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Abstract— Becausethe wir elessasynchronoustransfer mode (ATM) net-
works are often constrained with the limited link bandwidth and error
pronecharacteristics,forward error correction (FEC) is neededto improve
their bit error rate performance. In this paper, a two-level punctured con-
volutional code(PCC) schemeis constructedto apply to wirelessATM cell
header and various payloads with the flexible unequal error protection
(UEP). Sincetheir perforation matrices can be programmable, the code
rates of PCCsare applicable to the different sensitvity of source encoded
symbols,evenif only the sameencodingand decodinghardwareis used.Fi-
nally, the performance on Gaussianand fading channelsis analyzed,which
shaws significant reductionsin cell lossrate (CLR) and good balancesfor
CLR and the payload bit error rate (BER).

|. INTRODUCTION

In recentyears,due to increasingattentionto the terminal
mobility, the wirelessinterfacesof asynchronougransfermode
(ATM) networks have beenvery important,asshowvn in Fig.1
[1]. In awirelessATM, ATM cells are transmittedvia radio
framesbetweera basestation(BS) anda mobile station,which
includesa terminalequipment(TE) anda radio module(RM).
Thewirelessinterfaceof ATM networksis aband-limitedchan-
nel with muchhighererror ratethanthe wired one. Then,for-
warderrorcorrection(FEC)is neededotonly in end-to-endut
alsoin link-by-link connectior2].

A tradeof betweemuality (codinggain)andcapacity(coding
rate)is veryimportantin designing=ECsystemsln multimedia
wirelessATM interface,the headerandvariouspayloadsto be
transmittechave differentimportanceor error protectionneeds,
expressedy sourcesignificancanformation(SSI).In this situ-
ationit is desirablethat channelcoding providesunequalerror
protection(UEP), matchedo the differentsensitvity of source
encodedsymbols. One UEP schemehaving two differentFEC
codesfor the headerand payloadis proposed3], which s ap-
plied to AWA system[4]. The variable-rateFEC methodcon-
trolled by mediais proposedto increasetotal utilization effi-
cieng/ in multimediasystemgb].

However, theseschemesonly use block codes(BCs), the
otherimportantcodes— corvolutionalcodegCCs)arenotdis-
cussed. In this paper firstly we proposea wirelessmultirate
FECframe,andthenconstructheadaptve two-level UEP code
schemeby puncturedcorvolutional codes(PCCs)for it. The
performancewas analyzedfor Gaussianand fading channels,
andthe characteristiadesultsaboutcell lossrate (CLR) andbit
errorrate(BER) areobtained.

Il. WIRELESS ATM CELL

Accordingto theB-ISDN protocolreferencanodel[6], ATM
cell headererror control (HEC) is a single-biterror correction
andmultiple-bitserrordetectiorcyclic redundang code(CRC),
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Fig. 1. Theconstructiorof wirelessATM

andonly employedin the ATM cell headerandnot in the cell

payloadin orderto avoid incorrectforwarding dueto header
errors. The HEC controls8 redundanbits out of 40 bits in a

cell header

But in the wirelessATM network, the abose HEC aloneis
not sufficient. For mitigating the effect of radio channelerrors
beforecells arereleasedo the ATM network layer, the wire-
lessATM needsa customdatalink control (DLC) layer proto-
col [7]. In generalerrordetection/retransmissigrotocolsand
FECmethodsarerecommendedh it.

From the smallernumberof usersandthe scarcityof band-
width in wirelessnetworks, therelatively largeaddressingver-
headof ATM beingdesignedor large wire-line networks must
be avoided. In [7], aftercompressingssentiaATM headerin-
formation, only two bytescontainingvirtual channelidentifier
(VCI) and control information are includedin wirelessATM
headerThewirelessheaderlsoincorporates pacletsequence
numberrequiredo supportDLC errorrecoseryovermoderately
large cell error bursts,andincludesfields to enableotherwire-
lessnetwork function, suchasservicetype definition, sggmen-
tation andreassemblyandhand-of support.In generalheader
bitsin ATM cell areconsideredo be moreimportantthanpay-
loadbits. In orderto ensurecorrectdelivery andalow lossrate,
we assigrthecode(FEC1)with alow local codingrateR, to be
usedfor the header At the sametime, the code(FEC2)for the
payloadis designedo be with a higherrateR, thanthe one of
FEC1for effective transmission.From the above discussions,
in this paper we replacesthe standardATM headerwith the
wirelessATM headerwhich includesthe wirelessdatapaclet
headerthe compressed\TM headerandFEClandFEC2,as
outlinedin Fig.2.
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Fig. 2. DLC pacletformatof wirelessATM cell (usingtwo codingrateFEC)
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I1l. THE MULTIRATE CONVOLUTIONAL CODES

