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In order to ensure high reliability for data communications systems, it is necessary to resort
to an error control method that eliminates the transmission errors caused by the channel
noise so that error-free data can be delivered to user. One of the most popular methods for
error control is the Automatic Repeat reQuest (ARQ). It is widely used in data
communications systems because it is simple and provides high reliability. This paper
presents a new procedure for handling retransmission in a selective- repeat ARQ strategy
named Fast-Recovery Selective- Repeat (FRSR) which provides a very fast error recovery
mechanism. Unlike other selective repeat strategies, the proposed procedure ensures that a
correctly received packet will not be retransmitted. In addition, this protocol is simple enough
that it places little computational load on the transmit and receive processors. Analysis of
this protocol indicates that it yields a throughput close to that one of an ideal selective-
repeat protocol if its parameters are adjusted properly. The analysis is performed by means of
analytical methods. Analytical results are used to study the performance measures through
numerical examples. The results provide insight into the interaction between the protocol

parameters and identify the operational characteristics.
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1. Introduction

As long as the ideal error- free channel has
not been realized, data communication
systems are obliged to possess the capability
of handling transmission errors. The
corresponding techniques which have been
proposed fall in one of two major categories,
namely automatic repeat request (ARQ) and
forward error control (FEC) schemes [1-5].
Hybrid strategies are also known [6- 8]. In
ARQ systems, erroneous data  are
retransmitted. In FEC systems, forward error
correcting codes are used.

Various forms of ARQ schemes are used for
the control of errors over a noisy channel in
computer networks. Basically they can be
classified into two categories; the stop and

Alexandria Engineering Journal, Vol. 39 (2000), No. 6, 857-869
© Faculty of Engineering, Alexandria University, Egypt.

wait (SAW) scheme for which the channel is
idle from time to time, and the continuous
scheme for which message blocks are sent

from the transmitter to the receiver
continuously.
In the stop and wait scheme, the

transmitter sends a packet to the receiver and
waits for an acknowledgment from the
receiver. If the packet is received correctly, the
receiver sends a positive acknowledgment
(ACK) and the transmitter sends the next
packet. If a negative acknowledgment (NAK) is
received, the sender retransmits the packet
and again waits for an acknowledgment.
Retransmissions continue until the
transmitter receives an ACK. This scheme is
quite simple but inherently inefficient because
of the idle time spent in waiting for an
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acknowledgment of each transmitted packet.
Several studies show that, for data
communications systems with high data rates
and large round- trip delays, the throughput
performance of SAW scheme becomes
unacceptable [9-11].

The widespread use of satellites for data
communications, coupled with the declining
cost of digital hardware encouraged the use of
continuous ARQ strategies to replace the SAW
procedure. There are two basic approaches
for handling errors in the presence of the
continuous ARQ scheme. The first one is
called the go back N (GBN) protocol, and the
other is the selective- repeat (SR) protocol.

In the go back N scheme, the transmitter
continuously transmits packets in order and
then stores them pending receipt of ACK/NAK
for each. Whenever the transmitter receives a
NAK indicating that a particular packet was
received in error, it stops transmitting new
packets. Then it goes back to the negatively
acknowledged packet and proceeds to retrans-
mit that packet and all the packets following
it. This scheme is more efficient than the SAW
protocol when the transmission error rate is
not too high and the link propagation delay is
small. On the other hand, the GBN scheme
becomes quite ineffective for communications
systems with high data rate and large round-
trip delays. This ineffectiveness is caused by
the retransmission of error- free packets
following a packet detected in error [12-14].
This can be overcome by using the selective-
repeat (SR)- ARQ protocol.

In the SR- ARQ protocol. packets are also
transmitted continuously. However, the
transmitter only resends those packets that
are negatively acknowledged (NAK'ed). After
re-sending a NAK'ed packet, the transmitter
continues transmitting new packets in the
transmitter buffer. Therefor, this is more
efficient than other ARQ schemes. With this
scheme, a huffer must be provided at the
receiver to store the error- free packets
following a received packet detected in error,
because, ordinarily packets must be delivered
to the end user in correct order.

