10

15

20

25

30

WD 2005/ 036837 PCT/ US2004/ 026942 ENCAPSULATI NG PACKETS
I NTO A FRAME FOR A NETWORK TECHNI CAL FI ELD OF THE

WO 2008/86H370ON Thi s i nvention rel ates general |y tP@TIIBR2004/026942

field of data comunication and nore specifically to
encapsul ati ng packets into a frane for a network. 5
BACKGROUND OF THE | NVENTI ON According to network

pr ot oCBNEAPSATKETINGPACKHTEINT@WEFR ABE BOR A NETWORK
encapsul ated into franmes at a |lower layer in order to
transmt the packets from one node to anot her node of

&EC IEFD YN THEGRV rovide for encapsul ating

i ndl vi dua nterne Ot 0OCO I P) packets within

i ndi viihdkuaivemtidrereletes fgeaerely t&rtbevfield ofiniaguesmaluatzation and more

rovide for supporting 10 the transm ssign of
SPeiieas o o R eAeRets M P e TOROPOB ORI e, & known
technique may wuse forward error correction (FEC) to

rovide quality-of-service (QS) guarantees for real -

A QR DOF KhBMNYENKEKINues, however, typically

canngt . effectively,and efficiently .encapsul at .
pack XSSl opmelivdri Biptopols, packih av giSGiR BVBCRAY e gacapsulated into
frmes avd fever layemimhbdbr toarmRERRAkE pRketS TR 0fd R to another node of a
packets. Also, known techniques may not be able to

gtk d<nere isghiguesuR ovide o prcapsding individigl {gernet Protocol (IP)

- Liae o1 kaf i i Cpyl [t ent i en- Et henrnet . .
P R AP GE AR, R B P G830 8w o pupporin
thehteansméssemtofireal gimbé wafficdiveralrawbeg eforaramplephkedw®n technique may
associated 20 wt evi ous. techni ques for
oG Bagef Sr Aartiondr ECT IR ROY S A6a ey Sericee@aSbastnices for real-
titdd fFhifRL ©noWa CREIH Qiks! ﬁo@@@er,ef%%llg%hn&f effEvAL CRRINL fficiently
i nvention, encapsul ating packet's into a frame
en¢ppbulalepackde into dignehe Foackanpleaknawrsteabniguespfnag suffer from high

er -of stat.ions of a petwork. ch packet | .
oRRERE ™k BuBay FEhRitiniseREHuR RET ok Be et o provide
coigatlot s @niformh e3¢R pilhfgtedd féOrdabahret iriffict hakdrténtdh-Ated Etheret

| east one of the stations. The packets are directed to
ngWEs of the station. An available channel of the

network is detected. It is determ ned that one or nore
packets at a queue are ready to be encapsulated into a
St R Yi OACEHEdNNVENTIHOMN t he del ay requirenents. The

one or nore packets are encapsul ated into the franme )
For bt aFFORRCES G g RgFerhBvER g, A1SPdvaaiogsmand prblems associated

Wl bR Tbus RaHi fIRBT for Adnchibaldiny SPHckas RY fRLRY H8y MCreduced or
e1?r§nnr£?e%e t echni cal

According to one embodiment of the present invention, encapsulating packets into
a frame includes receiving the packets at a station of a number of stations of a network.
Each packet is associated with a delay requirement that reflects a deadline corresponding
to real-time traffic of at least one of the stations. The packets are directed to queues of the
station. An available channel of the network is detected. It is determined that one or more
packets at a queue are ready to be encapsulated into a frame in accordance with the delay
requirements. The one or more packets are encapsulated into the frame for transmission
using the available channel.

Certain embodiments of the invention may provide one or more technical

advantages. A technical advantage of one embodiment may be that the number of packets
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advant ages. A technical advantage of one enbodi nent

may be that the nunber of packets WO 2005/ 036837
WORPG13/4362004/ 026942 2 encapsul ated i nto a frameETaiS2e04/026942

gqueue of a network may be adaptively adjusted

according to anount of data in the queue, the del ay

requirenents of packets, and the network conditions.
enéafapliedan@ncipaehiod dupne oby networkiinzg beadawivdlyhadvesd waerding to

cause .encapsul ati.on. Adaptive encapsul ati on ma
an%ﬂugbog %W de thei Femm e dylayusAuirreeys ©f pasketsapod the network

cohdifibhd. C %Ne EhOBSuI ARG 'rr[]hﬁ/t Ri5S YA Gw Rith cﬁ/e)ﬂe@@ caused by
net wor k er tec advant age of on
enmﬁsoldti(m nAdatpitye b@lca;bwtatlad apay ‘akso eprogids Windfioira ndeﬂay guarantees for
for reduce uF‘oer of transm.ssion
fh,gﬁagﬁc ahi ht"PrB%/ apd, imy t © BSSHResy &b VAR, gﬁt&ﬂrk load. Another
tedhﬂfofapamnea e ofBhé amao&méaﬂ e Shaf
i ncl ude noge some, or al hﬁ? %heﬁgggggvéﬁh\g Eﬁgpﬁé’y provide
foraal verdwreedy asmbenef tomsmms@ncﬂtmmtst, edheli pay leahvtanmpgesdnthgoughput
e{iﬁrm %dlly apparent to one skilled in the art from
p G dgures, descriptions, and clains included herein.
BRI EfertanSé ddliheis OF thEHEy dAROMIMNYGSnéiade AorB)k&ns VIRII&I8he above

Oggderst andi ng of the present invention and its
te &@h?‘b@ntéﬂ%ﬁ Qe erFpart b dechnisabrdraBers mAB he rgaddly apparent to

r 0 h
ot BRI Rk ML AE BT e B, 40 A Bt
bI ock diagramillustrating one enbodi nent of a
<y | ati ng packets into a
BRH ﬁgﬁmm&ﬁQgr am of one enbodi nent
of FoP bahb@MeoRipl &tB RinddtStaRdth L ot tl?@px%lséﬂijgve]itloE Iaﬁi’ﬂ% fgat res and
is a flowhart |Ilustrat|ng one enbodi nent of 3
advfmtagearre@ptmb &t navg npde keths foikewing desaription, FthKidRE otbnjlmcaon with
thee{ gxx@ rtml(llrl Ust rsatl one enbodi nent of a nmethod for
PH @' &* fafvégg at' i f‘h)n real -time queue in response
t 0 IFEGBRE N BblpéciRpram?Blubtt4ddRione erfbodinkdn®WE AAEtworking system
illustrating one enbodi nent of a nethod for updating a
forrqnggpsytatigg ﬁé‘t"ketsrlé@la-ﬁr@% queue in response to
suc 0
o nart 71if SLeaBOLr Snd EARRIEhCRFE sBubf oF tpepystem of
FIGERE hg a flag for-a real-tinme queue; and

FIGURE 3 is a flowchart illustrating one embodiment of a method for
encapsulating packets into a frame;

FIGURE 4 is a flowchart illustrating one embodiment of a method for updating a
flag at a non-real-time queue in response to receiving a packet;

FIGURE 5 is a flowchart illustrating one embodiment of a method for updating a
flag of a non- real-time queue in response to successful transmission of a frame;

FIGURE 6 is a flowchart illustrating one embodiment of a method for setting a
flag for a real-time queue; and

FIGURE 7 is a flowchart illustrating one embodiment of a method for updating a

number of packets to be encapsulated into a frame at a real-time queue.
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FIGURE 7 is a flowchart illustrating one enbodi nent of
a nethod for updating a 30 nunber of packets to be

WO zns/epssd ated into a frane at a real -ti ne qUEREL/UYNIN4/026942

2005/ 036837 PCT/ US2004/ 026942 3 DETAI LED DESCRI PTI ON
OF THE DRAW NGS Enbodi nents of the present invention
and its advantages are best understood by referring

DHEY AL EBORBESCRIPTION OF/TIHE DIRveWAN&S ngs, |i ke nuneral s
d for I|ke and .correspondi ng parts of the

bei ng_us
vari %Hii’ fragfith g& theopresenf jigrentiqnang ys 68 Yangigas prenpest understood by
rdfbrring th #UG DR ERNE 1R TRA DBME d?%wﬁ §’M§<{e%}ri]e9al£ BFmg Su)s/esc{ for like and

encapsul ati ng packets into a ener a
caespemdige partshef theimdréus dfawingk et s encapsul ated into a

f the d nts of t
o EIGOREL i, WA aldfand A ealifi Bnl EoRd NGt & system 10 for
efidapsulatingypack &k Giito R e, [H 2BcbM1dS dygte% flb%a%ﬁgéé  thD 'd{lm%ls@f packets

results 1 n |onger transm SSI on | ays,
enqapsated tinfe @ dfame dqq:udmérmq@psthefdelayeregolrpacmtcﬁ the packets and

é&fbﬁ{; ?&gﬁ%ﬂyy S,% E;J}% }mlyi]b%dq?jﬁlca A }é dF g@]‘e{; g]?ﬂéﬁY gt%neg‘w 1gigncy, but also

rqsald:skﬁt bongéc oaristiisgort delajie wﬂlﬂuﬁia'yaihﬁﬁteeméo&@l&sﬁ[’b&]]mrements of the
st em 10 | ncl udes one or nore stations 20 cou
pa FiSnkAeordingly; system 19 pttqmptscionprriguzepardmhdthrriticiency subject to

tl&td@fabqg?&féﬁ{enfs%yﬁ&k epackets froman upper |nternet

Pr ot 0c | ayer that are destined to other nodes of the
15 néAcowding totlat illostr@6d atabodanimmt, sysed:ry 1®nﬁap6¢s| @iefor more stations

%@%@Sg@ |“'>a3flbrﬂ< %@r ?ﬂeég?&og @ex C?Ialpflﬁﬁeara@t et station that receives

pdcketdi fr@em Gpsd ﬁlfé@nd@@@&%&@l la%lafh'apﬁre &&tihBE 'ty Yefer Addes of the
I nput 24 that receives frames fromthe networ (5

netyarks mistaticnr 2¢eay gdamtierel ynencapyukate Lrianket 2ntoay fpmmllt(ﬂ attempt to

SRR 00 90800l TG 6RRE LY R 550 st

2@ tchespam d1p|ng 24 eat vdckives frames frb@rthe Qet@@b@lﬂ'ﬁﬁ&traﬁﬁﬁts frames to the
idle or avail able, busy, or

h I
H%Wf?ﬁﬁn gIIJB_E%g Epmprgzldﬁﬁystergd&ﬁyqtlg @ne prbmog;(%h@pn@s that gwy|be used to
tré‘r@ﬂm Bl &s. Mtéﬂaﬁ"@%rfrlﬁ% 2] %a?rcﬁy L%Icﬁrrér"sl gndmg 8 dvity state. For

expl anatl on of t i ment
exaolpdd, i tha ahemuk! may thei Blldoc Lm'eﬂ‘dhle ZEus'i]ABhEinl colhslon Link 22 may

Par anet er Definiti NNummb
comprise, for example, a cagﬂz compatlble Wlth F?tilernet Protocols.
To aid in the explanation of the embodiment, TABLE 1 summarizes notation used

in this document.

TABLE 1

Parameter Definition

N Number of stations.

Fy Number of real-time (RT) flows at a station.

| S Number of non-real-time (NRT) flows at a station.

F Number of flows at a station.

ki Number of packets at the ith queue to be encapsulated into one
frame.

B; Size of the first k; packets at the ith queue.

D Random delay of an arbitrary packet.




F, INumber
Fill
WO 200840806837 of

, Nunber

real -time (RT) flows at a station.
of non-real-tinme (NRT) flows at a station.
flows at a station. kNunmber of pa@ckats0@026942

of

the ith queue to be encapdgul ated into one frame. BSize

of the first ki*
delay of an arbitrary packet.

packets at the ith queue. DRandom
WD 2005/ 036837

TR 462004

lteiba 4 ParaneterDefinition di Deadli ne

@SSOCT at e(

| DMalil P36 & Rith pa&ketstdF tﬁeeﬁ‘lll réa! T ARV

Upper—bou
Ueadl i nes |t
(d;,ei)

Macket s t 1
transmttd

re

t at are
delay

»-n

Qﬁ) T l')dh‘ﬁdro[f"f}ﬁ[ frﬁlﬁaﬁ) bf ¥l F%%‘f’l ac é‘f tﬁ c%ﬁ

 alldued, e E‘% l%lsm%fﬁp %Yrgé

P?‘én@n? Tgpreaihis

o GT

1 ptqlma%nlzeé plapnigie relamdt p%céféféeﬁlgf dravg so far been
pguesessigpetransanitterl ot havgelerentdizcardet raaberiransnmiging

st ati on. IMstatioh.- Nunber of cl ass-i packets th_at_ have
Mgéh di scaiNbetbes of élass-i patkerEmasipsdlbatd discelidd i ancy

ARy a Tramenef3tintioh B¥icenby fR% PImdP@nkBadg x bytes of payload.
tcurrent UJ@'U%IH ﬁﬂ] gt?tﬂ) ST a[ | on. U I\Iurmer OT PacKers

tcufrent‘ ilc R pusye tes—at—the—ithaueve;
L
o TNEHRLE of Sk ey 2t g T o NS neketat the Lih

AN pimber of yte&atthm&m@um nbytes) of the 'th
tpéldket at | Ayevalitimepefadbeth saeket at thq ith guewspi=i,2,1).Q:.
Sp(ig) , k) Si 7 Sizei(im typesd of thefithepatkemetheiithruaugay| oad
Sivpy i si ng _the first k packets fromthe ith queue.
Ri" kTran Qn%@ubn capacity in bits per second.
kpt -case sz‘éumtbryteg) BF APRSAL WAth 955a9V0ad onthrisHlg the first k
hal T - dupl e FPackets from the ith queue.

