
Multimedio Services urid Technology Issues 

FEC-PSD: A FEC-aware Video Packet Drop Scheme 

'I'hc retniiitler of. this pnpcr is as fellows: Scc~ion 2 
introduces tlie coiiccpt of "Cell Drop '1'oler;ince" and "FEC 
SSCS Cnntrol Block". W c  dcscribc thc tiew kicket virlcn 
mcchni i is~i i  in Section 3, x i ( !  givc somc performance 
siinulation rcsrilis in  Scction 4. l;inally, wc conclurlc in 
scction 5.  

Kt?ywords: l'nckct Vitlen, MPEG, Ccll lliscard, FEC. l'hc ATM adaptntioii l i~ycr  is responsible for niaking Ifie 
nctwoik bcliavior rrarupamnl tu thc nl)ptic;ilion. Ah1,5 is 

I. INTRODUCTION 

It1 R brondband AI'M nctwork wliere i'csotirccs such as 
~lic network bandwidth ml burrcring capacity n w  
lirnitctl, i t  is a majot cliellenge 10 rlcsign iiii d'licient 
video ilelivcry service that ciiii achieve high rcsutircc 
u t i  lixition while ninxi inizing uscr's pcrcciveil quality or  
service (QoS). 

Vnrions ATM scrviccs hove bceii proposcd ~ u i d  
evaluated h r  trimsporting cniupressetl viilco: cliissicnl 
Constant-Uit-Rate (CER) [ 11, I<ciicgotiutcd CBR 121, 
kcnegotiate Dctcrmi nis tic Viiriiiblc- Bit-Rntc (RBD- 
VRR) [3], and Available-Bit-Rntc (AUK) [41. 
Ncvertheless, UnspcciTicd-J3 it-Rate (URR) is thc truc 
untl siinplcst ATM best efrot-L scrvicc uvnilriblc. Sincc 
todny i t  is widely and is hrucd on thc excess baiirlwirllli 
in  11ic iictwork with lower usage cost, it is prcdict:ible 
that i t  will also support i~ nail-negligiblc part of the 

currently II~C must commonly iisetl -:Idnpt;ilion 1aycr in 
iiiiltistry nnd c ; ~  support VRR MPLIG2 trnffic. However, 
RALS was initially tlcsignetl sitnplc to carry noli-real-timc 
data atirl l x k s  to provide rcliahfc coiincclion for 
rnuliiinetl ia appl icdotls. Add i ti onnl h i u r c s  such as mor 
dctcction, Iric;ilixatioii niid rccovcry nre i.cquirctl. 

I n  [ 5 ] ,  n ncw Audiovisual Scrvice Spccilic convci'gcncc 
Subl;iycr (AV SSCS) Tor AALS Ihat satisfies the above 
rcqiiireinerits 113s bccii pinposed. This SSCS is based or1 
Rccrl-Solrmon and Parity (:odes [6],  aild Icly on the video 
Ixickct cncapsul :~~iui~ and priority ;issigriatioii rncchnnisin 
callcd DexPAS introrlticerl in  [71. Compared to olhcr 
mecii;ir~isms iiased on oiily 1CS codes and bylc intcrlcaving, 
th is  nppro;ich allows thc iisc of flcxiblc virliml data matrix, 
cnllcd ~ t ~ i t r d  blocks (CH) that arc built at the Servicc 
Spccific Coiivwgcncc Sublnycr (SSCS) with nu  
modilicali(i~ to tho AAL5 Corn tnoii Part (W). 
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A1 the scnilar side, it Control Block (CI3) is defined as a 
two. dimensional nialrix of P cdls column x M i-ows 
into which coiiscculivc fixed leriglli Service Spwific 
SSCS PDUs are written row by row (see Figure I.). An 
cxlra single icdund;uicy row i s  appcudeil at the tnil  of 
llic matrix that is obtained by XORing thc colutmis iIt 

