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Abstract—In this paper, weinvestigatethe transmissionof H.263video
sequencesover wirelessnetworks with error recoveryprovided by a two-
step adaptive hybrid ARQ schemeusing RS codes. Each video frame is
divided into data packets for transmission. For each packet transmis-
sion,by usinga simple table-driven approach,the bestRScodeis selected
fr om a givensetof codesto minimize the transmissionoverhead.Further,
an additional adaptation step is usedto guaranteecertain QoS require-
ment. Simulation resultsshowthat the proposederror recoveryscheme
outperforms the traditional single-codeschemesand the single-steperror
recoveryschemesthanks to its adaptability to both the wirelesschannel
condition and the actual frame lossevents.

Keywords— Wirelessnetworks, adaptive hybrid ARQ, transmission
gain, partial gain, transmission status, pseudodelivery deadline, frame
lossrate.

I . INTRODUCTION

In recentyears,the increasingnumberof mobileusersand
thegrowingdemandfor new multimediaserviceshavespurred
the researchon video transmissionover wirelessnetworks.
Unlike non-real-timemessagepackets,real-timevideoframes
have deadlinesby which they must be deliveredto the des-
tination. Video servicesare very sensitive to delivery de-
lays but can toleratesomeframelossesand transmissioner-
rors. To provide a video serviceof acceptablequality over
wirelessnetworks,acarefully-designederrorrecovery scheme
mustbeemployed,becausewirelesschannelsareerror-prone,
bandwidth-limitedandtime-varyingdueto fadingeffectsand
usermobility.

Therearetwo basiccategoriesof errorrecovery: FEC(For-
ward Error Correction)andARQ (AutomaticRetransmission
reQuest)[1], [2]. FEC schemesuseerror correctingcodes
to combattransmissionerrorsby addingredundancy to data
packetsbeforethey are transmitted.The redundancy is used
by the receiver to detectandcorrecterrors, if any. Because
wirelesschannelsare time-varying, stationaryFEC schemes
must be implementedto guaranteecertainquality-of-service
(QoS)for the worst caseof the channelcondition,which in-
troducesa high transmissionoverhead. SinceFEC schemes
maintainconstantthroughputandboundeddelay, they canbe
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usedfor real-timeapplications.In contrast,only errordetect-
ing codesareusedin ARQ schemes.Packetsreceivedin error
are requestedto be retransmitted.ARQ schemesaresimple
andefficient whenthechannelconditionis goodor moderate.
If thechannelbit errorrateis high,thethroughputperformance
dropsdrasticallydueto theincreasedfrequency of retransmis-
sions.

In orderto achievehighthroughputandhighsystemreliabil-
ity, a combinationof thesetwo basicerror recovery schemes,
called the �������
	���
���� scheme,hasbeenproposedand re-
ceived considerableattention.Deng[3] proposeda type-I hy-
brid ARQ systemwhich automaticallyadjuststhe error cor-
recting coderate to matchthe currentchannelbit error rate.
In [4], Kallel proposedand analyzedseveral efficient Stop-
and-Wait, Go-Back-N, and Select-Repeathybrid ARQ pro-
tocols with adaptive forward error correctionusingconvolu-
tional codes. Joe [5] designeda hybrid ARQ schemewith
concatenatedFEC for wirelessATM networks,and the key
idea is the adaptationof the coderate to channelconditions
usingincrementalredundancy to maximizethethroughputef-
ficiency. However, for real-timeapplications,all theabove er-
ror recovery schemes,proposedfor non-real-timedatatrans-
mission,may introducean unacceptablylong delay. To pro-
vide boundeddelay, an error recovery schemewith a limited
numberof retransmissionshas beenproposedin [6]. Fur-
ther, Liu [7] presenteda delay-boundedtype-II hybrid ARQ
schemeusingBCH codesfor thetransmissionof H.263video
sequencesover indoor wirelesschannels.The numberof re-
transmissionsis limited to onein orderto reducethedelay.

In this paper, we presenta two-stepadaptive hybrid ARQ
schemefor transmittingH.263 video sequenceswhich, (1)
basedon boththewirelesschannelconditionandthedeadline
constraint,adaptively selectsthebesterrorcorrectingcodeby
looking up anoptimalcodetablewhich is pre-determinedbe-
fore startingthe video service,and, (2) basedon the actual
frame lossevents,adaptively usesthe pre-built optimal code
tableto guaranteecertainQoSin termsof the framelossrate.
This work is mainly motivatedby [8] wherea similar table-
driven approachis usedto determinethe best transmission
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strategy with an objective of balancingtheneedof delivering
thepacketon timeandtheneedto conserve bandwidth.How-
ever, this approachcan’t provide guaranteedQoS.In addition,
they assumethateachvideoframeis carriedby asinglepacket
for transmission,which is not practical.