,.

9 gf

Riink Transmission capacity in bits per second.

? Worst-case roundtrip propagation delay, used for half-duplex
Ethernet.

Ti(k) Delivery time of a frame that contains k packets from the ith queue.

| Inter-frame gap.

?:(, k) Total delay of the jth packet transported in a frame that includes k
packets from the ith queue.

Smax Maximum allowable frame payload.

2D imer Timeout value for the frame payload timer (FPT) at the ith queue.

p1 Order (memory length) of the predictor for the packet inter-arrival
times.

P2 Order (memory length) of the predictor for the packet sizes.

tlast Arrival time of the most recent packet at a given queue.

- Predicted arrival time of the next packet at a given queue.

S ext Predicted size (in bytes) of the next packet to arrive at a given
queue.

si(1,k+1) Predicted size of a frame that includes k packets currently available
at the ith queue plus one packet that will arrive in the future.

Ak +1) Predicted delivery time of a frame that includes k packets currently
at the ith queue plus one packet that will arrive in the future.

74 Threshold for the encapsulation efficiency of a frame.

’ﬁndiscard Head-of-line discard timeout value for the ith queue.

System 10 may be used to communicate packets in a communication network that
comprises nodes such as stations and allows the network nodes to communicate with each

other. For example, system 10 may be used for a half-duplex or full-duplex Ethernet
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Et hernet. Ti(k)Delivery tine of a frame that contains
k packets fromthe ith queue. IInter-frane gap. ? ;(j,

WO kjoFos@B7 del ay of the jth packet transported Per/asiooansos2

that includes k ackets framthe ith queue. SmaxMaxi mum
all onabl e frame payload. ? ' tinmerTi neout value for
the frame payload tiner (FPT) at the ith queue.

né&tiwoelden émﬁﬁﬁﬂaticﬁmgéth/)orlofmdyh&ls@r@ﬁiiﬁiserallf Of af P&ition of a public
inter-arri vaI times. P2Order (nmenory | ength) of

\Bﬁéﬂesrt%‘aplans pepsrk (HET a8 pablicpmprévate qlaé%mwprlv ahe Intarpet, a local,
ré%gontaheo %Bbef ee@rﬂfnuﬂﬁﬁm r%{ k91 e U G ker%trang other suitable

text Pr edi arrival time of the nex
cghmenicgueuknk, bextyReopadiodti ()Sfltlzaepr(ecetllldg/t es) of the next
packgt to arrive at e, k+1) Predi ct ed

Si zegéﬁ terg 10, iy epqapsu ?tgé}"&g’é p@PT‘ﬁtédR@tass‘Eﬁpfee(ﬁﬁm? A packet may
SMprideddbehd¥ of dfa bt 2egue @%ﬁ'{s
Carpr?dllve in thg, fu(%uréean j ki’ a@k%?%(g?zg A de {nil/%?{/n tmlldlhfrmme may
C@flplaseftheml@adeaf anger guee pkckpackgetrszadun reptdific a/tay tfbwetransmission.

eue acket that will arrive in

AR o SRp R RE r GleinBgrompafit Al Gt ety ehey Tntemer
Pfoftocdl fpﬁél{@ an'ﬂ dlfﬁdh@er eHde agbmrist | MACE Hefifed kb did H@&bg control (MAC)
vaI ue for the ith_queue. System 10 n%be used

é‘@ﬁﬁ'ﬂhﬁ“@é‘@’éy E@Bk?étbée Vith ghed 263a~‘tt§1 det wor k that

conpg| %%uﬁ@&hb&ﬁ 1841 %ﬁe e d ﬁh %mgehﬁﬂ._RoT) traffic. Real-

net wo eS to nmuni cat e
timx papkets C(my}siserdelz@' srasa§4t1beepmfkedﬂ6®s caryiag,ffofl ugdreie O¥oice or video
ful | -.dup e ernet . WO 2005/ 036837 PCT/ US2004/ 026942
gt iRy #1 max&%rﬁe@é{t TegTeRE o 1 AEkY JPQUiressn tayecomprise a

d@ﬁlm@éalé\alﬂ@ﬂ hiQRdiRE a @mﬁ:l'ﬂy Which 8 WaliGh ggecfs% &P HQIF\%red o receiver.

network (PSTN), a public or private data netwo
Arenrédingdp ong dndpalimenty egiebiyalequioemgit ohayt be erpressed girbloabilistically
wor k,— an.ent.erprise intranet, other suitable
acr&&tdm tOchuagon{(i or any conbl nation of the

pr eced| ng. 5 Syst em 10 may encapsul ate suitable
packets into a suitable frane. A packet may
PrD > d;]1 <¢g, (1
where D is the random delay of an arbitrary packet, d; is the deadline associated with
packets of the ith real-time flow, and &; is a small positive number. The pair (d;, &)
represents the delay requirement for the ith real-time flow.
The probabilistic guarantee of the delay requirement of Equation (1) may be expressed by

Equation (2):

M(l) / Ml) < . (2)

vio tot i

where M{,. is the total number of unique packets from the ith flow that have so far been

successfully transmitted or have been discarded at the transmitting station, and MY is the

number of packets that have been discarded due to violation of deadlines. Equation (2)
maps a probabilistic delay guarantee for an arbitrary packet into a deterministic guarantee

for 100(1-¢;) percent of the packets at no more than 100g; percent packet loss rate.
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conprise a bundle of data organized in a specific way
for transm ssion, and a frane may conprise the

WO paybwsxt of one or nore packets organi zed i n PLTSR2004/(126942

way for transm ssion. Aceording to one enbodi nent, a

packet may conprise all or a portion of an Internet

Prot ocol packet, and a franme nay conprise an Ethernet

medi A R6&E i 8 bst hal .

conpati bl e%ofﬁﬁ% ﬁgﬂ)?déEE 5%1%85 g’é@g gl .“%@g% Ig%el}l(%rersrsg)(} in bytes

instAdasftpabladtd) A®etdifg forcRehiboitdeOBouned@s mdyR sBIRTO keep track of

traffic. Real - tinme packets conprise del ay-sensitive

vpliek &, f4 tcafhy cowgters orayédraesst &, anyaiitsbleevent, deoexample, when

information, and may have delay requirenents. A del ay

sygefnil0dpravened ppcwhert ¢ sessign igleaminated sweh esvherd queue is empty for
[ L . ' et needs to be

rFEF RS o fb IR ot Sl RREELGAE™T S one

enbodin bElet fo satid€) g debyUicqeir@dntdRYstB8 EXRk&SHAaccount the delay

g}gobabldlclpstl cally according to Equation (12«3: Pr [D >

egpgrienged; py @qpackpfotransprited pyE thg igbretheilhy dgtermination of the delay

Ao T, 1 fiSel REs i ne. assqcj ated with

P Ry LG MR ol e R OF TR ST PRI T E B2 o,

repredehtspbs privaktime i ¢lre. jtTpacketbt the dth, queng, wiie@pt.g8eNt S..(i,j+1) for

he del ir, f he. i | -time flow, Th
el Tt FE° ) tasnior e Rige o P KHGRE Tments of the

&e phdkenmad e TRYtGs B¥PI RS AW withGHA LA “hi tifae. i
“NET S Mai <g‘(§) (s BUPIB ALk R with THE LA aleR 8. According to

og¢ ehodjment Radkst -grdena Hgupud if hotperiittedhave so far
been I ransmntt or .have been di scarded '
oeen AgSASHANE bl UYL, gl BEEQ eI pocke
Arverding tofonpaaketiinditain faveglede JARY prcdREbrdnS) bOused with time-

violati ?tn,of deadl i nes. Equation (2) 30 nmaps a _
VHY BSOSttt Ta8ioadery afithied the putareersskive Penogsseaehasecterize the
il rdidYaskdt G I - Ei n
10 8BS B SBR[ R E) MEERERA p1 n
rdflgsisthe aeanorWof #305£4I3H8 Blic RGE ddp20RALO26 Pds? dafa). The value of each
M ot

Accordi ng .t o, one.enbodi ment ,. val ues. Myiio an may.

PR D P i as e Sdistis] Y Sk B mRtR  on tons and
parlaloiifo RFERELARI omFiALH) U8TaSelBMcde used to keep track

of values MIlo and Mot . The counters nay be reset

at a}l{pe aextrinter-packek time 4tor gizgmgpeus, mandn predicted. Variables y,: n =
1,2,... represent the sequence of inter-packet times at the input to the queue. An AR(p;)

characterization of this sequence is given by Equation (3):
Yo T 8 ta1Yay 8y, tota =1y, o+ vy, (3)

where 7 ,: n=1,2,... is white noise and aga,.. .,8p] are time-varying coefficients. The values
of these coefficients are updated following each packet arrival using, for example,
weighted recursive least-square estimation methods.

Coefficients a,(n — 1),4,(n = 1),..,4_,(n — 1) represent the updated values of

pl
the AR coefficients following the availability of the value of y,.;. Given these values and

the values of yy.1,...,¥np1, a predicted value 4yof y, may be given by Equation (4):
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system 10 i s powered up, when a session is term nated
such as when a queue is enpty for 5 nore than a

WO 2p@36837C tinme period, or other suitable evemCI/ud2m4/026942

order to satisfy the delay requirenents, system 10
takes into account the delay experienced by a packet
transported over the network. The determ nation of the
del=ay (i prvol veg ecal oW at i-ng,trhe Bryrl yal . ti nea At;r_l ey
timegarr(i,j), i=1,2, S Ft and =1, 2, . "qQ, :
repr sents t he arrlval time of the jth packet at the
ith queue, where tarr(i, J) < tarr(i,j+l) for 10 all i
and j. The size sp(i,]) resents the size of the
TomeKes repvesentisphe tﬁmeagﬁemve of thehmostsrenentzckett tnpy rbpresents the
treated as, separate packets with the sane arrival
prodigied AREGH Hmeget e nshbPirsbdnfrent.. TeBtREs the predistedrze of the
is not permtted. Any suitable procedure
R/I%&E ;fba velge 9F ddi-e 1S ghyen &y thé sym of fre 310 thi @redasted inter-arrival

pacg gb Acc ding to one gn‘oodl ment, an
0 F@ S( ARYTC SPEapte SYerM&weﬁepwke&qurﬁtfthe

15 var i,GO8& cients he nd

aut or gr e & vé(r % SRBEERLS -igﬁas‘ﬂ%\ z@thi”ﬁgt f{é’r{"@rtfhﬁtag?csef‘ payload
times and packet sizes, respectlvely (p, =1 and P2,

conprifiag Hreeliret ls pgikets HfcbnPthe ithefueee twhedne k eQ s, @f, k)t=h§ sp(1,J) then
predictor (the tine dependence on past data). The
sizalsdigk)ohaseecdescopiladehyeipratiom(5)be  det er ni ned usi ng

statistical analysis of the sanple autocorrel ations

and partial autocorrel ati ons of enpirical data

sequencesg 20 T ter et it At a gi ven
qwfemeknfa{ %%“eﬁdrgg?"& eg afral élblaﬁ%”y lknﬁ 2 15)2, .

repr esentSehe.stiuendd dfo: |lnﬁ<el<spacket times at the

input to the queue. An AR(pi) characterization of

this sequence is given by Equation (3): y" = ap +
vsfh'ebé soveﬂse";d QQtMe ﬁ%m'fng overﬁ"ea@ \I\%‘I nig 'tl}]%&lgﬂgmﬁlﬁx é'lloWable( §Amg anload and

Slaak es themaamamyn a@owdéé ﬁameqnﬁyhaadThﬂd& of avhiets ma(yfbet ﬂmemred in bytes.

ffi | ket |
FRERRIT 3 b B TN EPs st soaioors €0 Panstats fithier = 1500,
eSt | mBhitont w ﬁgﬂﬁent%ﬁfﬂk‘?‘d ?ﬁhtlt% iA®LE per docoRd, @Rd 'tlmestorepresents

..... aPl ( represent the updat ed val ues of
ﬂteh‘EOFAF{C%é é‘ledctifl@rﬁer (2924 tbwhnlg Time Billgi teprishenity §hec¢feht/¢rg time of a

L{ﬁet?cfonszns k p@clye%" frépnefh% d lgl]ll'le%é fnn H}ff gb;;gn Vag;u %)Zhsmns delivery

tlgle\ﬂe(rk) hay EEG} @apnemd (bﬂf)EquH’@m'Z@QSI 03683 7
PCT/ US2004/ 026942 7 yn = ao(n - 1) + al(n - 1) yn-1 +
a2(n - 1) yn-2 + ... + a 1(n - 1) yn-pi

Ti(k) = 8 s(i,k)/Riink + t/2 + 1 (6)
where [ is the inter-frame gap. As a convention, Ti(0)=0, because the actual round trip time

between two stations may be less than t.

