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WD 2004/ 062203 PCT/ US2003/ 030957 1 METHOD AND SYSTEM

FOR ENCAPSULATI NG PACKETS TECHNI CAL FI ELD OF THE
wO DEREAI2EN Thi s invention rel ates general ly toP€HES2003/030957

field of data comunication and nore specifically to

a met hod and system for encapsul ating vari abl e-si ze

packets. 5 BACKGROUND OF THE | NVENTI ON Encapsul ating

packets in a conmunication system may invol ve the use

of multiple queues for buffering packets waiting to

be encapsul ated. Packets at different queues,

however, méFTES NP eTYEEEN iFOR PGNP SWRATING PACKRES pri or

to encapsul ati on, also known as packet del ay

vari ation. Packet delay variation may introduce

unwanted jitter into the 10 conmuni cati on system
T RO wi it h usage of &

- ndw dt h usage of a

CONMMEMiE G@fcn€los relass ngdneralyr tohihenfieléd, of date ketrenunication and more

associated with Interne Protocoh¥élP irafficlnay
speaifieallyeo adnethediard Bistephior SBFARsUlafinge varghi CHAHBRFSPF ect

encapsul ation for optinmal bandw dth usage.

Consequently, encapsul ating packets while controlling
BACKIGROUND ORITHIE IMYEDARAN dt h utilization has 15

posed chal | enges. SUMVARY OF. THE | NVENTI ON | .

ac c JPARRHAERCk S Th? SUBHIICAURhEYSERD Ty 3% \r/i‘éer&hg geg of multiple

R ' W HhB ReasuRusl. t el e diffeddnt queues,

(Pgﬁghggaﬁgtio%q%%gggs%ﬁﬁﬁ%-size pgfkets in data . :
hovavay maya txpenien@0diffeyert ovaitdet s Prios[te gneppselgtion, also known as

cordi ng tqQ. one_e i ment .. encapsu [ s .
oo Yo iR R EBR Al VO Ml BRGRLE i o he
cofEARSH AL §steml NVIbRbY @WeRchpOrletidi heddsdias o repeat dhniques may

until certain criteria are satisfied, A nunber ?f
repat e tssbapmat hundwidte disage Ohe GowgBInIGRtieps cBpnel.  Furthermore,

encapsul ation..efficj Ci ' dat £ variabl
r SRER TP B G GO At boetutagrams of vaisbl
sigd) C@Hi%lkﬂ fﬁbié odTfRb eptipsalaciog yfoassoiciat ehdwidth tdage. Consequently,

accunu| at ed packets and_a predicted size apd arrjval. .
e el o o S S By Bation b

en ion efficiency satisfies an encapsul ation
poes‘Fg?lgaﬁteéhgéyS'thr eshold and if the current encapsul ation

efficiency is greater than the next encapsul ation
th ) b at ed packets are encapsul at ed.
32803/ 030957

In accordance with the present invention, disadvantages and problems associated

ANV

with previous techniques for encapsulation of variable-size packets in data communication
may be reduced or eliminated.

According to one embodiment, encapsulating packets includes receiving packets at
a queue of an encapsulator. The following operations are repeated until certain criteria are
satisfied. A number of packets are accumulated at the queue. A current encapsulation
efficiency associated with the accumulated packets is determined. A next encapsulation
efficiency associated with the accumulated packets and a predicted size and arrival time of
the next packet is determined. If the current encapsulation efficiency satisfies an
encapsulation efficiency threshold and if the current encapsulation efficiency is greater

than the next encapsulation efficiency, the accumulated packets are encapsulated.
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2 Certain enbodi nents of the invention may provi de one

or nore technical advantages. A technical advantage
w@booene22enbodi nent may be that the size of an PCT/US2003/030957

encapsul ation section is adjusted in response to a

current encapsul ation efficiency and a predicted

jitter in an effort to control jitter while

mai ntai ning efficiency. |If 2he 5 accunul ated packets

satisfy an encapsul ation efficiency threshold, the )

packagginmaynbodimens ajfs tHeatmention masntmovidef drieciognmpre technical

while controlling delay jitter. Anglhe{ tec n”%%!ﬂw size of an

adggagrsagd Grhnicaloadmaiase il Hag CBROMRE %6 Py

I ht 1\th HBspBh&LioCH B6krerdaBAIsEIaBY dftiency and a
eng%t%g%h&tr‘lg%t%cﬁiagl% %g\ﬂdlglgsgs satoi sfi ees a j ﬁst ear _ e
prédicpud rigeentn ahheffart ctomobmttad djitigraside smamjaipag efficiency. If the

encapsyl ated to.control jitter. t '
eV AR e brs SH90 e Mo cisuly Ripfsond, R YabRs may be
enggq‘slﬁﬂﬁé&l & hRihtsiactiRnncPasiiR) somtPylile delsnjiteri NtAmother technical
C

s to inprove jitter. The encapsul ation sections )
advantagee of enmeabadirnentomhy desbat palclajnapaciated with recetving predicted

ddi tional, capacity ..Q t 1s is. ' -
M
paRketdlhayobe lheapRiiard tot esiini Gialer. advaninages .tedimécabrdratege of an

ot her t'echni cal advantages nay. be readil ent t
entidgmentsiary [bsdthah eperpswation seftions dakeds niay b Totmed imfo cells to

odescr i pt | N heHALA intBRLEE so that wasted, or
iR, oA o T e b inBRChT
addeehs tanditnon e ceheispiveriedt i nvention and its

features and advantages, reference,i now nmade t

t
£ o1 ooy COBQISHES IS ERE TR SRR E G ot 2! The above

te%:]%]ﬁcaq%ﬁ{?%m%&.i Che M 3Y8:0 Gther ifté%hﬂ\ﬂahlcc{&fval'fthgéé%aﬂbe readily apparent to

ustrates an enbodi ment of a systemfor .
oreskipsiuh sid argfrpmcke figutes, deseriptioancag sliims instidsd befebhs ;
FIGURE 2 illustrates an enbodi nent of the formation of
cells fromencapsul ation sections; 25 FI GURE 3

Biaé @;ﬁrﬁ@s@ﬂ@ﬁm@@@ﬁhmm@s cell flow FIGURE 4 is
owchart t1Tustrating a nethod for encapsul ating
packBorsg nRirGoRBpBté ithdesstandieg of thst present isealipm gad o features and
he for i on of cell rom ti : . .
oEPIRER%s S it O RRFRESEL B0, G5! b gfpotn i
tHel Q¥ mYNRyRIAAWREZ A1 WidH: US2003/ 030957

FIGURE 1 illustrates an embodiment of a system for encapsulating packets to form

encapsulation sections;

FIGURE 2 illustrates an embodiment of the formation of cells from encapsulation
sections;

FIGURE 3 illustrates an embodiment of a cell flow;

FIGURE 4 is a flowchart illustrating a method for encapsulating packets;

FIGURE 5 illustrates another embodiment of the formation of cells from
encapsulation sections; and

FIGURE 6 illustrates another embodiment of a cell flow.
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3 DETAI LED DESCRI PTI ON OF THE DRAW NGS FI GURE 1
illustrates a system 10 for encapsul ati ng packets to
WO oronmeazenpsul ation  sections. System 10 adj usPGI/UBm03/030957
size of the sections in order to achieve a high
encapsul ation efficiency while ensuring satisfaction
of ajitter requirenent. In general, 5 encapsulating a
| arge section increases jitXer. However, encapsul ating
a small section, while reducing jitter, results in
DETVREDEDESCREPTON OFTERMDRAMRGISCt s jitter and

efficlenc and adjusts th [ . ' .
SectIGRER bilkBHeLsFYRERr Gt FROoREIHELE pongs 1 Toi ol HBsulation
secﬁi{oﬁé.c' S06¥n Sy SIBIRLOnd &ER1 ¥EShPAGKESS fi ORdderl athisee a high
ovis IS and non-real-time flows 20, 10 encapsul ates
enéfdpeulaﬁcﬁe] bffﬁmbnpyozbﬂlﬂtese}nsunﬁ@ satisdantiap | aafiitemnrequigepents, [In general,
orns .t he encapsul ati on segtio into I - :
en@qpaﬂg‘mg a lt'qg.g %@‘p 1 IqcEeases Bﬁ%rl VEI?)W.%(?I, ﬁﬁ%?é‘?%“‘ﬁgg sbrréall section,
wlﬁll%stg&tc?ﬁgeﬂttéﬂ tdduitdRt BaeReBicRhcyi B{aeani0 wbdies jiter and efficiency,
vari abl e='si ze packets. For exarrgl e, a packet may

and catijpusitss ehe gize |0F thactasapsytatignt segHens tapmedhige r{er p&hilg maintaining
ﬁ; suitable size. Cells nmay generally be associated

effict
ma

i xed- si ze packet of data. For exanple, a cel
Y SYRHERI |G LecRivD patidtsl Fopl Rblfies fiowperd andynonxpedd-time flows 20,
packét (MPEG 2 packet). Any other, suitahle Eacke

enfdpseldtes the iegeivedpeacksiste fﬁ@g, CRRAPFHAHIHSSCHPRS: ssthe %Ilcapsulation

i t hout vi at png._f. i - i nn .
L B0 IR 9. i, i ot v
dafRRmiSet differt §ikaws vafaltile-airs patkets diorregaiple) arpacket may comprise

traffic. Accordingt nbodi | -t
S sty e one-entpe e el LR Pt
asgglégaggd gfith‘é@lﬁe&lﬁsé%@@& a<t:1§t§. Wr“e%aﬁ*#%[ al Rl1(ME Bbmgfise a moving

\ 0 on . Non-real-tine flows 2 ma¥
pibtaesk uslperangrodeReapack el (MEIHE-2tpeakdt). c Anyfosher sxtiahie @ackepot fixed or

data. Flows tha; transmt other types of :
vagiablgysise R Pomas e Sl vagouy BFRalits fiopp (g concept of this
inQL Rk, real -time traffic may be used in place of or in

addition to real -tine flows 15. 25 %Ysten11Q MR .

r ec eReab-tiarpyflews { Alttaasmij peal ¢ing iraffici and pefrreaklipms) fiows 20 transmit

novi N ictur -2 .
o - ArsT R oo™ Rt Bt redtmp YRS thay comprise
a.t%de'ld}k%ﬂﬁkfe BafiQ & extnBle, Raick @htatsuelf bs coicd beertIPaVIQIP) or video

y be classified according_ to

itt t ql _ |

ontderiel 60D doiae. NeBal-Hewtlows &0 i inplage ARy ey dplorant traffic,
t ol er ant ri - - ' . -

o QLEHAL PO TP APt b aBldv b st

vdik@fhffe. orkthdrataltithe taffic may be used in place of or in addition to real-time

flows 15.