Several modifications of the basic selective
repeat strategy have been proposed in the
literature [15-20]. However, these schemes
either lead to slow error recovery or they do

not provide adequate mechanism to ensure
that correctly received packets will not be
retransmitted. In this paper, a novel
procedure for handling retransmissions in
selective- repeat ARQ system, named Fast-
Recovery Selective-Repeat (FRSR) is presented
and analyzed. The proposed approach
provides a very fast error recovery mechanism
and ensures that, correctly received packets
will not be retransmitted (i.e., it remedies the
problem of duplication). Compared with the
earlier ARQ techniques, this strategy has
superior performance. In addition it is simple
enough that it places little computational load
on the transmit and receive processors.

The organization of the remaining part of
the paper is as follows: Section 2 describes the
new SR- ARQ strategy. Analysis of the
throughput for the new approach is presented
in Section 3. In section 4, a study of the
performance measures of the proposed
scheme through numerical examples is
presented. An expression for the delay
performance of the new scheme is obtained in
Section 5. Finally, Section 6 concludes the
paper.

2. The FRSR strategy

The protocol entities under consideration
consists of a primary process (P), at the
transmitter, and a secondary process (S), at
the receiver. that can communicate by
exchanging messages on an asynchronous
channel.

For handling reliable information flow, the
concerned protocol includes two types of
frames, collectively called the protocol data
units (PDUs): Information frames (I- frames)
and Estate- Record frames (ER- frames).

[- frames are used to convey user data and
ER- frames are used to report the corrupted or
lost I- frames, and carry no data. Fig. 1 shows
the frame format for both the I- frame and the
ER- frame. A description of each field in both
frames is as follow:

- Flag Indicates beginning or end of frame,

- Control information such as the frame type,

the address. etc.,

- S(N) Indicates the send sequence number of

the transmitted [-frame. 0 < S(N) < M-1,
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where M -1 is the maximum sequence
number and S(N) is modulo M,

- ERR Itis a one - bit Estate Record Request.
It is set tolif the transmitter requests an
ER- frame; otherwise it is set to O,

- DATA User data,

- FCS Frame check sequence,

- ES(N) Expected sequence

next [- frame to be received,

- L, Sequence number of the lost I- frames,

where L, is the oldest lost I- frame and Ln is
the most recent one.
In FRSR scheme, the loss of a transmitted

I- frame is detected through a gap in the

sequence number. That is, loss of an |- frame

is detected when an [- frame is correctly

received whose S(N) is greater than the S(N),

by more than one. of the last new I- frame

correctly received.

number of the

Flag [Control| S(N) [ERR [DATA |FCS |Flag

I-Frame Format

Flag [ControlES(N)|L L., ..L |FCS|Flag

ER-Frame Format

Fig.1. Protocol data umnits format.

It is worthwhile to mention that, in FRSR
strategy, the two control Frames (ACK & NAK
frames) which are used in the earlier SR-
schemes, are replaced by one control frame
(ER- frame). Moreover, instead of
acknowledging each [- frame individually (as
in the earlier SR- schemes), the ER- frame
acknowledges multiple [- frames and reports
the erroneous frames in the same time. As we
shall see, this modification enhances the
efficiency of the throughput performance,
overcomes the problem of duplication and
provides fast error recovery mechanism.

Let us now explain how ER- frame
acknowledges multiple |- frames and record
the erroneous frames in the same time.
Reception of an ER- frame at the sending
station acknowledges the receipt of all I-
frames whose sequence numbers are older
than ES(N). if no gap is reported. Otherwise, it

acknowledges the receipt of all I- frames

whose sequence numbers are older than L,

between L, and L,+;, and between L, and ES(N).

Since each protocol entity is essentially a
sequential system. Then the Primary P process
must retain a send sequence variable V(S)
which indicates the send sequence number
N(S) to be allocated to the next [-frame to be
transmitted and the Secondary S process
must retain a receive sequence variable V(R)
which indicates the sequence number of the
next |- frame expected to arrive.