The rest of this paperis organizedas follows. Section2
describesthesystemmodelsandstatestheassumptionsto be
used. The problemstatementand the proposederror recov-
ery schemearepresentedin Section3. Section4 presentsand
discussesthe simulationresults,andSection5 concludesthe
paper.

I I . MODELING AND SPECIFICATIONS

Beforeproceedingto the proposedtwo-stepadaptive error
recovery scheme,it is necessaryto first describethe network
topology, the wirelesschannelmodel, the H.263 video se-
quence,andtheerrorcorrectingcode.

A. Network Topology

As shown in Fig. 1, a mobile receiver anda sourcestation
communicatewith eachother via an accesspoint (AP). As-
sumethatthereceiverstationrequestsavideoservicefrom the
sourcestationwherean H.263videoencoderis implemented
with a fixed compressionratio. The picture format and the
samplerateof thevideosequenceareknown to bothstations,
andthe AP buffers all the incomingpacketsfrom the source
station. In this paper, we focuson the error recovery scheme
at theAP for videotransmissionover thedownlink of theend-
mostwirelesshop. Error recovery for uplink communication
will betreatedin aseparatepaper.

B. Wireless Channel Model

The channelcondition of a wirelesslink can be approxi-
matelymodeledby a two-stateMarkov chain. Thechannelis
in either good or bad stateas shown in Fig. 2. Let ����� � de-
note the transitionprobability from state 	 to state� , and let������� denotetheaveragechannelbit errorrateatstate! , where	�"#��"$!&%('�)+*
*
��"$��,-�/. .

bad,good
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Fig. 2. Two-stateMarkovchainmodelfor wirelesschannel

C. H.263 Video Sequence Structure

In the H.263 video coding standard[9], inter-frame pre-
diction is employedto reducethe temporalredundancy be-
tween adjacentvideo frames. Each frame is first predicted
from the immediatelyprevious onein the sameGOP(Group
of Pictures),the motion vector and the residualprediction
errors are then DCT (DiscreteCosineTransform)encoded.
To accommodatethe MTU (Maximum TransferUnit) limi-
tation of the underlying wirelessnetwork, the DCT coeffi-
cientsaredivided into smallerdatapacketsfor transmission.
As shown in Fig. 3, a GOPconsistsof 0 video frames. Let132 '54
6
"$487
":9;9:9$"$4;<>=?7@. denotethe set of 0 different GOP
positions.

We definethe �-A�B�	DC8A:�
�E�-A:,-�8BD	�F>A of a video frame to be
the time whentheframeis expectedto bedisplayedat there-
ceiver station.A framecanbefully restoredif all of its pack-
etsare successfullytransmittedbeforethe delivery deadline.
However, if any packetmissesthedeliverydeadline,therecon-
structedframewill containsomeerrorandthepicturequality
will be degraded. Due to inter-frame prediction, the subse-
quentframeswill alsosuffer qualitydegradation,andtheerror
propagationwon’t stopuntil the first frameof the next GOP.
Thesedeterioratedframesaresaidto be BD*
!$� . Insteadof trans-
mitting thepacketsof thesubsequentlost frames,theAP stops
thetransmissionandremovesthesepacketsfrom its memory.

Clearly, thenumberof lost framesdueto packetlossesde-
pendsontheGOPpositionof theframecarriedin lostpackets.
To quantifythepositiveimpacton thequality of serviceasthe
resultof deliveringtheframeontime,eachframeis associated
with a rewardvalueaccordingto its GOPposition.Considera
framewith GOPposition 4 � % 1 , any lossof its datapackets
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wouldresultin atotalof 0�ST	 lost frames.Basedonthisobser-
vation,wesettheassociatedreward ��UV��WD4 �#X to be Y[Z�W�0[S\	 X ,
where Y is thenumberof datapacketsperframe.

D. Error Recovery Scheme

We consideran adaptive hybrid ARQ schemeusingReed-
Solomon(RS) error correctingcodes. Insteadof using one
singleRScode,a setof RScodeswith differentcoderatesare
availableat both the AP andthe receiver station. At eachat-
temptof packettransmission,theAP canuseany oneof these
RScodes.In this paper, we considertheStop-and-Wait ARQ
strategy. Thepackettransmissionis successfulif apositiveac-
knowledgmentis received from thereceiver station. If a neg-
ative acknowledgmentis received or the acknowledgmentis
not received within a time-out interval, the packetis thenre-
transmittedby theAP. Theretransmissiontime-outinterval is
determinedbasedon the round trip time. After a successful
packettransmissionor after thecorrespondingframedelivery
deadlineexpires,theAP removesthepacketfrom its memory.