the ce l l  basis. Therefore, R single cell loss per coliirnii 
CALI be recovcrctl ~ n t l  U "Drop Tolelaiicc can be 
ossocialctl wifti every CI3. This parinicfer depends on 
the SSCS PDU leiigtli (i.e. numbcr OF eticapsulatctl 
MPEG2 Trrinspoat Streiim (TS) video packets per. 
SSCS PDU) und rimy be ncgothterl at thc call set up  
with rcfcrarice to the piwection lcvcl rlesired by Ihe 
conncction. The lowcr its viilu: is arid higher tlie 
rccovery power of the AV- SSCS mccbaiiisin. The 
drawback is a proporlional increiise 10 the control 
inforination overliead. Sirice ttic 1TC infortnation is 
oblaincrl using linc-by-line XORing method, lhe data 
inalcix is only an obstrnct structure and no buffering is 
required at the sender. The destin:i(ion process is also 
pipclinccl nrid thc correct SSCS PDUs ale iminerlintely 
transmitted to ttie upper layer without latency. 

For morc information an AV- SSCS and thc Dynntnic 
a i d  Extentled Priority Assignation Scheme (Dexl'AS) 
sec LS] ;md 171 respectivcly. 

- 
P 
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4 
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Figure 1 - A Virtual Control Block Matrix 

111. TM1"5 FEC - A WARE 1' AHTIAL V I13EO 
SLICE DISCARO 

Various viilco packet discarding tcchniqiies have been 
proposed to minimize [iser perceived quality 
degratlation during nctwork congcstioti [XI .  

[n this sectiun, we propose enhanccment to the Tail 
Drop mechanism [SI to take into m o u n t  Foiwnrd 
h-ror Correction fmlre.  'l'hc new scheme, is iinmcd 
FCC-awarc Psrtinl video Slice Discard (FEC-PSD) and 
performs a1 video slicc level. Our approach is to rctluce 
tlie tiumhcr of corruptcd sliccs by assuniiiip tlint il 

number ' T  o f  cclls per SSCS Control Block can bc 
recovered by the destitialion using FEC codes. This 
paramerer 'T' is dcfinetl ns the "Cell Drop Tolerancc" (DT) 
a n d  corresponds 10 d ie  m e x i m u i i ~  number of cells pcr 
coiurol block that may be discarded by FHC-PSD before 
consirlcring ttic Control lllock as tlefiiiitcly lost. 

Therefore, ntilikely t o  the sitnplc Selcclive Cell Discard 
(SCD) tlint slops cell discarding cells irumediatcly wl~en the 
congestion ends, or the Tail Drop (Tll) scheme that 
automatical1y kccps discard ttie video packet, FEC-PSD 
always evalu;mx the possibilily of the destination tu 
i'ccover (lie partially cliscrirtled video slice. It makes i ts  own 
tlccisioii to stop or discnrd the whok video slicc when 
congestion cnds, according Ln Ihe "Cell Drop Tolerancc" 
parameter and h e  iin~nber of previously eliminntcrl ceils. 

It) teriris or pcrfolriiiliicc, SCD undcr utilizes network 
i'eso~ircc by forwarding corrupted vidco slices to Ue 
destinaliou, but can o fk r  better piclure quality when 
combined wirh Forward Error Correction and Error 
conceal mcnt techii iqucs. 

111 the otlicr hnntl. T;ril Drop better optimizes tietwr~rk 
resource by avoiding non usrtblc tail packet to cross the 
iiclwork, but reducc the probability of the dcsLiiiation to 
rccover pirtially lost videu d i i h  at destinrdion. 

PEC-PSD aims to combine the atlvantageous of both 
rnechanisnis, by nionitoring the level ol' cell tlisciircls per 
vidco slices and compares i t  to the associated "Ocll Drop 
Tolerancc'' pnmttieter. 