The operation of the FRSR protocol can be
explained through the frame sequence
diagram, shown in Fig. 2. as follows:

e P sends |- frames continuously without
waiting for an ER- frame to be returned.
Since more than one [- frame have been
sent, but have not yet been acknowled-
ged, P must retain a copy of each I- frame
transmitted in a retransmission list that
operates on a FIFO queue discipline.
Assume that the I- frames No. 2. 3, and 4
are corrupted.

e Upon detection of a gap between the I-
frame # 1 and the I- frame # 5, S requests
retransmission of the missing [- frames
using ER- frame: by settuing L;= 2, L.= 3,
Ls; = 4 and ES(N) = 6. It then stores the two
correctly received, out of sequence, I-
frames (# 1 and # 5) in the receive list until
the requested I- frames have been retrans-
mitted and starts a timer called ER timer.
To avoid unnecessary transmission of ER-
frames, the ER- timer's period, tcx, must
be greater than the worst- case round- trip
propagation delay.

e On receipt of the ER- frame, P removes
each acknowledged [- frame from the re-
transmission list (i.e., P removes the I-
frames # 1 and # 3). In addition, P will
determine which acknowledged I- frame
was transmitted most recently, and will
retransmit each lost I- frame that was
transmitted prior to this most - recently
acknowledged [- frame. That is, a negati-
vely acknowledged [- frame is not retran-
smitted unless a transmission following it
has been acknowledged. Otherwise. the
request of retransmission of [- frame is
ignored, since the S may have not yet
received the previous transmission of this

~
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I- frame. Hence, the FRSR protocol
ensures that, a correctly received I- frame
will not be retransmitted. Accordingly,
since the [- frame # 5 is the most - recently
acknowledged, then P retransmits the I-
frames # 2, # 3 and # 4 and resumes the
transmission of new [- frames. Assume
that, the retransmitted I- frame # 4 and
the [- frame # 9 are corrupted.

When the timer expires and still there is a
gap in the receive list, it is restarted and a
new ER- frame is sent, reporting this gap
(i.e. L, = 4 and ES(N) = 9).

On receipt of the ER- frame in which the
retransmission of the [- frame # 4 is
requested, P ignores this request, because
the transmission following the I- frame # 4

acknowledged, then S continuous in
transmission of new [- frames.

Upon detection of a new gap, S sends an
ER- frame reporting this gap and the
previous unrecovered gap(s) and starts the
ER timer, if it is not already running. If it
is already running, it is reset and
restarted. Accordingly, S sends the ER-
frame with L; = 4, L. = 9 and EN(S) =11.

If the ER- frame is corrupted, S does not
detect any new gap(s) and the ER timer is
expired. S resends the same previous ER-
frame and again restarts the ER- timer.
The ER- umer is not stopped unless all
lost [- frames are recovered.

(i.e., I- frame #9) have not yet been
V(S):12345 6 78 8828 9101112 13141516171819191920 21
19 _
17 11'!75 :g Retran‘smission
11 161816 16 list
a 1010 1515151515
T 7 999 141414141414 21
6. 8.6 234 4v4 ¢ 13131313131313 20 20
5 5455 8283 33 38 2121212121212 49 9 9
344444 7.8 2 2 2.9 1111111111111194 4 4
. g 123 g :21 J 678888 010101010101018191919
24877779999999917181818
P 1.1, 1o 00 1346666444444449171717
5{16 0
S
A: ER—- timer started, ER- frame(lost:2,3,4; EN(S)=6)sent
B: ER- timer timeout, ER- frame(lost:4; EN(S)=9)sent
C. ER- timer restartcd, ER- frame(lost:4,9; EN(S)=11)sent
D: ER- timer timeout, ER- frame(lost:4,9: EN(S)=17)sent
Fig. 2.Error recovery inn FRSR protocol.