System 10 may receive any suitable type of traffic, for example, moving pictures
experts group-2 (MPEG-2) or MPEG-4 video traffic, voice over Internet protocol (VOIP),
or Internet protocol (IP) packet traffic. The traffic may be classified according to jitter
tolerance. According to one embodiment, traffic that is jitter tolerant comprises non-real-
time traffic, and traffic that is not jitter tolerant comprises real-time traffic. Jitter tglerant
traffic, however, may comprise any traffic that is jitter tolerant according to any suitable
definition of "jitter tolerant," and jitter intolerant traffic may comprise any traffic that is

not jitter tolerant. For example, jitter intolerant traffic may include voice traffic.
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30 traffic, however, may conprise any traffic that is
jitter tolerant according to any suitable definition
w@bBootjoe20kr tolerant,” and jitter intol erant tPEF/DEM03/030957
may conprise any traffic that is not jitter tolerant.
For exanple, jitter intolerant traffic may include
voice traffic. WD 2004/ 062203 PCT/ US2003/ 030957 4
System 10 includes real -ti e per-flow queues 40,
non-real -time per-flow queues 30, and a processor 80.
RealSytiene1 Peiciides wealune perdllow ufutess 4G alontieatetime gef-flow queues
fromreal- tine flows 15, and non-real -ti me,per-f|.ow
30gerci2 r3gsivn e rRWmd&r:f%%u‘Waﬁs e g B raff from real-
tinﬂegﬁ'o{;vgailf tah&%ofn'-rgé{ﬁﬁrﬁé’ geﬁﬁsﬁ §i8@ks B BufRE ohleyLEewa fic from
a may feceive fromreal-time 5 flows 15 a real -tine ,
nohlrealititha floes 126s pBadi regl-tine toee flowagueue da pegy. faceive qirap geal-time
40a. . Sim larly, each non-real.-tinme.per-f]. 3
Noreiods vedoa fibh doah Lpi HERrPoR 2o a0 bEaist URE RNy Hiue 40a
Sixg‘ﬂgﬂ%:@icht hoRrPgtinde ?&’-W URiedOB0a feckisedl al fori-bdag-time flow 20a
ocument, “"each"” refers to each nenber of a set or . i
asgmedwithehe pén-seabtibweperdiov feeusetla. Ay usedrindhis ilocpent, "eac

eal -ti fl.ons .15 be used [ e
ol P S8 3 A SR R o
reatitihé AbY 15 ¥y telisb@bh®ampsid@bleafunitéah; of mm-eel-tifdedlows 20 may
queues 40n,, and non-real- tinme per-flow queues 630nd
bermpd b Simienly, ang seitehlngumbeioplereahBpairrEHeY Fisteedly g non-real-
. queue ot her t J41C 0} i
o TP 85 By 0L SUED1BR, Hobechialfigs o o
quadél billeP Byple® of eaffict sudk ap&bick teffiqueothsr #al-tme traffic may be used in
non-real -time per-flow queyes 30. Zg(;)g Proces ar 80
plaserefgesniadditiondagsurting Brr-How dusees Hher aqnreaL s g queues
3d ncom ng packet is received at a real-tine per-flow
gueue 40. Processor 80 determines if the packets , )
accUuprotabedsSatmirtages sl endapmilgem proovssqieustanty Winnnamancoming

encapsul ation sect.ion of. a maxi sect | Lze. |f
ke IpEGRBES S AR GPRTA BTG ALU BEFOR SodtirBfngy i fre packets
adTRNLIED 28 B QLB Ber-REW CQRSO 4B Portetaar Bhoapsulatfonasection of a
current encapsul ation efficiency of the 20 accunul ated
mpeictoet sectian sigki Hthapadstsalesut deinoan efcapaylaipsysection of a maximum
t hreshol d. Processor, .80 .may .. predi :
seghioR H%5 ﬁ?%?ﬁ?rngai flet?lﬁ%m%% ¢f eantcu{érglétagg%ﬁg@?@ﬁ{: Whoiency of the
ac%ﬁlfnhfé'te%ngé/ck\é@lﬂaﬂsﬁésnﬁf eyRpaativai EffiefentpthrediwldieProcessor 80 may
packet. Processor 80 may al sg Er edi ct a next packgj .
pradict wanext i pasket osizrete dgicHBINghiEtthe ousren| pReSpSYIEiRR plisHey would
. woul d. be vj.ol ated b i t.ng t T,
PR SS AT Sl D, BN PRy T prckc
a@iﬂﬁl&ﬁﬁél tad@emahe tvhethaba fiter eqosmkint gvoubhbe viotated by waiting for the
- 40 '
nqg(g ha@e%.WT%léepl%gcsessor’SOaI?gy g&j%statlh% osiz%d fu ssetctiénhsetoq)uenjgnec%ps%flated at the

corresponding real-time per-flow queues 40, and may also adjust the number of cells
formed from the encapsulated sections. -In addition, processor 80 may adjust the number
of packets received from non-real-time per-flow queues 30 that are encapsulated to form
sections-and cells. ,

Encapsulation sections from queues 40 and 30 are formed into cells. Cells of real-
time encapsulation sections are copied into common real-time buffer 50, and cells of non-
real-time encapsulation sections are copied into common non-real time buffer 55. The

cells of an encapsulation section may be copied sequentially into real-time buffer 50 or
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formed fromthe encapsul ated sections. In addition,
processor 80 may adjust the nunber of packets

WO e@eigx from non-real -ti me per-flow queues 3PCT/I81003/030957
are encapsul ated to form sections and cells.
Encapsul ati on sections from queues 40 and 30 are
formed into cells. Cells of real- 30 tine
encapsul ati on sections are éopied into conmon
real -tinme buffer 50, and cells of non- real-tine

nodneapalcabufisr S&cduchnhatatie cepi et hoit mtedeaved moreliegf another
time buffer 55._ The cel

ey e 25 T ek S ErEAPRL A S e e
ce@ﬁ@%@o&é@g G620 ﬁrs?%ﬁ%%gp gf&@@&:ﬁ A&oPBRAg 1€ dhe i diment, buffers

suc t the cells are not interl eaved by
theedufter ofhentypeh of trafficcags e witomaieor other reésime traffic may be used

_byffer 50 and. non-real tj ffer 55 h
ingiop F o BB oo v il b e R T Pl BEBRERS

Accogling 15 BNEsE TRAMEhedlel d® Bt ohipats roalfdme cells from real-
ot her” types of traffic such as voice traffic_ or other

timehliffer Fband adr-ieel-Himy dols rewdnonsrephtige yutfeids. o ellyreceived at the

ddition. tq.real -ti buffe ' :
bt Sa) SR EE AP 150579 e 1R B spgater G0
orliBadf 1SRt Borf @@hplld, FEaleiRhd Gellk agyvclagsl with theereblufithe bufier 50 may

and non-real-time cells fromnon-real tine bqueL 55. .
beCassigned digharepricity tthen npaaralttim oglly pwspcigigdayih the non-real time

n-eal, 1 5 . : :

R 557 A SR R0k Bl et it nty i
rehEfthe tHufer 66!k SrisR 0 Aicabeihgly, tiontledl timelbuffiernés budy e sufficiently

50 may 10 be assigned higher priority th
larasrionstose deiPHed G118, HBSAFaRRITON FFUDRS Lomssbedyler §fpay further

tr?ﬂfr{iﬁ%xe ??ﬂss A1 AR HueRt 56 LiEn&Rldabtifk HUNRPH5 tRteceiver 70.
I'ne buffter I f time

are transmtted only i real -
Abybiter sGitablsphonityschaintiog detregleg maydre usedlto pibitsath btveaen the real-
55 may be sufficieptly. lLarge to store del ayed
tlﬁéﬁﬂf%rélanfliﬂﬁ%n%@é E{!i‘lez?flffgﬁ sections. The schedul er 60

may yrdAfharier apRdht10 BRaplidiss bra®s fe foreAknddpbBation sections.

buffer 50 and non-real tine buffer 55 to a receiver =
THOnumBerArfypackdieto bugncapidatpd logech yead-timesiparifinyy geensridsis adjusted
.y be used to arhitrate betwee r = 1] .
g Koo et el gl afig H985e offEmens, with the soal
oBYRluBimp Rt ﬂﬂﬁﬂﬁﬁh'aﬁh&ﬁﬁin? aghéticyt OBh@psuleneaapstioas arnformed into
sections. The nunber of packets to be encapsul ated, at .
callsc hOne smbodimens ef-the dormeptieneofells Siopmjapsarsylatipp sections is to be

response.to.an enc Lon, effiigi .
CEEF RS Bl EENENR T SR PIBY AU BRAL 8 foiver 70
Onk teh®od it & wedellt fedwn isdesefifddowitin eaferefoe mpBIGEREGN A method for

sections are formed into cells. One enbodi npnt of t
deterpiainiofyhen twnwﬂ%%@%%%ﬁﬁﬁﬂg’ﬁg Swith jTefeLence tPonGURE 4.

Atﬁgther embodiment of the formation of cells from encapsulation sections is described
with reference to FIGURE 5. Another embodiment of a cell flow is described with
reference to FIGURE 6.

FIGURE 2 illustrates an embodiment of the formation of cells 250 from -

encapsulation section 200. According to one embodiment, encapsulation section 200 may
comprise a Multi-Protocol Encapsulation (MPE) section. Encapsulation section 200
includes a section header 210, section data 212, and a section footer 214. Section header

210 may include, for example, digital video broadcasting (DVB) Multi-Protocol



10

15

20

25

30

described wth reference to FIGURE 2. A cell flow may

be transmtted to receiver 70. One enbodi nent of a
w@edo/062203v i s descri bed with reference to Fl GUREL/BS2003/030957

met hod for determ ning when to encapsul ate packets is

described with reference to FIGURE 4. 25 Anot her

enbodi nent of the fornmation of cells from

encapsul ation sections is described with reference to
FI GURE 5. Anot her enbodi nent of a cell flowis

En@%%@laltlbﬁC{WE)hheaﬂa‘f ésienSection BE@IRE16.m& algrEngude, for example,

Digise) Siptsar erh SOTMRIIH-CEtTob DS CCARS it Srcdige date 212
1n§%$a@f%§ 216N ARBGY I?gtﬂo%ese@%ddﬁﬁerﬁo&dﬂ%ﬁck&oz 16ORRY co@prise an

rotocol Encapsul ation (MPE) section.
1P Eackgtsat! ddtagrams eSedtion 20@r |2ﬂ;élmlfdsem d@e&ri Wﬁlﬁ%d@?or correction

210, sec |on dat a section fo
coé@sct.{-\gqpr gdeone ﬁ:é‘g,eqt, A sjzgs @ xanp ]v@nle s[ec 1on header

! e t%ﬁfdo P00t 869l /] 03
21&&%?% 003/ O%gg% éQlEncgpsul atl on (l\;"I%E0 hgg‘gga? Q@ﬂ%

SectAmmrdmngmnezq@qumem ssapfidatigneectiqgy 2(&(@%]3%9 rmed into cells

o ol D Y A TRB A ORLAR, SPEMRgcr 0. con

heAG&G DI Ay hféhﬁl@efcﬁ rﬁ@@xﬁpmeMPE@aqﬁcpameederzmea n@yll footer 230 may

conpri se an acket or dat Sect f
inciage.i s Fxeiapler bTERAnpIcRe! picoragor PABOHbAAG RgUGEIas MPEG-2

Q
0 TR R e T S
20 byt®sdingne oge @fﬂb@ﬂuﬁdﬁ@tmeﬁiﬂsv@mn sf:cinone&@(hpiag besformed into

bytes. Accordi t
onssaste Bonenial oHls T niLF G BB s ipay be loaded

wﬁé%l f %9 %)?QFO Oge%ge? bn PRBdE" 16%2 Bell QS@@Yﬁz@age 28Hded afich @ continuing

header 220 may include, for
padanpl ctidPE®, 2npackd 250emde be &.taitiad withla lagt portean gfzection 200. In

gegpg{aé c%ﬁ%"ﬁ@'gﬁg gég Or%ﬂ e n%)tﬁ]&gy Wé@ii e aé%@&?énogat%ﬁ&%mo has been

SntePEEOHAL BOofe SR BDodicERAhg tol&ft @M‘b(ﬁﬁment a cell 250 loaded
cording to one enbodi ment, an encapsul ati on _sect

w2B@ lastypdogorf of m@nwpsuiau@n secgpn 269 anayeigglie agitionpl] agpacity 280.

