SYSTEM AND METHOD FOR SCALABLE MULTI FUNCTI ONAL NETWORK
COVMUNI CATI ON Rel ated Application The present
WO poosf9d19n cl ainms priority to U S. provisi onal POERUSIWS/009998
application, entitled "Broadcast Spectrum D gital
. Pipe: A Scal abl e Medi um Access Control Method," filed
Mar CBYB)TEIQD,QEIDHM(EMD%R QONLWB?LIE' MULNGFUNCTIONAL
60/ 557, 064. Background Art There is no_adm ssion that
t he background a%t‘ EW@R&%@@MMQW%E@Nl on legally
constitutes prior art. There have been many different
types and ki nds of communi cati on networks. Reference
Relat to United States patent 5,390,181 ;
5,590, 131 ; 5,936, 949; 5, 966, 163; 6, 278, 713;
6l heopressdt iyegitionidaimsapriority 40 8. 80 provigienall padentrappdication,
. erati Treaty. it _applicatians WP/ 47238 and
eniitie{pgBRRHAS SnesaY PSR R A peAiRbieBoT sy CoRto
Methodi"SHéd Maitche2s, 12095 ahd assigABH APplicaien Riod 68/45M0EANSt
scal abl e nul ti-functional network conmunication
technique is provided for a prem ses such as private
Backgf@fiddapces and businesses distributed throughout a
[arge geographical location. In this regard, no one
hﬁr%ré%ﬁ%séélﬂlsls)brﬂh%ﬁfé FIE(\%SUHH% §isOBs8 |n°'Hﬁ séction legally
comuni cat1 on network for cost 2-way digit

constittibespmdratti on connectivity in a | arge nmetropol i tan or
rural ar ea. I\/bdern ly, fiber optic cable systens

5 bt e Ll b b & S Bindd 2 Uhicstigh Retworks.

Referemjerrﬁéy IsB. ivfzRlectorionisd Y Statad palteft 5996181 N8 590, 13Tﬁt539$6 949;
Description of the Draw ngs The features of this

5,966, TRYChI G B 2H3 A0 et 7oA 54143 i QaePIalsa diateet
(]
Coonef B TFan Bt Ppp I AN QS8R At ARRT3399% o

certain enbodi nents of the invention taken in
dtovyenert, inonewfithe foregacoppaienis digcidsevhadiast ntilerpzoblem,” wherein

a low cost scalable multi-functional network communication technique is provided for a

premises such as private residences and businesses distributed throughout a large
geographical location. In this regard, no one has successfully suggested the provision
of such a communication network for low cost 2-way digital communication connectivity

in a large metropolitan or rural area.

Modernly, fiber optic cable systems require the installation of cables to each
individual premise of a subscriber. Such an undertaking is, of course, quite expensive
and time consuming to install.

Brief Description of the Drawings

The features of this invention and the manner of attaining them will become
apparent, and the invention itself will be best understood by reference to the following

.



FIG 1A is a synbolic block diagramof a systemfor
scal able mul tifunctional network comruni cation
wa@ewsnglitng t o an enbodi nent of the present i nvRCIL/US05/009998

FIG 1 is a synbolic block diagram of a headend

control conputer of the systemof FIG 1A FIG 2 is a
descriptiorreptertain lepsttodiindéntarofahe anEmMidnTBke R irecdKjen€isH Wite e

unit of the systemof FIG 1A, FIGS. 3.1, 3.2 and 3.3
accompanying; ghangs, Whesginiat i ng a channel structure for the

systemof FIG 1A, FIG 4 is a diagramillustrating a

i: i ti: .

FRIR e SHIGIIBIGER AR B By i O IIp Thiillcbonal
networksgahmmnafatish@ccasding {63an énbagimeft af thegrasentriavantion;

illustrating an interval request for the system of

e 4t o AR B Bt oyt
of FIG. dpagramillustrating the tine of existence of a given

state in the request queues of the headend and a
singl e consuner prem se equipnent; FIG 9 is a request
Fd@e%és 3ysYenpQlisi leck shagam pha ceinggmenpremiseeawpmestipit of the
systeme |E|(gi_1lg(,A; FIG 10 is a flow diagramof a consumer

prem se ‘equi pment transm ssion schedul er for the
systemof FIG 1A; andFIGS. 11-19 are di agrans which
FRGS. 3sBfAR andrB.8nalker dingratna glusiratidg sctheeret] strootirerfortthe

t OE‘EL%eh%_nventi on. Detailed Description of Certain
System BLEbAi Hents of the Invention A system and method for

scal abl e nmultifuncti onal network conmuni cati on bet ween

MGe 298 badih@rant Bvistefing sl dBRihYhK 8yRErehZakisn @ Beme for the
di scl osed. A group of consuner prem se equi pnent (CPE)

system gRF1G. B\e coupl ed to the presentation devices, and

FIG. 5 is a diagram of a message format for the system of FIG. 1A;

FIGS. 6.1 and 6.2 are diagrams illustrating an interval request for the system of
FIG. 1A;

FIGS. 7.1 and 7.2 are diagrams showing request queue for the system of FIG.
1A,

FIG. 8 is a diagram illu strating the time of existence of a given state in the
request queues of the headend and a single consumer premise equipment;

FIG. 9 is a request queue synchronization of flow diagram for the system of FIG.
1A;

FIG. 10 is a flow diagram of a consumer premise equipment transmission
scheduler for the system of FIG. 1A; and



a headend control conputer receives upstream nessages
fromthe CPE units and sends downstream nessages to
WO b@sQPHEIUNi ts. A group of service provider coPtT/052005/009998

subsystens interface between the headend control

conmputer and the service providers. The headend

F1GE. 1AL 19 ar@diagarhs Wfiisteard'BseTabas uhberstahding e Wddissed

and transports themto the service provider control
embodiggidsy of hesinvemiipn.he headend control conputer receives

messages fromthe service provider control subsystens

and transports themto the CPE units. The di scl osed
Detailed: Presaription ef GertaineEmbodiments op theeildeention/ st em and

met hod for | ow cost two-way digital conmunications

A eystent and Mmethed ferecatzdbs omtifu pckiohaknetuark wemmudieation

for use iLn homes or other prem ses and huly incl udin
between Bresifation SRHEes Ane Srrvien BN i dsgPgeHad Srotp oF
consunfé@'ﬁérﬂisesé&lﬁiﬂﬁkﬂmPEgﬁni{s Atd toupslddRthk R8s Shtatibh ¥evices, and

area. The nmethod of the disclosed enbodi ment nmay be
a headenskepntrg! coppLiesteceivee wpptrenal met ssagesdeamthe \CRIE wmits and

sencs IRNSTRRlRSHh8 L4 ColAIE! s YrolSPSe8lbe propgnontol
subsystems inteifavat bativieed thddeadend coneyl dontputovand e semicay
ital connectivity between a nunber of businesses in

o
provide%fsl- r (R headend raptreliamRIBar ageives: Mergagen draim dhe &% units and

) . h
ranspofE BT sbofcd ERMEIE R FSSEFR e Hogend conrol
computeepseivesyessggasciadmitby sentiecprovtidgr esntrolrsuibsystegns butl
ot, linmted w,rel ess, fiber optics, telephone
tfa"SlOO@ﬁ&*ﬁ%mgpe,tﬁ%ﬁﬁ?E UB$e, and satellite. The disclosed
nmet hods may be inplenented in a variety of term nal

THRCHiIBOlosad @mbdiimedis¢F thE WiveMon! pravids atYstdrh #d ®ethod for
nobil e term nals. The presently referenced enbodi nent

low-coshivwp-way igital @osygunisplions conpeacivitytheiween opnsames pyaotise

caupmb e BT Lk o R oS A WB i i
computat tdntra)encassrvicepreddénsaial sibeyetshs, F6r AFUIl Metrdsslitan or
se the CPE equi pnent need to receive on

becaly may only
other argas | lheymethashel thecdisglesed srbodinent may be ased dasleve-cest, two-

vy ciaf{ SRR S BT SNy AP oTRAN Ffangements
and appdicgtiors, rapgingrfiara the nbhancemémnime b cited abeve verprowialing low-cost

) : ' I ngl .
Mo-waycasﬁapgodnnae%tlb!%/%étvmeaensall Hgm%er of businesses in a rural or other

geographical setting. The disclosed methods may be implemented in a broad range of

physical media, and substantially all known or at least many physical layer
technologies, including, but not limited to, wireless, fiber optics, telephone exchange,
LAN, cable, and satellite. The disclosed methods mnay be implemented in a variety of
terminal technologies including, but not limited to, fixed or mobile terminals. The
presently referenced embodiment media is wireless, operating in a frequency range
such that homes within a range of about 50 miles of the hub may be served. The
disclosed method may be implemented with low-cost CPE equipment; the cost being
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configuration, so that the nunber of term nals may not

be imted except in that the access tine available to
w0 b@syg9snoot hl y reduced as the nunber of terPCTEER05/009998

i ncreases. The di scl osed enbodi nents usefully serve a

| arge nunber of CPEs with digital services wthin a

minimizgact%o@hge ane W@éﬂbﬂiﬁﬁ{erﬂ WRRHEMG Y2 B8 dtrélidive BR&a fixed channel

i scl osed net hod support assignnent of uplink

from a fixeehdire dlioni antbtrargyai onya tixed ekgyonekinta fiyed dirgetionr as
they develop in real-tine. The disclosed method may
T8 pRHATAR ey B RRRUEBOT ol il o]y aiga
commugicatibns edggedtthﬁiiyl belmfm‘f ﬁeﬂyrmanyl €I PEscarbatH( Ovn acsihgle
_ ut, in addition, te one, Interactiye. education,
conflguat'ead&aéha&tbﬁmn&%afﬁgrgranatsraﬁﬂ El%‘?mt? &xpeqtin that the
I .
sccess SRV BHIG (PR RN ML) SoTRALREI O hlndy
increasesthdierdistlesed ambodiptants msefdiytsesivera brge mesnloamof CPEs with

el SRR, Pt AciSa e STendrnabRA! TRE disclosed
methodahaP Supp6H assifAnieeit of Bt)bfnl@@onhﬁﬁﬁﬁi%dtiéhé Raphsith rA8PEnse to

and” can communi cate with other CPEs' presentadtion
user negds iagdbey developtin yealtinggighhe glisal esegmaethegr maymot be sensitive to

the purfdSEUShETBY @ Wihdss {mhlRiaiis: o S PRt oReFesetis that the
disclosetliinetiiod bappedditsthet aceesseaMowecapsiobuten awaitigltelephone,

subsystem |s forwarded by that service provider )
'nteracte@rﬁ%at@nb@%d@ﬁﬁm@ﬂsm,trﬁél%&raﬂeﬁubstaﬁavweaﬂeqth@memces

i T T e

provi des communi cation with efficient use of channel
Acoeading o tiseidiscidsat emnbbgdisnentmith ep@PEshpeesenddtion devices can
aval l ghl e, communi cati ons capacity is.required to

commuicate drectaifl briyiF: 88 mantiet bl sevisecrovisiat soirg) subsystems

that aresatieel=ted A bé@dﬁﬂglcéﬁlb@étetﬂ/ivﬁfh ieavhdalbayd agrRd ¢ah®mmunicate
CPEs of the network, or between a CPE and a service

with othgr SHER Presadgtion-deviors indiregdy By qughi seyvigspproidesicentrol
subsys TS bR ARIERS BTG SRBLCPT, oo gre headend

from thé beurcet@REK olihef tte heladend t6 ysicdwicangroiddrasbrafol subsystem, is
i.scl osed nay sggiport a Iarq%e nunber of

d CPEs -
forwardeg By (Baf geNisauRIoKaT 6onizel SUbs¥iEN™ brgkte The headeng; and
therefrohh Bhth& ddwritreBHR&he Yestination CPE.

The communication system of the disclosed embodiment provides
communication with efficient use of channel capacity, such that only a small percentage
of available communications capacity is required to support the method itself. The
disclosed method may support data transmission with low delay among the CPEs of
the network, or between a CPE and a service provider subsystem -- within delay limits
appropriate to suppbrting telephone conversations and video transmission either
between CPEs or into and out of the network.
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term nals which may be supported in a given bandw dt h.
Many users with typical access patterns may be
waappostied per Hertz of bandwi dth in an effici BCL/US2005/009998
manner. The di scl osed system and nethod al |l ows the
practical and effective use of a wireless nedia to

THeAGiBclast @ kgsteit RE method 8 disd16$¥H Bhay mip@rh alatjd Rumber of
ener al purpose hi ghbandw dth two-way, di

CPEs —dypigady hemes and/arisinessess goere imne mlgtdngm\t anrythenugber of
h |
terminal R phF 0T RUpBE S 7 LA ML RS S PP pica

access pattmgtsl«nagz berwp@brteg pair Hdgtz cbfrl@érfdvgfltm?lchri effdiefitomanner. The
Ich it Sl Wi t reasona uct uat | ons, .

d'sclosei& wimeﬁwgﬂlgm thesprastiealand ﬁ@%b{&tﬁ@ ehp|igeless media
I iah-

to reacH"nﬁ I B r{uﬁ‘ﬁ r 6fh.f%l ﬁgﬁbﬁ{anne d?%’ggg (\:ﬁhyé :@gngﬁséggﬁ&}){)ﬁe high

bandwidihftworwa;cyllgﬂet mmecﬂ@% a'l'rhtda Hroaedcasifdpectrancin they rarege of 50 to

o00 Y B3k SR i RSB A3 Rgasgapacty s useo

efficienti2PAtidrya h@tw&ﬁﬁss oﬁéfdtlﬂ@ étrtﬁé‘%%ﬁid 1088 levdl fbr QR AiLdesigned,
assignnments usually being called circuits. Efficiency

with reagapable fw@iﬂwmécar@ynd s dpagt levplisbah daffic lopcting chlled herein

later theg&V) %h @%@é[ L. s\'@l‘%l rJe't\&b Iﬂ?c-T‘ gb{yﬂl c%rﬁ}e&rcapamty is used

with eﬁi&i@ﬁbﬁ@ékme@b%% amndl 1 be%D\I\Eff"EF@csilrﬁGj' beashd¥eWdoKs o
not fully loaded with traffic, and is flexible to

apphcatpwe?@useé $ applcatians g 3veigd sedirated ASRIonsReN of capacﬂy

o rrd i A B AR Al

EfflClend:;omﬂobmGUgmehteidwbyatHQ/dx'strddut@ijmtrmimftthad}scbesmInwlzhod, which
L senS|t|V|ty for the tel ephone
limits co&mﬁr&l r@g{ %‘f?rh ef fecti veness of the disclosed method
is not affected by the purpose of the data it carries.
ddhRichet SIRER P, orlIgiRPINTEr G1etREAc dpdve\dndl P8low?
delivery, and interactive education and other social

servi ces be brought to the home or other prenise.
Theedis¢lpaed l\éé\ﬁ@%mav nohbeduliclogded with atici @nlddﬁ flexible to

Ioadlng e%@s@ﬂn@ﬁ:e@% 5 tl‘%ugnea %@Bﬂgg We %gblggéd Hethod

eVIC S nmy De Ccus ces or

decreasesfvvltmdesr’eebéd trafi ocleadmgc fDelay rmétmﬁnﬁihr@mgmat fillg loaded network
televis interactive

in a typigaHRPBRLMNt A he elave Pie eyREE T BaL o B Elpghone

applicatftst to manufacture. Its struct ure

The effectiveness of the disclosed method is not affected by the purpose of the
data it carries. Internet access, telephone access, television deliverry, and interactive
education and other social services may be brought to the home or other premise. The
effectiveness of the disclosed method is not affected by the nature of the presentation
devices at the CPE. Such devices may be custom devices or off-thhe-shelf devices

such as personal computers, laptops, television sets, telephones, | nteractive game



may be sinple and easy to inplenent in software or
sem conductors. The discl osed enbodi nents of the
WO poosf09919N require a sinpl e comuni cati ons ar r BOERIN5/009998
The CPE oftentines communicates in a single direction.
In the sinplest enbodi ment, it receives continuously,

termmamtantircanem UFhe PE wa9headf & 1hvaeest toahamifatlure T stdkt ure
al V\@;s or substantially always transnit on the

may bessaneler@ gaRL {0 IMRIAMERE inssefiware eRSeINFOBAYCIAEY al ways

or substantially always receive on the same frequency

T e B A b theiitart RAUECEDIC EEARREA tions
arrangemaentb dheTGBEGHEErdiness carnniumieates in acsmgfe dlrestlcwmlnome simplest

NPT TR e T
CPE mh tortgumBEtRAY BlvayitrafGRiRbhdRe %FHE fr&8GeH§ it the same
e G FIs

E for some applications. The disclose _
bandWIth@sarghmawéwawdssubsenmalwcalweys cecaivé aplthereamet frequency with

e sar oA 10T IR e o DA R B s
frequen@:ydﬂhmeeﬂhcﬂr‘dwdl’ he UPEEyes et hage kORSRIve its own or any other
ynchroni zati on grultl ple bits)

CPE's tg%nwwﬁ%iﬁnzz}ﬂeo‘ﬁl:’ Uy Beegs to ﬁe%‘ée fr@\tvrh*%e HGaGe Husapproach
may Iedgﬁooé - b@% F?r%n%sﬂﬁ%‘i‘\dtr‘écéw‘&# %Pcf”xté@tutré‘ ?orctﬂgrtﬂg% é&ns ome

nessage basi's case
applicaﬁimfsor'ﬁm dxsnlasayl HOC desigregisoriends itsethionibai cost irapeetentation.
synchroni zati on. The di scl osed enbodi nents of the

RSy B S e RSN 1y o
clock al*iditfHeeG)PE"sbélbcksS atag éhb%dimé‘ﬁﬂn% rE§@RS|00BY sgﬁc%ﬁ%tlon

di scl osed enbodi nents nay be used in a nol se
(multlplg .blts)owr ﬁghtsyrmhwmaanmn{subetmb)h meﬂhedod’naxgcmh&mﬂer infornmation

o BB AUAA R s ALY G5 ey e s n e e

case, hemagmmenon MAPEHSEGES rétRALR 3. m%ﬁl&hanﬁ@ltsﬁjnchronlzatlon
ssage" rather than "nmessage" here above and The

The dlselp%qi smd@ﬁﬁat&. ?fethﬁén\tﬁntlpﬁ@rremﬁ& effestednkiy choies ofimodulation
or servu.(E:’éo RtFHrtgﬁgc?lé.atMBEluI%ftloH?% %stt % kfiowR rf?lf%% e,Lﬁb%ngan lite , and

I Nng service an COI’] Specl

wirelespmayibe ysedre Jheglistlosed efﬁm)ddhentmayl bﬁﬁisl@iddnrmlfghmmse or
ost ue

low-noish SIS CIRBE| OUA MEDRS TEaeReTa PNt tecivpRiig » and

code syhchrbMization data may be provided in control messages or in message

headers.
Comment: Note “Message” rather than “message” here above and below.

The disclosed embodiments of the invention may provide prioritization of
message traffic for the purpose of controlling service and control-specific delay and,

possibly, message loss. The disclosed method may be embodied where messages are



However, it can also be inplenented where there is no
nmessage | oss all owed. Considering now the details of

w0 b@soemst ructi on of the system and net hod of PE¢EUS2005/009998
di scl osed enbodi nents of the present invention, there
Is provided a technique for the scal able

allowedal B¢ “Idsthatie a0 Mstacthnebls GafBputieths CSudwadWRRTCP/IP or ATM.
Servi ce nessages between presentation devices and

Howeveye it gRpalsh Boiimelementedwheeithgreds nermessage loss allowedes
are associated with, and typically co-located wth, a
j : I Al (VIS i der
S G o e S il onrEr P AN 8Rin SR hpa of e
disclosed embotimeHE@f thid présenh nvantionf thehe ismmiﬂgﬂ aiq tecrggtgw for the
scatabi i TS AP ks b s e Eacbpaseg e
betweeg présAicEaeRess ahd %@Jiﬂg pkdviders! tASpI%Fé*iti Sﬂgsﬁessgg’éatio n

ownstream nessages to t CPE units, suc
devicesareaxssociatdchyith, anchtypically canlocatberwith,ra single GBEviA elu rality of

. e cpontr.ol nessages.. CPE recej ves .
service FEAH ot sHBNsiSmp iR oA i STV podagmied with
the HCOE ST &schin@yUesf thepre SettinERFMIAEIUSES @B BSIcAtoRbetween the

random or ordered m x _of service nessages and contro

HCC angdhe{eRE units hyhwaeans of eerifolanBesagesnt, only nessages
are sent on the upstreamand on th e downstream The

: ; :
R ATEReR URrlEr RSO el SO I8 6T Wi
downstreppl messages towttenC REtUrdtsHECh heesishge AtreBmsabesing rerandom or an

ordered XA SIS ERA0EH ARBAHD ARIEIP o ACORENBRSIVES dow hstream
messag@Bitdrf #hé PIGTC Whilliends 'Cﬂ%gﬁ'gﬁg‘l @Eé%essﬂd\ﬁleff%@ 506, me ssages

interface betwee n A CF t he associ ated plural
streamsopeipg esiandatm onorgieved six offhervideGnassageseand nooinel messages. In

: r I ] SSi eues those ssages that are to, be
the disclic ThBCAMET; iy Pisaes 05 Ranes i lnsiam a8
downstredailes tho e nessages that are received from CPEs and

are to be distributed to service provider subsystens
nqéé internal control applications. A CPE arranges
ﬁh@ E‘, po Fpceivas HIesARGRS Hsalty Foasthersprvicawieviges comrol

subsystéhi3, and from control applications within the HCC itself. A CPE also re ceives
messages from Service Interface Modules (SIMs), which are a part of the CPE, and
from control applications within the CPE itself. SIMs form the interface betwee n A CPE
and the associated plurality of presentation devices.

The HCC arranges in one or more Transmission Queues those messages that
are to be sent to CPE units. The HCC arranges in several Receive Queues tho se
messages that are received from CPEs and are to be distributed to service provider
subsystems and to internal control applications.

A CPE arranges in one or more Transmission Queues those messages that are

to be sent to the HCC. The CPE arranges in several receive queues those messages
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to be sent to the HCC. The CPE arranges in several
recei ve queues those nessagesthat are to be
waele@snydated to SIMs (and thereby to present at PONUS2005/009998
devices) and to internal control applications.
Consi dering certain control nessages, which provide a

that arePt%rBe QistridiRed &8RS ‘Qaﬁ@ﬂ?é?@?y‘ Ftﬁp#é%%hféiﬁm dé\ﬂééé)%ridﬁo o internal

di scl osed enbodi nent's e I nvention, any of
control @Ea;atlone HCC control applications, or the service
provi der subsystens may initiate a request for

GEFIRRAF batah sERpB iehRabhE RN biodiife & deffoEeinBafs t

managéd tiesepstesamttafficinethealisdidsednémibvdimeniglsfths inventibn, amip of the
appear. i n upstream control nessages called | R nessages.

CPEs, therblisC, conte! ARPGAlieos: ehiecaivics iPranigengsysiams may initiate a
requesthSF‘HSﬁgrlnn%éZtHﬁ rﬁ'lggc%r e“@?ﬁ?ll%%gﬁ aﬁ-%q%/gs ue %ég@t%te{\ﬁag? of time

on the upskreims aincetferrniitizdyrtiead redquestiare cdlfed iRtersaloeqaests (IRs).
by th wh ' trol stem

IRs appghr ihuprieahdonsshinespadsnFried (o iessanes (RS 59 &

downstl%%‘? %oﬁﬁ‘oltrh@sé’éﬁés”c‘fallfe@rR@cﬁl%s@QW@U%MS?:S%%?EMS).

transmtted from one or plurality of CPEs _
They algo eppedr hya stropEre gpilechhRequesh QueseNiRE) that residesall the HCC

Q | application has presented a nessage to be
and attﬁ?ﬁﬁﬁ?tted, but may be created when a SIMor internal

control subsystem wi shes to provide space on the

APIR iKcileatedby tits HOG wheRsegoiet grobicet ban&m dubgsteyn or an
of CPEs, not necessarily including

one or a plurali
internaliqeatrot gpRkaatiey vgpées Nﬂpﬁoﬂ'maqesoﬁ%’h%@%@w anemE mare
t M
essaKs B3R RinkRd fén 415 b PRy or BPLEN A 1AL R oy
CPE typmieallyedhan aA‘BIrNhar ahanterral coRivbLapgicaties has dr8sentetd samessage

header . oha ots rst on the
to be traliuntsir OuEMBY e BaBUnRD BSINL Pb I BTAL FO R b3y Som wishes
to provn&ié%%'a&é onlthe wlihk Y6r éiie bhﬁm"@ﬁnés&@?‘é&'ﬁ@ bERFmImittt&My: one or a
arrive fromvarious |ocal sources. These variously
plurahtysQfLEBEs, nelnegessaoly lindudingttbg seduasting GREI R Pool at
the HCC. The HCC selects a set of IRs fromthe IR

¥PI I t h
AR P 3 CPE RS P LB B "
formed BRhE CRE andttiemshided in one time sub-interval called an Aloha slot. An
IRM comprises an IR with a header. Aloha slots appear in bursts on the upstream;
such bursts being called Aloha slot burst intervals (ASBls).

IRs arrive at the HCC from the CPEs in IRMs, and arrive from various local

sources. These variously sourced IRs are collected together in an IR Pool at the HCC.

The HCC selects a set of IRs from the IR Pool, typically selecting all IRs present,
and with these forms a request queue update message (RQUM). RQUMs carry the IRs
to the CPEs where the information they carry is used in the disclosed embodiments of
the invention in the process of scheduling traffic on the upstream.
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to the CPEs where the information they carry is used

in the disclosed enbodi nents of the invention in the
w@e@smesaIpf scheduling traffic on the PCT/US2005/009998

upstream Referring now to the draw ngs, and nore

particularly to FIGS. 1A, 1 and 2 thereof, a scal able

Rutdriindg woGt ﬂoomeldrawmg@r Kn& PRGBS AEHISAY s/ 51ES) 1}32 1 %nd 2
constructed in accordance with an enbodi ment of th

thereofpa scalable Rudirfunrationahdetwesh cemnawnaalinresystem 1Qalsmmtructed in

acoord 5 ot S UL 54 Bl e, A By Qi hoatn

to occulbe@v@@hacg&bupm@onﬁaﬂbr Prepnices, sUichbal tehsinEopResisés 12, 14,
Whl ch includes a CPE control conputer, 22. The

16 and éuBEozefLa vadelsislgbuted gegsAPRIRRaeRo FEaaN Preglis sbuilding
nousesE: 2TSRH Wy IBNA £ RAToE Yol THRTOPE £l
connectaxt in2Gormprumicztiooh wﬁlaataleasblsm ptﬁentaﬂcmz da‘gee asdsigenerally

. | 2 i

'ndlcatﬁﬁﬁ%%m h %ﬁ@?&ﬁpeweo "By Stk B daleyision i poinated via a
subscnb@ﬁn@#&é@ﬁfd&u‘le P@Wpl%et'b thé CPEGoR trbg&tﬁ'ﬁEGfé‘? 2%etS|%%I5£Iy,

be connected ough an Sl Mg uter
personmlmmpufay 2% rvay lbe aonhectedr\da ant SlM 28 tddive &PsE gantealcdomputer

h ted b M 33 t E trol
22, and?h BN $oF 29518 5Bin e ot in'sh {8 A6 68 Wofhuter 22.
There may alsasﬁe oeBrtESalthfon deliBed 3tzr@aw1@>ftmbhﬁ§e6ﬁn&ﬁed by an
be transmtting at a suitable radio

SIM 33ﬁ?é‘@@§r&é°§0’@ﬂ' GEMPMEr 8- an ot herwi se unused channel .
A headend control conputer (HCC) 38 is electrically

RO REH 99 lﬁa%g% Sh f?\'@méet §4 f&ﬂ)@ﬁ%leé@ cﬁﬁrﬁmzz?ﬁ&fwgﬁgs

such as th can conmmuni cate upstream
transmiteCt@ger 3whidhemiag@e3itasmittingnate soitdize dadinsteamcysuch as

o oS5l il Wi AT
electrichlEcommstiad %t@trbﬁ%ftte?@owé?‘@ﬁ 53 nBRIPES sﬁeﬂg 8GhEEPE 21

in conmuni cation with at | east one service provi
can corﬁuumuza;em@treerrvtm@eﬂﬂ@mC’diemdgbadﬂ@m%B canl cominechicate

Y T Lt X AT TH—

or buildingf £1 fwmehbﬁamenoéah@dﬁ@thrreetraﬁs}wS@Rfrﬁto%r@r@d the HCC
38 Such interfaces change the format for data fl ow ng

out of the network, such that on the network
?Icg'.g § may be connected in communication with at least one service

provider such as the service providers generally indicated at 43 (FIG. 1A). A group of
service provider control subsystems (SPCS) generally indicated at 45 provide interface
between the service providers 43 and the HCC 38. Such interfaces change the format
for data flowing into and out of the network, such that on the network that data is
presented in message form, and on the service side that data is presented in form and
with timing conventional to the service. In this regard, an SPCS 47 interconnects the
HCC 38 with the television broadcast center 49. Similarly, an SPCS 52 interfaces
between an Internet service provider control center 54 and the HCC 38, and an SPCS
56 interfaces between a telephone exchange or point-of-presence 58 and the HCC 38.
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presented in nessage form and on the service side

that data is presented in formand with timng
weorvgesidonal to the service. In this regard, BCI/BRI085/009998

47 interconnects the HCC 38 with the television

broadcast center 49. Simlarly, an SPCS 52 interfaces

An SP@StG’ieiﬁ[brPébéereﬁ%%h a??éddhﬁ@né]réé\fhgéboﬁﬂaté&iteﬁ@ﬂ&r@épe’éﬁled
HCC 38, and SPCS i nterfaces between

purpose @3emd>me Bdh3Rde pmvng@ mﬁss(agep te sgppEe TR tAliue wmaqw@d

clevice 33, i St ReruiiesBloRl AEF i SELRRIEY 8Pk R e pige 38
within th8 ®uiliag3P1 ter thep valEbSRSAGE 8lseWhré eflchsanaethe\SPCS's
unspeC|f|ed device 32. It should be understood that

servicetavidprapertipnscanieat ed at the HCC 38 within the
building 4 1, or they may be | ocated el sewhere, such

' t
]?1?]% %ﬁﬁcl S aSeB8h 4 r6hta? 68Y Whih %g%fv\%hts: r@ﬁ%aég?él f\%rg the CPEs

i ncludes a recerve router
such asr€f¥=agé vid itlentrahem@Bies ouer 36 TIREHZ A 38ifarthéeincludes a
i ncl,ude

transmisscsRe T L1 Reharub the Seyiiag B fkcseies dBWBRirgam via the

transm@&dﬁﬁ%&ﬁ#% t@OPHQSGPEémLWewléé‘ ﬁthér@F’E PHSAEIRBes AYREeiREr router
the CPEs. Likewi se, th E 2 1 includes a receiver

74, Wthb ueeeives megsagesfre tlweakl%y@a@edo«talantemm BéC ThiesCPE 21

rorthr R4 8 338808 e BETorach e hAThe REPUHEE fpssaces

upstreadh viteBRAlgeal ainehhada toithetHECl ocal a. ntenna 34 to the
HCC. At the HCC 2 1 (FIG 1), when nessages are

ée eiv&%gizﬁtcsere eive router 65 fromthe CPEs, K

t e i hb. MOgNdPegsagss ﬁ‘f@é@ﬁ@'@e?’é’éﬁbmﬁere&%@ég ter 65

from th@%‘lﬂEél ﬂ g'd’r@'s‘ﬁe"f‘ﬁ ﬁ@m”‘fheﬂ%uté’}‘(}% fo rtn'égéé%é Pékfe?&g ﬁuéﬁf‘s generally
to a Internal corfro

ther’ ntually transferre
mdlcatqm‘ até@,swbe(sthehr cntemist am/eltlwed\negutumlg tMm{f@nredi R Raukernal

control hfbegses sBRseSi el PiSTare A8t Manen FEPRECEIAT et the

SPCSs7§uchT5‘§tl’§,eSPU894!§‘d@&él‘§bPWhEWEF’GBSMﬁ{d Qﬂéaélsor?e 110 Recelve
ateway for messages comng into the system- i.e. fo

Queuef@ssages to be transmitted through the network. At the
HCC (FIG 1), IRs arrive in the IR Pool fromthe CPEs

Phe SR e‘ﬂdrjgg%n EBnddh F‘E%r{cﬁgﬁg‘?s FQD4Y ?Ar r messages coming

appl ca ron unl cads™ | PO he sages
into then®stame- i.e. for messages to be transmitted through the network.

At the HCC (FIG. 1), IRs arrive in the IR Pool from the CPEs by means of IRMs.
In this regard, a control application 69 unloads IRs from messages in the message
receive queue 70 designated for IRMs and places them in the Master IR Pool 71.
From time-to-time, a request manager 75 takes a selection of IRs from the Master IR
pool 71, typically all IRs in the pool would be taken, and places them in a request
queue update message (RQUM), which is then placed in a transmit queue. The
transmission scheduler 67 takes messages to be transmitted in accordance with the

claimed method from any one of the transmit queues generally indicated at 80 and
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recei ve queue 70 designated for IRVs and places them
in the Master IR Pool 7 1. Fromtine-to-tine, a
w0 egaestivynanager 75 takes a sel ection of | Rs fPrPonUusines/009998
Master IR pool 7 1, typically all IRs in the pool
woul d be taken, and places themin a request queue

initiatesUPRA eaneraRem. (GRLBAhe RO G| a?ettfhﬁﬁféﬂré’d?ﬁﬁtﬁer}néssage transmit
transmt queue. The transm ssion schedul er 67 takes

queues rﬁe@.@g@sy pbthseRQUMdsiinsestedi in aallestarRequest Quetiee (Master RQ)
one of the transmt queues
72 via 3 %d;%qllﬁﬁwgﬁggoggﬁﬁry%o andinitiates their

transm ssion. Once the RQUMs are transferred to the

Aresastge clockhri8inténteple ties ofrationasfiilie ((HC(BhH FIM\:CRQ) Pfs are

inserted.in a Master Request Queue (Master 72 via
synchro;pl;%héﬂ}ls CleSkr ti on al gorithm 83. A naster clock 85

controls the operation of the HCC 4 1. The CPEs are

A?Iyt'h%*‘CPE' &8%hdsP sbBh n FIQCH. aﬁeéel\yé‘ﬁ)tﬁgﬁ4 ASceirsd me ??o es from

2 , a recelve rout er 74 recelves nessages
the HCCtIhﬁe1 m(d wansfesmthem dmsiassageieosive qmesleagﬁ rSarviceanessages are

vansiorT B DR BB IO REVAE S e Sohish o s

26. the SIM 26. The adm ssions control function may only
regul ate the flow of nessages/into the network. It rmy

not act qn recejved nessages that are flow ng out of
Tiheadatiszions ceptref fw@pt'orrn@yc%lv regulaias thegflow Phaesgpges/into the

network’ R FhY ﬁﬂo Qc(f]ose e Icaéggégégwtea?é'ﬂ\‘)ﬁn ?Hteéf tﬁgﬂ)ét\%rk (to

certail are transferre
SIMs). various internal control applicationss 76. In
particular, an RQUMis routed to a queue that carri es,

non o Si bI ot hers, nessages e%i r@ﬂfor t he .
THR B B0t Ros Bt B FER T By TS0 el andesaoiaispeive aueues
such as%@%mtdﬂma@e mcﬁ@éiédtlﬁ‘??'d?é tFEMRTS e b | Vého?usr ﬁﬁ@fﬁé‘?@ontrol
Minto the |ocal request queue (Local

applicatiensg 7&Qly paginulars anRGBHismouted ta ams:ﬂugstlnaircames among

posso e s B2 SR B B 150U HRRL AR At oo

RQ InsertivatAlgorithnt 79l m'aees tlﬁgmé@dtémedsiﬁ%\::jwédeﬁ/eﬁllll?dlM into the local
upstre mlnterva s.to be used_to send particul ar
request ,qigesl@g&oc . The Local RQ 78 serves topsequence a transmission

scheduler 82 for sending messages upstream to the HCC 41.

The Transmission Scheduler 82 has a second function. It places requests for
specific sized upstream intervals to be used to send particular messages. These
requests are formatted as IRs and collected in the Local IR Pool 88 until such time as
upstream space is available for requests to be sent to the HCC 41. An upstream space
to carry a request is called an Aloha slot. A burst of Aloha slots occurs from time-to-
time on the upstream. This burst, formed within a single interval, is called an Aloha slot
burst interval (ASBI). The Transmission Scheduler 82 places one or several requests
in an AS BI, in slots that it picks at random.
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requests are formatted as IRs and collected in the

Local IR Pool 88 until such tine as upstream space is
war@shgtibe for requests to be sent to the HCC BCWUS205/009998

upstream space to carry a request is called an Al oha

slot. A burst of Aloha slots occurs fromtine-totine

GU?nHéﬂtUMBPEWhtﬂ@uéecbérpﬁge drogdeagt.t hin a single
interval, is called an Aloha sl ot burst interval

(ASBI) . The Transni ssion Schedul er 82 pl aces one or
I8 &iper 3gsyRGIBat 8 telephanasall is initiaiedtay 4 ﬁalden Uysing ajstangdard

telephoﬁé"&??&&&?ﬁﬁ/}h CPEP Ihd (ﬂg ﬁgﬂfeﬁgﬁﬁgﬁ%a‘PW@o The signal from

assune t one call
the phone|ﬂbmtted|tsbasaomaﬂelde$IMWHI@ mrmdwsiagelthmbmds to the

assogc es th and dialin n a conventiopal
SCPC gaapaiakeih Wi telqRBpnEr o BB OP KB Th eSS aRa Benta s packet
of servicd bt theh e%'b eé‘tﬂ@éél@ t4i9Bkir g ¢ g@dST d Qeﬁ@%|§9?é§sage the

assocl at e the tel e one s provi der.
CPE 21nuusispnd anilautcmsthmhpadaled HE3 C S&r reiquestizg an tulpatream mterval for

the mesB38L da CE [pEond et el okt Br VAR the B PE 21.

38 requesting an upstreaminterval for the nessage. In

AlbkeBlot b%@@dwé BeaildBle Whef PBheHIRNAMST 3B devides abk6llect
Al oha sl ots becone avail abl e when the

additiongb IR s 28 thedmieshedIeastanin GAd (s aR sreatss an IR for an
ASBI, ahf UM tiRis i EES pieswia'sf%g PSoNefdp dgﬂn*lﬁ?e %8} @‘e%ﬂ%fHCC 38 .

creates an | or an and ‘a to the
determiives teesen & sPrrjuest fuebte mlpdaterrmdssage RQUM) blthe&downstream in

order to S JAPUBTFIS Ho o RAGHPSEEHCS dcanct EBciabich Gde &88g te schedule
transm&aﬂ@n?@ﬁ thelufeifdps. The RAUM S fd%ﬁieﬁt?ré\hqmésw/}he IRs in the

schedul e transm ssi ons on the upstream
IR Poolfaithm@hffqrrreaypms af pyioritylorttraffic Roniral, alsubsBt &bible, IRs present
b i? hfor reasons of priority or traffic control, a
may e§8 ‘'of the IRs present may be selected. Wile the
present tel ephone call IR rests at the Local |IR Pool

Whilerires p réseritheleBREne chll IRhestdGa B8 LigeaMR Rool ﬁiu\fﬁbérbl in the

requests an ASBI. This IR is then placed in an

CPE 21athe Wbt 3t8d‘0frﬁé af IR whichheaapsts anrﬁ@&ksﬁ hig @&t@@acplaced in an
RQUM %@E%n{}ﬁ; H]ﬁ?%t% 'ﬁw% A'S‘m%ﬁué)ét?? mng{\t fave, for example,

aval 0 use
64 Aloharsiots that an% mlmmfor the CPEs 21 to use to attempt to transmit IR

messages.

Upon receiving an RQUM, the CPE 21 loads its RQ 78 with the received IRs,
including the ASBI request, and awaits the emergence of this particular request at the
top of RQ 78 which signals that an Aloha slot burst interval is scheduled. When the
burst interval thereby arrives, the CPE 21 has in waiting in its IR Pool (number) the
telephone call IR. The CPE 21 may randomly select one of the Aloha slots in the ASBI,
places the IR in a little message (an IRM) by adding a header, and places that IRM in
the selected Aloha slot. The IRM contains the request for an interval to carry the
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Upon receiving an RQUM the CPE 2 1 loads its RQ 78

wth the received IRs, including the ASBI request, and
waumsng9ivhe emergence of this particul ar requeBCT/aB20051609998

top of RQ 78 which signals that an Al oha sl ot burst

interval is schedul ed. When the burst interval thereby

telephof(ﬁlé Il ?)‘éckéﬂ‘ﬁeggggg }¢ sﬂi’b%l? 'E)e%’fhdér@ﬂ)dd“thbi ﬁle'rBaP@rﬁbny known

mber) the tel éphone ca The CPE
types and kinsisl of teehnriciuesrier s¢lectirg Ahoqdahalsdnts |n the ASBI
places the IRin alittle nmessage (an IRM by adding a

THREREUN IS & et e el SE BWAEG B CERVAY tq yerty the
synchrohidationt dfatsedlepk OnearchRQ pa ket theaideaue clock 85hand RQOB1. If the
understood that there aremany known types and ki nds of

CPE 2% Ié&%oa g¥Rch withdbedde Crif. 1P apsmissiqns witkke made by the CPE

h
ot S8 LR Rl SN S4TSR ool
78 with the HCCs cl ock 85 and RQ7 1. If the CPE 2 1
TIE tnansmftt&dyhelﬂpmndwcalhpaem IRM may suf‘émsians@g@fremmdntention

by othef iR SEReS/Ry I sEn h BhPT S LY Maf B eeslipbALe HeC 38
and theré@ 1t§ AR hdtednier tied e e Poaaqiqetanb%mmy b8UbESed back at
e fromcontention by other IR senders or from

the CPEn@BsJe an RQ,M herheceeswiestingdiP i atill krowerhery this #R shield arrive in

an ROUSY o oft¥Bs A & nd bFayset BLRQ VR, BRbERgpURFRisEhugdiment,

When thél r@qué%ﬂdMCP’Etﬂa deateratineg tHathi' VR hak heenvwhigget! hllt ﬁe\leﬁs toa
uld arrive in an M (or perhaps in any one

swtables@ntgnt'mmlumt@m dhhlphénmdﬁeme)reswewgtqféhe IR. IRs
transmlg%étgls%gfj‘é CP@ % an’)? bg%ta%@fale?o%z%]gfe r'etseﬁd{ g Qi sQ cegHon is

rever to a sul ont ent rron res
confirmatigori t hm whi ch may include the resending of the IR
IRs transmtted by a CPE 38 nay be saved for possible

ALR8 BRaARa G 36 ReTIRRE BaL GG 45 RublelE T8 ebppdls received
and entéﬁequh%sm sUrléaGey Rtk ARSI pReel Iu@e rmlp%qi?qi 08 the
he |RM and placed in the IR Pool 7 1

headenﬁéﬂa@@rﬂ @@@rmlnesaﬂtaéram%mlmlrsd@tsmaveddﬁeﬁ rﬁcemadn thamihe slots

{ I {
contamﬁ%g(?ﬁforn%%ﬁhx%ﬂﬁhr%gtﬁeesllﬁﬁesdo ?;}r@ﬂgﬁ% 9‘#{‘-_92%'}&8%5% ’f;ﬂ%swed
orderedcsrsd amenged decerting to any m&éd@gmtﬁnﬂg%mmmg fsrsdxadtble, that

al; %g.)r i.thm  Assum ntg for exanple
only 30 of the 64 mini slots contain messages, all 30 of the messages are transferred to
the message transmit queue 80, together with other IR messages, if any, from the IR
pool 71. Thus, the sequence of IR messages are then transmitted downstream to each
one of the CPEsm and a copy of the sequence is placed in the master request queue

72.

The RQUM containing the IR associated with the example telephone call packet
is received at the CPE 21 and its IRs are placed in the Local IR Queue 78 by the RQ
Insertion Algorithm 79 as was the case when the IR for an ASBI was distributed in the
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only 30 of the 64 mni slots contain nessages, all 30
of the nessages are transferred to the nessage

W0 e@a®9hld7 queue 80, together with other | R nmesBeEmEs200$5/609998
any, fromthe IR pool 7 1. Thus, the sequence of IR
nmessages are then transmtted downstreamto each one

above s uéritte SRbzantend'he RO Misdrtién (mmnbé@cteﬂes Ifhe set of
mast er regquest queue 72. The M cant ai ni ng

IRs recelmda@stbel%@lelaﬂ andiplacas Beahin acqasdapse yathban |al%rataet in the

RaUM. 1 ISP R R e IREAAd R 85 PSR e

in the orcter theey drearecaivedwitowéver, ARy bilgorihmABEIt doas not prevent

istrjbute ove sequence of events
reSY“ChrPﬁ%@rtPi f tﬁ?d%@lmﬁ\‘rgf}ﬂﬁ%'er I$ Qess tine Wy f%PE‘PFQQ Ime-
r E%M&ﬂ% Afrrert rdance
sensitive %ﬁ% n QPQ%'F'??] s?{éQJM H@%W&”ﬁgt@om gorithm
|sthat the IRs in the RQUM go into the back of the RQ
Thea IRmenbotié fo theG Pl willravesitually. cyiatentsy $re frant ohthgokocalRQ 78,

o t a2 YRS SR AE B R Bl Aapsoce

on the uﬂsﬁegﬂ‘ﬁrﬂ@rthérfﬂ@@ 3&:sThgeoh s of thié ﬁféthﬂliorfe)fm@kéi wéuld include
IR sent out to the CPE will aventually cycle

all of thema{%gertdlhﬁor@atlpn aeeded|forkhereall tarke dnitiatesh by m tedephone

h I
erchangh "9 SREUR o LEASARA Pk XarRAS, BIROBSUICPBEHAL (R poin
may haveftakbna $hors timehswsehpesc & é¢w \moillisé conds Udacabmplibht he
dialed digit informati on needed for the call to be>

Wi teBtes H e TR EEIRP e e tainind i Arytdetophene call

packet fr@?h 'tﬁe URE m}éesérﬂ‘tﬁﬂhé réé@i(lé rbER (SUTHerff thef l%\ﬂéphone
i seconds to acconplish. Wen recel ved at

exchanges(,numteer)rﬁ“srgagb thalrexohangg 'stassociated sesviep rmméldeapbntrol
r the CPE 2 lis sent by the receive router
Sumysmﬁﬁ&%é})%the t el ephone exchange (number) through
t hat exchange's associ ated service provider control

Thenlexgharge (HECStsafp th'éhwllebfyfwmgentldnﬁal heansy IOI'Hehexchange

conventi onal_ nmeans he exchange uses

uses the FHgiRal SMARIORrIRESEdS gnnian BOT SRy HerDl e iaednation party
is externéﬂ?o s etk 90, PR ¥xéifaneg:é @éé@éxé&y {ﬁ%c%ﬁ%ét&%is and

e exchange uses exact he sane pro
process if the destination party is in the network 10. The SPCS translates between the

network and the exchange to make the network appear to the exchange as a part of a
conventional telephone system. The SPCS deals with the call participants that are
internal to the network 10 by translating exchange actions to appropriate messages that
are sent to the participants. It is recognized that conference call set-up is natural to the
structure of the disclosed embodiments of the invention, and may be realized in the
SPCS if desired.

Assume that the example call is to a party in the network 10. At initiation the
exchange (number) signals a ring and the SPCS then sends a message to at another
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process if the destination party is in the network 10.

The SPCS transl ates between the network and the
weebharge7’t o nake the network appear to the exPOEHD§EON809998

a part of a conventional telephone system The SPCS

deals with the call participants that are internal to

the calréaepmy prarkiseG Uy do replisé I1ngs@mh@§§agégddusmg e SIM 56 at the

propriate nessages that are sent to -
destlne}jm todingatiestelaphane (netshpwikler thattconsmmnegrentie sesulting two-way

conver§§ oﬁ’fé&ll tRHY 5 c%njirﬂﬁ Rh{HY § frﬂ‘ugﬁng} B& dihe calling
ﬁsof ?0{1, %Hﬁ@ real i ze f’h

I-nven
and catlé@p&ﬂ@?s.lf desi red Assunme that the exarrpl ecall is
to a party in the network 10. At initiation the
exchange (nunber) signals a ring and the SPCS t hen
CC sends a nessage to at anotherthe called party prem se

such as prem se 14, such nessage causing the SIM 56 at

Refedipgitorat. qntHé’HC‘O“Q—Iéét%rfoPd)Sﬁﬂ@lr@oﬁrﬁﬁlteéh@Wat@@ Bt one site

that consuner. The resulting two-way conversation is
and implegnenteddn e ¢rsmeneusiveeercefthe-ahelf hiardwaredeawvices, which may

incluc§ HRER R 190 iRt Bk BR el pl TP ekt
hardwdrec iichstliag integrefed elr@tﬁiﬂ‘yl iNYofiRRE S6F ihra @Bmisinatied thereof.
custom or of f-the-shel f hardware devices, which rmy

0 ter. The functions of th
| 9 Oﬁ%«ﬁ%%q? ér%ﬁ%as s Echie reglate dafa fratfic,gn .%Newweauch traffic
PlovingS S et BN o & of e R B IREr T Sfygtoms
(SPCSehaha entval location lantrSdriiice Imemﬁacagvloahu llest (S IKlis) ﬁmau aredocated at

th i der, Coptrol Sub
many GSeRESes, SIS aié harcae AN o s durihens thateakie data flow
betweég)é' WeaSofiSbdfnedtiddtpainte dt%éﬁﬁclﬁnt SROY, ﬂ‘ieSNéﬂ@orR'ds‘h%;g the

Ms are hardware and software functions that enab
disclosgdtraethogivapdipiesentatior davicrs celinteas Perscmﬂlrﬁ@muters TeleV|S|on

sets, ami ?%Iggho%%ﬁ& igﬁieqtﬁ i%aiﬂoegwg\eﬁﬁiggayf c@ﬁtngig%shegﬁgi és%dntatlon
devme@pmﬁr& i réebiveiisfonmation ssecidtadelvigy h@sl’t@théi\eéﬂhc@P@owders
| ocal to the distant client sites. These presentation

offeringfa PEESHAES IR SQtiee PEak Seerienmassages franssoiiipgiydthe HCC and
are the! 1ddlindsibAYof ?ﬁal f\ﬂééée ﬁ%sgégélé P&fe?veoph ansr%ﬂ??ej;pﬁﬁ?h ke of

e source o ce nessages
clarity, IHGIG ardepicts those elements that must be contained in an SPCS to allow it to
interface with the HCC; and does not depict other elements, which may be expected in

an SPCS.