The total delay di(j,k) of the jth packet may be expressed by Equation (7):

di(j,k) = teurrent - tan(iaj) + Tl(k) (7)
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(4) Tinme tiast represents the tine of arrival of the
nost recent packet, next represents the 5 predicted

WO a005i08@B7t i me of the next packet, and Snext rPQET/@SENY/6826942

the predicted size of the fiext packet. The val ue of

next is given by the sumof tlast and the predicted

inter-arrival time. Both next and next are conputed

e tMmeI BRratoRAe k@teratitiey a3clays d(iR) 5URHY. k) HAMNE, §) a%ﬁ k. That is,
represents the size of an Ethernet framé't

fq;raé q‘ée%a‘yltlba@veé@ka%tﬁ rgetiife dgadkipe fo prrirecissthaty @tmht: H@ad of-line
u oL dr )
(40P PAGHEE Ffrarplond %) < ditijor1), et drgh Mesecli apfpe destination is
pﬁtﬁlnratekilmmkt(lé)vhoﬁ %résme lbfféﬂ-'e ﬁwhpidgeachhSHeOde(liv?iég to tl(lelf uSPer Mayer, the
- St ot (I rk) <smax verhead +Smin r | t ot
%‘i‘ﬁﬁ (fms}?% 0 Gelverydine Gdng overhead, Smin'is
the ohbd MUmAld QaRlicekd ame tﬁ@ﬂe&ﬁﬁtloﬁn%e %}} Sieed to be

t he maxi num al | owabl e frame paylo al |
agkaowkedsed-ebhe IEEi"yt??@@ 3 ﬁ@mdaeckaim BQt retqutrheackms:dedgmg sih&:essfully

tr%@%ﬂttg} gr nt(3 ;ﬁltng%vc(re? lslloé’r?r %@e%ttgcsf%q{% 21n|dn?< Cé’gbséﬁ‘} g |b% implicitly

rebitdsd Pefa BRaOVackabd1ddebReiht. TAR! BERBYE, dddISoMYrStEctCaAAfst noise
round trip time over the |ink. Time Ti (k) represents

CHPFE ﬁé?qr‘lﬁég yo epeembpdignent,r agkowledgeraant tfeanres ay be keeds Once the
eg&%? (ks gﬁatqﬂg ld?clhc l%ihlli](ﬁm RA%E. AL 15 lmlglg/ ,Eglu a‘?f%‘ﬁer sends an

el'ivery € expresse
aqk@pwleligérknt fréns ttg Ith«)ﬂaﬁSmMgl-sthﬁéh +THe 4é&knoWédgémentl fame may

o5t i HoGRr ARy CLhsrel s B ARSBANMENIE bR OPHTE Toserved for
th@%én!ﬁﬁlsél@l% 8f thBaBkdowldd}enfcRt ﬁ'bmg %l%lg% gHe’rgéegﬂt)ﬁ g){qg dbth Brame,

packet may be expressed by Equation
t cur ptahen 20tmdyTparfad) adapTive kncqpaladn 20 A6¢@36R8 Avith a calculated

PCT/ 200 026942 t f t
encapsu Pﬁon ¢ ﬁ%enc[%el éﬁ%or@tlﬁgjr e@n%uerna:fe gjugén%kier{c?a&u?zg}qn qfﬁmjency nx)

fo"f‘%dfrfjﬁne Tﬁ’a"i‘tméﬁdes A BYted off %?g\g%%\%{a? lfee%()ﬁ)regsl% gé: g%;fd x}é&)?al frame

first deadline to expire
sitd)iOAccpamgab onkefibbeimieat Gor &téhl MKgabits el dechtd EtheleDi&work, the

error detection at the destlnatlon is erforned on
mtm@umh%lwabkaﬁﬁﬁn%é%a@%hyesw@mmelade bietes obfranintgooverhead.

'AE&?leglgleff 462Y & < H@r ?E})Q&ﬁﬁg B?teé) greareaﬁlrae%e "ﬂxereefore €ncapsulation

sane Ivery t i e
efficiency 7(x) = x/(x + 26).

On the other hand, if 0 < x < 46, then padding is needed to insure that the frame

size is 72 bytes. In this case, 7(n) = x/72. Accordingly, the encapsulation efficiency

77 (x) may be expressed by Equation (8):

®)

ﬂ(X) = {X/(soverhead + Smin)’ if 0 =x< Soverhead

X/ (X + s if s < x £s

min) 4 overhead

In order for CSMA/CD protocols to work properly, the transmission time of a
frame cannot be less than the worst-case roundtrip time (RTT) over the Ethernet so a
station can detect a collision before the end of its frame transmission. If the maximum

wire distance between two stations remains the same, then the worst-case RTT may also
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Once a frane is delivered to the destination, the
frame may need to be acknow edged. The | EEE 802. 3

wo ge@Endeastd does not require acknow edgi ng succPEBAUE2M0Y/026942

transmtted franes, since ollisions are detectable
and a collision can be inplicitly regarded as a
negati ve acknow edgenent. This, however, does not

befiat@cThagal et tratBihtsickD sl WfSthe AoB el 130to! Be ‘i’ﬁ@eased then the
enbodi nent, acknow edgenent franmes may be used.
mfm@umé@@iabl@rfrw ¥iFg ’é‘é‘Sttqlr%)tm@Iﬁéseé? ensuee ﬂ?@ﬁ@ﬂih&ﬂ@gﬁan be detected.

hﬁ&lhl D gﬁcrleassl et‘t:&ns?l ﬁﬁ)ﬁl s%%gd }{)?r )1 n% ésf?het*met ten .Fhmes while

erren rane transm 1 on.
kezpilagotsl ra@d‘mdh‘equ&mcmymgabmmandluﬁﬁﬁfaﬁlh siz€ Baanetder of ten.

l'i ke any other fra or t an be briefly

res SF‘%}évoh%‘Yﬁvef’ s ge%% mf‘ég‘r‘lswqtﬁ“g rﬂéﬁ%ﬂeﬁ%&wnelagtbﬁﬁaﬁe of small
frdth&Te Al@érh&WeQQnEﬁ‘%élﬁ&@ QEd&mgOfthearr%%ﬁl]n{]r ABvable cable distance

Station 20 may perform adaptive encapsulation in

b@wmwwwm relyimg| cmdmdused intercompstibtatiorsnFor example, 100 Mbps
janc e enbodj ul at

Et%ffngnl cl aesn%lym ((El ‘;10“ n %S’?ﬁﬁt i #@Teﬁ’dg'gta{%ﬁ%?‘é@bs with a

m@timivay $teash- thﬁst@mr&sse%e@&sl 7 (x)= x/(total frane
si ze Accordin to one enbodi nent, for a ten Megabits

per BHE Hlde’Eﬁﬁ theraetilizes ¢ lsarmierieriention sihershz Bhectransmission
off d éfgflvél'yzsﬁaa'l xﬁ psy%ﬁpxcc ?/ hé i} s%g orggf b%nes 9 télat insure a

fram ng over Ingly,
mnmnpmdmangelﬁytsgsltmf ¢hat egequatdo tH?hah&f feded to transmit a full frame.
enc sul ati on ffICI?n,Cyi7(XZ¥—X/(X+26 On the
ngﬁglﬁa g engapsylatipn.efficiengy 7gisati) garydierfypressiddwdiqnation (9):
insure that the frame size is 72 bytes. In this case,
i 7(n) = x/72. Accordingly, the encapsul ation
efficiefigy si (X)ifmay be& expr essedsbx Equation (8): 25
N X¥)Sever ad + Srp %; if 0 E"X < SbVerhead (QL(X1 =
x| (x + 'ShYePhead X< Snaxc (B)= I n or der

for CSMNCD protocols to work properly, the
transmssion tine of a franme cannot be | ess than the

WieE Slisch BSttie onifding alfowdbIefiriiRd phyloxEfor QigabitNBsMmet So a
30 station. can detect a collision before the end of
i t s Yipdifigatiangn addiignpnor jomissenspEay nden mader & divstemnd@ without

de\?\%ﬁl}sﬁg %?g{s ﬁé\f@ Sé&l‘%&ggﬂi I{Svgfi%q g 8%%%8%%%%9/{8&1]{16% rBE]}? have more, fewer,

or ROUT¥rUBRQ0Es. MM6i@dPer, the operations of system 10 may be performed by more,
fewer, or other modules. Additionally, functions may be performed using any suitable
logic comprising software, hardware, other logic, or any suitable combination of the
preceding. As used in this document, "each" refers to each member of a set or each
member of a subset of a set.

FIGURE 2 is a block diagram of one embodiment of a station 20 of system 10 of
FIGURE 1. Station 20 may include one or more real-time queues 30a, one or more non-
real-time queues 30b, a processor 24, and a scheduler 34 coupled as illustrated in FIGURE
2. According to the illustrated embodiment, station 20 includes a number Fgr of real-time
queues 30a and a number Fyrt non-real-time queues 30b. A real-time queue 30a receives
a real-time packet flow, and a non-real-time queue 30b receives a non-real-time packet

flow. According to one embodiment, different real-time flows may have different delay
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be fixed. Thus, if the transm ssion speed of the
Et hernet is to be increased, then the m ni num

wO alobosabl e frane size nust al so i ncrease to ePCUUS20D4I6A6942

collisions can be detected0 For exanple, increasing

the transm ssion speed of a 10 Mops Ethernet ten tines

while keeping its range fixed requires increasing the
reguirements f andpaclsdty thablyeleny orthe samd reabtimeFlolhingy have the same delay
however, nmay lead to inefficient bandwi dth utilization
94 TPRE"case of small  franes. Alternatives may include
redugl fguk %a@fﬁ'a%ﬁ}@ﬁg@\éﬁjﬁlsﬁtmbﬁffgj SHeBHFE 1o PRENEERore, and
two stations or relying on hubs to i nt erconnect ’ ’
sedapickats. Ereh queuerpleb 109 inblpde dentrek hagic 13as-b, that manages the

' ined th | Ni f [ 64 , b
oFBIELERL e TR St o8 she e Rt s

inplit, Padbesetherifput Hocdidinly-t0 yRbdKin&d 9@y, tanfih6du8 butput. Control logic
utjlizes a carrier extension whereby thé transm ssion

3%¥b énarye |f(ar.t @mg}e,sqﬁqqniqq glﬁenqngber oif |pgq]gqgs that ity be_ er_lcapsulated to
fo&-ﬁ?&{#}ﬁmé E{J é;%/lu | lr(reecs?{e;]dgt%ﬁllcgfage&gg h%rgv%%i}i]llégn follil' rﬁglegtepeagkeg}lwnogl% lead to

a yiodatoniof adefaylréquirearert. Accordingly, the encapsul ation
efficiency 77 G GA(x) may be expressed by Equation
(9) : Camgrol Jlogiy 32artx may Inpintaiip the hudber X, <of JricketGhstarting from the
Smn (9 9iga X (X+Smn) F1f Smtin G - Smn <X
cugroghgga e packet; to b enegpsitatediinto ruframe. dhamumber Zef packets

ayl oad for G gabit Ethernet. di fications,
mgﬁé? tupgehtgc? ub}:esﬁ?ﬁsg 10 Sﬁ??ﬁ%;ht?é the ga1va o§9 é}pg{rﬁafbet, the successful
deNiveROsfta fraleeant 'eﬂﬂrefti(l)g r@fn&aabl&ﬁﬁ aaRe r&fui&?@e\ﬂg?&ﬁ%éa@%tf or any other

For “exanpl e, system ave nore,
comiestionnfthe srecatingoler quesd ispeleeted dm trangmis ypeen dither uses an

b b , f , th dul
ERRECTBRER §; 1 QRGP BRn eSS (90PY GRABH IS o aname or defers
U%%%ﬁ%Q%qmﬁhggbﬁjgﬁggrising sof tware, hardware, other

, Or any sul | e conmbi nation of the preceding.