B AP RS B Bl G 0B Y compsn

séefbh dARR6ERYd RRULIbR ?&ﬁ&s vil 4 s Bagahintathiengybad pérel 250c to form a
of section 200, and a cell '250¢ may be | oaded
loadest p(p‘@pn 06 theq?ayw@ltwﬁ Tty last ﬁort@@r?éﬁéioes aef ﬁﬁnﬂ%ﬁﬁpamy of the

pagfi%a(c{) %g?ﬁ Rat Galﬂ%ﬂwl a>g6 E}% .‘Z%O  ABwERGARSH B0 BBy be formed in

een into oné or nore
aBebiter Bﬁ%blé\ﬁmhéh ngot exmqﬂe earodich remttodiraerg edfl fopding cells 250 is

dcles(c):falgeeddwﬂh reference to FIGURES 5 and 6.

FIGURE 3 illustrates an embodiment of a cell flow 300 resulting from the
formation of cells 250 as described with reference to FIGURE 2. In general, the cell flow
300 may include cells 250 ordered sequentially, consecutively, successively, serially, or in
any similar manner therewith. According to one embodiment, each cell 250 may include,
for example, IP cells or datagrams 240. In the illustrated example, a last portion of cell
250c associated with datagram 240c may be followed by a first portion of a cell 250d

associated with datagram 240d. According to one embodiment, a cell 250c may include

additional capacity 280. Additional capacity 280 may result from the formation of cells as



with a last portion of an encapsul ation section 200
may i nclude additional capacity 280. 1In the
w0 kdoywen2es ed exanpl e, a | ast portion 245 of PCT/US2003/030957
encapsul ati on section 200, conprising a 20 section
data 216c and section footers 214, is |oaded into the
payl oad of cell 250c to forma |oaded portion of the
payl oad 240c. The | ast port7on 245 does not fill the
capacity of the payload, so cell 250c has additiona
ill6sked ih FIGBRE t‘bmmrllluﬂﬁltécse)@ﬁﬁﬂmweﬂéldm Bﬁ@domtaini@gdditional

ot her suitabl e _manner. For anot her enbodi. men
sy Cobisiza ey Ga8e PP ST RPEraRBREa G 4 cell flow

306'1%:3R ?l ? O%é tﬁﬁ%&??edgbéﬂﬂle%'érl%@ Bfagliaodior RNt next IP

res Ing fromthe formation of
daetdrs 226@ asll cﬁlfem30(hmdy\hﬁtf¢medflaraem other suiRfbimREnper, fay example,
general, the cell|l.flow 3

g@reé(gl%%rﬁdﬂg}qnﬁl capg g%ﬁfﬁ,gnd g%dﬁ%fitg ggtsere&%g to FIGURES 5

i grially, or in any simlar mannertherevvlth
ccording to one enbodi ment, each cell 250 naﬁ )
i NCIRIGEIRE #os a ﬁmwnimrel,lluls@atu@l anengodiraen @ armethador epcapsulating

the ill edea a | ast rt|o
Em{getgsg‘g@-faﬁ%\am% nay naez?rg nfezzge% to mapy gxfnf gaﬁullati%gns described in
thé‘eidrﬁﬁtes PREkdteDwath réfefepbd toZJ;-EIQHIRBaSOCI ated with

dat agram 240d. Accarding to one enbodinent —a ceH

Pa:iirﬁdenay Pafinitide  addi tl onal capacity 280. Additional
n capaci t y| 28l maybares udal- -tifrecamd tnioe-ré@rtimae flows.of cells as
n, VO 20047 DR2203r RGEAILUHRO03#930957 7 illustrated in

o T CIRE ZINLRLENST ddnl el ik gdwexanpl e, a cell flow 300

n(;x :le'ail" QEP}&% ] 1!1&P§§5168@}pﬁ)9 L ¥t Fom Ay TR zo 'Bg!e'ﬂ%t'ﬁo%dt 0
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Sia) Sl(_]) - Usize (191)
Sfinter Forgetting factor for updating Winte:(i, J)
size Forgetting factor for updating Psiz(i, J)
Tym,r) r-step forecast for the inter-arrival time of the ith flow, starting
form the mth inter-arrival time
Si(m;r) r-step forecast for the cell size of the ith flow, starting from the
mth cell size
a, (m) Coefficient of the autoregressive(1) model for the cell inter-arrival
time in the ith flow after the arrival of the mth cell
o, (m) Estimated value of o, (m)
B, (m) Coefficient of the autoregressive(1) model for the cell size in the
ith flow after the arrival of the mth cell
B.(m) Estimated value of (i)
Ormax Maximum number of bytes of an encapsulation section

Orr Number of MPEG2 packets in the real-time buffer at the current
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77(% Encapsul ation efficiency for a section with an x
-byte payload 71 opt Optimal encapsul ation efficiency
wQ 200k06320F eshol d that defines the m ni num acceptHDE®03/030957
encapsul ation efficiency for real-tinme traffic 11
Threshol d that defines the m ni num accept abl e
encapsul ation efficiency for non-real time traffic
Sot Optinal payl oad size fof a section TTO) jth cell
inter-arrival tine in the ith flow Si(j) Size (in

bytes) oftimbejth cell in the ith flowinter (1, j)

Qg,wr( nentl?ﬂeh&tmlﬂtﬂeedfwaﬁ@zmnage of Ti(j) ItSize

Ev naoneantd

g R e cerneat by Cells CPIE G ARy o1 o )

dnter For g%ltefilcﬁﬁgl alitet Q1 piger O&Egg’%‘ifﬁbmﬁ’itaé‘ilﬁ\i tmﬁs T
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Rety " st P BIPRETats Ol (e Eicebil] bt Ay & Lrme o The TN

Rigj (i n: o) Peakdfipy reig o the jthy SRS 1y e et

ST aow. st ANEmbEr ot bykestindhe ih perdlgw qugusct a.gmen\tlme  Stant

%o f i ci pPtedisted tiucfiSheaftesseoends) mdel for the

Sttel ), i nt pRizabf theahost récert dell to aeivietfrom Hewtlaflowin s¢pends

S@rrival Dprddit@edThie ©Flthe dukdudmstinpbailal ahteerabfn ahe ith
(| n) 131 MwiReeldhgs ent of the autoregressive(l) nodel

J*gq‘,fr'mfthgemt“ah%atf thé‘ PHI%%‘@ Cle%ltrr:gl{téer g:{ Ltgﬁ% ]{u{‘ %f{tl'r%ﬂw (in

SCCONA
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Taction (REEd
buffer a ﬂPWe(lka‘FP?lﬂﬁ? WD 2004/ 062203 PCT/.US2003/ 030957

OO U U0 UOUII

B e | Arrival time of the first bit of the kth cell in the ith flow

t(’)smﬂ, 7 Arrival time for the first bit of the last cell of an MPE section in
the ith flow

t(’ysm,.,, 2 Arrival time for the first bit of the first cell of an MPE section in
the ith flow

Y finish, 1 Departure time for the ﬁrst bit of the last cell of an MPE section in
the ith flow

¥ finish,2 Departure time for the first bit of the first cell of an MPE section
in the ith flow

7 j(;zish’z Predicted value of #¥ fnish,2

W 7Y, +850, /R,

Leurvent Current time at the encapsulator

m l(ajs)t Index of the most recent cell to arrive at the jth queue

In the illustrated method, packets are received at the per-flow queues 40 and 30
from real-time flows 15 and non-real-time flows 20. As an example, a packet of real-time
flow 15a is received by real-time per-flow queue 40a. In describing the embodiment of
FIGURE 4, the term "per-flow queue" refers to a real-time per-flow queue 40 or a non-
real-time per-flow queue 30.

The method begins at step 400, where a per-flow queue receives a packet. The
method then proceeds to step 402, where the size of an encapsulation section including the
received packet is compared to a maximum number of bytes Ouax of an encapsulation

section. The size of an encapsulation section describes the combined sizes of the one or
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Qpred (t) Predicted nunber of ORT after t seconds RT
di Worst case jitter experienced by cells of the ith
WO b@woe20Pr edi ct ed val ue of di after one (futuP€)/us2003/030957
inter-arrival time D Jitter requirenment for the ith
fl ow Rencap Qutput rate of the encapsulator in bps R
Peak input rate for the ith flowin bps ~ tot Nunber
of bytes in the ith per-flo% queue at a given tine
instant ~ tot(x) Predicted value of tot after x
méepacidss Soredut tenperFiave qafuet Hecconling teomembalimenty the maximum

arrive fromthe ith [ d ) _Pr.edict.
nug}bgé obbytes, &;;scl}g@’;%éé(ﬁoq?vgﬁ%sgr i glfq(,) qrf%/eg? - ﬁteg?ea‘)}(p'gl‘lla{loﬁn %e%élglq exceeds
thé ihxidhb@Wnifib&e6e 'B?tl%s "0SURLERBlatddUvithi @B S¥r-fldWe qiesd, the method

recent inter-arrival tine in the ith flow (in
pre@edntbstepedil6 Breadipstlett thepeikiat-of t he subsequent

inter-arrival jinterval in the ith cur i

secg[ﬁa%ﬁ) sigg s &eaﬁ:qceps)ullaﬂ,ppi sofor| fiobs o ShE fﬂlﬁér gxt‘%céjlhl{}n pmber of
bytde OKI hasg&dibtell Nwith €hd tplr-flb@vglidie, Shdamietliod\proceads td seep 404 to

for _fﬁcef first bit of the last cell of an MPE section
detenminehaf jat hurrerswenoapsation, sffigigncyan () el fitsr opmePtr pjosg packets

bit of the first_cell of an

£ . : .

acuBUatsg 3 fi BF O Bedbe (PEHna 5t (RSR-r o gpichgy sep 404

de?é}ﬁliﬁﬁsig aG&enCin APsitfonSaREREy iy ) ishstiek fa feblotimb encapsulation
tnish,2 Departure tinme for the first bit of the first

effi6ikhcyP R dMPEy Sesit hOfon-tel tthee ichbapshiadon dfficiBneditatddld n,,.
val ué of t finish,2 finish,2 T T'ex + 85 next | R

AbMing s ofdIsmBsdimkhiyeheaturichiecreapsafrsioh afiiciency may be defined as, for

example, the ratio of a number y, of payload bytes associated with an encapsulation

section comprising one or more packets accumulated in the per-flow queue to the total
number of bytes of the encapsulation section. According to one embodiment, the payload
bytes refer to the IP-traffic bytes that generate an encapsulation section. Accordingly, the

current encapsulation efficiency may be described by Equation (1):

n(x)= W,for 1<= y <= 4080 (1)

184

where |"| is the ceiling function. Referring to Equation (1), the larger the value of the
number y of payload bytes, the higher the current encapsulation efficiency n(x)-

However, the trend may not be monotonic due to padding of unused bytes in a cell. For

example, the optimal efficiency m,,, for one embodiment, is achieved when

numbery, =S, = 4024bytes, as described by Equation (2):

1, =max 7(y) =1(4024) = 89.66% , )

According to one embodiment, real-time encapsulation efficiency threshold 1, and

non-real time encapsulation efficiency threshold m,, are predetermined encapsulation

efficiency thresholds associated with a corresponding real-time or non-real-time per-flow
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MmN | ndex of the nost recent cell to arrive at thejth

gueue tact In the illustrated nethod, packets are
WO e@eiogxoB at t he per-fl ow queues 40 and 30 f rBOT/US2003/030957

real -tinme flows 15 and non-real -tinme flows 20. As an

exanpl e, a packet of real-time flow 15a is received

by real-tinme per-flow queue 40a. In describing the

enbodi nent of 5 FI GURE 4, tlHe term "per-fl ow queue"

refers to a real -time per-flow queue 40 or a non- o
quéRIredpicotveder - Ah ancapselatioB Gfficieynthrésbdldegiyndesatibes pepimmum