In the FRSR protocol, the receive list at the

receiving station is essentially a resequencing
buffer. The arrived. out of sequence, I- frames

are

860

stored until the gap(s), (i.e. lost I-

frame(s)), through them is completed and the
receiving station can forward ordered I- frames
to the end user. Since the resequencing buffer
has a finite size. Then. if the transmitter sends
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- frames faster than the receiver can process
them, a buffer overrun could occur and the
system goes into deadlock. Also, at the
sending station, since the retransmission list
has a finite size, a limit must be set on the
number of the I- frames that can be awaiting
acknowledgment. A simple solution is to
provide a flow control mechanism through the
sliding window protocol, in which a maximum
limit is set on the number of I- frames, in the
retransmission list, that can be awaiting ack-
nowledgment. This limit is called the send
window size (SWS). Also, the maximum
number of, out of sequence, I- frames that can
be stored in the receive list is called the
receive window size (RWS). Like the various
versions of the SR- ARQ scheme, in the FRSR
protocol, SWS = RSW =W, where W is called
the window size. Factors, such as the
maximum frame length, the available buffer
storage, the link propagation delay and the
transmission rate, must be taken into
consideration when selecting W. SWS is
implemented by the use of two variables:
Upper Window Edge (UWE) and Lower
Window Edge (LWE). Where the UWE is
incremented by one each time a frame is
transmitted and the LWE is incremented by
one each time a frame is acknowledged. The
difference between the UWE and LWE should
never exceed the window size, W. Then, the
sender must not transmit any new [- frames if
the receiver has not acknowledged the receipt
of I- frame whose sequence number is W older
than the next new I- frame to be transmitted.

This scheme ensures that the receiving station

will never receive more than W - 1 out- of-

sequence [- frames.

The sender can request an ER- frame from
the receiver by setting the ERR bit in the
transmitted - frame. The ERR bit must be set
to one, by the sender, in the following cases:

- When the number of unacknowledged I-
frames, in the retransmission list, reaches
W, the ERR bit is set in the Wt I- frame
and the ER- timer is started. The timer will
be stopped if the sender receives an ER-
frame. If the ER- timer expires, the W [-
frame, with the ERR bit is set to one, is
retransmitted and again the ER- timer is
restarted.

- The sending station must also set the ERR
bit on the last I- frame to be transmitted.
In this case, the ER- timer is also started.
The timer will be stopped if the returned
ER- frame acknowledges the receipt of all
transmitted I- frames. If the timer expires,
the last unacknowledged I- frame with ERR
bit set to one is retransmitted and the
ER- timer is restarted.

3. FRSR throughput

For a tractable mathematical analysis, it is
convenient to define the throughput as the
number of correctly received user data bits per
second. This quantity is often normalized to
the channel capacity. The throughput
performance of the FRSR protocol is
influenced by many factors. That must be
taken into consideration through the analysis,
such as: the I- frame length, the number of
overhead  bits in each [- frame, the
characteristic of the transmission errors and
the behavior of the mechanism that it uses to
send [- frames and retransmit lost I- frames.

The model under consideration consists of
two stations A and B, which communicate
through a bi-directional link, Fig. 3. Each
station operates as a transmitter and a
receiver. It is assumed that, Station A has an
infinite number of I- frames to send to Station
B.

— Delay

Transmitter Receiver

A B
— Delay &

|

Error

Fig. 3. Communication system model.

The expression of the throughput will be
derived based on the concept of average
transmission time per [- frame [21], This
quantity  comprises both the actual
transmission time of an I-frame and the
duration of recovery actions in case of
transmission errors. The essence of the
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throughput analysis is to consider a typical I-

frame called " test frame" (T) and we find the

average transmission time for this frame.

Since the test frame can arrive at the receiving

station in error. Hence, for the test frame to be

received correctly, it may have to be

transmitted more than once. Assuming that

the probability of a frame in error lies between

zero and one, then the average number of

retransmissions is between zero and infinity.
The notation used to define the protocol

parameters is summarized below:

d is the Number of data bits per I- frame,

h is the Number of overhead bits per I-
frame,

pv is the Probability of a bit being in error
(independent bit errors); O < py, <? 1,

C is the Channel capacity in bps,

W is the Window size,

t, is the Propagation delay in second, ( one
way link delay),

ter 1s the ER-timer's period.