To simplify the decodingcomplexity of high rate CCs, the
PCCswere suggestedn 1979[8]. The PCCs(R= ﬁ) are
producedby being periodically (for eachnl bits) puncturedm
bitsfromR= % low rateCCs(calledastheoriginal code).Many
of PCCsareshavn to bealmostasgoodasthebestknown regu-
lar codes For example,almostnolossin the minimumdistance
is causeddy usinga puncturedcode. By a virtue of their poly-
nomial generatomatricesand upperboundson the constraint
length,the good PCCsthat are sameasthosegoodknown reg-
ular nonsystemati@nd systematichigh rate CCs may be con-
structed9].

After adding a rate-compatibility restriction to the punc-
turing rule, PCCsare able to implementa multirate CC en-
coder/decodesimply [10]. In Fig.3, the orderedinformation
bits areshiftedinto a shift registerof g ratescode.Duringthen,
informationbits, R; codewith the perforationmatrix a; is used
for multiplexing. As soonasthe first bit of the secondgroup
entersthe encodeythe perforationmatrix a, will be used. Af-
ter anothern, information bits or encodershifts, the matrix is
switchedto a;. At the p-th stepnp/Rp codebits aretransmit-
ted per np informationbits with the perforationmatrix a, and
rateRp . Theframeis terminatedafterthe groupng by shifting
(K—1)'s"0" bitsinto theshift register whereK is theconstraint
lengthof theoriginal code.Thus,transmitting(K — 1) /Ry over
headcodebits is necessaryor properterminationof thetrellis.
Theprocedurds easietto follow whennj, is anintegermultiple

of the puncturingperiodl. Theoverall coderateis then:

zq=1 Np

=y @
=1 Rp = Ry

When the original codeis R, = 3 CC and| = 8, a setof
PCCswith UEP capabilitiescan be derived, which ratesare
Rp = 3|_'—mp = %mp. Theresultsof K = 4,5,6,7, R, = Tsmp
PCCs,wherem, = 0,1,---,15 areobtained[10]. For all rates,
the encoderusesthe sameshift register Only the perforation
matrix is changed Fromtheseresults we constructa nev FEC
schemdor thewirelessATM in thenext section.

IV. TwoO-LEVEL UEP CODE SCHEME FOR WIRELESS ATM
A. Two coding rate FEC scheme for wireless ATM

Therealizationof two codingrateFECschemen thewireless
interfaceof ATM is shavn in Fig.4. Only thetransmissiorirom
RM to BSis illustratedfor simplicity. After the payloadof the
wired ATM is dividedinto two (24 bytes),thewirelessheaders
are added,then, the HEC is replacedby FEC1and FEC2in
RM. In BS, afterthe decoderof FEC1and FEC2,the HEC is
insertedsoasto becomethe normalATM cell. Thereis asame
procedurein the transmissiorfrom BS to RM. The wire-line
portion of this systemis assumedo be error free so that the
encodinganddecodingmodelof two ratePCCsis simplified,as
shavnin Fig.5.

Let the codingratesof FEClandFEC2beR; andR, (R, <
R,), respectrely. Olviously, from the selectionof R, andR,,
variousoverall rate R valuesin the wirelessATM can be ob-
tained.Supposing"EC1beR,; = £ PCCandFEC2beR, = &
PCC,we have: .

