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Abstract

In recent past several new and modified ARQ prdsoace studied in literature in order
to achieve higher throughput. Packet combining seheModified Packet Combining
scheme, Truncated Packet Transmission Scheme, f#nt€@d XOR based packet
transmission scheme are well defined ARQ protoool efrror correction either by
retransmission or by processing at the receiver. fedbransmission, Satry’s multi copies
technique was extensively studied by Bhunia wheitelsgs established to fix multiple
copies with number of times retransmission are estged. For correction at the receiver,
packet combining scheme suggested by ChakrabodyMuitiple Packet Combining
scheme introduced by Bhunia are understood. Inpdyger we propose a hybrid ARQ
techniqgue made of multi copies retransmission wébket combining & Multiple packet
combining scheme and study its performance in tefrttzroughput.

Indexed terms. ARQ protocol, Multi copies retransmission, Pack&mbining, Bit
oriented XORed packet, Throughput, Multiple Padahbining

1. Introduction: Packet combining (PC) scheme for correction ofdoibr using
erroneous copies of packet at receiver was intredllay Chakraborty[1,2]. In the scheme
two erroneous copies are XORed for locating thetiposof bit(s) in error of the packet,
so that the receiver can correct the error rath@n requesting transmitter to retransmit
the packet. The correction process proposed igrie force bit by bit inversion of the
located bit error positions and followed by FCSafffie check sequence) check. The
scheme of Chakraborty fails: (i) when bit errordtons in erroneous copies are same
and (ii) when multiple bit errors occur as then épplication of brute force bit inversion
for correcting will be huge and complex. For n lit@rror (n>1), on averagé 2trails of
attack are required. A scheme called Packet RevedPseket Combining (PRPC) has
been studied[3] to tackle the first problem of PG@dilied Packet Combining (MPC)[4,5]
was reported to tackle the multiple bit errorshie teceived erroneous copies of packet.
MPC can not also tackle error if occurs at the sdomation until odd number of
erroneous copies are available that too only whemstitted bit O is converted to 1 in all
copies in same location but not when transmittédLbs converted to O in all copies in
same location. Both PRPC and MPC scheme indivigualin combination are believed
to offer higher throughput than that of basic ARQis is studied in[6]. In this paper we
propose a simple scheme of packet combining thidtwirect error(s) at the receiver as
well will provide better throughput.

2. Basic Idea: The idea is that a receiver when receives an eows packet and
requests for retransmission to a transmitter, thastitter will transmit a processed
packet and not another copy of the previously packet. The processed packet will be
made of bits obtained by bit oriented exclusivg)XOR) operation of two consecutive
bits of original packet.
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Example: 1.Say the original packet is, 0011010Y. &afirst transmission the receiver
receives the packet as 00101 (call it first copy) (error location is markédld, 5" bit
from left). Receiver requests for retransmissiorangmitter transmits a copy made of
XORed bits as: 0011 (bit wise XOR operation of wemsecutive bits of original packet)
obtained as illustrated in table I:

Table I. lllustration of obtaining XORed bits fromriginal packet /Packet to be
transmitted by transmitter after first transmissiaiture

Bits of original| Bits obtained on XOR operation of two consecutivies lof
packets original packet

0 0

0

1 0

1

0 1

1

0 1

1

It is assumed with reasonable assumption (discussexdin the section of analysis) that
packet with XORed bits is received at the recewehout error. With this error free
packet, receiver will reconstruct packet(s) asthated in table II:

Table II: lllustration of reconstructed packet(syeceiver

Erroneous packet at receiver Packet with XORed Reconstructed packet(s)
bits
0 0 0
0 0
1 0 1
1 1
1 1 10
1 01
0 1 0
1 1

When XOR bit meets the rule with received bitshia erroneous packet, the received bits
are accepted as they were received. When the ailfe possible options are listed. In
case of fifth and sixth bits, the two options anewn in the table 1. On comparison with
the reconstructed packet (s) with the earlier razkerroneous copy will indicate the bit
error location(s) as below:

A. Option 1
Erroneous copy : 00111101
Reconstructed copy 1: 00111001

) 00000100
Indicates sixth bit as error



B. Option 2

Erroneous copy : 00111101
Reconstructed copy 2: 00110101
00001000

indicates fifth bit as error

Receiver applies the bit inversion at sixth andtfi&h location followed by FEC to
correct the error. Thus error is now corrected hat fifth bit which is the exact bit
location.

Say the original packet is, 111111111. Say on fiiesmismission the receiver receives the
packet as 11110 (error locations are marked bold). Receiver regue®r
retransmission. Transmitter transmits a packet ntdd€ORed bits as 0000. Receiver
reconstructs packet(s) as:

Reconstructed copy 1: 11110011

Reconstructed copy 2: 11111111

Reconstructed copy 3: 11110000

and so on

On comparison with the erroneous copy and recortstlucopies, the correction is done
as described in example 1.

3. Throughput Analysis. Throughput of all ARQ techniques depends on the
average number (n) of times a packet needs trasgmigincluding retransmission) for
successful reception by the receiver. As n decsedlsmughput increases, and when n=1
throughput is 100%. We propose to study the gaithefproposed scheme over that of
the i)PRPC and ii)the normal stop and wait ARQ. Daen will be measured by the
parameter, n as defined. In normal stop and wal@ARLO]:
1
N =15 (1)
where P=packet error probability,
=1-(1-a)
and a = bit error rate and k is the packet size in bits.
In PRPC, all single bit errors will be correctedheTprobability that a packet is with
single bit error is

R=Ca't-a)** )
Thus the probability of packet in error except &gt error is:
P-R (3)

In PRPC, for correction of single bit error, twiagacket is transmitted: first original and
next reversed. Thus in PRPC when implemented matol wait ARQ protocol, the

average number of timeﬂprpca packet needs transmission (including retransony$or
successful delivery is:

1-R
=— = 1 _42p 4
N 1-ppy 2R @



First part of right hand side of equ(4) is for emtron in normal stop and wait ARQ for
bit errors other than single bit error, and secpad is for PRPC in correcting single bit
error.

The proposed scheme is based on the assumptiothéhpicket made of XORed bits is
error free. This is a reasonable assumption. Whenotiginal packet is of k bits, the
packet made of XORed bit is k/2 bits. The probabif packet error when packet is of
k/2 bits is much lesser than that of the packek diits. In the proposed scheme the
correction process will be cumbersome when bitrsrrwill be more than double bit
errors. It is also a reasonable assumption thaprbleability of more than two bits error
in a packet is negligible. Thus we limit the apation of the proposed scheme up to two
bits error. Then the average number of timesg,a packet needs transmission for

successful transmission in the proposed scheme is:

N = 1-P, -PR,
" 1-(P-P,-P)
where:
k _
P, :(_jzaz(l—a)k 2

+15(R +P,) (5)

First part of the equ(5) is applicable when therenore than two bits error. Second part
of the equ(5) is applicable when single or doubiteebror occurs. 1.5 is for first full
packet transmission followed by the transmissiorhalf packet made of XORed bits.
Equ(5) changes as below when the proposed schemads for correction of single bit
error:

Ny =1 __+15p 6)
1-(P-R)

4. Conclusion: In[6], throughput advantage of PRPC over basic AgtQtocols is

studied. Comparing equ(4) with equ(6), the throuwghpdvantage of the proposed

scheme over PRPC is evident. Thus throughput gatheoproposed scheme over the

PRPC and over the normal stop & wait ARQ is esshield.

Besides, the proposed scheme will correct singld double bit errors without
concerning about bit location(s) of error(s).
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