400, where a per-flow queue receives acket . e
accna@tab&mertqqewlﬁ%c@"éa@n% E@reeam% t%@i?‘lég Pﬁ@‘&?@ﬁ B WRY be set

PO A0 0 SRREIAE RS- &PomgH SECRaipBR ffiency n0)
| at.i 1 i i f ti
oS BB oLl o the SRR R0 puclay Vb £ BAGRRACR! NS current

en@RdhA6R 28%idACY/ WEZP B DRASEWitR ameneapsalelien sifsiancy ghreshold to
at the per-flow queue. According to one enbodi nent
deteminwaifi the rancapsutaéion fffibipness t ldvhgs beemedfisgt elf the current

o R BBl 1 ST TR, sl ot s

4088tz i NG OMBHR s 1 Qe BL(MCvaiPfoR GiRattt backet.ep 416 to
encapsul ate the packet. 5 |f the size of the

h : ,
encdpsthe acuremt sesepskation esfiivisnoy atatishics thie chggnsHighpn efficiency
n r . of e , i.ate ' t | .
BT S0 B A 8 AR «

entdpsalatibh kiticrRyeapaUeat paskeedrtival timey AtZ¢ndjngolb dnieeentiodiment, a
or nore packets accunulated at the per-flow quei(e o cludi
nexhenegppation gfficiancy graspe |a§p_oqappdg‘é{ﬁg rOfe, OLSGEE B ets including a

prgcﬁ%tgﬁ MRESabiket a?c% el QPQ?%]?H{@J | ABuET nCi@NNsiAbd Jexample,
satisfies a real-tine encap ation 10 efficiency .
prédictasghik et erchpslatmnrabfieiedyl conpriseepedipsing atieshpacket size. The

efficiency thresho/d 71 "rt cording to one
neghpRsYPEHYA! thRisch pletrd t@ﬁ’&%‘%ﬁ%ﬁ'i on efficiency may

be d&&io% o 5 orleCémb HRETR! Stepd 66 k! VLD hredcdlbiiied, for example,

of payl oad”bytes associated W th an encapsul atj on
usirect faonrstonpoceiung  Aneordingrto raotharkebedimert, pradigting 4 pext packet
.the per-flow queue to the total .nu [ 1 .
sigrmoRedpul s frgrecid et b BapdiP oSy B HERPL procedure or
arlsr'mH&i P &ddurd RtapRylooRserbfe Y tpeediéted @aluk® of Beext packet size and a

P-traffic bytes that generate an encapsul ation

nexépadkenarriggldoneli ngly, the current encapsul ation

gg;i lgoirge%%%?ire% ?/ste%g r4%§Sa%§|@%§ng48§g}é?%nq& {111‘2h:e f%ﬁo&/gl)g manner. A
predicted next packet size S(j), used to calculate a next encapsulation efficiency at step
406, may be associated with the size of bytes of the jth packet of the ith flow. Similarly, a
predicted next packet arrival time Tj(j) is associated with the jth packet arrival time of the
ith queue flow. The exponentially weighted moving averages (EMWAs) of Ty() and S(j)
may be defined as (i) and Pz (i,7) given by Equations (3) and (4), respectively:

L (o 7+ 1) = Fiee i (o )+ (L= Fie LG +1) 3)

Moo T+ D) = [ Mo (G ) + A= e S+ 4)
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184 20 where r.1 is the ceiling function. Referring to
Equation (1), the larger the value of the nunber x of
w@aotoeatobyt es, the higher the current encapsuPEr/US2003/030957
efficiency 77(X). However, the trend may not be
nonot oni ¢ due to paddi ng of unused bytes in a cell
For exanple, the optimal efficiency rjopt , for one
embodi ment, is achi eved wheld nunber x = Supt = 4024
bytes, as descrlbed by Equation (2): 25 770p, = max
WHEEE Bzer anxyﬁge(bzé,forgetﬁﬁg 6689016 Hat dgienning |t]1rﬁgdqgequeadaptlveness in the

enbaqdi ~real -tinme encapsul ation efficiency
esHpAEeh T@eﬂovﬁg APe%Hon-real tinme encapsul ation

ef fi £tRRGiNg E@Bl@é&ﬁb&’dlﬁﬁaﬁb iHe k€ eiiapélgitesnndMedncy caloulated at step
encapsul atl on 30 efficiency thresholds associated with

4% ok thespedidiiony of eakt paciet arivabtime calciatek abstep (40§wmpp include

4/ 062203 PCT/ US2003/ 0 |
8 AAgaU St e BRE PRALy eros iR BT b ARk cXample, an
arﬂbﬁ'tﬂﬂghef{%hﬁc%oxhw bbe n@‘cf&'é?ddgd# &dfirie efd) £I]§0)c>y;,lmtf@ rj) and a packet

exanpl e e value of threshold il rt may
sizpgetooticomiayl be modBeYby defirsugrsef)i=z &0t Bpz. 4?011); wénem@)emd si(j) are

encapsul ation efficiency r . packets recei
nRPaHE) FaP-TFomPRELBN SO ArieS 0 PR ERRRRE B (Lo according
to-lc-)lﬁg cfitbh gﬁﬁgnt SYof BEARSHE %E(i[&ﬂp(%f(ft g/?' RACY 1Y dnd) (siD : j=1,2,. ) may be
npared W t’h an encapsulatio f1 ciéncy thr eshol d t
otﬂﬁh&t atdoeding to he enaagssdivet m(»deleéif owieenoy (AR(B3 h’uthjtlme -varying

has .been sati sfie [f. th nt encapsul ation
c qu?ﬂt%?’ﬁ: S%@Wgﬁq‘?ﬂf’?% encapsul ation

ef ficiency threshol d at step 404 t he net hod proceeds
to step 420to |t for f the

current encapsdl 3n ep% gnkgncy @'afllljzﬁt‘l ég fhe ®)

encapsul ati on effl ciency 10 threshold at step 404,
the nmethod proce@ds])toBgkppe) 4Qp: (4rd)408L20. predict a (6)
next encapsul ation efficiency and a next packet

rriv |y Acc 0 n
B et T 4T REEuRE G oSO Re BB Sarka G ha sgauence of
indBsRdARCKektfeall P Wistebitgd &eropﬂheﬂi ednddmneasiabpacdethe noise processes,
accunmul ated at a per-flow_queue. In the illustra

aréb«araﬁrif; arepyagignesTelajed prefieignts ©f é%r-’pgcuﬁeam%?ﬁ;é% fl g@i gﬁ?ﬁlmg of a
Seﬂﬁ% Cla (3 |§/egf%n?l%¢r\[:igpg a{& 'I%g%lg%p? ??'%1? %;J;t del ay.

Acc OAd idiguésed @ne/iaushg dheﬂpfiiilctai sips o 0 waxd pdd&t BB and predicted
e Dot g PbIIAGHHGFE ribBRnL oG 56 405 BSRERY ey For an i
p&gﬂj&?hueue flow, where i = 1, 2,..., n,, and j packets, where j=1, 2,..., m, and m is the
index of the most recent packet to arrive at the encapsulator, the predicted values of T;(j)
and S;(j) for j > m during the r-step of a recursion procedure are described respectively by

Equations (7) and (8):
T,(m;7) = (&, (M)); (T;(m) = Higer (1)) + P, (3,71) (M

S,(ms7) = (B,(m))" (S;(m) = 5, o)) + Py o) (8)

where the adjusted coefficients d, (m) and ﬁi(in) are obtained by minimizing the mean-

square error as described by Equations (9) and (10);
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size and predicting a next packet arrival time may be
obtai ned by an iterative procedure or any other

w@e@aeed2oe suitable to generate the predicted REl/USN0DO30957

a next packet size and a 20 next packet arrival tine.
For exanple, steps 406 and 408 may be perforned in the
follow ng manner. A predicted next packet size S10),
used to cal cul ate a next enbapsul ation efficiency at

step 406, maybe associated with the size of bytes of

the jth packet of the ith flow Simlarly, a

predi ct ed next packet arriwalb, ti. T1Q) is associ ated
with the jth packet arrs\i jh?‘ir?é)?g)g‘]%ﬁe 25 ith queue (9)
flow. The exponenti &%) wei g eqpﬂz i ng aver ages

(EMMs) of TtO and SAO nay—be’ ined as inter(i,j)
and size (i,)) given by Equations (3) and (4),
respectively: Pinter (I, J + 1) =inter f'a inter (i,

J) + (1- .ffinter )Ti (j +_1) (3; 30 Psi--e (i, j +

1) = .ff;ze stye (i, J%) D (1S Iz S| (j + 1) (4

WO 2004/ 062203 PCT/ Ustm 3roé§ﬁ?7ﬁ—where ff,tter and10)
ff ize are forgetting factor ;Jf%t(lheterm ne the

degree of adaptiveness in the estimation of the

novi ng averages. Accordi ng to, one odi ment, the nex
encaf$ lHr%\‘flP‘bﬁ%Y &F?qﬂgﬁin&?‘ 1g5§ta'5qc{;{n§ﬁ1%§t MaY &5° 440 urasllr%% Procedure.
Atc&)?d{ﬁr ety Cgl'eogmgf)di I BRCKELs®RA M dokdticibihine:, 6A) CMbptiRd generated
at s gp 46’, may I nclude 5 nodeling a sequence
re_%ﬁ]i%ﬂfeﬁ} BntRn@ R ndil SIcREr RESAIMEN SRS to bB prdticted. To predict a next
I'Tlustrated exanple, an arrival time sequence may be )
pabee hetvabyindedallad fgr ¢tvitef) 468,Ti Walne-foPidhra) @hay by Yletgrained using
a packet size sequence may be nodel ed by defining
recaisig)e varigbles Yi(k) Bmﬁie(kl pg dofinedap EauetiqusY 1 Braaddid) are
normal i zed, zero-nean, packet inter-arrival tines and
si zes, respectivgly.x Thus, according to one
ermbodi ment , Y,{lox each T,(/ )¢+ euetced HE (R)Tj(F +1) (11)
j=1,2,...) and (si(y9 : j=1,2,...) may be 10 obt ai ned
according to an autoregressive nodel of order one .
(AR(1)) with tinme-varyi coefficients as described

by Equations (5%;G@nd £6)2 %0k 4 ky B+di (fk)zi (k) + (12)
aiE (k + 1), k =1,2,... 5) 15 Si ((k + 1) = Pi (K)si
(k) + 4i8 (k + 1), k =1,2,... (6) where ai(k) and

wihdie( fhp rastep prieditivanydyriss ceihed osiegtiss fofleWing pjocedure once the mth

1,2,...1 is_a_sequence of i pendent identically
Htﬁaévfrﬁmﬁl%&f@ﬂthfé%%@Wé‘ﬁtlmﬁﬁ%%‘fﬂ%d@ﬁ abl es of the noise
processes, and a i and ~i are variance-rel ated

coef fﬁo%ﬁf‘!—h% of ,tnhgonoi se processes. The nodeling of a
f Ce} c ﬁ ﬁ ? g ﬁ 2 gﬁlit?ﬁ%at*%()én) pﬁ{"tfep ﬁl%\%? bi@e Fhok p@&e?,rcﬁg ressive
L(57) = i (D =T, )
Y, =0
Z, =0
(Recursion) For each subsequent cell arrival, m, do
Update EMWA: 4., (5,10 = ffiyor Wiger s =D + (= oo )T 07)
Y, =Y, +T,(m-1)T;(m)
Zi=Zi+T?(m—1)
&, (m)=Y,/Z,
T, (m3 ) = (@, (m))" (T3 () = i (s 1)) + My (71)
End-recursion
End-for
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As di scussed previously, the predicted size of the
next packet Si(j) and predicted next packet arrival