Header sequence(A{") arethe mostimportantbits (MIB: SSI

is bigger),usingR; = £ PCCfrom R= % andK = 7 original

CC,wherel, =8m; = 12andn, = 32=4l,;

Payload sequence(A{)) are lessimportantbits (LIB: SSlis

smaller),usingR, = § PCCfrom R= 1 andK = 7 original

CC,wherel, = 8,m, = 14andn, = 192= 24,
Then,theoverallcoderateis:

_ 32+192 _ 448 -
R= 32124192104610 ™ 591 0.758

Letthedatasequencérom a sendeibe:

AD AD AD 2)

where AV=(Al) AlD), and the encodeddata sequenceB(!) =
(80),B{) by R= 1 CCencodings:

o= (Bl L) g
B(li,)j =( (1i,)j,1’b(1i,)1,2’ "b(li,)j,24)

)= 3, 8, 8 @
B(zi,)j = (b(zi,)j,rbg,)j,z’ ’bg,)j,24)
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wherej =1,---,24. . o
Then,by theinserterwe have C¥) = (C),C{)):
Supposghe perforationmatrix of R; PCCbe:
_ - (i) = (ch) c c
11111111 G’ = (Crp.Cro G ©)
1 0101010], () — () o) (i) (i) _ ¢l
00000000 Cri = (O 1581 227501 0% X001 1Oy g
- - (i) (i) 0) (i)
x,C% X, X,C ,C , X,C0
andthe perforationmatrix of R, PCCbe: 171’?_? 0 1),13 (1)1 A4 77716
| |
- 11111111 B XJX7C1’j7197cl’j7207><7c11227 7)(),
10001000 wherej =1,--- 4andx representaninserteddummybit, and:
| 0000000 0
e cli) =l cli) ... cl 10
After deleting,outputdatasequencd ) = (B(!),B") be- 2 €, 22 2’_24) _ (10)
comes: 0 = (0 1,650 0 %, 65), 4o X, X, &) 7, %,
U | _ U | U | U | . . .
B = (B{},B)3,++B1y); (5) X060} 100 %5 %5 C5) 1365} 1 X0 1
(i) _ (i [ [ [ [ [ [
By = (o) 1,0 5,0 4B 7.0, 6000, 1o X3 X35} 160X X0 C5) 5 X5 %),
(i) 0] i) (i 0] 0] .
bl,j,13’ le 14 blj 16’ bl,j,lg’ bl,j,20’ bl,j,22)’ wherej =1,---,24.
wherej = 1,---,4, and: Afterwards,throygh(B,1,7)dec0derdecodecblt sequenc®
aresentto therecever.
g — (B’(i) g ... g ), (6) In the above course,it is assumedhat bit synchronization
2 2,10 52217 222240 L ; .
T R Y T andcell synchronizatiorhave beenachieved. The decodeffirst
Bz’j = (bz’Ll’b 2.0, 27b27j,4’ bg, 7 sz 100 decodeshe headerif it succeedsthe quality of service(QoS)
b b b pd gy informationidentifiedin the headeiis extractedandusedto de-
2,),18 72,1,14 72,18’ 72,j,19° 72,,227 terminethe coderateusedto decodethe payload.
wherej =1,---,24. Using variablerate PCCscan also make the encodingrate

After thetransm|SS|oer B'() via channeldeinterleaer out-

putsC') = (CV,C)) are:
¢ = c.cf), ., (7)

(R,) to beassignedo eachservicehaving adifferentneedof er—
ror protection. Forexample WecansetR1 =2 =landR.= &
for Audio, Ry = for Data,R, = 14 for Video. Its advantage
is thatonly 0neencodelandonedecodemrcu|tsareneededor
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FEC1landvariousFEC2evenif their coderates,andthusthe
levelsof errorprotectionaredifferent,sincethe perforationma-
trix canbe programmableBut in this case the encodedength
of wirelessATM pacletbecomewariable.

B. Performance of Cell Loss Rate and Bit Error Rate over
Gaussian and Rayleigh fading channel

One of the mostimportantperformanceparametetin ATM
cell transportis CLR, which is definedby the ratio of total lost
cellsto total transmittedcells. Whena headerportion contains
errorsthatcannotbe correctedthe cell will be misdirectedand
regardedaslostcell outcome.

