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Abstract  

 
The present paper presents a simulator to evaluate the impact of burstness both in the channel errors and in the arrival process 

on the SR ARQ statistics. The simulations then used to show and discuss some results which are explained. In this investigation 
GPSS- General Purpose Simulation System is used to create the simulation model 
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1. INTRODUCTION 

 
The Selective Repeat Automatic Repeat re-

Quest (SR ARQ) protocol is a general strategy for 
handling frame transmission errors when the round-
trip time for frame transmission and reception of the 
acknowledgment is comparable to or larger than 
frame transmission time, e.g. TCP. In this protocol, 
the transmitter groups the frames into windows so 
that each window contains N frames. When the 
sender sends frames within a window, the receiver 
stores the frames of the current window and checks 
for errors. After a complete window has been re-
ceived, or after the proper timeout period, the re-
ceiver instructs the transmitter to resend only the 
frames that contained errors. 

The investigations of delay performance and 
other related issues of different ARQ schemes has 
been subject of many papers [1]–[7]. 

In [1], Badia presents an extended analysis, with 
two Markov chains describing arrival and channel 
error processes. However, he assumes error-free 
ACK/NACKs and unlimited transmitter and receiver 
buffers as well as omits the constant propagation 
delay term. 

Seo et al., in [4], derive the delay statistics of 
Hybrid ARQ also through Markov chains.  

A matrix geometric approach [7] has been used 
by Le et al. to evaluate the performance of ARQ 
schemes in a radio link with adaptive modulation 
and coding. To derive the queueing statistics it is 
observed that the process is Quasi-Birth and Death 
(QBD), which holds also for the system studied in 
[5]. Finally, in [6], Luo et al. discuss the ARQ deliv-
ery delay by focusing on the impact of the link layer 

ARQ on the performance of upper layers, i.e., the 
service data unit (SDU) delay. Though their focus is 
different, they obtain some results by means of 
simulation, which in what follows will be derived 
analytically. 

The purpose of present paper is to present a 
simulator to evaluate the impact of burstness both 
in the channel errors and in the arrival process on 
the SR ARQ statistics. The simulations then used to 
show and discuss some results which emerge in 
the statistics and which are non intuitive. 

 
2. SIMULATION MODEL  

 
Figure 1 shows the delay between the first 

transmission of a frame and its release from the 
receiver buffer, we will call delivery delay- TD. Total 
delay- Tt experienced by a frame also comprises 
the time spent in the transmitter’s queue, which we 
denote as queueing delay- TQ..Because round-trip 
delay is larger than the frame transmission time, 
frames are not always transmitted in numerical 
increasing order, and this forces the receiver to 
keep the received frames in a buffer, from where 
they can be released only when all frames with 
lower identifiers have been acknowledged. The 
delay between the first transmission of a frame and 
its release from the receiver buffer can not be com-
puted trivially [1], since it also depends on the out-
come of the transmission of all frames with lower 
identifiers. In this paper General Purpose Simula-
tion System (GPSS) is used to create the simulation 
model and to estimate the delay terms. Q- system 
of this model is depicted on fig. 2. 
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Fig. 1. Frames delivery in Selective Repeat Automatic Retransmission Request Scheme 

 
The transmitter transfers frames after that re-

ceiver answers with positive or negative acknowl-
edgement (ACK/NACK) according to the cor-
rect/erroneous reception of these frames, respec-
tively. After a full round-trip time ACK/NACKs arrive 
at the transmitter’s side, and either a new frame or 
a retransmission is sent over the channel. We as-
sume that the value of the ARQ window size is m, 
i.e. the round-trip time equals m transmitted frames. 
Frames arrive at the transmitter’s queuing buffer 
from an ON- OFF source with two states, referred in 
the following as “OFF”=no frame arrival and 
“ON”=frame arrival.  

 

 
 

Fig. 2. Q- system of simulation model 
 
The ON- OFF source is characterized by means 

of two independent parameters, the average arrival 
rate- λ, and the average arrival burst length- A. 