WO 2ove/0d220) are deternmi ned at steps 406 and 408PCT/US2003/030957
respectively. For an ith per-flow queue flow, where
=1, 2,..., n, and j packets, where j=1, 2,..., in,
and in is the index of the npbst recent packet to
arrive at the encapsul ator, 13 he predicted val ues of
Ti(j) 25 and S10) for j > in during the r-step of a
recursion procedure are described respectively by
Equath®p@edicipn an the(&)(t eﬂaapéuldi’tionr officichi@i at(step) 306 a@y be determined
(in) - ,tinter (i, + Pinter

uiigha sm}ﬂaas rgwrs(lplmnjqce@gp Qppe th q:gqeéléti? % Ayt egca;pg}ﬂzwbon efficiency
15(86(56%19}16%,%)6 WBRLE 118966391 tUsgt%Sj A0efdf 'dgﬂeler@itn% &l thei frbdicted next

are o al ned nim zi ng the nean-
ergpalioar refficiascyd %:ceedsedﬂldaycdfmuat erapsul@jonareffi¢ien)y previously
WO 2004/ 062203 PCT/ US2
dqterymned atﬁt% y éu%%pgg%)zoé lj?eslief(t 6]1(58{)515.} t%lorie%'ﬂctenﬁg is lower than
th cTilremd e fatfohn_ cFfidibndyl e Mettod précdeds to btep 416A8 late th
prceV|eouslfdag%1eascr |eb 1‘3’} 11tyle PT usot rpgtced rre(% htg% may ueélgapziuae ’
pzrokeﬁsrammmlpﬂedataﬂharper—ﬂow(cm@mjl ng to one enbodi nent, the

adju d fflClent cZ be. geper afed

rec uf ﬁ\?ef“?‘ e EAPTHHHO, eﬁlgck%ncﬁal klélgh% E}a{}a{h%t PHEeTS (iapsulation
efifiRichey,Hhe Fh&h &P probeedRr 8 thité) 482 ReUttedRinpabk ekperiadi ddy associated

time called for at step 408, a value for cZ (in)

with r@wmg.theme&tspar@cet r é@dh@s iNustroted i phed, tekexpasiad Golay may be

dGH) s s R j(ll:[]eegahti%/ F&Qadﬁﬁgerg%e(ﬁe%&fee?kﬂﬂerﬁéﬁ of %Yﬁi%hacket at the

eﬁca%sdlﬁﬁr kndlthe dd1ak of thembixPpddkpt. A cBordikg tolgnetenibdidupnt, when a first
=1 where the r-step prediction may be obtai ned
p@p;l;phwﬁ%atf the |egqqpﬁwgla‘f9;,ot@§ digrecofoprainal; gfdheigst packet 1s noted until the

value is updated with the time of arrival of a subsequent or next packet. The time of

arrival of the first bit of the kth packet in the ith flow queue may be represented by
t9 (k), where k=1,2,..., and i=1,2,..., n,. The times of arrival and departure for the first

tart
bit of a first packet may be represented by t(i)smr,, ; and t(’jﬁ,,,-s;,, ;. Similarly, the times of
arrival and departure for the first bit of a second packet may be represented by t(‘)sm,.t, ;2 and

tmﬁ,,,-sh, 2. The expected delay d; may be defined by Equation (13):

d, 2 maxf0, (9, 104 )~ 69, —29,.) 13)

In the worst case, the computation of d; may be performed after each packet arrives at the
per-flow queue.

To initialize the process of determining delay d; at step 412, t(‘)sm,.,, ;= t(i)ﬁ,,is;,, ;=0
and z‘(")smm 5 = t(i)smrt, ;. Subsequently, when an encapsulation section is formed, the value of

t(’)smm 7 1s updated and used to update 1Y Jinish,1 as described by Equation (14):

Q 4 |>St(ot) Sc(:(rrent + 20‘}
RT

,- gs®) 184
tf‘b)zish =1 (tt)zrt 1 + ;;rrent + R (14)

i encap

(204)(8)
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measurenent for the last arrival time is avail able: 20

Foralli=1,...,n,,,do (Initialization) After the

w@eoouwed20f the first packet, do Ti (I|;'") = PCT/USI003/030957
(i,I) =T (1) Y=0 Z =0 25 (Recursion) For each
subsequent cell arrival, in, do Updat eEMM

,wnter(i~"n)y=/Jinter~~inter(i,m1l)+(1-ffnter)T(m Y
=Y+T(m 1) T(m Zi=zi +T2(m )14 di (m =YY. /Z 30 T (m
r) _(ai (m) r (T ('n) - Pint er (i, M) + Pit er
widre §@)s HENQrRCHIAbE BB thd/Bardliidq 062 Q3) s the size of the
PCT/ 52003/ 030957 13 Thé prediction of the next o
m&RGaRat badlicoto efrfvieci@nalie ah wi-dlovwAQcurpR; bethdeteek mataexl bits per
using a simlar recursion procedure. Once

t he _
 separeldicthe gh Tr. ety 16 M550 HPP GRCARFYIATT ShERs, apd Orr is the number

of%gl%%{smape%dce}lts E\‘Etﬂé@%ﬂgﬂx&? Eggﬁ&g %111519&: &) 8Pné ligqet &F computing t(l)ﬁnish, I

m ne | e pre ‘next” 5 encapsul ation _
A&bfdiag e aye enateeiitncith eineuleny nemychp gahattedrby, for example, using

CxPERGHOR 1) 4 e oK, 1t ah CBRUI O DI 1 P i gf the first
palrcrg%{ﬁ% QAN A AED & CHTch N at B GRBTH ﬁfcilﬂﬁlgle{hﬁiiﬁﬂsteﬁéb‘kct {sh®rmed, the

proceeds to step 416 to encapsul ate the
vapackfatse dbgunisiptisad.at t he per-flow queue. 1f the next

222 ggétgqlng%ling}hg g}%liai :dfe qr}ﬁ/aéx:atgv? hgﬂ 3{ .ﬂ:t%qh % g%jltn%? 5ééagugrr gcﬂ% Brediction of
. 412 i . 1 el : )
tn\aﬂé ?ﬁﬁn{s]ézc e | \/ |e ﬁ%te@%{egh ﬂ\ga)l(]%éq gg?é%teg 1 e”%l’z ?IE é@IY)F ﬁﬁ?}?fr:‘egta {gggs ! finish,2 and

: . ted delay may be defined as the
déggg%%ﬂytye]g@%flgé@'the di fference between the del ay of
the first packet at the encapsulator and the del ay of

the next packet. According 1o pae@ndydo , When a

first packet apki e, ab +t%ﬁ{é) %%&téa i Z(t u?ﬁ@t he time of(15)

arrival of the first packet is not ejgencemti | the 15

value is updated with the tinme of arrival of a
whétbsequent or next packet. The tine of

o def . o)
w® =10 +—~8§’ext (16)

next
and O°rr(?) is the predicted number of cells at the real-time buffer 50 after # seconds

from the current time 7, (Q,’;;ed (0) = Opr ) The predicted packet arrival time 7%, and

next
the predicted packet size S et of Equation (16) may be obtained from Equations (7) and
(8) as previously described.

To generate predicted time 7 Jf{;fish,z in accordance with Equation (15), the predicted

number of cells at the real-time buffer 50 Q2 (W®)may be obtained from Equation

17):

n | SO ® R _w®
S )+241_ a7

07 0) = maxi0. 0 + 2| = QonE) [

Jj=1
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arrival of the first bit of the kth packet in the ith

fl ow queue nmay be represented by tstart(k), where
w24/862203, and i=1,2,..., n,,. The tinmes of ar€T/V81003/030957

and departure for the first bit of a first packet nay

be represented by t(i) start,] and t(t)fttish, 1.

Simlarly, the tines of arrival and departure for the

first bit of a second packdt® may be represented by

t(i) start_2 and 20 t(i) jittislt,2 The expected

oAV duinul
) ST R AR i

qu(eﬁ nfpﬁrdeﬁ%ed by 'Ea’ﬁétlons @ 8)(tﬂ1%)1g}ﬁ (2Hhe worst case, the

utation of di be perforned after each packet

arrlves at the 25 per fl e(u)e To initialize the (g
process of determ ning deﬁgg‘?qﬁfl’ma step 412, (18)

t(t)start, | :tO)f|n|shI and t(Gstart,2 =
t(Z)start,]. Subsequently, vvhen an encapsul ati on

section is forned, thev ue of t, A i )
whepeltheaecusign yaable & ﬁﬁ% etsw erg%‘iq‘é#a% é%s %ﬂé?ﬁf"i‘ e
by Equation (14): SW Qurrent + 20 tot - S(n) 1 /1 °

RT + 184 30tf|r,ushl - st/rt,l + current + (14) R
Rencap (204)(8) %pﬁmwszgrg;yuggmg@psogw 14 (19)
where Slor is t urrent nunber of bytes in the

per-flow queue, S~i)re"t is the size of the nost

e? {1&2(}15 ‘a{ekihge:?%f tIh% ﬁ%)_g{ 1%9%1& ?Ecl%e% B REYe i QWA H&‘e

second of the i
fl OW sRACARBbleat*Ghay Be, ki@ﬁexam le, the
and &@?@E&%gﬁ%ﬁﬁﬁo&%ﬁ Qigenfceggrsul ated cells }lbn t he P
largestlinteperghptesatifficoiqyaeoe(2dd at the time of conputing
t(i)fnish,| 5 According to one enbodi nent, tine
t(OF,tish,I may be generz-)lted by for exarrple usi ng

expression t(1)start, (IR, if it is (20)

conputed at or after th "”’ of the first packet

arr| ves. After the encapsul ati on section including the
cket for

for any pOEl?lVG Coal Value s neber tt hﬁms using Equation (7) to obtain predicted time
j}(r71,‘£;k) and manipulating the result into Equation (20), a recursion function r(z) may

be obtained as described by Equation (21):

t _ (Tj = Higter (])X&J — (&j)r(t)ﬂ)
Hinter Hinter (])(1 —dj)

() < 1)

Finally, once the recursion function r(#) is generated from Equation (21), for

example, by using an iterative process, recursion variable r* may be obtained by

substituting time # in Bquation (21) with W@ +¢,.., -t

start

(m) so that a solution for

SO WD) may be obtained from Equation (22):

tot

3, -4, y)

+7* P, (/) (22)

j
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value of time t( )start,2 is updated. Deternining the
delay di of Equation (13) at step 412 may require the
w@e@dioe2pdn of 10 time t(O ftnish,2. The predPCT/882003/030957

value of tinme t( )f"ish,2 nmay be referred to as tfuisv

z and described by Equation (15): t (i) _t + W(i) +
QRT d (W'"))(204)(8) (15) finish,2 current Rencap 15
where: def SS(°) WNV= T (i)lhext + next (16) R and
QPred T(t) is the predicted nunber of cells at the

f O af t S 16 Y774 ¢
WS IR B0 8L b, Ao pRQu B $707)

fop E efl]eéj %‘C%%lu%rﬁ)f el %é&%d-'fmrm‘&ﬂ @f ki€ aPiRdesIti@de buffer 50

A ext of ‘Equation (16) may be obtai ned

Q QW‘ Ey uhadyl B 8btlaihed drgin E(qﬁ)tlcﬁs(lﬁb end thiséfpraesdeliybkd accordance
0 generate predicted tine t f"is,,,2 in accordance
wxbhEhuthma(ﬂB)cme@))btatnhé predi cted nunber of cells at

1E ?g ok _@P{ﬁ?mb%% S(tf €p @:{1 %1 E?tl%l r?fg f %de?@lgﬁ&ﬁﬁtgg gvnih waiting

fok a}le)ﬁ cket 89 Gl ftfor Houndsl 8Ane(j204)boBhds mhpcoMBlise a predetermmed
2004/ 062203 PCT/ US2003/ 030957 15 V\/ner e Sl t%Oﬁ( W) i

mapdswni per esuirpmenfuthpl funstlondel #idske aﬁva@aﬁmgj a delay.