As U €fniehal/lbad tidRe W Hhay bEASHiatt€ (ethshd fﬁo?tqg&élg? rmx%'buted k;

of a set or each nenber 'of a subset of a set.
vahleCUREeri2veS a bl Ogllse GfaRT MTeOhp@RE, BRDAHEMRRY B sd according to

station 20 of system 10 of FIGURE 1. Statioh 20 may
Equatipm(ld)one or nore real -ti me queues 30a, one or nore

non- real-time queues 30b, a processor 24, and a

schedul er 34 coupled as illustrated in FIGURE 2.

Accogdi ng_tiy the illustrat i,ent tation 20

incléﬁﬁﬁ a @hnbg?“FRT oi"#gg?q??ﬁgbqguéaos 30a and a

nunber FNRT non-real -time queues 30b. A real-tine

queue 30a receives N
The timer is set according to the additional queue delay from the time of computation that

can be tolerated before the expiration of the deadline of the first packet, that is, the head-

of-line packet, of a frame of k; packets. Since the newly computed k; value satisfies di(1,

ki)=d; then AY > 0.

timer

The frame payload timer FPT may expire before the ith queue transmits a frame.

This could happen, for example, if the channel is busy for an extended period of time or if
station 20 is in a back-off period. If the frame payload timer FPT expires, then a new value

for k; has to be found. The value of k; is decreased until d(1, k; ) = d;. If in the process

of decreasing k;, k; =0 is reached, then the deadline of the head-of-line packet cannot be
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30 a real -tine packet flow, and a non-real-tine gueue
30b receives a non-real -tine packet flow According

WO t005/038837%enbodi nent, different real-tinme fl owsPGmySloeweec942

di fferent delay WO 2005/ 036837 PCT/ US2004/ 026942 10

requi renents, and packets that belong to the sane

real -tine flow may have the same delay requirenment. A

neptiethat 3Qadpl, Ry denfar ihae casyy sationabd edifuabdse theOR&HdadIe packet,

to receive, store, and send packets. Each queue 30a-b

inpagménte Mide adamcesghe ithghene3ad ts;confpattesitberajess dfhi arfd AT, .

operation of the queue 30a-b, and may conprise any

sui t dbldescdald beadepfelirelpiackdtpa ineeptayitrapkita, digparicwras T he . When

i nput according to predefined rules, and produce

adueititadvanses tofhe hrgdof-132pasitiony thef timereyawpmay be set according to
i t he nunber of packets that may be

Egﬁ%:tgoglglljr)gted to forma frame of a suitable size or

cal cul ate whether waiting for a next packet would |ead

to a violation of a delay requirement. 10 Control

| ogi @a32a- 5 Aay- feintai@, the Adiber, ki ] 6fl)packet s,

starting fromthe current head of |ine packet, to be

encapsul ated into a franme. The nunber ki of packets

may URAALE . (1 s t . i

ar i e (L Mt RORAA R oSl BHFIS BRaHIB eljyerghe head

of-lisgrpackieh €l'lex pineaiti watueohccoadikgto dghatjorr @qyiis eveadditional queuing

.ot her. event r a ot he cqonbi natiaon of the )

iRdbu g ge b GRS P §Eaumeuvn ket wak ietheadbiiae packe

I el § n e of. ki .to, determ npe .

b8 ASErc PR 13 MRt YRS bl RIS S B <

0HhENERTESSA-BAIHObidkefis AR¥ArdEO MRFthe uéﬁ@gﬁdmwad timer

FPT may be associated with the nost recently conputed

ki  Vh¢ processheiheoneputiag thevtimaebutevabde Isi repeatadbfopuhe dew theed-of-line

P TR 3% e G REE o | s
oA AR e O L0210 B s

the syitRE BOMa b iked deagtkintiae e dbfcd bidet aMBRK e queues 30a-b
that is, the head 25 of-line packet, of a frame of %(I

o%qagtp(tginsi_O. Sicheduler 3¢ maitelect angugs 30k-R agenirding saanyssuiteblegrocedure.
S g gD BT R G SRR B2 b
sdheduting procedure, where queues 30a-b are ordered. As another example, scheduler 34
may select queues 30a-b according to a modified round-robin scheduling procedure.
Scheduler 34 tracks the last queue 30a-b from which a frame was successfully transmitted.
Once a channel becomes available, scheduler 34 selects the next backlogged queue 30a-b
to transmit a frame. Scheduler 34 may give equal priority to real-time queues 30a and
non-real-time queues 30b or may give priority to real-time queues 30a or to non-real-time
queues 30b.

If there is a collision at a channel, scheduler 34 may use a back-off procedure as
defined in the IEEE 802.3 standard. After the back-off period, scheduler 34 determines if
the channel is idle. If the channel is idle, scheduler 34 waits for an inter-frame gap, and

then proceeds to transmit a frame from the queue 30a-b that sent the colliding frame.
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Thi s coul d happen, for exanple, if the channel is busy
for an extended period of tinme or if station 20 is in

woO mobessk37of f period. If the frame payl oad ti maxCTAFSE004/026942

expires, then a new val ue130 for ki has to be found.

The value of ki is decreased until d; (1, ki) =d;. If

in the process of decreasing k', ki =0 is reached,

t hen Mdufickeians,i adlitdnst e bewsdiods - mhyebdpagddet (£ amieh D€ without
WO 200&/03%837 PCT/ US2004/ 026942 11 met, that is, d;

denarting trogy. the pgppe s theciyentionr Kot Gamply, giasien 2Bl snaytave more, fewer,

Peaf: Modul A MIFESRE, theNeRli% i cesel
Oi th crque(ﬂél, an rge- 'c.r:’otrrput es 1 Ege%\ga ulgg 2cg)f ﬁ%};%z}n K’j%%? by more,
feweFpordotheamddaleh e &dr efamhplaecthp apkmtipnsaof proesssomy4 tfidisdheduler 34

a discard tjne Tdlscard .. When .a packet, advances to
i ersaTEd P A BOGE: Qe PREGTRER SR A gmasebesgrformed by
% af bR nioBuled Aiua ns hilly Tedlhisin ui i
Carr (e gyegule (A%m g ’t?a%)o(niﬁyg% g‘%grggﬁ?‘?{ﬁ%ngr%“zyﬁ““able logic
comgprisieg sathyaveirhapbyare.lsiteertlogre, arlaay switablreenaigdndtmnddlthe/mreceding.

t he 1Q of -l ipe packet. The tineou al u

acco?gﬁﬁ%Etg @hdﬁtﬁ%ﬁg?%liﬁyﬁaFﬂ% Ufai® EQﬁﬁ?mEu%ﬁﬁhdnahOd for
efidapulatiiat paviets datof aiftahe) Tht eiah@UbESAPEE st 106C MIBR: station 20
unlikely that the head-of-line packet can be
defests ¢aravailatle chanwel.| Stattont Hedetpmpings whether agiuewre 30a-b has sent a

i I ingca ' [ ' r Q, then the

TRt Sep ks A Gl T, 60 4 5l PR’ B motos
padeals de dtep THS, phereshedflercidrpelédtn thet quut B0BbOUhatv@htithe colliding
fris repeated for the new head-of-1ine 15 packet by

&8fting the value of t,n(i,j) and the val ue of

t". (if, dothdenkt0a8 had ser®@RAcIBHRG e, Wﬂk%&tp_ﬂﬁgéeﬁg to step 112,

If a head-of-1ine packet results Iin Td scar
whereksshedillerc 3¢ delegts ceasets queSchdtih.erN&d qreeye 3®aths ethyt e selected

21 i ne_t he rvice order .anp t he, gueu 30a-b of
oA JFBE M af AR08 AT vRISHED 255 ale soms
Facaxamipld) geitQqquaiiy 3644b ndl R RIQERANHS the Mkt BRI @eue 30a-b or

schedul er 34 may sel ect queues 30a-b according to a

the HERAUCHS B Op-D dorswihel thei fhag 1p sesde tiue according to yrmudgobin procedure.
3 . | hedul er 34
AESRSTLE UEE o, 5 EEAT ELL

may se queues nodi fi ed
r oundt stepil h6,sschetlidri Fgchecksc 2 flag ef theSehweeid| @reud404-baktSndicates
| ast queye 30a-p fromwhich a frame was ) )
whilfere@Eie 1 Hema et e oo fommARRe Hscordbe fag is set in
st ablagy saheidulvent, 3dcs ek i d
]Eﬁﬁgﬁe Sanb to transni% a ??%%ghggbﬁgﬁﬁ¥gﬁﬁ§a8%§§’Suuxmﬂhuy
trggisinéttiog g dtanpy fromithy quane3@adb; viheesujabless e@Qar arydeadibination of the

non-real -time queues 30b or may give priority to
mFégpg%ine queues 30a or to non-real-time queues 30b

The flag may be set to true or false at step 120, where true indicates that there is a
frame ready for transmission and false indicates that there is no frame ready for
transmission. If the flag is set to true, the method proceeds to step 124 where the frame is
transmitted. After transmitting the frame the method terminates. If the flag is set to false,
the method proceeds to step 128, where queue 30a-b is skipped. After skipping the queue,
the method terminates.

Modifications, additions, or omissions may be made to the method without
departing from the scope of the invention. Additionally, steps may be performed in any

suitable order without departing from the scope of the invention.
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If there is a collision at a channel, schedul er 34 may
use a back-off procedure as defined in the | EEE 802. 3

wogo@ndessd. After the back-off period, schedul eCT@42004/026942

determines if the channelidis idle. If the channel is

idle, scheduler 34 waits for an inter-frame gap, and

30 then proceeds to transmt a frane fromthe queue

30a- BIGURE 4sisrit flowehactoll litetiting dtlb&%odif&nzg@ﬁ/r@&ﬁ&ﬁ?or updating a

fCI/U820q4/026942 .12 Modifications, additions,

S YRy BEHC R LePanS g IeiSH B2 RagkebuThe @éﬁl@dtbﬁ@gs at step
150, O¥Rekd) EortoP y

20 Ty RanSP R 524 BEGUME NS A QTR Lt i e mumber
ki loé pagketsahatansy bé esdapéiland 2o BEnke aRe tHeQiEeE, BY pAdeR that may

fewer, or other nodul es. For exanple, the operations
beoéncppadatednto 24raared The kigd \B;esf @kéts BB edpendetof th Bmécﬁye packet

one nodule, or the operatlons of schedul er 34 nmay be
sizrepff the dgdpdgyets ot endyhizenpaerdtiatip dutpsulbdiihioanBhiy., A flag is set to

unctions may be Ferforned using any suitable |ogic

falsg#hricRilRg Lopackst bavimgp ewaens PaékeﬁiérlelSag&ncless)iﬂlalaaynammum size

SRS D5 T o e i
Tfeﬁrm;ﬂs wif ttel munea Qk of sackets of quduediupdhfd Jielep a2 begi ns

at ﬂ100 wher e staﬂgggpzo 10 detects an avail abl e
chanH¥i 1a83pay boset Spiraee AeEemhes- h@l‘heaﬂ%ﬁ}é get tgmejthe number

B S . RS e ke
upideted thePaukl Guewd £ hgs §§Jk%f1%fea[ stficRfl 6ok ?(1; tfli]lethg :j)%gl%ad of a frame.

30a-b that sent the colliding frane.
Acoedinglpiqif a Slagts set tootirid atistey 166 atine mettine! pred:deddtopst@i:ﬁ%ﬁs

QUeueﬁgéﬁé%SS?éépﬂhere“%§g§q§Lﬁ%ﬁﬁggigéﬁééﬁe%qyrﬂ)COHUOlbgw
320@eREMIRY af fed0y0 fUhé @Qh%f%ﬁé R Sifd 150 E)fﬁﬁ@ﬁfc‘ﬂg{ g)lﬁsht%e $176 % current OF

be used to sel ect a queue

thgaetent Bkebisriesy the, s@had ed, Qﬂﬂ gfdaCHintﬁeﬁthé\ ﬂ‘?ékmlﬂﬁﬁ Il Q,Qf;‘d If the sum
EF 3ga b or the next queue 30a-b for which t

is sclg'napé SRAXITIM sige, s.%dbfa meﬂ@dmyo%eedq)tgmgen bH, rqvhere values for the

r fit t he et hod
sizd %gggﬁ&tﬁg aé tfd Tilgi) ?P%ﬂkgg @%%tegséﬁgd dgfing ghe values, the
ln&K&pﬁﬁa%dgkﬁgqpﬁxthe selected gueue 30a-b that
indicates whether there is a frane ready to be
t r ahb et uatisf equal tputheen@dauin sithe,f) tg mehsdprdcdeds to step 178,
reaﬁonse t.0o_any SU|R?bIe event, such as receiving a

&5125B.t HePagkets and hgowabsr ki 10§ pagketsraseriipdatarly Ehe flag is set to
trut: NEBn]b. na : Oﬁ&glflg ?lﬁsﬁa%rtgg hlhr Sr%cée gltg stee\{)e o 0. Iofthe sum is
greater than the maximum size spax, then the method proceeds to step 186, where the flag
is set to true. After setting the flag, the method proceeds to step 190.