The data sent from the transmitter’s queue ar-
rive at the receiver through a noisy channel. This is 
modeled through “good” state corresponding to 
error-free transmission and “bad” state where the 
frame is always in error.  

The channel in proposed model is characterized 
again by two parameters, the error probability ε, 
and the average error burst length B. 

 
 

3. SIMULATION RESULTS 
 
In this section we present some interesting re-

sults given from the proposed above GPSS Simula-
tor. For all of the reported results, m and ε are taken 
to be equal to 10 and 0.1, respectively, even though 
other values have been tested and the results 
agree with the ones shown here.  

Fig. 3 shows the queueing delay and the deliv-
ery delay as functions of A in the case B = 3 (a 
mildly correlated channel), m=10, and ε=0.1, for 
various values of λ = {0.4, 0.6}. The delivery delay 
curves show that the value of TD does not 
significantly change when λ and/or A varies. The 
queueing delay, instead, is shown to increase with 
λ, which maybe somehow expected, but also it 
exhibits a linearly increasing behavior in A.  

This can be explained by considering that the 
frames arrive in bursts and therefore are likely to 
find many other frames ahead in the queue, which 
results in a higher TQ and total delay. 

 

 
 

Fig. 3. Queueing and delivery delay vs. A, for various  
values of λ 
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Fig. 4 shows average values of the delivery de-
lay for m=10, ε=0.1, A=2.5 as a function of arrival 
rate λ, for various values of B. 

In this figure, a counterintuitive behavior is em-
phasized: one might expect that the delay increases 
with λ, since the system is more heavily loaded. 
This reasoning is correct for the queuing delay, but 
not for the delivery delay. 

However, for more realistic cases where the av-
erage burst length is moderate or higher, the deliv-
ery delay is almost independent of the frame arrival 
rate or may decrease with increasing λ. This phe-
nomenon can be explained by appearance of long 
sequences of slots where the channel is in a good 
state, thus it is easier to solve an entire sequence of 
frames directly. It is more acute for large values of 
burst error length B. 

 

 
 

Fig. 4. Delivery delay vs. λ, for various values of B 
 
Fig. 5 shows average values of the total delay 

for m=10, ε=0.1, λ= 0.6 as a function of burst error 
length B, for various values of arrival burst length 
A={2.5, 7}.  

 

 
 

Fig. 5. Total delay vs. B, for various values of A={2.5, 7}. 
 

As can to see total delay decreases at first and 
then increases linearly, i.e. the moderate channel 
burstiness achieves lower delay than one at the 
lower or higher channel burstiness.  

Finally, comparison between the queueing de-
lay, the delivery delay, and the total delay for m=10, 
ε=0.1, λ=0.6, as a function of B, for A=2.5 is shown 
in Fig. 6. This figure explains the fact that moderate 
channel burstiness achieves a lower total delay 
than one at the lower or higher channel burstiness: 
By looking at the figure, we are now able to recog-
nize that total delay depends on the dominant delay 
term being either the delivery or the queueing de-
lay. In fact, while TD is decreasing when the chan-
nel burstiness increases around moderate values, 
TQ is linearly increasing, which becomes the promi-
nent term for high B.  

 

 
 

Fig. 6. Queueing, delivery, and total delay vs. error length B 
 
Similar curves have been given in [1], which are 

derived analytically, and this fact can be presented 
as the kind of verification of proposed in present 
paper simulation model and results. 

 
 

4. CONCLUSION 
 
In present paper, we compare the SR ARQ de-

lays with various intensities of the arrival rate and 
the arrival burstnesss at the transmitter’s queue as 
well as investigate the effect of the error burstness 
in the channel. We show that the delivery delay 
may actually decrease for an increasing arrival rate 
when the channel is moderately burst, and in cer-
tain cases error burstness may imply a general 
decrease of the total delay. These aspects are re-
markable to achieve correct delay estimation in real 
time multimedia services over wireless channels, 
e.g. video-streaming applications. 
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