RS codesare known to have the maximumerror correct-
ing capabilityfor given redundancy. Let ]_^`WDa�"$b X be the
RS codeunderconsiderationandlet c be the numberof bits
in eachsymbol. The error correctingcapability � is equaltod W�aeSfb X�g�h8i , i.e., any combinationof � symbol errorsout
of a symbolsis correctable. The coderate � is definedas� 2 b g a . Assumethatthewirelesschannelis in state! with

the averagechannelbit error rate
� ����� . Let

� �#j�k denotethe
symbolerrorprobability, thentheprobability of a correctable
packettransmission,

����� � l �l�mon , is givenby� ��� � l �l�m#n 2 pq �sr 6 t a 	vu W � �oj�k X � W�wxS � �#j�k X#y = � " (1)

where � �#j�k 2 wxS{z5wxS � ����� }|>~ 9 (2)

Let � 2 '5] 6 "�] 7 ":9;9;9�"$]  . be the setof RS codeswith code
rates �;6�����7��}Z:Z;Z����  ��� . For each ] � %�� , let ��!$�:W�] ��X
denotethe cost for usingcode ] � in the packettransmission.
Whena packetof � symbolsis encodedby code ] � , the total
numberof symbolsto be transmittedis � g � � . Basedon this
observation, we set the associatedtransmissioncost ��!$�:W�]$� X
to be w g � � . Clearly, for a fixed-lengthdatapacket,the larger
the transmissioncost, the betterthe error correctingcapabil-
ity. In the proposedapproach,the AP canalsochooseto de-
fer the packettransmission.For the sakeof convenience,we
usea specialcode ]�6�%�� with an infinite coderateto repre-
sentthe decisionof deferment.Choosingcode ]�6 makesthe
associatedtransmissioncostzero,but, theprobabilityof a cor-
rectablepackettransmissionis alsozero.

I I I . PROBLEM STATEMENT AND SOLUTIONS

Assumethat the mobile receiver requestsan H.263 video
servicefrom thesourcestationandindicatesits desiredquality

of serviceby settinga target 4��
,-�_A�BD*
!;![�
,���A ( ��0�� pD� n���� p )of the received video sequence.In this paper, we definethe���
,-F>!:��	D!;!:	�*
F�)+,-	DF for thevideoframeunderdeliveryasthe
differencebetweenthe associatedreward for delivering the
frameon time andthetotal transmissioncostin conveying all
the datapacketsof the frame. The problemis to develop an
adaptive schemefor theAP to selectthebestRScodefor the
next packettransmissionsoasto maximizetheexpectedtrans-
missiongain for the currentframe,while keepingthe actual
framelossratebelow ��0�� p�� n���� p .
A. Adaptive RS Code Selection

Ourproblemis actuallyanoptimizationproblemwith anad-
ditional constraint.Let’s first dealwith thegainmaximization
problemwithoutconsideringtheframelossrateconstraint.

The total transmissioncost for the current frame delivery
can be divided into two parts: the cost of pasttransmission
attempts,andthefuturetransmissioncostin conveying there-
mainingpacketsof theframe.Sincethecostof pasttransmis-
sion attemptshasbeendeterminedandhenceindependentof
the future transmissionstrategy, in orderto maximizethe ex-
pectedtransmissiongainfor thecurrentframe,it is equivalent
to maximizing the expectedvalueof the differencebetween
the associatedreward andthe future transmissioncost,which
is definedasthe ��,-�@��	D,8B/)+,-	�F .

The ���
,-F>!;�_	�!:!;	D*
F�!���,�����! at time � canberepresentedby a
quadrupletW�!�"$4�"�F�"$� X , where !�%�'�)�*
*
��"���,-�/. is thechannel
statein theMarkov chainmodel, 4�% 1 is the GOPposition
of theframeunderdelivery, F is thenumberof the remaining
packetsof this frame,and � is thenumberof packettransmis-
sion slotsbeforethe framedelivery deadline.In this paper, a��,-]���A��x���
,�F>!;�_	�!;!:	�*
F�!@BD*@� ( � ) is definedasthe time period
from the beginning of a packettransmissionuntil the packet
retransmissiontime-out.Let   denotethedeliverydeadlineof
thecurrentframe,then � canbecalculatedby� 2¢¡�£\¤�¥�W� vS¦�:"$� X� § 9 (3)