Using this approach, tlic proposed schcmc acts at a finer 
data granularity, e.g., "SSCS Control Black' rather than 
video slice, niid hettcr preserves cnlire slices fi.om 
climinntion. Let is remind that U video slice can be divided 
into one or more "Control Ulocks" depending on the spatial 
rcsolutioii of the video sequence. The flcxibility proposcd 
by uur mnechanisin can not bc achievcd without tlic use of 
llic "Dyrimic and Extentled Priority Assignalion Wienie'' 
(DcxPAS) which nllows tlic ilctectioii o f  holh video slicc 
and  SSCS Cotitrol Block boundaries at tbc cell level. 

Lct lis defiiic a low (resp. high) priority slice ns R slicc 
belongiug to a low (rcsp, high) priority video frame. During 
light congestion, we prqinse to drop a lower priority slicc 
first rathcr than delaying it. 'Then we could rissigii the 
hufrcr space of the dropped slicc to n higher priority slice. 
The pi'oposccl approach avoids congcstion increase while 
maintoining tlie mean cell trauskr delay in  rlcccptable 
value. This proactive stratcgy i s  perfornied gradually by 
including high priority ccllx if necessary. As evallliItcd in 
[,XI, ihc [)roposcd approach ciin signikxtltly iinprovc the 
network perforinance by minimizing the transmission of 
non-aselul video data bclorc buffer uverflow. The proposcd 
sclectivc arid adi1ptivc pnrtinl video slice discard algorithm 
is higlilightcd bcllow. 
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F‘EC-PSD Opcretion Modes aiirl Fuirncss 

FEC-PSD iws pcr V i r ~ u d  ~ h a n n e l  a i d  ciul~loys four 
 si:^ variahlcs antl one coiinicr 10 coiilrol exti  video 
coiii~cc~ioii. ‘1°K) of them arc nssociatcd with the slicc 
lcvci iIIid the reiiininiiig ones with the coo~i.oI block 
IGVG I ( LT-P rio rity, S-disca diiig , CII-droppd, 
~ I ~ - ~ l ~ , ~ ~ f i ~ . [ i i ~ i ~ ,  and C~-BI;Uf_riin~kitihr). 

The iisc of  bot11 UO-discnrdbrg niitl 
U-EFCJ- twrk i / ig  indicntors nllow l is  10 inaiitige 
kisscs oocurri rig at suhscq iiciit switches n rid bclongi ng 
IO ii control block Inorc cllicicntly. Indeed, wlico ii 

block is pa~-Li:tlly tliscwdetl by 3 swich node, the 
following switches are 1101 calxihlc N I  take into xcoiint 
these cell losscs ti, aptl;ite the nssocixlcil Drop 
Tolcrycc.  As a co~~scqiiciicc thc swilclies hnnrllc 
erroneous cell D ~ o ~ J  ‘L‘cilcnitice with adverse crkccl oii 
algori h n  1xrCorm;irlc.e. At the Coiilrol 13 lock lcvel, the 
Drop Tolerance cnii bc sccIi iis ii cell loss crctlil 
distribnted ;ind sha~crl mnoiig the swilclics nlwig the 
ctiIni-riiuiicatiot~ path. 

To arlrlccss Ihis issiie :und make iri~~~lcriict~lali~i~i casy, 
we propose to ciilirdy coiisiiiiic the loss crctlil iis sooi i  
a s  ii cell loss OCCIII’S n l  a switch. ~ , ~ ~ ~ - ~ ~ j . ~ c ~ ~ ~ ~ ~ ~ ~ ~ ~  i s  iiscd 
to eiisiire that ,  for every coi~lrr)l Iilock, losses are 
colicentinted i t )  n singlc swilcli. lr cclls rrnm a CH tail 
nrrivc i i t  ii congested node, the IISC. or CFCI bit pain i t s  
the tlztectioii of an carly discard ;ind to colisider llic CU 
;IS non-rccnvcrdilc blocks sincc n previous swilch l it is 
used the entirc dmp crctlit. hi such sittintiori, wc 
propost: to coriiiiiil to thc slice lcvel control by eiilircly 
dropping the rernnining vitlcu slicc. 