For analysis, several assumptions are made
throughout this paper. A noiseless feedback
channel is available, i.e., the probability that
the ER- frame is in error is neglected and the
length of the ER- frame is negligible compared
to that of the I- frame. Also, it is assumed that
[- frames are of fixed length. In the following
we will derive the expression of the
throughput achievable by the FRSR technique.

Let ti denote the transmission time of an I-
[. frame. Where,

t'_hn»d (1)
X C ]

Let » denote the window size, W, as a
function of the I- frame transmission time, ti.
Then,

=W tix. (2)

Let pr denote the probability that an I-
frame is in error. Where,

h-d

p;=1-( -py)

Before proceeding in the throughput
analysis, we note that, the expression of the
throughput will be derived through the

derivation of the average transmission time of
the test I-frame before and after the window is
closed.

p; =1 - (1 % DN (3)

If the test frame arrives in error the first
time it is transmitted. it requires a second
transmission. Let T, be the average time that
it takes from the first transmission of the test
frame until its first retransmission given that
the first transmission was unsuccessful, Fig.
4. This average time, as it is shown in Fig. 4.
includes the transmission time of the test
frame, tix. The remaining window size is (W - 1)
after the test frame is sent. According to FRSR
scheme, the time at which the first
retransmission of the test frame starts,
depends on the arrival time of the ER- frame .
at the sending station, which reports the loss
of the first transmission of the test frame. On
the other hand, the time at which this ER-
frame is sent. by the receiver, depends on the
number of transmitted [- frames, following the
first transmission of the test frame, which are
needed before an I[-frame arrives at the
receiver correctly. Let this needed number is
denoted by i, ( where i ranges from 1 to W- 1).
Then, the probability of this needed number, i,
is given by (1 - pr) pr :-!. Let T,/» denote the
average time from the first transmission of the
test frame until its first retransmission before
the window is closed. This quantity can easily
be found using Fig. 5:

TlmI :(th +tx:<)(1— p;\ )

Wl g N (4)
7 t]:\- [Zl(l Rs )pI J

1=1

Also, T, is the average time from the first
transmission of the test frame until its first
retransmission after the window is closed.
According to FRSR protocol, this quantity is
given by:

W1

Tl‘c.:(m*tﬁk)Pr B (5)
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station A

station B .

tp (delay)

Fig. 4. Average time between successive transmissions and delay of the rest packet..

Window( ) —

R R
LTI ITTTTITTTTT]

2tp + e
e iy

R R

L1

\ n\/E\r\n
UJ Ll

P 5

YeR

Fig. 5. Timing diagram for throughput analysis.

But T is just the sum of 71/ and T;¢. Thus,

T, =(ar, +1,)0- )

Let T,, where n > 2, be the average time
that it takes from the (n -1)th retransmission
of the test frame to the nth retransmission
given that the (n-1)th retransmission is not
successful. To find T,,, we proceed as follows:

Let Y, denote the number of intervals of
length tgx after the (n - 1)th retransmission of
the test frame and before the window is
closed. Then,

Y, =Max|0,| —=1— || . (7)

. -

Where, [ x| is the smallest integer > x.

Let R denote the number of I- frames that
can be transmitted in a tez period, where tzx >
2t, + tix. Then,
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R=2. (8)

In' FRSR protocol, since the request of
retransmission of an erroneocus I- frame can
not be carried out unless a transmitted I-
frame following it in time has been
acknowledged. Then, let L denote the number
of I- frames that can be sent within the
remaining time of a tgg period following a
transmission of an ER- frame and a
retransmission of the test frame before the
window is closed, see Fig. 5. Where

thER ~(2tp+tm) : )
t

1X

Let T, denote the average time that it
takes from the (n -1)th retransmission of the
test frame to the nth retransmission before
the window is closed, given that the (n - 1)th
retransmission is not successful. From Fig. 5,
this quantity can be given by:

(- ok )t #pill-pt)

v =1
‘n 1=«

T = % Zi(p:‘() L

n a

% tm(l - pi‘(p}‘)“") ifY >1,

0, otherwise.