As shown in FIG. 1, the elliptical boundary in the region indicated, encloses a
diagram highlighting certain key functions for the control applications of the HCC
control structure. This control structure regulates data traffic going onto the downlink of
the Network, and cooperates with the CPEs (Consumer Premise Equipments) of the
Network in regulating the data traffic going onto the uplink of the Network. The Master
System Clock is located at the HCC and provides a time reference for the HCC and for
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are the destination for all Service nessages received
by the HCC. For the sake of clarity, FIG 1 depicts
wo b@smoabenent s that nust be contai ned i n an SROBUS05/009998
allowit to interface with the HCC, and does not
depi ct other el enents, which nmay be expected in a n

the CPERPU% théxliskiosdimethod, tilhe-fhe i€hll tHtiis AbcdS FoV aiptactical and
the region_indi cated, encloses a diagram highlighting

useful epahadimenke\l imgnitaslignay fsrusatincitanees apEENalSoRE of
n r . This control structure
enhanc%@%&%etg@dg{sglots?gfrﬂ:é%dgi ng onto the downlink of the
Net wor k, and cooperates with the CPEs (Consuner
Arcantsdrafsinssion Shingf istimpolantwr thel discloged atethgdt HEhus, the
ata traffic going onto the uplink of.the Net k. The
delay blfisperhe g A BieserSr Wi 1 b aribit A o ghe physcal
mediumPmbly B MRl apfwomal. the HCC and forthe CPEs. In the
di sCl osed nethod, tinme-rate is all that is necessary
for_a practical and useful enbodinment. Tine itself may
The Reecive R ouler seraives and spwlesriscomingemrasraatin message

Recoivel B8ebE S AR i 2L P 5RagE e AR TR carres
a headerdhateeonthing inforenationesdepeaté ¢a deterhtine K& spacifictmessage
rives on the physical nedi um rtaéJbe fixed and kno

.ar L wn.
Receiverdueng daatwilHee sefveddik ihreaprivgriptupES S nEemihgysake of clarity,
. |- .
tere mEPESTHBR HTERE HETRERUE MIMRREAR 14 Bpole spos
header that contains informati on adequate to determ ne
Gandrad peesishigesnessivgd Rethel ME Clareuroutdrhto edntrol mpimatiods

hy the_a opr.i ate SPCS. For the sake pof '
through &3Sl Rsdbiing Ciatieror.08les oy 5B LB Bl iR Kiesspaes may
be routddoes hkgabe Reaewalc&ue'i%?ﬁonmntdhqhe?wé eSS EStheMaster IR
by the HCC are routed to control applications through

Pool. a3 nessage Receive Queue or Queues. In particular, All
| RM nessages nmay be routed to a nessage Recei ve Queue

%%?gé@%l%h?é?e%ﬁ tgiés%ﬁgg‘a @gs%ﬁ/ﬁ%h& R ﬂﬂ'ligput and

érs, referred ssSdge queues,
output diisevit@mdsagesaared showruin the SRCSi striotwes afhesermay not be a
h i h P o T t b
part of the %@clés% meetﬁog,sbl?tt rre%(r:etsuern? fung{%sh% tﬁgkl mg?/ be pereasent at the SPCS-
HCC interface. These entities indicate the starting points and destinations for service

messages flowing through the HCC.

Message buffers referred to as message receive queues and message transmit
queues are shown in the drawing as a part of the HCC. The function of these queues
may be a part of the disclosed method.

Message receive queues contain service messages and control messages.
Each queue is assigned to one application -- either a service application or a control

application -- and that application timely serves the queue (i.e. takes messages from
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part of the disclosed nethod, but represent functions
that nmay be present at the SPCSHCC i nterface. These

we@posH099Es7 i ndi cate the starting points and desPCTEHS10051809998
for service nmessages flow ng through the HCC. Message
buffers referred to as nessage receive queues and

the quelBR STlSretmastise bt Rueiteheanessageweddivé Gaede fov Y HET a
part of the HCC. The function of these queues nay be a

embodif@f. of the discl osed method. Message receive queues
contain service nessages and control nessages. Each

MEEURE Faritiit gﬂ?ﬁ’eg Eoff4in %%ﬁ\{lb& %é%égesedr{d“@éqtﬁ)all messages.

service application or a rol i cation
These queatesapay beaie'sqgnaltédrdh yansembedindrt tquwld rr(essageSaifasparticula r
ges _front he ere nust pe at ?ast

priority LY Ba G MEEaRUeS BB, 8 RATICUA! RetvicsBha PRLIAa S gamessages

from cehbﬁ‘ﬂédﬁtiol ﬁéﬁﬂcﬁ.ﬁlo@\@ntﬁhé‘ NSPADEICEhdTRAS %%ﬁeﬁé‘éj I8 MAon of the
messa ese queues may be designhated in an

embodlarm@du € noay heladleﬁs@u@massage;t@ansmtmmu%m hei HGC and one

messac 15y aPeyETEBRIF S SE TR B R e o -

appl i cations. The nunber and roI e of gueues i s a
Hlowaf intessaljes eressitbtd imtatface betveearnthebld Cat ah@&ﬁtsms is

o nes e transmt queue in the HCC and one nessa
indicateg] A k4 {- é@@fu@e meseaersdpbe hanspitiadsaeddacedin Msdnessage

transmit. aﬁ’é\ﬁé)far S n@ﬁé%ﬁéﬁeéqg%ref %%gl\}é%téﬁ’éqgkéﬁ?ro%essage

I cate ervi ce nmessa
receive qoiebe orgarses.t Peditioreal moatred infornhatio mypicadiy flolwa"mm*.:s this
. ueue or gueues. Service nessages to be received are
'nteﬁacgaken from message recei ve queue or queues. Additional’
control information typically flows across this

THY SACESenibe-MAadSABMISSoNESHRER FAMESS) 8 é‘@.%f Hat

Functi on is a server that sel ects nessages to be
selects magsages txbe tiepsmitird Srars the $REY @Ans: regu @Slhﬁ@tnﬁﬂaﬁﬂd

roquent SHSHEY SRt OB, FEGAGRE (S UERBAREATA fefRUE i
limits redued by e¢he eiseiubctmrmbddiment) eFerath@ sdkecofdlatity, tHerombined
effect o? %?ﬁlgtggweé;&éwgﬁr}lé g'%ff?cgag%gé%eﬁ{qg?sﬁ%lglu%dtto bfefsuch that
the over-all downlink traffic pattern of the Network is within the limits of a set of values
set for the embodiment of the disclosed method.

Control applications in the HCC carry out system and other control functions.
The Request Manager and RQ Insertion Algorithm are example applications that are
shown. All other control activities that are determined in a particular embodiment of the
disclosed method are included in the control application and Database area as
depicted.

RQUMs and other control messages may be placed in message transmit queue
or queues by control applications. The Request Manager control application forms
RQUMSs. IRMs and other control messages are timely taken from message queue or
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the over-all downlink traffic pattern of the Network

is wthin the limts of a set of values set for the
wepdsayarent of the di scl osed nmet hod. Control  PCT/US2005/009998

applications in the HCC carry out system and ot her

control functions. The Request Manager and RQ

queues Ibywrmow aFﬁlmrohbhmh@rwe@m@spN@n@@@P Pﬁ@uidj@@ﬂmet R&l In8&fion
shown. All other control activitiés that are

Algorithgewith @ ¢RRY oframREUMithel irhasereated:far teansnmigsian an heedpwnlink.

The R RAHGpL LY SO0 ARS8 0 HBBAER, BB o fom e

RQUM.nEhls &1 $nsetiom Algdritineds lancﬁﬁﬁ'amltdaaaﬁ that 1g¢elvesdRs from the
The Request Manager

b trol | t
oesE R it oY o e FuR Sy i o
et ™ T\ e

time ang poerityedatahasépssoviated ovithlR@ri t hmwith a copy of an
RQUMthat it has created for transm ssion on the

T Dbt R e AR NSl B KT Blach i Arkerkeuk Srdey by the

RQ Insdrfibh Rsgarithan INinftiatddby ha RQNhsSHtioANRGbARN 0ahd H\%‘intalned by
receives IRs fromthe Request Manager and pl aces

the RQ inpestiemAlagiihne, speh mainteb@nggroeolingradinsting atwntme@nd IR
Transm Bl of R VMG Focai¥4 1) 1B REpLER Mpnaag: Forthe
sake of akesity; it RQ 8indhrBizafitre nidag berreGlired imtiaHOG aadtthaRQ

hol ds | aced in a particular order by the RQ
Synchrqm@gm@aﬁ%m%mt rESe Bt jmihg HES by the RQ

Insertion Algorithm and maintained by the RQ

Insertion Algorithm such maintenance invol ving
CPE adjusting priorities and IR Transmt Tines of IRs as

each RQUMis received fromthe Request Manager. For

Referr E‘QI@QVMO ElQr2.tthe GRE RGWSjomier Hiremisa Bauipmyentpis located at

one st gt il 1 5, 200 o PR E MR o e

shelf hardmeeOdeHl@s Avhich heyyGREutieIa tigien cBreptitse iR figidhy of the
ocated at one site distant fromthe HCC site, and

CPE Caﬂi?&l iBAemERtac tgdindirsdwaredh eluding iriediated eirewitryhisl software, or in a

comb|neﬁﬁi’nC'l‘f’@Fé?of?I ﬁE |¥i’@lh‘&@s gl‘)tph@e@olﬁ%l eoMRitbAlCPE CC). In most

conput er. unc Ions o
embodiments envisioned the CPE also includes transmission/reception equipment

associated with the medium, and includes interfaces to presentation equipment that is

also located at the same site.

The disclosed method is used to regulate traffic on a Network, such traffic
flowing in both directions between a set of SPCSs (see FIG. 1) and many SIMs
(standing for Service Interface Modules) that are located at distant sites, such SIMS to
communicate with presentation devices, such as Personal Computers, television sets,

and telephones, which are local to their site. A set of SIMs is depicted. SIMs are the
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CPE can be inplenented in hardware, including

integrated circuitry, in software, or in a conbination
w0 bh@smeesf197 The CPE i ncl udes a CPE Control ConpuP&r/USIORE009998

CO. In nost enbodi ments envisioned, the CPE al so

i ncl udes transm ssion/reception equi pnment associ at ed

source ¥ éIhséﬂﬁ:é%@‘sé‘é@e@ﬁé’néﬁﬁﬂeH%ﬁthbr@lﬂEfa@ﬂeéré fhe destination for all
presentation equi pnent that “is also |ocated at the

service ;mgasages éecaivied byim&&ﬂ method is used to regul ate
traffic on a Network, such traffic flomng in both

R A SPRgh 3FSEESE faShp Hca

modules irhilaarte P© cardyithat rrqumm cﬂ$tbﬁ$CP£Uédjluﬁ3rﬁ@1ttconta|nmg the
communi cate with presentation devices, such

CPE ClheAsAfiamalivprameprsiment g fhaiths SIMSsbe ar@a&t&félmerﬁs&ntatlon

devicesWhi ch are local to their site. A set of SIMs is
depicted. SIMs are thesource of all service nessages
transmtted by the CPE and are the destination for all
Assetdiceonisd applications eindddatapases ot CPE Otk are sfiewnahclosed

hed I hod
inan elfiear bETR e in It Briinga Kt ey memsndy ofing CPE el
structur@ Gité RBRBWN. CTHIS @8bAtroistiutureooperatés witht e HUCY fh regulating
enbodi nent is that the SIMS be a part of the

traffic gpingsaie e gRlinfeof theNetwosk andfregwatasdiraHisptaroing fsem the

: of the CPE CC are shown enclosed in an
downlmgﬁqiﬂl}?l ckgp @(gundary in the Drawi ng. Certain key

el ements of the CPE control structure are shown. This
Thentocsl Sylstemt(llow locafeet attthe GIPE Imaybe S2d to provide a time-rate

. G e 9 2 B R BBt e
rate is a‘llfthhf‘i% H&b‘é@ér‘y foFB%dHEéﬁénoeM%fﬁFéﬁbeeﬁn%ﬂF aH%Q/e@Erttnﬁe itself

rray be uséd to provi de a tine-rate
may be ruatad)m vafianegs; @xtensiarise oCPEhaATBEERt sfaftdie) djaslosed méthod. The

Local sfyBiL CREK ) B acte Bl Sadal hislen isol B UFIHE gbscc

methodi tsel f may be used in variances, extensions,
enhancenents of the disclosed nethod. The Local System

thiérggggp%coﬁ%?gd |E:gtetdhvslth'vtahset SIrDESE)é?rtnﬁ‘]rglg roe%lélvlensJ bhs?/stem
(see Receive Router), and with the CPE terminal’s transmission subsystem (see
Transmission Scheduler). Accurate transmission timing may be critical in the
disclosed method. Thus, the delay between the time a message leaves the CPE CC
and it arrives on the physical medium may be fixed and knowvn.

The Receive Router receives and routes incoming messages to message
receive queues as indicated in FIG. 2. Each message intended for an SIM carries a
header that contains information adequate to determine the specific message receive
queue that will be served by the appropriate SIM. For the sake of clarity, there may be

more than one message receive queue for interface to a single SIM.
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In FIG 2, interfaces are indicated wwth the CPE
termnal's receive subsystem (see Receive Router), and
wowak/oedier CPE term nal's transm ssi on subsyst ere /BE8m05/009998
Transm ssi on Schedul er). Accurate transm ssion timng
may be critical in the disclosed nethod. Thus, the
ey o ST b U R0 TR FpucRto St eblcations.
This is dooenhroligh rRessageereReiveaquauesei lregardiallan all QUM ane rapted to a

nessages to ssage receive queues, as, indicated i .
messagg Lege quae TOREh ATl aaeT i tap e ifs¢itioh Agorithm.
header that contains infornmati on adequate to determ ne
Méssareaniffare, S8 SAEER in BRESNE depRitions Niatthvifigurds, drerused for
) by the appropriate SIM For the sake of clarity, there
input an%gutsét ﬁngmameéﬁg%séfag@ peeBePl@ pRE ek thedisclosed method,
' L ngl I
but repre8eff AGTRHE 1t MyibS pepet at (iEBILEICERE Hirface. These
entities anfitatedhé aterting Ipoints and destihdtionsofor seasiwganessagescflowing

eye In particular, all RQUMare routed to a
throughgﬁ%iﬁ%’éqﬁcei ve queue fromwhich they are directed to
the RQ Insertion Algorithm Message buffers, as shown
nhésddiR sitdrdepaldd RBESsdde ikBive GRS aftmESSshd Ransmit queues
i nput” and out put of service rressql%%ss. These are not a
are shoyarin te figheesias alpasicaf the ORid CGutTheefurstion of ieseigquesies is a
hat. t,he . present at the SIMCPE CC interface.
part Oftiﬂﬁgﬁ%cqg%q F]eéﬁoﬁ?'ndi cate the starting points and
destinations for service nessages flow ng through the
Mé¥sade. receiveag e uesidontain senliteheseagageanccontrel messEges.
and nmessage transmt queues are shown in the figures
Each quaue;isagsidned torrnecgiplication meeithai@ $exvies applicatiofuerasontrol
i< a _ . ‘ .
applicatich % R P oph G ATy SEE! e fuethS B ek e FictRages from
the queuek sthere meyde ajueast dre message tbceivee neicapdbr aatPEN -
b d.eit er a service application or a control application
embodiMeALy t hat application tinely serves the queue (i.e.
takes nessages fromthe queue). There may be at |east
MESS RSPt gEeLi¥s camaitsdiceames¥ageb amdn®ittrol messages.

Message transmit c%ueues contain service nessages and
These qusmiesdnaybssiggignated in an embodiment to hold messages of a particular

priority or type, or messages from a particular service of a particular type, or messages

from certain control applications. The number and role of queues is a function of the
embodiment. There may be at least one message trans mit queue in the CPE.

Flow of messages across an interface between thhe CPE CC and SIM is
indicated in FIG. 2. Service messages to be transmitted are placed in a message
transmit queue or queues. Service Messages to be received are taken from message
receive queue or queues. Additional control information typically flows across this

interface.
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These queues may be designated in an enbodi nent to

fiold nessages of a particular priority or type, or
wore®sagas’ from a particul ar service of a partiPRCi/E82005/009998

type, or nessages fromcertain control applications.

The nunber and role o f queues is a function of the

| ptehrade "fééﬁnola%gfcﬁ nﬁlﬁﬁabiﬂ]g%ehl/vééﬁta SIN afEIRE CPE @0SHY bractical
| ow of nessages across an interface

ueue in the
and useg@ltewebﬁdmergs cbthectiselegedmgthadiiswitbit e knowrn gtate, of the art.
Service nessages to be transmtted are placed in a

THeSSABE (?e?@iﬁg‘l\h?%ggeé%lsg% u@ﬁntrt%efflyﬁ&i%ni\/%sﬁa&(?éelt fhat

be recei d are nessage recelve
selects messages fulbettramsaditted fronothel 8D lanﬂtregulataqohmmdngtrﬁ Iamzlrs
s this.,interface.lnterface technol

for I
frequenc, op FREEMIFLELR ReSraReh® FIRIrPETEAnFSR I Piss AEawithin
limits rea[lﬁleéi'%?ftHé SPRRANBROT Fo Petihg(edéﬁﬁé e%g‘"A@glFﬂB%écFeffect of the

In“the known state o art
d|s¢|plln(eséruplmk tl‘ﬁﬁsﬁgm @ach S8 am theoneivalrk iairesyuired)ta be such that the

over—allpﬁhnlg ﬁ%th ;I@eegem |r%?]t§Bﬁg %flmﬂggut@tggt gt;\s)arpues set for

the embdcRght éﬁﬂh@ﬂ:%lomméﬁwages to assure that these
factors are wwthin [imts required by the enbodi rrent

For the sake of cl arA((fy the combi ned effect of th
Far $he srke of slaritysthe RAGRfunclion raay exishateagh SGRe for the

purposé“@it P@ﬁﬁ‘%}tfngftps Wé&%?; ttPafﬁ? ofHﬁQ otouﬁ\thn& Ngn rra(? gﬁe\?”}%(%lé function

ern o net wor
exists at eaa:h §Il‘dffoaﬂteepurpbse/ af taga.llstatg frmrmehsaﬁrtraﬂlcrmntthefuplmk

t he.di scl as For t ake larit
Control SRBICA AN e MEF G SALPULKSIES@sY Pier eRatrghiidions. The
{
T e
that are shomang UAlhbthey cohtrohastivitips thabarfe determines in@ jpakticular

. nr applicatio ipn the CC carr ut stem
emboaig8it bPinsr BB GlhE 2t e A Hegk s Spliaf Srp iRt gharea as
depicted gorl thmand RQ Insertion Algorithm are exanple

applications that are shown. All other control

activities that are deternmined in_a particular

IRMsndhether Sontieb Massages ate riacrd dn aressageltiaaemitauawe or

queues ggrbtorn%l ﬁggﬂlda‘ﬁ%ép Tha' ngaﬂ%'is% o?‘pScl’m@@lela‘Pgr 'ﬂsMs

rol sages are pla I'n nessagé nsm queue

RQUM and other control messages may be timely taken fromm message queue or
queues by control applications. The Transmission Scheduler is a server that selects
messages to be transmitted from the message transmit queue or gueues and monitors
the length and frequency of such messages to assure that these are within the over-all
limits required by the embodiment. The Transmission Scheduler for a CPE only
causes a message to be transmitted when the CPE is synchronized according to a
disclosed embodiment of the invention.

The CPE Transmission Scheduler forms an IRM for each me ssage entered by
other applications in the message transmit queues. The CPE Transmission Scheduler
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queues by control applications. The CPE Transm ssion
Schedul er fornms I RMs. RQUM and ot her control nessages
woreopsioeo1d7 mel y taken from nmessage queue or quUeEREBUR2005/009998
control applications. The Transm ssion Scheduler is a
server that selects nessages to be transmtted from

manag%shl‘ﬁ 8sibh YT $RMs UBHRY hPAITHACLIEER |ﬁ%c8m'nbgrvﬁwtt'h%
engt h™ an

d frequency of such nessages to assure t
disclosadchmethed.eThé ORI TransrmeelpnaMhddmmtss:hedqtaSrtbel tiapsotigsion of

messaggl, Sfel TarL RS 1 BE Bt SRaRdratran dufie Bk iSieminy 16 doneduite
of upnn@m@s@geItfaﬁh@nﬂg&@ﬁ%@uetanﬂnéd f5dallg e desresshta® ™ tied Local RQ.

he i nvention. The CPE Transni ssi on Schedul er forns an

The RQ rgertion Alaaiithweds agrondiel applicalipndhatrecgiesi IRstin HRRUMs
crect R T1ERR0% PR b5y oBRes i g IREL226PRQ

accordaﬁcehmtmbm‘estaldllshe@etgﬂﬂitmﬁ WHehRChimsertion Algerthme alsedmaintains
he, CPE Transm ssi on Schedul er schedul es the
time an@pﬂﬁgm dalpBases aﬁ%@@é"" hoRRer than IRVE, in the
nmessage transmt queues by follow ng the schedul e of

THe RQ“S%@&%M@R@H@%QQ% %tﬂﬁbﬁbﬁéé’c%s'tﬁ&ﬁhbﬁltﬁr@%e RQ

presented 1 n the Local sertion Algorit
and received controt dataatprdetemmnerthairﬁﬂ Symzhroelzatlm isi mam@Jng, and

establishits HQ SvfebicdaioRinse fre’ GEE 8 fr hegofasiill ot R °°
Synchr(ﬂﬁiéﬂﬂri shigslLatAIRQti§ @daTé‘l@aé?QHd’ﬂ%@lds) RS pﬁh@éd Iﬁé‘ﬁbﬁio’ﬁﬁar
maintains time and priority databases associated with

order bythe R@elnaqt@prﬁslapamnz altip mitiatgg day them RQ Jynebranization

[

Algorlth@g@I rdﬁﬁaln?%]ﬁe{i IP)? c}hgm eﬁ}{%ﬁ?\ %%ﬁpn g:@?]r?ézlalt%ﬂgnce énvolvmg
adjustinggrivritiesiand, IRAT@neatittliMeshefl RSQSyacth RQUMds reseivdtEfiom the
the CPE is or becomes out of RQ Synchronization. The

Request Managrh i s a database that holds IRs placed in a
particular order by the RQ Insertion Algorithm It is
initiated by the RQ Synchroni zation Al gorithm and

Channe}ptryctirged by the RQ Insertion Algorithm such

mai nt enance involvin adjusting priorities and IR
Refaring nowiterE{G oA Reharnelds i dedlinated physisalmedia at may

carry a gl’?@alﬁe&%%’fbo'}@nﬁpﬁétwoq@'ag%lg tﬁgd'i'gélgéed method, channels are

divided in time into intervals. In the preferred embodiment these intervals are

contiguous, one interval following immediately after another. intervals on the downli nk
and on the uplink have varying lengths as determined in real-time by the HCC contro |
circuitry. In the preferred embodiment downlink and uplink are carried on different
channels. An alternative embodiment comprises downlink and uplink information

carried on the same channel.

Channel time may be further divided in the case of some intervals. These
intervals are divided into slots. In the preferred embodiment of the BSDP method,
slots are of fixed length in a given type of interval, for the sake of simplicity of structure.
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Referring nowto FIG 3A, a channel is a dedicated

physical nedia that may carry a stream of synbols. In
WONeG0d099487 usi ng t he di scl osed net hod, channel SPEF/ES2005/009998

divided in time into intervals. In the preferred

enbodi nent these intervals are contiguous, one

Howe\ﬁeFttﬁé\{?éDﬁ’%ét‘PnWblrhGlom&b iEHiN fr\f.h ANORESF VabBleVdh§th -

downl i rik and on the up ave varyi ng
Slots aneeprgwldedatg allenecatiegtion Df]srrmﬂlmessmelsyn ehaingiedntesvalr ol his

providef; fidahia ifdled b8 iR Efafienel of TRERCT e A RSP Mithoa.

alternative enbodi nent conprises downlink and uplink

Thié crok’fhtLls@d t6 provied tinie fonehs almlozi@anﬂéthodquMaswrr@ystem
be further divided in the case ome intervals,

Clock. ifﬁl@slécprﬁaéw%me basteliSysirm Glack sﬂhst%PEuqarrﬂersea Local System
Clock tt?éltjé g&{ 2 f{F?é?WléEﬁ@F sgéte{ri‘élo@??l ch e?h\(/)gPe ﬁ@%ﬁ&ttﬁé ‘ﬁ%tgb/eal and
slot bouﬁdaslelspi; lre:fete_maeﬁ thasteu quilduwé)!@u:k timbandSPeasured when the

intervaltsabie S0 & eatbepitBi s rabed foiecmmuiok: ahd dhesbis
recelveﬂffélsﬁ‘ﬁ%linﬁ an %hé‘@ts%lds@ﬁ%éﬂﬁ'od @PES fﬁrﬁéh%e@ﬂﬂ?ﬁqﬁne of an

i ncrease the efficiency of channe eint
lntewalraéﬂh@d{C(TMedete@mmnugwwdoriramndé tine for the
di scl osed nethod is the Master System C ock. The HCC

iBEa4RS AT R EhETels A sty oThRe KRR e mppsage

per inteBlaltinldds! the iRfervalliepaitiioned intbeslote! e vk casd tlﬁér@tmay be at
boundaries is referenced to Master System

md o
most ong message Reneled. iririhe meeferieskerabodigent, aﬁéhmm FI@ 3A,
timing lg"‘ﬁ%]nfa'inéoetgt élgr%?'wreakg gﬁﬁb y?ﬁﬁém(youh gﬁfi’a&@ﬁ@ aSFoss

'S receive
interval @Ritmdadep,dred hbgapris required lmftheﬁnmwal ihd ecea@intdor filing

uncertafiig s HAeaihA e Read i G O8] BrpreffiEra eposimapsioludes

continuB(€ dB’ﬁﬁuﬁﬁQ?raﬁ§fnlé§“ér?WHﬁ|coH€Féﬁ%yHlfbl 'rrﬂ?1 RN¥n frémeone message

partitioned into slots. In this’case there my
to the nex6t one nmessage per sl ot For the preferred
enbodi nent, as shown in FIG 3A, timng is maintained

I U .trackin :

W8, SLPREHAC kRl LU RLTRS BRLLAREY LA Rlee m
3A. These meﬁsegeaieaﬁeraa:wshdwﬁ 11} nicluﬂeﬁgccwiﬁﬂ@lﬁ ée@ltlé’néd% which arre

pl aci ng the nmessage. In_additiaon referre
used to SUPPAIrRGAUISitRN Ry de receiving terminal of the attrlbutes of the modulation
in the Physical Layer. message headers are required in the disclosed method in
downlink messages. Acquisition sequences are only required in some messages on the
downlink, their exact location depending on the requirements of a particular

embodiment.

Message headers may not be required on the uplink. For the sake of clarity,
acquisition sequences are required from time-to-time, but may be in the body of a

control message or in a message header, or in both.
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conti nuous downlink transm ssion with coherent synbol

nmodul ation from one nessage to the next. Message
wheadeyadand rel at ed subparagraphs are shown i PCHIUE2005/009998

nmessages in FIG 3A. These nessage headers are shown

to include acquisition sequences, which are used to

Bl RB emptasizes thatin e diseldweahettud, hansssaje néadélﬁnay not
ri butes of the nodul ation in the thl cal Laﬁ%
be needed iLBwShBRERISS P8 heyaIRIIPTthe ¢HieC dp Kopbabe FHABHERS of the

Messadd! #oWRhaAKN TReared tti%cﬁm‘é'tﬁdé tq%%dj?&bq%n.ﬁ%ﬁeﬁage%a/ders on

equired In nmessages o>n
upstreaex aEsshgeatbecausie palddqulrem mfbﬂnammhas treah spre\ﬂoasly

e S P R U e 39800 GEEEL8 TS e
header,gif??kés‘érﬁ' 198y PRUBEIHPOrtH @ uiTEBH. IrW“hf SAL hé@al Pid isHot

may be in the body of a control nmessage or In a
necessags g alemedia, ifgymbol bounhdayGraddhgisphaiitaiosdtdecatss an interval

or sttty A RO LA et B0 Sh s i e

rate ovéﬂtﬁmy thies figet Féw Ry DI 4 hféé’e‘bgéalg@t cddM@bRBhteAeaving may be
quired in the nethod, need not be in nessage headers

used tOdﬁcgwtthWﬁtﬁewg@saMagébe exrlysioanfia message neadeen This
dlscussglﬁ?algs g%@‘fé BUﬁélﬁeltartlﬁg?df'g%hﬁq al nk%}é%igwiﬁg%_&%qces on

downllnhrmessagesrrBHO\lvevelo o]} lﬂmnﬂlhkan@ssagﬁts; ??Talbﬁéddta m be present in
n cessa Wth all nedia, jf
the me%%?@ﬁﬂ?e%&fﬁaﬁ% SpEsis ﬁ509 shlyrgantueand Faide thp message.

interval or slot boundary, acquisition using data in

1S STEME305teR Y eMBYdPIReh St IAd aﬁé [I)‘lolrherlﬁ élgerBXoéllcYuding

the first few synbols of a nessa ut co
messagenheadearayit igimpligdoa the dtﬁgr@mrthabﬂm lstan spsﬂmam dhaaneby

Downiif et b S kR FRUE oBBTE Rt G SBPorEMNar of

acqui sition aiding sequences on downl i nk nessages.

RiGuSeillusivated anetharmel arrangegsent fewhithrmeeéfyasusie flaced in
t he nessage header for the CPEs to

intervald gad slat GF?W%@&W@ spRges.rRi¢thenpersageybavemessage headers
that sudddrﬁé&c&ﬁénﬁér&%’f‘ gggﬁﬂgélsgﬁﬁé AL gﬂﬁ %er > éﬁvwfhe messages o

be transmittedewith agmthMaocE?eﬂchsk)S;xg apsiigletsne fdvanhen the uplink in an
embodiment with the goal of supporting a Network with low-cost CPE terminals. Clock
inaccuracy in the CPE may also be found in Networks where transmission on the
downlink is intermittent, thereby creating an environment where the Local System
Clocks can drift from the value of the Master System Clock. This embodiment is also
appropriate on the downlink in the case that terminals are often joining and leaving the

Network, or where transmission by the HCC is intermittent.
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Downl i nk channels can also allow simlar gaps in this
type of enbodinent. FIG 3D illustrates a channel
wa@eeoaglaaent in which nmessages are placed in i PCEUSBEDS009998
and slots that have guard spaces, and the nessages
have nessage headers that support acquisition of each
Downlifik Syaghroniatiopuar d space all ows the nessages to be
transmtted wth sonewhat inaccurate clocks, as night
Refdrfinghowtd PRS WP| heksddesadte&iEhield BRAhe WolWhlihke DéRstream
of supporting a Network with |owcost CPE termnals.
message bRVE satessags heademandemessagel badyiseeduaimifA 0 with its

sunparb R YR HATENEAATT ARy B Bl 91 b T ubict

embodiénieat h&ys cemindarisansmissionfdf rhéssagaseory teldovailink (at least
the Master System C qck. This enbodi nent is also

so far apiheopti reesiraascattomn Peresmmessages thatikantaie i dpta
struotufts], Ghd Saih i ORpBM GO IR EHEE o ialiRe IS, the
boundaBy roflihe endadfitbe ldsfsymbiohh aovedsagEldBincldesrastirageadtathe
carried_on th ownl i nk. Downstream nessages have a )
boundary 456 AR ABIA ) e HEdBEeadsy LisuERaTiAh Ay \ahessential to
the metticd §88dOR &R Nth, thﬁ@h@%ﬁ%ﬁiﬁn@ﬁ@ﬁ’@intﬁﬁ\é pH3eHohefence from
DTA data structure. The subject enbodi nent nust have
one symbol ththeusextranness viseage boumdarigrin those metwomkdhaniels where
t least so far as the set of nessages carried
such a%%m\%‘iﬂaﬁr%%%ﬁgdﬁg?m&%qﬁ'ai n DTA data structures),
and mai ntain synbol alignnent across nessage
Ahwoshatlink méssearjestnay bave desssage Haxrleps thatfcohbsinl &5 minimum,
synmbol in a nessage coincides in time with the .
a messagerigngih and aRaddress. Miegrsage beaders maxplseeyigis) DTAData

Structurds BB AR itior?%%ﬁﬂ@bﬁ%{ﬁfﬂ%ﬂ@%&@é UG89 Snd tracking of the

descri beé erew t odi nent  nmal nt al
downlindhdsia amhéoravate. fFamthe sakeofietarity, Adduisitienx Segaensss are used to

ssage. bqundaries ip_those network channel s where
suppork RIS TR RIGFCRIEEm OhBesideNaYs PhaseaRe SYATHOl BaRARFiRs. such
acquisiﬂEﬁW%rﬁWn&ﬁY&ﬁ/éW@ﬁh%gEI%ﬁﬁ)ﬁ hterPAM R uhdafies 3s

m ni mum a ‘nmessage length and an address. Message
addresgeddiethe deawingso contain DTA Data Structures and
Acqui sition Sequences to support CPE acquisition and

A5 pd oI B kPP G A ot

the time the CPE turns to Downlink Synchronization, it has acquired the downlink

symbol stream. Thus, the DTA Data Structure need not be first-to-arrive in a sequence
of fields within a message header. In some embodiments, it may be preferable to have
the DTA Data Structure some distance behind the front of the message.. The CPE
detects the unique sequence in this field and establishes a correlation, thereby
determining exactly where the beginning and end points of the field are in the flow of
bits. This is the marker that enables the CPE to determine all interval boundaries
following, and thereby Downlink Synchronization.
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support acquisition by receivers of frequency, phase

and synbol boundaries, such acquisition which nay not
whawse/09a9tdo with acquisition of interval boundeeT/€82085009998

addressed in the drawi ngs. The field may be shown

wi thin the Header, but not necessarily at its front.

Bich heessage iRl PRI therdswilink[XMtainBla Message Ringt field.in a

it has acqujred the downlink s¥rrbol stream Thus, the
fixed ansrkneynekitiveqasitiomisdgerdart véthe messege arhevermat ef the

fon L h :
messagé BRRARAG NG AT LR ERRINTY) EEEPE eyt
knows fhter nembee of bltE bétweemthe eerd ofithe D& Af Data Stlictureand the
. __hes e. The CPE, detec u ue sequence in this
beginniPGa 16 e SHERIENEHL . ddelna B Caaseasp the message length
field. determ ning exactly where the beginning and end points
" of the field are in the flow of bits. This is the

mar ker that enables the CPE to determine all interval
bleinrasage leagthovalug allawa the&Ribjo cammMtenlocation of the body of

e proGH AR 48 A TER TS AR A e CRE RS AR o

boundargbatwaen Hes piésent liftetvat aftl Ahé nekt infsrvaE St568By athRving
format of the nessage contai ni n(gB t he DTA data
Downlind¢ Sypehiogizatiopnolite Fieseage temgth dielchis afhknemn lopation relative to the

start of&?%ﬁeﬁé&?eﬂkimﬁrls g;g??%@ggml%mﬁﬁtg P%I%Wal%fouBHSryDTﬁn? gllows

ture e message e
the CPElteII@batéhhe bot:llyeaf(ﬂi’é neahmassags ahtidhabosadary atrtpe Iend of that

| d, ,, The nessage al ue aIIovvsthe CPE to
messa%m@qr%l@épp Wﬂéﬁ qifg"’r[‘) YOChieizafitsent nessage
and decode it. It also allows the CPE to conpute the
I nferval boundary between the present interval and the
wm erval , thereby achi eving Downl i nk
Synchroni zati on. The nmessage length field is of known

R@f,eatm@ Roveloal kG the disslagegrmetifod deesaakieguiraia pavticglar

ordermgltol'?g)llémﬁgg'o?%@?ﬁoﬁoﬁ& %?ﬁ %géé’ﬁéof H?W&ggf ¥Ii1e ﬁi@s 329 header

data flem‘mlam@mé)mﬂfm;m teadyt fiedd enfiells hapberatdsa9a loaatibns relative to
reb continue in downlink synchronization. Message

the Starfcg 80Ri rtp ABRXERPLe. dhe sneaa?@ed?%aaefséréferrﬁew%aan be
scatterdtPfiSa RAbwrewHy bet@e&RphiS f #e message body. Practically speaking,

there is no guarantee of the size of the message body in the disclosed method,
although a minimum message body size can be established in a particular
embodiment. Thus, typically, message header information may be placed at the front
of the message so that the location of the various fields are known independent of the
size of the message body. There is one exception to the allowed flexibility in field
placement in a message, which is an issue of known art: The acquisition sequence
supports Physical Layer functions associated with the method. If the embodiment
requires that the receiving terminal also decode a message, with which physical layer
acquisition is achieved, then the Acquisition Sequence must come first in the message.

The message in the disclosed method contains a message body, which is provided by
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ordering or placing of the various fields of a
nmessage. However, the nessage header data fields and
wo b@soeasage body field or fields may be at knPeWuUS2005/009998
| ocations relative to the start of the nessage. As an
exanpl e, the nessage header information can be
an applicatidh erdie dowalivk avessagy rmestvesitaina ieseagée headess stige uplink
body. Practically speaking, there is no guaranptee of

messagepay; antain 3 nessageipadebaieranding onitae esradingnholor the

sake of é@isa:r {JIQE?Q ﬂ'ﬁ@*%ﬁﬁ?ﬁﬁ%ﬁ%ﬁd@ﬁf%ﬂ?& ’that carries certain

control injgrnwatiory relatisg & theherrdsage nf Dissssoviabey IR és disseraihaddd to the
the fro of_ t he, nessage at the | ocation_of. the
HCC and ey CPER A NEMBTR ot BRHR Giaihfif byenss of fridydrcontrol

message8€ TRESAMINRABDY: in tREIR i$ 8defEaRBeRd RihdaPdftl message control
allowed flexibility in field placenent in a nessage,

functiongfitbe discleser saeibods thereby giving thrhembodiment design the option of

. ence rts, Physic  _functions associ ated
not mcl@a‘?ﬁ# $ﬁ§s%é8§g§a%lef%hl@s?@@bg%%ﬁﬁdjersequi res that the
receiving termnal al so decode a nessage, w th which
Thieyraiesshgeherdendagy sottiairma intingsdy of\fiedtls dhsystémeontrol
) Acqui sition Sequence nust cone first in the rres;fgage.
informatigny agddicatedn VYR shpwdhe deessagerpdasyit) uadesignaded glata

areas. PASYe HB4€ BohStidi Ui RS NG ofRRIcHhRbI AfbrmEliRadRiRdRY that
nessage nmust contaln a nessage header. e uplin
the emboelinegd designesmay oheoseksase nfessdge hedepetti caynoinfdrheation not

. ' . f 1 i nk
oaure B 56 Fees st Sl Yo SYEREISBL D conto
informafié [sAhrsed A paphmiedratREL ik Whahgbatidig tih-Id18mEessdPBarameters
This Associated IR is dissemnated to the HCC and

used in @wysfereonifol algerithor &t the €RESBSDP net hod by neans of
vari ous control messages. The information in the IR is

ARt s blEn b RBPE pReselE 5 R GB ey Bk hEfger. or
within adnessgé headpt.i s ¢ bodboted) tHatdicqgisitionesespamcas ddaiotMave to
The_nessage header may contain a

u&s%r eam sessages. Y

be presgifipeanMeassapgdresdesy JhemnaanPediresentdn tiag pedy ofcantrol

messagiegdi cated. We show the nessage header with
undesi gnated data areas. These areas constitute a
field called other control information, indicating
Tihedd TéhBatarbtrdictiratmale be griesentdp acmessage beader toesppgd

conmst B3R b 1 B DB SR B b e b

of the dé®AliriRlintervals are located. (More precisely, the boundaries of the start of a

al

message or sequence of messages are located, thereby implying that determination of
interval boundaries is accomplished with satisfactory accuracy.)

The address may be present on the downstream. On the downstream, this
address designates which CPE or CPEs are to receive the message. The destination
address need not be present on upstream messages because the HCC receives all

upstream messages. However, the address field associated with an upstream
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information is a set of paranmeters that is changed
fromtinme-to-tine; such paraneters used in a system

waeoemwsnegd19al gorithm at the CPES. An Acqui siti onPGEUSBND@®9998
may be present at the start of a nessage header, or
within a nessage header. It is to be noted that

messagRCdrEignates the @@M@r@ﬂm‘g @iﬂltﬂ@ﬂdh@é&e WHICIPR (RLRHIg e BEN@EY but
nmessage header resent in the body of

may be ¢, qrré@ﬁ@g@ﬁ\em%%EDﬂ/hl@spatrsﬂmgcﬁnﬁmea%r;essés carried in the

R s 38 oSSR DR 0B UGS VR8s ot o

messager ek in bbﬂalhoenﬂmdlmentsf TH@A@@%&S rslqorbmided\taltlse gystem
t he boundaries of the st art

cat ed r ecj. I Y,
tfansm'ﬁloafm@g@/ e gea 18 thet [rreggating thatithe mesgage be
transmiftd@r eby inplying that determ nation of interval
oundaries is acconplished with satisfactory

accuracy.) The address may be present on the
Tdewmessageriengihtfiedd gonkaing axajua déesignating e messagmtength; such

engs 80 5508 i FE 1 . S 5Bl g un

are: (1m’c§w)ebyté§ccﬁt(&'ﬁ ih hernior trRERIiviRfurdinhes el r@ablution size, for
ges. However, the address field associated with

exampl%ﬁ %%Pﬂé&rﬂ%%%@ nkdngPRAdS MUsSE ceniain the Megsagr length field.

e B8 e ) s R o BBl e oo

known orstheanpstesshn rowihhid R¥bmsstion &t &ldo wivahalblei® ana8ssocked IR.
rmy al so be carried in the address field of nessage

d t Th i ded
6 Siicales I GG JhE ebiniertnn Bthha racaiing dermanal to
which tH@ﬁfeskégé %ﬂﬁé irg@teldh atl'hb@pd?‘%éﬁéﬂ D %nt Bed N *the receive

he nesSage length field contains a value designatin
termlnatinea Hﬁ%‘égﬁeﬂiw recaive QuesadFG8ah and 2)oaveyqueiua elther being

served FBIBSITE i bPUBand, o0t Spbloas A ESCRE AP . The
appncatmmnmmmmmqe pmniea totheyatom MranemaEd £ S8h&WiIer by the
units. The downli nk rressag@érmst contain the nessage

appllcati%hr@nweﬁt"& that the mpssage ke daagaitiad, typieally Ry sinaply providing
the hea SRS th field nessage | ength may be known on
eupstrea ut this information is al so avail abl e
| n an Associated IR
The Type and Priority field contains additional control information that is used by

the RQ Insertion Algorithm application in placing the Associated IR in the RQ. In
addition, this field may have information used for other control functions. An example is
a parameter that indicates that the message contains slots of a particular size and for a
particular system function.  The identification of the Type and Priority information is
provided to the system transmitting function by the application requesting that the
message be transmitted, ty pically simply by providing the Message Header with the

message.

- 28 -



The application ID field identifies the application
wWthin a receiving termnal to which the nessage is to
wheoosomied. The application I D can be mapped apCT/0i82005/009998

receive termnal to a uni que nessage receive queue
(FIGS. 1 and 2), such queue either being served by a

RequestPdtacontrol application, or by an application in an

or a SIM The application ID information is

Réfé‘ﬁ‘ug%ﬂo@v%tﬁé Y %FéTb-EL asré'c,‘?ﬂieﬁc&e@%&{te@% fre€drawing.

tion requesting that the ness
For thetsadxas:ﬁdlaréyi, meggagamhéaders do mok goptaiv cdnhrgl infermadiadarsed by

sewicekgg%gﬁtﬁqngﬁ@@gq? Th%lfT rgﬁ nd EH% ony grﬁ%@e@ﬁqgﬁ%ﬁéﬂsﬁémtewal

requesi.nsertion Al gorithmapplication in pI aci ng the
Associated IRin the RQ In addition, this field rmy
have i nformation used for other control functions.

Ehainiewal @weﬁbﬂ&mrénaft igqresepieddnddGr ﬁatOﬂﬁ@nﬁlecaﬁxagee IR is
assomaé%@?ﬁt‘h'lf\m?y Abfnint %vg?rédII%Hlt% ea$slsé a?&? H‘tg a? The asgociated

ar’ system nction |ca I'on "0

intervalTiy pepiealy Wedoboi Hold lonféoamm_bnlyr%m@ n’ﬁrssmgélﬁmlléd thé@associated
ssem ransmittin ti the applicati

messag% E%t"&rfarm%faqorttw s fields, ggﬁt@y EORAINA Mtbdhowefeé'snﬁ&fed for a

messa%@%t{?@%& g‘t’bﬁ E)Ig:?c gh%gpfe@r??élﬁig@n T tg)%rnlJ\ING ﬁbelonger than the

messags lemgth of ﬂneeamd:taiedisnesﬁiageaﬂém Trartshassioav&c‘@duléjrforms the IR;

NI AT e T e
from thé&@&cél%asbhﬁhé’r@%ﬂfn%%l %rréqﬂl%ﬁ%fd forede B@oéé‘o%ndlng a single
i nterval request. The interval lguest format 1s

messags, @eintasyalimay be requecles lamn@r@l? o‘aeanethes oabydbe HGE for a

o, of A o BB B S O ORI Shmpipgvey

determimedbyosuntest dpplitationss SERSeger SaNS wbrking \aists act r@hﬁ@hlssmn
nessa The IR fornat contains fields of data commo

Schedyjgr gp %mgapb%aﬁogha%@x'amplg iqrthes Uy estaklished fpy the Request
ManagfSSRE' RO O e e B iialy o0 Spolosfod e

nmessage. The Tr ansm ssion Scheduler forns the IR the
Bhe IR apptaimaan @ddcass| that sepiesents the Gaktrolling &miibyst Stich Address

would typlc g 'tl% E:?!’I':l {ht ?EsvraequeA?mgethe interval to carry an upstream service
message. However the disclosed method, supports complex actions such as polling by
the HCC; service-level control of complex interactions, the scheduling of intervals with
slots, and others; and in such cases the Address may be different from that of the CPE
or CPEs that may use the interval.

The application ID serves to provide the system control applications the
information needed to route the associated message or messages in the receiving
HCC or CPE. This field’'s information may be used for other ancillary control functions.
The Type and Priority field may provide the information needed by the RQ Insertion
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fromthe typical case where an interval is requested
for the purpose of sending a single nessage, an

WO pa0s099b7 may be requested by one CPE for anotPEr/US2008§09998
the HCC for a CPE, or by any of these for an interval
with slots to be used in a nore conpl ex way as

Algorithrfl & leﬁ@dﬂﬂé e iRRIHAL TS Bkl ifeRRaticr ey bérung'YBr other
working with a Transm ssi on Schedul er control

ancillary gepirotiniclionsan exanple is the IR established by the
Request Manager at the HCC for the purpose of

TRERERE PR BSBLaANab T il of 1 ARGREIGH Flghl Fortne
sake of draildhy_etms field th thepiRcalWayshrefdrs¢o @REnteadl, Whileethe&ﬁrﬁMable field
e s Bl R e, R, o
Aloha s@gqn?;ameaé Ré@& {mhgagﬁdypeqaﬂg%ma& L "aeéoast%d IRM

ex Inte actlo Intervals w
messagslecmgﬁ) ohtioe a’sheclatecblmssage;u&pacamﬁed i@thad @ edmol hafprmation is

be djff t f t hat t he CPE. CPEs. t hat
allowed oyt [ BUdte of oA SRne< heindrenasTicio 2 batts R oM diment
system control applications the information needed to

InfarHéMboaPrams of fisldafafbesmeeeft inTRSSARRStheR Mdunter. This field
receiving HCC or CPE. This field s information may

be
allows cqpiead appliCatines tadistingaish IBsftoroithe sasie 6RE. thwebmygelseful in

e oase BN RTNIN 15184 BB T okl P T E°B DR e
copies offi tluessa‘mellR havmbeemecamedrby the HGEdrdma OPEr

anci | | ary control functl ons. The i nt erval Length field
cont ai ns f the Associ i nterval .

Ing @8 EnbPdiTERt ield may be oress ] VRISIP 0. éﬁ carried in RQ,
such field BeEMHFIR BiAA TiieSbr [RUA lee R@qnsﬁﬁmg \i’aﬁiaﬁté I#ldsde RQ

message header refers to | engt at nessage.
SynchromigatiorrRvariasts/alay(usecthig ﬁ@d/mianmasbotfg)r onganizio el synchromzmg

N A e TR

version ofdR| e2@riéd RR @Ok tied disefovetEhetibd, JortheQRARttIghddRsuch
t he use of such space being s ecific to a Bal‘tl cul ar

value maynpe i adiAtabase agseeiplad withRQ angdiagegssible by theclyansmission
Schedul%rg abﬁatﬁ :Ig{ﬁ@atfar@& 8 ?ﬁg{}} élrov'd%étfcfl{)?nﬁ ta%g%séllﬁ%ﬁd‘ég,gﬁéﬁ Yor the

data. this being useful in the case where nultiple IRs are
in Distribution fromthe sane CPE, or when nmultiple

The RQUM may have two required fields in its message header (alternatively
such information must get to the CPE by another means that is functionally equivalent).
The RQ Depth field gives the depth of the Master RQ at the instant that the RQUM is
transmitted, such depth being measured in convenient terms, one being the number of
IRs in the Master RQ.