Let
��¨ W�]
"�!8"$4�"$F�"$� X denotethe expectedpartial gain of

choosingcode ]©%ª� for the next packettransmissionun-
der the currenttransmissionstatus WD!8"�4�"$F�"�� X . The optimal
code ]�«8WD!8"$4�"$F�"$� X and the maximum expectedpartial gain��¨ «8WD!8"�4�"$F�"�� X aredefinedas] « WD!8"�4�"$F�"�� X 2 ¤
¬�­�£\¤
¥l$®:¯ ��¨ WD]
"$!�"$4�"�F�"$� X " (4)

and ��¨ « W�!�"$4�"�F�"$� X 2°��¨ W�] « "$!8"�4�"$F�"�� X 9 (5)

When F±�²� , even if � transmissionattemptsareall suc-
cessful,thecurrentframestill can’t be fully recoveredbefore
its delivery deadlinedueto absenceof the remaining F³S°�
packets. Hence,it makesno senseto continuetransmitting
theseF packets.Instead,we selectcode ] 6 to defer the next



packettransmissionand thus maximize the expectedpartial
gainto bezero.When F 2 � , sinceall thepacketsof thecur-
rent framehave beensuccessfullytransmitted,the maximum
expectedpartialgain

��¨ «8WD!8"$4�"$��"$� X is equalto ��UV��W�4 X .
Now considerthegeneralcasewhen ��´fFEµ°� . A packet

is successfullytransmittedonly if the transmissionerrorsare
correctable.Uponreceiving a positive acknowledgmentfrom
the receiver station, the numberof the remainingpacketsis
reducedto F�S¶w with �°SEw possibletransmissionattemptsal-
lowedbeforethedeliverydeadline.If thepackettransmission
fails, theAP hasto retransmitthepacketafter the retransmis-
siontime-out. Thenumberof the remainingpacketsis still F
but at most �·S¸w possibletransmissionattemptsareallowed
beforethe delivery deadline. In both cases,the transmission
cost for usingcode ] is ��!$�:W�] X . Basedon the above obser-
vations,

��¨ W�]
"$!�"$4�"�F�"$� X WD��´ªFvµ¹� X canbe recursively
calculatedby��¨ WD]
"$!8"�4�"$F�"�� X 2� ��� � l �l�mon»º¼ q�D®�½���m�m�¾��  � ¾�¿ � � � �?Z ��¨ « WD	�"$4�"$F�SÀw�"$�vS°w X�ÁÂÃ²Ä wxS � ��� � l �l�mon°Å º¼ q�D®�½���m�m�¾��  � ¾�¿ ��� � � Z ��¨ « WD	�"$4�"$F�"$�vSÀw X ÁÂSÆ��!$�:W�] X 9 (6)

Treatingthecasesof F���� and F 2 � astwo initial condi-
tions,wefully specifythecomputationof theoptimalRScode
for thenext packettransmissionby (4), (5), and(6).

Since the numberof possibletransmissionstatusis finite
for any practicalvideo service,the AP cancomputeoff-line
a tableof optimal RS codesindexed by the statusquadrupletWD!8"$4�"$F�"$� X . At run-time, the AP estimatesthe channelcon-
dition, determinesthe currenttransmissionstatus,and looks
up this pre-built codetableto selectthe optimal RS codefor
thenext packettransmission.Theproblemof how to makean
accurateestimationof thecurrentchannelconditionis beyond
thecoverageof thispaper. In ourstudy, weassumethattheAP
canmonitorthepastchannelconditionvariationsandmakean
estimationwhich is accurateenoughfor codeselection.

B. Adaptive Use of the Code Table

When the AP looks up the pre-built optimal codetable to
determinethe RS codefor the next packettransmission,the
expectedtransmissiongain for the video frame underdeliv-
ery is maximizedaccordingto the above analysis.However,
sincethe framelossrateconstraintis not takeninto consider-
ation whenbuilding the optimal codetable, the actualframe
loss rate can’t be automaticallyguaranteedbelow the target
value. In this section,we proposean adaptive way of using
thepre-built optimalcodetableto determinethebestRScode
for the next packettransmission,basedon the observation of