(10)

Let T,© denote the average time that it
takes from the (n -1)th retransmission of the
test frame to the nth retransmission after the
window is closed, given that the (n - 1)th
retransmission is not successful. From Fig. 5,
this quantity can be given by:

lp:j(p:"()l\“_l(tlik (Rn +1)_tlx)‘
TO=: ifR S48 (11)
[tER

-t , otherwise.

But T,, where n > 2, is just the sum of the
average time that it takes from the (n-1)th
retransmission of the test frame to the nth
retransmission before the window is closed
and the average time that it takes from the (n-
1)th retransmission of the test frame to nth
retransmission after the window is closed.
Thus,

T, = T® + T€ ! (12)

To find the average transmission time for
the test frame, we need to introduce the
expected number K, which represents the
average total number of transmissions
(including the first transmission and all
retransmissions) required for the test frame
before the window is closed. Let r be the
average number of times that the test frames
can be transmitted before the window is
closed. Then,

K=1+r, (13)

where 'l'in the above expression is due to the
first transmission of the test frame.

The average number of retransmissions of
the test frame, r, before the window is filled,
can easily be found through the summation
over T,, where the index i starts from 1 up to
the maximum upper limit at which the total
sum is < the window size in time . This
maximum upper limit is r, then,

Max[iT,}Sm- (14)
i 1=1

The probability that K or less than K
transmissions of the test frame is needed is
given by,

K

> (-p)pi" =1-pf, (15)
1=1
where (1- py) pr*!is the probability that
exactly i transmissions are required.

Hence, the probability that more than K

transmissions of the test frame are needed is
given by,
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1-(1-p¥)=p¥. (16)

The average number of transmissions of the
test frame is given by,

@

>i(l-py i =

=1 l—pt i

(17)

Now, let [, be the average number of
transmissions of the test frame before the
window is closed and f. be the average
number of transmissions of the test frame
after the window is closed. Where,

l=pk
R (18)
l-p,
K
p.
B, & (19)
1= P

Let T denote the average transmission time
for the test frame. Where, T is just the average
transmission time for the test frame before the
window is closed plus the average
transmission time for the test frame after the
window is closed. Using Fig. 5, T can easily be
given by:

T=t,B, +tgB, +(2tp+tlx)p:.<. (20)

Hence, the normalized throughput y of the
FRSR scheme is given by:

d

"or

(21)

It is worthwhile to show that, the
throughput of FRSR scheme with infinite
window size is the same as the ideal selective
repeat protocol. As W—w, so does K, and
hence both . and pk; tend to zero and Eq. (20)
will be:

T=—1—. (22)

Consequently, the normalized throughput y is
given by:

Y=[Ci )(l—pf)
£ (23)
=[djh)(1-pf).

Eq. (23) is identical to that obtained for the
throughput of the ideal selective repeat
protocol in [21].

4. Numerical results

We present in this section numerical result
for the throughput efficiencies of FRSR
scheme for various protocol parameters.
Moreover, the superior performance of FRSR
protocol can be indicated through comparative
performance measures. So we will compare
the through- put performance of FRSR scheme
with that of both the ideal selective repeat
"ISR" protocol and the ideal go- back N "IGB"
protocol. The expression of the throughput of
the IGB protocol is given, in [21], by:

d l i pf 15
Y= (24)
d+h oo [ te b
-l AR
pr tlx
Figure 6 depicts the throughput

performance as a function of bit error rate, for
a terrestrial T1 link with the propagation delay
of 10 ms is used. We note that, as the period
of the ER- timer decreases, the performance of
FRSR approaches that of ISR. The effect of the
ER- timer's period on the throughput becomes
less significant as the bit error rate decreases.
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‘Throughpul
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C = 1.544 Mbps \
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\
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Fig. 6. Throughput versus data length.

Also, it is noted that for a long range of bit
error rate FRSR performs as good as ISR.

In Fig. 7, we compare the throughput
efficiencies, as a function of the data length,
for the three protocols, FRSR, ISR and IGB,
when a terrestrial T1 link with %, of 20 ms is
used. The curves indicate that as the bit error
rate decreases, the optimum data length
becomes larger. It is obvious that FRSR
performs like ISR when the optimum data
length is used. Even when the data length is
not optimum, for a large range of data length,
FRSR performs as well as ISR. This figure also
shows that the optimum data lengths for
FRSR and ISR are the same.
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Fig. 7. Throughput versus data length.