A second RQUM message header field that may be present (or the equivalent
function provided by an alternative means in the BSDP method) is the RQUM Top
Time. This provides the exact transmit time of the top element of the Master RQ, in
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copi es of the sane IR have been received by the HCC
froma CPE. In a given enbodinent, a field may be
w@e@semioi n the version of IR carried in RQ sPChUS108$/a)9998

being IR Birth Time and/or IR Age. RQ Insertion
vari ants and sone RQ Synchronization variants may use

terms of fhevihster Syseer Qmickon A qsefol GaYité idecth@shay be to prOVIde the time
synchroni zing RQ In the discloSed enbodi nent, the

of transmissiempf thei tap eleaentralative tetee &ansmit time of RQUYL of
IR carried in RQ In the disclosed nethod, for the

A
AR 304 5 \REEFr sfiE VatBhitCof TRk 6 bge?ﬁ‘jeq 18 s herefore
optionaISisl‘nthéLFR@UM @ounteefitldR Thtaateobtitis fIHM lsnmedtenwdieach time

an RQUM é’ I at lply%c tlqulggs (aet@g a%t % g;qe@;%'\ﬂmgrag RQUMs have
been Ioételhttr%rn%ﬁhééisllwya Ocheieﬁ‘{;r‘ér '@Hb@%rtf‘“@ém%@e# Sut B?sﬁ?ﬁéﬁlj‘%ization.
i e RQ

her means unct i onal equi val ent
Depth field glves the depth of the Mast er RQat t he
IRa srefitpicailyt plased RQUKIDUgUSlY amaniRQEM]. Thermeitwoditaes aﬁow other

control in ﬁ] %ﬂﬁé%grae %%%trﬁ%%scﬁgg%yfﬁj ﬁ%ﬁ@g’éﬁﬁg&g& |d?scretlon of

the emblodéhént dedighay. be present (or the equival ent function
prow ded by an al ternatlve nmeans in the BSDP net hod)

is the RQUM Top Tj ne. T I%)(row des the exact transmt

|$$ﬁéegﬁ“§'ﬁ@t?@|@"et|h8n%'l” d'F' Hﬁe%%?ﬁeéraﬁ?@o‘l"ﬂﬂ%fz . 8 Such
messagp3fe¥B ] FosEabalbadet i o Yok aPchibotiioht pHRohSh SpPMtations in
which aehessage hesideti wendtoeghieed aenfareseen.ne of RQUM A field

that is used in sone variants of the disclosed nethod,

and is therefore optional, is the RQUM Counter field.
Requesii@Qeievel ue of this field is incremented each time an

RQUMis sent. This allows the CPEs to easily detect

deeltnngrmavw fo I itieeidQséhohavibelRetuestQuéle.t Wﬁé$@p|‘é§eﬁﬂatlon for
therefore, to declare thensel ves out

RQ 'nd'%*?;tﬁé thlrihe 4P P, thewealﬁéswpmangm praééw%@ﬁ@ Plenagsts/are

h I
emove AR £05,87 S8 e Bed ke, aapbiaho o e R

InsemorRngMrahmt he di scretion of the enbodi nent designer. IRs
are transmtted on the uplink in IR nessages as shown

'Ijhré Igb%ler(%e'ntss %?Q IRs. Along with the IR information, each of these
elements has associated with it, possibly carried in the element itself, the IR Transmit
Time for the associated message; such time provided by the RQ Insertion Algorithm
application. The IR at the top of RQ indicates the next interval to be trans mitted on the
uplink. Elements are taken from the top of the queue once their IR Transmit Time has
passed. They are discarded, although there may be cause to archive them after they

are drawn from the RQ.

The interval request (IR) format is presented in FIG. 6. interval requests arrive in
RQUMs at the HCC RQ Insertion Algorithms. These RQUMs are created locally in the
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nmessages have a nessage header in a typical

enbodi nent, al though applications in which a nessage
whe@dop91ps not required are foreseen. Request BLIEUS2005/009998

Referring nowto 7 , there is shown the Request Queue.

The representation for RQ indicates that the top of

HCC byithe RuHiéat Maniyet, Ehd foBRardedics tHe RA Riserifd e fhiar e

renoved fromthe queue. They are put into RQ at any
simultanasiusty, witle beingi plgcesh in ae HQT msesage transgirquetia. The RQ
elerrents are IRs. Along with the IR information, each

o AETRER oF B FEHEE ALY il s FERSVAIs Ra and
maintain®thet Mastes RQ| @ihesling Reet niag halverayae ol wadh byr Wh@se

_R(%Insertion Algorlthma plication. The IR at the to
Transmigs "RQhaﬁ"cFP%S&?Qs pe &pAating PH?%trwaﬂdt%h%}'eCQWt%émm@HO'@)mthe

IRs. TH&RIdsbr R in %@%m%%%@% f/ér%h B BPREPpé.%fc?LﬁQS in the

gqueue once th ansmt asse
CPEs rebresmtcmrdestahaiedugjpytdféhe Mesieb& Q aamiecambaremmneeushem
The i.nter uest

. t f th
represe{aipNs YNART oFEal: GEBRISATdes. FT B Wanswission Seheliiksgray not
schedulértfdn‘é%léﬁo%?dl\/ﬁwé‘HCU"'@SI FRa! nR%'tﬁérOmeAR@fs' én'?fﬁi‘ﬁl used to

These RQUMs are created Tocally in theHCC b
track therstpies of Wenaglink.  kmidef e Ga thie rtansmesmduie@mawamove the top

etement 3301 % B AAR E B8 sl o, Bl Be iR S Febelfa T

appropridi€ féiplinkasesval@shédalingd THIS idhgésticdRQignsliciiuntBbi $h the
the Master RQL renoving | Rs that may have aged too

CPEs. nuch, or whose Transnit Time has passed, and updating
priority and other control information in the IRs. The

THESMESEDSYplrh Fockn he HOE FRETRIEE Hoihiic i fofthe BSDP
methodt h@PEBsIaeny éRQeahndatemf the tme—cat&)o‘étheel]daemrﬁ)estemr@lock and
under

may cary AR esfiEAg) i POSHE e of HARGFIPER, She LienpmissiRRScheduler

uses thé‘Md%?eﬁ%t&Q cigek fﬂuﬁ{e bé&eto:@riédﬁl'e%ﬂer%@%n’s‘htttﬁé“HCC The
he status of the upl HCC, the Transmt

IR Trang@ﬁérdmﬁércaﬁwd rnemmopleéed wﬂhetlmrlﬂﬁ isdh teqaof the:Mastar
Systemt(ﬂ&(,k f.ir%%. IR Transmt Tinme passes, thereby keeping it

The top element of the RQ is discarded once its IR Transmit Time has passed
as per note (g) above. The interval request (IR) format is presented in FIG. 6. Interval
requests arrive on the downstream in RQUMs at the CPE and are forwarded to the RQ
Insertion Algorithms.

The RQ Insertion Algorithm in the CPE places new IRs in the Local RQ and
maintains the Local RQ, removing IRs that have aged too much, or whose Transmit
Time has passed, and updating priority and other control information in the IRs. The
identical algorithms are used to those used by the RQ Insertion Algorithm in the HCC.
The Local RQ in the CPE is an estimate of the Master RQ. This estimate is correct so
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appropriate for uplink interval scheduling. This is

identical with such function in the CPEs. The Master
wEyasemiet ock in the HCC provides the tim ng bBSEUSNG/009998

the BSDP nethod. CPEs carry an estimte of the

time-rate of the Master System Cl ock, and may carry an

long as ﬁ?é CPHE Ra @ feddiR PRFRQUMS Withe LF@é sfllﬁ‘lrﬁth‘é' [Mekter R@ anr(:l the RQ

Transm ssi on Schedul er uses t Master System C
Synchranizationalgotithns bas dees appiiad tosputdhe tatminakinHRQ. Symehromzation.
_Transrrit Tinmes carried in or associated with the IRs

TiRtRnelitSof scheful i € cHEL STIGLAS ub|i ralRGigefdhs using
the LocdliR@. hqrarisnsit 8cheduloeremoied tl topdeieenentiuf RQtat tivétime that its
uest (IR) format is presented in FIG 6. Interval

IR Tranwgl}é@@sowm@e&w kRERIBA A PRIZRYIAEE ﬁ@@wmsst@am vervebe
schedulE%d 'ﬁ‘il@ Rietf %tﬁ émﬁm%% é}w' @g@é%@& Al gorithms. The

nser I on gor| m I'n places new IRs in
the Local RQ and maintains the Local RQ renoving IRs
Tihiedtodad By stege & leckdnrthe Pl pr@lmidee the dinsing tbaBerfor theesdisclosed

metnod B35S LA e S s QLR p PR s Clock

time- ratésel‘ﬁ doé féﬂﬂﬁ)dﬂ’ﬁ@ﬁtsbi’c rh&Eb&IOLREG 1 HRNabbsIatd i@ dffthe Master
t he HCC The Local inthe CPE is an estimate of the

System (HeelealsrQ Tfrﬁ I3 Teansmi (Témes C@fﬂﬁddlﬂ o agsocigiryl wh tine IRs is in

terms of i, LERLSTSRY Efactrin ey KR i 2he 3l Aty b T Rt i either

considefsbin dgteihinihg thep® Ttdmemneﬁmmabr the 'R@nsmlssmn Scheduler factors
nchroni zati on. The Transm ssion Schedul er_in the

this Offsg.\éwe%%treeglw thewtranssnit fimesTems thesif d ranemit Jéme- RE?" the sake of
clarity, th Ei‘ﬁsﬂ’ahs ‘?thﬁﬁ\‘él |ﬁr Yﬁﬁnatl VY (?llff%P@rﬂtmq c?&sed method,
the tinme e

ans m t passes,
because @hﬁoLm;allSysarp erpcksar!neyfmn_lt bepsyn(ﬂmmizadein \aédsolute tlme IR

Transm {dneears Fpiermited Saspé The 0RURY HAnEHckiph SR e HOC af

the schédlﬂea it Rl Bﬁt‘éeoefs%ﬂ 6r’f‘ﬁweFM§§i:@|SS?st€ﬁ$ Opsti. n the CPE.
The Local System C ock: is locked to the Master System

Clock in tinme-rate. In sonme enbodinents, it may be
Tihedre elemenhef theRR s discaredhoncadtsiiRs T eansmit Time has passed.

The top IR is discarded whether it references a local message or a message in another
CPE. This is identical with such function in the HCC as per note (i) here above. At the
CPE messages to be transmitted are held in one or more message transmit queues.
The Transmit Scheduler regulates the transmission of messages on the upstream.

RQ Timeline

Referring now to FIG. 8, there is shown the timing of a sequence of actions by
the RQ Insertion Algorithm at the HCC and of the RQ Insertion Algorithm of a CPE.
The same (i.e. identical) RQUM, or equivalent data set, arrives at the HCC and the
CPE. This data arrives close in time, but not coincident in time. The RQUM arrives at
the HCC RQ Insertion Algorithm coincident with being put into a message transmit
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System Cl ock also. The IR Transmt Tinmes carried in or
associated with the IRs is in terns of the Local
wEymsemiet ock tine. For the sake of clarity theCTPR005/009998
Ofset is either considered in determning the IR
Transmt Tinme, or the Transm ssion Schedul er factors

queue. tThus {tfdreeds afnthedd@CrikQiIRgertin Algorithimt béfbreantfefrmest ateany CPE
Transmt Ti me. For }]he sake of clarity

RQ lnseﬁlaﬂ&hgqntmmln.a{' @sesyihe dima Potwag) the aar'\falé? sata ahthe HCC

and at  BRERSAPSSHOARE B0, WO B R COr bp LA B S0 Yiosed

methodTi.exso0 aplinidizaesmissahsawill agcah ¢haff drecitldithed)ansm ssi on
arrives at the HCC at the scheduled interval tine

TR Pe R ABRHEm 3 BLS T Feaata AS 1< Brrival Ot Rew data by
performﬂﬂfé@l@ba%@%hhﬁ@eé BnirQ i $ﬁ@§ed¢f¢clmb@tdwn hef/\ﬁlfl‘\%’tﬂﬁﬁ R&ve

ocal nmessage or a nessage 1n anot her E. his is

arrived, jafghadjeslingdime refarangemeuchoas iR TransHuCTwee gad IRchge. So long
as the (flbﬁ %ﬁ%ﬁwsalﬁ%ﬁes@r hh%}ﬁéﬁf) sﬁ S@c?ﬁé%q‘ﬁ]oﬁg (5 lﬁée}?ﬂc{ﬁqeegt this time

result m'ﬂherlﬁmal REcbeiyl esatisfactbpt fsp t'dfbﬁl’ﬁatl@ﬁsdﬂtﬁé iMestef RQ, such

nmessages on the upstream RQ Tineline Referring now t o
approxipmagon 8nC|FW@géh?fsth§HWQﬁ daying 3gdAnly haxingehesasre IR elements

[ | t
i the s 03, o, Pl BE et Mo g RGBT PR,
approximadely iidexitica R@IMeSs,an aegaidamice Mvithaha details afreactesmbbdlment.
the HCC and t he CPE Thls data arrives close in tine,

1R te Bfiof SHEE rsr fhelsfr b dinos e R AEHGERBraid e cPE RO

are in cofdifloR td"BE TRAfDAredN SYIHeRUERS taldd $n thd CRiifisMAat e RO] meet
HCC RQ Insertion Algorithmbefore it arrives at any

certain cyrilifigns wben Cospasegot istaant thaf theceonaparisan isibatween the two

RQs duHﬁé“(‘ﬁg grﬁ\gﬁﬁkeq’{léléglilﬁéf d?ﬁtﬁs%?ﬁﬁg%@ﬁ?@ F%tg g%lggﬁﬁod{lzc‘atlon

and theCRQUIWrefem?ic@de Fi@t Bothe(CPE. rélﬂahﬂ@l inRQISathndkizalids  If the
occur that are ill-timed RQ.Insertion

CPE do:&sgwftlrf-ecrﬁw% eRQUM gt the pxpeg ottvﬂteh@sawlp%@ld bte eomtents of the
Local REF&YvQ@}e% f"l%/trg ﬁﬁ% fcgféfvgn‘ﬂ%gf’@ﬁ%é"}%%gﬁg‘gﬁé é@@ C@% flR&iR of RQ
Synchradfatigm.ng ti ne references such as IR Tr ansmt T| me and

IR Age. So long as the CPE remains in RQ

Synchroni zation, the conputations that are done at
RQ Synthronization

Referring now to FIG. 9, there is shown the Request Queue. The RQ
Synchronization Algorithm located in the CPE may perform the RQ Synchronization
Process. This process may be done in two stages: The first stage is to establish RQ
Clear assuring that no IR are missing from the Local RQ that are in the Master RQ.
The second stage is to delete IRs from the Local RQ that are not in the Master RQ.

The RQ elements are IRs. Each of these elements may have associated with it,
possibly carried in the element itself, the IR Transmit Time, which is the precise time of
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result in the Local RQ being a satisfactory
approxi mati on of the Master RQ such approxi mation

w0 p@baghiey that the two RQ having and only harCTnyS100&009998
same IR elenents in the same order. Certain fields of
these elenents may be different, or have approximately

transml$316|ﬁﬂfd>r0thb assbuiased m@saag@rsi&menwm@waé@ xlethal RQ I6kertion
enmbodi ment. In the period after the tine for

Algorlth[]béla@hqagophél' hqg Prchipnizakipm AMgorifemdste pingsefrom information
carried félo Bl E\Eéc?cﬂa{e% With %ﬂﬂﬁﬁggﬁm@ﬁ?f@@n h&%s%ﬁ@%ﬁgng%nt REUM. If an
RQUM (mrqqall\mlbntl data siehealytmed:mmlsm¢ hastypanimsisseids theR@een

S i S g, s
initializeg@Rs BREROUN |E1'oﬁ=na§on'jti§? réfdvégmai ns in RQ

Synchroni zat i on. the CPE does not receive the RQUM
at t he expected t| ma as indicated, the contents of

Ifihis determined byl ther BsSynahenirationAlgsmithmotthathan RRYHhas not

been mESeRRLEInEI TR A Epfivhe QUM el i 8b6 Thafith pelrmines ifthe

termlnaﬁﬂiwachlbeed\?WRﬂ Clae seate THEtHBT BEE ROPYE € i tlﬂéWRQ Clear state,
rithm]ocated in the CPE may performthe

the RQ @ﬁ@hrmm%@nu%aowﬁa&egwersr ﬁf‘@ﬂ]ﬁf dM aRd, rsaea@qteeumocess In
T a
i casd UhsFd 907 BpTHES Spiled 1RORG Bl S3THY R SorEfifzgion
processaglminatashsurphstIRs fRin tid&osalcRQd Attthigestag et thedadozall RQ matches
romthe Local RQthat are not in the Master RQ
the Mastef-RR) el enents are I'Rs. Each of these el enents may
have associated with it, possibly carried in the

I8 tiedTBAS e Wheed the trE h&d aémem theTRmemédalétaté &hé [5q)

pr ecise tinme oftransm ssion he associ at ed

Synchrapizaiigeprosgss etiminatps @urpcmlles iroméenxgcahﬁ@t iAdrthis stage the

Cont el ST K 0 SO AB Nl e secres

the CPE:I&SIQQ 8yechrohizationaetwaididr iaf carffirmationicgs ksl beRF€IdecREing the
ROUM If an RQUM (or equivalent data delivery
CPE in ﬁ&ﬁ&ﬂ?@rﬁj"mgnbeen n ssed, the RQ Synchroni zati on
Algorithmrestarts the RQ Synchroni zation Process. The
process is initialized with the RQUM i nformation just
CPE Trapsiaisgion Schedulel s det ermined by the RQ

Synchroni zati on Al gorithmthat an RQUM has not
Referring now to FIG. 10, the CPE Transmission Scheduler may perform the

three functions shown, each of which is a part of scheduling and sending a message
from the CPE. The process of sending a message at a CPE may start when an
application places the message in a message transmit queue. It ends when the
Transmission Scheduler affects the transmission of the message. Between these two
events, the Transmission Scheduler seeks and obtains an interval on the uplink
assigned for the transmission of the message. The Transmission Scheduler carries

out three activities in the process.
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been m ssed before the present received RQUM then

this app lication determnes if the term nal has
wa@elsead’ t he RQ Clear state. If the CPE i s nopCHES20051009998

the RQ Clear state, the RQ Synchronization Al gorithm

gat hers anot her RQUM and repeats the process. In the

ThRSEranBRiissibm SchBlukasnaidre tirdinp & I8@hEleess agatransmit queue
Synchronj zation process elimnates surplus |Rs

th
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i [ I f
require %b(p‘%'r?g e%i airb?lnfbgd {?heeWingfa%e u‘PRCﬁ K&Bf}r%ﬁ%g?ﬁﬁiy‘d&gwed to enter
IR Distributios.m ssi on Schedul er Referrl ng nowto FIG 10, the
CPE Transm ssi on Schedul er may performthe three

As 8 T 85k LR B B8R ind TtefhotiBsiBn "o s CEREES o€ R in an
IRM and pOf this HRME@S\&G@SQ% tréifmitngagus! ahe TMagenfidsion Scheduler
application places the nessage in a nessage transmit

uses the;{fzak algqutbﬁugn%@ﬁw{q%eﬂféh% Mehg glpt ndervalstauctires of soming
intervalsté {/b:%%lé’@tr?rﬂ‘é?o?lraoé\oﬂo Fé&%l\fégﬁ%%%ﬁsnﬁﬁémﬂl t Fg?eeoaidPPASBl there

ansmssion er seeks an
is an Associatéce IR &l thenRQheThip NSHE isassignedl lik@any lo¢her upllnk interval.

transm ssi.o f the S . e Transm ssiQ
Thus, thesmdiah 4R 16 58 AESOTaIed WL Biat cRB0fal Bdgsisien. Thus, from this
IR, the s?f)d?,tq A AGRRES) i RnowR SR it HHWetsp‘Tgeté‘t‘?uétU%JB?an

e nessage transmt queue or queues and forms an
ASBI maRrbedixedaartd krawmes srayevaryiom Riewaptaiodervah t he Local
IR Pool. Once the CPE is Synchronized, the

Th TR SERB LT 5 AR AT AR B R
Just priérte tﬁeﬁi@mﬁfngc Tael TransisstorP8dhadiler safirmgpatithe CPE IS
multiple IRS in IR D stribution at the sanme> tine

Synchrqu%yGtV@q\ﬁhaét%CPﬁ isSyheheanized, e dgansmissiom Sﬁhséélef
affects tBESL 2 nﬁgri,ugheofﬂ‘ﬁ‘é"iﬁﬂ intd¥HeSABhL Q& It iR Blated fRe IRM in the

IRM Holding Pen in anticipation of possibly having to retransmit the IRM.

Refer to Claim 30 with its subparagraphs. The Transmission Scheduler
thereafter monitors the IRs received on RQUM, or equivalent, seeking to find that the
IR that it has transmitted has been forwarded by the HCC. This wait goes on for a
fixed time period or a fixed number of RQUMs depending on the details of

implementation.

If a transmitted IR does not appear on the downlink in a fixed time, the
Transmission Scheduler declares that this IR was unsuccessfully transmitted, most

probably because of contention in the Aloha slot. The Transmissio n Scheduler then
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As a first step in IR Distribution, the Transm ssion
Schedul er places the IRin an IRMand puts this IRMin
W@20088%HgE transnit queue. The Transm ssion ScPEOUS®05/009998
uses the I RSF al gorithm and know edge of the Al oha
slot interval structures of comng intervals to sel ect
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Schedul er confirns is Synchroni zed. G ven

confirms that it has sygeassiuyttansaritedthe tRM andaresmessi ibfiom the IRM

rolcingFUFEHY BscBld ! § Fph EBMR BiRksd T HRBEG A oo
diagranfétris iimphied thetmly one OR cands iblthie hRM Holdiny Pehraanstir-ie.

the IRM Refer to Claim30 with its subparagraphs. The
Howevery ﬁsTﬁagmﬁﬁ@a|$§6§Platertm%qraaﬁr@bodfﬁm%pétwsvlp&ed method

can SR SRRGk Y f 1RILINR R0kasRBHERENLR ) B o Bloncec
state diagrani@oind@bh<oneutregthes i.enitfcan ke $cheshliling m&ulppiei mdssages at
a fixed nunber of RQUVsE depending on the details of
the sameéMPrentation. If a transnitted | R does not appear on
the downlink in a fixed tine, the Transm ssion

IS thildestaticglagraa, iHé%rob@é,sSls' grebBsted ToH raASHitthd %

transmtted, nost probabl %ﬁbecause of contention in

successfuly sehsdled messargé tneedhe o inSpoeionized, theehtssgsmiéssion

ek .
Schedu ee)?%oﬂ f%\%‘ﬁ zrt\(gﬁ%cfréglﬁéa gg};:“gl t:ﬂg og%f htavfoiq %ﬁgcﬁt%ﬁlt%a local
messagéhe bwﬂm&rmmfedt €Flie Arasniission Sohktialkpideterniioas ey I.R Transmlt
ere may be a limt to the nunmber of retransm ssi

Time oft e m%agpcrgpgﬁse@ﬁ%gy ite Assoeigiad, i at the tep<af the Local RQ At
the Trar?éﬁt?@#irﬁg Hhed lht(% %§§se8f éﬁéétlrg‘m%eﬂ’tg\swgh %%? ot S @ first step

I mum n ansm ssi on
in this paodasanﬂ; n:hecle&ltd ||RstJrerrEHay thepPP&ris shiti Smhntmuéd nK not,hi¢ aborts

Transmn ssi on Schedul er
the process.

If the CPE is Synchronized, it determines which message is to be transmitted,
and whether this is a message held locally, or it is a message held in some other CPE.
In an extension there may be contention slots or intervals scheduled by the IR, and the
Transmission Scheduler determines in this case whether it should transmit into these

slots or intervals.
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confirms that it has successfully transmtted the | RM
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placem?rﬁtporb C%%\gn CdPs ect i ng the Transmi ssion. As a first
step in this process, it checks to insure that the CPE
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If the CPE is Synchronized, it determ nes
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ge held locally, or it is a nessage held in sone
the HC@ﬁﬁéﬁl In an extension there nmay be contention
sl ots or |nterval s scheduled by the IR and the
TheakegiestiManagdramliects id@walrréqvesst'sr(lRSjifmma:edaimmlmkrcontrol

messagis e BRAGEALPEPRAIGS e T TeRE AR ARG R e MR IR Pool

71. From8mieetoniifid th& ReyuéssNRhEEEr P5 f@fnwa\c%@htroﬁme%rsag@ b§nta|n|ng a
the Transm ssi on Schedul er noves on to repeating t

set of IRgy aeed placesrthisHe aw@rssage transmi qreUeR(\A magldagbwth this
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time-to-ifne. ol he Master REcontaing thmseheduje of syenial asignments on the

uplink. Transm ssi on Schedul er regul ates their

As shown in FIG. 2, service messages originate in the SIM message queues 93
and are presented to the CPE CC 22. This flow of messages into the network may be
regulated by the SACF 95. These messages are placed in message transmit queues
and the Transmission Scheduler 82 regulates their placement on the downlink, using

the schedule presented in the Local RQ.

The Receive Router 74 places messages received on the uplink in message
receive queues 77. These queues are served by service applications in the SIMs and
by Control applications 76 in the CPE CC 22 itself.
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pl acenent on the downstream Messages received on the
uplink are placed in nessage receive queues. These
wQee@ae01ar e served by Service applications in PCEHUSRES09998
and by control applications in the HCC itself. The
Request Manager collects interval requests (IRs) from

TS TedrisnyisbioR S cheaule?| 82ReB8IRS, Sl for saBH mcahal%quwd by it,
applications. These arﬁ%g)l aced | n the Master |R Pool

and plages thesq inithe Losat IR1BophdS.rRdbiimely Tormagenuest messages called
IRMs arﬁﬂﬂ%ﬁ?hlfg‘a{ﬁ@@f‘o &%“lﬁé@‘éé‘%sﬁ\gsﬁlog&d'AEFBHQ@%B' gLes

transm t ol NCI dent
with this action passes it to the RQ Insertion
HegBC Shncl@®nizétien RQyonither nniaoagéd; () (15 Lbbah RBQ vmtiamrdlé?m

establ|spﬂkgoﬁ/tgg$aéngc§gt@%§e§c%p§;29@ﬂ§ M‘%ﬂ ﬁ&rd i:[r rgﬁ '}gqéjlmF{g a oset of IRs is
recelveS (i’r'i‘baddﬂﬁrdl H%s%‘a‘aé &l tﬁleoeréftr%EaW' TRERQASEHiSn 6rhﬁm 79

[ink. As showh in 2, service nessages ori I nat e
places ih&seHBssmm ﬂieimgbR@J‘é&asdsmdam data ipribe dRs efl theoLodad RQ

RN I T T

intervalig@sigpesats dn'taBuplihkqueues and the Transmi ssion
Schedul er 82 regul ates their placenent on the

downl i nk, usi ng the schedul e presented in the Loc

Rejerrnenawdeif %Jtr@ngmawa&@rW%sgb?rmysw&acqlilannel in
the dlSJIé?édJé’h'bﬁg r‘ﬁéht'@stﬁé‘%ernﬁﬁ?? YGRnBYE¥eE, g&dé@?fﬁ% QH@Hgﬁ)rmat for

re served by service applicatrons In

channelDose,rar theepyoblindeadri daonanling. |F|1Gt BB iEraies ah mplmklfbranitaNlth

Tr ansm ssi Sche uler 82 forms I Rs,_an r each
messags Brpaler S s Satay Messastngrdess FIRbaC MHsEaES taekdhere
can be P%g ﬂPint&%al $dq Jén‘EEan Y 8B clo88Y & HibIRARMICE l@aéq)?ﬂlstrgtes the

and transmts these to the HCC 38 using a slotte

format gf ahbapneltio sl emiiodinent BjthcGuard Bandsn Al gorit hm

manages the Local RQwth regards to establishing it

i RoBS BB Y PP 1By oML pton win &

TDMA sm&slfm@e Dypitdly themnista separaledoRlinknasd tuplink Ahgmeltvhm
ces these IRs into the Local RQ 78 and update
messag%tfgwylﬁgﬂm]gng riregtion.n Emhgdinents may have multiple uplinks and/or

downlinks or may share a single channel for the uplink and downlink.

Messages on the downlink must have message headers to support reception
and routing functions. Messages on the uplink may have message headers. However,
all information needed to support routing may be present in Associated IRs. Thus,
embodiments may not necessarily have message headers on the uplink.

Modulation and demodulation on links may be organized so that re-acquisition is
not required message-to-message on the downlink. On the uplink, the timing may be
accurate enough so that message boundary timing is preserved across messages.
However, there may be at least a need for frequency, phase, and level pull-in on the

uplink since the messages are transmitted from different sources.
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fromtime-to-tine. The Local RQ 78 contains a best
estimate of the schedule of interval assignnents on
wo b@sogdibnk. Referring nowto FIG 3A tim ng dPEDUSI085/009998

are present for the use of a channel in the disclosed

enbodi nent of the inventive nethod. FIG 3A depicts a

R¥RInGRy nbar t6er 1, @, tE i) dlugﬁam%fdrf@v&mntmhaﬂhaY be used for

downlink. FIG 3B illustrates an uplink format w
downlinfesydigheanizatiorat hew the receivedlecatas thegvageadesaeiethe downlink.

This vaF éﬁ rgﬁigg 'SolnI tHé:rhgggas%e 'Pﬂé%@ﬁg%@@%e%%ﬁﬁgﬁfh@%l o%gﬁﬁghon

restrlctlbh‘s mdemrﬁﬂné thee focation opbne nedssaige! following BoMer. & Torrelation
Guard Bands. The di scl osed enbodi nent of the

Sequer}?@t qﬁi'@d the | RIER Data Sirustursrig Rraseatin some Messagaveaders to
t
support iy of BAPHEFokeblEi el o s e et ddin il ki

proces€nbodi nents may have nultiple uplinks and/or downlinks
or may share a single channel for the uplink and

RERnd  EERARE To PBaliaf i Ghie B e, JRERePR Rsbaiment o

the metMoaS8@eSseicd NA M@béé@‘e Yy GONSINMEEARRS8gEBREP! 8nd may contain a
However, all information needed to support routing rmay

messageheadesenthe message bedkdnareontain inforamatism pleeed birlye

soptca g PAFFRARS ¥ RRUSBE SRR BES SRl BBl Rfna 0P o

SIM, ordombpdde a eoatrguaplicationi s not required
nmessage-t o- nessage on the downlink. On the upI i nk, the

im b t h t hat
THeSSREY RRsF obuRs Bonaanbmsierila, Gty feldsnang m
contain '@Her%e Iﬁhdyeé!ﬁ{taﬁ\ AIeREdfs, bR %gsﬂﬁé‘ét}’on m‘aas‘?ypé‘aﬁdll'-‘ﬂb‘?ﬁy field,

[-in on'the uplink since the nessages ar
and a memm lengﬂj\ fieldnfod itihe &rrmunnauwewsalem etrumtugesr)oumessages on

. the timn s for ,a varia
the upiigs Radhioys A Tasaae L c b s B8PgRr Fsiisln he aBove
informakiegei ver | ocates the nessages on the downlink. This
variant relies on the nessage length field, under
certai n channel ani zation restrictions to determne
theemessage hHeager enghwgws-@@k mav erital amdenauisition Sequence to

aid den‘@ﬂl@ljofé !nﬁé‘g@ﬁﬂﬁﬁ@ﬁg&%gégg &*}ﬁaﬂ&t@% g QSFA iy Ir‘Sffrdc?ure to aid

resen aders 10 supporti ‘acquisitl
in Iocatmg thaalata bsUndasssag’éthesmésSage.nltmw eontain othes agrtrol
. poundar& trai: inge. o . .
information in additional space in the message header, such additional information
called Other Control Information, such information of use in the particular embodiment

of the method.

Referring to FIG. 6, the format for the data structures associated with the interval
request are presented. FIG. 6A presents the interval request (IR). FIG. 6B presents
the interval request message (IRM). FIG. 6C presents the Request Queue Update
Message (RQUM).
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process. Referring to FIG 5, the format for the

nessage of the disclosed enbodi nent of the nethod is
w@e@setier. A message nmay contain a nmessage boRyT/Us2ed5/009998

may contain a nessage header. The nessage body may

contain information placed by the application that

AR aftbARl régued shageonthin an %Mr&ﬁs anspplicaforn D) 4 ¢9pe ARd
ina SCPS or SIM or it _may be a control appl|cat|

Priority fied, @ws%@@tﬁ@@déengw t F{@eéemdaﬂdeﬁwb dhean@swettaahthe IR
is asso&égéodvcmtharm fé'@tyt 8‘?ﬁéﬁh%ﬁoWe§§ ffe dsna 8%%%%1 ag;?liw%ﬁe > found in

ress, an ap |ca 1 on rIOH

message) Head]ens ae@nd\/\ﬂﬂ@t Drawind &, The lritéreal;]lenglhl ﬁmglnhay not be
.. egquival ent structures) nessages, on the upljnk ma
identica] toghe mpssResdengt %Jfé&,tbﬁf@lﬁ datervala pnaydRchide e Bands. The

CPE ar?bbﬂb% bR ta@?hlg‘?éétggﬁntg%Bﬂﬁﬂe%m%hﬁwdj{'m@'nHé‘é‘sage

contal n an Acqul sition Sequence t
Iengthsoham lcatredcsin thed &g the souyc’ehrf the 48 @ga.add thempproptiaterextra

space tg&ﬁﬁ&%ﬁbgrv%r; o ur e;liggag orI rlflgl@&at | na?ﬁjﬂ&?}p%?ﬁea}d in received

IRs — aﬁ? %Ubﬁ'sch@ﬁﬂa’ i@‘,ﬂhﬂtlﬂﬁ thé sé@ﬁ% bf ﬂf@blSélBQé@ n‘mé’thbae message
header, such additional information called O her

Control Informati on, such informati on of use in the

© Phe IR aaneosiain ephslintormatien weriia to repastieulag emboriraent of the
presené5 H\e/éﬁﬁ?ﬁ U B inf St didh %%P%tcreﬁ% g’i@@@?@ﬁh@éﬁﬂf%ﬁlon field.

drval Trequest are esente ese

Specifit bptiomalesoratol irfgrrasation bB]meElervaﬁﬁwtsmmtll%ctdsed embodiment of
i nterval request nessage &I RM. FIG 6C presents the

the metiodeAt SepWidn tiGabA. Birts Kisee.(IRha§. RnTranseny dime, and IR

Counte AR4PEL TRIOST S el CRihs o 28r R8P ADARLNSRs by e
Transnfi $31d)|td§dheelstarskmé 'CRiEe ﬁessplgrk trévegmiskienl IRsiare encapsulated in IR

ass&lgb/?s;ed wth., In fact the first three of these
messagqs, re the same as those found in nessage headers,

as shown in Drawing 5. The interval length field my

AR9EhBRNIIATE. 68, IRRIstay &0 F5hl ﬁoﬂmmeés@@heﬁmw@endmg
i nterval s IJ,%\AI ncl ude uard bands. The

on the emyedinent Sﬁgm&raﬂﬁmtercb@t@Alqhq Yotsefhlaba slotdwrstiatervals.
The trddshfisSBRIELY hoc and may contend in the transmission period, destroying

both. It may take several transmissions before an IRM is successfully fransmitted to
the HCC.

The HCC transmits a set of IRs on a downlink message called an RQUM. The
format of the RQUM is shown in FIG. 6C. The RQUM message header may have
control information specific to a particular embodiment carried in its Other Control
Information field. The RQUM message header may carry data used to synchronize the
RQ in the CPEs. It may carry RQ Depth and RQUM Top Time fields for this purpoée.
It may also carry an RQUM Counter field, whose value is used in managing RQ
Synchronization.
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| engths can be carried in the IR the source of the IR

can add the appropriate extra space to the | ength when
wo 2005099991 he | R, or the HCC can adjust this firtTUS905/009998

received IRs - any such schene is within the scope of

t he di scl osed nethod. The IR may contain control

Agd ﬁbWﬁtlh MGs VeRd isCa tsihgife Qﬁéiﬁlé C W@br@fﬁ@él@ﬁ%ﬁts @f R@e The
present i nvention, such I nformation bei ng pl aced

RQ Insarh@nd\laerltrm@m beth the bGRand the CHES pleges these I@dwonm

control information claimed in variants of the

SRS TR 58 o AT o s on.

The far-gight tedsmeny may benshvaldecbe hR*hertap dﬁehe: qaetzed lenye RQnhserdtion

B e e 3168 AL LS Sty fens my e
placed lha@;@‘;%t?élﬁ-,g%% QH@Q@ heﬁzrl&gg‘r’\gr d(ijéélgg Eghsﬁge IR%'\ﬁaV‘Bé Haced higher

in the qeebedi Tbeate isla?tmmneaénemtmmthet pledemanbalgoutfanéhaitejemfents placed
13 SLot, byt
inthe ol egR ine i te2eR2Plion: e ACRALRBl MY b e i

employé®th. It nay take several transmissions before an |RM
is successfully transmtted to the HCC. The HCC
transmts a set of on a downlink nessage called an

ARghwewnie FGr fB abthq H@CR@MM%stghB\%SlmplFsave@@s thggecord of
the statggfj%gﬁ@ﬁiﬁﬂ? THEHRE BN RY SP& 5 Vasido? fsgﬁémﬂ ze information

0O a particular e ment” carri é
sent to l@eh@nPEQJnlt lisoalsbnisechisy interrfal ElodtrolAlydRGuivs il sseagiging the uplink
\é carry data used to synchronize the RQin
thmught"ﬁ‘é‘%ﬁé@ 8- may carry RQ Depth and RQUM Top Tine
fields for this purpose. It may al so carry an RQUM

ADSRERN ih 'F@BdTCWfH@@P\Ea'tH@ Lb%aFRstérOeQEQQI% F@cd?@of the state of
Synchroni zati on. As shown in 7, RQis a single

the upligjtie Udvis infermaation ﬁeuaﬂdat@ed@termmeR@errme eBH maeyrtfarmmlt on the

wplink. $eB°CRE"Ehn 10 Wit e alO Aldio e SERtonl 8

synchrohlzftﬁldﬁ of7tﬁea§odal 'RQ gstherMadiee R@Lild. Wn@ﬂfé"@cbﬁal IR so that it
he top of the queue. The

is substaﬁaeﬁé iQﬂﬁ‘t'Rﬁb‘UfthtthﬂM%“éar R& --mr@d@onéwséh@n%mcbrmlzatm

bott om of the queue. El enents nmay be
FIG. 8 shows the time line for the maintaining a comparable Master RQ and

Local RQ. Update information may arrive at the RQ Insertion Algorithm of the HCC at
a certain time starting the cycle of update. At a different time, probably later, this same
update information arrives at the RQ Insertion Algorithm at a CPE, which may also start
the update cycle. Before the update cycle starts in either terminals, and after they both
complete the update cycles, the RQ are substantially comparable. The Local RQ is
said to be RQ Synchronized if it has exactly the same set of IRs placed in the same
order as the Master RQ during the period after both have been updated with the same
information. The update information typically may arrive in an RQUM at both the HCC
and the CPE.
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pl aced in the queue so that higher priority, or delay
sensitive, IRs may be placed higher in the gueue.
wab@sme99187 a requi rement on the placenent al gorP€TOs1005009998

el enents placed in the queue reach the top in

reasonabl e tinme, but other algorithns may al so be

Fﬂﬁpb%é%%ts'%ss%@%granﬁo@a t?lBlca@RQ B?nbmnlzta'ﬁen Iwg?drﬂl‘\m

RQ sinply serves as the record state of the
Synchraniatieln. mayi kapperoinnio phases. uéreﬂweaﬁrSé pbasesthediQ

synehr QR RTIRR 68 7 e Rlsst eBel Mg sbeiGo B30 update

informatiérh thdt Halr Iseer seat beetsa peADS of fitnes haWis pBridd Bf tirffe, is tdegermined
the Local RQ serves as the record of the state of

CPE,
so that alhmessagew assaciated nmfhraldenplements of RQ have bean feangmified on
the ups@y&ncﬁ%é*%?%g'&ﬁg‘ag rol‘?tfﬁ]c?n *ét‘i/nképkﬁer\g%atbcﬁﬁﬁﬁpdﬁtgﬁﬁ.n@e WHREh of the

nchroni za
elementsyln t¢he collaatedosetotntadie ta.be dfanB@itted hwith ¢hdtilsslibiooBRGhat some of

the messaghs PORPCIAtet WIIANRAS e HTHEnth avg AGaRY Hosndranslated at the
time that ¥AE BERMMAAIIG is Ha@e 8S|§ck,]pM§teHhRst r‘n%g ble' rré%é\igs ¥R the Local

mai ntal ni ng a conpar abl e Master
RQ andigynsheonizeédr mati on may arrive at the RQ I nsertion
Algorlthmof the HCC at a certain tinme starting the

ot et Totd PR Bnis i REnpudBr i REPRSnal beitom three

distinct taske[ Whigh AtegstiowR i tie statdBiagrimeh TRy afieGtofIhesd tHrbe tasks
up dat e cycle. Before the update cycle starts in either

combm@fér&mr%qh§d%an§ftf@smlh@yﬂ%$agq;orrp| ete the update
cycles, the RQ are substantially conparable. The Local

T'ﬁ?'l‘r%n%ﬁ‘hgsbﬂ %%ﬁﬁzﬁw’[ﬁ IOPE 256hitdrs 'the 'iﬁze':ssgggct{irﬁeémit queues,

e sane set l'aced 1 n the sane order
and timélgforns BRY Itﬂhformgadhhetqmah requiéd eTheoe ard masldsexfroperation where

a messidH BlARS BIRGSLIG Ieha) SsTyaaby sote BRGUCRE gbihe HCC.

the HCC and the CPE.FIG 9 depicts a state diagram for

Thel TiRinsAlis SienyeHdtaey frakiyaiaftaies ahhmfrom the Local IR Pool,
Synchroni zati on may happen in two phases. In the first

forms apHBMeand Hersgits s peingzbeirsatosphori thm i n the CPE
assures itself that it has received all RQ update

T{{g f’fa‘ﬁ@H@%o @%hé&?ﬁemgﬂ{té%eocéﬁrof‘i‘hé’ R SfaHardshik a
IS perio f time 1s determ ne
message when the top IR is associated with a local message. The Transmission

Scheduler may also remove the top IR after its IR Transmit Time has passed.

Operation

The system and method of an embodiment of the invention enables an
unrestricted number of terminals to be served in a communications network that is
configured with: (1) a single central terminal (the HCC); and (2) multiple terminals
(CPEs) located at a distance from the central terminal. The CPEs exchange digital
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so that all nessages associated with ol der el enents of

RQ have been transmtted on the upstream The second
wW@b@sme9ah7 RQ Synchroni zati on then determ nes wWwdTOS2D5/009998

the elenments in the collected set remain to be

transmtted, with the likelihood that sonme of the

data witlie5es O b sAean S bEanyiWwE-wale@epexy cdranrimicatiodéechannel or set of
al ready been translated at the time that the

channelg ghathavetaracity shatean besbarashb¥dhe &PFay be renoved
fromthe Local RQ and synchronized. Referring to FIG

AP SRR U the B breRAifoR = Bl RoreP bty L Bted
Alo ha cathaginisetionshandfqueaingothebheséhe linfeentadioinse xabranigeddnayg be
broken iHaREYET Y e SeMESRo T IPITE REoHES Siae e P AN Al data. The

length oflE8&E nestBgelis MRt FixdPTHTR tRE al&rd G IRAER of Mhédsies on each
requi red. There are nodes of operation where a nessage

channelinpraseriped ardl iraffigris disciplinat to eweet this byesasipsionthyevarious

- r_the .« .1he Transm,ssi dul er. .tinel
means. {1k 5 rplechs PHESTIRAN i 1P TE RBPHB8E S sk PN the
averagelra®NBrpresciibed aHgitRgfi¢ Redigciplinsdlto nlést thisypIEcAptiom by various
Schedul er nonitors the top of the RQ and transmts a

means. nessage when the top IR is associated with a | ocal
nessage. The Transm ssion Schedul er may al so renove

T&%%é@ﬂeb%&tiﬁforﬂnbﬁoﬁ % EEQ%%@Q%’% fascPeSSRin irgterface

eration e system and net n enbodi ment o
equipmerti¢hatrintarfaces etakkntha il QO rastsevicdpravidercaitrol subsystems,
e servyed .i\n icatio

ermn to . a,.Co ni nef wor k .
such as {3 oenteiet Serdte Hoviters FraAarAyees Bt BPhPRs foFpanies.
The HCCtRsFSDinfarrthtioR)seid by ithb CHEY ¥ fitdse é&%ﬁ p%déﬁéis’érgdcontrol

at a_distance fromthe central term nal. ~CP
subsystemehdmgeCBiEgiand H&Galsotservé as sctirbgs mpdrdesiihatiops for control

nformatglf Wraef K Rty BRI R, R AR PG do dnsle. Blpeniee

providerGlitithe HTC endp forowind itof the present invention as
di scl osed herein enpl oys slotted Al oha comruni cati ons,

nd queui ng theory. The informatjon_exchanged nmay be ]
Tgﬁmﬁ'qaht? apRel o hanpels garmdng, oaia from dhe §9é@%CPES IS

called thd owiIfliS Phe Physical ciifHd of BRannels carrying data from the CPEs to
the HCC is called the uplink.

Downlink data transmission may be simply controlled, on a real-time basis in a
TDMA fashion, by the HCC so as to share the available capacity between service

providers, and to provide various network control information.

The accommodation of a large number of CPEs is accomplished by assigning
uplink capacity on the fly to CPEs as they request it. The protocols, processes and
algorithms unique to this patent deal with the assignment of uplink capacity and the

execution of the transmission of data in accordance with this assignment.
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| ength of each nmessage is not fixed, but the average
| ength of nessages on each channel is prescribed and
W e@b09a97 s di sciplined to nmeet this prescri ptPONUR05/009998
vari ous neans. Likew se the rate of nmessages on the
vari ous channels is not set, but the average rate is

Dh@mthbacéoaadimg & b emisodiinent pf tH@dwentmeﬁamltmas the uplink
escri ptl on by vari ous neans recelves

full if trafﬁﬁcﬁ Auailaiie 1 3 makes Aceess tqialdsbﬂ@ﬁblecpﬁbefm@mod of the disclosed
embodin%ﬁrgeél‘g fittf Bt rgf'/‘ﬁrgn it ik duthEd @Q@Fn%l%mhhh@eﬁ@é.s Capacity

servi ce pr er contro systens, such as
availablef td asirgleterBenai redué%wsma&etrﬂy aBtleaduanber of teominals increases.
Tel ephon npani.es. ,The HCC transfers inforna
The distfasepeiindl EPRIACSATRY. 08 MESS008 A SIS SORdRTUN the
Netwo I.S_ubsystems The CPEs and HCC al so serve as sources and
estinations for control information. In order for
information to flow fromone CPE to another, a service ]
Phe upliek iskenptHull Bpbaving a seseivatian sysiem pn;tbat:m upllnk capacity

is wastgﬁ%ﬂ HgLayg aﬁalﬁgga nrﬁ gfaatﬁﬁ]{& ﬁaﬂtrgﬂh%ﬁﬁ@({i\&% @Fea subtler

note, tHapliv is kept Fll B@haahg the @&drh@h@PEﬁrubmréhﬁahEééd £ minimize

called the uplink, Downlink data transm ssion may be
dead tlmefmTFyS@@ﬁpn@crlwlorUﬁ raet pholdingresesvations in appgyea of

sign |f|cérgl;5‘aéc;lﬁﬁ y(t)&gcf':%ﬂgel d5169 réas%r\tzé)ucﬁgz rtﬁe%‘ﬁ)é Q@dt@%ﬁgg uest bursts

en Service provi
and pausg¢s.ous network control information. The accommdati on
of a Iarge nurrber of CPEs is acconplished by assigning

| k. E it,.
BBt s apfaniany Bekble. . Tt alSa s Side S tehaadr omine
embodl‘i’ﬁé@tﬁ‘hadé%ﬂ pr@sbhbé@gvél%@bgaaﬁﬁb dPlftHélebek C?ﬁé?istthe%?fﬂiy

the execution of the transm ssion of data in
constraintcwr Hexibdityni t h t hi s assi gnnent. The et hod accordi ng
to an enbodi nent of the invention maintains the uplink

b hind FAEKS it AVAL! ARl Gao ALTBESTn BEGORR: hRIRL Yiorks

osed enbodi nen
best with tn‘dng termimlsl pnastennnThém ismbiahe @ ntt mlelscﬁprlncm on th@average

avai l able to a sin
load'ngr%fdbeéie%%&?rﬁw@m'wg ShufstRedeIdRR40% NRE leaging on the
uplink %E@tsdé HRiOSRGn R R@%ﬁﬂﬂéﬁu&ﬁ%h@%&%t AbtRSSTAAR H&5&ription
transm ssion through t
depending on the embodiment.

Given practical and agreed limits on the input by services to the downlink, the
downlink delay is not significant. The uplink delay is dominated by the two phases of
assignment of uplink capacity: (1) Request distribution, and (2) Reservation Service
Delay. |

A number of techniques are folded into the invention to make this delay small.
Reservation data elements (called interval requests), which are small when compared
against the average size of messages in the the network, are sent on the upstream.

The reservations are small to minimize the overhead. Slotted Aloha technology is used
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Net wor k. The uplink is kept full by having a

reservati on systemso that no uplink capacity is
woresew1dn del ays caused in waiting for controPCT/US2005/009998

i nformati on exchanges. On a subtler note, the uplink

Is kept full by having the reservation structure

to avoid@negtastitie o particiratiepteriiings réba&ilﬁgfﬂmiﬂu% bf ehdilodapacity
i.s nmet by, holdlng reservations in a queue

(i.e. avoiding eesigRNg fiest mpunts ehrapaaity topa ter”é‘é'@'vath%ﬁﬁpu't"
concep%g‘@tﬁgﬁeéﬂgﬁﬁéﬂ fspgt)eli"ﬁl 3 %%re%éﬁgﬁ A& R YSRTinaRA68RDid Yelays

S Or services
and wastdeyieapacity imnadting canresemativns.have a prescri bed
average | oading on the uplink. That is the only

T OB Feutn) Safaibcr i EeTy I B RHISHELANA e Fosponse,
but at alk@8t thélt tdiniTRAN dapliRtedéRe Witle &8Bh otH&Elr méwoeaeld@h%ﬁ nt
rescription on the average | oading of the Netwo

informatienAtgaad prition 6 thﬁahVQﬂf@rtlétClﬂVOﬁ@tBhﬁl@ meéliqucand rmeans
[ t t t he Net k
mventel S0 RS ST "o c2r o

dependi ng on the enbodl nent G ven practical and
T&rystarbtllmemerﬁrewm thiee me’ansttotathe\mf thecguick @nﬂlm‘fective assignment

IJnk lay.is. not,_si n|f|c The
of uplinkyGRpaRiaITh e COlRHOMREE IayrIAHoN Ol eorasiss Bpauests are
coIIectegqﬁdrﬂ@mfg inPASBR ih?h CRER Alha @Hth%é‘FlsAlth sJot cgn carry a

istribution, and Reservati on Service
requestnUinedd COf candesis thefrequeacy of A&B1s and theenumbenof slatst in each

interval n@grebé(gcl:qsqjidgp\gg he?pgel]rlfglg'fﬁ%? & o ﬁ&ﬁﬁ@ﬁ@ﬁ[ﬁmﬁéﬂd This control
of ASB|§@@ﬁafeemaa@aiem§blatb&ﬁa@e/@f ae@ Sinpfe Gépéﬁéiﬁggﬁﬁthennéétfs of the
t he net wor k are sent on he upstream

embodimestr Reguests floveindordhe HQ)Crﬁ aiovipzat a haneo\e@ph@mup of requests

caried G35 560 NSk BRARPRGY Ly MBI RRH NS Al e
smoothi’n?e‘effect anaequsfst(trafﬁc i \thistollgciers posuess. fTheetequastint s
capacity to each termnal -the "circuit” concept,)

transmisgians AEAleDIP SqrteRd NdNaiAIDh? Slatec heTe iseneprescribed
structu re %fnnfhe L i Q1P ?é’(] G@ét@yo? a"i&@%%ﬁ'&@pt%a?ﬁ%%‘l&t?ﬁ sklected for

on reservat
transm|SS|on of IRs must be selected randomly, and there must be a process for

effectively retransmitting if a contention occurs, of which a number are known.