Scheduler 34 determines whether there is a next packet at step 190. If there is a
next packet, the method returns to step 158, where the next packet is received. If there is
no next packet at step 190, the method terminates.

Modifications, additions, or omissions may be made to the method without

departing from the scope of the invention. Additionally, steps may be performed in any

suitable order without departing from the scope of the invention.
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25 The flag may be set to true or false at step 120,
where true indicates that there is a frane ready for

WO r08mme37ssi on and fal se i ndicates that there BCI/U$2004/026942

franme ready for transms$don. If the flag is set to
true, the nmethod proceeds to step 124 where the frane

is transmtted. After transmtting the frane the

et h¢dGURBS nah gldwchdrt ilhstritiggoieserfi®dditent &Y Setholl B6r updating a
tget od proceeds to step 128, where queue 30a-b is

Ri Prad-reab e quers piipgetneasy trogeccessty transmssianoell a frame. The
il Bakias atMaej PopAtIHRRS sctidiel 2l B8 9N, MR

be madgélt 0 at heébnetog’oa‘; vvlﬂatS ﬁg}ﬁe;agiegle%;?te tleﬁ{émgglc}}?hatt ﬁefsrame Hhas been
seeeepsdullyf trardvenitted, fromi queue AdThd monbdrl Qs of phelss arapelei is established

rf in an suitabl e order w thout departing

oSt 20 Te T B s Ketrang BincaublongamassBBayers at step 208, 1f
tHRGIUNk22 Q@4 1028RAL is dhaFtd3:ERE of siep 208 |

il ust rgt@i nfg?aone esnbé(gldi ment of Sgﬁmat hol%w?g@%ﬁaoaff?%gtoasmp 212,
wihieeegthat numolrerr ealof tpatieetq ke be dncapula@BPRRS @ frfiné QAGINE BEe B’ of
a packet. The nmethod begins at step 150, where
Pagksisrigl ba engrpsubzted inte theaframe gra ingtiatiged e The)flagfis petctefhlse at step

' r i, of packets that may be

zg%clgggﬂ gznégdth?ﬁflgl{gg Fglr?g,tergnﬁ%aq?she size Bi of packets

t hat Ifithy nbmber @rufgiasistais @glcatdittRartzelé affep W tRd BE&IEH proceeds to
of 2Eackets corresponds to the collective packet size

stsP 22%he Proqsssok @t sletemminesglie mexipomne malualof yheemualps W} adfoshckets less
into a frapne. flag is set to false at step 154. A
U3 ok 846 Thrgo! BUPPe: G Reskets o dpeicior pdih the sarehanding size
a : i ' Spax. (s recejved at. step 158. . Maxi num
gy S R il or ST A b GBI 5 PaHR] (P By S17prges at step
YR hkEm cBbd pheBIN T &Fep@300f hdP@Hk alap i9fet A fleSsetti
updat ed at tpst gp 162.ep10 The fl ag a%éy ebg&grgfg ‘tﬁgettssreﬁténgotrhe flag to
triigl the méthed e@niifides. | fif tiae B] aQldss that niairhliesizd BE,, the method
nunber ki of packets of the frame and the size Bi of
ProReeds de letaps2 3 whire the fing idoehtst falsse dAffter bettingipitaflegl to false, the
o e I has packets of a sufficient size to
m?ﬁgﬁle%%lé%égsyl oad of a franme. Accordingly, if a flag
i s sBlodiftationse alditRhep ol Ghisdihie FRENBE MIRCBLABe tiethod without
dste 190. Ef the flag is set to false at step 166, the
Wéﬁﬁ’@df?ﬂpé eaehperad the wpyentyqn. &dditippally, stgpe mayhegmaformed in any
WiabRIFARER Rt ddfaRink Porl ize Bi of
Sthe packets pl uéé)%th %ﬂg&he&%ﬁggf%@&&ﬂ{%@ current
packElGURE |tessa flhembare dlatrating omr eigbediment bhamdth@l for setting a
maxi mum si ze smax, If the sum is less than the .
fagator dusnlstime aupie30a nEhavpethod begioe ebstsp 260.swhge teigumber k; of

[ lLues for the i ze Bi aof packets and the
R &y B et EPouen '€ it o » Rprrvan ad g Rl updated for o
quéat UeSranidayldarRlt thask PPPEREDE Used 8 8RckIME -amount of time that packets

stay at queue 1 in order to account for the delay requirements of the packets at the queue 1.

The number Q; of packets and at queue i is established at step 254. If the number
Qi of packets is equal to zero at step 258, the method proceeds to step 262 where the flag
is set to false. After setting the flag, the method terminates. If the number Qi of packets at
queue i is greater than the number k; of packets to be encapsulated into a frame at step
258, the method proceeds to step 266. The flag is set to true at step 266. After setting the

flag, the method terminates.
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20 If the sumis equal to the maxi num size smax, the
nmet hod proceeds to step 178, where the size B of

WO pextsesy and the nunber ki of packets are updatrack200026942

flag is set to true at step 182. After setting the

flag, the method proceeds to step 190. If the sumis

greater than the maxi num size snmax, then the nethod

proceede dgnbset 011 Bcketh@ RetdEisfdq@sl tol the ﬁﬁxtnbérokt b¥PBackets to be
After setting t | ag, the mathoél1 proceeds to step

eh€psulated Sotoatel Iﬁamesmedaethoolmrt%edmmsb@rndﬁ emethisSca§e the available

nex acket at step,,190._ If there is a next acketl
ﬁ@tf%w%flfb&oﬂ%mpﬁ%te@ g %’{eefbanl%‘glth%é@(éa‘ﬂlr@%%%ﬁféﬁ(ﬂ&@éﬂf the frame

id Fraf@nak hene ho$ o

| SRR a1 oy B0 A R Ry v pcks

afiNes at quesie ipieb inpelsiblethhdreframe hath Wi plaodhe oFBBRI Packés may be

fromthe scope of the invention. Addi tional l y, steps
fmySdt?@dpﬁ@n$mﬁﬁ¢éw1thouawylat18@pmkﬁt d&bhldiney der wi t hout

D000 b 2BBris FaRG, Hoa 51ea AT ERASHEPISkPet step 270. Processor
251'031'24?15{?;{& vllﬂe#lfégtéﬁea%dnq 9r %em crgbothhgggéke?s toq?engr}c%é)sgllz{%g&’ and of the

ating a n-rea ueue |

next et es©bUbrge rthatsisj gedt@rthaf tha nidxawem sTies,,Meklepd72. If the sum
begi ns at step 200, ,where schedul er 34 determ nes that

lsatoprlﬁ@, Kt iveen lrskutdeér&ﬁtuPl Wi Almeanthetraethéd pracgedsue step 274,
e numnber O(% ackets at queue i is established

“éle%ﬁ tg% flag isxgit gitingythesflag, thaaaethodrigympatesqual

to Oﬁf%res"i‘ﬁne Baatnpzl?%g Al slep @Og(*blfh the nunber Q

ts1 s &qua 5 BBL TS, Frog d85netthe (et Rodness then the

e6d t , P t :
“%*R’Ee eﬁzéggsfﬁl%%e%*?n%é%q e ghitferp IRE br fle ByPRHENS prediciea
Amveaiditgs tt onbendodapst) dteedelivietyo tintee nfay alpee pegdécted in the following
initialized, The flag,is set to false at step 216.

RNy é@pﬁdwgedt Sﬁ@ %p,%gfl)wféh%ﬁ@m dhat dask paylead inglyding the current
the nunber packets is greater than zero at step

ka %qut%%‘uﬁé’(eﬁﬁat Eﬂﬂbeté@ ég‘l‘tednasé‘wéﬁszlzbﬁd oy Beuatien (124

det erm nes the maxi mum val ue of the nunber ki of

packets I ess than or equal to the total number Q of
Sp(alck}gtsr af queue i for which the corresponding size

Bi'is less than or equal to maxi mum smax. If size Bi

is edyal 1o gathd*mﬁg ze Spax al step, kZ;ZA th@ nmet hod

proc gdstogte t2 erethgflagls 'set fotrue

After ¥Etti ng“‘“t he fi"4g t'g°*15 ¥t Gt he net hod

ternymates. If size Bi is less than nmaxi mum size Smax,

the nethod proceeds to step 234 where the flag is set

to false. After setting the flag to false, the nethod

Thé fn@dﬂ:?éde(feiivery time of the future frame may be given by Equation (13):
Tk™+1) = 85(i, k_ +1) / Rime + t/2 + 1 (13)

Three conditions are established at steps 280 through 284. Whether waiting for the next
packet causes a deadline expiration for the head-of-line packet is established at step 280.
The deadline expiration refers to the expiration of the deadline associated with the head-

of-line packet. The condition may be established using Equation (14):
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Modi fications, additions, or om ssions may be nade to
the nmethod without departing fromthe scope of the

WO toowesss3ron. Additionally, steps may be perf orraadu$2004029942

20 suitable order wthoutl@eparting fromthe scope of

the invention. FIGURE 6 is a flowhart illustrating

one enbodi ment of a nmethod for setting a flag for a

miak {currgnlt'pE q %e Q q ]Jq'qql p% I'ns f4 st ep 250,

vvhgre t hei?d hbe)rgeﬁt? s )g@et s)togbe eg gpsul at ed

into a frame and a frarre payl oad tinmer FPT are updated

for a queue i. Frame payload tinmer FPT may be used to
whefCthe sBAnRABH BF Faliatidn @ 3§ NAbkRASKS (@eda 3908y R vﬂ#@djﬁle flag is
i in order to account for the delay requi renents
Cﬁfﬁ@tb’é@k@t@eat the queue i. The nunber Q of packets

and ue [ stablished at step 254. |f the

nurrbg"}‘ q‘@mgz 9t1airll{(§t 1P 2 dpespstt ég‘gflo%atl ?Fl%@,aused by the
t he net hod proceeds to step 262 vvhere the flag is set
tragsifisdiereof Mdmey fremtathergueins. Thagrmtiheeithet hdalwer nor an upper bound
term nate I f. the nunber Q of packets at queue i is

0 %eaefapa ‘f?éﬂ"}’ FHISE [FOME SIUCRES BaY p‘é@ﬁ@t@ﬂwn@e%e or decrease their k;

ncap‘i}HLea |nto frane e?t step .30 258, the nethod
%Pﬁsee e’§t lé‘ﬁ-‘/ gidetRed tfa@aqS@I%S&n pfily thgencxt rewnsp The next

er setting the t hod term nates
P%F%@fz@%%%%té@?‘ltsb%ﬂpsﬁ%@iy Beider 80 pre rehedTimnndythat i, b
f . RAGKEL | t r
e SR e A e,
Bt Rt ing e R stareheb o afs‘ﬁémer 6ot i cause  deadiine

t d f.\t
R e Se?@ﬂi}ﬂ i Dol ah G tespioaid e pgecessary

wﬁi@%ﬁ@?ﬂ)@gedé% bhca sﬂﬁ‘é’aﬁ@%&%m?a%ﬁl' ves at queue i,
then it is possible that a frane with ki plus one or

mor eWiktke teitingympye catissraxecssinecparkairiessi tteeid esiablishet] at step 282.
E)\(éeg%i% Py&epl%gi( fa gl%?ﬁ% elhgxzi ng:g(gﬁ SsS %{te é‘t@&gr edl satts%y a threshold

Ze Ssnex

vane dhe $ofditidd mdg be eptablahedhiedofihg tdEqEUBH of 5)! he si zes
of the packets to be encapsul at ed and of the next

packet is too | arge, that is, greater than the maxi mum
Iz s (st 2 | f the m 10 is too | arge,
(D?“ﬁ ;K r@l M gp]fct g%)r>§hext g%g then the nethod

proceedsto step 274, vvheretheflag is set to true.
After settingtheflag, the nethod termnates. If the
Wahather thenois dosighidic, effibiaficyl Enpib@inidnt b&lﬁalﬁn%ﬁheésttab‘ﬁsﬁéd at step

?@ then the nethod pr oceeds to step 27 wher e
28, UFRQeIPreYSHReS AnphEiTdRtinereased afficipraydescdisenssed previously.