01. if ( Uxn��oÇ 2{È w g W�0(Z:��0�� p�� n���� p X�É ), then
02. U m  �&Ê 2 U n��oÇ ;
03. U l�m#Ë
Ì p Ê 2 � ; B l�moË
Ì p Ê 2 � ;04. �8k ��Í Ê 2 �[k �$Í SÎY ; �;Ï5� � Ê 2 �-� pD� n p ;05. while (videoservicecontinues)'
06. if (currentGOPdelivery is finished)then '
07. U l�m#Ë
Ì p Ê 2 U l�moË
Ì p Ã w ;08. B�ÐÑm � p Ê 2 numberof lost framesin this GOP;
09. if ( BÒÐÑm � p �¸� ) then '
10. B l�m#Ë
Ì p Ê 2 B l�m#Ë
Ì p Ã B ÐÑm � p ;11. if ( B l�m#Ë
Ì p �¸U m  � g U n$�#Ç ) then '
12. if ( �;Ï
� � ´°��k �$Í ) then
13. � Ï
� �&Ê 2 � Ï5� � Ã w ;
14. UÓm  � Ê 2 UÓm  � Ã Uxn$�#Ç ;
15. .
16. .
17. elseif ( Uxl�moË
Ì p�Ô UÓm  � ) then '
18. if ( B l�m#Ë
Ì p µ¸U m  � g U n$�#Ç and �;Ï5� � �°� ) then
19. �;Ï5� � Ê 2 �;Ï
� � S°w ;
20. U m  �&Ê 2 U n��oÇ ; U l�moË
Ì p Ê 2 � ; B l�m#Ë
Ì p Ê 2 � ;21. .
22. .
23. .

Fig. 4. A pseudo-codeof thealgorithmto adjust Õ�Ö:×DØ
theactualframelossevents,soasto satisfytheframelossrate
constraint.

Considertwo RS codeslisted in thepre-built optimal code
table: ]@« 7 ^Ù]�«�W�!�"$4�"�F�"$� 7 X and ]�«Ú°^Û]�«8WD!8"�4�"$F�"�� Ú X with��7E´¢� Ú . Note that F and � representthe numberof the
remainingpacketsof thecurrentframeandthenumberof al-
lowed transmissionattemptsbeforethe delivery deadline,re-
spectively. To transmitthesamenumber( F ) of packetswith a
smaller( � 7 ) numberof transmissionattempts,code ]�« 7 tends
to have lower coderateandhighererrorcorrectingcapability
thancode ] «Ú . Assumethat the currenttransmissionstatusisWD!8"�4�"$F�"�� Ú X . By choosingcode ]�« 7 over code ]�«Ú for the next
packettransmission,theAP offersmoreerrorprotection,how-
ever, at theexpenseof loweringtheexpectedtransmissiongain
for thecurrentframe.

Basedon the above observations,we associatean earlier��!;A:���-*T�-A@BD	�C�A;�
�\�-A;,-��B�	DF>A for eachvideo frame,andlet the
AP determinetheoptimal transmissionstrategy basedon this
pseudodelivery deadlineinsteadof theactualone.By chang-
ing a frame’s pseudodelivery deadline,the AP adaptsthe
transmissionstrategy with moreor lesserrorcorrectingcapa-
bility. Let �;Ï
� � denotethenumberof packettransmissionslots
betweenthe pseudodelivery deadlineandthe actualdelivery
deadline.Fig. 4 shows the pseudo-codedalgorithmexecuted
by theAP to adjustthevalueof �;Ï
� � .

Before running the algorithm, the referencewindow sizeUxn��oÇ (measuredin GOPs)is determinedby Uxn$�#Ç 2ÜÈ w g WD0ÎZ



��0�� pD� n���� p X�É and assignedto the observation window sizeU m  � , which representsthenumberof GOPswithin which the
AP countsthe lost framesto estimatethe actual frame loss
rate ��0�� � l p Ë � Ð . The counts Uxl�m#Ë
Ì p for deliveredGOPsandB l�m#Ë
Ì p for lost frameswithin the observation window arere-
set to 0, and �;Ï
� � is initialized to �-� pD� n p , a designparame-
ter. As shown in the pseudo-code,U m  � is increasedor de-
creasedby U n$�#Ç , andtheconstraint��0�� � l p Ë � Ð µf��0�� pD� n���� pcanbetranslatedto that to keepthecountednumberBÒl�m#Ë
Ì p of
lost framesout of U m  � observedGOPsbelow U m  � g U n$�#Ç . At
run-time,whenever thereis a framelossafter U m  � g U n��oÇ lost
frames, � Ï5� �[Ê 2 � Ï
� � Ã w and UÓm  � Ê 2 UÓm  � Ã Uxn��oÇ . On the
otherhand,whentherearelessthan,or equalto, UÓm  � g Uxn��#Ç
lost framesout of U m  � observedGOPs,�;Ï
� � Ê 2 �;Ï5� � S¸w andU m  �&Ê 2 U n��oÇ .