Because of the presence of contention, a CPE can be expected to have to
repeat the transmission of a request more than once on the average.

Requests are distributed instantaneously from the HCC to the CPE and entered
into the Request Queue (RQ) carried in each CPE. This RQ is considered an estimate
or copy of a Master RQ kept in the HCC. Requests can be organized for service by

priority. There are a number of means and methods for regulating the flow or requests
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The distributed control system supports very |ow
overhead and fast response, but at a cost that
W e00iopEbs can interfere with each other if thegT/USHEE009998
control information. A good portion of the invention
is devoted to the nethods and neans invented to
throughrRQi NAILEPE ses the sSaitre iidjuespdataibaise] aivd inhpheitly knewdhe
central in the means to achieve the quick and
assignnagnts O the URliBKgnnent of uplink capacity is in the
collection and distribution of requests. Requests are
r
R Gh G s ROLETE LRI e el 8 RO YiSdoes
every otheg terrmqale néiheofthasessigament for anvintervablo edrot thei localanbssage
nt er,v reb co trolli t he erfornance of the
comes ﬂ'ré%ﬂ_t(g\?DC ﬁ@& Strwf%?ccbqrd'g\mggs can be nade
very el aborate or very si npl e dependi ng on the needs

'ICHe ahevecpiedssadt.s \Er’ém uages 100 enliseeonddef tblayan ngéIPbala nced
a time, each g_b of requests carried on an ASBI
(Y

embodlmen’t farcr patwork a4 iRk ang dewyrligkiafdbuse. t he syst em
is the snmoothing effect on request traffic of this
~callection process. The request transm ssions are
Physicah Arianaggment o MNedw@rkn t he Al oha slots - there is no
prescribed structure on the termnals for requests of
Tdeceysteraxtdbipcludest ondaentrabsite withdbe &C€o0rThe HCC interfaces to a

smssion.of | Rs. nust be sel e ted
set of SPCHEAL e Iasraict A reBedTBber VP strd indhEd ahe
distancé froth FRHET sifh— % FébreseffativBintiniBebETAG ovar 80/0DVistant client
Because of the presence o f contention, a CPE can be
sites. These sited are extarnt Qyeracdiskcentrred einthei HEConA sepresentative radius
- t he average. Requests are
of this Jﬁ@%??t?ﬁ@%%@?an%@%ﬁ@‘ )% fromthe HCC to the CPE
and entered into the Request Queue (RQ carried in
TemcHCCRéite iEI‘a'ssoE@lﬁesl withhahd&xistenee brasicastbite, Omtic apsociated
st er equest s can

of .a t
antenngg2siTy ewr?or seitAnt S5 4% eall Namies b angr RLaEes may
also be erVERAGP e us'ﬁfhh@és ﬁq@CPEgél{e@,tér@%ttf&%dflbeﬂldhsr with antennas

request St see the sane request
attached 4o ﬂtmstﬁuctur&s |Trha Sévisiare lanpavt ph&ea@filigphmcal sdructure. The

sims ap s Copidnal oty idEMESsages B b EPRR Aypfadm i s¥age
length dridiea\@Fa98 AMBERhgbaTatén Thet @disibn e temshit 4 Afedsa@elat one CPE is

) rressa?e . i
independent of the decision to transmit a message at another CPE.

Channel Structure, FDD One Down and One Up

The system 10 may include a block of contiguous 6 MHz channels used with
center frequency in the broadcast band -- with center frequency in 54 MHz to 756 MHz
range. A representative size for this block is 4 channels giving 24 MHz-bandwidth.
One single channel located in the block for the uplink and one single channel for the

downlink. This is an FDD arrangement.
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cones current, the CPE reacts and transmits

accordingly. The above process adds well under 100
worRdosiosgeonds of delay in a well-bala nced enbpdi/Bg2v05/009998

for a network with uplink and downlink in full use.

Physi cal Arrangenent of Network The system 10 incl udes

ChannefBeruetité f FIDDS Ore Dbivi dritPSéteral HCC interfaces to a
set of SPCSs at the centra ocation. A large nunber

A alkdrhatibe éh%‘alrh@ﬁ?fo?@héhnél é%'r@ét@F@ Brdy’ BéT}l)FéT@rr@@(Fn the case
site - a representative nunber being over
where thgretiaat desiiectatlingit tl"@uplmkewammrapewekt érblook ef cantiguous 6
n the HCC. A representative radius of

MHz Ch?ﬂﬁé ﬁ&séggege between 5 and 50 mles. The HCC site

is associated with an exi stence broadcast site, with

maﬂls«m@d chahreRare Nbcsd initie biockfoe tied upntik SaridG(Sne single
pical ly homes, but other prem ses my

are
channekfer v&jd%\yn'me /éygpwotatwé'@lqegpf eghra@ecmnrfql&@dw CPEs
t
are assigEa b BRe df thd AErUNIIR M ARy, THISFeReit et FED
arrangeBievh and SCPCs coordinate t o provi de nessages of
prescri bed average nessage | ength and average nessage-
rate. The decision to transmt a nessage at one CPE is
Channel Streptne efDDoDrehbodacarsl Sevdral tUpansnmt a nessage at
anot her CPE. Channel Structure, FDD One Down and One

Avpalleraatiyes eribotimenyfor shhbeks sfftr&&t@ﬁélsqﬁre@éﬁﬂéd @thHéSc&e where
MHz channel s used with center frequency in th

there is grdngdfedsrlinphing uphink FraRssRiseiPnf PRWEEARY 3 degiee fﬂﬂihe groadest
pOSS|bIe7 59\ﬂhl Waﬁ 991 AHI6 48§£‘3{t@an fs dtl\/ﬁﬁz c&%nhgfssls BE8EK The full

anne gi'ving e single
channelabzmsedlm rl’di)l:hfafsjhlom The dovandirk fuest the fup) Ibiamidwdditl. OVeen a time

period 1§ ARSlage Al uRATN IS S mrﬁ%m@'r@@%ﬁ%ﬁaﬁuﬁr bandwidth
uplink C§§HI%|§|WIMOC|§ES"‘H§S MR o Véh Hﬁf@rdcf‘?ﬁ ﬂﬁlchannels
structure may referre I'n the Case where there s

permaneanti sYvhen ihel tlmetpenbd ampvéstor tuplimkrtrarssrissipme P Esdassigned to
of contiquous 6 channel s may be used.
d'ffefe"Q%@E&a?fOEPﬁaa&ggthﬁrPe”lréﬁ%re | ocated in the block for

t he uplink, and one single
Modulation and Coding

Digital modulation is used on the uplink and the downlink. The modulation
supports several bits-per-Hertz on the downlink and on the uplink. A representative
modulation would be 64 QAM at 6 bits-per-Hertz. A representative MTU is 6 bits. The
channels are coded and interleaved. A representative bit-error-rate with the channel
coding is 10-10. A coding rate of 0.9 is represe ntative.

Channel symbol rates may be fixed. Representative information rates after
coding are 100 Mbps on the downlink and 15 Mbps on the uplink.
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channel for the downlink. A representative nunber of
upl i nks channels is 10. CPEs are assigned to one or
wo b@sorhier uplink permanently. This remains anPEDDS2005/009998
arrangenment. Channel Structure. TDD, One Down and
Several Up An alternative enbodi nent for channel
Interval SindUMésgame Strpckirerred in the case where there is a
desire to limt the uplink transm ssion power and a
TARSddven frik hé§§orﬁiﬂ®@u§&ﬁar@ﬁﬁ§élbh ?f FuME gYs. DPRehe '%P beho
bl ock of conti guous MHz channels is used. The full
Guard $pagenslthe intgseds.i n TDD fashi on. The downlink uses the
full bandwi dth. When a tinme period is assigned for
I I ek af
TaheSsidr S MRS ach el agd bR ER TS w3IFR 5 Fhgssage

boundatwa!hgntelde rA oéprebeatatm@ laicoltracih ds h&llOsofrt ATENtThere\Whay be no
erlo |ve kor uplink transm ssion, CPEs

guard SB@%@%W&B%'WG&Y ﬁtUPdB |"?ﬁ<'55696§ peve @gayisifion sequences in
hak IHdagefdul atl on and Coding Digital nodulation is
their méu%%eg onat ﬁ(t@upl i nk and the downlink. The nodul ati on
supports several bits-per-Hertz on the downlink and on
thgeupP! i nk. A representative nodul ation woul d be 64
@AMat 6 bits-per-Hertz. A representative MIUis 6

ol eI 8 SR LR sy i
respect ite tHé)Mb&terASysiém@Iobm & hefCEP)EQ lack thepriesealtSyisted. Clock rates to
rates xed. Representative

ma

the dowplinb AR A ABIEaisnT T4 CEGH dRnar boh 6b RBgEneRnaRe of the HCC.
downl i nk and 15 Mops on the uplink.Interval and
Message Structure The downlink has conti nuous
transm ssion of nmessages. There may be no Guard Space

Operatihd PaSmbiS a4 Sperdt@g Phifsi on i coherent across

message poundarrt es. fre upl i nk i s nmessage boundary

e BAS iny e s SR BRGS0 e

upl i nk nessages have acqui sition sequences in their
1yess#peragalossage Length — 640 bytes;

System

2) Average Message Rate — 2850 Messages/sec.;
3) Aloha slot rate — 10,800 slots/sec.;
4) Aloha slots/Aloha interval — 108 slots (100 ASBIs per second);

5) Operating Point— 0.4 (3.73 Aloha slots/message);

6) Message Size Resolution (MSR): 6 bytes;
7) Minimum Message Length: 6 bytes; and
8) Maximum Message Length: 9,250 bytes
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System Tinme In the registration process, the CPE is
i nformed of the downlink synbol rate with respect to
wo b@sihbaver System C ock. The CPEs | ock their POL/EB2005/009998
System Clock rates to the downlink and tracks this
rate. The CPEs do not lock to the tinme phase of the
Generatiigssépe Fairimad —fowntirtker s and Oper ati ng Poi nt The
followi ng may be operating paraneters for the system
e followitve rregebdVR svagink geakral méskaghy faratdor tieegagém 10:
Message Rate - 2850 I\/bssgges/sec; 3)9 Al oha slot rate -
10, 80Q sl ots/sec; 4) Aloha slots/Al oha interval - 108
sl ot Sf7¢ld100 ASBI s per sec®R@)yR bits operating Point -
0.4 (3.73 Aloha slots/nessage); 6) Message Size

Resol y&mglir?g(l\@)&m% %%a%g sfde M ni %n}],g@ssage Lengt h:

6 bytes; ssage Length: 9, 250

byt esGeneral Message Fornmat - Downlink The foll ow ng
may bacquisiboniSeqguegeder al nmessag e f@rmat for the
system 10: field size in bits Downlink Message Header
Si ze .. S Acqui sition Sequence ddress 22

Appl |'§(§q'{g’g%‘l ID 8 Type or Priority g%bssage Length (in
MBRs) 12 Other Control Information O Message Body

var i aypplidatiogt!d This structure may s®pport over 4
mllion CPEs and 256 distinct applications with 64

di stipct type gnd priority levels. It may support
nessaﬁ\@é‘ %‘%/'BU%” o 200,000 bits in &

Message Length (in MSRs) 12
Other Control Information ®
Message Body variable length

This structure may support over 4 million CPEs and 256 distinct applications with
64 distinct type and priority levels. It may support messages of up to 200,000 bits in
length. The message header overhead may be less tham 1%. The HCC sends a

special control message from time to time that supports downstream acquisition.

General Message Format -- Uplink

The following may be an uplink general message format:

field size in bits

Message Header Size 24 bits
Acquisition Sequence 24
Address 0
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| engt h. The nessage header overhead may be | ess than
1% The HCC sends a special control nessage fromtine

W@ 2006/098891 hat supports downstream acqui Si ti on. PCENE2085/009998
Message Format -- Uplink The foll ow ng nmay be an
upl i nk general nmessage format: field size in bits
Message HegmidicatiorziD 24 bits Acquisitiofd Sequence 24
Address OApplication ID O Type or Priority 0O Message
Lengt h (i mypBRs)PribriBc! * 0 Message Bodygvariabl e | ength
*QOCl denotes Qther Control Information The Address and
ot her contedsaigeflrigh (iAMM8Re) carried gn the
Associated IR Interval Request (IR) The foll ow ng may
be an IR gg¢eld size in bits Data 56 bpts Address 22
Application ID 8 Type or Priority 6 Message Length (in
VBRs Mdss BodyR Counter 6 The | Rygpighi€len tif N
option that is present to allow a nunber of TRs to be
in distribution at the same tine fromthe sane CPE

PG| sleneten Qthardeenttnllipfopmationew bit s.

The Address and other control information are carried in the Associated IR.

Interval Request (IR)

The following may be an IR:

field size in bits
Data 56 bits
Address 22
Application ID : 8
Type or Priority 6
Message Length (in MSRs) 12
OCI - IR Counter 6

The IR Counter is an option that is present to allow a number of IRs to be in
distribution at the same time from the same CPE. This counter need only be a few

bits.
In the IR manifestation in RQ, several fields may be added:
field size in bits

Data ' 56 bits
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In the IR manifestation in RQ several fields may be
added: field size in bits Data 56 bitsAddress 22
wa\ppsiogrdi on 1D 8 Type or Priority 6 Message Leemyukzo($/609998

MSRs) 12 OCI - IR Counter 6 OCI - IR Transmt Tine 28
OCl - IR Age 6 The IR Transmit Time is in a range of
one seconhddress resol ution of 10 nanoggconds. | R Age
isin terns of RQUMcount. It may be initialized at 1,
represent iApplichto®M that carried it,gand increnented
each tinme another RQUM arrives (at the HCC as well as
at the CPBypeldtt@ioy Request Message 1 RV The
following nmay be a n interval request nessage: field

si ze in biMssddeslasythitindasRe) ze 24 bips Message Body
56 bits One | R56 TheHsRMis lelovved to break the

nmessage SigeE| LeR@aldten rul e to save cgi annel
capacity. It is a fixed known length. In this

enbodi nentgct ber HRapy@IitGRE 1S 2. 3% (ggnsidering the
average nunber of IRs transmtted per nessage, which

may be rmr@acphm/gge because of repeatgd
transm ssions). ASBI The foll owi ng may be an ASBI:

The IR Transmit Time is in a range of one second to a resolution of 10

nanoseconds.

IR Age is in terms of RQUM count. It may be initialized at 1, representing the
RQUM that carried it, and incremented each time another RQUM arrives (a't the
HCC as well as at the CPE).

Interval Request Message (IRM)

The following may be an interval request message:

field size in bits
Message Header Size 24 bits
Message Body 56 bits

One IR 56

The IRM is allowed to break the message size resolution rule to save ch annel
capacity. ltis a fixed known length.

In this embodiment, the IR overhead is 2.3% (considering the average number
of IRs transmitted per message, which may be more than one because of repe ated
transmissions).

ASBI
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Interval Size 8640 bits Slot 1 80 Slot 108 80 Request
Queue Update Message (RQUM) field size in bits Message
wole@dmpo1Si ze 128 bits Address 22 Application | BCBUI3008009998

or Priority 6 Message Length (in MSRs) 12 OCl - RQ
Depth 12 OCl - RQ Top Tine 28 OCI - RQUM Counter 10
THa followdgdoaydheih ASBITA Data Structure 24 Message
Body Size Variable, a nunber of 80 bit IRs (including
0 are formed and transnjtted whenever an ASBI
'a@%%nd is processed in t:%e%.ts This occurs 100
times a second. There are about 29 IRs per RQUM gi vi ng
an avglppge si ze of somewhat over alggpst 300 bytes. The
RQ Depth field carries the nunber of IRs in RQ The RQ
Top Tine is the difference in tinme between the
transmt tinme of the RQUM and the IR Transmt Tine of
the top elenent of RQ (that el ement whose associ at ed
nmessage has not started to be transmtted). The RQ Top
time is carried in seconds to the resolution of 10
nanoseconds. The RQ Counter is a circular counter

(i ncrgenggng fromthe largest numgy to

Request Queue Update Message (RQUM)

field size in bits
Message Header Size 128 bits

Address 22
Application ID 8
Type or Priority 6
Message Length (in MSRs) 12

OCl — RQ Depth 12
OCI-RQ Top Time 28

OCIl — RQUM Counter 10

OCl - RQ Age 6

OCI - DTA Data Structure 24
Message Body Size Variable, a number

of 80 bit IRs (including 0)

RQUMs are formed and transmitted whenever an ASBI arrives and is processed
in the HCC. This occurs 100 times a second.

There are about 29 IRs per RQUM giving an average size of somewhat over
almost 300 bytes.

The RQ Depth field carries the number of IRs in RQ.

The RQ Top Time is the difference in time between the transmit time oFf the
RQUM and the IR Transmit Time of the top element of RQ (that element whose
associated message has not started to be transmitted). The RQ Top time is
carried in seconds to the resolution of 10 nanoseconds.
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zero). The DTA Data Structure is a Correlation
Sequence used for Downlink Acquisition. RQ Size:S The

wo loso9iny nay be an RQ size: The RQ size is 1PO0USR05/009998
el enents. The expected RQ depth is determ ned: Uplink
informati on rate: 15,000,000 bps Uplink Message rate:

TARORQEEEREGE T HelrcaBf eadmkelial(maﬂenﬁ@ﬁﬁfgg@om the:laf@8t number to
%Y;?eh The efficiency of the uplink i's 97% and the RQ
0

n the average is 36 IRs. The expected del ay

ol
,ggzu R R o, Gl o R DOVRITRC,
oo ‘and the Local IR Pool may be hold 1000 IRs
Queue Structure The HCC has one nessage
ce| Ve queue for each Service Provider present, as
represented by one SPCS. The limt is close to 256
T3 followirkgy maiy deran RA sigpt cal nunber of Services
present is expected to be on the order of 10. The HCC

TR RO 1 T 1t Riedfe i rdoi R AepEacftShiines:

present. The CPE has one nessage receive queue for

SInkripforimatiengaR: Thel 509D bes bpee nmessage transmit
gqueue for each Service Prlovi der present, as

represent ed by one SPCS. The HCC has one nessage

Messagesiaéet or NS BESHIBESRRSC®REh CPE fornms a

nessage transmt queue for each SIM present. The CPE

%@angségeg%sgg& t r angqy 5ytgg_eue for control nessages.

The efficiency of the uplink is 97% and the RQ depth on the average is 36 IRs.
The expected delay through RQ is 36 messages or 13 milliseconds.

IR Pool Size

The following may be an IR pool size:

The Master IR Pool and the Local IR Pool may be hold 1060 IRs

Message Queue Structure

The HCC has one message receive queue for each Service Provider present, as
represented by one SPCS. The limit is close to 256 Service Providers. A typical
number of Services present is expected to be on the order of 10. The HCC has one

message receive queue for control messages.

Each CPE forms a message receive queue for each SIM present. The CPE has

one message receive queue for control messages.
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The Al oha sl ot supply algorithm (ASSA) generates a
request for an ASBI every 10 mlliseconds. The ASBI
wo eaestied may be of fixed slot size - 108 sl opGI/UTIN65/009998
slots are of fixed size - 80 bits. IRSF Every |IRM
transm ssion is transmtted with uniform probability
THe FICT hh9bonefmeseagdiexismifgBeue Tt SadiPSkfvice Pedvidérepresent,
first transm ssion. For re-transm ssions, the CPE nust
as represeiied &y anerBRS: ol e HEGrhas onednassagensanswitispieusdencontrol
léccessfully recei ved by the HCC. This RQUMis forned
nd sent i medi ately upon recei pt of the ASBI at the
HCC. The delay to get back the RQUMis approxinately
Eadch GPH fosmsannessage ansmit queue, for ackiEVhaiesehteThe CPE
set up and re transnit the ‘RM%in the "next" ASBI.
has onGIRSEAES GRNSMI GFUR 108 SANUS| BIRSPEGRS The CPEs may not
regulate IRM Transmi ssion. Miultiple I Rs may be put
ASSA IR Distribution froma single CPE. The IR Counter
may be used to distinguish different IRs that are in
Distribution. The IR counter nmay be increnented for

EwAldhasletanry slgeritmedASSA) generates sseapuiest fjtan ARBI every
i dES e . Vv
10 mIIIIcont§1 ?%r fnrgetsgggy?@ﬁ?slrtl% hqc?é{g)él Eﬁbf?ed\%l%g%gﬁeﬁ@g £ &'E\? S
used by the HCC to direct all termnals to cease
Theaslois ata offixdak sizé er8bier vi ce Provider. This
provi des asubstantially fail-safe nmechanismfor the
s that a SIMcontrol function either has an error
design that causes its SACF to fail, or it has been
altered or pirated. In the case where an | RM has been
F@iry ARMMIrahSdis8idn BRfanshiited ithi utdforimany@eabllity into a slot of the
. , distributes the next |RMretransm ssion over 20 ASBIs.
next” AFRls Bus iy ue dor HRirstHANSMIEsIONO0 in this enmbodi nent,
and indicates a clunping of IRMrequests that is ‘
r.deni ; . j ‘ ke
e i P o E e TR A RO 1o RRARfigyfethor the
IRM has baesrducsessfally Heoatvezr by theeld ¢ 0. RMisrR@QUM & foneeblestnaosent
immediately US6s Pocaipt of the WSS 4R HCC. The delay to get back the RQUM is
approximately 0.5 milliseconds, at worst. Thus, the CPE has time to set up and re-

transmit the IRM in the “next” ASBI.

messa

Regulation of IRM Transmission rate

The CPEs may not regulate IRM Transmission. Multiple IRs may be put into IR
Distribution from a single CPE. The IR Counter may be used to distinguish different
IRs that are in Distribution. The IR counter may be incremented for each new IRM

formed.

Regulation of message length and message rate may be left to the SIMs.
However, a control message is included in the embodiment that is used by the HCC to

direct all terminals to cease transmitting data for a Service Provider. This provides a
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The expected nunber of transm ssion attenpts for

successful IRMtransmssion is 1.5. Thus, the expected
wa@ledoapodore to the request protocol is 20 m || i BEDUSNSS/009998

RQ I nsertion - FIFO The RQ Insertion Al gorithm may

place newy IRs in RQ at the back as they are taken

substarftfdlly Relilshfe fricefahlzen f@*&ﬁ@@:@sé@ﬂ%ra SIMl cbhtrél funBdn either has an
I nsertion - Prlorlt&/@ npl e An unlimted nunber of

error inglesign that saxsesiis SAifel h@éﬁgl Pt #s kead aligred grairated.

consi deration. The key criterion is that if elenents

i r t
Ao e TRy Y GRERIAR ks 18 RS rncomy
dlStl’IbUl’BH thedned IBMmtrdmnmsabRs:veagzomszlskérmlé ooqurscfar ese IRM in
ertion

10 OOOAI1 i el?’ﬁ??cg o der of e sg/l@b ‘HT‘P'G\%O 'é r%qt{eg,'ts that is burdening
the ASI%[sheThls Iy BBY 1*0@ lﬂhl‘?’éé%@nu@ om\}é‘{aéé‘ﬁ) i ﬂeré%ﬁfétioﬁrhelay for

orithm-as ftol e process of placing a new

these rar hRM Mnsmlsgansh vaewee a@ry h¥renteringtie Netwenki is
niag {tﬁ?back of RQ forward for the first IRwth
succesyiu &G‘%“Sm‘ fi gher rated priority. The candidate IR is

put as close behind this IR as possible. However, it

Thhe eRpepied mimber of tramsmisRon dttenapts If&r SgecegsfdtiRM trawemission
a priority delay |limt. Priority Priority Dela i m

Limtl
is 1.5. dhgs;the expecied dglayus Ebt@erfﬁﬁpﬁﬁrﬁrpt@c%l§ %Q\m%‘éemds.
may be about 1.5. For exanple, a priority 1 IR
Rbrl'n\éé ion!h&|FQ | nsertion Al gorithm searches forward
hrough RQ, continuing past IRs of |lower priority
V\/nose IR Age is not equal to or greater than the
Fine RQ dysepbivaPigorithm maytpé@bea%wg IRgriniRQiat the badnaethey are

r S W £ h The new priority 1
taken of REUMIL Oﬁ%irﬁﬁg gae('é‘??i SRR e R
RQ Insertion — Priority Example

An unlimited number of priority placement methods may be available for
consideration. The key criterion is that if elements are missing from a Local RQ
(compared with the Master RQ), IR relative placement may not changed. An example

method is given here.

IRs may be taken from nearest the message header of RQUM by the RQ

Insertion Algorithm and considered as follows, one after the other.

IRs may be placed in RQ by the RQ Insertion Algorithm as follows: In the
process of placing a new IR in RQ, a search by the RQ Insertion Algorithm is made
from the back of RQ forward for the first IR with a equal or higher rated priority. The
candidate IR is put as close behind this IR as possible. However, it is not put ahead of

any IR with an IR Age greater than a priority delay limit.

Priority Priority Delay Limit
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In this exanple, the priority 3 IR has been in RQ for
5 RQUM transm ssion periods (it was initiated wth an
wo Rosgeo1ef 1). This takes approximately 50 PCT/US2005/009998

mlliseconds. Once its resident tinme has been this
long, no IRs can be placed in front of it in RQand it
novesi{forward snoothly. Apter adjusting IR Age val ues
upon conpl etion of placi ng IRs froman RQUM the RQ

| nseri on Algorithmdeletes all IRs with IR Age equal
to orggreater than 64. (agprobability O event). Should
RQ overfl ow (a probab|I|ty 0O event), the RQ Insertion
Al gor4thm discards IRs frdf RQ starting with the

PRERTrR el K Roh LM AR oF pBRH YT 0or Ty

I Rs are di scarded, and then proceeding to the newest
FExuri exaimgleSalp?k)r'éyd IRGmriyes. ThetRQ InfertiBa Adgeritiiveseardhds

forward;tﬁé%é] g&fp rqtogu,tlpp&pgt Ba%{\}%re.cpf cpyggrgﬁ?éﬁtb?/\&agg\?ﬁrAéeR% r?c];t equal to
or greaffiRanh g PabliBNDERS driNistek aEW@antﬂ #t ae%cbﬁn%% la"brity' 3

control information passed to the
messageeyitbtiRAgeh, Thenemmpricsitkd IRds tthﬂn uut/\unmewatej$ bebindbis IR.
synbol rate to drive the Local System C ock. The

I el U Biighly I ol kATl RO PSS RS ISR

perlods?()tnﬂdm mitisted IvﬂthThﬁ! IRPyeat #). iy ttékéseamr@)(in@ély%mﬁﬂ%econds.
re the position of this field within

Once l@yre@w%:&tlmq bas Bess thisgang e ts 2R bacipcad inGontial fon RQ and

| ow the CPE to determne the | ocation
it move&?@ the massag ‘length field. This may all ow the CPE t
o lock on the RQUM as well as to determ ne where the

Aten adjusting) iR Adeevajues tipeh dompletidreofgpBCcingdRisfrorelap RQUM,

ine ROFEGHB (VG SITES SIS RS aBlol ) Sobaf b B, G

probabiﬂﬁﬁd) auvenf)tsel f in Dovvnl i nk Synchr oni zation when it
confirnms the capture of the DTA Data Structure by a
capture of this structure in the followi ng RQUM at the

$heidd RQ queriiow é2 peebahility Geenentlithe R Q Lnsetrwén Algarighwnrdjscards
IRs fro’R@, SEHHFY WhhThe RSt Briority 4 IRs (including those arriving in RQUM)
and proceeding through them until all priority 4 IRs are discarded, and then proceeding
to the newest priority 3 IRs etc. Only a number of IRs are discarded sufficient to make

way for placement of newer IRs of adequate priority to avoid the cut.
Clock Synchronization

The downlink symbol rate is defined in control information passed to the CPE
during Registration. The CPE locks to the downlink, using the symbol rate to drive the
Local System Clock. The terminal declares itself in Clock Synchronization when the |
phased lock loop locks.

Downlink Synchronization
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det ect ed nessage | engths. The CPE confirns Downli nk

Synchroni zation with every DTA Data Structure arriving
wowaokiose1sr n RQUM  Shoul d there be a fail ure toPCDOS10051909998

the term nal declares itself out of Downlink

Synchroni zati on. RQ Synchroni zati on The RQ

TRETS AL ERSraBtuTE PFEVides B meanéikééé&%g%tt@p@gﬁ@w B this field

may use four data el enents to achieve

within a® M hy ceriedation. RThg &norn mgesagripadgsisttuctuiedfiae RQUM

ey Y P OB Y R e BRGE Bp R

allow th6-ORE tbiledidor aie RYUMpas widiitas 10 dete RAibvhaveith next message’s
resents approximately 640 m Il jseconds, and over

length figkbi | Fee GPle reqrssyalycageasies: llowingrmgesadanbyeaas of this
success‘%ﬁeﬂ??b@iﬁgg;fftﬂggrgeés%edgg trf@e,?xpect ed depth of 36 IRs.

reld 1s~a a o record IR Age for any
IRIin RQ RQAge is transmtted in RQUMand is the IR
ThgeCBE miay dedimret itdelif inrDavwrlinkeSyrehredzatitn svheariboenfaems the

i S,.an l,e of her Control I.nformation.specific.to
capture st i, T & T Siiettrerhe s Rk AR e iR bR lofing Raun
the pRic@iitis SSHERthBEEHYQUARE dutithé ASlloAendbAS BRNENEE of Risel
at epI Rslslt aé?%bi ng wth tbl?(e} negt recei ved F?()JJM Igta cgnt ionuesey
detected massiageclenpths. and entertheminto RQ so | onger as the

RQUM Count er of each new RQUM i ndi cates that no RQUM

oy bine S A T B TR S

arriving @i ﬁhd?QUM.eSBH\dUIwmdrb dheoh ;ﬂeﬁ'léure ItdrF]%cég’?ﬁd f n:l,rthe Herrhinabdleclares
) the RQ Synchroni zation Al gorithm decl ares the CPE
itself OUFR%PHEVWJ?QK§ raRigalion.and decl ares the associ at ed

RQUM the Sync RQUM It can be seen that all IR in the

RESyRChiShi2afoRr esent in the Local RQ The RQ Depth
fiel’d in the Sync RQUM establishes the nunber of IRs

that should be in the Local RQ IRs are elimnated
ThedRQt Benelypnizationd osess iIRtbadistiosed estrndimest maysuse four

data eIeﬁé@%&gg@%ﬁnﬁa §ynéﬁroﬁ%tigﬁ: ﬁﬁeﬁgé,% /-{Jé(? Qﬁﬁ%bghﬁﬂ and

RQ Count.

IR Age is measured in the number of RQUMs that have been transmitted since
the IR entered the RQ. The 6-bit field can hold a count to 64 RQUMs, which
represents approximately 640 milliseconds, and over 1824 IRs (i.e. messages) on the
average. The RQ has a capacity of 1000 IRs, and an expected depth of 36 IRs. Thus,
this field is adequate to record IR Age for any IR in RQ.

RQ Age is transmitted in RQUM and is the IR Age of the oldest IR in the Master
RQ. This parameter is an example of Other Control Information specific to a given

embodiment.

The RQ Synchronization Process starts'by clearing RQ and initiating placement

of new IRs starting with the next received RQUM. It continues to collect IRs and enter
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these IRs have already been transmtted. The term nal

is then declared to be in RQ Synchroni zation. Uplink
w®gesheani zation I n the di scl osed enbodi nent, BET/E82085/009998

CPE has achi eved O ock Synchronizati on, Downlink

Synchroni zati on, and RQ Synchroni zation, it may

them infeeRQogaMoHpkr 2ls thg IRQUM iCmtrit@lfbf@édh heWIRQUM indiicaltéd Mat no
arrives startln wtht 6\é R%}J In the Uplink
RQUM @%bﬁ%rﬁ“@%ﬁ‘ﬁorﬂ ?}?%E‘é§sthet|ﬁ PHD Qﬂ@ﬁf'?n‘PrﬁﬁeﬁﬁStﬁﬂé over.
top IRof RQis set to the RQUM Top Tinme val ue | ess
( T .
Vi g ASRlin(dl REPOUAETEREES ofles Than Rig SI0RSERERGe in the
local RQ; the R@ Sw\cairoﬂ};atlenﬁrgmﬁhnbdeddr&astheo@PEeiqdhe &R Q Kdear state,

and deqiSBe e Peote RS R Wik R SRk RS FLerpBRERRubabAILIR in the

Master REEafesreSEnein fiz | oo Figot strap CPE Offset is used to
conpute IR Transmit Tinme. This provides transm ssion

time adequate for registration, but not adequate for

TheeR &y Berihifigiddn the Sy@gﬁaumﬁg?@yéhes Hegyoumber ohlRs that
should lﬁjﬁn el S8tk FQ! qﬂ :e{or%e Hﬁﬁgfe%l PAhTRE tb'Blolf%e Local RQ until it

ransm ssion I's a € process contl nues
containgrtiis agmibee of tdlemehte st ibanrge sl that tbalaesbatatiad dﬂ\éS!s&ges for

Transmit T for all IRs in the Local RQ based on

these IRs h@’el'ﬁf.@’\?%‘#ﬁnge?ﬂﬁf@rlﬁm‘@ ted.- IR at the top of the Local
RQ The CPE is declared in Uplink Synchronization when
Tl t%rrﬂfr%%st?\éwaéélﬁréd?fo b8 RA Synkhithization, | S

mai ntai ned i n Uplink Synchronization thereafter.

Regi stration and CPE Offset Adjustnment After the CPE

Urdiski Syncheanigatiemi eved Upl i nk Synchroni zation it may
performthe Registration Process. In the disclosed

[ gﬂ?g s@ﬁ)‘%& r%'“?géﬁ?@‘?gg r%'élb%supéj‘ﬁ? ?#” St%{r{c?\ronlzatlon
Downling &mdhyommcsn ﬁnd)m(l Syechriization, ithna}*lﬁ@rftrmn U;;ﬁm\dis

oyt an IR for eci I stration control
SynchrqrizatiofAck ‘i'fg‘ea”é‘a é&r@éﬁ 35@%6&@@&9 with ghe §HBF m'\”-
CPE, such Address being built in to the hardware or
1§ hd Wplisk ShnCRforfiZition process, the IR Transmit Time of the top IR of RQ
is set to the RQUM Top Time value less the CPE Offset (or Bootstrap CPE Offset) plus
present Local System Time. This step may tie the IR Transmit Time to Local System
Time, but does not require the Local System Clock to be synchronized in phase

(absolute time) with the Master System Clock.

Before CPE Registration, the Bootstrap CPE Offset is used to compute IR
Transmit Time. This provides transmission time adequate for registration, but not
adequate for the transmission of regular messages. Acquisition of CPE Offset is

required before normal uplink transmission is allowed.
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Havi ng achi eved Uplink Synchronization, the candi date

CPE nonitors for the IR of the Registration nessage
walresneae’ t o the CPE by nmeans of the Address. REUIEDS1005/609998

IR appears at the top of the Local RQ the CPE

transmts a registration nessage into the reserved
Thppiroesss cortirues witll egsageedthivalues deirerfuged o barcg(ate the

IR Transigito e form s MerLodm Rrasest on due B Darsit Tifge o the IR

at the to@%?%énLBEQIIQ the propagation distance fromthe CPE to
receives the registration nessage,

records the | ocation of the message in the interval,
Than€CRhéds doglaged i Wpliels Synehropizatiohsxehenthis pocess occurs for the

st e Sl SEFR Skl 2,07

to update the IR Transmt Tinmes thereafter. After the
Régisttatisn@ndQpPE ©ffsehAdjustmest Synchroni zed and in a

positiontotransrrit messages. Fromtime to tinme, the
t R de ti an aof f set update
Aﬁﬁé?%é"%ﬁgg it IB 'H%V%Pﬁbg[']@f SYAFhrenizaionit may peffiegm the
Registraffidif ‘F’r@l:eéé"SFrﬁfh‘é%ns&lB@eﬂ:%ﬁl@h’éﬂF%Hbt HEle h%?%slf’ﬂ ?f ?‘_%PE?‘S
e rme of the

pol nt rghtly later t I'R"Transm t
candidatadodiegistad. (TRe aperata atghe REE spdates thisdish ona gailcbasis.
the nessage in the center of an interval with sone

FRRF s 1 ffhe B BIP e bt R of R iRy eton

control mee«éaﬁg@ thiat eootaimd hs Addrédts the Nildiddss 0P caridi@atleaCPE, such
adJ usting their Offsets as it goes. The cycl e

Address peis buliobiiadhe dardwarembealiwer ohtbesCREY s. | The
di scl osed net hod and system 10 provi de the Medi um

Hﬁﬁﬁ?sa?chﬁf%d %gnﬁ&%&qugﬂﬁ?ﬁidt% fry c%&ﬂ%@ﬁ@%?’rﬂ?rs for the IR

system Ina way soO as to suppor
of the Regisﬂratiﬂ)re nwsdsagesﬁmméd/m ﬂm@ﬁ&doyemelmef ﬁrmAgdaass When this

IR appedfs idhe ifp Br e Berida Qe ElR emim i, waipkaton fessage into

the reserﬁ‘/@ﬂni!l%tfeﬁm N Ci’ﬂHeﬁnféWalﬂQYeéBr%& e\hltﬁﬁé gé%dﬂngr@k’érd space

fpre erence or distinction, for exanple dat
to allow fpRraisalignmest eptheniR TeansnitTee siithin dbe vaoge of Phesiate time, as

determing B}, 1EbiciRapPon 4 Hn T EBLTBECPE IR No of an

The HCC receives the registration message, records the location of the

message in the interval, and thereby determines the CP E Offset.

The HCC transmits the CPE Offset value to the CPE in a Control message. The
CPE records the CPE Offset, and uses this to update the IR Transmit Times thereafter.
After the first such update, the CPE is Synchronized and in a position to transmit

messages.

From time to time, the HCC may transmit an IR designating an offset update

message, and addressing an arbitrary terminal. In this special instance, the CPE may
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enbodi nent of the invention may be organi zed into a
set of control applications and dat abases, which
WO e®sae919possi bly with other applications, in PEEUS2005/009998
har dware or software physical elenents of term nals.
The Headend Control Conputer (HCC) 2 1 may conprise a

transmiistiie nfe&*aQawaoiahdhgimyl lateathamnthd R Atabralit Tmeeofk thal
[ sol e source of communi cation

Associai%éﬁBmtﬂ% %ﬁﬁﬁte‘d I$ RROSRR I Plage dbe massaaa 1 e gapder of an
interval N‘?W@Bh& gl %rﬁ%d% SEL é{é‘i‘tthé’glut egﬁﬁ'&fg}blﬂbfég‘égﬁ@t%ogrectlon

system ta sent tri term na

to the CRIE @ffdet Qirhhle ténminaker The hlsEGH@leés throaghedl ohthedi@rminals on a

regular Bsie At EtngBER Hieees st does Thk FV o alne dlegted for the

Embodifiesst igelolp@r ei n. The |inkage on the Network that
supports data flow fromdistributed termnals to the

HCC i s descri bed herein as uplink. The |inkage on the
The mﬁqbaeldameﬂmsbend sSysigm 1 ﬂlnﬁwde dhe M@lmrgz:@esm gontrol

o) A1 8o R0t SR LSRRG I 91819 suopor
a scalatﬂéF%Esd rwﬁmmmh&eag@wchmg@amo&gta pluralityadfasaninasldistributed
o B Tt e B S bt e

commuﬂlm\lleﬁgtlkbﬂg Q)ff 'g{éft? ﬁé’rcéhﬁ f’%ﬁs eﬁlglﬂ{]oglt gﬁ%%féenccéé’ \(/)? r%Ii‘?stlnctlon for
examplmetaiagﬂersln!beynmeaﬁelemhmveam@téiedslonmemvioeal T he word “application” as

usea ST LSBTGS sp BB RRTRE D Bl lsbEle 588 e method of an

embodifneRtoTitRe ifntiRaRbY P cﬁ?ﬁhiz@ﬂ mtb*‘e?s&F%ﬁ &ﬁ;ﬂ?@lﬂéﬂ&katlons and
section, and a set of erface nodules. In

databasgsevdticl deside oposaibly thh other @pplications, we&hla)hardwaye@@ftware

ions. The CPEs nmay be enployed in
physmaﬁ%ﬁgrﬁ%n{ oca?[rjgﬁ'% daccording to anot her enbodi nent of
the invention. Control information associated with the

Theg Hezidead @énttqslatémpuférC(WOm) 2 MMelyvermprigey absetasfrddtaldlases and
spplcatifys Riats a pspnbal st Tha s [ his s buGaet Soprmupicaton
system BBRHSEL L RERORARERIATIAE b e RSB B LBRSestnation
of comnmu nitationrgystene dadgp aeat from tbe c%nbuteei—ispemal'scomﬂmt Network, and,
further, Ihrep 'ﬂééfszt1ecr:%uses the data to be sent and received by means of the methods,
protocols, techniques, formats, and processes as disclosed herein. The linkage on the
Network that supports data flow from distributed terminals to the HCC is described
herein as uplink. The linkage on the Network that supports data flow from the HCC to

the distributed terminals is described herein as downlink.

A plurality of Customer Premise Equipment terminals (CPPEs) each include
comprising a set of databases and applications, and receives, on the Network,
messages thaf are addressed to it or to groups that it is included in, such CPEs which
share access to the Network for the purpose of sending and receiving messages by
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control; such interfaces conprising databases and
applications, the applications on the Service-specific

w@ e/ 02191 he interfaces are call ed service PCT/US2005/009998
applications. An interface between the HCC and
Servi ce-specific nodules or functio ns called Service

means 6f thei rdethoGs nproddcdis,tegish koes| FHasEsts, anfncl(ijI @Vd)@hzﬁee% distlosed
orted in.t

t he Servjces that are su
herein. fﬁ?&o&ém%%e Pafttiongd dntey the. Baps f’ssmjﬂtqqe@ﬁ@nﬁ@&ae@amﬁ CPE
CC contr8I é@&iohhsn@'b%fét%ﬁﬁeﬁ&%%%gae@upport the Services'
particul ar offerings presents a depiction of
the functional bl ocks associated with the interface

Ibéhepeaicaad spiwdiment akthedisciisedsmethatl, ithe &REs arg in fixed

ocatonth HHIGHES e BEhAPET 55500 PRRUSTS BMhrciog 1 paothe
embodimeheof tecinddstidres (SI Ms). Such nodul es provide, for

each of the Services supported at a CPE site, the

|nterfe#ce and control functions necessary for the us
gl assaniatad avith the gegulation af trafficoiiew @nvee b,hetwork

my o SRR G B8 A0 G SPUTSORal A BA o

carried s Biokcs moteal paittof thendleBeork.ces at the HCC site. FIG 2
shows the functional bl ocks associated wt h i nterface

HRFTER MR AT aTRAS, BSARN A AETRE et
provide 8y kplooseAcERE b@ﬁhplét@ 38 @ﬁaﬁ@ﬁ of Gerlied-speelfR ®ntrol from system
associated with the L orwar ds nmessages sent from

control; gHeh iterfaeges vqnpasmrd@t@ ages iandtapplisatiens; tba applications on the
f her eb
Servxce-gﬁ%\éll?lg%?]dge éftggl ﬂfeﬂdc@gtat FEIR %&glgg C%ORP\}'??ﬁg%%t er eby

€ PEeEr -t o-peer t ween
CPEs. The system 10 and net hod provides a
ABeinterizmeNibstwagn the GG iaord SenvicelspEuifictroduleSACH)Indtivats called
i ed out by the SPCSs

S W T A
that are WupPoftE8 |ﬁ H@Néﬂﬁerf THeS fiitBF! Bé%ﬂd‘UonERJl '(f)l.ﬁ# ﬂms [ecessary to

message traffic offered to the Netwo S
use the disgidsied mathodHe Sup@DrtsthecSenmesivertmgdaarpmfngs eslG. 1 presents

o ceriol 4 E Tl RS SPRRIABE i GRSoR G b Gbenan SPs anc

the HCG.ol  owi ng: (1) average nessage | ength, and (2) average
rate of nmessages (see Claim10 with subpar agraphs) In

rder to . support the SACF _function, servi
Tgﬁrﬂqc@ﬁf’i'@ﬁ%gc%ﬂs wihintbe GFjikeing batwean angPE&C and Service-

specific PHRRAES oPfuRREi¥AS Balléd8ervice Interface Modules (SIMs). Such modules
provide, for each of the Services supported at a CPE site, the interface and control
functions necessary for the use of the disclosed method to regulate data flow between
presentation and storage devices associated with said Services at the CPE local site,
and the SPCSs that are associated with the Services at the HCC site. FIG. 2 shows
the functional blocks associated with interface between a SIM and the CPE CC.
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conmuni cat e anong thensel ves using Service-specific
control information transmtted within particul ar

W0 yes9ad7 servi ce nessages. FIGS. 1 and 2 depi PCT/UR®05/009998
role of the SACF function at the SPCS and the SIMin
regul ati ng nessage flow to the network. The system 10

/g varamahd tiﬁ@S%Mtéﬁfd@e”%eﬁhﬁé@rp@ﬁ@te@rasf@rp%rt of the disclosed
channel s using Tine D vision Milti BI e Access ( TDVA

methodape SHGS frdeldied sysiesgs assaciptrdwithdheaitiem forwards? messages
sent frogi BH%WEE%r vghg[i%@s g ChEy dé§18§ ﬁur%?h%% &§ %'éé&pﬂ& CPE or

annél’s I'n SCIl OSe ﬁ]SSIOﬂ

group off@PHse therghy prexdding treoaideepé@stospeeondn rgotivity between CPEs.
periods of variable length called herein intervals.

nter oundary, ti mes re asured. at the Cin
1{ &%ﬂ‘f/ﬁé‘%ﬁ?d Bﬁ?i’ HSSR"C qssageiMnissiansControl
Funcﬂohi‘SACfFl)' B9dtis! ohE oY the Whé‘ﬂld]&‘a ERricIR By B SPESs and SIMs at the
contig UOUStIn'EﬁI‘IOd wthin the intérval. Such

interfacesite Ber deCuard G SechoBACE with el funcsiootaf dmaplimng anpolicing .

messaqa i Bl Rt "B le e Roin il ERREHC hed e BlRIEA% prerage

propertbb@eqmﬁéd §pfAe BSDH &/ ﬁdﬂime‘hi: ThargropertRisdhslufiavBut & not
pur pose of allow ng several nessages to be carried

limited i@, saing qr@dl ofithe fQllawing (1¢ @verrRgecmespage dendth cand(2) aerage rate
of mes§¥€é§¢§bé%l?ﬁ‘n D0 éﬁﬁga}%q Egﬁg‘eﬂ%r‘dﬁg td Q#"‘%%ann §%€F

S can 1 ncre I clency O

functnoruser\md applivatidhs corazxedtrotedgpdidatidfes aaties tcrraup;b@rt easénvwé can
| i nk and downstream_ nterval s,. Each of su

commum@? ¥RP8Y ‘?/'“B@'V8§N§h'i‘3§1qr‘{/'°%§§ie§ﬁ@o°%@ meEHaFQ)“ transmitted
within p%fl cru}érq J)ﬁ’sé’f@ﬁ:e'?ﬁéé@g edi F!tﬁé i ESEWF%@Fﬁe of the SACF

ectiVeness connensura e goal's -
function githe MRGS taine thesSikhin fegdamngamassegedlometoathel netmork.
cl osely. For certain purposes slots may be aSS|gned to

TR SR e hitaBB T R Tyasilonh raibiid e the §PREES Ehéfnels
using TiPA€ Balision MitipleRcceak e(TLIMA) aré tlaimetaviias Fregatemint® ¢the
transmtted on the uplink into different slots of a

system sfragiuees. nk 3. \aprasents th% pBysicaprganizapey af whappalssndhe
disclosed megn e allowed, or in which nore than one nessage
e 'ransrn'tted into an interval or slot in a way
such that the signals may contend or conflict and the
Trafhsmisaidncimesmay be abganized inta a desies @f edntiguous time periods of

variable length called herein intervals. Interval boundary times are measured at the
HCC in terms of the Master System Clock.