A?ﬁ%%cgg}é :%g Eogli?etmboﬁﬁggrﬁ El ?R}ﬂ%{“&{ ?ﬂeﬁ}f q?%g?ﬁefnﬁﬁs férl%mlple in the

rah§e of @BUfcS B@ﬂnﬂﬁidcalhliseswch ass apprexinatge S0 nnilegemds.hatThe delay
ob?ggéds 1;rll gtsépEél l'12altsl gor;npared) with the jitter requirement. A delay is within jitter
bounds when the delay is lower than the jitter requirement. If the delay is within jitter
bounds, that is, the delay is lower than the jitter requirement, the method proceeds to step,
420 to wait and accumulate the next packet expected at the queue. If the delay is not
within jitter bounds, that is, the delay is equal to or greater than the jitter requirement, the
method proceeds to encapsulation of the accumulated packets in the per-flow queue under
step 416 and to subsequently form cells from the encapsulation section at step 418. Cells
may be formed in any suitable manner. For example, cells may be formed according to
the procedure described with reference to FIGURE 2. After forming the cell, the method
terminates.

To summarize, if the packets accumulated satisfy the encapsulation efficiency
threshold, the predicted jitter is evaluated to determine if the accumulated packets are
encapsulated. If the predicted jitter is low, more packets will be accumulated. If the
predicted jitter is too high, then the accumulated packets are encapsulated. The method
may include more, fewer, or different steps. The steps of the method may be performed in
any suitable order. For example, the prediction of the arrival time at step 408 may be
performed after the determination at step 410.

FIGURE 5 illustrates another embodiment of the formation of cells 550 from
encapsulation se‘ctions 500. According to one embodiment, encapsulation section 500
may comprise a Multi-Protocol Encapsulation (MPE) section. Each encapsulation section
500 includes a section header 210, section data 215 and 218, and a section footer 214.

Section header 210 may include, for example, digital video broadcasting (DVB) Multi-
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j(nk) <--Wt) +t -t(i) (in(i)) (19) lash current

start last k=1 and where ini sr is the index of the
wor®k/osreent packet to arrive at thejth queue.PADUS2003/030957

According to one enbodi nent, the recursion variable r*

may be, for exanple, the [largest integer that

satisfies Equation (20): r(t) 7'j (m st;k) <t (20)

k=1 15 for any positive real7val ue nunber t. Thus,

usi ng Equation (7) to obtain predicted time Tj (in
Pio@stbl Endaps@Bor@VIP B headbndatd. h&cdo@dmg to bimd ﬁnﬁﬁﬂimtent) gection header

a recursion function, r

(20), be obt
2 fewmey inlse dndlydesderaeiasiply, Digital rS(t@I)agQX/{edlf ?gfmn%n qnﬂa@ntrol (DSM-
Cé )h%éﬁelj cfata( a, %E%l(:&})suﬂa)cloﬁzé@ctl £ B! ¢ sé‘sr (dedtichy a1af 218 and
once recuUrsi on fundtion r I s generated
erfcﬁpmleﬁm)hias‘ett@dh £@0b) confiymrises gactiopldata 211}5 mdlertgea‘h section data 218 and

iterative process, regcursion va
bioﬁ%nms ByRckaleb iePREp ParEmpo S afé‘f@édfeg A8 o215 may
(' f
parlse astﬁ%ket §1( J%Q\ﬁér@ﬂﬂ Qe}:n&g f%d??lazllﬁlelz@# lri%dr%@dEb ufg{ Ie)éaﬁﬁple error
cc(r&ié)lon cdbes: * Dhtagfan s;zeS(may be Sarialflet while (sect)omhcadebtzm has, for

Rl Bl A 052

= SSEﬁéHpsﬂllQﬁ&n secﬁbﬁ‘goo Hﬁ'yrﬂﬁ bkt 1|nQﬂce(11%$)SOt Eagh'leall 55®includes a
t" (W each j=1, 2, . a value for the

ol ool 220, rpracoT itk ahd & call fodfer 2En] CEll fendsurapgrmainciuds, for
T 500 o, P8 BN PR by .
2 Rk R Skt @dt:ﬂegayload 540 may include MPEG-2 packets, which have, according
to one embodiment, 184 bytes.

According to one embodiment, one or more encapsulation sections 500 may be
formed into one or more sequential cells 550. In the illustrated example, a cell 550a may
be loaded with a first portion of encapsulation section 500a, a next cell 550b may be
loaded with a next portion of encapsulation section 500a, while another cell 550c may be
loaded with a last portion of section 500a. In general, cells may be formed sequentially
until an encapsulation section 500 has been formed into one or more cells. In the
illﬁstrated example, the last portion 580 of encapsulation section 500a may be loaded into
a payload 540c of a cell 550c, and a first portion 585 of a next encapsulation section 500b
is loaded into the payload 540c of cell 550c, so that a condition of having additional
capacity 280 as described by FIGURE 2 is substantially avoided.

FIGURE 6 illustrates another embodiment of a cell flow 600 resulting from the
formation of cells 550 described with reference to FIGURE 5. In general, the cell flow
600 may include packets 212 and 215 ordered sequentially, consecutively, successively,
serially, or in any similar manner therewith. According to one embodiment, packets 212
and 215 may include, for example, IP packets or datagrams. In the illustrated example, the
cell flow 600 may include cell footer 610 and cell header 620 that may cause a delay 350.
The delay may result substantially from cell footer 610 and cell header 620 or may include
any other suitable content. According to one embodiment, a cell flow 600 may be

obtained to improve a delay or jitter. In the illustrated example, there may be a smaller .



10

15

20

5 The nmethod proceeds to step 414 to determne if the

del ay associated with waiting for a next packet is
wowdaohiose2pd tt er bounds. The jitter bounds may CcRPOPUSRE3/@30957

predeterm ned maximumjitter requirenent that

functions as a delay threshold for evaluating a del ay.

According to one enbodinent, the maximumijitter

requi renent is, for exanplel8in the range of 25 to 35

mlliseconds such as approximately 30 m|liseconds.

delixe3 stehtaycelilahbad aewdribed 5 Q?[G@RE i &rﬁpufe@toem&e\@etaly 35be1escnbed
jitter requirenment. A delay is with _& itter boun
@

bYWRERURRS, adtersyan @ddlw C@maﬁy 2R CPliltflP s fathgi qoeﬁzéh?f the delay in
Lf t e {
g iR o EIOLRH 4. PLels BOWKED: e Bbritch by RGURE 6 may
tthe@@e géaiprdve thé eglay 34(2@3&)01&1MI wittareteivopackets € 12 lad 28 & twhen, for
packet expected at .t he queue, | elay is not . .
X A IGPAl SRR 25 CRRIDE b %ﬁ‘éﬂﬁ&d%@a%e’é a@?ﬁtta“{'lauy avoided.
or gp&dif’ eﬁlgﬁﬁmteﬁﬁ bt theTin{&Mdh" ﬁﬁ?nf)rovidée oh® SELRRE technical
proceeds to encapsul ation of the accunul ated packets
advantages. pek -tbdtmivatj wduantagedef onstapbofliBentnoay cbe that the size of an
subsequently for s fromthe encapsul at i seg
e%ap@ﬁagwnﬁé 101 4dgus %?daﬁﬁ BEPYSF e d GUH© W“@B‘?ﬁ%bﬂn Eifloftfley and o
plréﬁﬁfb%rjltté:Ciﬁ BXEHT & cdiftlol §itteRWhilE nhAhtaREh26ERINY It the packets
procedure described with reference to FI GURE 2.
aoﬁzﬁmiawcbdmn@tgsatlhfef apeflictedrrncansuhibign efféqwmﬁéb%holéothwackets are
sumar.i i f the.packets Ia- Yy
et i st p RRRES, AR SRR pf Bl i apempte may be
thiat htdMay Sssdialedabigt rdcei pfedidial péck%ﬁemay Genddterirtged and if the
packets are encapsulated. If the predicted jitter is
delayy satgiies apaléip@trngemenbethg@@gmp]iggeédpacﬂiptst may be encapsulated to

B AMAE Aol R SR SHPIELEH cpmtion

sattiogs pddkerrmaybe dorhfedriatt cedlsap Smpﬂ'dve Jsttee psThef erichgsulation sections

met hod may be erf 5 a e order, For
may heprEiedting slleen gt ol prpocity FybF offsie S oet ep
408 PenftiE A @k hie R £laMd Ay LMageb a?é ®Rscribed in
410. Kg}{%\p%EmS l'ustrates anlot helr enbodi nent %%%
détaill,reapéreom mu@leﬂnl the 58 @ofiidomkeevarmps altahiions, aé«htmnﬂa snd omissions
ngeltlt @rg i E&tgt t?xg %ﬁg}tleaé os(jﬁzofg)h!e F)% theggr%{% gllp%ntlon as defined by the
ﬁﬁﬁé&fabﬁklon (NPE) section. Each encapsul ation
section 30 500 includes a section header 210, section
data 215 and 218, and a section footer 214. Section
header 210 may include, for exanple, digital video
broadcasting (DvB) Multi WD 2004/ 062203
PCT/ US2003/ 030957 17 Protocol Encapsul ati on ( MPE)
header data. According to one enbodi nent, section
header

ﬂ!
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210 may al so include, for exanple, Digital Storage
Medi a Command and Control (DSM CC) header dat a.

wEamapenzhat i on secti on 500a conpri ses section PE/ESDLB030957

and encapsul ati on section 500b conprises section data
215, where each section data 218 and 5 215 conpri ses
packets. According to one enbodi nent, each packet 218
and 215 may conprise an | Plpacket or datagram
Section footer 214 may include, for exanple, error
WRATSStaoANgPOgs: Dat agram si zes may be vari abl e,

whiTe section header 210 has, for example, 20 bytes,
and dect i dnmpibed &t cpeapshiasing paskets goFBPESINEour byt es.