The maximumvalueof �;Ï5� � is ��k �$Í 2 ��k ��Í SfY in the
algorithm. Note that � k �$Í , the maximumnumberof packet
transmissionslotsfor eachframedelivery, is a constantdeter-
minedby thepictureformat,thesamplerate,andthecompres-
sion ratio of thevideosequence,and Y is thenumberof data
packetsper frame. Any �:Ï
� � with a valuelarger than �8k �$Í is
meaninglessbecauseit is impossibleto transmit Y packetsin
only � k ��Í SÀ� Ï
� �&W#´ÝY X transmissionattempts.We alsoset
theminimumvalueof �;Ï
� � to 0 sincea pseudodeliverydead-
line is never laterthantheactualdeliverydeadline.

After determiningthevalueof �;Ï
� � , theAP selectsthebest
RScodefor thenext packettransmissionby] «$« W�!�"$4�"�F�"$�¦"$� Ï
� � X 2Þß à ]�«8WD!8"�4�"$F�"�� X if �;Ï
� � 2 �] « WD!8"�4�"$F�"��vS��;Ï
� �$X if �·SáF³�¸�;Ï
� � �¸�]�«8â !8"$4�"$F�"�£_ãÒä�WDF�"$� X�å if �8k �$Í Ô �:Ï
� � Ô �·SáF2 ] « '
!�"$4�"�F�"�£_ãÒä�âæ�¦"�£\¤�¥�W��{S��;Ï
� � "�F X�å . (7)

wherethequadrupletWD!8"�4�"$F�"�� X representsthecurrenttrans-
missionstatus,and ]�« is the RS codelisted in the pre-built
optimalcodetable.

IV. SIMULATION AND RESULTS

In this section,we evaluatethe effectivenessof the pro-
posedtwo-stepadaptive error recovery scheme. The band-
width of the wirelesslink is assumedto be 1M bps. For the
resultspresentedin this paper, let thestatetransitionprobabil-
ities ����m�m�¾��  � ¾ and �  � ¾@� ��m�m�¾ be0.2 and0.8,respectively, in the
two-stateMarkov chainmodelof thewirelesslink.

Thevideounderconsiderationis sampledat 20 frames/sec
rateandeachframeis capturedin theQCIFformat( w;ç�è�é�w�ê8ê )
with 256gray levels for eachpixel. At the sourcestation,an
H.263 video encoderwith compressionratio 8.25 is imple-
mented,anda singleGOPconsistsof four video frames.We
assumethe datapacketlength to be 1024bytes. Therefore,
thecompressedinformationof eachvideoframeis carriedby
threedatapackets.

ë ë ëë ë ëë ë ëë ë ëë ë ëì ì ìì ì ìì ì ìì ì ìì ì ìí í í íí í í íí í í íí í í íí í í íî î î îî î î îî î î îî î î îî î î îï ï ïï ï ïï ï ïï ï ïï ï ïð ð ðð ð ðð ð ðð ð ðð ð ð
for IP packet and CRC
RS code redundant symbols

Header

BCH code check bits for new
header = 116 bits (14.5 bytes)

Additional Header = 1 byte

IP Packet

4 bytes

CRC

CRC IP Packet Header
16 bytes1044 bytes

Fig. 5. ModifiedWaveLAN MAC framestructure

At theaccesspoint,eachdatapacketis prependedwith a20
byte-longIP headerandthenencapsulatedinto a MAC frame
for transmission.Our studyborrows the MAC framespecifi-
cation of the popularWaveLAN modem. In WaveLAN, the
cyclic redundancy check(CRC)codeis implementedfor error
detection,but no errorcorrectingcodeis implemented.To ap-
ply theproposedadaptive error recovery scheme,theoriginal
WaveLAN MAC frameis modifiedasshown in Fig. 5.

TheMAC headeris increasedby onebyte,which is usedto
specify the selectedRS code. The new MAC headeris pro-
tectedby a W h�ñ8ñ ";w:ò8ó X BCH binarycode,so h�ñ8ñ S°w:ò�ó 2 w8w:è
checkbitsareappendedto thenew header. By usingthiscode,
up to w ñ bit errorscan be corrected. The reasonfor choos-
ing this codeis addressedin [10]. IP packetandCRC check
bitsareencodedusingtheselectedRScode,andtheredundant
symbolsareappendedat the endof the MAC frame. At the
receiver station,basedon theinformationprovidedin thenew
MAC header, the received MAC framesarethenpresentedto
theappropriateRSdecoder.