Certain intervals have substructure providing for more than one contiguous time
period within the interval. Such a sub-structure time-period is called a Slot. Whether
an interval has slots or not is conveyed in the message header on the downlink and in
the interval request on the upstream_. For the sake of clarity, slots have the purpose of

allowing several messages to be carried within one interval. Since the control overhead
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Upstream nessages are transmtted so that they may
arrive at the HCC positioned correctly within the
waz®soyaved i nterval or slot tinme boundaries, BEMUS2005/009998
downst ream nessages nmay be transmitted so that they
may | eave the HCC positioned correctly within the
of the s?ﬁéﬁ?'l @iLasddtifed AlithOsdh é&@?ng{]lhf@rvgl%u L& Df slotd B&n increase
ystem 10 utilizes separate physical layer frequency
the efﬂqmwSofohan@pl (IF: -4 \A@thdhq@uﬁclpaed tmethedi ssi on of
rressages an organi zati on known in the art as

SRR aPHE Sl B BRB o ety HERMAD EEBAST such

mterval@h)eaﬁ lnmt:lylﬁamwadiwaﬁslgaed andclred totwmeéxam amezmesgage with an
[ lled.in the art Tine Divisjon DD) .
eff'c'en%an%ﬁeeﬁhmﬁ COTyRANSAratewith fha ?'@Qﬁﬂifﬁ?@? gedls —atvewally the
t t f
messaga i (9 hodaPRacbitlos ol (K or Rt BuRthsed ok ma e
assignedriveavyl g specified wessagemor o eawlaen maoenﬁmhgmstsage af known

conti guou uence W t\h t 0
applicafiy e TR 16 8o 58 RARKSHRg il G ke e pgpsages may
be trandrikiet\GH theA!bth'kﬁﬁfo”cﬂfféréH\lSQofé' (ﬁ'%ﬁglélrﬁ&%l By Hﬁﬁ#’ent CPEs.
gaps are 'owed between intervals in either uplink
Empty igtanvals ok stﬂi&ﬁrﬁaaﬂowad Yotrwhichanog then ene message can be

transmu@%g g%rﬁelﬁgei%@fo siﬁ]%tﬁﬁ\éa\hfaé('r qﬁ;ﬂﬂgfg SgEﬁ%bsérgagyﬁogtend or conflict

and thedafoiingtion snaelie ebeeunsdtdr bstréywti.ng ti me of one
interval serving as the beginning tine of the next

interval, but each interyal ei ther be an uplink _or
UpSiiSana riessRoes @ee VansmAHeglss)et%ataheycnnav PEEVE §P thealCC

o, T
Sl G e e R e R e
downstneam meﬁsage&magd e transmitiediss thahﬂheysmayl deayeothat 4G C positioned

correctty G aeOERIEY iRenALER U v bEUBafamel o The

assi gnments are static, i.e. made once or from

ﬁhd@jstémt‘lm@tlliz@st alraté%Wsuémea;@éﬁréquafcyadae\démaubﬁnk and
made on the fly as a function of

dOW“““l‘r‘i@i“&ﬁ’c'%‘#‘d%Qé massagesfan Ksgamestion kbownhe theertanFegquency

DlVlSlon'\B{xﬁff]@f( KFB@?ﬁ'hﬁgﬁrﬁ N @gg% Iu ﬁrp(ﬁ gﬁd%rﬁﬁwrkurﬁgé’éefgnés in one
shared TBMAI phymkaldf@qu@cysmindt suthaa shanmdlesrgahization is called in the art
Time Division Duplex (TDD).

For the FDD channel organization, upstream intervals are in a contiguous
sequence with the ending time of one interval serving as the beginning time of the next
interval;, and downstream intervals are arranged in a contiguous sequence with the
ending time of one interval serving as the beginning time for the next interval. An
alternate also claimed is that unused gaps are allowed between intervals in either
uplink or downlink channels, or both. FIG. 3 depicts the arrangements of intervals in

channels.
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narr ow band channel s that together have the sane
center frequency and total bandw dth as the downli nk
w@b@sned197 such arrangenment designed to requi r ePCEES2007809998

transm ssi on power but rmaintain high-bandw dth

downl i nk connectivity. For the sake of clarity, in

Foi §the FDDIERat otrgmfﬁifémwawsﬂéreaam@@géa il édttigedel

uplink group. Sonme or all intervals and slots may
sequenc¢ewithdiee gndingr imepd oae (iateprad seading esﬂherdoempﬁlbgttm% of the next

interval T 206 hten SpP hd: e, SHEDUTR B L RBHEFRIBETS. A

alternatd/eidi®ed Ry siaturdsedlgaps e Rilowed Hetveeniratdrvaigtin tHégDD
system 10 npdul ates transmts, acquires, tracks and

channel@gBagRHeRs FiG gd &patains @melgs.th%ﬁae @Fvintgndgls in channels,
and is ,.«&Hé #d/ﬁgpé,ﬁ B&méfe%inct,é) as the Physical Layer. The

ayer y be appropriate to the nedi um and
appl ication of the particular enbodi nent. Physi cal
Aetworkisdl BEs ravel unlr@riimd indo gmtmsethat fifee essigned torsib-channels.
ink. and t downl i

The asHBREAS B¢ $ GTRd Sinedeoacs of RSni i8N e dte of the group,

or are d%ér‘ﬁicﬂ i.eNmariesé e Relfly §Q aﬁfﬁnétﬁ)rb@f t%bﬁﬁél%‘i"ntbﬁeé@@hebd%f the
in order to optim ze the perfornmance of dat

CPEs ot phiferpaitare of dfetwpek yeageouln elahonalien on tahlﬁz Blaadiru@me is with

one ol RS AR R R B DM B S RS Rmooro

narrow-ba@@ﬁhaﬁﬂelg idaff toyetiet @dve anelsamansantét ﬁﬁéngﬁéy‘t‘ ahblytotal
an interval or Slot. An MU is the nmn

bandW‘@h?@dﬁéﬂo‘XVﬁ“Phrﬁ%‘ﬁﬂ%k §H%ﬁ"\ﬂ/ﬁ9%ﬁ‘eﬁﬁée$’mdcm rqoéiygrless CPE
n
ranmiddgh B5HRL B4 AR P ARANFrId Sy BASHERR ", ROl o sae
of claritphy suchlistruefuee, theltd@Creaintains-arMastenRQ fore&BISKiplink group.
nodul ati on schenme may have an MU o f 2-bits. The size

f U b t. th K d
0 Pr AL TP s ek MY oS JoelBEh S sl a Molsivedime
gap bet\WBéh rn@é‘éﬁa@%§)5 ayRe n@@dﬁaDs@aaeualrcﬁssécé @hs;férm?ﬁ@bﬁ tAE&ccuracy
back-to-back, the |ast MIU of one nmessage bei ng

of the LDW&MS&@I@'IOfJbHH tmfélﬁn@%a MastarrSystemClefck inega pasticular

: age. A single TDD channel or sub-channel upstream
embo{j"ﬁ%ﬁ’?domstream nmessages nmay be m xed into the

sequence, but nmay be sent back-toback. In the absence

Tihe $yseermeisimgdulates ransmitsicacegire) frackly aotl deaaoedglses signals

on the Jprli(r)xwatngedownlink, collectively referred to as the Physical Layer. The Physical
Layer may be appropriate to the medium and application of the particular embodiment.
Physical media and/or modulation forms are different on the uplink and the downlink.
Uplink and downlink modulation forms and data rates may be controlled within the
system 10 so as to be altered in real-time in order to optimize the performance of data

transmission on the various channels of an embodiment.

Each message on a channel may be a contiguous sequence of physical layer

Minimum Transmittable Units (MTUs), organized and formatted, and transmitted
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SPCSs, or of needed control nessages, the downlink
intervals of the Network are kept full by the HCC with
whanosloedas? control nmessages, or of null nmessageBCDUSAN05/009998

conbi nation of both. In the absence of requested
nmessage intervals fromthe CPEs or of needed upstream

cohererﬁl?rﬂurrlﬂb drERmEvasor SIBt.I AK MTBNS e nilimt il Sigédeiaka BaAsmission
pt full with harm ess control messages, or of null

of whlchﬁ@s%@@camaaec snpementationds aspehle. aENesitaINeaswpdindits

and/or s{_ﬁgﬂggﬂhcgfr 3 ﬂﬁ%aﬁ‘%ng g%@orﬁ%ﬂ]@éﬁ??ﬂﬁ%gg er embodiments. For

xamplé raﬂQﬁSlsmdmrlLﬁatno‘ﬁuaihe@wmamd@@raWM |<ﬁt235ItSV| Mhessipd vf an
ervals or slots, t he absence of intervals.

MTU m@f b@ l@"@ﬁ@h“’dﬁ?i&"ﬂbﬁ?‘ﬁﬂﬁl thr dawnlin or sxanAifiar ae yimegees on.

al | ows denodul ati on wi thout | oss of synbol boundaries

[gﬁ\t/r‘(ﬁ n?8Rd! t heﬁtm@@%@&@oﬂ?ﬁD cﬁéHﬁ%‘s ﬁf‘%t&lﬂ%hannels are

or o or on
sent bactk- hmbamls shetadiMTUef Ielﬁe: message l@mh@immedtatbeiycﬁnl@wed by the first

Ty or BERSRmRekd e S5 AR oSSR

downstréﬁﬁpm@%ség’ég hitly PefhadEntd theSspinte, Bt AQY'E sent back-to-
some or all of frequency, phase, and synbol

back. boundary acqui sitions, and ot her such functions, the
specifics of such field depending on the

IR AL TRAARUANG, Qo e FIES: bR ges om e
SPCSs,adri gfmeeidied dooitiol hesssggesidhe aloevnlink mtervdls dfithe etk are kept

suc essf [ ] rack nbol boundar d frequ
ful by e SIS B TeSSABR S r I MAASAORS O Recombination
of both. "RARe dudefkh Bf 'P@@_@es@éﬂ Hﬁe%'ségé 'i}?tleﬂfa%r fRdrh Qﬂﬁ@F“Eé BE of needed
or t 0

nessage header e sa clarity
upstreadmmﬂrﬂl meﬂsaugest uplinkvcha'naats <bfsthab16éwonktara¢<lepbfullpuitln harmless

nmodul ati on _of each nessa
control tysRags. o Pl FReoedes & orSh GRLeN I RAG, 75 Brcihaiety the
Hce. channel coding and interleaving methods are used to
recover from nessage synbol errors likely in the first
few synbol s of a nessage resulting from application of,
Tere may bagaps imdeypsirean %?Sﬁﬁmﬁaﬂm@,”%ﬁnw%’ igags in

upstreart! HB85aGE F4hSinidsdhs. STRAYLRE h¥Y) béd8sociated with empty intervals

or slots, or with the absence of intervals.

Clock Synchronization may be held to an accuracy that allows demodulation
without loss of symbol boundaries between one interval and the next; either on the
downlink or on the uplink or on both. Downlink transmission by the HCC may be
coherent from one message to the next.

An Acquisition Sequence field'is used at the front of some or all message
headers or in special control messages to support, by known methods, some or all of
frequency, phase, and symbol boundary acquisitions, and other such functions, the

specifics of such field depending on the embodiment.
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tracking to be used for synchronization of the CPE

clock, called the Local System Cl ock, may be used to
wa@ledosovhioe the time for system associ at ed act i PCIFUS100£009998

synchroni zation to be with the HCC cl ock, called the

Master System Cl ock, used to determne the tinme for

UpsHcam 86@ncRt 6massa may Halle dorfigusd BEJ”LﬁPi@laﬁé&' ahd
(G ock Synchronization) herew th nmeani g)% t hat the

accuratw@auema@ﬁr@@h kothubeingiadequatecto pravisie thepseansital | y

sucoessByt B RO TPl afid YERbEpRLtBhTPhE ot g B Utifext, sueh

method I]zhswemg&hetmmrﬁ m&ummwaqutmmhhatm N Brethebyage
onme fixed, known value such as the CP Ofset. For the

header. sﬁ%tf@fsahea?f. dlgrity; ther ReCdemedvlatprdnitiiaivagimntds apleeto track or
pull mto%él@'tﬁé gﬁ’?cﬂﬁéﬁm%f é%@%@ﬁl.nﬂ@s@ﬁg%&ﬁﬁolﬁiﬁgg&%@& to full

quired to provid I e ster
signal a(‘]]msklonTr Kn&wnghiaheel edding inddntarieaviafy méth ddsarr used to

recover Fape Frassadh Syl rrere ket FLRECHTst tsw Fyrbbafs b ragasas

lting¥rBRKapSlicéBibR Tt daRakt Means of tracking of the
rest Ss:#vvn |ﬂr)1€ data rate, such methods being by use of a

phased | ocked |-0oop or other known nethods, in _
Ietegtatioat ofdmonin meshatist ofrdigitalisigna seduisiiene eiemeduiatien, and

vackns B 483 R PRl LSS

Clock, may bb@s@ﬂ&odetém"ndefth?e ﬁh@f@ﬁ"systema@hdwat‘eaaécﬁdm i
is either in Coc a;nchronlzatlon or out of

SynGhroBABAN &h PEANTLING HGENCIonk Galiga s Marier Bysi@r Wogsused to

determI%quﬁ%Lféggyﬁgggg%%ﬁﬁ %rc ﬁﬁ@gpmhﬁ% | mg,a $ynchronization (Clock
Synchrdnization) here®Ath meaningdhat kheSyocdi rSytsteratGloolThunéil?E tick rate)

substantig By &I SeRe fHiEas e Mawies ST B ioch, e sl BaStern Clock
also traci® ﬂh@“’pHa%e' (Pé kﬁ%ﬁe) Bf fHeaviden 'Sy@l%m BN8cIGEH PN possibly

exactly t rate on the up |nkrelat|vetothe

displacadhigy ebmsﬁsqednkmbwo waledsucinag thepGPeOffh@t tFore thepaake of clarity, in

the prefBRG M EHmER, Bt ot Bhod ndtBod P8 LEASY stam Lrpt ey not be

required !&i;ﬁb\mle theuinag of e M@sté?fsyét@m@lakk tFf?eidk(iﬁgttl‘ié rate of advance
i nk Tracki ngftQI i@plthm (DTA), be enpl oy
?

of the Mméef %ysma Glask by abpysgem G cbdmstheéwk raég)s@g%@quate

starting time, neasured in terns of the Master System

THeXWbek Wik o e fidstH systmatiBEX id deermift Py means of tracking of
the downlink data rate, such methods being by use of a phased locked loop or other
known methods, in combination with a defined and communicate d downlink data rate
value or time-stamp-based protocol. A data element recording C lock-Synchronization
state is kept in the CPE -- the data element recording that the CPPE is either in Clock
Synchronization or out of Clock Synchronization, such state determined by the Clock
Synchronization method. For example if a phase-locked-loop tracking the downlink
data is in lock, the CPE is in Clock Synchronization
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probability adequate for the purposes of the

enbodinent), it is said to be Downlink Synchronized,
w@bk@s/oerbt ed i n Downl i nk Synchroni zati on. EachPCT/US2005/009998

downst ream nessage has an Acqui sition Sequence, and

the CPEX acquires each nmessage, thereby automatically

THRICPHIHRINENISES S MEU THRY & detdnin@d Hakbe ohltealosaySys tem
eing in a state of Downlink Synchroni zation.
n

b or the
Clock thahlseind}logk Synelyronizationnekheodplink isfogkesdoitbadowsdiniwhdhe HCC

knows exJETRRGPAR Bhgon e TRIFRIERNES, HENREHY YoBAIEBEY and can
computé i tmsepaneissotiated Wik ihteavel rdrtrﬁﬁsag% ltengtied on to
transmt each nmessage and then turned off. The nmessage

length field | ocated i he nmessage header of the .
Cony etlmaéaﬁ%rsaﬁg?%tg\ﬁ] fﬁ%ééag?&qm%n&é@% IfieAR hogndeies on
r T [ ; u n
the dowHFE AIEEINIDAANIRRTrckiho ARGHINAD RO Y be SRIGRS?
Structure placed in sonme convenient set of downlink

Wlim?m acﬂ:Pl:?ré@fdg@maéigo tof dlse ROWRBiredmM Mpesagass stasting finne,
i : St r.uct uy
measurfi jn. SRR e RERTEPSTs1eRT HoRo pI RurBld BpidRbLIE o o

probabilitf diefuatesiot th plifdsas DPehabrtbodMASAYEt is $did & be D dwWrinlink
IS used in defining the | ocation of the associated

d
Synchromizagh glsogalledrin ownling Sychierizalien.| ength fiel d of the
foll ow ng nessage, thereby supporting initiation of
R R T A
acquiresreaskagessage, thesstpyrattoethtivally detesmshing (eedsagersgjart time, and

oreo B ob 0 5 4t SR SRR SRR Bl o,
this meﬂ&?g:i% Hfé%ﬁa%ﬁcéﬁads% WheR$hé RidssBYe tsgﬁ'twﬁ?ﬁséandﬂt bBXAown with

ace in the intervals, "an _
accuracyrdd @llewicapiiewithaut agauigition), farexample iatheyeassmwhereiine HCC

ansmif8e RS H B2t Eiball Pttt A ol e
Structure has a structure having a rarely occurring

Thet raepsideciengtinfieldiocdted ae theymeseh e headet of therassociated
property, as determ ned appropriate for each )
downstreapbiniestage Pryidesha niggns tor the deferpinationofdae yext inte rval

voundaly K LYER (OFNRR, HEARRFan| RAPRS S SPr DR pA Stus e
placed iyt camopnienttsed of dawnlink aantraieSsagesSsudit baRQUM , but
perhapscrlugﬂti irqeaﬂ cfor\}v% inksmésnsoavg\;mesi; gmtal rt]l%ee ?)LIIA BsataaStructure being used to
determine the location of the message length field of the associated message , which in
turn is used in defining the location of the associated message and in finding the
message length field of the following message, thereby supporting initiation of said
recursive interval boundary determination; such variant to be applied in the case that
downlink messages are transmitted continuously (allowing, however, for start-up and
occasional gap exceptions which cause a known and acceptable amount of transmitted

data to be lost by the CPEs), without Guard Space in the intervals, and with modulation
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correl ation sequence (i.e. a sequence of fixed bits,
Wth the property that it has very | ow
w@edob/euasT el ati on unless it is correctly ali gnedr/vb1o05/009998
itself), such sequence with fal se detection and fal se
di sm ssal probabilities adequate to support practical

maintaifBysyhibdk beYAGayAlightidMifrad ohedHesReyel torthe rieke rid With or
ng%()jll nment . Thée]rly Ig‘-él may capture eac?éDTA Dat a

wdhoutshaa@fsgh@rengﬁ@%%s Beshage beHBERMS-t h predi ct ed
| ocati on of said correl ation sequence to establish and

: i i
falq) Aﬁéea%% rﬁr es ?@Ig Er@hgéﬁ%téﬁpc’%ﬁ%bap pattern
and an Sitrachive selfeorrelationh grapertgt asdetermjinechappdpribte foesaahe,
s the structure

embodiingst nEot tisesahesabaut s B TAD R atrintufspaes Bok St the basic
Physica? Lagér chHihel gEq@kitBh fan@tldwgaqmey .&rﬂé a'%h dyib

I cul ar nessage, as desi gnat ed al‘tl cul ar
achISItB:mnI AvatianthDTA,Data Stewciure lsszlalmeot ﬂh\et welmcgvmm e arhasea

correlatfEeqi2big e 1 pE0ich L ERETtS, WhorBE buff Bt sy very low
self-corfeaxidrolinias® it'|§ abiredty alig[helcl"\ﬁltlﬁi its6Nosach BBEHIGEGe ﬁlth fal se
message may have a nmessage header (FIG 5) or the

detection and adﬁmdlsau%ﬁalaqr@mblhhﬁ%am@égéo RupREIt practigapPewadink
t h
swnonlefleft. of ey BRUTR SBRACEIAEIRL 100, Tomn™

nmessage may not have a nessage header, dependi ng on
'ITHECE’Etmdy wapture leachtDEA $£3d¢a Sifuctlirer ahgl useha srdss check with
cl osed neth e, contro

predictathipgrian PERAIE relTeRo S ape 40 Sl T danfmeDownink
Synchrdmﬁﬁﬁﬂle IFBYche &@ck'f@i@s he GPEARRISLELRE térﬁ‘nnél AB3E BdSwnlink

header carries control information used in th
Synchrafiizatiossed net hod to deternine, anong ot her th| ngs, the
routing, priority, and format of anmessage. The nessage

A BBl oBed tre FRAshGe SR EIEOR! fRldrPleRRts the

structurB)of ¢ieé frieesagbe nvedsagestare ardeniptintepbalt e skstsoci at ed
message, such value in ternms of time, MIUs, or other

Hiecfonsat abioa ergeaos bera (1. Bldptapartcutnesasgpas
designén"trgtﬁ B g e%r@ﬁl??gﬁﬁﬁé&é%@tlpggé}jﬁéte%|mv {HeKd B EIFINERE
applications which are intended to send and receive the message, this being either
service applications or control applications. In the disclosed method, a messa ge may
have a message header (FIG. 5) or the functional equivalent. The message header is
depicted in FIG. 5. A downstream message will have a message header, or eqquivalent
functionality. An upstream message may not have a message header, depending on
the embodiment. For the sake of clarity, this is because in the disclosed meth od, the
control information that needs to be associated with the message may be carried in an
Associated IR. A message header carries control information used in the disclosed

method to determine, among other things, the routing, priority, and format of a

-69 -



nmessages. An Address (FIG 5) is included in the
nmessage header of downstream nessages, and may be

w0 p@baeklae7 i n t he message header of upstream NERGHUSHN5S/009998
For a downlink nessage the destination is naned in the
Address field, such destination may be a CPE, a group

messaddf Th¥mesehgélheadBFmayr#lso @Bldé@ﬂttb%fﬁhg%ﬁ%izétm and

_controlling entity is naned in the Address field, if
acquisitiay] infermati@ni s present. This is the HCC or a CPE.
Typically it is the CPE designated to transmt a

' ' | | 1d ;
ARRHGe S Foid (18] ¥f can SRR Value SENEABhAM ot apsgotated
messagéosuchvaluegnietrns vf time, MTUsdr diiher dataamits| of ﬂmotielﬂlall;g
. n r nor 0] r entities as 1 ze ng.contr e
equivalg, a8 onveriaity Ehe Bineras Ispn Ml roREiydech i ara PR method,
I the e e S S T 28 ey, 59 ichuddt chein

messadgescl uded in the nessage header of upstream nessages.
The application ID indicates to the receiving Receive

AR s GEG, B GACCL AT O hGhaRE bafR L usiEip o

messagde’e ané eesBe Yndlided MmetheaRessageohdaddritd upeieastmedsayds Fora
and Priority field (FIG 5) is included in the nessa

downlink gReRsaSr heSiARSnR UalisRaDRYd hehdCiRes Tkl sUSARRINARoN may
v AR TIPSR e IS e i
entity isaphed it thenAddresstfieldriifthissidld dipiasgna ThisiessadtcC and CPE.
Typicallf g s e G Aeandlestio BTl 8rieasaas Bluan e Hewever, the
Control@?ﬂé’%ﬁﬂﬁﬁé@ﬂ%ﬁ@r ﬁaﬁeé‘ucﬁqfﬁr{s;?rﬁittfngéﬂtﬂﬁt iTﬁ@-(téhtH;Iﬁnog Entity

[ , service applicafions organize
may reqliaséthe interval fior aise iyt anslosmove othemesditige @s argahized and

service .nessage being a type of nessage. Service
controllGE by s6RdCe ARG coriratiePiceipus i Baficlian shodeent - o
appl i cations which reside either in the HCC or the CPE
ACapplicaBion IDAFIG 25) igrigelntied in thiedmeksagd headdeof downstream
transmtted, control nessages; such control nessage
messages, and may be included in the message header of upstream messages. The
application ID indicates to the receiving Receive Router which service or control
application is the intended destination, and provides said Receive Router the necessary

information to route the message.

A Type and Priority field (FIG. 5) is included in the message header of
downstream messages, and may be included in the message header of upstream
messages. The Type and Priority field is used by the RQ Insertion Algorithm
application to determine scheduling of a message, and may be used for other

purposes.

The message header may carry additional control information specific to the

embodiment called Other Control Information.
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being a type of nessage. Control nessages are directed
to control applications. Certain enbodi nents may

w0 pwbuoglaITont rol messages associ ated with: (i)PCRPES2005/009998
joining the Network including Registration and
determining CPE O fset (see Caim26 and

1 uhe Aistiysiehmiethdd, isengsd applictitions odgehizs ppdrdifgtyto be
var i ous prl ori ty and cat egor i zation arr ang enment s,

transmitted iSpryieRI B19S3g9e SRS YH SaVigemessage keing astyﬁemf BSER88.
Sewlceerﬂgé%’égésoékesd‘ gatcgﬁto §icn %dﬁl%?ﬁ&w@r varying

Ion an er physi ayer nodes, and (vi)
supporting ot her managenent and control functions as :
Clerinelppéications which rekidesgither in thel inpiCeoethiea€PECC (FIGS. 1 and
desi ro,an ' enbodi ment .t her a

2) orgaiigg, A diregkiodfe FaferBibd-Eaaantmesides: sich2oBpbmessae

being aC{?bé‘ of WiRSagas Chitid pibda Ss *é?é Q%Cl"eaacb c@’n@roﬂ)éﬁﬁlﬂﬁhons
I nt erval request (IR 6). The IR data

Certamﬁmlmdlme@w maysisdlude qwtroémessameswcﬂ@ﬁedamth ) &RA&$ joining

the NetRouk lding KRBT aERRTRL ket RE'=.OFGk! (el i 26 and

subparaglbphy)‘tﬂ(lg dabIRhasg and supgoiting vasious psiorigaand ehigodization
is cal the associated |R Every interval has one

arrangespentsn|({i) ypdatieg sentselaloorighms; (lvh%vnqh\(@alml enssytion systems

0 modi Bk hob e B RS At s S supporin

other nmlalgemenn ahbicontras éurictiengaas @taemmnemgp by(ﬂee speuflc

i nt eryal racteristic cted in Dra
implemghiagiod desileted ar Py Ve BREReTtIIols /5A TBANESY §6Tof control
messad@@%&@ dnid@bochiibg iElafiaefc PB@Saé efingd HER BéloW) ®hat are present.

ciated interval in'terms of a convenient nmeasu
(see Caim 1020) for the conparable nmessage | ength

An intervel r%quee 8y dF Kederhhe Rodatarsiruciuee isfuseddpicopyey a

eI e S B ep T B35S L gt

with anTRS§ 2gled EHOABsdclatednRewlCifa I@amd wieh ah apgBeam interval
t han the conbined nmessage | engths for a set of

is callehihssagraciateddR. dreriydnterval has onpang el gine Asgasiatad IR. If the
erval RS R SRIEH 98, RHLERSSPEBA Rt S B PPl oo

Claim 5@» :hﬁchmedsage beingntzdidd e fhis case tny agsddiateclomessdge. Certain

ormat i on needed at the MAC |lgyer,to organi ze
Koy intafy RS RERBHE S Ao PR 45 REBVINB it SSrSHE TR dte IR oFyery IR

has an ﬂfteﬁfa$ LBRG® fidld %H@h defii8s 'tife IENQH? Bf‘fh'é Rs$disted RRINAin terms
I nformation as Caim10(qg) is present in
ofa comamemt!melawrer(eee Gdalm 10(c) m@"stbag:@mgqjeble message length field of a
messag}eeﬁ‘g’éde'r?. For the sake of clarity, because of the presence of Guard Space,
interval Length for an associated interval may be larger than message length for an
associated message, or larger than the combined message lengths for a set of
messages to be placed in slots in a single interval. The IR contains Address,
application ID, and Type and Priority fields. The combination of these three fields may

be used in an embodiment to convey the control information needed, at the MAC layer,
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the IRMand the RQUM and is the elenment, or provides
information for the elenent, carried in the Request
wox®@se991For the sake of clarity, an RQ el enent POEYS2005/009998
contain a data structure conprising a part of the IR
information, all of the IR information, or independent

to orgalniz‘@dlﬁﬁmt@hd)keﬁarame@&agé trap&midttorisRnita S IoteTe @fhgle interval.
endi ng on the detail ed design of the enbodi nent.

The lRmmé@entalm RthexCentabipformation assper Gaimmig).cont ai n
the Address and interval Length fromthe IR on which

| f Chik Dk ;
The R PEREStif Seiofa offeroiMkork ¥ riS808 1y 5 b Wt feastin
the IRMfagudethe R QA aantl isrthe ed:emeﬁ@oelpemides ofexmnatibrf for teaekement,

s FRAUB Db b BAL R S PRk S
data sthucti®&dh ngﬂng% g%ﬁ@fﬁ{eermnﬁ@mswdh td||rmm@m9nfohﬂaﬁ&$tor

estinate Insertion Algorithmof the tine
indepepdant mfm'rrs@mcplus someegrsalhef theHetintfarmadioal depending onsthe

detailef iglfet COMRhbRImaME HbEETLE WE R AR, As W minimum,
contair thecAddriese =Rl intervaialargtiefrom €/l IR oh eV lta@%@%@(ﬁé FIG 6).
with said nessage's Associated IR it is called the

For theﬁ%h?sﬂﬁ @esqru?élve TREVaRigASe the R Gelerpentss arg %IScha{kPFé‘R?R There is
one an?%fjrﬁg oR¥ nggger@ﬁtehf‘ér%fahéd’w#ﬂﬁht r'é%}awgswg' Iﬁ%ﬁ'alggerllé gﬁ

Algorithm amﬂluatlmﬁ BaehdRsasean elaménidh théRQ basiassbciatedwith it a
ternms of Mast er stem for the ,.and the

Transrjif Cinie 4014 BIROR W RS AMERAITB NG RESKRRETaE PY HadiQdcertion

AlgorithRBans tlﬁ?éﬂ?éﬁhé b&@mét%d%@@é‘édé) wHBiﬁér"‘E)%aI ?rr"‘ﬁo is to be

carries, on the uplink, an interval request 0
transmitted. h\élhﬂocrefmie@ce mnwledﬂereln(@dthleeﬁgnhmltmma (3 V] maessage as

such TiHSAR? e 7 Bbttieg 3 ther VS of Bl Efeshnfsinefatea Wit saia

messa%@’&fA(ssmﬁzla’ctéd | RMt e 6 8IR@Ethe IRTERINSMAETiAeS  7hé qwaAsrh® Time is a
ave vari abl e ien&t1I t he Al oha slot may

nse

be of
field of\the iIRIAdsiesi ethe\R E@nf'%lgoatmamhe@unadlfwngtth% R éem
place e‘ﬁé Ir# {heaR@rﬂﬂ%élrrﬁf Tﬁﬁé Fsdmleg%reléoh ténﬁs %?H‘Fe Q}(ﬁt&lnaérlr%él{of the

onal ‘con nessages nay used, or r

terminadx mttermstdﬁeh@Mm;liemﬁyétefm@ldcklfm WHGEL antl tBeDidcak®ystem
t hat th(? E&% slots can be designated to

Clock beEPB'bP St theintended IRV6 without such
i nformati on being provided on an individual |IRM basis.

A# interval request message (IRM) is a control message that carries, on the
uplink, an interval request from a CPE to the HCC. The IRM is of fixed length. The
IRM is of variable length. The IRM is depicted in FIG. 6.

An Aloha slot is a slot of size fixed to best suit carrying an IRM message. Since
IRMs are allowed to have variable length, the Aloha slot may be of variable size, with
size for a particular slot chosen to fit a particular sized IRM. For the sake of clarity
additional control messages may be used, or rules must exist in the embodiment. for

this variant of BSDP, so that the Aloha slots can be designated to appropriately fit the
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exanpl e, the size of IRMcan be based on the tine of
day, or the enbodi nent may include different types of
WO pios0ebs, as designated in the Type and Pri oPCT/yS2005/009998
field, to carry different size IRVs, the different
size used for the different types of nessages -

intendeRERMPHithe Ut SBSS rFesnaorlbéihg ROVIdE] o Emdividigal IRM basis. As
preferred enbodinent is that the IRVs are of fixed

examplgj the sige ofllRMhear hgdasgdpn thettinog of dppher thegnabedigeast may

e 188 e AT o4 B AR 3RS A B com
differenhsizr IRMS, the differentdizenusdd foh tith dffferemttypypesnelssaGsd s

carry different types of Aloha slofs, elther wth
perhapgifer iBpeRrIeLPhefespNt sarvicas 1 f Bediefepiadepbodimenidsthatdhe

IRMs até’ BPﬁlxécPsi‘igrfBVafl %3%9%% a'ﬁ@‘iﬁapﬁ\%nAIBthlcﬂQ%lré( of %‘i%<ed size.

ransmtted a given n er of tines an ave suffere
contenti_on on those transm ssi.ons, or variations
ASBizare inwalspassigied on theuplin tor calypa cantig@ussétt of one or

v A A Ao e e 4 A0

types ofd RI3NY slots, 2ither Witd! diffeem esnidtalr with @ifﬂé?éﬂtﬁ%ﬂr?oéee nghMSBI is
a

ownst r eam nmessage origi nati n% at the ) )
typed te gatryilRbs/ that Apve heentaevieuslyritansiitted eqgiven suaher of times and

. o L data in. ¢ o
nave s SH Uohte AU ih pake FORLERMIHE Br LSRRI, 1 pppicator
ID and/os Type @hiloPAd it field bhtiee IR forth®ASBifmagbeaisedite ddigviate
distinctTo? Time field is contained in the nessage header of

BldyRefessage; such field contains information used
to precisely define the transmi ssion tine for that

t didud @Pgﬁté Mesé A Q’EQUTW) iVaséSitrdiRiddsage that is a

whose transm ss has n arted yet) at the I'nstant

variable lesgth dewRQipais nMeassageiorigiatingiatthe $1GGkeat aostaing variable

to.the exact transm SSi ti g, of the - i, e the
numbel &l Rabebls SRE Py el bBfrpTRAa e g BoHES the
messad&UWM@ENE piéseis annsan plaIRQUNsRictuRs hadlis RcofdtRateddin this
el enent of the Master RQ thereby providing the CPE

claim bygelerenes.ty to adjust said Transmit Time as conputed
locally. For the sake of clarity, this variant allows

115 SRR 940 R Al e e Bt ot
message; such field contains information used to precisely define the transmission time
for that message that is at the top of the Master RQ (i.e. whose transmission has not
started yet) at the instant that the RQUM is transmitted. Time is taken relative to the
exact transmission time of the RQUM - i.e. the span of time between the transmission
instant of the RQUM and the planned transmission instant of the top element of the
Master RQ, thereby providing the CPE opportunity to adjust said Transmit Time as
computed locally. For the sake of clarity, this variant allows the CPEs’ Local System
Clock to be locked only in rate to the Master System Clock, and not in absolute time.
The RQUM Top Time field may be carried in another control message of the

embodiment.
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The RQUM Top Tine field may be carried in another
control nessage of the enbodi nent. The RQ Depth field

w0 200809191 ned i n the nessage header of an RQUMPCEBESHGE(09998
such field containing informati on used to define the
nunmber of entities in the Master RQ at the

1trreamrm®t|¢metd REcoMtainBe |Wﬂé§%ﬁg§fﬁfelaﬂbﬁéf aﬁmbwmessage

ing measured in: (1) nunber of nber of

such flﬂlﬂr@@nta(lamgtlnf?érr%@n u&e@#ﬁom%‘lmﬁmﬁmi@ertmeﬁt@ssm thrgMaster RQ
at the t F\sfrﬁ TIBf‘qﬁrgﬁ% J@?N@Eeeﬁncgsggg%hngaﬁgésgﬁed in: (1)

numbelﬂﬁllﬂs £2nnilimpeo of MJTlﬂ@;I (GD tinecspd frbm thedyotinh €the top of RQ; or
articul ar to an | ndi vi dual enbodi nent. The O her

(4) othe@m@@gpreprg SOMYENIERCE: el d contains, as a sub-field or
as the whole field, a data field caIIed an RQUM

ﬁ@@tﬁér CEh@ol mfomﬁ&h ﬁéIGVdfqﬁé m RQB@Léa%rbhah RQUM is null,

a CPE to determ ne that an been
or contamlsme@pntmidnf@xmaibba pafrticiiarouan Oslivideal ersbedimesitd Toe Other

contoJRSHUERCHN Bt Y 5B SRR E80, i cated
an RQUNMC agater (PIG . 8YBkich prowdes informaaei tHdibive ane PE foedbtermine

The O her Control Information field contains, in a
that an RGJIM hag beentmissadoaed example af T R@MaCeuntesisiadield of some

fixed nuffifet GELROANR (RN ERRa0Ry (A0 Lng 1648S: Alltber is

SSage recei ve quéues
reachedz que\ndxde iMcreivizsd dgto 0efozicaehRAURS trlanismhlttms Sﬁl@@@théﬁ@ontrol

ecel ved. These ues are filled by t
'nformat@e écfe\tﬁ "é%" 9 fysuk-ge &i nglllj‘? wiolg diglhyp RdAlPata %‘iﬁkﬂcture
service appl ications. There may be one, or nore than
THREHOT 3PAACPES RINAInHHE8S SRRy farsrftGudlls 'aﬂdéfﬂesﬁ%ﬁe rle)c/:eive

Each nmessage receive queue s assigned to one and on
queuesdhéS8pplanshz) onthevedwialen itsel f be a router),
thereby facilitating routing of nessages. Message

MESERR kiR it P RoRERARETer el o BEREbbea L d ek
queuesar@FfEHedrbyl theaRetéiVe Ryutehane ar@timdy s@nwedtbyadbrame and service
ssage transmt queues are filled by control and

applicatigey BerymaycR PERsORMIra fhan phe| esergrEpapive féeues in a CPE
o in TS, R mEShigb oo HER oSl ERRTHT Py one

application (which may itself be a router), thereby facilitating routing of messages.

Message transmit queues hold messages to be transmitted. There may be one,
or more than one message Transmit queue in a CPE or in an HCC, or there may be
more than one. Message transmit queues are filled by control and service applications
and are timely served by the Transmission Scheduler.

When a service message is presented as input from a SIM or SPCS, according
to service specific policies and the regulation of the SACF, the message is stored in a
message transmit queue. Placement in this queue is by means of a placement

algorithm, which can be FIFO, or a priority-based algorithm that places higher priority
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to service specific policies and the regulation of the
SACF, the nessage is stored in a nessage transmt

W@ ®se991P1 acenent in this queue is by neans of PEI/US2005/009998
pl acenent al gorithm which can be FIFO or a
priority-based al gorithmthat places higher

messagesi g ad 10188 RFASd HforasquickiP i SR ¥REsaHE Fafshfitduede? When a
t he nmessage transmt queue. When a nmessage arri ves at

messageraiTivep abthe kep glitheequeye,jikiseangidaie dor pext-to-be-transmitted.
next-to-be-transmtted. In the case that npre than one

IS 898 dé’t”l%@é tiHtEYfe 'rﬁeé?a?% fAndrhie gpggiag%u%%? affle HCC or

the specific nessage tran ueue s
the CPE:;Itheespenlﬁcorheasage%enb&qmuap@llecteu fon placenteiteyfi medsage by

an appIHigh Sfets aiard BicRarectoroim o fieynaneRds dRcluing but notimited

to appliBhae Frisvity lndd9pEr Shd SeR§ingi nating with a
control appli cat| ons wi t hin or”CPE are al so pl aced

in a nmessage transmt queue. Placenent in this queue
Gantrg) mﬁgeﬁorsglpammhta apaiseli annhpatmms;wnbmﬁﬁé: or CPE are

also pla'c::Eg 9\ a?{}eﬁ%gé é\dtbﬁ&f% Ega%gbﬁ%}g]dﬁ ﬂy l&@%ﬁ% py n('?%ans ofa

placeméﬂitealgaﬁathﬁg ewhicartﬁﬁ be NE@? or Wp?iibrlg/ pRss@aryaitirn\teat Phces
the top of the queue, I's candi date for

higher RISk MESBROPS SO lobe S?ﬁ\ée%@u%gwdﬂkl@ethem@ssageatransmlt
queue. dV\ﬁ"Terri ?or 5 déb@ Qrgﬁ/}%%%ttHém bf tHeSqL‘?@lPé Gt ?gcgnaldatg'f?r next-to-be-

version of
transmllmdaue carried in the HCC database is called the Mast er
Request Queue and is the correct and accurate version

f h R t st i mat f
e et E liatin s el tinia S8 il i dBiciedn Fio. 7
RQ is fdedeas WﬂbW‘s qHe Rersiinf dEtheReduddnd udVesiiey |B@1@}‘|@C
t hough t he BSDP net hod provi des the neans for the CP

databasegs eailed He Magier Begue eug anshig the corectvasd eccm@te version

ot the RERGpHE by E3R 52 LB UEHEBr EL VR SERUAR cveve

called thdXocw Rbzplidst Qeepe, hisich aal beRDffefient freral the Madier RQ even
a single queue of interval reques

though fecPSHPITIE4oR Rrevidesdsa Bleaerior the GBECiayaainig thelocal RQ as
a copy SAHL MASEEREGIGHe 1688 IQQZ@arPf)e Wﬁér@n{sﬁ%cé&esféﬁ)_%gﬁ{e amount of

variations I n message rates on the upstiream
time thes§BEadnebh ot reivecin farneatiohizoiml theg—l@C ﬂ'é@d@mmdmﬁhei lrocal RQ

. . e, unl i nk [ he downl i nk. Teba3| . .
dentioa Gioprdesdc B & s phdk ndsie 2 Rysael feditetrimeyding a mix
of IRs for service messages and for control messages. The size of RQ is set to support

variations in message rates on the upstream.

The system 10 organizes the scheduling of TDMA messages in the uplink and in
the downlink. The basic system functions associated with organizing and scheduling

message transmission and reception are:

Receiving a message in the CPE
Receiving a message in the HCC

-75 -



message transm ssion and reception are: Receiving a
nmessage in the CPE Receiving a nessage in the
wOBORoMIdNg recei ved nessages in the term nal PCT/US2005/009998
Transmtti ng nmessages Schedul i ng nmessage transm ssion
RQUM generati on Maintaining the Request Queue - the RQ

| IR&UHAPrecBVER incBBxgES Rytheheeriidalt i on Upl i nk
synchroni zati on Regi Stration Creation of IRs and | RV
Tr HABRMING MMe$Sad¥®E The i nterval request spreading

f ' WaTal ol uti on ASBI and Al oha sl ot
%éﬂﬂg%%@ﬁéh%w%pﬁﬁ uti

sc G ven that a CPE has achi eved Downl i nk
SyRQkiNdgeparation a method is cl ai med when integrated

RSl e < PR BRRANGErR « P rg
neRQaaymehirontizatied for it, and for the purpose of

bntai ni.ng Downl.i nk Synchroni zation. In the variants
gﬁ"@ﬁﬂﬁwﬂﬂﬁ%@”éﬂ =) organi zation in which there is
GRégisfeptiore, the CPE causes its downlink receiver to

acqguire a deno te each nessage i ndependently. For
vaqgrieéﬁ'f’g %ﬁ%&mﬁ €channel organi zati on where

NERaAgRIsHO] of fRKAsguous, a CPE, once having attained
Downl i nk Synchroni zati on, collects each nessage on the

dolif inviRrvebragyeshspraading BicH®Mabl e to reference the
rrqw%n@ﬁighnegb@lﬁgni n the nmessage header, and by
th

I s nmeans determnes how | ong said nmessage is, this
prAvwBtang Adoine sled scbedulingei vi ng t he nessage contents
i f appropriately addressed,
Given that a CPE has achieved Downlink Synchronization, a method is claimed

when integrated into the disclosed method, in which each CPE monitors the downlink
for the purpose of selectively inputting messages intended for it, and for the purpose of

maintaining Downlink Synchronization.

In the variants of downlink channel organization in which there is Guard Space,
the CPE causes its downlink receiver to acquire and demodulate each message
imdependently. For variants of downlink chann el organization where messages are
contiguous, a CPE, once having attained Downlink Synchronization, collects each
message on the downlink to the point of being able to reference the message mength
field in the message header, and by this means determines how long said message is,
this providing a means for receiving the messége contents if appropriately addressed,
and a means of determining where the next message starts and stops. The method for
determining message boundaries is strengthened by a Downlink Synchronization
method used to assure that uncorrected channel errors occurring in the message
length fields do not cause the CPE to lose its ability to locate messages on the

downlink for any significant period of time.
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and a neans of determ ning where the next nessage

starts and stops. The nethod for determ ning nessage
whowsterdes i s strengthened by a Downli nk PCT/US2005/009998

Synchroni zati on nethod used to assure that uncorrected

channel errors occurring in the nessage length fields

TRe HTC eaoitors ke GBMK forlthe purpEsedi iniguttin® mexsalges, and for the
nessages .on the downlink for any significant period of

purpose jofmattaimacaHisitionaand fraekingin arcerdan ceavith it seedfici n
embod it nlgql At an§§?c19f%gi rfe%lvtepﬁem‘boréﬁﬂég é’ﬁq ﬁ@{:ﬁ%@é Upstream

acqui sl INg 1'n accordance w
messagamci fi ¢ enbodi nent. The HCC-associ ated recei ver
dem)dul ates and decodes upstream nessages. The Receive

IV&%O{JE%H%%EO?\ l | C&icaglﬁa %lc‘fwésela%desalg& &OtIHCC and

the Cpg&(pf@geqi afd one HCC from the associ ated receiver
subsystem nay be intended for the HCC. The Receive
Router at the HCC nonitors thenessages received from
Ahgessagrsirageives & the s frorethacssasdatesiuiessiver stibbystem may

be intefEPIENCL, T RePelEIRARE ACEEHE . oo themepagoes
receweﬂﬁrdrh&h@?&céi@mukisqs&nﬁ betheede@uand reatis/g@n irmatédidance with
recei vi ng subsystem of the CPE and routes all Control

their mﬁwg@ehwwsﬁﬁ§§§@@§mmﬁé? mgssaggdeesiedaueueshe  bplRegeive
Routerta? tr% e cf miMitols fﬁéemgggagcco o%WeH Frbfh ﬂ‘%oﬁéb‘ér iRy Subsystem

sage recelve queues, In ance Wt
of the Gﬂ%EeamierdmdamjaH Condiol ahd sRedes weskagesy thhtsararatkirassed to the

CPE orlogibyES g1 Bk e EREC S Wataa tobraivala EeseRgs fageive queues,

in accom \thh their ARidshgatHeaetd ééfTﬁé‘ReEBﬁ%‘%uté\fﬂ*scards all other
hereby directs sard nessage to the appropriate

messamﬂol ication in the termnal. The Receiver Router
coordinates with the |ower-|ayer receive functions to

j [
S e ORI S0 s ARERA 000 P g essage, as
determineel Dy arsimsssithe aji«phe@tubrerD ofthe message, anglthe@byalrects said
whi ch resides, | n both the HCC and the CPE. The neans
messagg tp the apropgiate application in the terminal.
The Receiver Router coordinates with the lower-layer receive functions to aid

said receive functions in demodulation and tracking of messages.

Referring now to FIGS. 1 and 2, the Transmission Scheduler is a control
ap plication, which resides in both the HCC and the CPE. The means and methods of
the Transmission Scheduler, or equivalent functionality, for affecting transmission of

messages:

The Transmission Scheduler affects transmission of messages by causing them
to be taken from the message transmit queue or queues and to be placed in intervals

on the downlink. The Transmission Scheduler at the HCC determines the interval size
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the Transm ssion Schedul er, or equival ent
functionality, for affecting transm ssion of nessages:
wab@s0yEssn ssi on Schedul er affects transm ssiPCI/U8§2005/009998

messages by causing themto be taken fromthe nessage
transmt queue or queues and to be placed in intervals

on the d?ﬂvﬁh'ﬁﬁ ol i of Tﬂéﬁsﬂnﬁl@ﬂ‘ %boﬂaﬁgﬁﬁé%iéﬁrsﬁedd@ &i&-CPE is
determ nes the interval sizeon the downlink at the

given theiinteneal sizams andAssociated dR Tonas wiplisk dlansoigsionerA yariant is

claimed i Wifith¥ Fhahefissbh RSP Jaf RithfsTerEREI P ibesfioe in 2

slot. Vdrioais kriswinsstheds 3¢ kadsingrdaaa ge6dss bf ﬁfé%@b?&b% K transmitted on
message in a slot. Various known mat hods causin

a prlontn&aalsg%@p% TOMAdinkdyay begissd by thes FiansatissienaScheduler.
pr|or|ty basis onto a TDVMA |ink may be used by the

M shaisidn Wé@{ coJlﬁﬁ\aTééﬂﬁtWtﬁ%'t%s%Egﬂ)‘H §lbsystem and

coor I nates w ransm ssi on subsyste
schedules tnmhsl;&g;em&sﬁmgmrd)ss Medefaoests thlssesubslysntémcte etffect the correct
sm ssi

ransmigsiod g PRETEHS G s TR BeSRRGS Riferaian accignso that the
subsysteRFEHS nS&intdIA doWHR trdhs HidsRBYE Qﬁan@?fhlﬁélah haglg &hé& <'ﬁmhe

nmessage transm ssion a s SpeCI | odi ment
embodiment.hd nctheecase efttbedtonmlinkisthig isi ascbstlrwmtranemmn of

downstieAfLRESSRES S i BT THEERARE olbip o ARabir 28 every

interval eentai iMignEandratied rbedadge darRgeT i@ transiissibhas etherdly
i s coherently transmtted across the interval

transmitieq ﬁgm%ﬂwe intervakbymiaries. tAqtethedéGCmeﬂ@ RBSe diere message
transmifr(?@élrcég (\‘)tﬁ“@xsii?aﬁd@ F@?’Hg dthEGI'rQﬁs Q) h g%"n%duler (frraates and

ansm ssi reates an ules

scheduleesmagmsségestﬁbtmdtted aswonesnient féraa partiearar embadiment. A
riant i.s clainmed

variant GRS Whidkhe SaoH s Aimevs bas @ya%\aksm the; Tiansmission
Schedu@?%@ﬂ%{aqﬁCthdrﬁl%l H%s‘“a%@srtﬁéth § PRIShddfdd f&rare no other

sche ed If ere are no ot nessages rea
messagesaegdy Jor transmissidn.ansm ssi on Schedul er onl y causes a
massage to be transm’tted if there is a nessage in one

a but transm,ssion i . .

e HERTERSRAS AR by FotEs o WbRER I hR O Bhrafied i there i

a messigs hogAetad tﬁ@%é@“ ageSy@ibrhit gUeles MaltaraisenBaith RatiRRilired such
nmessages. For the sake of clarity, on the downlink

that signals ar¢ |sphigsnt frgipeone message to anofher even though there are gaps
between messages. For the sake of clarity, on the downlink this flywheel-type
transmission mode supports accurate Clock Synchronization at the CPEs so long as
gaps are not too frequent or long lasting. On the uplink, it can support more rapid HCC

demodulation of CPE messages.