IXCJWI rrirtkes iisc of ilmc bufrer Ihrcsholtls ns 
depicted in figure 2: Low Tlircshcild (1:l.); Metiintn 
Threshold (MI’); and High 71’hresholrl (HT). 

--L . ~ - . ~ ~  . 
i? )I k l i i  ._._ iidrei 

Figure 24 - Buffor Thresholds and FEC-PSD operation modss 

The thresholds rlefli~c Ilii’cc r)pcratioii inodes which i n  
turn limit tIic distribution of’ thc cell loss williiii thc 
strenin (i.c. Conlrol Dlock) ti) four as iii figure 3: 

Ly r--&Y .&y Tra l . . .M I  

Figure 3 - Cell Loss Distribution per Control Block using FEC-,PSD 

I ,  Id l e  Mode : If tlic bullcr qucuc lciigtli (QIJ is lowcr 11iaii 

“l..ow TIIrcsIidtl”, for cvcry connectio~i, tlic cclls 3rc 
acceptcd wid m;iy h i v e  EFCI marked, whencvw 
Cl~-n~’CI-iiiarking is activated. 

2. Mode I :  If ~l ic  Lotill number of cclls i n  the buffer exceeds 
‘Low ‘[’tireshold’ bill is still liclow ‘Iligtl ‘ihrcsliold’, for 
every video coiincchii currenlly ciniltiiig n low priority 
vitlcti slice ( i t .  bcloriging to 11- 01’ P-hincs). IYiC-I’SD 
starts tn disciird hcir  incnmitig cclls. ‘I‘tie discaiding is  
tloric in rcslicci to the “Cell Utnp T o l e m i d  pnrainctcrs 
associatctl witli cnch criiineclion. \Nc proposc ;I fair 
tlistributioii or llic elimination ;imong the targeted 
coiiiiec~ioiis using muiirl  robin sclicrliiling. I f  the light 
congcstioii is subsisting, thc algorithtii swi(chcp li) lhc slice 
I G V G ~ ,  n i id  stitrls 10 eli miti:icc any incoming low priority ccll 
uiilil receiving n u  ‘’Ed O~Slice“ @OS) cell. ‘[‘he procctlure 
is dunc iii a round robin Lishion in oi~lcr  in guerantee 
fairness ainorig connections. l‘hc ]:ut cells (EOS) arc 
alw~iys preserved Trom c.liminatioii siiicc ~Iicy pruvidc 
irirlicntioii ol: tlic i icxt  slicc. Cells with Iiighcr priority lire 
always ;icccptecl i n  ihe buffcr. ‘Hiis iiioclc stops wlicri ‘QL’ 

3,  Mode 2: ‘l’liis mode is ;ictivalctl when sf- cxccetls “IIigli 
thresliolrl”. Iiicniniiig slices nic cligible for di.suirrling 
itgadless to their ~ ~ i o r i l y  level. Tlic I;isl ccll o f  ii Control 
Block (BUll) antl video slicc ( I U S )  nl’e prcseiwtl 10 avoid 
crror p i ~ o p q p ~ i ~ i ~ .  This is I‘easiblc, siiicc usually 10% of 
switch bufl‘cr has I ~ c n  set aside to aCc~illniotli~Lc thc 
syslciu co[i~rol niitl ~iini~ngcmei~[. This iriotlc bclinvcs like 
‘Mode I to sl)re;id Ilic losses ovcr C O I I I I ~ C I ~ I I I ~ S  with rcspect 
to ( la i r  “ I h p  7 d c v m w ” .  11 siops wheii qiicuc lciiglli MIS 
below “I-IT”. 

‘The IIPH Rcsourcc Mntiageineiit (RM) cells, i isetl  to 
clxtiige DexPAS ccll priority assignatioii, ;ire trimstnitlccl to 
all thc video soiirces when Medium Tlii~osliolrl (MT) is 

filii s bci IOW thc I+L.(~W T I I K S I I O I ~ I ” .  
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exccedctl, whilc IP/B RM cclls are scnd oriiy wlicu QI. 
drops below Low 'IIircshoM (LT). At tlic rcception nT 
feedback signals, thc soiirccfi iIiimetliatcly change their 
opcration inode. Consequcnlly, snim P- fraincs may 
transinit cclls witti dirfcrcrit prioriiy. 