t b
AN B PR B Bl 61 117 e e

?(Stot(1, k:) + Siext) - ? (Stor(1, k; ) < (16)

where ?; is an adjustable efficiency threshold.
Even if the arrival time and the size of the next packet are accurately predicted and the

frame encapsulation at subsequent queues is performed as anticipated from current number

k; of packet values, there is no guarantee that the deadline of the head-of-line packet can

be met. The deadline may be violated due to collisions and back-off delays, which cannot
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15 manner. The predicted size sf{i, ki+l) of the frame
that has a payload including the current ki packets

WO plosig3eBste next packet to arrive nmay be descrimeExiusRp04/026942

Equation (12): Sf(i, k + 1) = Soverhead + Stot (i, ki)

+ Snext, if Smn Stot(i, ki) + Snext Smax Soverhead +

Smnt if Smn > Stot(i, ki) + 3next 20 (12) The "

bpradiciphed B¢l 4 seftivnt 2008 Akcdrbmgfyytiar id 1@%;“5& IR eR&psulation and
i ven by Equation 513): -(k*+1) = 8s(i, ki+l) / R’

trangmigsipfl 16 expected t) lepd torp deadling il etiam statipe 28 shawltlinohdefer frame

Ak t 4, t Lt for, the next .
e%‘gé‘gi‘gt caﬁ@gsss §£t9eag ?lﬁse leg\éypg" rtgte[ ?lg\é@# SF a%ﬁé’ iClatiof, and {0ss in the
ckpatbddfandwideh pan kaulting fash dbfeiriigatie aticapédio?d0 suffitleat.

deadl i he expiration refers to_the expiration of the
doadl (75 HEBoUP oBGUAR MW Tat-S ot 296, e et proceeds o step

289nRdidrd OR TBYs 88 1§ 3iab! Aﬁ&%@ﬂ*ﬁ%‘t@@ﬁg&ﬂﬁf"gi@? [ﬂlée% ﬂa%bd\(@minates. If

2005/ 036837 “PCT/ US2004/ 026942 °1
aledst (tkio)conditions jire-satisfiad( at,skgp+28¢, khertthod dirodetds tontey 290, where

' Equat i 1 i s tak er ., queues
s foed PR O R B e PR 0 B s e g0 St r e
5 Thetheer duithble Throkéduréss fér tALLard Miks tr?@y %@dhgeﬁgnm@{or example,

del ay caused by the 1 transmi ssion of franmes fr
Procedireythat ey omHke maedistion efetherbaniel [staesr atribe tame thepeaxt packet

algﬂlgy%ayozﬁﬁ Bg .u@&i.u%lor %Q!u% e g’tlggog e2§grg?e)§ E&P E}S;aggég)’n of time the

ubsequently increase or detr LS _
chinnélehastbleer &ileraYhel attitn thay delemplitcanssi 8 &odhgiindbw to account
the next round. The next packet to arrive at queue i
fordhe dynamzirs 9f thertraffic.| n dre ¢asanf onmber ke dfiipacigty mundencapsulated
, . forcing queue

that.is, 0 > [current + ~ Tj (ki
e S SR b R oS o e
"SRRG eSO Ao ok ] 86 L b0 o
ot idlgrtithg, Foresample if noneayf(the cdndjtion's (ake satipfied dreinthe peabability of an

T XL,
hapes et ExaRssihe @epglkit abld%s, thetRarnsl B8) BOMoSOBIELIRto be available.

St epM%(Sifzﬁcations, additions, or omissions may be made to the method without
departing from the scope of the invention. Additionally, steps may be performed in any
suitable order without departing from the scope of the invention.

FIGURE 7 is a flowchart illustrating one embodiment of a method for updating a
number k; of packets to be encapsulated into a frame at a real-time queue i. The method

begins at step 300, where an updating event is detected. An updating event may comprise,
for example, successfully transmitting a frame from queue i, receiving a new packet at
queue i, determining that a frame payload timer (FPT) of queue i has expired, or other
suitable event.

Control logic 32 determines whether to perform an updating procedure for the

number k; of packets at step 304. For example, in the case of the receiving the next
packet, there are two possibilities. If the previous value of the number k; of packets was

less than the number Q; of packets at queue i, then the value for the k; does not need to be
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15 Excessive packet |oss rate may refer to a packet
| oss rate that does not satisfy a threshold val ue.

WO 3Db&03ega1di ti on may be established accordi ng tPeTHIf26G4/0Q6042

(15): (M)io+ki+1)/ (Mot +K +1)>si (15) 20 \Wet her
there is no significant efficiency inprovenent by
waiting is established at step 284. Efficiency

upliped ¥iRoe te fieye E@N6T acdcOminddh@packbtehltdadl angYeudS. If number k| of
di scussed previously. The condition may be

pesltesblis shea e ur thengtht oupdguiiag ipoored®) ma9 KeSpetf¢imedkin order to

+text - 2 St t Ki 2 th (16 5 where ?th is
P?“BH}QL}%‘F&W e%?ﬂ(‘%F"éhae%?z"Pﬁ’PQ%tﬁgﬂ& F%—f\?é?? if the

ar ri Vfhn updse Prstetin® i§ind€tPbe bBFore! tHawk@bd %)'i‘@ceeds to step 306,
accurately predicted and the frame encapsul ation at

vaeos tguemhber Ue ussndt ippaed.oAfied nat upditing; hetreethdd Gsmminates. If an
current nunber k* of packet values, there is no
ugé%tﬁa:nw%eéurwt t0t bre perderanadnd $ep BHd 'lhéauetbod Iprersedratok etep 308 to

11&1&1 e%&: Bp](gateamc% e?(d ad Weﬁ%égz?/ Lwﬁqe\é IH(?' ]fecévgss than the number
GUO5HIRREILBT g@%g@gf%gﬁgl ob 95 ER AR 66 BY6 et the

seleeed shlua ol o) rafitks ih b EAHIY S @ﬂsﬂa&to@(ﬂ%tv@ﬂcﬁ Mal ®@8detePmined by
a deadline violation, station 20 shoul d not defer

eéuamlmlngewnapauhaﬁdlwﬂedmm 151 etk BEl Fli, RAp=kgeway to
tol erate packet violation, and |oss in t he expect ed

banduf theRelgeted valas of ki mlges‘ i@ idle h ftistagory REze at step 316, the method
encapsul ation is sufficient. 5 If less than two
peaeeds foastep 306 vetd thtinachbat kStofpadfs istdve up@itbd A fter not updating
proceeds to step 288, where the flag is set to fal se.
thpa‘ vadue, skt tiethgd ttérenifidtery If the felested vhlee wétkhodelden gatisdicesy size, the
at |east two conditions are satisfied at step 286,

mqﬁ@%ﬂq@mﬂs PP ot d20, tvehese @gntgédogw@ﬂedet@menw wgethgr the selected

R 5k B o i 83, o et Btk e the et packe
ir? Gt whh?eaﬁlt@g%e ¥helfol t?(%j TE@ oﬁ&ﬁﬂgﬁfn%{yh &ﬁabhs}“id using the

DYOC ures t on t e prediction o

fSllawidg r@btidoh @1t ikip= uhedmpx;{ ppcket arrives may al so
be used. For exanple, station 20 may track the

fractf oo selected WRlut BE k; cAAMNQuatidtee MREMmd dBli®ery B method proceeds
fraction may be corrput ed over a noving w ndow to

tasep 806, whae thceunthenadii afpackets 3enot npddted: . After nobh &pd"a@%ﬁ the value,
of nunmber ki of packet s to be encapsul ated equals t
theumsghodQermomatsac kétthe seleeied yelue, catnhguadmtmﬂmnmeﬁmed delivery, the

ether tqQ enca ate y be 15 pade ependl ng
RTPg S&#sﬁ?% egwg&@r ket PAristyH u?éae%sAﬂer updating

tﬂgevallue?ﬁletrﬁahga ?e% {rabks.

Modifications, additions, or omissions may be made to the method without
departing from the scope of the invention. Additionally, steps may be performed in any
suitable order without departing from the scope of the invention.

Certain embodiments of the invention may provide one or more technical
advantages. A technical advantage of one embodiment may be that the number of packets
encapsulated into a frame at a queue of a network may be adaptively adjusted according to
changes in packet deadlines at the queue and in network conditions. Adaptive

encapsulation may minimize bandwidth overhead caused by encapsulation. Another



of idle time. For exanmple, if none of the conditions
are satisfied and the probability of an idle channe
WO 2095/0383% t han a certain percentage such as 503GT/6%2004/026942

20 may decide to wait in 1hopes that the tine the next
packet arrives, the channel nmay be nore likely to be
avai |l abl e. Modifications, additions, or om ssions may
téphnivaliadvantagbef ba¢ batodintehptiiay bEOhaieﬁaptﬁ\lrd@cﬁﬁsQ[ﬁtffthnay provide
sco e, of the invention. Additionally, steps

? fesiredinimbenRf transyissioneAtispupss Whithmay lwp@rlmm@ved throughput
Ef@ﬁﬁ&ﬁ@ scope of the invention. FIGURE 7 is a
flomnhart illustrating one enbodi mrent of a nethod for
updatAlt‘hgugh anuemilerditkéntodf fhecikeergionoarikite ndapsageat e described in

I nt.o_a gueue I . The met hod
bRY7Eerao T FUE e Frrot T BARE Btes o8B aggtions, and omissions
wigloeC tgshrtii fraRdfhe! dpatiteaRINScopBL Qﬁ’é@fés@rﬁ'mgéltifoﬁras defined by the

exanpl e, successfully transmtting a frane from queue
appended glaing a new packet at queue i, determining
that a frame payload tinmer (FPT) of queue i has
expired, or other suitable event. Control logic 32
det erm nes whether to perform an updating procedure
for the nunber k of packets at step 304. For exanple,
in the case of the receiving the next 30 packet,
there are two possibilities. If the previous val ue of
the nunber ki of packets was |ess than the nunber Q
of packets at queue i, then the value for the ki does
not need to be WD 2005/ 036837 PCT/ US2004/ 026942 18
updat ed since the frame cannot accommobdat e packets
already at queue i. If nunber ki of packets is equa
to Q, then the updating procedure may be perforned in
order to determ ne whether the frame can accommodat e
a new packet. If an update procedure is not to be
performed, the method proceeds to step 306, 5 where

t he nunmber ki is not updated. After not updating, the
nmet hod termnates. |f an wupdate procedure is to be
performed at step 304, the nethod proceeds to step 308
to initiate the update procedure. A value for the
nunber ki of packets |ess than the nunber Q of
packets is selected at step 312. Control 1ogic 32a
deternmines at step 316 whether the selected val ue of
ki results in a frame of a satisfactory size, which
may be determ ned by 10 establishing whether the

sel ected val ue of ki satisfies Stot(i, ki) = Smax If
the sel ected val ue of ki does not yield a satisfactory
size at step 316, the nmethod proceeds to step 306,
where the nunber ki of packets is not updated. After
not updati ng
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the value, the nethod termnates. If the sel ected
value of ki yields a satisfactory size, the nethod

WO peosBsts to step 320, where control | ogic 32BCT/US2004/026942

det erm nes whet her the seRécted 15 val ue of Ki

guarantees in-tine delivery for the head-of-Iine

packet, while the next packet in a frane will lead to
VeHdgaldl CIngIMED! 18t i on. This conditi on may be

established using the following relation d; (1, ki) =

d; <ld; (1A mreth@i%or qncapsylatia g p pdurelitywdpaeketsfinto a famegomprising:

guar R ERN [ the. 0 noceeds,. to

g2 LR ey S5 R 05 B RR85 5P 880 ot a newrk,
caghd pbekat asdocatednotithupdidldyngequlremet] Uke deR9 td@iréRéMORflecting a
termnates. |f the selected val ue can guarantee the
deatlling cRrespandipe fqat legsta mehsriorf thy Bludins of datiansp 324,

wher @irbigHTBREIHY o ahcﬁétg l&?é‘ g{ﬁ‘kf“é? ?nfj &fs ofthk Station;

updating "the val ue, e met ates.