The Transmission Scheduler only causes a message to be transmitted if there is
a message in one of the queues, and modulation from one message to another is not
coherently related, but the MTU transmission rate and the symbol boundaries may be

synchronized across messages. This mode also supports Clock Synchronization on
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transm ssi on node supports accurate C ock
Synchroni zation at the CPEs so | ong as gaps are not
wo owshe|guent or long lasting. On the uplink, PCT/TSIV05/009998
support nore rapid HCC denodul ati on of CPE nessages.
The Transm ssion Schedul er only causes a nessage to be
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th full n r ch.,interv
Transmiggn Shegs op e iRl Biefionaty e ke asekmple
emb0d|%h§§10ﬂemdﬁjs in both the HCC and the CPE (FIGS. 1 and
for scheduling of messages for transm ssion by the

Tr ansm ssion Schedul er, or equivalent functionality

Thei Tf@naamai@ree‘ﬁqhec@bl%rrﬁm mﬁ%sjwﬁhrqtheworrtrqhapmcamm to

S ty.9l
reouiat B FARTBR IS B SRS AHOTRERUELE BLBEH RBE LB wtin the
range- of—walmemréqwobdrbystag@nbodmm these are within the
range- of - val ues required by the enbodi nent. At the

E i T i SSi ched | dul
AT GEUE thé dRMsEesion e eabiaranty sEhSdes Agpeptagare
transmlg En 'irﬁo %Yﬂﬁfér%l &E 8ot #ItAS Gt ||§§yh8hr%n§é'&° Bié?f‘éél%@ in a

a CPE Synchroni zed when it has achi eved

Synchrmlmsatachﬁﬁﬁ ZaSyoehranizad whiendlyhas aohieyadi@ack RQ

synchraftihy Rsktig “suathspRiah RELS Ao BlkaBR: WPER ) o

Synchrdrﬁzaﬁth;r’lint ahfl s etéineld theaOPEROfREL. NRA G\fﬂd)ﬁ t@fslrulé is that
CPE can and may transmt at |east one REGM after it

in most yaganristanchembaflimepkcanysionad; 8¢ RE sgaantemay tranissgt at least

one RE?}V;’] Sﬂér i Aas %?fa‘?ﬁg{i '%\'Ilré%nkﬁ?on?ﬁloq %é@és Pafe h@tje'd"g&cegt for

roni zat nmessages

determiniagehé @PBYffset dndiipiink SyaohGotizatidner f or
transm ssion fromthe nessage transmt queue or

e koobiesh CRERR iperadrarire e fre Woiper Hopsmission Scheduler

for trandAs8lonROMAAE nh B8sage transmit queue or queues, or variants there of as

follows: the Transmission Scheduler monitors the top IR of the Local RQ, and the
associated IR Transmit Time, to determine if it is to schedule a transmission of a
message into a pre-defined interval or slot, and in the case that it finds that it is
assigned to transmit, the Transmission Scheduler causes the designated message to
be taken from a message T ransmit Queue and to be transmitted at precisely the IR
Transmit Time so designated. Said determination is based on the information of all of
the fields of the IR, but most particularly that the Address is the Address of the local
CPE. For the sake of clarity, the Transmission Scheduler can be required to cause

transmissions of several messages into different slots of the same interval.

-79 -



associated IR Transmt Tine, to determne if it is to
schedul e a transm ssion of a nessage into a

wee@sdefivned interval or slot, and in the casePCTiES200$/009998
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an exanple, a tel ephone circuit na est abl i shed
system brerdepio have aufflqam@nmtl@n aste wheo dottramam;t amssage
Address, but the assignnent of who talks on sal d set

. v - ol ECLLL

SBPATILAh g Ei EA hbe BBt Quper Conto

Informatieh eptifordn $iee wssori aléwk IR naGlives QGMro‘Bth’ffednh&d)n rthém'b\vﬁlowmg
i nformati og} fromthe Ser¥| ce Provider's contr

the detegipgtiandpy the rantsnglsg ehedyjlerph a sigt whlgrmtd? ﬁépse A variation
is claim&@H tvhlc rhatnae' rh€§’§ g% 8&3uPH§te‘a°§lIc!rP! at Yivd ?F%ﬁé?n@éi@ﬁr%&r%duler,

ave sufficient orrrat on as to en to transmt
or associateslayplicstion, dieieatnlms eardfoonly < sibt ﬁ)rzteanmlsslomoédihe message,

wtn eS80, P ol i R S g v

used fort IRV eRNsAiSS1Bh NI thie vEIBARY iBTuselifep o%rtthﬁn TRRRS S RbOhe
Schedul er of a slot which it is to use. A variation is

functioncfdhensiisalesachinethadl do iesalve sontendiess jaaslets. s Udie loealt

apptcalgh GHHITe3E G Uk fespBpoRpSAE LERMAEI B3l Bhcs win
their panieaRargeethods hthistgpicalyr lsélﬁg@lehﬂcé bﬁbll@;ﬂl‘ﬁrﬁ;ﬂt F@ﬂthessake of
al lowed. This varitant is in fact the variant used f

clarity, if {8 (7%i¥REb fese TYiCe Massagepalie $ECSuaeP fcations Mould typically
provide %\ehﬁﬁagﬂ’@ crderFst%t:n@erp g%s<§|[iﬁ r:; OLVE@‘“ rgfwﬂf) tﬁ@%l% é’ﬁ%‘ﬁcular service.
The prapiital vatueooisthdetser of sletsiby sehdces srthahbnges uﬁed/al kengishs can be
mamtalné)cP %Irel t?éﬁsrlnljgs%%(:g; gho gr rwetsgages is supported — a characteristic
affecting over-all channel-use efficiency of the disclosed method. Additionally,
efficiency and flexibility may be gained in having this capability available. The
Transmission Schedulers for each Synchronized CPE and for the HCC update RQ by
removing the top IR element from the queue, and possibly archiving it for future
reference, such removal occurring at the IR Transmit Time for the top IR, and occurring

whether the associated message is transmitted from the local CPE or any other CPE.
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their particular nethods, this typically being service
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such renmoval occurring at Transmt” Tinme for the

top IR, and occurring whet her the associ at ed nessage
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may be g%nm%gpg ?hpq%llc(@t;{ g,tgonquca jpflea%Wﬁ{e mr?& g{zﬁg hen{gg%@mto provide for

uplink s&ll‘?ﬁﬁeemeéﬁ%é EéassBQtlél elﬁh Ninfd 99 mw&&tfppértfggalsagpother

ansm t queue
special Ggpe ahd Rriogity.oAtsopthe BBCI&sqmeytgeldbnagEIrRSir(dssesntlally scheduling

CPE traP REaa) REoRPHLp 47 DePUrE o B G Iegh PR DRGNS @ poo

of IRs (tAkMasieP iR FR)) Bs d%bﬁ,téd kaleX] tAHfPRas?odreesJUtreet fhir IRs to the
accordance w th he BSDP net hod, and requi r enment

RequeSbMamacanmnttconﬁotannieatlorerrbﬂm bt s. For the sake of
clarity, IRs may be forned by the HCC i n support of

F‘?&‘h t\’?ﬁe%[ﬁ%é’“bﬁﬁtl %P (ﬁ%' c)ll’ %eﬁ% Hf?hér‘ﬁkthe quest
ent PHJ% S%%I In Bﬁ

rvi ce nessdges ervals

Manage$|f@m$e anrRCDUNBaN@btaoefs itdh emes page atan‘émtaqaede The Request
nerate

SPCSs nmay. ge
Managey GG iREroy e MaRieT IRy SopHo oAREH ETUMb plaging thasa in an

order m@?@?b@nﬁ%&‘r‘%?%ﬁﬂ”?#nﬁ?t& I'B%cg:%gta'gg a'ﬁ:ﬂ%tﬁci@?é)hlalmed

herewithAvheh ﬁhemrpotmed ihtodbe BSF metﬁedt oAt\taaflaRéapJelaimed in which at
the time|Gh1aiTratieh REMeISCUNTHEIEYY Pypiale TR uF Feked g HiMaster IR Pool,
said varRi®etdppBiing r’éb%l iReGVAISScheduling-response to requests. A variant is
claimed in which certain of the IR are selected from the pool to form the RQUM. For
the sake of clarity, this method can beneficially supply means to give priority to
requests or o aid in regulation of channel loading. As a variant claimed as a part of the
BSDP method when integrated therewith, a message transmit queue in the HCC may
be reserved for only RQUMSs or for RQUMs and other high-priority Control messages.
For the sake of clarity, the Transmission Scheduler would typically serve said message
transmit queue with high priority.
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transmt queue. The Request Manager takes IRs fromthe
wormEE991DR Pool to forman RQUM placi ng t hesePCTIUs2905/009998

order in RQUMin according with any standard net hod of
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channe g a variant claimed as a part o
RQUMsEsBFormeet amdiransniitied getodidally) evieati e IRa are psagent in the Master
transmt queue in the HCC may be reserved for only
IR Pool P/E or for RQUVs and other high-priority Control
nessages. For the sake of clarity, the Transm ssion

TheRegh st Menddertpypiges the REY Meeld Betappigagiontin the
queue with high priority. The Re uest nager schedul es
HCC a mymrf\aewmﬂemhm w%ﬁ«% ﬁc%d n@@la@éseg@ﬁwmlt queue,

i il 003l L0 en A AT BB Rehcna
said meeéa@erltréhsdm?t quﬁugr V'Eholls adliorais |adtcgta:! ¢h &iGed byrrTl wgtted line

re far an tted at i ncl udin
conneciiRoe ReRuashIRIRGH ith AT DFetignANE R Ted 11 o

control appllcatlons in the HCC. RQUMs are forned and
Ad Rmsmsteh% A8t QShfr@ﬂarbmueaw @i‘tHeFﬁchﬁaﬁ‘d in the CPEs,

accunul ated in the Master IR Pool. RQUVs are forned

receivesRQUMa vl plaees therRsdramithgse RIVIYMS, porsibly espnedified by the

; i I

R nsdrfigl ARl tRlE 58, ReGastitiley PRt o e ARE A E g the

Master RE§uéstcQigu® velsichoPtheeRQ |Atite SFEE Y tHEARY @p‘e&pleded in ¢he Local
message transmt_ queue, said action to occ

Requesé Queugarsipnyef 882.n Pk the: satie of elartys ithaRQ Ha$eﬁtlﬁe Argoithm

carries O i, B nipSieht 2 41é i GRRR A ME or 8 SRt P the

applicatiRareesiveSteraBAUM it placke tROIRs frent this RQYM it RQ. An RQ
Insertion Al gorithmcontrol application, in the HCC

rﬂg bgﬂlyme?ﬁ 5’ the RQ Insertion Algorithrm embodied in the HCC and
CPEs employs an identical algorithm for placement of the IRs in RQ. A variant is
claimed in which said algorithm is static and unchanging in an embodiment. A variant
is claimed in which the HCC can send parameters or software updates to the CPE as a
means to change said algorithm, such change to occur at the same point in time (with

respect to placement of IRs), in all terminals.
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into the distiddedmettfodsas B viafiaht.| Rs are placed in the RQ with
thelr nmut ual order| ng preserved, whether all IRs are

resent or no and every IR placed in RQ arrives

1R @osB b forrR) IR:icr e DeEdMcl RE inguchss v id e Scheduled IR
Transmgﬁfi’iW@ ﬁw@nﬂﬁ& dgﬁe& itk \Aﬁ%ch as"\‘ﬂ%g il t@PEhﬁlth a

scl ose I'nsertron
specificiGffsaidbelay dtasR)re=aly passedasTdmattmleesagereobﬁethdmgtm éiQIR that

meets i debcaplial 15 8ougiaiefbe IBnsmison, clvin extaniBa e E s tMines
that RQH@%W&btyEit BRStr&fily ReBCIHaR QUM TRRW ihfR, %rtec%lhﬁalgﬁ%%rfhat all CPEs,

t to be taken fromthe queue)

lncludlng Khe iansmitting G oa €& REs: cEnrestalishdtie A ssociategr iR leefore this

rransm5ite A1k STHEFREG B RA oo AR Lol B P
that it dbéenscpiagsliRg i fRelMas®NRQ T theiriIRITrahenis S’ﬁﬁe Eltia%Cbassed before
interval, as neasured at _a specific CPE wit

they aresigseivedeatdhe §e'i’EsaeTa§ HGa geapraigay rpjdblgéarvarﬂﬁ ard thgyBRQ
Inserﬂorﬁ%{lgclﬁgﬁ@fée’t' tﬂo Cad?dég 4 Q@émﬁ%&rﬁr&l Mté(ﬂWbehlé Thterval

ransm ssi
has highizst @rioritewheh pladeq inR@QUM snd stichuintetvadris Ipyace@t in RQesuch as to

) M T Ti me, or, equiyal ent, sothat al |
have ts RRSPRIRTSR I RGPariagSran HereT s gy NBpEg, aetelEsrhedler
transmiddién WOURS 5@ EseibR B MR cldES IR arrives. For the sake of clarity, it

provides padding at the start of RQ in which no one transmits on the uplink. Therefore

receiving this past its IR Transmit Time is without consequemnces.

The RQ Insertion Algorithm culls or deletes IRs from RQ in a known way in the
case that RQ grows to a certain size. For the sake of clarity , this is to control the
overflow situation. It is to be noted that one method of controlling overflow is for the
RQ Insertion Algorithm to throw away any new IR when there is no space left in the
RQ.
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the HCG‘@hQ |4dedf inQhe I\V@étBPR(’PfarﬁOélldhORb'UM IORRHWIPVS At tfooéll CPEs, or
Insertion Algorithmto throw away any new IR

dlstnbut@ﬁemth rgame effectbypsemeegther metheddegh CPE uti | i zes
an RQ Synchroni zation Al gorithmcontrol application to

e I b Supal ical (i .
e e S
the RQ B@éh;]roalzatlbg Alggrithen has B@L@hﬁﬂihntmﬂheaatdndmamr%fFIQQ Synchronized.
nc r0|ze arlso r i dent ein
For the&@m@ rmé %&ﬁ%ﬁeﬁ@a gingta 96<da|nohbci§va owagg The
HCC |s%%§ EyRFFoNizEg Pl acement of IRs fromthe sane
or e

uivalent functionality, as is illustrated in
FIG 8. For the sake of clarity the Master RQ and the
Tihed3dC CRouislesdnformatipn @nm regitanbasis ta & CRbose tthat theieRQ

Synchrog%l}ﬂkgﬁlt%lt SF ﬁ“ﬁ%?[eto!ﬂgﬁ tpblﬁws%g rdfaheecet‘&é ﬁﬂ%@%y&?h@l\%tlon and
establls}‘NRIQll BRTCOMizAtiom. HARy aﬂﬁro@bﬁ(‘rﬁdwdlhgtél&:h'\mﬁirﬁfatﬁﬁ fréffithe HCC

Mis forthwith sent to all CPEs, or

to the CEEslﬁrQHM‘teé'dh%eWﬁtht whetharsushrigformalio isyarayidesk in the RQUM
messagg%togyﬂgBLh%anoh?a{lgﬁ eﬁjérﬁéﬂngsb?‘?hgﬁ sjﬁfb%edtarn%g £ dl9he!dhke of

roni za
clarity, iSgrecthiaracteaistio nf Medisclosed masthbddbahtheidnly rdascméhat a CPE can

be out i K4 (SypCReoTEROR I SRS P g I atEESRIRS 1 ibre HE G
informafél Mt ﬁ%@ beEMsent by the HCC.

Some or all information necessary to determine, establish, and maintain RQ
Synchronization is carried in RQUM messages, such data to include, but not be limited
to RQ Depth. RQUM contains an RQUM Counter. A detection of loss of RQ
Synchronization may occur because of the difference between certain control data
received from the HCC and the value of this same control data as computed by the RQ
Synchronization Algorithm from information available locally to this application. Such
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Synchrdrf%ﬂ%fn%eﬁoﬁg éﬁ@lﬂ@é‘adﬁéﬂh@ﬁ@ﬁfo’fﬂ% qéé'u@Wﬁh lﬁ&?rr@E?ETransmlt

go out of” RQ Synchroni zation. For the sake of
Time. Sﬂ%‘mﬂq meanaiage @tmmem asna pgridétleis vianant as fellpwscPE(13After an IR

has reaélgeeq ?%‘éﬁgg’{ af? tA)gS !E? Egﬁ(ﬁggﬁﬁggeorfb%—ﬁgcgﬁén@?@hg&ait 't ﬁﬂﬁﬁt be

said to W\iﬂenhte IWheast RQUN s Bdun reckivedraftarahisoeitamilReAge has
nchroni zati on between the tinme that the

been reapied, bk andiR, 36 D Sy GORIARIARN bepn anefimiR themebyhihe
assomafetd ﬁ%ﬁ%%@ﬁaﬁﬂeﬁr&{sn‘ﬁ@ﬂ%ﬁgn i Iﬁeﬁbh%gﬁ{no}er tl?% with surety

such ransm ssion b
of belngdmmnnmrednmﬁmmmmrbITmedaQsMagagertgua‘rantaesean/\RmUM can monitor

the Mastit I and ESTEARGURTRE ol FAETBER FreEheES R et

processii®effective. Hence if such an RQUM is not received the CPEE declares itself

out of RQ Synchronization and does not transmit; (2) After a certain n umber of RQUM
have arrived, once an IR is in RQ, no further IR can be put in front of it, then the
scenario as of (1) herewith; (3) IRs cannot be put in front of a certain number of IRs at
the top of RQ, and once an IR is in this group and an RQUM has been received, then
the scenario of (1) herewith applies; and (4) Any such technique in which an IR can no
longer have IRs placed in front of it in RQ, and RQ Synchronization is confirmed, then
the scenario of (1) herewith applies. Message will not be transmitted until control

information needed to detect loss of RQ Synchronization has been re ceived (normally
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Insertion Algorithmplaces IRs in RQ so that a CPE
w Il be declared out of RQ Synchronization before any

w0 Roseglabes the top of the queue with inco rreRCT/US2005/009998
Transmt Time. Specific neans are clained as a part of
this variant as follows: ( 1) After an IR has reached

in an R@UM)fftcﬁh thé RQWeaitel RS ABaOciated W?@éltlbﬁ iPRT %ddetérrﬁfn@ﬂtto the
m ght be said to have tenure. Wen an

extent tm@tgqulé%wﬂlri&elap@e inffeant of fifrong &tues RQUMag eF%t@ew@é(ﬁ of
clarity, @%ﬁﬁb}%ﬁ%ﬁeﬁglﬁﬁy %g@sﬁ@‘?@p ﬂg't égglgcg&r@&grlrabnesmltted in said

vulnerabbledinsarpetied imtdsvahieantl R reaches the top of RQw th
surety of being transmitted without error. The RQ

B 08 PRI e s DNVeRR T (4 SeAIEN fgehamems

deliverir%&)’cﬁrﬁf&%foﬂﬂaﬁé@?@% CPESfARs FianerQoI¢6r écﬁuﬁau@ht)%es not
is not received the CPE declares itself out RQ

arrive aisy RRr whithinethistimerapado g GBE declarssiitself( @)t okiR@r a

Svnch certtaln n unber of RQUM have arrived, once an IRis in

ync “ﬁ&aw further IR can be put in front of it, then the
scenario as of (1) herewith; (3) IRs cannot be put in

ThedRQ Sfnchresizhidm Algoritien S?ﬁchm‘llﬁs mbel_dda‘DRﬂ \Aﬂ@themﬂhster
once an IRls inthis %Qoup

RQ. Wheran\R@, Synsbrenigztian-alegrithm &ﬁtezrmmﬁ%ﬂam i%%lﬁmow RQ
Synchrcﬁ'ﬁﬁatﬁ)ﬁ) ﬁﬁf\?/ﬁééely @%%@WR&@A%%&?%@M&%%@P P the CIPE

aced ront o
into RQSynmhrcunzat&m oMl Baclt prddeseesl are blaimed essaheprcesses sijdrjng the

method (gt ey OhK GelenTiries L aH 0 presantd ihe asksiREAie Hipsemyin the
Local Réy Wl’i‘({éﬁ’ 8LERId ﬂ’r@z Qe he]TPE %@él&qg tfé“iﬂﬁﬂ@'ﬁd'(‘ﬂeﬁpstg@"& to be

he HCC after its Associated IR position iIn
RQ Clearetaadr(ﬂhwematCI%‘E i« RéhCleanaall %nDRWHMa@tepR&ew daleted

from the. [ 86415t 4 cbinBaodhe B8 1T P e & ApbRnEEieT i i nq Mggter and

Local RQearenhade estillystizted $Fic 8l Uorp sbthplstingastepl(2) hérdvith, possibly
period in this variant. There is a_naxinmmtinme span

also ha\ﬂeg Iakan aggilipna)cosdiinationslepsetieanPEs siid ta/ke REY
SynehrdfRd 21 ont) does not arrive at & CPE within this tims
span, the CPE declares itself out of RQ

F$§3n©rpresérxtata state diagrad® obpncixaomple ]Q Syneshgurization Process and
is incorﬁc’(}/rgf:edr r?grle\zfv?t?l t;yhr%felz'r%%%le 'E(gr Wmet Isqalgelq of c'\:/lg?ﬁy(?‘rit is assured that the IRs
in the Local RQ always have been placed in the same order as they are placed in the
Master RQ because of the ordering property of the RQ Insertion Algorithm. The RQ
Synchronization Algorithm performs the two stages of the process as defined herewith,
but waits to declare RQ Synchronized until it confirms the state of RQ with information

received in one or more following RQUMs or their equivalent.
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RQ Wen an RQ Synchroni zati on Al gorithm determ nes
that a CPE is not in RQ Synchronization, it tinely
w0 piosiogties an RQ Synchroni zati on Process, whi CPCPUSE05/009998
the CPE into RQ Synchroni zation. Al such processes
are cl ai nmed, such processes sharing the nethod that

THenclublorfef an RaieM ®a¢|nté|' rd\ﬁﬂéls" §$1$éﬁns fortthe Rdast er
are present in the Loc such is the cas

Synchraeat |9§”§,*Hi‘d°1d@t%€"% it P BCaMorLallRs soit RyJhg HCC

over a G S840 of e e HEE Bt uCHlpdrd (SR e ibing g state

conmpari sons as to presence or absence of IR in the
Ehxaene of aevderiabpassibl® rmeansydbe RQ Sylnlchectmmtm AlgoRthdr 8.

determipgg ) 3 LEni A0 EBRAMEaT Hetetiniing Rpstherin Symehranization
Algorlthﬁﬁ’séleb% e ﬁ@s&‘m&*ﬁ@éhﬁﬁ R G, YeBlghated ’f'heaS%@R@UM once

di agram of ‘an exanpl e RQ ynchroni zat1 on Process and

selected swheg infeinaatian kde & useddyy therf BReBiyrchrooizatioe Algihmrfin a

means & Gitd e e g REY STHG-BAEAHER 2ifh tibabe Bt flay Ser

placeméhle@fetdelletfhﬂn Mbé@?hc RQULRriatstheORQ, fige R@'S‘yhﬁlﬁlromzatlon
rty of the RQ Insertion Algorlthm The

Algorlthsaz rﬁfﬁr%meﬁdhecﬁﬂﬂ%h fieldrefibe rmesR LM ene r@t%\@w RRA those
Rs to ol AREn6S ASEITFBTLELI, e Btk bERERTHE Gypoinec

depth of sﬁdn set of0lRs epelngdhe RQDepdn vatdeecdrried awteg SRR UM, The

remainil 455 4BSAIST RRAIRP PORQ) AEe PRIt ok DRSS Uy hiRs

presenttlﬁ e VRIsTE RO &Rl p He&elli'ﬁﬁ tﬁ@ ?.%bé(lelﬁQﬁ}é/heh e @‘F’l:;lsq?(Qtd"l@ar, and

HCC over a certai n span of time; use of this neans
they are ordmeélcmmetly h&hms) iCihese ase mase IRy intlee bbcaldR@r alnumber of

these nﬁfes? 2‘? ﬁ)ggnaﬂacEargQ@@R%ess'k/llnﬂgeéﬁggzoaetc'gﬁgeA}lb%ﬁ'iFi{t’llggr]wsmit Time had

passed dFHR e BAKE of BiaFity, e CRE SyriredtiidNinZfki RQ Akapsiatddhd have a
sel ects the present or an ensuing M designated the

Local R§ atlersidepimthansieeddaster R\Q‘oE@rthﬁm of Jaritys in thetrxample of

1.9, i85, R0 UL RE DI A0 MR o

Synchrdreizatipr A@tontmhtterdeEémnMMe OPE fochd RQ Olean t he Sync
RQUMinto the RQ the RQ Synchronl zation Algorithm

frg ﬁ;t%i% q?p fg%ﬁ'{lﬁogg g %efalngl o dpete;nh]l%lnsalﬁ& Bfg‘él\r/lisa PocrI the RQ
Synchronization Algorithm to verify that the CPE has received every IR sent by the
HCC since the start of the RQ Synchronization Process; this being equivalent to
verifying that every RQUM, or equivalent information transmission, sent during such
said time period has been successfully received. In the case where it is found that IRs
have been missed, the RQ Synchronization Algorithm restarts the RQ Synchronization
Process. This procedure is depicted in the example of FIG. 9. RQUMs contain the
RQUM Counter field and this field provides a means for the RQ Synchronization
Algorithm to determine that no RQUMSs are missed.
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IRs to be transmtted nost distant in the future (i.e

at the bottomof RQ, the conbined depth of such set
wo@RoosMe91equal i ng the RQ Depth val ue carried i nPE€TESIYF 09998

RQUM The remaining IRs (nearer the top of RQ are

di scarded. For the sake of clarity, all IRs present in

Iid?Qhé/%éké rofoarw Ein M@@qm alCPENS beor@l CiBar dIFIRst that WBFe in the
ear, % are ordered Co”eCtléyn Thus, if

RQ d
Master Rﬁlar@ta'toélmﬁleew@ﬁ atithe beginnimgof thenBRbSynalfronigation

Procesd ey NS tRER T A RRcd Sl Shechled 65 R G RUAGpir
Scheduiﬁraté.tMeirtdseoE-ad:mm'@énd@mt Timés endsPhaveanowddatocthaphst.
have a Local RQ of | ess depth than the I\/aster RQ For

15 CREEMTIRES (o AR bl TRy aimLslonk figre,as el as phase,
the CPE"#&B@E thé ﬁgm@rﬁwf&rﬁa%‘ﬁ“’{@ﬂl Mo ‘éﬁm\)&p@r{t‘{aﬁ %bﬁfvﬁleﬁ‘ﬁ Being to

Cear. The initial
record thblR@HMé’ opf Tiohet cefran RICYMR@heree b thissvarianttsuueh FE@UM Top Time
r

s to be piRafead sy e 3hstel SRy Biocklabdtiine fife s f3R-or-arrival

then betdgea&o‘p‘atea b @nbéatd N0 IYORRR e RT enhRIsEF tREYRY ah@ihg in an
verifying that ever or equi val ent

RQUML the S bbb calagshe S8 B 9Bl dbestiReuERe 6@ fiariime-to-

tme i €fhe e ERER B BE B D IR BBk 3ttet B MFpfeifagenienty
done ineRQUM Arissage Aegder)! thersips providing tiee Ri@ans for the local RQ
Synchroni zati on Process. Thi slégrocedure is depicted in

SyncthMéa@MiQOélﬂw tedgteranin A apeeive akddpnewintae Master
queue gid i cﬂdét'é?m‘r{@ fhat Rﬁe‘? IR ‘Pﬁ‘é\/g%% A d&EAey Jﬁséé}ﬁe%he Master

roni zation orithmto etermne
RQ, andutmemmsmmd:meremealka/klag (IiftOCd@]iﬂlE}RQl QGlear.diRs 6ba IR BOBETime

older thgfsoft Breres ek AhAcixed el irelatyd g St e SpRpiscarded
from theSm@ By IAE T Ilﬁébrﬁ’émzx@ﬁnm%r eauﬁalmnAg @.r\farréﬁt %@cﬁr&i’scard IR

di scarded by t ransm ssi on Scheduler, 1i.
Birth Tutrieethresml@caatb@d/arledmsaih@riﬂCmandstwgsehhwumémnelm

the ere the CPE tracks Master
commugvg{{cﬁquh&@PF ?Péfctﬁémﬁ as phase, the CPE records
the tinme of arrival of each RQUM or equivalent (an

mcwrtaai eatiaiteiofithd RQ Syﬁtlﬂohh@tlm%a'mmﬂaﬂewfd Brassociated
erein this variant su '

with eagRIRio MCenid foqaiilibe il calkel DRIRAIBIEIRI LR Agé for a
particul PP lihRidtddBY thd R SyABRBhiAtbhE@Yorithm upon receipt of said IR (in

the HCC and in all CPEs). The IR Age for a particular IR is initiated at zero value in the
HCC at the time that the RQUM, that contains said IR, is sent. The IR Age for an IR
received at a CPE is initiated at the CPE Offset value. The IR Age associated with
each IR of the RQ in a terminal is incremented at the same time and by the same
amount by the RQ Synchronization Algorithm, or equivalent functionality, said
incrementing process to be performed at comparable times in the CPE and the HCC as
determined (FIG. 8). If the measure used for IR Age is time, said increment will be by

the elapsed time since the last increment. (In the variant here cited above, this would
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t hen being associated in a | ocal database with the RQ
entries of the IRs arriving in an RQUM the tinme being
w@2iobeghivhe IR Birth Tine of these IRs. The HOZT/D82005/009998
time-totinme provides the IR Birth Tine of the ol dest
IR in the Master RQ (nost conveniently done in the

be the &Qbawipsaginchand st RQURT. B PEEdS idng IR Ageanheh 0ted as a
t he Synchraoni zation Algorithmto determ ne

| |

part of (43ROl SV SREASPDAIGRIAT, R5e AMPH. Aeaioms OLIF AaBs claimed in

. t i ne )
e GBS TS LI R 8 e
transmittbelrsﬁlb@e tHd mlimdai pladenentdf @ndRe tmbl%m ﬁgg%cgﬂwfed-icg IR Age

. Bi.rth Tinme ol der, than sone pre-established and, fixed.
being IPHAES NG FOUSRIGAHRE SOIE RITBeLF bOED S48 PRBIPRIASHCDRiGeS), and
are incfémétebitsy ‘R@e'agﬁ%taé g{‘alt'%lng?QUl\W By ﬁl‘%bﬁ?ﬂl 3H§erti3§ éﬁﬁgorithm.

vari ant, “such di scar RBirth Tine thres can
varied by the HCC, and its present value be tinely

Thenrl G chiordtime-toHimepmestgonvesienty. in ithe R&EIWMI message header,

provida$3hadR fog pL i p R R MASRERQ AnRkyalBlidhd fiHheans for
the RQSyrdtrohiratibmRAgSithir {6 déidrminBavivdh AdrisfreEeifed all IRs that remain
articular IRis initiated by the RQ Synchroni zation

in the Masgier nHaue @p@dhabel@lepi%ha%%aen rlqargdics disqacsieshin the Master
I : i _ i .
Ra, angtho 755 an ey MBI 4B RSB Al b termine
and detlhed R Atleams said IR, is sent. The IR Age for an IR
received at a CPE is initiated at the CPE Ofset

lue. The I R,A iated, with h | R of th '
e i agmieqos iy G5 &afatlistic Fhi ednialordrand (RS Rl than a
certain SRy SEANEY tHYMaknitR IRVAGOBRNHBBAIRY MHI9RQIdHE, f@ther, that the

equival ent functionality, said increnmenting process to

RQ Synmgenrpsizatien#dgerithooapeacgs BQt Cleas VWhen e BRESHnchronigation

proces§ e bIBBE PR o esbhy OBV Sl e

time since the last increnent. (In the variant here
lfhé RQ WO% tﬁlhgcsrimﬁugﬂ@elﬁﬁlis I?gaﬁm\,(ghized séstablishes and
., last J_met hods usjng n. use s a
mamta'agrtheiﬁ RBSRE Bicshics anAdecdaten 5%\3@4 ﬁﬁi R%Fbt?‘@ﬂé?% gQ so
tnat RSO SR LA B a€ P LIRS Frdfam
Time otthestopdelament irnREM YWheh therCREti®én arstatedh wiiclt &reeRQ oksertion
n

.an IR the IR Age.apd the HCC | R Age bei
Algoriti nasBaRSH B TEamIames O L ACeHEo BHBEHAR for e ghocessful
and prattitaPRRASRIISHEIE oL (P tFctin médidges (i.e. so that these messages are
within their associated intervals) in a particular embodiment, the CPE is said to have
attained or achieved Uplink Synchronization, or alternatively the CPE is said to be in

Uplink Synchronization, or Uplink Synchronized.

The RQ Insertion Algorithm control application at the HCC, or a functional
equivalent, dictates the Transmit Time for each interval on the uplink. For the sake of
clarity, the IR Transmit Times are always perfectly recorded in the HCC because the
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are increnmented by "1" each tine that an RQUM arrives
at the RQ Insertion Algorithm The HCC, from

WO 20veA99a9t i me, nost conveniently in the RQUM nBGHH®05/009998
header, provides the IR Age of the oldest IR in the
Master RQ thereby providing the neans for the RQ

RQ InséntioahAlgoritahiiv theAHDT defined thete! ThisNheWET istalvays in Uplink
received all IRs that_remain_jn the Master gueue and

Synchrepigation.qslowever hhed Robeanspit himes way diesiespdad inacewately in a
t thereby allowi ng the
CPE if 8 E@no?%llh&%raﬁ'l %mf’c{bd y 9 RQ

roni zat 0 determ ne and declare RQ
d ear The IR Age record nmay be established and

inghatBSDBdmettdd, Hse bl’C(bIademrelsHhat ﬂneo(éPEairecebiRa Anfermation

dth
reporting Ry Ghange, it IR fEAMes s o Breeer g MRSy e Vierer B such
mforma@'i@ﬁ'térbésre%@l\g tH@h@PEshﬁ a%n@lyr}ﬁﬁhﬁ@ﬂ Gat beforE rtl‘i’@ﬁﬁéve an
has collected | for a time equal to or greater than

opportunily twisansmmit RregrageTHEINGRAN ersenaausnl rangavt tima)otheseby

providiieapl 6 eTimel GifanEh IR SholRn BN & ' (he

Local RQ so that the Transmi ssion Schedul er
'Bh}é)ﬁ@hisa’ubu Aagcmthm hip®naeaeiving mottchefrdlﬂ tFFe ﬂ@ rﬁyhch ronization

Aigorithip Tt Re Srpebpiatamnes hsen SaplasH Snibiskss BBiTkeq
Synchr&r'?i%atTéﬁ‘?? l’Eﬂé fl§t ’Ws’iaﬁtothﬁ afl Goleate ?éjc‘%ﬁtl'ﬂt'leraﬁgﬁwlttﬂﬁes can be

success racti ca transm ssion of upst
recordedeslpdhecase. that the Rmmseﬂmmmeﬂﬁmdstmnm thatrllhe B E has

fallen 0@?:,%19 &Q?t e%aing ?qr{ﬁf}aletlc)élt étd?oﬁé%%rg%s%ﬂ% %gmgd %(Sqlqr%%%ét Itﬂas also

fallen oY BﬁR@Byﬁé‘Iﬁﬂthati%h) at Fn@rh@éfdté’l?'pfx‘oéé&is%':eétéblﬁsw lg firtk
be in Upli Synchroni zat i on, Upl i nk Synchr oni zed

Synchramigati@p.| nsertion Al gorithm control application at the
HCC, or a functional equivalent, dictates the Transm't

ﬂHéTRCElgM fﬁé*’ﬁirh@%cﬁrtﬂé"sﬁ #ﬁ@ll\}ﬂpelI6ﬁﬁgwltﬁ%thépﬂ{a@ﬁqi}?ﬂfavailable

clari ransm’t 11 nes 'ar e
to the R@dmeiﬁdniAigbhﬁmH@Cat(HéEuls&JsfehI@{b hmesaarTt foostablistr Uplirik
n_t eI—ICCdéI|ﬁ es them Thus, the HCC is always in
SynCthJﬂ)'FPWRn Qiriber zation. However, the IR Transmit Tinmes

may be recorded inaccurately in a CPEif said CPE is

lﬂﬁétré&h'lﬁiér@dlg%‘é%hﬁﬁﬁloud raﬁme%%@mrrférwftﬁ valieot&&eh IR in

assures that the CPEs receive 1 nformation
RQ is used, at a CPE, along with the Sync RQUM Top Time, as a means to determine

the IR Transmit Times for every IR in the RQ, and. thereby to establish Uplink
Synchronization for the CPE. For the sake of clarity, the RQUM Top Time is the
transmit time for a message rather than an interval, such time possibly not being
coincident with the stari-time for the associated interval in the case where the interval is
larger than the message. In such a case a variant of known practice of art, claimed
when integrated herewith, is for the RQ Insertion Algorithm at the HCC to establish and
maintain the Transmit Time for each and every message, measured at the HCC, such

that each message is transmitted in the center of the associated interval. When such a
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reporting any change in IR Transm ssion Tines of the

IRs in the Master RQ such information to be received
wWhyooshe1CPES in a tinely manner (i.e. before tPEyURROE009998

an opportunity to transmt a nmessage using an

erroneous Transmt Tine), thereby providing each CPE

Transmit TAMERNakER aFhBIRQUM/TobTRmaY RfartAIebyt ised bylthe GRE RQ
Insertion Al gorithm upon receiving notice fromthe RQ

InsertiosMgaFithim i@ppmpuds@ @hﬁ i Fr iensmait Toedonther eoiresnandinchaessage;

nen olfBER35% RPN 1178 50805 ol B ARG TS Biace e

associafBchnsaddagéiingke @entetre)frtla@m hd@@blaierd intetvalasdthintae drivertainty of
Insertion Al gorithmdetermnes that the CPE has
he Locg%y 'EJ%

slend Gogs angh the o Ry Risebni zation (it not

necessarily being the case that it has also fallen out

9k ﬁ@T%(ﬁ&‘ﬂftOIfi tfopa IR in hATRYIARE 40 Rgﬁﬁﬁs&%ﬁef fhe arrival of

est abl i sh Uplink Synchronization. The
an RQUivheosinierryaliv ofiequiyalsint Furtticealiynfind iee ptaceaanit lofithe IRs that it

carries. Hafd S ran e h etk s R o Smictims: At 5 1R &F Band
proceed#ﬁgt OSiag thativteyadl Jerfdth ValiM fddeRieh. IRABALIEAINBLRE Ykt IR
ength value of each IR in RQis used, at a CPE, along

TransmiiTtime, lseasgntialahveoalh RQ.nH thadnsertieaigarithmds ERPnenly new IR

rransro T3P TSP BE b OB A o8B £ bR PR o e
HCC, staRing kndth thed Rsaremsoiit cf thiel [1agt oltHR iIRARM Top Tine is the
transmt tine for a nessage rather than an interval,

A Sibadiineht Bratndinkdos I Adks 91 8lspdras & MaEMURLIR Age in such
variant HBeR® IH¥erfiéH %‘iq&ithhi uhﬁélﬁ‘éteb/'t?\’(f:é §C|g§%3§%eoafinr'$e@ dFRéCfﬁ RQ

a case a varl an nown
(the set\bledng itakeyfratred nesvlgairtived R@UM) aridegiRen thratdhe tenminal is in

Uplink SyrtphEY P i medteieA TR A0 dag R AdkBreindR of the

RQ, elirhif@t&sall IR%tthétRQmé@I@AQQS 'a$e @d’témﬁatnecﬂe'IWa)hﬁﬁlm IR
center of the associ ated interval en such aTransmt

Age; theragtions te Reaffected ké trdimeTeserdinated belwaemcthetyCGsans CPEs
(FIG 8)by the CPE RQ Insertion Algorithmto conpute the IR
"Transmt Time for the correspondi ng nessage; then
conmputation of Transmt Times causes each of said
Alparsmeterofresembopliment isldefined and known in the HCC and all CPE,

such parameter being called the Maximum RQ Delay; the variant being that
immediately after placing a set of new IRs in RQ any IR is discarded from RQ whose IR
Transmit Time is further in the future than Maximum RQ Delay; the action to be
affected at the time coordinated between the HCC and CPEs as shown in FIG. 8, and
given that the terminal is in Uplink Synchronization.

The RQ Insertion Algorithm determines the Transmit Time of an IR using an
RQUM Top Time, such time then being compared with the Transmit Time as computed
internally using interval length values and a previous RQUM Top Time; and if there is a
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associ ated nessage in the center of their associated

interval, within the uncertainty of the Local System
w@@skodsd the CPE O fset. The IR Transmt Ti meGI/I82005/009998

all 1Rs in an RQ are re-conputed after the arrival of

an RQUM or information of equivalent functionality,

substan®ivd difftfeRlceGh TRase Ao tikfes, B$e ﬁ@lnéém&rﬂm (ﬁﬁhmﬁlﬁ:lares the CPE

re-conputation starts with the IR Transmit Tine at the

not in Uplipk Synely enigatinn sl thryefarsi ayt eh8yneirenization dhgeminitially

ot . AR AR Fog b

confurmgltlgaitrthé kestrnihalF hBE.syashioniemion oyl campatihg bnees merdtha one
nputed and entered in a Synchronized CPE and in the

RQUM mTl@ﬁaWh weferpally eanapyirdaluesbased onpn earder BRYNHop Time,
and only 558 BERASBnE Sy ERl il iR, BRI sdHRA Aoritm

declare Ahg @RE tmhawmmnhua'eellqr abtdieeddlplinkngyrechsenizafiomew | Rs
in RQ (the set being taken froma newy arrived RQUV,

d i\ h 1
csthnliEhng fim he HEETheFrabends ot RGP sadinrydingdng €PE
with mfol_ﬁ{%ﬁhtfoﬂrall%ﬁﬁlhg\ iRoopartibpat&in Be N‘eﬂ@érRSR@ Istrabioh 0P M BPE is

whose es are %d:?at er than t Ximum I R A
called. Ase aattuoérBeglgtrabora,fa Rk @ftset t&@ehermmwbanejcﬁaﬁ @tfset being the

propaoat i iff s et (i o Mg Tk, RS hfin B8 cPE and

the HCCPRA BsotshrapaCRireOfsebisi g dcial tirhd ttdrsnﬁ@sqummlpﬂ #@ythe HCC
the variant being that imediately after placing a set

for the irpagsOf E’seglﬁtrﬁ@rartpe ﬁ@qtgtr%w QHteed beingrd REFRARPIHIAtabase
f
eIemen‘ hl%g)?/s”é ) B3 Qﬁté%f tHéV:{)F‘gE g %&6&1{ S?ﬁcﬁr@ﬁ&a%ﬁ' DO R

Ion ecte
Synchrmmtd]maheﬂRﬂaSyaelmrmiEatlldﬁ@s acticVREDethesbBRrbaforeRhi@iating
. and given that the termnal is in Uplink
Reg'Str%hronl zation. The RQ Insertion Al gorithm deternines
the Transmt Tine of an IR using an RQUM Top Ti ne,

THCACO ﬁ@stnh@nd@@umas e st Ikt &F GPESWIﬂ‘ﬁﬁfE éanTald@ce for
as conputed internally using interval |ength val ues

Registratian. oF onedinseréo-faevheold CG, day: kngyen nfetheds, oalls certain of these

uneqisf USRS BT HEE TR bPEREr L RebAAER, B ave thom

an oppdsiumiyrieRegisiern, THNHCC hayuefsts an istetvalon the uplink to be used by a
Synchroni zation, Upon initially

CPE, or set of CPEs, to initiate Registration.

Registration is initiated by a CPE by the means of transmitting an uplink control
message called the registration message (REGM). The interval or slot set aside for the
REGM, called the registration interval (REGI), in said variant is to include Guard Space
of adequate time span to allow a CPE to transmit a REGM into the REGI without having
the knowledge of CPE Offset, but with knowledge of a Bootstrap CPE Offset. For the
sake of clarity, a CPE must obtain Clock Synchronization, Downlink Synchronization,
and RQ Synchronization prior to receiving and acting on an IR that assigns it a REGI.
For the sake of clarity, in this variant Guard Space is included in REGI that allows for
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obtai ning the conditions for Uplink Synchronization,

the RQ Insertion Algorithmconfirns that the term nal
wha®se9nehr oni zati on by conparing one or nore PCEHOSHNE009998

RQUM Top Tine with internally conmputed val ues based on

an earlier RQUM Top Tinme, and only when such process

enough ﬁl%%fuﬁdéitaﬁmyfs'ﬂxbﬁﬂhéﬁthEPE%ﬁ trBRsMR frovpankirimimum (early in the
orithm declare the CPE to have acquired or obtained

interval) lUp 16 aajmuRY datieZathe intewal) limsitalof ithe prerdefinad rargeaithout its

messagt 4FaP R A PRk T aRoar i ci pat o i the Networ k.

Regi stration of the CPE is called. As a part of
ThRe ginsthaditriemh of awecaEtmfams wiith éxahbbhboalddaltyfa‘:‘lgﬁﬁl'ent from

messaggio-TesSAEHiall RINK HERALH SRcBEt B IRhD PN e Crbtuires
REGMs h'pﬁEC'flsBoﬂbWeK/?P ﬁﬁﬁscpgge?%ﬁomsth@éd Qisbi MBintains knowjedge

ransm ssion o for the purpose o
needed Rergtgin tot thersymbud beootartyr @ugrmelabpraamwsjy establishedin order to

acquire ra%]tsggggg Eﬁﬁ{gg\ﬂnﬁ%rﬁtﬁéml ig{ai rllgﬁét ii nﬁ%ﬁsﬁe{p Eagsomated interval or slot
with the @ml&g&wm&t in€shvaPoYk IS %wﬂat@rmpat(bneaug %@l@g iy

he CPE before initiating Registration
commarnided tackand a cppiolgacasagrecentpining@n arguisiiin segpience, thereby

allowing {5 $1C8G15 oy FESoRafe W o e Xk g al R 6Ly oo

CPEs usi ng control nessage or control nessages, in
The tHC Ctdoegi rwst Idrimwmradbemp@m@miCIBEs whisegyiesd¢ardiddteefoHCC

Reglstraggguglﬁhsg%?arﬁ A V%at;t)i@)e }-I:E;eq i %Qg%égggi%?r%gﬂ tir?%/e-t%-time without
deSIgnalﬁ?&%h?mﬁfétrlngng ﬁQEL@Mts' f& %%ﬁ’?ﬁfﬁ%{lgﬁég%ﬁﬁ@%ﬁho thereby
attempt teeipitizte eRegmstratms a@eni(eﬁﬁavﬁs a lltbwednaed\raanaged; bythe &PEs in

accordege S oy b AL IS FERIER, e MRS fhrmines the
CPE Offaétewmeaﬁg Mhénmﬁb bPafivapyf its FREGMPwithANHE REGI F%ﬁféﬂ CPE
into the REG w thout having the know edge of

Offset beingguevidgditoihe & HEnbvaR €geLivD e0HsRtreesSRUEPE o° f set .
For the sake of clarity, a CPE nust obtain C ock

T% 'F-F(Eéoaﬁ&g abLR @P%e' rﬂ%m%é(ﬁﬁn{:@ o .Zaﬂgéé@ural%r@PEQ)ffs?tRby from

ronlza ron priof to recerving actin
time-to-timapravidingrinfarmatioRE6&leach CPE that is used as a ba3|s for correcting or

updating the CPE Offset; the information provided by means of a control message or a
field of a control message; the information being gathered based on the early or late
arrival of messages from said CPE.

The CPE Offset, or equivalent, is provided to a CPE before Registration as a
known piece of data in the CPE database. In the preferred embodiment, the CPE
Offset of the HCC is zero.

For creation of IRs at the CPE, and IRMs as shown in FIG. 10, the CPE
contains, at any instant, a set of messages to be transmitted. The messages are kept
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For the sake of clarity, in this variant Guard Space

is included in REG that allows forenough tine
wap@enyddnty such that the CPE can transmt fream/ukmos/009998

mnimum (early in the interval) to the maxi mum (|l ate

inthe interval) limts of the pre-defined range

in one \WrisBodital hessageSAERsPIQud RPD1 Thel TrafsAEsI6® Scheduler of the CPE,
i nterval s, The enbodi nent of the systemacts withi

or equisiaiaiy fumeionaglitnindhe itk efereneeadhe Mmrssagesssaaeh arives in a
| Lnk | i - S, BThe: ,
messae P tuelly AP IoiP 6P B gh Bl ASh FieleR IR, Jibl places in 2

databddee tHiQatdmsencdlleti tha  okaldfR Pdge needed to return to
t he synbol boundary alignment previously established

A il ot RS el RS et T s L 6B FopH® edistributed
. aesT | ' _
RQs. TRehREmigRiA sehedmerg o??uﬁc@cgﬁﬁryzécgg\%% ) ée@q%bgromzed CPE

Regi stered) is commanded to nmessa

timely selects, fiony thenLacajuRdadloan HB(EFEGCE) ta be trempmittedwiThg method of

the HCC to,tinel re-acauire the uplink, ~after. .
selectigfl s it el S S el aladFigdp. WPhis,TEinsibissiog s cheduler
algoriti®l hafrBesernpyad ¢o eardt HRAIR foP tranRenissioat A0d detstttines the order

vari ant being that the HCC requests REAs from

of IR selegtion ot irapsiissivpRasssenyaharagietisiicsueihe, IRa pessibtwvpcluding

. ar td i .
the tin{ fiab ¥ IR BabeFoRel e Maithe Neddiaifigs e Bitived. The
TransmaissimneSchedhulenmen dgediohs| éch.ﬂ'v@l&ﬂh, ér@amal} ﬁRNbH(é:CI:@ Bl to carry the
Kk contenti.an agenent techni ques. e
selecteh{ForaHdhlaces g S RESHRIRIEANSIBE AURESt i e of
ar_ri val of_ its REGMV wit hi n_the REG , _ such CPE O f set
HPleNtrapEATE IS %ﬁe&@l@r,@%ﬁ%@%nﬁﬂﬁh‘# Qm&ﬁahfz%ti CPE, manages

message. The HCC ai ds eac in the nmai ntenance of

the trapsmissian af RMREADIR dkat is Bgtivelyrintthenproesss ofcbging sedt taythe

o B4R S, SOE R AR S R Bl process.

or altepiatvelad IRDisRDIsioR] stheeotieel dRBRkling dflore bit ®lofe attempts to
cont r ol rressalg{e;;CI t he information being gathered based

transmifrthe {BRMb e Ihe IBEQ fera itgrorigiaating Glisswgjeg Alelarsiods.cand the
rorwarB o 1S ARG n 4 FEIUV L BflomaS B aHIE e orf

gistration as a
TransrhissiobREchiduddrasiea SinchirbaizetdeCPE tatkes rdrlRMerdm thé ¢ofChEa

messa(g);ftfc’a%tsn%I qE.QSe Elg(s:oio% azsepro%'sible after it appears and thereby puts the
Associated IR into IR Distribution. For the sake of clarity, the Transmission Scheduler
may distribute IRs one at a time — assuring that the distribution of one IR is completed
before the distribution of another IR starts, or may be able to support several IRs in IR
Distribution at the same time, depending on the specific embodiment of the disclosed
method. The Transmission Scheduler may delay putting an IR into Distribution in

consideration of traffic management requirements.