Using this adaptive strategy, 13- s l i m  are qiiickly 
dropped hrst to rcducc buUw occlipi1iicy during lighr 
corigestion, while P- autl I- sliccs arc preservctl horn 
elimination. if the congestion bccoiues worse, R -  and 
1'- slices x c  hoth caiitlidnlcs for eliininntion, followed 
by gradiinlly inclndiug I - h i m  cclls, if ncccssnry. 

IV. 1'II:KFORMhNCE EVh1,lJATION 

Simulalioii Configuration 

Queuing rlclay varies From 0 to a maxirnu~u valuc of 
0.6 sec, which corresponds to the inaximum buffer 
size o f  220,000 cells, whcri trnnstiiittcrl using 155 
Mbps link (Oca). 

The proccss delay loor tlic rcndcr c m  he assunied as 
ncgligiblc, due to pipclinctl data transmission and 
cucoding of t l x  appended data. At thc receiver, 
rollowiIlg 1TE prnccssing time for crror recovcry in 
AV-SSCS laycr is assumed: 

- AV-SSCS (wirh error): 0.46 insislicc. (12 x M 
cell transmission tinic for SS Mbps link, where 
"M" = 5 in most of our cascs) 

- AV-SSCS (withoist crror): 0.092 ins/slice. (12 
ccll trniisntission time for 55 Mbiis link) 

In  lIiis papcr, ttie propmxd HiC-PSD Incchanisni is 
intcgratcrl will1 tlie UBR+ Al'M servicc niirl its 
perforinance i s  cvniuatecl using si iiiiilntioii, The 
network topology is showii in figurc 4 and cornposed 
oC two ATM switches, ;ind ten ( I O )  MIIECi2 

The ;iddiiional prticcfisirig tlelay gcaerntctl n t   he othci. 
hycrs (e.g. SAK niid ATM) is riot expliciily ~norlelcd. We 
nssiiine that their contribution to tlic cnd lo elid cell transfer 
delay (C'I'D) is relativcly cotislaiil, and thus can bc omitted. 

coimcctions crossing llic battleiicck link of a cnpncity 
of 155 Mbps (OC-3). We evolualc tlic framcwork wi(h 
a LAN configurntion, by setting the hackbone link to 1 
km. All thc other link dislanccs, betwccrr tlic 
sourceiclcstiiinlion and the switch iiotles, nrc coiistaiil 
and set to 0.2km. Tbc ATM swiklies arc implemenlcd 
to Ijc nonblocking, oiitptrt-buft'ercd with firiitc ;iinount 
of buffering. Switch hurkrs sizc varies fmin 80,000 lo 
220,000 cclls for holh SWITCI-1-1 and SWITCH_Z in 
tlic siinulation cxperiincnt. 

Figurc 4 - Nctwork Simulntioti Model 

The vidco S O L I ~ C C S  generatc VBR MPEG2 data at il 
lnciin anti peak rate of' 5.07 Mbps arid 20.03 Mbps 
rcspcctively. A triice file, obtained from Michacl R. 
Izquicrdo, IRM Corpora~ian is used ns input lor the 
sourccs. A dctailed tlcscription of this filc could hc 

Wc carried out our sintul:ition with scvcn switch bulfer 
coufigulations. For cadi of thcm, the sainc mclliotl is 
applied to determiiic thc vdues of llic three thrcsholds. W!', 
M7' arid LT iirc respectivcly set to 0.9, 0.8 and 0.7 of tlie 
maximuin queue sizc ( Q n m ) ,  whcrc Qniax i s  scl lo one or 
{lie followitig valiics: XO,OOO, 100,000, 120,000, 140,000. 