Modi figteetingomsyvaddde thamnel ofohe netivesk;ons may be made to

t he éhod.mﬁ%?out departi fromthe Sf%gf of the

i nveAtTORMNEERE PR%HAT MIPre PREisEs Alag e H 8t flisy REplity, of speues are
ready Stél babdrRauttedd Whtbh® UrarA@ RAT 4dcBRIahEO Wil 8hé WRRG Rlquirements
the invention. Certain enbodi nents of the i1nvention

agpagiated withtle epe oomoradragketsandi cal  advant ages. A

t echpj v f e_ephodi t .ma e.that. the .
oot B A9 SRS EPUESHTA! S8 808 wine e
agfilable chanrel.net wor Kk may be adaptively adj usted

according to changes in packet deadlines at the queue
and in network conditions. Adaptive 30 encapsul ation

may i ni mrge n@éffﬂ&iy\'io?ltd]aiﬁ}/qrz%%@?eég%@qi&y selecting the queue of the

encapsul ation. Another WO
pRaitUSPQENeORB942 19 techni cal advantage of one

o oo g Yt e FRBbLE DRRRSHSARGR T i o coison
araf tenpts, which may lead to inproved throughput

performance. Although an enbodi nent of the invention

and selectiggihausye in reprongde tethe Wetdrminati®n.det ai |, a

person skilled in the art could make vari ous

alterations, additions, and om ssions w thout

depas.t i ngThe awatlidie of [@il4iirt lalﬁﬂﬂ&emﬁlp@l@infghﬁlé&iﬁ%\gﬁé queue of the

i nyentjon as defjined by the appended clains.
PISERRBY ¢ JSeINIO ALt BYUPrOCSNTAHAT | S CLAI MED | S:

4. The method of Claim 1; wherein determining that the one or more packets
at the queue of the plurality of queues are ready to be encapsulated into the frame
comprises:

receiving at the queue a current packet having a current packet size, the queue
having one or more potential packets having a collective packet size, the one or more
potential packets to be potentially encapsulated;

determining whether a sum of the current packet size and the collective packet size
is greater than a maximum size corresponding to a payload of the frame; and

determining that the queue has the one or more packets ready to be encapsulated

into the frame if the sum is greater than the maximum packet size.
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1. A nethod for encapsulating a plurality of packets
into a franme, conprising: receiving a plurality of
WO paskB837 at a station of a plurality of statimIBUSH04£026942

networ k, each packet ass@tiated with a del ay

requi renent, the delay requirenment reflecting a 5

deadl i ne corresponding to at |east a subset of the

pl ur &lityTae nsdlﬂaid ?ﬁﬁl;airﬁlitlt @héﬁehgdét?miﬁingrtﬂétithy ofd or more packets

ckets to plurality of queues the station;

ag eea‘e‘?‘}‘?go%ﬂ’eavlélrﬁ%wé” IeHFhare Eﬁagi/ He Bfeengaprulated into the frame
cgﬁbﬁgﬂjning that one or nore packets at a queue of the
plurality of queues are ready to be encapsulated into

a f r asteblishingabartbanemieias trahinaittede b pyeviewUraneeyeid gueud Baving one
associated with i%@ gne pr nEre ackets; .and ) .
OB nT8ISs dPREPHE R0 RACKSHR r RAVELE 1t 'EMAHRS ¢ gplleptivepacket  size
c&%sEbﬁcaﬂ f9 $5AysudUTROITAMAE, tha¥Ad biaRbR ERHAME poténtial Pikets to be

thod of daim1l, further conprising selecting the

pefgetidlyomeepselatels plurality of queues by: deternining

t hat . u Ltted. a col l.iding frape.invol ve

in ad%:tcg) lﬁ}sﬁ%oﬁ’;h%{ah%gsﬂsﬁel ST tcﬁ!ele(gll}'g ugaﬁlﬁ%p%@pbsn%ea?% than a
niakEnda pecket siag;iapnd. 20 3. The nmethod of Claim1l

further conprising selecting the queue of the

pl ur SFtFEpNIEE th%féb%ﬂ%}&'@ﬂﬁdhﬁ gne 8 Mose pagkefsoisady to be encapsulated
iR6 RREFUEif e rdinfiB Wi | i

l'det erm ni }19 %ﬂeat ?lﬁg gﬁéejcﬁg% P %Dl?éémﬁééigég{&g{&nttﬁeem&ﬁ%%m packet
sigé. the plurality of queues are ready to be

encapsul ated into the frane 25 conprises: receivVving

at the queue a current packet having a current packet

Si zeg. t heTRBiéEhod G 1RiEh PNEhQein RAENRRALE Bitdt Fe ARCLGhSre packets
havi ng a col l ective packet size, the one or nore

atptheegiqual ofpliekrlpeality obaupersesrei mady tetapsapatae] into the frame

cé}ﬁéﬁs’é? ni ng whet her a sum of the current packet size
and the collective packet size 30 is greater than a

nmexi paeticeihg @ nextrsizsiiandknghcke for dayueag of the frane;
rm ning that the queue has the one or nore

and geleéf . ( . I
packetdipg bt Wtine fomn thepasnt paeket ip istociated withnan expiration of a
dd0BnsUmyi s greater than the maxi num packet size. WO
2005/'036837 PCT/ US2004/ 026942 21
determining that the queue has the one or more packets ready to be encapsulated

into the frame in accordance with the decision.

7. The method of Claim 1, wherein determining that the one or more packets
at the queue of the plurality of queues are ready to be encapsulated into the frame
comprises:

predicting a next size of a next packet for the queue;

deciding that waiting for the next packet is associated with a packet loss rate that
does not satisfy a threshold; and

determining that the queue has the one or more packets ready to be encapsulated

into the frame in accordance with the decision.
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5. The nethod of Claim1l, wherein determning that the
one or nore packets at the queue of the plurality of

WO oeosss37are ready to be encapsul ated i nto t heedmasm04/026942

conprises: establishing tBat the queue has transmtted
a previous frane, the queue having one 5 or nore
remai ni ng potential packets having a renai ning

col | &cti vahpasdthdd 6f CRim QMWhesRDOEEMUning tBatRAY bR&Er Rlore packets
the frame, the one or nore remaining potential packets
af sheyqueysoob it alurglity il agreyrneesdreadetier b sneagswinied Histo the frame
cgﬁgﬁg(%nai ning collective packet size is greater than a
maXxl mum packet size; and 10 deternmining that the queue

has phediaing agrex hozecoframdke packeefadthetquebeg encapsul at ed

into the frane if. the remaining collective packet size

s ofEaiine PRanaiine TN pRENEL is §py assoglaicpngith an cfficiency
ifploRedesf affd @i m 1, wherein determning that the one or

nore packets 15 at the queue of the plurality of
queudetemniaingethalythe qubee kascthp oot at ewre packetsheadly anbe encapsulated

irﬁ %rijrgﬁesfn%&)erg%ﬁ?b{}@h%? ext. size of a next packet for

€ gueue; ‘deci FIPP”ng for the next packet
is associated with an expiration of a deadline; and
20 determ ning that the queue has the one or nore
pack8t s r aitylemofopancapstping anlerlity oftpackéteinte afsmiencomprising:

acco ' t I Si 7. thad of Claim .
1C VRS RIEE oferBlonD R A8 #bftRyind of PSIT et p el ifhfhied with o
delty tdymirgments thaf ddldyereqliveradrt tryfleting ualeadlimy @rfegshidedto at least a
e enca su{.at(ﬁd into the frame 25 conprises:
S‘B’P‘ét_(ﬂ c‘?‘t‘ﬁ'ﬂf@ 1y é?_lt“’g? AR BftWetkaext packet f or the queue;
deci giphgalithadf (ﬁﬁhés' &Qligféartotthg iﬁ}ﬁfftan?ﬁngtgr%t)lggrésquﬁg? the plurality of

associated wth a packet |oss rate
packetssfy a threshol d; and deternining that the queue

R L R T
2005/ 036 8&tabiicH (HdbaHRAs AR @94 Rablechannel of the network;
determine that one or more packets at a queue of the plurality of queues are
ready to be encapsulated into a frame in accordance with the delay requirements
associated with the one or more packets; and
initiate encapsulation of the one or more packets into the frame for

transmission using the available channel.

10.  The system of Claim 9, wherein the scheduler is further operable to select
the queue of the plurality of queues by:

determining that the queue transmitted a colliding frame involved in a collision;
and

selecting the queue in response to the determination.

11. The system of Claim 9, wherein the scheduler is further operable to select

the queue of the plurality of queues according to a selection procedure.
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8. The nmethod of Claim1l, wherein determning that the
one or nore packets at the queue of the plurality of

WO zZueosms3are ready to be encapsul ated i nto therdTasm®4/026942
conprises: predicting a next size of a next packet for
the queue; 5 deciding that waiting for the next packet
is not associated with an efficiency inprovenent; and

det engi ni Mge shiaém tofC1sieaewhesint the qaaR: RrfufR&ofRAbiEloScalculate
ready to be encapsulated into the frame in accordance

that the PAR oBaBerEi Regkety @t dhe guenesele ther Pluratify: 86 siykwasi a1g raady to be
' i nt f , i sing:
e@ﬁg%@tw Mlt&E,}]e?‘}q‘Eeeﬁf into a frame, conprising: an

oper a receive a plurality of packets, each
‘packedceiapoati the ehews ahcuaredepaoket haping @an@amtent pheketlelzaythe queue
nt equi rement reflect ]'an a deadl i ne ﬁor,r espondi ng to at
#4451, OF digye 0!I bPRIKGISAIVITE BieollFCitvE graekefsise, the one or more

poYeh HKckets BIbYHBldntidlIPEnABGHRSE;COUpl ed to the input
and operable to queue the plurality of 15 packets; a
schedetbmriningutethbr acutnhef the curadnit pyckef sigeienbthe antective packet size

.operahle to: . establish that. there is vai | abl

isRERREh} Sorinhh e e rdipk it S Sad e Bimis
packeétemahing tHataHEe qéud IS thAt Yhélbt br®badkéBURRdPIFbe encapsulated
ready to be encapsulated into a franme in accordance

inf@ thﬁyffam# if heppny is grsates tan the npRimwe packst side.wi t h t he
one or nore packets; and initiate encapsul ation of the
one or nore packets into the frane for transm ssion
usi nip.t heThe systaab o€ Cldiandebherdi@. thd Qeewryis tramhe@fopetadieo calculate
wherein the scheduler is further operable to sel ect

9
that; the,ancy gB OTB PAFKRLS Bt Hheanvauy off thgullieditngt queues are ready to be

efiab S NinePtERAind e queue transnitted a col liding
frame involved in & collision; and sel ecting the gqueue

i n restghdiskiog that theequist danirammited a pievidhs e, thesquene béving one
OrCI airm ?e V\,hl%rei n tge1 sc@g uler.is further operable to .
sdPE TOPHEIGL B NEY PR YN ¢ P LOlEdEPAget size
cdrfesporiii Lot d Y10 OF Gtk fine, e SRR/ RS 8 aining potential packets to be
PCT/ US2004/ 026942 23
potentially encapsulated;
determining whether the remaining collective packet size is greater than a
maximum packet size; and
determining that the queue has the one or more packets ready to be encapsulated
into the frame if the remaining collective packet size is greater than the maximum packet

size.

14.  The system of Claim 9, wherein the queue is further operable to calculate
that the one or more packets at the queue of the plurality of queues are ready to be
encapsulated into the frame by:

predicting a next size of a next packet for the queue;

deciding that waiting for the next packet is associated with an expiration of a
deadline; and

determining that the queue has the one or more packets ready to be encapsulated

into the frame in accordance with the decision.
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12. The systemof Claim9, wherein the queue is
further operable to calculate that the one or nore

WO pask®B8s7 at t he queue of the plurality of QuEREBUS0@4/026942

ready to be encapsul ated24nto the frame by: receiving
at the queue a current packet having a current packet
size, the queue 5 having one or nore potenti al

packess haweRgstan e2ldisiat bywhaemk®t abdeis fufBe0fRrddle to calculate
nmore potential packets to be potentially
thah &b 8¢ Qr edore dracketpriahthy) Qupnet b theaplytality of tqueuesuare ewady to be

eﬁgﬁﬁggegﬁgt&r@mﬁpg}ncol | ective packet size 1is greater

max! mum si ze ‘correspondi ng to a payl oad of the
f r ampredinidg deleet sizad faghekhpickehfer theepeud)as t he one or
nor e gqal\ ikets r eady %o be encapsulated 10 into the

f r anBCqiHIng faat oY Atings Tog theabet Pesleh it mwosiaed ith pardket loss rate that

d&dsat sakidty 4 feeshyREt g9 of G aim 9, wherein the queue is
further operable fo calculate that the one or nore .