At the initiation of the IR Distribution Process for an IR, the Transmission
Scheduler schedules and causes to be transmitted the Associated IRM, the schedule
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For creation of IRs at the CPE, and I RMs as shown in

FIG 10, the CPE contains, at any instant, a set of
wore@sagEs’ to be transmtted. The nessages are REPUS005/009998

one or several nessage Transmit Queues. The

Transm ssi on Schedul er of the CPE, or equival ent

and trarfswiissionnal bé sh an Alblea SIdEseleied Bpeesanidef ﬂNESR&éS Tehe
each arrives in a nes sage transmt queue

Transmisgioncaghednlenshen hatldsdhe iRMm a ﬁatqbq@e&eg@d theal RM Holding Pen
for poss@jcﬂé g0 zl‘r%%s,gh%%ﬁ){\gaﬁ f%s g;gﬁédéugﬁ #é Eéa é‘%ﬁ%so{jn&gP ? Q?the

TransmiBsigin $chddieledi Jthei IRM MSdEk@julé'mana raefsansssiited in an Aloha slot

selectedpyaipasts EMeliSr; vl e tRNds lsteidiciBd hiealRMeHolding Pen
for a pogﬁﬁle fuﬁﬂér?eﬁl%@m@%mﬁ%@&b&?é‘nﬁ%lﬁﬁf@ml §8n R fedbired, the

ection is 1n accordance wth any suita
Transmissipor Schealulen semoaeas the HRMrorglaeekiit én samgoarichival dayalpase not

\ Loved to s n-l R for trapsm.ssj0 .
essentid]gp 1e AelSsEtihad” Fpr e Sake, 6 FIRF 2 RME Mbicing Ren can
contain hﬂﬁedhaw SHERIRIALA Sofid 8MmbidirhBAts! &t th@@ﬁ&tl@ééd hristhedi ng

the time that the R was created or that the

associ ated nessage arrived. The Transni ssi on

Thenbransent Sehedyles mesities.dg RQalherR sigrtdiineasgeciatgs with the
ASBI squétgd & tréﬂsﬁﬁérgléfn B??nslue ugu%fﬁhrjggqjﬁegﬂoﬁ &Fefff%ét%é IRRM

sage transm ransm ssi
partnculﬁcﬂiebtnrbs&htonom thase}mS&lAﬁat a numberSyifeM oeﬁramsim@@ﬁ)n attempts, such

numberé‘@ﬂgag@ﬁ]e réwggﬁw@s@ﬂ%&{[ﬂ L/F’v@'ues@'nﬁnlsﬁgé{}aé Sicsheduler removes
the IRM?(Y)&@rthQ YR I-Fd?&‘nhbqieﬁxﬁéﬁéﬁx eioviry] ity PlssbBiaRRARSTAIIR

e Inan IR D'stri'bution Process, or alternatively
Distribution,| sRcbi axctiorbpossibly inakeiding mte‘smgdbasmterestgd @pplication in the

local CF? P el st i A I o B S s %t#gg'eﬂ%@%?wﬁfﬁae
followin mé Thé@ﬁ)%élﬁ § et paranietBRAMhecC REl C &S Systent; Cgé being a

ransm ssi on Schedul er of a ?nchronl zed
u

functlont%fubg teaific patiern entthe Nejyook; £3)heirggdupelienal thevalues carried

o 1459803408150 2 Bl s AR S ORORRA ke, o any

comblnaifomd)fathlekys, Tihe Tfarmmrssm Sm@heﬂnmiaqrgweapndmtyt fo mmsmutted
a time - assuring t the dis%)ri%wtlon

IRMs O‘@rﬁRiRﬁ/E f°§ fE‘?ferP'éF%‘H rB%?%ﬁg@St 'fgr%fitrtVlB%ﬁ PHASET SaBused for re-
transm%&ﬁ g Or may be able to support several IRs in IR
utlon at the sane tine, depending o n the

speC|f|c enbodi nrent of the disclosed
Multiple IRs are in Distribution and their Associated IRMs are in the same IRM

Holding Pen during the same time period, said IRMs possibly being associated with the
top messages of several queues or with multiple messages in one queue or a
combination thereof, and, further; in said extension a means is provided to distinguish
without possible ambiguity, by means of the contents of the IR, the associated
message for that IR. A counter, called the IR Counter, is included in the Other Control
Information field of the IR (FIG. 6), such IR Counter to contain a value incremented

(modularly, in a circular method, as determined by field size) from that of the IR
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met hod. The Transm ssion Schedul er may del ay putting

an IR into Distribution in consideration of traffic
worewagesent requirenents. At the initiation of P€TYES1085/009998

Distribution Process for an IR, the Transni ssi on

Schedul er schedul es and causes to be transmitted the

CounterABf9s baired pr&Nbus IR forhed i Bnshrhe TRA1 Fr tite sakdfidharity, the
an Al oha sl ot sel ected béetrreans of the | RSF.

T

purposeTis da 9ipd steom meansdior & CPRdR hayedguttiple (RN E%i_SHPb?Jtion in the

system ‘i’@%‘i’%ﬁé%lﬁ‘l@l LA tb %%S‘I)Z%E@u‘?%lp%\)g?dqc&?fﬁsﬁﬂ% 31\7hich associated
re-tr It re-trans q

ansm ssion. ssion'is required as
messagedds attatined tbya speciiic HR MRS The Sybtehul18ralloWsehidRNbricrity

schedul ed and re-fransmjited in an oha sl se| ect ed
mMessages faangvs 41aamot T okt message urns doe dk sk iiien
Procesd he | RM Hol di ng Pen for a possible further

re-transni ssion as above. |If re-transm ssion is not

required, the Transm ssion Schedul er renoves the |RM
Toe HCEceanicreate ayve tabenised! in daguestng anpupstseamt ingrval, such

equest ok dbth BEAS SRR BB ORER S5 eBhEE P i tervarto
be useddipadicernatedl C PR BEL gdetieRiskatat iT has Bldssial transmit a
Schedul er nodifies, in ), the IR start-tine

certain MessRIYOEINGFS30a lypeaaBthess aa desigoatediyndgpasiqiifhgrAddress,

applicatlh {3 A% BPPHRUGHRNT of e B, 8BPnAEr bEMeht pequirps pre-

arranget Rbboperadiveros associaede meams and methiodeon dlae pad ofren SPCS

and/or HiSRB NGO ARRIGELORH I bReY PrasiePhEAIRVEG s Rekpaf clarity, this
methodg?g\tﬁﬁi@%tﬁé’mééﬁ@f%rtﬁollﬁfgswitl?é AdRof aegiphgt_ed CPEs. The HCC can

ution, such ‘action possibly includi ng notifying
form antiRebdsedepbdhedoappl actian (:e.’i requiest’) otan SEFES.oA mneans within the

disclosefinelfiot kOIS §ie fefpfed GBE Sivs 165 Sides® 178 BEY SR oM an IRM
to requedR GANRIePVal that enfddnt (9BLUp POt SYAteRding #andRisdbrAattempts.

function of the traffic pattern on the Network; (3)
bei ng a function of the values carried in the IR

4
AscbRE casxifefime @nilRbdie f@ﬁé’_—etséaﬂiiﬂ@rw te he ysed b)banpg)(er)CPE to
vansmit BEfoFE3ESeof PSSR 51 88 i BRSEy [ applioation 1D and
Type orrfrigriynfiel dd efltheRA (G 6), Sidh dwanderasht mquiring pre-arranged,

cooperqﬁeléfél ﬁ%?@ﬁ[%f rrﬁ%ﬂﬁt éﬁ Smﬁo pgA§S glnfthgrp%rﬂgﬁe gp %?’rCéeand/or BSDP
control %}bﬁ?ﬂk‘éﬁ@h‘é‘ tema'f%)é%ﬁa'aﬁbél vahRrochatee daMerr$h IRM tt89re§|ﬁ€§t an

interval that is meant to support contending transmission attempts.

A CPE or the HCC can form an IRM to request an interval with slots, such set of
slots to be used by a set of CPEs, which may or may not include a requesting CPE, to
transmit messages, the arrangement of which requiring cooperative or associated
means and methods on the part of an SPCS and/or BSDP control applications {o be a
capability with practical value. A CPE can form an IRM to request an interval with slots

that is meant to su pport contending transmission attempts. For the sake of clarity, it is
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Hol di ng Pen during the sanme tinme period, said | RVs

possi bly being associated with the top nessages of
wa@ewsngdivgueues or with multiple nmessages in OPET/USBOE009998

or a conbination thereof, and, further; in said

extension a neans is provided to distinguish wthout

noted thaP#R SthectarddbDuist exteslonaadforobaridie caonive nssfudin hbigieving a
I R, the assqciated nmessage for that IR A counter,

desired ay¢ragg inteevalergiliin ap envEopmaniismall messegeer
Control Information field of the IR (FIG 6), such IR

Tﬁ@uﬂéﬁémFé%l&PQEﬁédhlé‘r c‘f@é QEB%HE%%QQIW%QSB' éé-rleoét an Aloha

a circular mnet eterm ne i ze
slot for ttaremission lod anRBMinEach CREienadkes thee pelectiouof tHe Amhaeslot in

which tq i 38 TR Mo e G52SR Bl Yl oHE EPRBE: have
selected me@aﬁﬁé N&Ha 81t for tﬁafmgnﬁyééﬁm FRust IRMQrérisﬁﬂss@ﬂﬁ' fildn different
easily and surely avoid confusion as to which

CPE unifs sy cﬂll@l@ (eé%asaajl@du te cantensheand bedosiiectheiiptendedirergiver —
the HCC Jhe system 10 allows high- priority mVessages to nove
dhead of |ower-priority nessage during the IR
Di stribution Process. The HCC can create an IR to be
TheeaglédtionesfuasAlohg stut isibgimeans idﬁtaarmtdrvalsreqbes&cmeading

function (). SRdRSH Sppmtndin soopebaten athDs ShGE e IR o within
a range QP%IU(SEnth@”k?roﬁ%ﬁpﬁ&%llls‘ioméﬁ Iﬁ'tpén%}nlﬁgohé"#ri‘%ﬁytgn?en Aloha slot,

tain nessage or nessage type, as these
such rartmomabeblhbgs setmgtm émbbémﬁﬂdt desugnamoﬂq satisifpapédified

perform%ﬁq(;jea-r i ?ﬁenﬁéb éS[}:Pgl d Of t gp&ﬁ@gpgéhemethod used
to mamtéﬁﬁﬁfdi‘%f@@ab | Bé‘ln? W&tﬁﬁd% r\ﬁhi@ﬂr\kh& Tnté@ra%&:ﬁnth the

BSDP control applications to be of practi cal
system Wll ue For the sake of clarity, this method provides
the neans for polling by the HCC of desi gnat ed CPEs.

THBIREF T ERES OB 401k RoR ARk frdtehbend PR dGh BGk#SRom one
attempt tb anotheedndet thedsgmod lc&cmdmstamieﬁ acheiREr ﬁdeBsélection is made by
IRSF erﬁ%cﬁm s wﬁe}_eg? ,q“&%qtort ée §§ E}I\A 'f‘?gﬁt[" ﬁgﬁ/ﬁbe%%me IRSF
embodirhEA{%E §|?|'R@CP’E‘ %dzﬂﬁb (ﬁﬁe entt i‘ﬁ?é’s e V\ﬂL’EH% ﬂcﬁ%h?selectlon

request an inter anot
processtof dins IRSF docan Pdaha ﬁetba&g as @rfumiamgletad glementsof its method for

schedulf S ARSE Yt tieseRpEne 8’ nEbmbiify disiiEiar. vt plgpritom of
known a?f, 8udh 'saRfiflg that arrives at independent and un-correlated results (to a

practically significant degree) between any two samplings.

The Aloha slot selected for an IRM transmission is randomly chosen (with
uniform distribution) within the next-available ASBI. The Aloha slot is selected from a
contiguous set off Aloha slots spanning some number of the ASBIs (such set possibly
spanning part of one ABI or a part of several ASBIs) in a random way in accordance

with a given probability distribution. The contiguous set of candidate Aloha slots starts
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cooperative, or associated, neans and nethods on the

part of an SPCS and/or BSDP control applications to
whaone/opriacti cal value. A CPE can form an | RM t PCT/EMI6T009998

an interval that is neant to support contending

transm ssion attenpts. A CPE or the HCC can form an

with thel r%%t-ta@aﬂﬁﬂé Qfdt. Ahe SPT dPAIoWh Idlofd ks ars BaRdidate &r an IRM
slots to be used by a set of CPEs, which may or ma

retransmissiamis|agaction efthesrumbeCpitprevious retsansmissionsgddhat IRM. For

e sakh B S 3B e 8 S PR RERECEP ol usea o

Ethernetnd/ or BSDP control applications to be a capability
with practical value. A CPE can forman IRMto request

RS GARATIGIOP i 0N ops axacaiipehy 1 TaneMbaRan Srcheduler,
|nc|ude§{h¥ filsY trahémi ds%fb‘?i &% 1ah. Fae tﬁ%ré%%fclgfltyéﬁ i notedgthat it is

extensi on and/or variant can be useful ch
possibleltsit ope cmmor&g@PEBttma’ut aleti@M\ inta cane Alwharmﬁmeﬂulluﬂg ina
on Schedul .er,, of

collsiorS Qi RipnMg<alpa i aled bopiAr oy CAMEERion s RUUIRNGRISGR the system

algorlthI"’nr mm 28bREed bey tA8 réWnsﬁﬁﬁoﬁFfﬁeHﬁg%?f thd §Y§t§|ﬁ3¢0' on
he Al oha sl'ot in which to transmt an 1 RM w t hout

knOV\A edge of whether one or nore other CPE have
AseP&:Teansmigsign fshaddles detesmings thatar Rkthahit Rseaused to be

transmu{t Bg%ﬂﬁﬁtegf?%t%nql R'Hr%‘tﬁérgﬁ'ﬁ%l[ Ft%@é%t% tmhmdé%@%nted it

al SO ca 0 con end) e Inten

from beir@:ﬁiooelssfully hecdil@d by tres H@&Wdﬂdéﬁ‘erﬁﬂhaﬁdﬂh@ Aleznsi of
st spre ct i on

. Db of an .interval qu adj n o
monntorﬁé@ﬁa— AR thexdpwndife o %ofﬁ%\@d@mtaﬂu,ngﬂ tt}‘]: qntdetermining
that the%cbd@ I ﬂlagﬁxok Pe&hﬁr‘mhﬁh [na@.amw M Hg;ﬁver’i HRd limited time

probabiTity of collrsion o transm ssions I n any
period, galleshhedeohthesiRdd Retnaanbmi&tme Delapr dihebiRM tRetsarnsenisbipn Delay

e 5T RO o5 SR e S35 o s v

determlﬁé?@@?'di‘ﬁé\hboﬂhﬁeﬁ’tﬂe@@@e%@gllé\ﬁl W'h@bghbﬁd%#ééessmg and

probability bein nown net

propagatwme@elay%d Iwrt IR ?rnesw&tobhy the Ciffe doRSMatwippear irsag IRRAUM

witin S8 S S B BT PESHAA 8P Ssocite

IRM tram%mtsbmn ssig Fafled ¢RM Dranismissioia. by | RSF enbodi nents in
different CPE, or the selection is nmade by the sane

It|1 I{_imselzcase of a Failed IRM Transmission from a CPE, the Transmission
Scheduler performs to either retransmit the IRM or to remove it from the IRM Holding

Pen.

HCC processing errors or delays, or RQUM errors, can cause more than one
copy of an IR to be offered for placement in RQ. The circumstance may be caused
because a CPE was successful in transmitting a given IRM more than one time, such
circumstance arising because said CPE was not successful in finding the Associated IR
on the downlink within the IRM Retransmission Delay period; said multiple versions of
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enbodi nent in a single CPE acting at different tines;

to wit the random sel ection process of the IRSF for an
wob@hasgbpt has as a fundanmental el enent of i tBCTHESIN0£009998

for scheduling an Al oha slot, the sanpling of a

probability distribution, with an al gorithm of known

IRs thattdrtive 2t e BEAd&lldHerai DYSicafe IRXIDEPIRNE IR8Gre forwarded
un-correlated results (to a practically significant

on RQUMg ead entrreddele theRQwoF eriingl sakes of sladtyaliplicgieiRs in RQ do

not cauSENGEF of o fecti LidepbEr oTye5e B e HNorsE A PiRleq interval.

ASBI. The Aloha slot is selected froma contiguous set
Tofef deteotion of DuplicaiatRs by ereansuabthe R Colnetek3BIGlaim 28(f); said

. (such, set possi bly spannin art of one | or a part
detectlo&fprggwm%ih%/:tseﬁe§ ¥qrﬁﬁa R MRiAgRLyto W"&%%.ABHH caedRerfrom
. - e r
DistribufloMSTTHE dteiicr SPDaRIRate e ISy rgkneBrineARdes AR The RQ

Insertios |Adgoritimed agsanotoéntdt DoplicatetiRs titdza R&Y.e candi date for
an IRMretransm ssion is a function of the nunber of

AR R 8 B o) (500 ol
may be hesate®@irf thal 9GO éWﬁe@éteﬁtheq@@for ASBIs. The

transm ssion of an | as executed by the )
requests ase distisguishesdyaiunigee Type angkR riagity %eldsqr equivalent. The ASSA
LSS f .anl r _clari RO
generatbE FEH 31 el 0 M BN S Bl ot e ata

fixed intenzai satet sach si@bladnclt ratodetefiniiedd &b assurecthal therdetwork associated
i collision of signals, also called Contentjon_ .
with thediselased Biethad exffhadiient onarelsmak e OReTaing Raint for the
; rithmand is resolved by the re-transm ssi on neans
embodu@‘lfe@l?.he system 10. A CPE Transm ssi on Schedul er

determines that an IRMthat it has caused to be ‘
Ttheamgmber elislptssnak ASBets aenselected incoosideration of the span of

siots req JRELICHTH A5) B veaCuy hgafol SChEIRsE: abntf dhe Assa

creates Riifféreantypes ofWSBI6 fomdiffe¥ddyiy s o eeglasunsi Ebl@mﬁresﬁh?rbﬂrepeat
of equivalent functionality, and determ ning _that the

requestasiegepaisdar difernt tiees sb@rspages daad requsstrobmiffereat priority.
The ASE S Bifbrbh kb BeLor RSl Sl GERL i g e
ASSA vadks the mate of requbstafamesBls, ind vamiestbediumber of sibtein ASBIs.

The AS SRR e ANCTRSAIIACHI3 1 Pehirae  STad AUl p o ok order t

react to%ﬁ@nging traffic patterns and service needs by adjusting the Operating Point.

Slotted Aloha Mathematical Model

In the Slotted Aloha mathematical model N sources send messages on a
probabilistic basis. Everyone transmits into the sarme channel. The channel is
organized into “slots,” i.e. time periods of fixed size , and a message is exactly the same
size as the slot. Messages are transmitted in synchronized fashion to just fit into a

single slot. The decision made at one source to transmit a message is independent of
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propagati on delays. If an IR transmtted by the CPE
does not appear in an RQUMwithin the IRM
woRedosayEni ssi on Del ay period, then the CPE desPQrus®es/009998
the Associated IRMtransm ssion as a Failed | RM
Transm ssion. In the case of a Failed IRM Transm ssi on

the deciioPhmadeRt othdresoliredts NTRSS, WeverdIe8UIRSs Mgy thodSe tdtransmit into
either retransmit the IRIVI or to renove 1t fromthe

the sameralptréherehy cratendingfostioe slod iang dastreyingnachedthgss signal. In
the matﬁgﬂ% gélrrﬂéa? §&H§§ C 6§e§R%athJﬂ§m|t ﬁﬁ%ﬁ@f‘ My é\}gry slot with

ere pl acemnen ance
probabilitg pcaused because a CPE was successful in transmtting’
a given IRM m)re than one tinme, such circunst ance

T SnBGaEhablor 16 i seraiGa ARSI el oW eadne Ubink in
ASBIs. PRIEAHE ABhaAICE Y <Pt banGabluédtlhe flaetatic@ IR Ms. In the

hat arrive at he re cal herein
use of tlmaprnett@dmerm obaplai teanmal Ranamids foneasags] lfomalmlol\)earn if the

a ent ered int e . _For .t he
messaghfas BegiLrqtaa e, [Efaasseoh has gof BESH sfCeifadithe ferginal
assumeBBRaBHeSmedHRFEWES |05t ¢8 CodteionMahatretranymits 8tk message. This
interval. The detection of Dupllcate IRs is by nmeans o

changes thenprabrbility, thakiit will transmii inty 8 slots AndRER algorigim may be used

in the p%ﬂ}’{éjﬁ?‘gj :n&g Eﬁ@@ﬁﬂEQ of B8 ﬁgsm_rf;ﬁgﬁge(?@Erbederﬁfts first attempt

5O PBACIoR ection
and in ftﬁlmwmg attlempgts, therdly breging tHe esshde Gansmissionpettdi of the

, rtlonAI orithm doe t enter Duplicate IRs into
termlnah@ ﬁ?@’%ﬂ?&%ﬁs h%)éettga?m%Pe | oha sl ot supply algorithm
(ASSA) control application may be located in the HCC
IRBdls @gteaeaﬁa #h&thpbA! ﬁ{eVﬁiuré@&blReSCPEfsCtFarﬁ%ﬁ{tmg IﬁM’s on the

' requests are distingui shed by a uni que Type and
uplink. Therdisslosedkmethed aglicipalesrthat Nh@typsaﬂygaelaegeanumbASBlle the

preferrefy yfiaObiiint, N b FouaitBofGPER, Ihel mplrbdpak B8 yged for any
N, but f@tflerrRorarineerAnaBsid  ASEYI IR shbald a0 e tier.

associ ated with the di scl osed nmet hod enbodi nent

operates at the QJlSjratl nﬁ) Poi nt for the enbodi nent.
ThePeTirmancsr oidhgiotied Afphagppdekis avaliated asfelipws:

consi deration of the span of slots required in one

E_ﬁﬁgl %g%fgewsga%e BRUMIlitPp, Uf tyitRy toTnPh 9R8dshbE in a
particular slot. The probability that a single source sends a message successfully in a
slotis p (1-p) N1 and the probability that any of the N sources sends a successful

message is:
E(p,N) = pN (1-p)™* (Equation 1)

E(p,N) is called the efficiency of the Slotted Aloha method. It is easily shown

that the value of p, p*, which gives the highest probability of success is:

p* = 1/N
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creates different types of ASBls for different types o
f requests, Exanples are: repeat requests, requests
wo e00sdvfider ent types of nessages, and request SPOF/US2005/009998
different priority. The ASSA sets different |engths of
Al oha slots for different types of requests. The ASSA
varies the rat ?(ﬁi Ni\e_ﬁg epfgnfior ASBIs, and varies the
nunber of sl ot S he ASSA creates and adapts
ASBls in real tinme using suitable nmethods in order to
FiGa¢i shewsRe il bf Sfitiehcp Aith NP as Anél itk pérderiterdidble, and N
by adjusting the Operating Point. Slotted Al oha
as a pamgmeteimat i cal Model In the Slotted A oha mathemati cal
nodel N sources send nessages on a probabilistic
[ ' i : channel . The
FBﬁﬁ IérequP{%}SQPSf §6xﬂ-§§|§'}nltk§ Iﬁglf’gtétff?séérg? time periods
of fixed size , and a nessage is exactly the sane size
as the slot. Messages are transmtted in synchronized
Ef @S @i Egpi, 0t= fid (1-niN) "d silegl e sl ot . The de@yueition 2)
_rmde_al_anﬁ_saume_tmg_a_nsm_t_a_mssage is
i ndependent ofthe decision nade at other sources.

TH 5 S U S N A G et n i

11. destroyi ng each other's si gnal. In the mat hemati cal
m)del each source chooses to transnit into each and

babi.l i ._Thi h |
TR Tttt sehub s Bovnittihe Bafieny.dost B g to RBR, % the
numberioh uASH] §etshigfgRl. rRAfher ﬂ'é?éﬁhz%‘s‘%tsa HréughFRdradte dedérmyined by Np,

request mnessages call ed . In the use of this
butwhlqlmmbberaelﬁﬂe heﬁ@hﬂ'@nawﬁerm nal transmts a message, it
waits to learn if the nessage has been received. If

TR IRERAER BB BPLURED £PESNI0 plRE SRLTPRlen. panote the
probabllitﬁ'tﬁét@ Mdssalberameaiadden islsictesungivert fhex it %bﬁibmémttted, as P,
it will transmt into a slot. An IRSF al gorithm

may be used in the patent to random ze the choice of a

Al oha sl ofPsf=of1-p&' CPE both in its first attenpt (Eqdation 3)
in follow ng attenpts, thereby bringing the nessage
transm_ssi on_pattern of the term nal back towards the

it graximeg) etfisigncy and largesNsyst em and et hod, the

sources are CPEs transmtting IRVMs o n the uplink The

di scl ose?ﬂgmet_qi?ﬁ (m)t,, N;1 gaE(S% lq?et N | s typically a

| arge nu

Letting v be the number of attempts that it takes to achieve a success (including

the successful attempt)
E(V) =P + 2 Pg(1-Pg) + 3Ps(1-Ps )* + see = 1/Ps
E(v) = 1/(1-p) " (Equation 4)

For Ps = Ps*, we have the result,
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preferred enbodi nent, N wll be thousands of CPEs. The
met hod may be used for any N, but for the perfornmance
w@pe@bypei1s7 t o apply, N should be 10 or great er.PdmnEs2005/009998
performance of the Slotted Al oha nodel is evaluated as
foll ows: Every source has the sane probability, p, of
trying to gnﬂ a Jressage in a particular slot. The
pr obabi | i tE3 that a single source sends a nmessage
successfully in a slot is p (1-p) N1, and the
méqmtynbetwtﬁ@ﬁunﬂjé_yopéttémgté\is&wml\lslﬂ@dsends a _
successful nessage is: E(p.N = pN (1-p) N 1 (Equation
1) E(p,N) is called the efficiency of the Slotted

A ohghnehiwg? £ (1 L E(epShiyasiew) gl Phe @1 BpF IRy(1- Py )®
*, I C l¥yes [ ro | of success 1Is:

B* = 1/ NE vél,T\IfS"E%(PE-(%ﬁB% "l\ngF‘f?’d’s)gfyShbvvs t he val ue

of efficiency WAH(VNBs-abE(VIEP{(ndRy)eBlEq) Reét-irapf el,._.f(\.nd

N as a paraneter 2p ,Ar|ar r 2 i ke
BSPE), i? is seg-n:E(\%sEgﬂra't:'k@n 2)(?%5- %Qf)uéghg%g

approached very quickly with increasing N a s can be
Natiag that F(\a, =1i/.PsThi s inportant result shows that the
efficiency does not g o to zero, as the nunber of
users gets large. Rather it stabilizes at a throughput
rate det et ned PY1-NR) [@uPsvhidct - Pan+ 9e(TaPs )t ¢l e ]
better than 1/3.2.Her KPag) €3 AUPYET- of. attenpts by a

singl e source i+s|_llsoqpt4_t@g.13§)llj)§@p_tleﬁ)thre.p!r bability that

a nmessage transm si‘on essful, given that it is
transmtted,,as Ps, Ps = (1-p) N1 (Eguation 3) Wth
maxi mum ef@ i ci 2ReN1-dnd (laPge(IN1- Y B° 1 im (1-p*) N1 =
E(p*) = 1/e Letpi.nge,¥ be the nunmber of attenpts that
it takes to acmﬁigse*ﬂl,ssuccess (i ncluding

G2 =(2-P)/Ps%2 /P 2+1/ P2
.2 =(1-Py) /P>

For the optimum efficiency case,

(o} V*2= e (e-1)

Giving deviation

o = Ve (e-1)

Applicability of the Slotted Aloha Technique

In the disclosed method, the average time between Aloha slots over a long

period is denoted by & Thus, the Aloha-slot rate is 1/&. NB that these slots come in

bursts in ASBIs. So, we are averaging over many ASBIs in contemplating the average
rate.
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the successful attenpt) E(V) = Ps + 2 P8(I- Ps) + 3
Ps(1- Ps )2 +. . . = 1/PSE(V) =1/(1 -p) N1
w@ BEgamedion 4) For P3 = Ps* , we have the resul PCE{N2005/609998
e The variance in the nunber of attenpts is conputed:
s v2 =(1- EV) 2P5+ (2 - E(V)) 2 P, (1- Ps) + (3 -

The.Rasaineserh\dénotaeing averiod time betman thepiar of iigivals on the
uplink. Eg%;upgngz% Pszsdr]g?gsi full iﬂép? %Qaﬁmﬁ EEI%)V% ihqulggst cgsps) J_r

PS/ (1 - PsH(I- ps) + 4 (1- ps)2+ (1- Ps )3 +

T%]f r%g%?f L[\@?ri/a,)ar} fﬁg q;sll%k lg‘ﬁb\} gpgtr%ams ﬁ%[l@’il{'legggomtlag types of
et it SiMe B8 oA R0 ) R e Beldpo

including S BIBt IThere ¢ bhe IRNICHat 8sccessfully reaches the HCC from the CPE
for each interval requested of type (1). There is no IRM associated with intervals of
type (2). The intervals of type (2) are rare on the uplink. Thus, herewith we

approximate for the analysis:
The rate of upstream intervals requested by CPEs = 1/A (Equation 1)

The BSDP method quickly reaches a steady-state condition (i.e. the average
depth of RQ is constant — see Attachment 3). In this steady-state condition the
average time between successful IRM transmissions in Aloha slots is equal to the

average time between message transmissions on the uplink, A, with the approximation

of Equation 1. [The overhead associated with Class (2) intervals can simply be
deducted from the information capacity available on the channel to make this

approximation exact. However, the loading due to HCC requested control messages is
embodiment-specific. So, the approximation approach is taken in this analysis.] 1/A is

therefore the rate at which IRMs are successfully transmitted on the channel. This will
be called message rate henceforward, and we will refer to “messages” for the sake of

convenience.

As noted above, we have the efficiency of IRM transmission: In a time period T,
large with respect to the IRM transmission rate, there will be T/A, IRMs transmitted

successfully. In the same time span, there are T/& slots.
T/ A =EpN) T/E (Equation 2)
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G ving deviation Applicability of the Slotted Al oha
Techni que In the disclosed nethod, the average tine
wheddeen9Al oha slots over a |long period i s denptBUSIHY5/H09998
Thus, the Aloha-slot rate is 1/x . NB that these
slots cone in bursts in ASBIs. So, we are averagi ng
\Where pES Yhe\SRIbability firibayindt teRdird! €CREGWAURanghR inflb& slot
paraneter | denotes the average tinme between the start
and N i the RuebeaPEtesminals. upl i nk. The uplink is assumed full
in the analysis. This is the worst case. The rate of
intervals on.t Link isl/| _ . Upstreans carry th
& B Fevioriof D Bt i afe shressryiy e EErE hnsdf o
reform:0Y CPEs; and (2) intervals requested by the HCC,
including ASBls. There is one IRMthat successfully
reaches the HCC fromthe CPE for each interval
requested of type (1). There is no IRM associated with
intervals of type (2). The intervals of type (2) are
rare on the uplipk. Thus, herewith we approximte for
t he anal ySE(Q;N)th/ ate of upst r etmquatiosr¥ alAoha Gificiercy)
by CPEs = 1/1 (Equation 1) The BSDP net hod quickly
reaches a steady-state condition (i.e. the average
Taekhuafiomis intmaeibid. aNbte freReARAERBBAENIER) = NN THY Sfficiency
steady-state condition the average tine Detween
curve issintrodasédiin Afbthirmantstraadishiosvn in A2, fdrdbgyel M. dhigturve gives
o the ayerage .ti ne between nessage transni ssions on
the pert{o ,%Eh’eg

FBa0EPi yste FeUBHMERIAh M FEBN HE SRR the puive, over
Y ; S | r :
vl trel TS Y RS, SRS I Ty s kit ar
empty ancariyatdrdending lanshissiens.t b isrikke hivited thah mdvenrmEiQrall slots are

omoty. G5 L bRk IR el ook A v iy
and meBBRG LI O3 o8B R8P (1 AR Ry pB k) |
transmtted on the channel. This will be call ed

A8 A ot HtE RGN AT A UL e Bip 307 Actnis
Operatil‘%bwmt%&g‘?%g%zﬂ’hetir%g'a%'rﬁgﬁy ré)cguésltqlgiotté AL SeHGRA: 'n

The Parameter Np In Terms of BSDP Parameters

It can be shown that Np can be considered a single parameter and how this
parameter relates to the message and slot rates of the disclosed method.

In Equations 1 and 4 of the mathematical model, the efficiency and expected
number of requests are given in terms of p:

E(p,N) =Np (1-p)™"
E(v)=1/(1-p)™

For large N, the geometric term is approximated, by an exponential. It is seen

that Np is a parameter in the key expressions,
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large with respect to the IRMtransm ssion rate, there
will be T/I , IRMs transmtted successfully. In the

W@ 2008/09919E span, there are T /x slots. T/ | =PE/pSNp5/T09998
/' x (Equation 2)Were p is the probability that any one
termnal (CPE) will transmt into a slot and Nis the

nunber of naI E‘\l»s i porti on of sl ot

are succes F@ ﬁp td tra S t requests. T@Oﬁ'g?orm
E(p, N = x/ Equaﬁl on 3 -NARIgEa Efficiency) Tieauation4)
equation is imutable. Note fromAttachnment 1, x/I = N

THEFPISFRBIGHAE b SRRV RH £ e 1 e

performance of the systemrequest nmethod. As can be
Aeestatio® fort B®, QpisVeimphied t B{Np)t ’r 18tget R (I%\‘P%é‘r%aﬁalfd))’ This is
successful transm ssions. These surplus slots either

the appiicable repipyessior aJrrthe clisdlesedi mgtiiodanEBIB.skd presents thesexpected
be not ed that all slots are enpty, and

IRM trapgmyssipons/ Tesgggeéq Eﬁ?@Sd?(%e‘l?-ul | with contending

transm ssions. The efficiency and nessage rate is 0 in

bidie SrababilityTihat fsbﬁh%tteﬂﬂlréq WlIMraHétﬁltfhtB'é §|véﬁ%1bt) Wlth the
or maxi mum efficiency, we have pN = 1, (1)

BSDP methog of repestad attemptshive lgusrat i ng poi nt there are
2.718 tines as many request slots as nessages. The
Par anet er Np In Ter of BSDP Paraneters It can be
shown t hatNRF Eaﬁgwconsi dered a single par athRstuationriy
how this paranmeter relates to the message and sl ot
ates of the dis Iosed qu t|on
Tt SratRlestient o rgaincife [itiGah She pesRMERsd doBbining

Attachn‘ilémbﬁ‘rE atfoﬁguleéﬁé 4aéﬁ‘d Squalioh 3 fr&fhMer fab%veE(:RJrﬁ')ﬂrSt
E(v) (1-p) N-1 For arge

pnnc1pl&§°E§W/7&q ttl‘?é TRMStré’rié?ﬁl@élbméFéj wh’é/n ﬁ%a@ﬁ%‘@v@ﬁaﬂmg'épan of

Rat No is a par arreter

time). 'ﬁ'}@féﬂﬁﬁbﬂ?&hﬁﬁl@s@nsgo (@Ié)t?gte'\%ges N\é ﬁfcﬂ)%b(lﬁﬂﬂ%tt'aoélot"\)nll receive
ar uati
a transmission (assuming totallyg rando?n selection of slots). Ergo, Equation 5.

No Lost Messages

A preferred embodiment of system 10 repeats IRM transmissions until
successful (FIG. 10). The analysis here assumes re-transmission of requests until
success. Other variants drop IRM transmissions after a number of attempts. These
other variants only lighten the loading (i.e. lowering p) on the request subsystem of the
disclosed method, making this analysis herein conservative. Here we address the
question: Will an IRM always get through if repeats continue forever? (‘Always”
means with probability equal to 1.)

The maximum expected delay for the Slotted Aloha method is e V. Of course, N
has been considered to be “very large” in the above discussion, and, therefore, the

delay is effectively infinite when p = 1. (Every terminal transmits into every Aloha slot.)
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The expressions collectively are referred to as

Equation 4 . Annotation for E(p,N is sinplified to
waEepp991PDr | arge N (larger than 10). This i s PEEUS2005/009998

appl i cabl e expression for the disclosed nethod. FIG

13 presents the expected | RMtransm ssi ons/ nmessage in

terns of N i S. e L] & ' .
el St i S PR e R 12 1
repeated attenpts, vve have: (v) x/1 {Equatl
equal tcsi,shermat@ thatynaseages afker offared ﬁ@ﬁh@svﬁ@m@ Néych pilt be dgnoted 1/Ao,
) al so be confl rmsd conbi ni At t achnment 1 uatjons 1
i.e. mesgagea are 1Y losd pacabne BeqtiQﬁ%$ AEs Rohieseedr(There s

mathen%é!g%ﬁ hﬂéﬁée n‘ﬁh‘@, telter‘n%n{ h?o#nﬁz%ﬂ} ﬁ1)§§§%1e°sswﬂlnq€t%§ wWithigFbbability

over
0- whuthi mwnﬂﬂaboacecm albiﬂm mncm gimessagbelopsaim iget lthry»ughz)t The

| ot receive a transmn ssion (assum .ng t ot al
probablhtqrfafosﬁ@@sgulv drangmitingiasiequesten opgfeansemssion &%Pwélere Ps

(1-0) " S Beder s B flseideEr THEGOLEE Ly 81 o fotRhS Bgppbsfise ©

transmidSidhggs:s here assumes re-transm ssion of requests
until success. O her variants drop IRMtransni ssions
after a nunber of attenpts. These gther variants only
lighten the | oadlsmigP{(1-&s) + Beétilhg) p) +on THe rmefdest
'ﬁ#{pﬁsyﬁkem]m the di scl osed nmethod, making this
anal'ysi '8 hérein conservative. Here we address the
question: WIIl an IRM al ways get through if repeats.
continue forever? ("Al ways" neans with probability

Operatigg Bint o 1.) The maxi mum expected del ay for the
Slotted Aloha nethod is e N. O course, N has been

arany RS methpd usedrty scaegule IRM fepeaiimnsnissiens dhedelay in

oy h RUELRSosh 15 Pock RO R A AE U et
numbesh&ihg)dhovén IOFIG.bENi gn case with p<l , it is shown

here that the rressage rate, 1/1 , is equal to the rate
t hat  nes

H@]Qp@daﬁmg @lnt Offrn%gg Y togﬁléeﬁgﬁ]m&q%gé&me alue of Np
soac R e O T g

th babi
related to the \t/gnglblgrc%n?rollalole factors (i.e. Operating Parameters) 1/A and 1/& by

Equations 3 and 4.
Np e NP =E/A, (Equation 6)

Thus, by controlling the message rate and the slot rate, we determine the
operating point of a MAC embodiment using the disclosed method. This is the key to

the successful and efficient functioning of the system request method. For the sake of

clarity, 1/A and 1/&, cannot be selected arbitrarily. Available channel capacity obviously

influences the choice, but the ratio can be maintained with any channel capacity. The

effective functioning of the RQ structure requires a careful selection of message rate
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0O - which neans that once in a blue nobon a nessage
does not get through.) The probability of successfully
WO e@a®9EIRT i Nng a request on one transm Ssion i SPEBUSIEH/E9998
= (1-p) N1 . The proof is inmmediate: The
probability of success on repeated transm ssions is: P

and mes‘s£§e (ehgtghhistisHatdrial IRgtR infthe disdlos€d fndthod})wehich also limits
lo=1/1. Operating Point For any |IRSF nethod used to

and mflt@m@mﬂ@ neﬂ@ncrr@@@at Froraikeroelit @hyiew pkthgalesyiestpart of the
dlscloseElr ﬁﬁiﬂb& ttl’}]%?arfi‘ T fh§M|§8§rﬁ?oﬁ%fr)\@r]’nyaﬁ n%nﬂ)ogi'lﬁwgﬁf isltH8 ?éfeocﬂ’

hown

soron s TR, LR rdhad? B o

ORERAL I relates to efficiency E(Np) by Equation
patterns B tﬁé r%}Wpyprel ated to the tangible controll able

factors (i.e. Operating Paraneters) 1/1 and 1/x by
ItEEthatb&)nete?d thatithe behpvier dfothe nefliest r(méth.wialqu @)y 1I:ils:psnds on

by contr he. ne rate an sl o
the avere&eept;ﬁ;iﬁﬁ ﬁﬂ%@%@y&p-qﬁzﬁggﬂpaamg R@ﬁ%lgpl@ Cand'Slot rate
can andU&ilNge bhevéianel Rsied thetdvesagelhaleifsr the@elififametdrB®ver any
successful and efficient functioning of the system

period megsed. nidewewer, Rsrthemeriogef roeasurgmeang gets arbifrarily large, these

values nﬁgg f)P ﬂethg% gra?ihglﬁcflﬁ){ ve{léf %qu Ja%ﬂc?o%&fﬁ@ﬂ*od to be

VI OUS Yy uences OI ce
practicahyltapplledn TEhe amamhabﬂednamidmtoaamtedﬂwaqﬂarﬂanauce_ambod'ﬁn@wt

effec_t_lve functioning of the structure requires a
depends, gpfiitly i‘é‘t%‘%ﬁﬁ ligyit %H&'&Pg%éaﬁﬂe ﬁf&(g@@@qug%ﬁgmd on the
size |ImI£H?FEQ skl 17 that Jr;#r{éenhe di scl osed net hod),

I'so |mtsa ces the rel ationship.
From the point of view of the request part of the
Reé: gudhticre of the hassape ratecomthea uplink is amnmphlshatrblpemaﬂlyaby the

sacr e IE p'the LG FrBindd FRSaFSHF0h bBIRer Bicices o
barrier it&Rfef bicthBadis€1686d Prdthblgo Mesurerthat tHe SIS RoRer et Bfbrage

that the behavior of the request nethodol ogy only
messagd eligéd @peyating Point parameter. In the preferred embodiment, the message
rate operating parameter is constant, on the average, i.e. the system does not adapt
the Operating Point by varying the message rate parameter in the regulating

mechanisms here designated.

Regulation of the slot rate is an internal system function. The ASSA controls the
slot rate of the disclosed method. In the preferred embodiment, the ASSA provides a
constant slot rate to the network.

Equation 4 indicates that efficiency goes down and delay goes up when Np gets
above 1 (FIGS. 12 and 13). Thus, the region of choice for the Operating Point, in a
practical system is between 0 and 1 — the Operating Region. (There is always a better
point to the left of 1 for any point considered to the right of 1.)
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the average or statistical behavior of the key
paraneters. Message rate and slot rate can and will be
wabwseodsd bel ow t he average val ue for these peCHDB1085/609998
over any period neasured. However, as the period of
measurenent gets arbitrarily |arge, these val ues nust

TABRIX@RE MdstTatdaibid bpérdtagPoiNpdéirindsisn tHeeralatael infRetance of
net hod to be practical Iéappl i ed. The amount of

delay angheffigiengy efstlet usedFKy. t4 peeaands the inderpeationeeft FlGsh ddaand 13

. Coit he. size limt on b . '
on a sl AN b e DB JrBARERNG o fisctoseo
method f ThetHETficietidyddipresénteRavaraé ito mophal inthieBigags It i terms of
the uplink is acconpljished primarily by the SACF in
the numbre OSHIRAS TeRUIFaL Tari R eINg eeneRasRRY |IRNLIARSMSIoBs | on
Schedul ers provides a barrier inside of the disclosed
IR @dcidedtMilifod, 18é OlafhdPIMasd bther E&?érﬁ@t%rs are picked
nessage rate erating Point  paraneter. In the
for a sysiert eperdingratdull capacity. ik cansiage beliee biowexer,ribe effects of a

oo B3EERT 8 SRR AR BB TBE o, RO
overatr R P26 GBT SR PGy RS (REAERL R e 1

internal system function. The ASSA controls the slot
with a comstentslotraie HEsds tspwvedip b the left ascan beaeeady Equation 6
enbodi nment, the ASSA provides a constant slot rate to

(also Equadion & W 1G=dZa(p snoves becausee is ixed)efInitbisqasp rpersslots
are eyl 48 4t LG A AREE O BRI 0N gh 512, o9y

decreasBei Mhe hiethodsaErfaralanggdiproves feetthessniessaded beinghserviced.
Operating Region. (There is always a better poi r]t to
In fact, thgeAPafy Mgy be desighad tpHiciease sidt datee Y reqyerting; lgiger 4xSBIs,

T f FALd '
when ek B SRS bl T i, PSS ALdspob osoRenfs oBuen
more tosheleftaad dgditihg il fasdsergsponke tinmé.or mati on of FIGS. 12
and 13 on a single graph that highlights the
ppropriate range.of operation.for the di sed .
Sisfrieauepf Matdon gRECR 1 Bon Bl e Vel B Pt vy
inthis Figure; It is in terns of the nunber of slots
o Dr8ppéd PHedgen Singl e successful I RMtransmssion. In
. dé?gymﬁfés%%gé tpgﬂsf@g iohhe Operating Point and ot her
p re pic 8

araneters

The disclosed method can be embodied in a way so as to drop IRMs after a
certain number of attempted transmissions, thereby causing the associated message to
be canceled. For the sake of clarity such a “drop” can be known by the appropriate
service application, which can resubmit the message for transmission. However
dropping messages is not inherent in the method. As can be seen in the discussion of
Section 2-3, the preferred embodiment assures that every message that gets into the
Network is transmitted with probability 1. Only events with extremely small probability
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for a systemoperating at full capacity. It can do no

better. However, the effects of a drop in | oading nust
wheoosngardned to assure the stability of the nep¢DUS2005/009998

When operating in the Operating Region, the effect of

a decrease in the nessage rate 1/1 , with a constant

such as RQpovérdiotr ddrikcausesa tréquestdo be ibet bhee ltieé IRd3istrbnition process
seen by Equation 6 (also Equation 3 with FIG 12) (p

has begyfbves because Nis fi xed). In this case nore slots are
enpty so slot use efficiency decreases, but |IRMs get

Inltocgﬂgl"ﬁf‘rﬁafi‘t%ﬁ{a rgﬂ)\?a' gﬁ% SISF Mkt 'FS@:{J)‘IQ% fhe presentation of

ormance | 0ose nessages
messag&m/ﬁheedisclbaecﬂ awtthod tmd\&&&neaynsbﬁhadﬁm GAGIF tnoan SCPC or SIM

ingrease s requesti rger. A
takes to 43 3hE Ry Tdlucc, diniy B'itaare: niuis APoURB ARS8 1 dropping
of messé |ﬁhérém\hh fite BiselpedmEMoUOtidR halibaad inditddtRdfect of
i1l faster response tine. The system request method

dTOPpedaW%QﬁQ?Squal ity of service (QOS) in two ways: Dropped
nmessages Delay in nessage transm ssion The discl osed

Dgﬁ/% Ggf'at?al nfgépgf ﬁgsé é;st@n%?iggalﬁetr\?etw&ﬁahghzﬁmerent effects

er a cer nber ransm ssi ons,
of the BSIDErrﬁbthddauﬁmeg:ahhmpasissenvaieeqhatﬂysiag\aotwaym cancel ed.
For the sake of clarity such a "drop" can be known by

1) Tho S, ARR SR At o 6r Pl 58 0Ba oS i Bseconc i ypca

embodln’i’élﬁﬁmfﬁ!ﬁe ARTABRBmMethdtPt Ini MBSK &?blld:étldrfée tlﬂ§tdé¢l§§l hé’§ no quality-of-
can be seen in the di scussion of Section 2-

service impaichrthe @xeaptien pessiblidaing withreaaldinee gamm@cﬂﬁm Turn-

aouna 54 By BBy i St B aBaRu, W ouvie
the one-RYy A4y, vivick amaycBpicalip beesifevd teho obenillieetomdse the IR
Di stribution process has begun. In order to maintain a

2> Ina 5%’@&5%@505?@ d 3@%&{@%& ﬁéf%ﬁlla?'to?@tdg %w%rseggrtﬁ?éttﬁme can create
t

orinesd HES IS rBsBNSEERS s SAIF RS, W FeBoyerno o

smooth diatap‘mvmgddfs detzns dgeampleiseafahe inpach of ditechdbedt anaduade buffering

are pictutrg?rre%zgg% ?n%e%? or Qgtllrrx ﬁCkS |];1eactjtd gf dropped nmessages.

Message delay and jitter may have three causes: Physical delay due to
propagation and processing; IR distribution delay; and RQ scheduling delay.

The physical delay in the preferred embodiments of the system is a fraction of a
millisecond. Total delay and jitter is dominated by the two other factors. The request
methodology of the disclosed method relates to IR distribution delay. This is

considered here following.

The probability of a successful request transmission, given large N is given in

Attachment 1, Equation 3,
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Del ay and vari abl e del ay of nessages transiting the
Net work are inherent effects of the BSDP nethod. This
w@avsiosgpart service quality in two ways: 1) TheCHEbmY5/009998

through a network is foreseen to be several tens of

mlliseconds in typical enbodinents of the disclosed

met hod. In nost appl iRgatéoh®, this delay has no

qual i ty-of service inpact, the exception possibly being

wi.th real -tine gane interactions. Turn aroupd tinme for N-1
Probaiylity|0f elifgess e 36e%. i S & viked: Buch Bed1phohet - + Ps(1-Ps)

conversations, is double the one-way del ay, which may

typically be a fewtsns_ f gii,li)aeconds. 2) In a

stream of rel ated dat® TresSsdges’the variations in

Network transit tinme can create jerkiness in service

e t i i . ed:. e
PP ACI ! 50 Sheer PRISRY Bk oIy GivinUR Bfobabilly of
successfid regyesittrasfsnjissivarasva funetion ad&heatumber okaltergpta §. The same

data is G5 abFEFEShlifons PR pArahd Fif 0BE a1 BedHie Betay
associdteusiigRthel@isased enéth ol dRpRAAS ifipBt, AHther gRIted AunitRr of

di stribution del a\F/; an schedul'i ng del ag. The ]
attempishgs ipeesended &y thenFighees, eedaacenckan dok taa Belyreamattempts - ie.

em.j r ' 0 L I '
on how YB{:CHRe SolBeletot Idbhel FodudR o SRR Rns L e MRIENARREn.
FIG. 16 pmwidés mepdvatetl Opyratihg tHuintdics ¢h terest regjandidgrtelephesytamd other
IR djstribution delay. This is considered here
delay-sessity®i SRIViCeBe probability of a successful request
transm ssion, given large Nis given in Attachnent 1,
E%uati on 3,Ps = e Np Probability of success in N
System EmhodimgntExamgle (1. P ) + P (1- P )2 + ... + P (1-
P)N1 FIGS. 15A and 15B present plots of this '
tyaaexample ol areystaie emmgm'ent,tq/ refreguesids ettempted gesh time an

s i AGREL 58 SRR UMb A MRSl b soas o
assurefth& thtbdapndnbligh sldiBper iterivan®o drbErandeeiaaiond byithd IRSF of
the di scl osed nmet hod depends first, on the expected

the re-raqusst siot isgfferipes e prampleNetwerk srives goraveragegf about 2000
messad&s BBFs88oAd fmk SloYEE SR PIRS Bipink), SThEBxAMBle Network’s
0 ected for gl be

S are se repeat requesSt trfansmssions
functioh ietd K{ppdrtiadelephone service with 64 kbps VolP. In consideration of the

trade-offs apparent in FIG. 16, the service is designed for 99% packet throughput with

a packet being dropped after 4 failed IR transmission attempts. These two |
considerations lead to an Operating Point selection of Np ~ 0.4. From FIG. 14, it is
seen that there are, on average, approximately 1.5 IRM transmissions per successful

transmission at the Operating Point.