I h l a  loss arc inoiiitorcd at hoth ATM ccll and MPEG video 
slicc layer&. Cell I-oss Ratio (CLK) and Slice Loss Ratio 
(SLR) arc cvnluntetl for thc nggrcgatc video strcalns and 
individually Cor cadi cdl sub-flows belonging to a ccrtaiii 
typc of frainc (.Le; I, I' and n). Rcgarcliiig, to the 
aiiplicatio~i-oriented SLR, it takcs into accouiil decoding, 
e.g., ccll loss, nnd rlclny propagation, c.g., late cells, 
constraints. In addition, it  also takes into corisideration FEC 
capacity to decidc if  n slicc is usublc or riot at  (he 
tlesiinntion. lu this papcr, error conccelinent u i  the 
destiiliition is not cousidcred. 

Rcsiilts hilalysis 

The forward error correction capnbility of tlic video packet 
dclivery servicc is based o i i  (lie redundancy dnta ratio. 

lh0,OOO. 181),000, 200,000 and 220,u00 cclls. 

found in l : lOl .  I n  our nlsxithin, the redundaiicv ratio is rlcterinincd bv the . .  

"M" parkeier (is. the niirnbcrdof rows pcr SSCS Co;itrol 
13lock). Thc sniallcr the "M" vaiue, thc larger m o u n t  of 
W C  coding dah and higher "Cell Drop Tolerancc", aiitl 
thus tlic slroriger error correction capability. How many 
rctiundancy data p EEC frainc is needed in ordcr to olitain 
suCficielit pcrlormaiicc mainly depciirls an the ccll loss 

Tlic Ievcl of coiigcslioii is  tnoniturcd through tlie 
occupancy of thc switch buffers. We assuiiic shared 
output Fll:0 buffer, with ttircc cotigcstion thrcsholds: 
t o w  Thrcshold (i,T); Mirldlc Tlireshold (M'T); atid 
I3 igh 'I'lweshold (IIT). 

As lo thc transfer dclriy, wc h i v e  the following: pattern. Largcr riiimher oC redut&ncy is required for a 
strongly correlated ccll loss. As tne&iied -before, the 
proposed I W  sctiemt: can be easily oplimizcd with respect 
to aiiioont of rctlundnncy d;iLa per PEC rrnine, sild the 
actual Crarne sizc e w i  during a session. As t i  rcsult, this 

Propagation delay betwccn the seiidcr and thc 
rccciver is scl LO 0.005 ms, which correspoiitls to 
thc propagation distancc or about I km. 
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I W  schcnic i s  adaptive and  will bc h l e  to achieve 
sufficient throughput nntl latency pcrlormancc with 
rcasonahlc traiinnission overhead. 

I3giac 5 and Figure 6 show the Cell Loss llnlio (CLII) 
for ttic nggrcgarc video stream niitl for thc individual 
video sub-flows rcspcclivcly, wlicn diffcrait values of 
"M" iirc ~iscrl. IGgiire 7 and Figiirc 8 prcsent tlic snmc 
I ~ C ~ I S I I I ~ C I ~ C I I ~ S  at the video Slice layer (ix. Slicc Loss 
Ilatio), ntid fiinidly, Figure 9 depicts thc Ccll Trnnsfcr 
n n l n . .  raxrl.* ,>**..n I... I , .  Cl I.... 

17 ---7 . ! I  
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Figure 5 - Cell Loss Ratlo vs Data Redundancy Ratio 
(Aggregate Stream) 

l :or C L K ,  it is  obvious that the loss rntio decreases as 
redundnncy data decreases since fewer ovcrhcnd is 
tmnsmittctl io IIIC nciwork. In SLK, it is intcrcshig t o  
noticc that above some value of "M", the SI,R 
dccrcnscs with redundancy. Whcn "M" gncs rlown. tlic 
Q l  D *-mn I... n?-~Am**ll<m 
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Figure 6 - Col1 Loss Ratio vs Data Redundancy Ratio 
(IPB Sub+streams) 

The two erf'ects introduced by appcnrling redtindiincy 
tlata codd cxplnin this resiil~. Ti' we append tnorc 
rctlundnnt inroorrnation, we get more powerful error 
recovery cnpability. Howcvcr, OH the O ~ Y  Iiai~l, tlic 
appended data rcquire more dat;i to bc Iraiismitlcd in 

tlic nctwrirk, hence, coiisumc IIIOI'C txiiidwiilth. This could 
make (tie congccshn in network worsc. As a result, ttic ccll 
loss ratio increnscs and so tIws tlie slice loss mtio. 