pac Iééttsma'giﬂgfthatqhe geewd hashbe phe Dﬁ IrIidfrg’ p@ékeguealdi’}g toab&€encapsulated
. ready. to be encapsul.ated i.nto the frame by:
mé%ﬁ]ﬁkff%eh'inr?ﬁcqrﬁ%wjgt"ﬂg‘athﬁgﬁ‘é“ﬂ%‘s transnitted a previous

frame, the queue having one or nore renaining
pot enti al g;cket s having a remaining collective packet
si zel6.cor T'be pystam 0 Aamad,pelydreiadhe fluevels finding  opetablectoecalculate

| Qi i al ts t0,. tentiall
o P ST AOBOLE T Slo APy RS b Ly o b
ermapdubated inko thediede Ini:ze is greater than a 20 maxi mum

packet si.ze; and, determ ni ng t hat the queue has the
one BiedicHnga gextsizeof aggyipacketfar baaapil ated into the

fra i f: rengi.pi CLl e I i.S: .
o vt T SERRR 0 LG, RBSELSlfal i wn ercine
imgyrsvementfandl ai m 9, wherein the queue is further

operable .t0 lculate th the one or nore packets at

t he @fﬁ%ﬂgnl&ﬂ%ﬁﬁéﬂﬁﬂ}ﬁ% w;aiﬁ%f%%@@ge BiEeisdsly odp@ncapsulated
in@ e Ftledh Qecdridmee With thé 88®siby: predi cting a next size

of a next packet for the queue; deciding that waiting

for the next packet is associated with an expiration
O 12 AR L S PR b e o
erhihwlidd iarEméedivacadioganble tvd t h t he deci sion. .
receive a plurality of packets at a station of a plurality of stations of a network,
each packet associated with a delay requirement, the delay requirement reflecting a
deadline corresponding to at least a subset of the plurality of stations;
direct the plurality of packets to a plurality of queues of the station;
detect an available channel of the network;
determine that one or more packets at a queue of the plurality of queues are ready
to be encapsulated into a frame in accordance with the delay requirements associated with
the one or more packets; and
encapsulate the one or more packets into the frame for transmission using the

available channel.
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WD 2005/ 036837 PCT/ US2004/ 026942 24 15. The system of
Claim9, wherein the queue is further operable to

WO mab/a3eBzt e that the one or nore packets at tHGI/UR2OE026942

of the plurality of queue® are ready to be
encapsul ated into the franme by: predicting a next size
of a next packet for the queue; 5 deciding that

vai ti18g f dhetibglc BEXNaipaCk Ghrthet 0peRblel Btsedct¥ht Rudue of the plurality
packet |oss rate that does not satisfy a threshol d;
OAAMCWEP¥r i ni ng that the queue has the one or nore

pack e e fra I, N
B ecorgann AR HhP R BIE ARG sy i FRRss o o cotlision
afiflai m 9, wherein the queue is further operable to

cal cul ate hat the one or nore packets at the queue

of t ﬁ%‘eﬁ}“@rtg? flpspedn reRRRfEdo federaminption. pe

encapsul ated into the frane by: predicting a next size

of a next packet for the queue; deciding that waiting

for tlhe ndkt lggckECldim Hotturttes operabledowelett the queue of the plurality
0§f1flei cisechC}/i 1? irEﬁ)r venent ; and determ ning that the

L AaGEs Aot ding o losHoRBrasefiUiExet s ready to be

encapsulated into the frame in accordance with the
decision. 17. Logic for encapsulating a plurality of

packéPs i Ahe legi¢ phfitaimt e opergble to detemminediasdhé pneor more packets

[ bl X ive.a, plurality,of packets
oL U IOPGEAY & dRued BE RS (EubiliBuida Mo G Rb:
eachrqrankey atathe apieat adcuntehh packde haying edetirfeatphdket 518, the queue
del a uirenment reflecting.a deadline corresponding

yre i :
h'{‘Y.}n%(tOnF Qg%org M‘é{ Pé‘fkefshléavbtpgjaagoilpcvlvapagqut jigmdhe one or more
pHiech@A halies tB'b‘érp%'téniinlQEnoggﬁggtg& to a plurality of

queues of the station; ect an avail abl e channel
of t Hetemainingrkhetitetassuni ofthe barent pecket sinoned thackBésivatpacket size

. a e of the plurality of .queues are, read to be

iogprealffivts m T SeCepafeonda ke aderdko s famficindel ay
requieteiiBRing tAssae iqab@ohW thb onk BE nRPE p@k B PREKE Efoapsulated
and encapsul ate the one or nore packetps into t'he frane

ity thetframsifihesiugnis gseatey thanethe goxien patkcesighannel .

21.  The logic of Claim 17, operable to determine that the one or more packets
at the queue of the plurality of queues are ready to be encapsulated into the frame by:

establishing that the queue has transmitted a previous frame, the queue having one
or more remaining potential packets having a remaining collective packet size
corresponding to a payload of the frame, the one or more remaining potential packets to be
potentially encapsulated;

determining whether the remaining collective packet size is greater than a
maximum packet size; and

determining that the queue has the one or more packets ready to be encapsulated
into the frame if the remaining collective packet size is greater than the maximum packet

size.
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WO 2005/ 036837 PCT/ US2004/ 026942 25 18. The | ogic of
Claim17, further operable to select the queue of the

WO mosiaB3ty of queues by: deternining that thHCTUS0e1/026942

transmtted a colliding feanme involved in a collision;

and 5 selecting the queue in response to the

determ nation. 19. The logic of daim17, further

oper abl e tThe96iEGF A4/ OUPErable th MRtePhitcahii e oRE or more packets
queues accordi naﬁ_ to a selection procedure. 10 30. The
af hgigsewt ofthe plwrality obgreauapire reaglyde be en¢apsulatedinto He fomee by:

or . e a e queye pof the plurality of

queut ge_%é‘“?g&rde&a%%/&% %Oégneégggcg(seb Ozﬁttl}seoqqeﬁ?’o the frame by:

r eceidetidggathat haitigefse the QLK PitketPRCESBEciNBY iwith 8n expiration of a
current packet size, the queue having one or nore
d%{l’é‘ﬁt?"éll packets having a collective packet size, the

one QLtefRinhe M9f Gatd ts.t L all
encapsﬁﬁgtnedg; 1{5&ge uglrl%ﬂ%lcﬁg o3 é)? tlfgorqe g;gélﬁeﬁ]st %)e% dy ﬁoebe encapsulated
irdo theiampacdceordsnceewisinthetdeeisionl | ect i ve packet size is
greater than a maxi num si ze corresponding to a payl oad

of the frame; and deternining that the queue has the

one 98, NDITRe P&k 8F B1BADY obQabE t&RERRRME ¥R Ghe bﬁlﬂ{(&’r hB& packets
frame if the sumis greater than the nmaxi mum packet

atthg quewppizhe plurpdity efjusues areraidpntd Fe emppnadibdintothe frame by:

det e june. t the gne o re. packets at the queue

of ¢ PR At 1 G LatBr P BRS P be

encapedidiap elbtiwditing R the AGR pavket @S4RBLARAIVI 4 Badkel R8s rate that

gueue has transmtted a previous frame, the queue
dwoﬁéatﬁﬁéathé%hﬁ@ﬁ an¢ emi ni ng potential packets having

a regaiLaoh: [ [ [ pandi to a

Py oo e Bas BE LhR: RASKEbnZof RiorE BRAGEMARG, < Enclpsutatea
inpotherftanad inpackdascetwiththe d2&Gsipot enti al | y encapsul at ed;

determ ni ng whether the remaining collective packet

size is greater than a rmaxi mum packet size; and

det epqni ni PHe 103 of ORIAUGUEpRNe H; gmﬁﬁg% Ellla?‘ﬂ‘tfeﬁ%t{%a(ﬁlﬁﬁ&% packets

ready to be encapsulated 1nto
atrtberanavicrnd theatliabityl ofajupeesiaet resily & beergapadated inhethe fiame by:
gac).l(_l/ @ég%ﬁﬁg g%tgyét 493% of afiext ;\)/e\lgcgtqgrs hg ?c’lgggez
deciding that waiting for the next packet is not associated with an efficiency

improvement; and
determining that the queue has the one or more packets ready to be encapsulated

into the frame in accordance with the decision.
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26 22. The logic of Claim17, operable to determ ne
that the one or nore packets at the queue of the

woO plosinasB3t y of queues are ready to be encapsul EtRUSA00M/@6942

the frame by: predicting a7 next size of a next packet

for the queue; deciding that waiting for the next

packet is associated with an expiration of a

deadbbne; Aagdtedefor Ema@bﬁl@tlﬂé"@falufrdl‘@ Gﬂﬁéﬁet@ &0 b I’ﬁ%ﬁfén Eomprising:
or nore packets read encapsul ated into

f r amEeRRs o cencHang @ pi;aritlﬁytoiﬁ packets afiagtationdf amwahqgofcstanons of a

e T L A

a@amﬂm cafrespordidy té ot 1bast esctapset thé pRirdlity f §thfonks ame by

predi cting a next size ag]:‘t a_next packet for the queue;

deci IR ﬁgtrewangtth%@luf y %@ch@tﬁfo pakukadity pEqueues of the station;
assogieahefr Wbkl 58in oes not

sati sfey a trhr esﬁ%% %Pl%et er%aénfﬁlﬁ% akdt he queue

has tieensofie datermomieg phaIk(ﬁtesorr maeky phc:ketseateanqaawbﬁt}&dplurahty of

into th fra in ac eéflance th the deC|S|on
q“Fﬁ‘SS | Bgi T2 rﬁnf?psugaﬁ dWPredt Bamet Br ArooEdangat thh ethe delay
rd@lﬁﬁ‘elﬁéntﬂﬁisﬁc@@@l(ﬁﬂﬁthe Bhe bhRoRYRiRet®fanfihe plurality of
queues are ready to be encapsul ated into the frame by:
pr edMERINPr gneaprulaging theodnegommste pakitetintd dhe frlame(fue trensmission
waiting for the next packet is not
uﬁg %%%g%%ggaﬁﬂﬁﬁgn efficiency inprovenent; and
determ ning that the queue has the one or nore packets
ready to be encapsulated into the frame in accordance
with the decision. WD 2005/ 036837 PCT/ US2004/ 026942
27 25. A systemfor encapsulating a plurality of
packets into a franme, conprising: neans for receiving
a plurality of packets at a station of a plurality of
stations of a network, each packet associated with a
del ay requirenment, the delay requirenent reflecting a
deadl i ne corresponding to at |east a subset of the
plurality of stations; 5 neans for directing the
plurality of packets to a plurality of queues of the
station; neans for detecting an avail abl e channel of
t he network;
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means for determning that one or nore packets at a
gueue of the plurality of queues are ready to be

WO mos/efssd ated into a frane in accordance w t hpdTeSxeld/ @942

requi renents associ ated w28 h the one or nore packets;

and 10 neans for encapsul ating the one or nore packets

into the franme for transm ssion using the available

chandel . WneBodFfa2a8apéulRbig LPROARY) 0L pRALts id8 adPamd) comprising;

nmet hod for encaéﬁ,sul ?ti ng a plural iqtjy of packets into a

f r anfPCev bR PRTYY of paddisat Agtation) fraaplpralithef Paianstof a network,

LOR: -l ural it ] ti L .

R P PPl HB SRy, ol W Sel Rl defiecing o
detdling corecppomding tut atledst eatbsetgpfahe plemtihy ofstationg.espondi ng

to at. | east, a subset.of the plurality of stations; 5
i v oSG ChicP IR TAR gkt pbekinty $gugs ks Regors
queuggte@ingtaiQvallHd QtinneldBHIRGIREKAN avai | abl e channel
of the network; selecting a queue of the plurality of

queugsieatipg detquens mfndet plaralithefoueues byr detemiiningdthat the queue
Jdi I involved, in a.collision and sel ectin
oL ARG 1 FGbh o) SR REGEE ) Hsponse
theelc@giniim@ioh hendIbe Yeleting the (et aF |tﬁe}’p1‘ﬂfalfg§d69@1§_eue_s according to a
ccording to a 10 selection procedure; determ ning
selechon grRcedireior e packets at the queue of the plurality

of q&@%{?‘ggﬁ% qhat.rcﬁﬁd(%{‘hlégrggfacﬁag qp ?hlél eﬁg olk %eoglﬁreflﬂyg gg gueues are

in acc e Wt ay requirenent's asSsoci
readly ot bee enpapsolatedpinto padkadies ibyaccordamievwith die téley requirements

ueue, a. rent packet having a current packet size,

asg?ﬁée_‘ e‘i%"%&éﬁ%nen%ﬁp?f@ p&ﬂ%etsol?y:_rmr e potential packets
having a ©eéikBG!dtMRe RAGKSE cBirdf pach& IPROK cu c}epacket size, the
potential packets to be potentially encapsul ated,

qupse daingi ang ethaoteepotentili packfetst haying: arcoledtivpgukiedt ssiez ¢he one or
d the. col l.ective cket. size | reater. t han
Rl Patel b BRR R Bl FOLE otk e graam of the
ciargt gatiet ndizd ragdtthatcdlhai@uPa&eh@jfzet RegRARr Qhan MORRAXimum size
packets ready to be encapsulated into the frane if the

> y L 0

¢ ning: a3 Bpylenhaf theeltams anedetrmmipag ket the geeue has the one or
mfiR! BRIGSIGAG (T G ANGUE; y . B G¥aRY

?r afe, the queue %avﬁ) ng ongngfthérrof%g?emg{rr%?nslungl?s geafer than the
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