550, PN EPREERb Pt sl et BT Aty Bl
payl @&'p@atﬁ@the annbvamg &bl eafcﬁ@heltet 280 suliset bf theaptanli24¥ packets until

MPEG- 2 packet header dat a.
tf@eﬁubsqiesf@rphy@bwéyawﬁéq lﬁﬁécapﬁ%lﬁ ¢dxanpl e, MPEG 2

packet fo &&i AR pey i ncl ude MPEG 2
packet s, \%%1 ]ﬁﬁ&% l?alé%:tgd?g} n(i; ut o one enbodi nent, 184
byt es. Acdetechingng Dowrmt endtxpelilattnt ¢ffioreacy essouinted with one or more

encapsulatlog ions 500 may be 15 fornmed into one
Bigta rﬁe@m

PRfkelPrceUE UEE%| s 550. In the illustrated
exanpl e, 8, L&liins3005+ BRYapsiSdPEER AN taibo@lafédrﬁfth the one or more
portion o encapsul ation sectl on 500a, a next cel

p&GBts aveymblated| aoeb@eqme\m arid with e>ptedp@ed next pefket;

| at 500a, whi th
may bo. | SHHBEIGH P ISP GOV IBREDY "SGR B B08e quse if the
cBedR e@bapsGRlibS effRYerR9 shQIAm nS@esRnlatiah lo¥ficiety thredRold and if the

encapsulatlon section 500 has been fornmed into one or
cwmers epedpisglatiomeffiaienoyisi greaten than g néxteﬁmmesulatlﬁé effiggency; and

b
P onoesarnis < sl AR EhuABaRTE! blleRc0. " ang o

first portion 585 of a next encapsulatlon section 500b
is loaded into the payl oad 540c of cell 550c, .so
a coRdi t i dhe arethpd efaigubi Vaspairepetpadhe fpl meﬂgagor St packet of
[ I d Qgﬂ%
t B %’ﬁ)hﬁla Ef &)a&%osc‘ g‘gmisﬁ?é O gg}( ch?/ ﬁf ?ﬂlral%:% g ckets is
&m&$HHMEd@mﬂkmﬂhm@ﬂM525 formation of ceIIs 550
descrlbed with reference to FIGQJRE 5. In general, the
cel | IFIFBWRIEODSITHYR FIRE PERREIARACK e O Ao Pacisieastpgulated a
HREfHEOdna! | Y, consecutively, successively, serially,
or'inany simlar manner therewith. According to one
errbodncmpmlaumﬂnlc @hs of ire pakeRkscumylated it ttbequetio if the section size
ackets.or datagrans. In the illustrated
SgﬁgggﬁgmeW@gSE }9R 4w 600 nmay i nclude cel |l footer
610 and cell header 620 that may cause a del ay 350. 30

The delay may result substantially fromcell footer
610 dnd cdlbp nitlaaderf daim brwherginiraedatitie theafejlowingefor each packet of

S%'Iug)sgtglag tﬁ% %raltﬂ:y AF %clge'tsn Qunkif R esuﬁsrg? Ooqfl Hl%nﬁluraeh& eclfl packets is

- encapsulated further comprises:

predicting a delay associated with the packet and a next packet; and
- encapsulating the one or more packets accumulated at the queue if the delay does

not satisfy a jitter requirement.
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obtained to inprove a delay or jitter. In the
illustrated exanple, there nmay be a smaller WO

wQO®m40329203 PCT/ US2003/ 030957 18 del ay 350 apCHUS®IDS/N030957

fl ow 600 described by FIGURE 6 conpared to the del ay

350 described by FIGURE 3, where an additi onal

capacity 280 contributes to the content of the del ay

in the enbodi ment shown in 20 GURE 3. A cell flow 600

as described by FIGURE 6 may therefore inprove the

del ay4.350 Hiss anitlaided! wlaith T,ewér¢inntheparkpdusatibh?efidtbncy threshold
215 when, .for 5 exanple, apn additional capacity as

CPEYEISPHR PR eRGRESWRISIBEIER s ubst ant i al | y avoi ded.

Certain enbodi nents of the invention may provi de one

or nore technical advantages. A technical advantage

of on® enbbei mmthodmy dant Hatwhdreinstheecwferdnencapsulation efficiency

encapsul ati.on section is.adjusted in respopse to a _, i
DUHTBR “orapelif o rahPreTh PTIEHe §YhAs o bt dbredicted section
donigrRing the 8fle 6f hBfd pacRet Qbuinlatkd hiltBE qUHE!E a total number of bytes of
mai ntaining efficiency. If the packets 10 accunul at eJ

the predictesbiecidy coamprisieg theode enwapspdcketson ef fi ci ency

threshol d, the packets are encapsulated to maintain
efficiency. Another technical advantage of an exanple

may b& t hBte Bethol @Y cR$E oG ieftfin Mddh:ti‘hg Geext Bicapsulation efficiency
predi ct ed packets may be determined and if the del ay _
agspciaded withghe jope o mergwiapkaie ascumtrsed et theuqusie@nd with a predicted

.encapsul ated to control jitter.
RREFRS PRt

nrcal advantage of an exanple nmay be that
encapsediatingand paciet siogyngacket s may be forned into
cells {o improve jitter. The encapsul ati on sections
may Bl PBREdhe pey encpplalion; ¢isicnanin esaEdanea ety thy next packet
giz2. the cells is avoided. A though an enbodi ment of the
invention and its advantages are described in detail,
a person skilled in the art could nake vari ous

alteratio addi ti ons, and.om. ssiqQns. w t hout . .
dep ar7?i ng nﬁ#&ﬂ?f‘?‘ﬂé Og 5fépp 3’ Xharedy prsaichpe X preapsitlation efficiency

dsS0¢Rdd AthaBe UBE oPathrbYabtines 2R BnRAPREN M Gudis :
e O S Palinh, ARG oo (BB Wiih g predioted

npxt pRekeftaeowrises: encapsul ati ng packets, conpri sing:

receiyvi .a plurality .of packets at an encapsul at.or

comp PR Pl Rty e aRPRES: Refrufitoierora bpddapn
packehlcafating ShHaett Gloapdututih Wrakichdy Bf adRBLIBES wiHhl thk next packet
5 the subset of the plurality of packets is

SEfcapsul at ed:

8. The method of claim 1, further comprising forming a cell comprising at

least a portion of the section.

9. The method of claim 1, further comprising:

forming a first cell comprising at least a portion of the section, the first cell

-comprising additional payload capacity; and

forming a second cell comprising a next section.



10

15

accumul ati ng a packet at the queue; determning a
current encapsul ation efficiency associated with one

wW@rooan6x03 packets accumul ated at the queue; predi/Usiong030957

a next encapsul ation efficiency associated with the

one or nore 10 packets accunul ated at the queue and

Wi th a predicted next packet; encapsul ating the one or

nore packets accunul ated at Zlhe queue if the current
encapsul ation efficiency satisfies an encapsul ati on

ef fi cigencyridvhemb@beciang 11 furthBieconspH st or@ipadssll @nhHying a first
efficiency is greater than the next encapsulation.
nortiorepldhe jectign and e seqoadipagion of @qexbyectiebm t he

encapsul at ed packets. 15 2. The nmethod of claim 1,

wherein repeating the follow ng for each packet of a

subseil. of Theempthodadl tinef3, paekeh preditiing bhdelsubsetiatdd with the
the plurality of packets is encapsul ated further

ek end @ 9exXiRACKFUFPRIPREES section si ze associated with

t he : ue;

and ancraine st SRR AL B e et o

at t hecardmge seCotdnerisadimoof snexépackat;i sfi es a maxi mum
section,sjze. 3. e nethod of claim 1l wherein

r epeé%r?%tﬂiﬂwaequBPJ EW%‘?@“EF gpe Qgﬂ’ﬁ nsxowskelor 25 a

SUbse%enQIfatifl & B4’ @lfetenc@TbeRACHOMR HAdt | dephiifie SRS 8indOthe second
the plurality of packets is encapsul ated further

depmuredioss; predicting a delay associated with the

packet and a next .packet: .and encapsul ati t he e or .
mor e S5ugiRare 2 S e E e Y e e 20 oY R second arival
idpgsndnot satisfy a jitter requirenent. 30 WO

2004/ 062203 PCT/ US2003/ 030957 20 4. The net hod of

cl ai mredictiggertes relayeire neeqyduicat wh &pf fiest ediffprence and the second
. old conprises a m ninmum encapsul ation

(%ﬁ%ggg%ncy. 5. The nethod of claim1l, wherein the

current encapsul ation efficiency 5 conprises a ratio

of a nunber of payl oad bytes associated with a .
pr edil ed Ghecipedppd of claim 3, wherein the jitter requirement comprises a

maximum jitter requirement.
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conprising the one or nore packets accunul ated at the
gueue to a total nunber of bytes of the predicted

WG emtioe20xonpri sing the one or nore packets. 6PCTE82003/030957

met hod of claim11l, wherein predicting a next

encapsul ation efficiency 10 associated with the one
or nore packets accunul ated at the queue and with a
predi cted next packet conprixes: predicting a next
packet size; and cal culating the next encapsul ation
efficiency in accordance with the next packet size.
15 7. The nmethod of claim1l, wherein predicting a next
encapkul atf systenfiprensapsplating peekht OMRFisAGt he one or

nor e . X with a

pr edizg eelglgtoﬁcéx?féggg Cg{.‘%gdc}%&prralhgg%ﬁ%g%g%i%g i ng a next
packed pratesgorapleditd thet quean adlibpr£de ®ssi ve nodel ; and
, 20 cal cul ating the next encapsul ation efficiency in

accor dance&epfat %hﬁt fodlowang fo5 saflepackst oka Sl@?sefr%thﬁé%ﬁéhﬁy of packets

i1 it offﬁé&{lnﬁ%ﬁttfcﬁ*ﬂ%ﬁeﬂ A%nt s?%{éﬂ: a cell

conpri sing at east a“portion o e section. 25 9.
The net hod of cdcaummlbting amphéiet acthegnéwst ng: form ng a
first cell conprising at |east aaﬁortlon

f.the . :
section, the fiY<eEERE @ CBIERF PRI2ATHBHRR ‘?I%SWHFY piprigieg with one

GIRRE philietPuh QM 1 gaend cel | conprising a next
section. WO 2004/ 062203 PCI/US2003/ 030957 21 10. The

met hod of cl ai mpredicfing & hext eocapsulatiom giffctanny aspoaiated| with the one or
conprising a firs ortion of .the section and a.
SRR E R o tee g dnd raty KR ReiEt ks o

claim 3, wher eidghchpReitinbithdofe 6EIdYe pikei RE@AuMtddNt the queue if
the 5 packet and a next packet conprises: recording a

the erentranpapsnlatipmeamiency seiisfets anepappsytasioniafiicioncyt theeshold and if
tgcgg‘é'g‘%nt enéa%?ﬁ%&{‘ &ﬁ%ie%gyg’ f)srb(iiea%rrthe\(naéhetrlle)rgte en%gps%lart]i%%(ltefﬂciency; and

generate a section from the encapsulated packets.

14.  The system of claim 13, further comprising:

at least one buffer operable to receive a plurality of cells from the queue, the at
least one buffer comprising at least one real-time buffer associated with a first priority;
and

a scheduler operable to control a flow of the plurality of cells from the at least one
buffer, the scheduler being operable to grant priority to the plurality of cells received from

the at least one real-time buffer.

15.  The system of claim 13, wherein the processor operates to:

determine a section size associated with the one or more packets accumulated at
the queue; and

encapsulate the one or more packets accumulated at the queue if the section size

satisfies a maximum section size.
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predicting a second departure tinme of the next packet;
generating a first difference between the first

waelepantzoe tinme and the second 10 departure tPEEPS2003/030957

generating a second di fference between the first

arrival time and the second arrival tine; and

predicting the delay in accordance with the first

di fference and the second di¥ference. 15 12. The

met hod of claim 3, wherein the jitter requirenent

conpriges Bhe sy@chnoialjitd 13 ivhefsinl tHe@®dtbsor\8Pkrates to:

2004/ 0%203 PCT/ USZOOS/ 030957 22 13. A systemfor
encap¥efist? fejepasraated vabipe pagkshand %n%@@@(ebﬁ@ﬁabl e

tor I I R,

coupl S gl B bL hor b o O KE iy 3RH pP R RER ko doay docs not
sabsfy ayitteg rdqmiremaoth packet of a subset of the plurality

of packets until the subset of the plurality of

packets i s encapsul ated: accunul ating a packet at the

queuey, detﬁ{é%ﬁltéﬂﬂ of Gthd @ﬁltwﬁ&%ﬁpaﬁ-l &fca géhlﬁfJn' Qfﬁ%{bﬁxy threshold
associ ated wi t'h one nmor’e packets accunul at ed at
qoneorlqcﬂeajmmlmrrpmxapmlatwgl edficiendty. encapsul ati on

efficiency associated with the one or nore packets

accunmul ated at the queue and with a predicted next

packefg, enuapsyiahi sWclkiif B)ewkdreiiDiR BBSdR! Shcapsulation efficiency
accunul ated at the queue if the current encapsul ation
COPTTIEPe Aciptioael 8 fiumebes rofepaydgrsiubytes amsosiated Meﬂﬂc? predicted section

RSS90 o A0 LD PR AP LAL GRS s o

thdpgdivesdaicetion ceeprishiy the oft bheos wrkas! at ed packets.
14. The systemof claim 13, further conprising: at
| east one buffer operable to receive a plurality of

cellsqofro e
corprios norte Tp M3, FhorcfAE RSN 197
wi t h paedictrasiexppadiet ¢iye; an@0 and

calculate the next encapsulation efficiency in accordance with the next packet size.