The effect of the channel capacity on the
performance of FRSR is considered in Fig. 8.
The propagation delay for these curves is
considered to be 10 ms. From these curves we
note that, as the channel capacity increases
the throughput is slightly affected when the
bit error rate is not high. When the error rate
is high the performance can be significantly
improved by adjusting the data length to the
optimum size for a particular capacity.
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Fig. 8. Throughput versus channel capacity.

Figure 9 shows the impact of the window
size on the throughput performance of FRSR
for the case of T3 link with 1 ms propagation
delay. It is clear that, at high bit error rate, the
throughput performance is more sensitive to
the window size. We also note that large
window sizes have very little effect on the
performance of FRSR. This is even more
pronounced when the error rate is not very
high. Large window size only results in a
significant increase in the buffer size (i.e. the
retransmission . list size) with no noticeable
improvement in the performance.

The effect of the propagation delay on the
throughput performance of FRSR, when a
terrestrial T1link is used, is considered in Fig.
10. From the curves in this figure, we note
that the throughput is quite insensitive to the
variation in the propagation delay when the
bit error rate is not high. When the bit error
rate is high and the propagation delay is large,
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5. FRSR delay performance

The concept of delay is defined as the time
interval elapsed from the instant of the
transmission of the [- frame, at the
transmitter, until it is delivered to the end
user, at the receiver. In fact, this delay
consists of two parts: (1) the transmission and
propagation time of the I- frame; and (2) the
possible delay resulting from retransmission
of that I- frame. This delay is referred to as
ARQ delay.

In FRSR scheme, to find the delay
performance, we need to find the average time
that it takes for a typical [- frame from the
instant of its transmission, at the transmitter,
until it is correctly received at the receiver.
Fig. 4 shows the delay time (tp) experienced by
the test I- frame. As it is noticeable from this
figure, tp can be found using the expressions
that we have already obtained for the
throughput performance of FRSR scheme.

Let N denotes the average number of re-
transmissions of the test [- frame. Since the
average number of transmissions of the test I-
frame can be found using Eq. (17), then N can
be found by subtracting 1 from Eq. (17). Thus,

0o

N = _p_‘__ (25)
1- P
Throughput
1
' s ] py= 10"
- y h e
0.8 Py Im
-0
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0.2} -
° e A A A A T T W B
0.001 0.01

Propagation delay in sec.

Fig. 10. Throughput versus propagation delay.

Then, tp, the FRSR delay performance can
easily be found using Fig. 4:

r

Ly
t,+ N+ 2T, |+(N =[N )Tp 1.

=l
if N>1.
ty e + NE,

(26)
if N<L.

L

Where, | xJis the largest integer < x and [ x| is
the smallest integer > x.

The effect of the bit error rate on the delay
performance of FRSR scheme. for Tl and T3
links with the propagation delay 10 ms. is
shown in Fig. 11. The curves shown are
obtained by numerical evaluation for the
above expressions of the delay performance.
From these curves we note that. as the
channel capacity increases the delay
performance becomes less sensitive to the
change in the bit error rate.
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6. Conclusions

The paper has presented a new scheme,
for handling retransmission in a selective-
repeat ARQ protocol, named Fast Recovery
Selective Repeat (FRSR) which provides a very
fast error recovery mechanism. Unlike other
selective repeat strategies, the proposed
procedure ensures that a correctly received
packet will not be retransmitted. The
expressions for the throughput of FRSR are
developed and the performance measures in
high- speed environments, (Tland T3 links),
are studied by means of numerical examples.
We also obtained an expression for the delay
performance of FRSR. Comparative studies
between the throughput of FRSR and those of
ISR and IGB are made. The comparison
indicated that FRSR performs close to ISR
provided that the protocol parameters are
adjusted properly. FRSR is simple enough that
it places little computational load on the
transmit and receive processes. This is an
essential requirement for a protocol that is

supposed to operate in a high - speed
environment.
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