Further, weassumethatthethreeRScodesavailableatboth
theAPandthemobilereceiverstationare ] 6 todeferthepacket
transmission,] 7 ^ÛWDó�w;ó�"$ô�ò8ó X and ] Ú ^ÙW�ó�ò8ó�"$ô�ò�ó X . Each
symbol is 10 bits long7 . The WDó/w:ó�"$ô�ò8ó X RS codecandetect
and correct40 symbol errors,while the WDó8ò�ó/"�ô8ò�ó X RS code
candetectandcorrect50 symbolerrors. Theprobabilitiesof
a correctablepackettransmissionarecomputedby (1), using
theaveragechannelbit errorrateof ñ é�w:� =�õ for ��,-� stateandñ é(w:� =÷ö for )+*
*
� state,respectively. Theseprobabilitiesand
theassociatedtransmissioncostfor eachRScodearelistedin
TableI.

For the assumedwirelesslink bandwidthof 1M bps, the
transmissiontime of a datapacketprotectedby code ];7 and
code ] Ú are9.436msand9.636ms, respectively. Thepacket
transmissionslotis setto10ms,andhencethemaximumnum-
berof packettransmissionslotsfor eachframedelivery is lim-
ited to five. Theoptimal RS codetableindexed by the trans-
missionstatusquadrupletWD!8"$4�"$F�"$� X is shown asTableII.

Empty entriesin this optimal codetablecorrespondto theø
839symbolsù 1048bytes.



TABLE I

THREE RS CODES UNDER CONSIDERATION

RScode ] ��� ��m�m�¾@� l �l�m#n ���  � ¾@� l �l�m#n ��!��:WD] X] 6 0 0 0];7
WDó/w:ó/"�ô8ò�ó X 1 0.253 1.095] Ú WDó8ò�ó/"�ô8ò�ó X 1 0.760 1.119

TABLE II

PRE-BUILT OPTIM AL RS CODE TABLE4 4 6! )+*
*
� ��,-�F F� 1 2 3 1 2 3
1 ];7 ]�6 ]�6 ] Ú ]�6 ]�6
2 ];7 ];7 ]�6 ú8û ] Ú ]�6
3 ] 7 ] 7 ] 7 ] 6 ] Ú ] Ú
4 ];7 ];7 ]�6 ] Ú
5 ] 7 ] 64 487! )�*
*
� ��,-�F F� 1 2 3 1 2 3
1 ] 7 ] 6 ] 6 ] Ú ] 6 ] 6
2 ];7 ]57 ]�6 ]�6 ] Ú ]�6
3 ] 7 ] 7 ] 7 ] 6 ] Ú ] Ú
4 ]57 ];7 ]@6 ] Ú
5 ];7 ]�64 4 Ú! )�*
*
� ��,-�F F� 1 2 3 1 2 3
1 ] 7 ] 6 ] 6 ] Ú ] 6 ] 6
2 ];7 ]57 ]�6 ]�6 ] Ú ]�6
3 ];7 ]57 ];7 ]�6 ]@6 ] Ú
4 ] 7 ] 7 ] 6 ] Ú
5 ];7 ]�64 4;õ! )+*
*
� ��,-�F F� 1 2 3 1 2 3
1 ];7 ]�6 ]�6 ] Ú ]�6 ]�6
2 ] 7 ] 7 ] 6 ú�ü ] Ú ] 6
3 ];7 ];7 ];7 ]�6 ]�6 ] Ú
4 ] 7 ] 7 ] 6 ] 6
5 ];7 ]�6
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Fig. 6. Comparisonof four errorrecoveryschemes

eventswhich never occur. For example,the transmissionsta-
tus with W�F 2 w8"�� 2 ê X pair implies that h W 2 ò�S°F X data
packetshave beentransmittedin only w�W 2 ñ SÀ� X transmis-
sionattempt,which is impossible.Besides,theentryfor trans-
missionstatuswith FE�f� is always ] 6 , sinceit is impossible
to transmitall theremainingpacketsbeforetheframedelivery
deadline.

