pL
(1 − pL
)q2 + pL
(1− pL
)q1 .
1
1
2
2
1
1
2
(24) according to the channel power gains of RSi -MS links in each packet.

P = (1 − p2 )
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26 dB. As can be seen from these figures, all the theoretical
curves match perfectly with our simulation results. Fig. 4
shows the outage probability of Scheme A and Scheme B for
different Lmax and different SNR of RSi -MS links (SN R2 )
with SN R1 fixed at 16 dB. As can be seen, the outage
probability reduces significantly when Lmax is increased from
4 to 20. For a fixed Lmax , the outage probabilities of both
schemes decrease with the increasing of SN R2 . However, at
high SN R2 , the outage probability performance is dominated
by the BS-RS links which explains why Scheme B has slightly
worse outage performance than Scheme A.
Fig. 5 illustrates that the average delay of Scheme A and
Scheme B increase significantly with the increase of Lmax
when SN R2 is small and keep unchanged when SN R2 is
medium and high. This is mainly due to the fact that the
number of retransmissions for the second part will be increased
when the RSs-MS links are poor while it does not vary much
when the RSs-MS links are good.
Figs. 6 and 7 show the throughput comparison of Schemes
A, B, C, D with Lmax = 4 for different SN R1 and SN R2 .
By fixing SN R1 = 16 dB (see Fig. 6), the throughput of
Scheme A outperforms Scheme B for large SN R2 values (i.e.,
SN R2 > 7.5 dB) while it slightly underperforms Scheme B
for small SN R2 values (i.e., SN R2 < 7.5 dB). This is mainly
due to the fact that when SN R2 is large (i.e., the RSi -MS links
are good), it is better to set a smaller threshold value (i.e.,
Scheme A) since the benefit of cooperative diversity brought
by a larger threshold value can not compensate for the longer
delay in the first part. However, when SN R2 is small, the
delay in the second part becomes severe and it is better to set
a larger threshold (i.e., Scheme B) in order to reduce the delay
by exploring the benefit of cooperative diversity.
In Fig. 7, as the SN R1 value is increased to 26 dB,
the throughput difference between Scheme A and Scheme
B is reduced. This is due to the fact that when BS-RSi
links are good, the probability that both RSs will receive the
packet correctly is very high. We notice that the throughput

20

25

2

Fig. 4. Outage probability comparison under different Lmax for SN R1 =
16 dB. (Due to the limitation of the simulation running time, only the outage
probabilities smaller than 10−5 are shown in the figure.)
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Delay comparison under different Lmax for SN R1 = 16 dB.

performance of both schemes are almost identical for small
SN R2 values (i.e., SN R2 < 10dB) with Scheme A slightly
outperforming Scheme B at high SN R2 value while the
outage probability of Scheme B is smaller than that of Scheme
A as shown in Fig. 8. Thus, when BS-RSs links are very good
(e.g., SN R1 = 26dB), it is better to set a higher threshold
(i.e., Scheme B) in order to reduce the outage probability with
a slight degradation in the throughput. As a benchmark, the
curves of Scheme C and Scheme D are also included. It is
clear that the performance of Scheme A is superior over the
single relay case (both Scheme C and Scheme D) due to the
cooperative diversity gain.
V. C ONCLUSIONS
In this paper, an opportunistic cooperative ARQ transmission scheme is proposed. Based on this scheme, two new types
of messages, namely, R-ACK/R-NACK, i.e., feedback message
from the RSs in a multicast group, and C-ACK/C-NACK,
i.e., feedback message from MS to all RSs are introduced.
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Note that these ACK/NACK messages are used for multicast transmission, which are different from the conventional
ACK/NACK used in the unicast transmission only. The BS
retransmits a packet to RSs until the number of reliable RSs
is larger than a pre-defined threshold. When this is fulfilled,
the transmission between BS and RSs is considered complete
and the reliable RSs will transmit packets to the MS in a
cooperative manner. This clearly shows that the proposed
scheme can reduce the burden of the BS. The impact of
different thresholds is studied with the outage probability,
delay and throughput analysis, which shows that when BSRSi links are good and if the RSi -MS links are poor, it is
more reliable to set a higher threshold value and if the RSi MSs links are good, it is sufficient to set a low threshold
value. When BS-RSi links are very good, it is better to set
a higher threshold value to achieve lower outage probability.
The performance analysis and simulation results clearly show
that our proposed scheme can achieve better performance.
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