If an (nl —m,l) PCCwith the minimum free Hammingdis-
tanced; is appliedto the headerthe probability of a cell loss
for codedsystemss givenby:

Progeg = 1— (1—P)%, (11)

C

whereP. is thebit errorprobabilityof wirelessATM headegfter
usingPCC,which canbe upperboundecby [11]:

(12)
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wherec; is the total numberof error bits producedby the in-
correctpaths,and P, is the probability that the wrong path at
distanced is selected. For binary phase-shifkeying (BPSK)
over Gaussiarchannelwith softdecisiononC’, P, is expressed

by:
1
Py= Eerfc(,/oIEs/No),

whereEs/N, is the signal-to-noiseratio (SNR) per codedbit.
The CLR analytic upper boundsas functions of Es/N, over
Gaussiarchannel(the constraintlength of PCC original code
is 6) areshown in Fig.6.

Supposinghatideal interleaving producesndependentlata
errors. For BPSK over Rayleighfadingchannebwith soft deci-
sionson C’ andfull channelstateinformation(CSl),P, canbe
upperboundedoy [10]:

1 1 d
< (e
<3y REb/NO) ’
whereE, /N, = Es/RN, is the SNR peruncodedbit.
Let B, be the probability of bit error for a Rayleighfading

channelfor an uncodedheader(4 bytes),the probability of a
cell lossis givenby:

32
Pincoded = 1~ (1- Pb) )

ul

(13)

(14)

(15)
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For aheademwith HEC, the probability of a cell lossis given
by:
Piec = (1-R)(1=Fy) + R(1-FR—Py),

wherethe probability of no errorin onecell headerP) = (1—
R,)*°, andthe probability of single-biterrorin onecell header
P, = 40P, (1-PR)%.

If an (n,k) t-error correctingblock codeis appliedto the
headerthe probability of acell lossis givenby:

(16)

n . .
R=Y nG(1-R)" R,
=11

17

Fig.7 to Fig.9 depict the CLR versusE, /N, analytic upper
boundovera Rayleighfadingchannel. Thesolid linesrepresent
theresultof R, = &, &, and £, PCCs the constraintengthof
their sameoriginal codeis 6. Thedashedinesrepresenthere-
sultsof uncodedne,HEC andthreedifferentBCs,respectiely
[5]. Thefiguresshow thataddingPCCsoverthe headegreatly
decreasethenumberof cell loss,thereforencreaseshe QoSof
the system. For example,the (12,8) PCCrealizesabout30 dB
gainovertheuncodedsystem21 dB gainoverthe HEC system
and10 dB gainover the (28,16)BC [5] ata CLR of 10~%. For
eachresultin thesefigures,thereis a 50%, 100%or 200%in-
creasan bandwidthfor the headerf PCCandBC. Ohviously,
the schemesisingPCCshave betterCLR performancehanthe
schemeof [5] with the sameincreasan requiredbandwidth.

On the other hand, it is extremely efficient from the view-
points of coding gain and coding rateto createthe samebal-
anceddesignfor CLR andthe payloadBER asthe HEC for a
wired ATM [3]. Fig.10 shows the relationshipof the payload
BERsandCLRsoverafully interleaved Rayleighfadingchan-
nel. Thedashedinesrepresentheresultof uncodedor header
andpayload,the resultof HEC for the headeranduncodedor
the payload,andthe resultof AWA system,respectiely. The
solid lines represenUEP1with R; = & andR, = &, UEP2
with R, = & andR, = &, UEP3with R, = £ andR, = £,
respectiely. Obviously, the balanceaboutCLR andBER per
formanceis very goodasthe HEC whenPCCsareappliedfor
thewirelessATM networks.

V. CONCLUSIONS

In this papera UEP codeschemeausingPCCsis putforward,
which is consideredo be suitablefor the wirelessATM. The
ATM cell headeis protecteddy arelatively powerful PCCto en-
surecorrectdelivery andlow cell loss. The payloadis protected
by relatively high transmissionPCCshaving different coding
gains. In sucha way, a whole family of codeswith different
ratesis available usingthe sameencoderandthe sameViterbi
decodemexceptfor only the puncturingrule beingchangedThe
CLR andBER areanalyzedwhich arebetterthanthe previous
FEC schemewith thesamencreasen requiredbandwidth.Be-
sidesthey aregoodbalancealesigngor CLR andpayloadBER.
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