For thetransmissionstatuswith )+*
*
� stateand ��´¸F�µ¸� ,
thecorrespondingentryin theoptimalcodetableis always];7 ,
since the probability of a correctablepackettransmissionis
onefor both ] 7 and ] Ú , but ] 7 hasa smallerassociatedtrans-
missioncost. Whenthewirelesslink is in ��,-� state,we have
the following observations. Theentry for W���,-��"�4;õ
";w�" h�X is ]�6
or deferringthe packettransmissionat the currenttime. The
rationalebehindthedefermentis thatthereis a high probabil-
ity, 0.8,thatthewirelesslink will become)+*
*
� duringthenext
packettransmissionslot. However, if we changetheGOPpo-
sition from 4;õ to 4
6 in thequadruplet,thecorrespondingentry
in theoptimalcodetableindicatesthat,insteadof deferringthe
transmission,thepacketis encodedby code] Ú andtransmitted
overthe ��,-� channel.Thisis becausefailureto transmitframes
with GOPposition 4 6 resultsin moresubsequentframelosses
thanthat for 4 õ , andwe would like to provide moreerrorpro-
tectionandmoretransmissionattemptsfor suchframes.The
restof theentriesfor ��,-� statecanbeinterpretedsimilarly.

At each experiment, the mobile receiver requestsa 60
second-longvideoservice(total 1200frames)from thesource
station,and indicatesits desiredquality of serviceby setting
a target framelossrateat 1.1%. For eachof the testingerror
recoveryschemes,theexperimentis repeated100timesto esti-
matetheaveragetransmissionoverheadandtheaverageframe
loss rateof the video service. The four testingschemesun-
der considerationare: the traditionalsingle-codeschemesus-
ing code ] 7 (Scheme1) andcode ] Ú (Scheme2), a single-step
error recovery schemeby simply looking up thepre-built op-
timal codetable(Scheme3), andtheproposedtwo-steperror
recovery scheme(Scheme4).

Fig. 6 shows theaveragetransmissionoverheadandtheav-
erageframelossratefor eachscheme.Scheme2 hasa large
averagetransmissionoverheadbecauseof thelargenumberof
checkbits introducedby code ] Ú . However, dueto theseaddi-
tional checkbits, the receiver stationcancorrecta largenum-
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Fig. 7. Simulationresultsfor Scheme2

berof symbolerrorsresultingin thelowestaverageframeloss
rate. Scheme1 hasthehighestaverageframelossratewhich
is dueto thelow probabilityof correctablepackettransmission
usingcode ] 7 whenthewirelesslink is in �@,�� state.Scheme
1 alsohasthe largestaveragetransmissionoverhead,because
thepoorerrorcorrectingcapabilityof code];7 resultsin alarge
numberof packetretransmissions.Scheme3 hasthesmallest
averagetransmissionoverheadamongthefour becauseof the
adaptive useof code ] 7 at )�*
*
� stateandtransmissiondefer-
mentat ��,-� state.It alsoyieldsa low averageframelossrate
dueto theaddedprotectionof code ] Ú .

Thedetailedsimulationresultsfor Scheme2 areplottedin
Fig. 7. Clearly, all theexperimentsmeetthe target frameloss
raterequirement,however, attheexpenseof thelargetransmis-
sionoverhead.Asshown in Fig.8,althoughScheme3presents
a relatively low averageframelossrate,mostexperimentsstill
suffer the frameloss ratehigherthan the target value; this is
becausetheoptimalcodetableis built withoutconsideringthe
framelossrateconstraint.In the proposedtwo-steperror re-
covery scheme,the pre-built optimal codetableis adaptively
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Fig. 8. Simulationresultsfor Scheme3
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Fig. 9. Simulationresultsfor Scheme4

usedaccordingto theactualframelossevents.Dueto this ad-
ditionaladaptationstep,theframelossrateis greatlyimproved
at the expenseof a slightly increasedtransmissionoverhead
comparedto Scheme3. However, the averagetransmission
overheadof theproposedschemeis almost20% smallerthan
that of Scheme2 becauseof the adaptive useof transmission
deferment,codes]57 and ] Ú in eachframedelivery. Theresults
areshown in Fig. 6 andFig. 9.

V. CONCLUSION

In this paper, we proposeda two-stepadaptive error recov-
eryschemefor videotransmissionoverwirelessnetworks.The
mobile receiver indicatesits desiredquality of serviceby set-
ting a target frame loss rate of the received video sequence.
The main objective is to minimize the transmissionoverhead
while keepingthe framelossratebelow the target value. To
accommodatethe MTU limitation of the underlyingwireless
network,eachvideo frameis divided into smallerdatapack-
ets for transmission. The bestRS codefor the next packet
transmissionis carefullyselectedfrom asetof availablecodes
basedonthecurrenttransmissionstatusandtheobservationof
the actualframelossevents. Using simulations,we compare
theperformanceof theproposedschemewith thatof two tradi-
tional single-codeschemesanda single-stepadaptivescheme.
Thesimulationresultsshow thattheproposedschemeis much
betterthanthe single-codeschemesin termsof the transmis-
sionoverheadandoutperformsthesingle-stepschemein terms
of theframelossrate.
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