Conscqncntly, when "M" is low, the overtiend efkct  
driminatcs. Consequently, SLK dccrciiscs with ovcrhexl 
tlecrcasc (M incmsc). When "M" exccccls n certain value, 
ilic error corrcctinn powcr proviilctl by rcdunrl~in~ data 
bccomcs i~i~ufficicnt. Thus, thc SLR iiicrcascs. 'I'licdorc, 
one Iiiis to sclcct cnrcrtilly tlic rctli~ntI;t~icy data ratio per 
FEC r m w  i n  cirdcr to nchicvc tlic bcst ciid+ncnri 
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Figure 7 - Slico Loss Ratio vs Data Redundancy Ratio 
(Aggrogato Stroam) 
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Figuro 8 -Slice Loss Ratio vs Data Redundancy Ratio 
(IPB Sub-streams) 
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Figure 8 - Cell Transfer Delay vs Data Redundancy Ratio 
(Aggregate stream) 

Asyiichmiious trailsh ol' video requires careful 
iiiregratiriii betwcen tlic nciwork and ~ h c  vitlcn cnd 
systmis. A iiiinibcr or issues iiiiist bc addressed i n  
order to tecklc the problem on ilii ciirl-to-cnd hnsis. 
Amoag tbcsc issucs is the design of R I ~  ATM 
ntlnptntion layer (AAL) tlitit providcs forw;inl crror 
rletcCtioi~corrccIioii, nntl n sinarl cell discard 
nicchnnisni for iiniiagiiig netwnrk congestion. [ I  31. 

To cope with this prohlcm, wc Iiavc proposed and 
evduiitcd a novcl smarl video packet drop sclictiic 
called FEC-PSD, that takes into account thc spccilic 
eiicorliiig and stochastic propertics of' MPEG2 video 
sourccs. This ~nccl~noistn intclligentty operates nrit 
oiily nccorditig to the network congcslion Icvcl, bul  
also in rcspcct to ihc lbrwaid error correction ability of 
the source atld destination io i+cccIvcr lost dn t i l .  

The perfolmaiicc rcsults sliowii ttint the proposed 
FEC-PSD can conccritratc the dat;i loss within tlic R- 
frariics arid tlius bcttcr protect critical vidco data (e.g. 
refccrcncetl I-arid P-I'ranics). Dcspitc of nn iiicrcnsc o l  
cell losscs, thc pi~~posccd mcchnnism dcinonstratcd an 
iinprovetl result n t  the slice Icvcl, i.c. a signiricniil 
incrcnsc of the nurnber of lion cr)i*ruptctl slices ;wiving 
at destination. A slighl increase of the mean ccll 
trailsrcr deiay toor the iiggregutc uidco s(rcani is nlso 
cxpericnccd bccnuse OP Ihc overlicnrl introiluccd by tfic 
For w a  rtl Error CO I. rcc t i 011 in cc h a 11 is in, 

Filially, tlic ciiliniiccd UBR+ service can be casily 
oph-nized i n  t e r m  of hotli nuinbcr of r c d ~ i ~ l n ~ i c y  data 
pa. vitlco frnine and data recovery powcr (i.c. ccll drop 
dcmi icc) .  Cotiscquently, i t  caii nchicvc surlicicnl 
pcrforiiiaucc with respect to the thtougtiput iind latcncy 
if the rcdiuiidancy dnln ratio is cetefully selccted. 
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