20. The system of claim 13, wherein the processor operates to:
predict a next packet size according to an autoregressive model; and

calculate the next encapsulation efficiency in accordance with the next packet size.

21. The system of claim 13, wherein the processor operates to form a cell

comprising at least a portion of the section.

22.  The system of claim 13, wherein the processor operates to:
form a first cell comprising at least a portion of the section, the first cell
comprising additional payload capacity; and

-form-a second cell comprising a next section.

23.  The system of claim 13, wherein the processor operates to form a cell

comprising a first portion of the section and a second portion of a next section.



a schedul er operable to control a flow of the

plurality of cells fromthe at | east one buffer, the
wa@etveded2es bei ng operable to grant priority toP€TBS2003/030957

plurality of cells received from the at |east one

real -time buffer. 25 15. The system of claim 13,

wherein the processor operates to: determ ne a section

size associated with the one4%r nore packets

accunmul ated at the queue; and encapsul ate the one or

nor e prcketise aeeuof aliodl Bivheen eeg6cdséorldpragabi on
size satisfies a ﬁHXIﬁUﬁ]SGCtIOh size. WD 2004/ 062203

PCT/ Usewd3y/fusioagyal trae agl a fisbdeppeiieaiae of thgiparkes;
wh dict a del
e S NSRRI AP A ES Ry Prod ot @ del oy

encapsediat esdched dﬂﬁﬂﬁfc timé of hacket gachagunul ated at the
queue if the does not sati sf

r equi $BREHR 2 %rsﬁ iffpprmce yasheRNO fhee |ﬁ§$tnflqp§rt% digg fndpthe second

(ﬁﬁgﬁﬂgqhﬁ;lon efficiency threshold conprises a
nlnun1encapsulat|on efficiency. 18. The system of

cl ai ngeh8ratamneemind difierencer ebweenethe dpstubraivalotime fahiil ¢the seepnd arrival

th coHprlses a ratio of a nunber of payl oad bytes

He%58fated with a predicted section conprising the

one QjrediBf tBe HBKRY &t &c@ﬁﬁﬁ%ﬁh b st difRrAE B @ sBcond difference.

total nunber of bytes of the predicted section

conpr|S|ng the one or nore packets. 19. The systen1of

cIa| erein th roccgsor operat es_to:

pr edi cst a nex Y %k% ”?e aNqery ¢ ?dftgert??guﬁ%IQ?nt comprises a

lﬁ@@ﬂmﬁHMQﬁw@puﬁﬁﬁmclency in accordance wth the next
packet size. 20. The system of claim 13, wherein the

processor operates to: predict a next packet size
according to an autoregressive nodel; and 20 cal cul ate
t he next encapsul ation efficiency in accordance with

t he next packet size. 21. The system of claim 13,
wherein the processor operates to forma cel
conprising at |least a portion of the section. 25 22.
The system of claim 13, wherein the processor operates
to:
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forma first cell conprising at least a portion of the
section, the first cell conprising additional payl oad

w@apaosr2y3 and form-a second cell conprising BCTIB%1003/030957

section. 30 23. The system of claim 13, wherein the
processor operates to forma cell conprising a first
portion of the section and a second portion of a next
section. WD 2004/ 062203 PCT/2$52003/ 030957 24 24. The
system of claim 15, wherein the processor operates to:
recorzb.a fAnsdthed foréadapbilangpuatiatsicomptisidgparture tine

of the packet; record a second arrival tinme. of a next

pack efeceiping @ rduralitysefpaplpteeiarangansulaiqrsoBiprising argaiene;

packet.: .5: . .l ' e .
P Tt oHehane Kiife khichtn Bl AL GPSA P PILk IRy of paccts until
thenersat @ the pheaitd oflpddierseneapailsveen the first arrival

time and the seéﬁnd arrival time, and predict the

del ay in oCBPYEAEE 2RREIPI EHECAPFUE difference and the

second di ffenence, deﬂag Bsociadl P withshe ?hﬁéet ﬁh@'ﬁtgﬁrétﬁcted next packet;
wherein the jitter requirenent conprises a X1 mum

gndt t er requirenent. WO 2004/ 062203 PCT/ US2003/ 030957

25 26. A nethod.for encapsul atin ackets c I si_ng: .
recei ving SpcppHating, G@Pepﬁcﬁl@f%gﬁ eEf’na‘@HE’H%gg* gt e queue if the
GV de8 nBsalisHUSitesr réRiR@Aleh@nd he fol l owi ng for each

packet of a subset of the plurality of packets until

t he sasbswtingp sediwnglam e engapshlapedoeskeds.i s

encapsul ated: 5 accumul ati ng a packet at the queue;
predicting a delay associated with the packet and a

predizt ed TieXinefdakst clainfnE, RRERASPlediching o H&lapRssotiated with the
nore packets accumnul ated at the queue if the delay

neska and @ nexkpasket campriseser r equi rement ; and

recording a first arrival time and a first departure time of the packet;

recording a second arrival time of the next packet;

predicting a second departure time of the next packet;

generating a first difference between the first departure time and the second
departure time;

generating a second difference between the first arrival time and the second arrival
time; and

predicting the delay in accordance with the first difference and the second

difference.

28.  The method of claim 26, wherein predicting a delay associated with the
packet and a next packet comprises:
predicting a next packet arrival time according to an autoregressive model; and

calculating the delay in accordance with the next packet arrival time.

29.  The method of claim 26, wherein the jitter requirement comprises a

maximum jitter requirement.
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10 generating a section fromthe encapsul ated packets.
27. The nethod of claim 26, wherein predicting a del ay
was®eoeded with the packet and a next packetPCT/US2003/030957
conprises: recording a first arrival tinme and a first

departure tine of the packet; 15 recording a second
arrival tinme of the next packet; predicting a second
departure tine of the next 2p?acket; generating a first
di fference between the first departure tine and the
secqdd depgsttmifer dnicapsulagies ereltaishgomps®esnd di f f erence
between the first arri v?l[ @ ne egn_d the second arrival
20 t3 WENsFARIeRFNme TG PHYE RIgK §/a’|n% accordance wth

the f i i L& Rugncdcaniowhe forehdhackétidfer eibset. of2Be plurality of
The %rglteﬁ%sdfao% pc%ltgli%r:n 56,_ vvhe?ei n predicting a del ay
paakete aitalt thel swistthofitheplupdity afkaskets Avengapaddc b ack et

conprises: predi.cting.a,next ket arrival tine
accor di ngacf:gmgﬂmﬁgtaé’gg@e}Sgtéﬁ\(}gafr?bdel  and cal cul ating
the del ayydifinasinghdanes: schpsuldionrtidiemycisedcizied it one or more
tinme. é%éﬂThg tﬂnﬁgthod of claim 26, wherein the jitter

packefaiac gte¢anipeidge;a 30 nmaxi mumjitter
requirement .. 4L398ed wibthdbdne or more
A system 1?%@%?%513%{ g@ﬁgﬁ%g)gég?(g@%npri sing: a

pdPREB Ach@inlited et the @ew Piduvidi a predafedomaxkpacket;and a
nmeans for repeating the follow n f?r each ﬁagk?t of

a .
subset of cndapSURtNEatier gueoft TpoKe PATkets, AFqulfHed & fhe queue if the
Of et G- | GEHes ah S RREsH affREknc? threshold and if the

C%eé%ﬁﬁ?agfﬂégéﬂagﬁpié}%gggat tﬁe qlrjlgﬂ)g; determ ni 29 a.

c@Hnt efdapeulatiqseffiaichonisef éatai thacthe asdencansalition eHicdmey; and
or nmore packets, accunul ated at the gueue, edi cting
an e?lea’é%'r"gé BRI HNEASERT %P@ntﬁ? el?f??%@%g# Q%CR\F/%\il{St h the

one or nore packets accunul ated at the queue and with

a predicted next packet; 10 encapsul ating the one or
nore packets accumul ated at the queue if the
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current encapsul ation efficiency satisfies an
encapsul ation efficiency threshold and if the current

wepmapenhati on efficiency is greater than the PERUS2003/030957

encapsul ation efficiency; and neans for generating a

section fromthe encapsul ated packets. W 2004/ 062203

PCT/ US2003/ 030957 27 31. Aﬁet hod for encapsul ati ng

packets, conprising: receivi‘fig a plurality of packets

at an _encapsul ator conpri sing a queue; repeating the

f ol | ok ng 4 Biethoddhr %R&latﬁgmck,%béﬁémpﬂﬁmghe plurality

of p . b1 S al i.t.y of i
packareryide dhlrtity oA oGS Bhodsel Wbty By

t he gematng det fetlowiignyr aadhupacketiof@rxbgs off did larality of packets until

efficie ssociated with one or nore packets
t]%tec%’llj’ﬁﬂlogg%cﬁﬁlia 1f3h%ttRfﬁ]é?}%}s RasElatsdent encapsul ati on

ef 11 0 encyeqafRbi®l Madkel AhOqudl; @ nunber of payl oad
bytes associated with a pre |%t ed section conprising

t he one ordetenmpiméngackmts cacapsulation efficincy hssogiaeidewitl one or more
t he,t ot al r.of bytes of the predicte 10 section .

o PR B B LS S o 10 et 60 T
o8 @GiuntHer %tféjﬁy1@§c$ Bgicata8sbchddwith e QR cRE IS Qﬁﬁ%I‘r?stiﬁg the one or

accunmul ated at the queue; encapsul ating the one

niRse Papietk acamidetadnat dbeduette tch#heqiotalenniber hd bygex bf dre predicted
Iy [.sfi maxi mum section size; 15 predicting a

S%detf)%()? °§ﬁ‘%’?§@§ﬁ@% (?Ignoré??rfa@@??& associ ated with the one

or nore p@aekeiningeCyestoat Side adssddiedlusite B8 bR More packets
predi ct ed next packet; encapsul ating the one or nore

appiERdgted aldbaAPPU%E ed at the queue if the current
encapsul at.j -l clen | sfi i ni_num ' .
Eafs%ﬁs@%t{plﬁ% e Gele %?gxllcfer p{%ﬁlé&%s gﬁ(ﬁ%%ted at the queue if the

encapsul a I'ency an
septionpize lsatisfien a efdximimaestidnssig: eat er t han t he next

encapsul ati on efficiency; 20 predicting a del ay
associ at e8RS AHPx, spdapsulatinn efficierey pweriated with the one or more

PRRCAISALTLLRS § e Q08 S 0SS ool ot o0
jitter requiapeietmtg thyeowr at imge asletd iacouniulae tdigthe queue if the
c%e%%%iggtp%%l%ggf ?ftg:ﬁénéy s?ﬁgiegf@glgran]ggg%maer?c%}aéul&?o%perztlﬁ%{eggy and if the
current encapsulation efficiency is greater than the next encapsulation efficiency;
predicting a delay associated with the packet and a next packet;
encapsulating the one or more packets accumulated at the queue if the
delay does not satisfy a maximum jitter requirement;

generating a section from the encapsulated packets; and

forming a cell comprising at least a portion of the section.