From Equation 6, the slot rate is 3.7296 timmes the message rate, giving 7459
Aloha slots per second. In the example Network, the maximum time specified for the
request portion of a message delay cycle is 40 milliseconds. Providing one ASBI every

10 milliseconds surpasses this requirement. Thus, there are approximately 75 slots per
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FIG 16 provides inmportant Operating Points of
i nterest regardi ng tel ephony and ot her del ay-sensitive
W@ 2003i029s7 Syst em Enbodi ment Exanpl e | n an exap@l/eSmwhs/e09998
system enbodi nent, a re-request is attenpted each tine
an ASBI is offered. A significant fixed nunber of

interval. A Thiete Sr®appREXinfstBly 26newaehdestsshd$0 repestragesstsaper ASBI,
re are _enough slots per interval so

t he ] t hat )
and approximaésty 2819f dhesp3Q ansmissiars anesyceepaly frangnaitteds)
effective. The exanple Network serves an average of
n ) i i
TR e R R e T SO ROBUEF8of 30 (hAk GihiccAucity
availabls fgpessagease | Apslohmighdibg t% ofl the Séragpmessbpe size (a very
: consi deration the trade-pffs apparent. in FIG 16,
mportafiaramiayepend e SVEHERG 5 henaLpLE Beornt D setioture.
a packet being dropped after 4 failed IR transm ssion
O¥nsRIP e QIS SSY 4 WolR efielit Jithtd paskétaate bP1 @Eackets per second.
Operating Point selection of NE ~ 0.4. FromFI G 14,
In the examiple y@gnortknaa pagkstaveild bedashoreageeryispragernd sy average.

mhispacke] YAl FAESER A T BLTSETEHY LoERRTELpgiRaBly cover
such a loss.3. 7296 tines the nessage rate, giving 7459 Al oha
sl ots per second. In the exanple Network, the maxi num

i me specifjed for the request portion of a nessage..
Theiaiprage Aelavsthigugh fhe i oy BB RS GrIRIE b milliseconds.
i . . ) o
When a0 Hly bl e SO Sy ob FITRIBNS), s ivesan
expecte( Total onarveayagelayxohappoyinraiehedd niljseserdsmndintuapaegund time

on e S BHEH CLF BASE g S DB OBl B e o

voice syefACThe rapsllbng defay cduredAsBie bendhielgof hftislfregbests in an
total uplin k capacity available for m_essagies. sl ot
laye the effect of

interval iy hgndlee by dhe feutipsf ali@psgts. neysh gebwiching wi
| t § i :
one lost TR} <R Bl dory RN, O AR 5 IEFGRP g ot cary
for morétan 3 repasits ~WB0millispeokes. rate of 10 packets per
second. In the exanple Network, a packet would be | ost
once every ten seconds on average. This packet | oss
State Mbéélfor aphesent s about 1/1 0 of a word. Speech circuits
easi |y cover such a | oss.

FIG. 17 gives a state diagram model of RQ. The state of the querue is defined

as the number of tokens in the queue. In the BSDP method, the Reque st Queue

“tokens” are IRs.

If the queue does not grow without bound as time goes on, it must reach a
steady state where the number of tokens in it goes up and down around an average or
fixed value, depending on the pattern of arrival and departure of requests. The system
10 is designed so that RQ is stable, i.e. does not grow in size without bound.

The pattern of behavior of a stable queue can obviously be quite complex. A
requirement or assumption is imposed on RQ -- that it has the ergodic property during
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The average del ay through the request cycle in this
exanple is 15 mlliseconds. Wien added to a typical RQ
wa@ledoapad7 20 m ||l i seconds (see Attachment 3), PEI/ES2005/009998
gi ves an expected total one-way del ay of approxi mately
35 mlliseconds, and a turn around tinme on the average

the pealofraflﬂl: paridd. s @bimnpeansithat the arriver of reguestsaahenyaveraged over all
turn-arqund time for a_voice system

of the CRB s llseHndsym: (o5 FRTAIY. STO9IPM BIGafbgdcas Bowss if an
experrmEHf Eréﬁ‘rdubfibT{j‘aWeeﬁrsﬁMaﬁ??tlﬂgte Efirrfint f@f&%ﬁiﬁ(\é@qgﬁ A number

ching w have ect o one | ost pa
of Networksse parallel omtivﬂ*rssﬂrmerembd’dmmen’rrmdt unﬂerﬂheeh'rrragtraiﬁfksloading

f th 3 t il .
statistio i Hopdare all 2 Tog 8ot repuhirds e RQ SEREF Being,
dlstrrbutEB‘iIr‘Fb rtalifRwaine spt rﬁbﬁy Ne%%élwm%\} R fdserepth t(5‘950 many

mber of tokens in the gueue In the BSDP net hod, the
with quaueqﬁsiep@éueatc:t Jlherascoadeparkef thef expesingniie telBssa reingle

system §Yth, Brigttitee qiRiIdnE R CTaAR Brthg dRiSTE' | {REERe" ative

amount @h dn@mmrﬁmmawmaﬂe setohd paft ofzhe e,xpéﬂmendrsn gompared
attern of arrjival and departure of

with dlshnhetl@w? slates framdee figgihars olf preportions @r%tfsﬁarsemer,” Ehe Networks
behavrog hAPss tﬂ%ol‘ﬁ‘hﬂje‘r E}Ebé%r%éﬁoéﬁe&ﬂgnrﬂe trq?ﬁ Eaﬁeﬁrrsnlsoéald to be
e quite

ehavior o ueue can oBvi ous
ergodic.yonpl ex. A requirenent or assunption is inposed on RQ
- that it has the ergodic property duringt he peak

ff d..Thi t th
Tﬁ%gﬁeé@ﬁ%w'@r@@aﬁﬁﬁﬁi R&s o' rtalt rolibil) pbeing in each of

the statésanF“PrPZ, Eora . fopime Ly..er g0 ghiottdrit 16 fotd@MefiTonsidering the
I'f an exper| ment is conducted: The first part

practlcabrnnortamceqfethrwmt this prebabitityssetetags| ratgiependoay thef

charact 8 4o BRRAFE ol o380, B O hgBRbspumoton

any systehewilglon tae bi?@ragér‘ﬂ% founel, witie stités necupiet Refriliont 6ft &% time
bei ng di stri but in a certain way -_so_nmany Networks

represenjed| by thesame distriputigepth. B2 Ba nany erhhqueues of
depth 1 , etc. The second part of the experinment is to

Therregluﬁé(l'l‘ ?é’?rb@'?bpﬂﬁé a@erla%%:%ﬁr‘a Or ﬁ@ﬁa\h&etoscﬁi&rr does

statistics atl ve anpunt

depend oh themepuiraarmd orutptﬁaxharactatrstrcfaar“\terrg" scdomiapival with ‘Mesy”
HREHPE BN LTt PR 54
random eparture ehawor gives very quick convergence to this occupation

distribution.

If the arrivals are from different sources, and these sources follow moderately
random behavior, and the queue tends to be “quite” full (more than 10 on the average),
the Law of Large Number comes into effect: The behavior of the queue becomes quite
independent of the details of the statistical behavior of each source, and depends

mostly on the average arrival rates, and the deviation of arrivals from this average rate.
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with distribution of states fromthe first part. If
proportions are the "sane," the Networks behavior, or
wa bat/02191 he under | yi ng process affecting the PCHI$1005/009998
patterns, is said to be ergodic.) The stabl e queue
with randominputs has a certain probability of bei ng
Sirteone ltaffndviee kAb@IRS stdlistics Bes oBiated with Aty séivick in the system
It is inportant to note when considering the practical
10, it is negrssARNTUSf REHVEh aTbtheraviesage oaHibe @i fey K quriad Hpt How
% fy) LSt fit yal: ;
arge *agfRE I TR dPErEBUROGHT efvEid, fl 8 frobBbifRlo 38fiee e upiink
traffic Ioadmgéstal\édticb%aren Wﬂeq:ra?tﬁreﬁg&uét&)rﬁ ds! tithtwiithhtheet latges Eumber of
CPEs fogéscﬁ:uepr{fogta?apgé;t%g#?onfﬁ?e g%s,siqstebgef\ertﬁggrj ,et%%?ttraefﬂg%atrac?qﬂgics are
L time period for this average or random
verywelg)gﬁg%\/\(%dr? to occur does depend on the input and out put
characteristics. "Very" randomarrival with "very"
Therelism dispamelierabivhelfecin dhe ca seawhermpiirafiicie rieas gamdem”: If
ation,di.stributio f.the

the CPESayf Yy FEqUIRE B0 080 Tedibstedtng brbeiadd shbet thE Gueue, and

speed upRARTagE message amobghput tihe. IS i thelpatiemt hadscéwrshivith
P quitig full (nore tgh}gdrf(I 10 on the ave?age), t he Law of

streamingirgéicrauebas e@ andvideoef f ect : The behavi or of the
gueue becones quite independent of the details of the
statistical behavior of each source, and depends

RQ Depfibst |y on the average arrival rates, and the deviation
of arrivals fromthis average rate. Since we can never
Thisodevdiepraeat isst basic af gueuiagdbe wiry.h lialgpeteisvarcan iotvseheation

inat load B RN b o1 BEGFRAE Y rtBor ST P el &l Bavation uncer

certain iﬁﬁW'aﬁ@oQﬁﬂ%%urﬂﬁti@Wﬁ%é khdafEtyiBdtioh PP, Ps, sse , Pn, Pret,
probabi |l istic sense, the uplink traffic [oadin

«+« . This multis tisedte comuite thecmneealdeyriatian iomueyetdm%h-wi th
the large nunber of CPEs foreseen for applications of
ThGHle tfbgﬁgtﬂeg/%ﬁ%ﬂh%{g%icﬁt?fif\/(l!ecoﬁ%g%ﬁé Pghéﬁ%][.?grg?ome

very we € Is’ance aneliorative e

sufficiedé&ééﬁi}i@%ﬁ@errwgg &iﬁ;s%fclghﬁs Ir‘ gw u ?x%%ue:vg@%tgn 'sEehtgiea fraction of

: bs to shorten the queue, and speed up average
the tlmer%itgaqag%ﬁhr oughput tinme. This is the pattern that

occurs with
Making the least possible assumptions about the statistics of the arrivals and

departures:

A is the average amount of time (in seconds) between arrivals

M is the average amount of time (in seconds) to serve an arrival

In BSPD terms, this means that A is the average amount of time between IRs

arrivihg at RQ, and U is the average length of an upstream interval.
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streamng traffic such as voice and video. RQ Depth
Thi s devel opnent is a basic of queuing theory. It
walepenggIon an observation that | eads i medi at BCHUS®05/009998
"The Bal ance Equation."™ Solving the bal ance equation
under certain input and out put assunptions gives the
We notdlthsdtr 1 bution P1, P2, P3, , P, Pn+1, . . . . This
result is used to conpute the nmean devi ati on of queue
dept h. The observati on depends on ergodicity. We
1PRse e averRehnimbécsf. RéquestsTi adddopident |y long tine
period, t (in seconds), the queue Wil exist in state
[ fracti on of the tinme . e q Maki ng t he
1!%@@%6&4@6@@@%@%@&%@6%&q%moetsq Bt at i stics of the

arrival s and departures: Is the average amount of

Figr e bl Vgﬁ?ﬁs%f#g’etb?e@%ﬁé% {8 Bofbagh b ftitbe at east
as large 74 o RYSIUR UM ORI oF A CabeBky M i e éﬁ‘?a%ﬁ%”"iﬂ%g 9 <.

Iength of an upstreaminterval.W note that: IS

t he average nunber of Requests in a second. 1/ m IS

In periad & stpte dusrbesuried 3dtisesesdsn @navesage. themunpleer of
queue to be stable, the average tinme between requests

arrivals Btitie e whit@sis Q@Upwweha%byhﬁcamgrthé%téﬂel‘@p thI I+1 is TP/A.

service a request, m . Rephrasing: 1/ m -
On the %vellel;eo?ﬁé ﬂgnﬁ)& ?Hé’ﬁ%‘tlgg?f(g@f%ﬂﬁ%@? dr t%ns?ﬁ‘%%‘»ﬂ?) while i is

occupleblsth‘é‘ﬁéb‘ypki%ﬂmgtth@rs?eﬁé,‘ dowpkiong the state up to i + 1, is
the average, the nunber of departures (or

serV| ces or transm ssions) while i is occupied,
i-1, ,st)oqarﬂgpy ki cki ng the state down to The observation
| eadi ng to the bal ance equation is that for the queue

The %é\tlétmrﬁleae‘ﬁ%o@hé BB%n‘cb’E?q @Q‘th F‘orrng%@'éu%fto be

transitions u t he nu er o transitions
stable, a@va loagvisesn pemd atbem:eﬂlerstf@taawtlons up, must equal the number of

transitions down between two adjacent states:

L]

TPuIA =T P/ (Equation 1 — the Balance Equation)

Defining WA = p<1,itiseasytosee P, = Pop" and Po= (1-p). The

probability of occupancy of states goes down geometrically.

The expected depth of the queue is E(n):
E()=0XPo+1XP1+2XP2+ «ee #nxPy+ «ee = pl(1-p).

The region of E(n) is where the queue depth is found most of the time. The

slight dead or empty time implied by p < 1, is catch up or breathing-space time.
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t PnPM =t Pn+i / m (Equation 1 - the Bal ance

Equation) Defining ml | = p <1, it is easy to see Pn
we200689apd PO = ( 1 - p). The probability of oORPCL/PS2005009998

of states goes down geomatri cally. The expected depth

of the queue is E(n): E(n) X Po +1x Pi +2x P2+

There is & chaladtéristic of ractrca%é%murﬂ?cat@h@ s?@@n@ baéedoR)queue
is where the queue epth is found nost of the tine

processmgeMiAEGA{s w@a@(amplé est ﬂw messags wie 9y the syﬁem is slightly
below tﬁ%ESPm‘t’tﬂm@ét s e@a‘t,r)té'cﬁg | ca sttérﬁe ﬁﬂ%‘f ldhf sgcnfl%e of capacity

aracteri S comuni cat fons

provide$ feridiliynresilieney ramdqﬁedictwanw[aeaehavﬁdirefoeWstént hat
t he massage rate of the systemis slightly below the

% rﬁ% agtede, GER ymbeRing BoRe Bk ig diptitied Haquest
Queue, Qﬁ‘f @lt ARithéd Ft‘lefaII@\ﬁQaEDéH%rEPfontmhémé%r ﬁbéssage

mgavantage of this s prope rty of
transmisien withune wsred whanneaapacity ldaedosseataa@delayt labdity tu sonflrm

|l ows: pr.eparation at the CPE for nessage
schedufe, RUneBTiEATTbri3Fe Trpsdhsron AL A mPesagRarq Yasind ghannel
capacity frtHe ifefradtiorrBsdddidtel Vi PSEHAWIfT R1éekhd&s, predictable delay,
synchroni zati on before transm ssion of a nessage, no
and priqiiy selledHimgnel capacity for the infornation associ ated
wi th scheduling messages, predictable delay, and
priority scheduling. Efficiency of the System The fact
EffIClenc\thth ysiem ve randonmly and are being processed
through a queue, neans that at sone tines the queue
Thid facbthad higs ylrr(\leeranslbmlyeaﬁyi arabeinp procedsed throuwghaadjueue,

means E@t}%{ §§ﬁwlztg'}¢1é§ e‘f&&&é \rﬂv;llzb Ei%&gb‘g gt%pf ﬂﬁg IFn‘:I‘( will stand
dle. HER GRED RS disiamtenrar ub e BETAT B ERLALOBL gt o - P) s the
answer . Nofiyhi 8 péyosafho el ﬁme?ﬁ?fit\"§r§%§eﬁw§ﬁ%qé FFafidshegveread
O, thistrggwi 'ﬁgﬁgteh tqvtgaer@gr?ee@fqitii\feéﬁnfé# t?en eflg\?%r%g'esunnu%ed time per

Rel ati onshi p of ijue Depth to Efficiency
arrival in the link: T (WL + €) The fraction of the time that the queue is empty, and

there is no transmission is.

O=¢eh=(A-w/A=1-p

Relationship of Queue Depth to Efficiency

In the sytem 10, RQ is preferably “pretty deep” on the average so that the exact
probabilistic characteristics of the incoming traffic are not too sensitive, which traffic
may be somewhat fractilious. “Pretty deep” means that the queue depth may be
greater than about 10.

Noting that p = E(n)/ [1 + E(n)]:
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In the sytem 10, RQis preferably "pretty deep"” on the
average so that the exact probabilistic

w@b@sagtier i stics of the incoming traffic are nRCT/USI05/009998
sensitive, which traffic may be sonmewhat fractilious.
"Pretty deep” neans that the queue depth may be

t t b 1 i t,.hat =-E / 1
20 = =" efrREEA EOIE T4 EDIE )] A the

queue depth gets small, the overhead goes to 1 (the
AR Al b b e Werhdd bt B tkBhadig s emoty
most of BEPBFSE 48 BakOR.Bhdueian'S Bl EsrMlicin fo. e

ueue depth gets large, O-> 1/ E(n), large E(n)
expectegeqmlei dapth)imitsrtomd for 2<£0l. this equation is correct

to less than 1% So, practically speaking a enbodi nent

hat, is 99% efficient has a queue depth of 100.
Siaeresting SPHATRIETRR thdhe SUEs 1Aorhepde ASEusdeRthaets
large E(n)? This is nmeasured by the expected deviation of
" the queue depth around E(n). This neans if at any
i nstant the queue is sanpled, how close is the sanple
depth |ike(y H01pe(R)0 Eldnge Bgume that E(n) (Eyuation 2)
"large." By this, "l'arge" 'may nean greater than 10.
The arrival tinme of Requests may follow a very conpl ex
Aor EaPE i, Yhisedltiomris\eoresct téssasnbanhi@s. it is wel |
behaved (or "real -world") enough to have a deviation s
as well as a nean ITl. (s .is the uare root of the
Suprasiically spagkinga embeflisientihatigrosts sicantRasa quele depth
of 100 @rrivals at once - e.g. what's the behavior of 15
arrivals at atine - is considered, the underlying
probability behavi or becones nore and nore
o e ed, or Gaussian. In fact, the nean and
Dg!gﬂg&%@#ggggﬂconpletely define the behavior of a Gaussian

HRBRTRS 150 o Spofl el RS TRl shedhul S e ¥pected
deviatiodl dfitN@lgBie (1€ WeptiRarditePE®y. WHidnfRAd!if at any instant the queue is

sampled, how close is the sample depth likely to be to E(n).

Assume that E(n) is “large.” By this, “large” may mean greater than 10.
The arrival time of Requests may follow a very complex prob ability model.
However, assume that it is well behaved (or “real-world”) enough to have a deviation G,

as well as a mean M. (C is the square root of the variance 0‘2 )
As the statistical behavior of more arrivals at once — e.g. what's the behavior of
15 arrivals at a time — is considered, the underlying probability behavior becomes more

and more bell-shaped, or Gaussian. In fact, the mean and variance completely define

the behavior of a Gaussian random variable. So, a very tight grip on things may be
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delivery of IRs) is considered. For n arrivals, the
tendency is for: ITI n=n mCn n s Since the
whewawyar7 of the Gaussian is known, we can preRPCTUS1008009998
behavi or of the queue nay be predicted when it
typically has a large nunber of |Rs queued. This is,
achievetl Rsfstin ad e BemAidd sfyretips of agfvakufsuen ld%map‘ibetﬁ&mh RQUM
poi nt, one nust reach to a nore preci se nodel of the
de“Very@fﬁéBiS) igiqegsilesedss to nodel a deviation. A reasonable
nodel of RQis MM1 . This is Poisson arrivals,
aj [ (which is equivalent to
ﬁ&é@%}ﬁg&F h ?ﬂbﬁ%k msel ngl e server. Wth a Poi sson
process, the mean and devi ati on of the Request
process, yni,h=E¢ large, is. E(n) = E(n)l (Equation
3) For exanple, the nature of the Gaussi an
distribution tells us that 66% of the tinme, the queue
will remaihni@ Ri® 10% of the mean for E(n) = 100.
System Per f or mance The di scl osed net hod perfornmance

EHERCER T N Y L —
queue n']éV‘Bé r|3>re<!i|E3t<=Jé! When ﬁftyﬁbéﬁy?‘héé QlgrgehumiSer 6FIRrSVéheGé@ | This is, in

He average |ength bits, of rressages in the
fact, the|8m@®thmg effect-of Igg slot rate specified for the
system 1/1 * = approxi mate average new nessage request

L@l c *Thi s . i
ALTHE RART bh sttt LT Do drsoiBinioge g oo process
to mode&é@lewliaiwnedt\ lryrad dreablitCRadde gbR@ts MAwesTlss |§Jb}°cﬁ§§i)n arrivals,
ese are such nmessages as those assoc:| ated with
exponentml SRR{IGe Hnedivhiehis §qivalent tognessage Igpgilar a1 dhaisgle server.
messag e s are assuned to be relatively rare.]

With a Poisson process, the mean and deviation of the Request process, with

| E(n) large, is.

GEn =YVEMA (Equation 3)

For example, the nature of the Gaussian distribution tells us that 66% of the

time, the queue will remain within 10% of the mean for E(n) = 100.

System Performance

The disclosed method performance depends on a set of uplink parameters,

which are called the Operating Parameters:

Aa is the average length, in bits, of Aloha slots in the interval
Am is the average length, in bits, of messages in the interval

1/&, = average slot rate specified for the system
1/A* = approximate average new-message request rate specified for the
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These paraneters relate to the Qperating Point of

Attachnment 2, Section 2-4 herein. W have from
waokedoaomrent 2 Equation 3, the efficiency: E(NpPEI/K$1005/009998

Where Np is the Operating Point of the disclosed

enbodi nent as defined in the referenced Attachnment. In

an enbodi Mgstyopk t he di scl osed nethod, the Operating

Point will be selected depending on the exact
[*‘Tﬁlse’lgtng@stPﬁat%%c%"’%@dﬂ m notTHd:Iﬁdé%J ?%p&hk'm&%ages that are
bet ween . I'n nmost enbodi nents foreseen the

ordered bylthe lHGm(erg@enmts"pquested byGPRY These aeg sueh mesga gas as those

sssociatg{5 PEMLEAEn BRBFL S0y 5 RH R el o o

assumed®s pagemtiveyaape] f or mance of an embodi nent is inproved
by filling the surpl us capaC| ty with ASBIs Thi s

speeds the respons of the. nethg

These pplapeters relgte pgngﬁqlntrqj,.f\t% %msz Section 2-4
herein. W@f@(lé RSnT Bk3thA §9rE L%t%ntﬂ“i’ﬁ‘e YR in order to

rease systemro ust Ss to peaks In r¥essage demand,
and/or because of the desire for very little
t hr oughput del ay. L{g 5§_b§;ghe information rate of the
upl i nk channel . ti'mate of Ris, R=LMI + LA/ X
The question of the tol erance of systemis addressed

Wierengp @saﬁésopéfétiihgq?(ﬁﬁis@ﬁhb rduécﬁds@édwemmcirraém as defined in the
par aneters over so peri o The er at |

referencpdn%tmm%ntarle o &@aodm@tﬁﬁfa@ms\fﬁm@ésmethqdhg&operatmg
Point W%@% st%ﬁe:']ctgé']‘rc%g[ef\a w;g fh%rgxatc?{)bﬁg:h%toft ??ﬁ%o\ﬁﬁ\l\&ff) Fhis value

or an erio
will be batvesen 0 argl 1.he span of the period: LA(t, t ) is the
aver age Iength in bits, of Aloha slots in the period

In mo%%gn%péqiqs iggn \r/?e{eae thlpg,ln hE\"é{(/E?gﬁQ?ﬂﬂgf nessa S of critical
or “peal@tﬂ@(ﬂ@’ebb&%tl% At létobvﬁods thét When W&easa d4tth 6?&@11 dhd for

eri od Under-Burdening the Discl osed Met hod Wat
service alaxﬂ)pentrohmaasag@ deerpadormaanceef am embasimenkistimgroved by filling
the surqus caqpachty W|§1DRSBIS. This speeds the responsiveness of the method.

It is conceivable that embodiments will run with an Operating Point closer to 0
then typical in order to increase system robustness to peaks in message demand,

and/or because of the desire for very little throughput delay.

Let R be the information rate of the uplink channel. An estimate of R is,
R = AwA *+ Ap/E

The question of the tolerance of system is addressed to increases and

decreases in length and rate parameters over some time period.
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method? If the rates remain at the Operating Point,
but either or both of the followng are true, Ln(t, )

WO 200M09A9T, t ) < LA the system sinply has extP@EI/US2005/009998
capacity. It is expected LA to be a constant in nost
enbodi nents.) This does not cause degradati on of

Therdpemting Parahretérstare firedadineyastaal Raues eﬂtr@sedaetbrwlary
obably with extra Al oha slots, thereby novin

from msiars—tpémtaathhm ¥alupHgre ﬁen@@gp%mgqlb%efsor@mytt%@e perlod (t t
met hod (FI G 13&7 | f the average | engths remain the
+T), Wh@fﬁ@tl%me spap of e period) < 1/1 capacity is also freed
up. The slot rate is controlled in the disclosed
nmet hod. Slot rates can be decreased to keep sl ot use
ef fi a\iAemcy 1scbhesaaenagebemthher|@té of Adolposlots imtherp'esiodl t

be i AW BT RPERenBBRCE, b ahEsbegynifh orgd "

same and the excess capaC|ty used for other control or
rressagk(tpuylpdheavasag&aedwgegnﬂe inl¢tsé pesiod There is no

| oss ZE& ﬁtem per f or ma ﬁ ¢ sunmar t he di scl osed
met hddSfe n%\@r%%go Eﬁed%é}P%B@” th any decrease
in slot or nessage |lengths or rates bel ow the

Under-Bdv@émihg e PisdlbsedMetisodluri ng a period of tine.
Overburdeni ng a System Assune that the Operating

VRAEREI RIS Wher bife démah@ $8BxEE LACH NetRb & ®BE RAdir ﬁhe BSDP
particul ar systemare selected to fill the capaci of

method? hathesiaes remaircaiitve Qprrating Rointy buteithermrttiatal of tshe following
i npl enment ati on cannot support, for any sustai ned

length of time, increases in slot or nessage |engths

or rates. However, the nethod is robust in managi ng
eXCUr,Si Ionger messages or nore frequent
nessé\d’ggnég?\ dhg as such excursions do not |ast too

| ong. AEIEE t| on i s exam ned by assum ng steady

st at & On up to the

are true

the system simply has extra capacity. It is expected Aa to be a constant in most
embodiments.) This does not cause degradation of performance. The extra capacity
can be used as desired (probably with extra Aloha slots, thereby moving Np to the left
and increasing the responsiveness of the method (FIG. 13).

If the average lengths remain the constant, but,
1AL, T) < 1/A

capacity is also freed up.

The slot rate is controlled in the disclosed method. Slot rates can be decreased
to keep slot use efficiency constant, but there is no point in this. It just leaves more

empty capacity. Thus, slot rates can be increased, increasing responsiveness, or left
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beginning time for an excursion - steady state neaning
that RQis near its expected depth and, on the
war@saga97 | RMe are requiring close to the expeRtBEUS2005/009998
nunber of repeats to achieve a successful
transm ssion. The excursion occurs of duration t |,
the samél 4t tHCEXRRBE CapubipdSedrRsiSRBEr E@TtEs] orandésagel uapesseds the
aver age nessage. Then, after the excursion, a settling
designer dasiteswil BAreaSI NNOSE BE SYREADBSHM@NGE-N to st eady
state operation. The enbodi nent designer can pick any
[ I t
1) S e ARt S a it B PR A8 oo Aot Ue8iR i¥ any
decreasépiarshoti mgné’magueﬂeagthsajruammlowghe@merpeng GWint valuls during a
. rformance is one factor to be considered in
period @3%“ ng the Operating Point.Sl ot Rate Above the
QOerati ng Paraneter Val ue First consider the
nplicatjons of increasing the slot rate. The Al oha
Overburﬁg@gonunder the conplete control of t he HCC. An
I ncrease ght be used to decrease del ay i cki ng

Assymssthat s Pipgrating Rammeieroef thf/dlﬁ@t)se@ )"neJ ad implggranted in
a parhc@léggg?t%ﬁkgt% gélt%’tkgtt){) il lt?\%@bgﬁl t At Ef&EFL g?é?e[pééstﬂ@e

I'S av re s S 1 nsSu

capacitymBscorgmittel mshmlanente@owdalmnbbsspmm,afpr ahysustaired lehgth of
the operating rate,

i il . And, t he, sl ot - éle ef{b él encB/
ime, in¢lgapes ¥bslof mMesvage DIRROT Ele§- veRi ©eggethed is robust in
managlﬁqgﬁf&%%fs' tBMo?Q’é*mQ@sé‘g'e%e@r fbrd ﬁ@qﬁ@%%‘s&q& édjloH? as such

owering of” message capacity assures tha
excursians) dendt lasTto® foognul a is: Let D MR denote the
percentage increase in nessage rate. Let D SR denote
the percentage increase in slot rate. D MR =D SR * LA
/ E(Np) LM (Equation 1) The IRs build up in RQ at the
above rate due to the loss in nessage capacity. A
ioineis eaimttedby watuwaing steddy state opratissmy to that e

beginning Hine 120 aNHIS PR T StEADF Siake MG NAL RBP4 s Sxpected
depth aRUMBF e SYS3GE! IFAVIS APk Ui cf89e88%he 8%p8BEd number of repeats

to achieve a successful transmission. The excursion occurs of duration T, with

increased average message length and/or increased average message. Then, after

the excursion, a settling times which allows the method to return to steady state
operation. The embodiment designer can pick any time span T and evaluate the

tolerance of the method for slot and message rates and lengths above the Operating

Parameter values during time period T. This performance is one factor to be

considered in selecting the Operating Point.
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This |l eads to guidelines for enbodi mrent of the nethod:

It is practical to have RQ capacity be 10 tinmes its
wezpenyad’ depth E(n). Thus, sonething |ike 10 BeDUSIS5/009998

of 100% surplus slot rates can be tolerated by an

enbodi nrent with these exanpl e val ues. Message Rate

Slot Ratebsiyévd e OperatingRaBaicieeyalueVal ue | ncreased nessage
rate 1s expressed: 1I/1(t, t) > 1/1 The HCC can

Fird§ ESﬁﬁﬁeﬁfk@Mpﬂkﬁtléﬁ’s Hﬁh%fbés% {HecI8esRE MRESKIERa Slot rate is

rate ereby mai ntaining slot-use efficienc
under thebomplete tcnntrolr@fohhedé,cavam bioy @a seaméght g lﬂ&ﬁCi ipedanagese delay
ransm ssi, o re are nore nessages than

in p'°k'n§e‘ﬂp FeqeRts @ﬂ@?%lalg% rle? ter. The inportance of the

previ ous observation is that there is no i nherent hard
[imt on nessa t.e d to the Al oha request
col | ection appr ag(ﬁ.ﬁﬁc@eeean al ways increase slots to
keep the Al oha systemstable. The only limt is when
Vi SBRRBIE oty S sftoicans bRt gty 1
availablpr |M@rep@lot$ msureothattiwmessageateq‘maw anmeseiffelesardelay, but still at
actually getting transmtted as nore capacity is
the operdtingorated /Ao AgBIthe sBituse dXitignoywecidase©(Npmossssta ihe left).
maintain 1/ x , Np noves to the right (see Figure A2-3
For thisdb osttncomentapacity mhst be fread od the saguests buid gpor e
requests neans that p has increased). The nessage rate
relates to slot-use efficiency. The maxj num possi bl e
Tiheclowssingi of reéssageatapasity iasseiesythatt erlidhieS) fIWLT ar
nessage rate can increase (on a sustai ned or permanent
basis), and still nmaintain successful response to
Theigs@Wda % t h the nmethod. This maxi mum excursion is
determ ned by noving fromthe assigned Np q:)eratl ng

Le{t’r:A?t 38n&@ tﬁ@)o%frc%kt@i C}'eégé qua%ga %téFIG 18_ 171

pr esents the maxi mum sust ai nabl e nmessage rate increase

Le® A sx dorRite thevbercettageincrepséanrsiotNate. ( Sust ai nabl e
rates nmean rates that can be kept at this |evel

AmMrR=Asr * Aal E(Np)AM (Equation 1)

The IRs build up in RQ at the above rate due to the loss in message capacity. A
reasonable choice of values leads to a 3% message rate buildup in RQ (3% of the rate,
not of RQ depth) for every 100% slot rate increase. Other reasonable numbers
suggest a doubling or RQ each second.

This leads to guidelines for embodiment of the method: It is practical to have
RQ capacity be 10 times its expected depth E(n). Thus, something like 10 seconds of

100% surplus slot rates can be tolerated by an embodiment with these example values.
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forever.)For a sustaining nessage rate increases
greater than the bound of Figure A4-1 , the Al oha
W@ k@smIterone i ncreasingly bl ocked wi th requesP&T/US2IF/009998

in the long run every slot has contention and the

system stops successfully forwardi ng requests. It is
MessadeoRbee Abbed thd DpdratindiPar@asRys/dlas € drops bel ow an

excess rate, the nmethod does correct itself. There is

Iﬂ@ré&%@ﬁﬂ@@éaé@fétérﬁeﬁ@@%@éd by excess nessage rates,

| ong as the average nessage rate eventually

subS| des in good form In the case of nessage rates

that {ydye t)nciPased, but not gone beyond the

sust ai nabl @ boundary, the limt in Sis set by the

limt in RQ depth. RQ has nore IRs comng in than

'@rﬂé RIC © eandncrieage tsiotsateetol radtchethe indreatednédsagetrates thereby

bhe tolerated is sinply determ ned hy the depth.
maintai ARG SHIDENS HPHEVRD Jis o4 aSaYAEPI AP ATy Sopmessage
transmn@@i@naaﬁgo EQugR e orkl thed¥ é@%ﬁ%‘é@% e éﬁéhatipg Parameter.
verb |ng can be tolerate or excursio 0

message rate beyond the sustainable boundary, two
B¢ opertanes: of tieopigvious menpatlmndséﬁ@téberesfnmm@ﬁ@nt hard limit

on 358 555 oe Fihd BE5REHFL ClaBERF AR, SEB 2 avays

increase&Inte 3d kedpahe ¥8i6ns spstein s@dle.f Phe bR Ifit & whsen el dapacity is
excursion, In this case, requests that actually get

used by ASBIs huhighaveud dws be-a eealighie drageripdyasticatinp ations. The
t I { t
price P 5, &t deflrol FUF hler Ees U are R EAA YA BBl s more
capacity mbﬂn@tédéo%lal MdiseRCagmws1 accordance with the
nodel i ng of the system The inpact of this is to
i ncrease the nunber of repeat requests attenpted for a
ek ghoosés to nyzctaint/ athNp nmaves tal the aighd(semnFigare A2-3 of
traffic on the behavior of the nethod is seen best in
Attachriéiid 2)18ith Hereased nessagairaie (makabiuesty nanethat pdras
. uest through successfully, one has to plan for nore
'ncreas?aguests than the average Message Length Above the
Operating Paranmeter Val ue Message | ength has no effect

Piie hivsspgef atdRIsRsad sldtauseasfiehcyg.0Thethaximume pbssiblien
the sytem 10, . The only inpact is on the behavior or

increasedp AlQt-rate EMicsIcH ARBINAINRB NPW i Stasagey A cafpborease (on a
sustain88 orPerfdnent Babil MEELtR9Raintain successful response to requests with

the method. This maximum excursion is determined by moving from the assigned Np

Operating Point to an Np of 1.

E(1)= E/A(, T)
1/, T) - 1/A =[E(Np, t, T) - E(Np) I/ § (Equation 2)
FIG. 18 presents the maximum sustainable message rate increase for a system

with Operating Point Np. (Sustainable rates mean rates that can be kept at this level

forever.)
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nmessage length is to increase the nunber or IRs in RQ
This is sinply because not as many | onger nessages can

wheoosogmgm tted in a given period of tinme. TherdDUSIDE009998
is: Let DR denote the percentage increase in nessage
rate. Let D L denote the percentage increase in

FoRaSastainfitpiessBydMate incléaltbs gréatér thda fe) boliel dfffsigure A4-1,

build up in RQ at "the above rate. A nmessage |ength
the Alo hanglptsabecane snorepeingly blockedrinitbagauesiseuaiddn dig longrrun every

siot has ttherih a0d sy tellf sighs ffcfes fuliftyatqitg telests

reasonabl e set of paraneters and an RQ depth of x10
Itib¢o depesteddhabif tisd megshge ehtet drops Weldw ginvexcebs ratelthe method

does cofigrbiFRl bERBI SRS BEERFReRalee GUSEdE) GHETSRFTagegates, so
long as @éf/ér%ye ﬂ‘l@@s%gﬁé I e &vieh@al 'éﬂl%%k{?@gquoh fBahural Iy be

esigned to cu I Rs from uc ing I1s noted at
the CPE sites of the nessages being culled, and they
In the case of messagerratas thetihaws inicseaserh byt nohgore beyoredthe

. { hod remai.ns .ef. Y r ' t .
sustain G5 RR OBET BB T S 38 1E D, S0 UM, 206 s more e
coming fP8i=Rt §GiRgPutidiringi thr pesrivdl, emtiithg tingsthrzatisistoad be tolerated is

herewi th, depends on the controlling of the offered

simply dejernigedry the depthon t he average message length at the
CPEs. However, the disclosed nethod is robust to

R"éaes%%%%fé’hﬁ" bRYS UFS! BierPs ratdSaEcR3E T8 Bt x10 RQ depth, a
S o?ﬂI I h d neet

I nterva reasonabl e size, making the netho
bit ove r tihse carahofesuthodverbaodenirg cap bei tokebatiedt yForlex8Brsions of message

Sensjtivities Jnherent in th i scl ose thod s .the
rate beyRd (e SUaASRIEOS A o Ferts APt Ay dipiBheeases,
Efficienéy8ebreBlsesNalfl 486 nbib\6f nidialgBS ehatedarSbe ereldatitty 8lfiked slot
[‘arge, as required toharnoni ze in the enbodi nent, and

rate dearhasesqlibussreguestars essentially lost forithe davationyef thessgyesion. In
this cas%k[zegqug%i%flfag té{c&f%ly;qoerst gr‘?tfofthg 's%fen‘t‘ ﬁgc%fastel?gnﬁ I??(S ri’&l:edes. The

damage shifts to delays at the input.

Message rates always vary; and there are always excursions to higher rates —
above the sustainable rate in accordance with the modeling of the system. The impact
of this is to increase the number of repeat requests attempted for a message. The
impact of this natural variation in the traffic on the behavior of the method is seen best
in FIG. 16. Here, to have high probability of getting a request through successfully, one

has to plan for more requests than the average

Messaqge Length Above the Operating Parameter Value

Message length has no effect on the performance of the request collection

method in the sytem 10. The only impact is on the behavior or RQ.
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supports the effective re-transm ssion process. A very
general | RSF nethod is discussed hereafter in order to
w@e@sioglaon context for exploring the issues farerus1w05/009998
designing the I RSF nethod for an enbodinent. In the
progression of this discussion, the existence of an
S
e e e A
messagélengthds tavfndrdaase ’Ek@Fnumber ar iRy v R&b| Ekisds simply because not as

consi dere robabi I of .a trans of a new
many lofgapeseages Baa paiAemier g ofe RRRE AT SH s ot b n

probability of a transm ssion of an | RM by a termni nal
Théf&rmdlaAsoha slot. Sis a span of Aloha slots being

in or across ASBIs. Sis Span i in a sequence of

spans. bability that an IRMw || be transmtted by one
Letek mirreignate the pereantage ingreasariiswessage fateansni ssi ons.
Létf A g tdemodertiss percentage Boreast bnmessage Bhgth.t he Al oha
ASke S, ARRUaHiPA ), gives Np = Np e Np FIG 19

presents the sequence of spans on a channel, each span

TEOMRsHBuikiduPin R@aﬂth@r abﬂveﬁﬂa@é SA rﬁesség’eéleﬁngldﬂrmfease of 50%
sinmplicity, one can th of the basic

leads to gyepssage aatead%@qaéﬁ@é 33{% sphadReduid un '93%@’[ agiade 8H33% of
messagég%%e{n%tlm%é %@ée@o\‘\dafﬁcﬁra ARG ble ddt o? Pameters and an

€is new transm ssi ons. For e sake of
RQ depthiofpt1 ®tHeyexpented zupetéﬁn@*leaél this S0l glpxaabast hsanond of operation

. interval of the di se hough this need
with susiaiped dongrr rgseagds g?&%ﬁlﬂgg Or‘Pésthod each

sequence of spans SO Si , ... is defined as the
OF BBUPSE Qvivén m%‘éar@s?eﬂﬂmﬁtﬁ@m MsdrBdmn n;?drﬁhmhmu ratvrally be
transmtted a nmessage (e.g. IRM for the Tirst time

deS|gned te culliBsSpem RR0.Suaht @ultlmgits Wﬁeg af dhe GPE pilessAf thedngssages

veing R pRAARS RSBt B4 BhyOIL Bl R She b Hetnon

remainsteﬂffe@'tﬁlr@'uﬂcfer@fchrtﬁld:u&%t@ncé?or an Sospan, the variable
ttois introduced, the subscript referencing the span,
T0 = P

Summary Re Operating Parameter Excursions

The operation of the disclosed method, as patented herewith, depends on the
controlling of the offered message rate, and on the average message length at the
CPEs.

However, the disclosed method is robust to “reasonable” excursions of these
parameters in intervals of reasonable size, making the method meet the standard of
practical applicability.

IRSF Sensitivities

Inherent in the disclosed method is the use of the ASBIs. IRMs are transmitted

in groups in the ASBI in order to have the interval size relatively large, as required to
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Note that in the sytem 10, the second equality is
Equation 3, results in: Np = x /I = E(N p) (Equation
w@o00Fheighannel is assuned to run at a steady BCHUS2005/009998
with probability of transmssion into a slot - repeats
and originals, of p. In the exanple IRSF nethod, Si is

harmomz@ |ﬁ€tﬁé@nb<§ﬂ|ﬁfe\h@| arff thel reyudsts afe shigaelstivelty tﬁ@lalveme
contains the first retransm ssion of terminals

messagetsnm, Et?r eaiiediienelicientuse pf hieceinmip! sdavRiathieaire AsP
supports ?@g%ﬁg{%\@m E’gﬁgmﬁsrs%hs IS with its retransm ssions

gue Seguence 'as indicated in FIG 19.
The activity from each of these sequences adds to give
A vby derierhl IRSF mdthod is disgussed IHereaiéepinadrdbr ta plgoviﬁe a context

for exploé&iﬁ%ﬁmgalsg g%%ﬁﬁ in %,QZ g@wg qlgglgga&f’ B}aegaci)aueq%r? leg} dt mént. In the
progressfo‘ﬁtéfatﬂ%”a@éu% fth@'@x[ﬁ@eh?é?)fgn I'RfSFE}‘rIi&ﬁbGQhat functions in a

transm ssions = P) (Equation 4)
matter reqmrgdltmtbb dlscﬂeswrfatlnmjman’oﬁrmed i t h ret ransm ssi ons
is denoted Th . th = ( j= I-(1p)N—1]/ki)

In é)rrgerk S@érgln% ﬁglﬁehégbréo tﬂgjlﬁ 'ghrt’écr%) H?rlé)%@? he ESnSIdered

contention wi th i ndependent probab| lity [ 1 - (1- ) N
p Z]probabiliffhofsa trahemissimcofd mewiRM @irstctimekhy i notasmh‘uad) mto an
Aloha sl i ginal transmssions into SO is ko[1 - (1~p)N-1 ]

p E&ﬁ’obgﬂlﬁt Vi SYAEtrafsmMsion of an IRM By alterinal-into an Aloha slot.
roduced to dlstlngU|sh the contiguous sequence of

S&eaipax%ﬁgﬂé@fb@ éﬁﬂ Sr ééro@@'ﬂ’é@% So,m So, mtl !

€ a par l"ar sequence of retransm ssions,

= 5, by t t toth
Sgi?%%@l}ﬁ}érwenlcg% st‘ artgd %llﬁggsleque(r)]ce, eSO, m i
T 3 n " . . .
o2 e g plEbd fe,wg%?efﬁ@an e iy Eg 89 g
Ilg% t he fe ect ed_ val ue of this variable. The
k1|d§(§ 5!4%?)1%( bnsists of two

In general p > p because of re-transmissions. If retransmissions are spread

into

smoothly over the Aloha slots, Equation 4, gives Np =Np e Ne

FIG. 19 presents the sequence of spans on a channel, each span consisting of a
number of slots. For the sake of simplicity, one can think of the basic channel operates
as a sequence of spans S of size ko. One Sy span follows immediately after another.

In span Spthere is a set of new transmissions.

For the sake of simplicity, one can think of an Sy span as a an interval of the
disclosed method, although this need not be the case.

In the example IRSF method, each sequence of spans Sy, Sy, ... is defined as
the sequence of spans used by a set of terminals that have transmitted a message

(e.g. IRM) for the first time into the span So. Note that this set of transmitters does not

- 125 -



conmponents, that conponent due to randomfirst tine
transm ssions and that due to retransm ssions. From
wordoaoarent 2 , Equation 5, it is known that oPCT/082005/009998
average, p = pe NP=p +p (e Np - 1) The second
termof this expression is the contribution to p due
include tErniigABah8Lre-fransmitesl iBRSS,. TThe Slodbbiity of ame&ntransmlssmn into
ensenbl e statistic_- in_practical sense deter mcp b¥
a slot teaminalds defiesd psp. | BTN Bufbal, the wriakle Mols infgpduced, the
t of retransm ssion consi dered here,
Swsc”‘ﬁﬁ??‘%ﬁﬁﬁ“?éﬁ%n? ate spread over follow ng spans o f
some determ ned size. So, there is correlation of the
retransm ssi on probaipd Eigy from one span to the next.
Thus, there is correlation in each SO span on the
Nwtgrtrgbinehprayberni 10, the sécdnchegualityiisEquationsd, geselts in:
slot of SO. To encapsul ate: The probability p varies
in a determnistic way fromone So span to the next SO
span. Explicitly rechgmi &g E(Np) correl ated vari at(Eguation 3)
in pfromone SO to the next, Expected
retransm ssions into span S1, m= ko[ 1 - -

'Eha;cl@@mﬂitls aaswped:ct@lgumgt an;@eaclmstaj_g wﬁh«.@rqb{a,g)ggy o{;{ransmlssmn
into a Slrgit rrae%%nlspé'aﬁ?ﬂr@ r%tlé sotfl CS 0 n an arbitrary So, m can be

iPh any So interval sees the sane
pattern of overl appi ng sequences (noting that kj has
Ih hRe 2xampl@R8Ffmethede By iss® qeemmd lnulfer\ssaia:ism'mk{ 8<9mmediately

follows §gg§elﬁ§ S%éﬁ%ﬁ@gﬁ@&ﬁ%@% hét"r{hé‘églﬁﬂﬁimtte& fhto the
proceecﬁHB S%J_;ed’ncf S e%d%ﬁkrﬁéft cﬁ'io Eécﬁrirdrfgrﬁ%lbnrwltﬁ it8Ir&tr&hsmissions

or exanpl e is 1.5, there is one
is part af@phigue seqeiehap asrindicates ipridGi. o’l& Tbe gedivity oo each of these

over | from an,.hefore t .I'n the exanple
Sequen@ﬁ%@ﬁ‘%ﬁéﬂ@,“’e{{‘ﬂ@ t&f@@rc MK Nghs |8 ret ransnissions is .
osen in a span so that the inpact on the aggregate in

If i probeibility BEasemtisanssion intS@nynsiet vibspan isesjual tonttem
- auniformdistribution. It is first noted that the

expectashpebabiity Rip;, the expected qunkar of yetraasmissipas fogySodHo St is
can be spread over the SO interval, otherwise it is

al | ways. i npg)%ﬁé.%}é réﬁ’aﬁé}m %sa- YRy o (18] B frput | onEdiation 4)

quat I
In general, the expected humber of i " retransmissions is denoted ;.

™ = (=1, kia[1 = (1-p) N1 ki ) o
m=(ko/k)[1-(1-p)"" 1" o

There are kg slots in all Sy, each of which contributes a contention with
independent probability [1 — (1-p) N'1] . Thus, the expected number of contentions

from original transmissions into Sgis ko[1 — (1-p)"~"] .

Theindexm, m=... -1,0,1, 2, ..., is infroduced to distinguish the contiguous

sequence of Sg's. The sequence of Sg¢'s is denoted:
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Wth this sinple condition, the distribution is

determned fromfirst principles (i.e. observation).
won@sopger ves that the distribution of a retraPSHUSEIDINIIIS

into the next span should be random zed uniformy only

if each el enent of the sequence of span sizes: kO, k

-l , ... is anin iSomih tiple of ko. I'n general,
wi th non-int eger ts%F"at |Oonsh| ps , the choice of

distribution is affected by the partial overlap, The
Ve alsoviaeie chpasticulaiaseancedH refrapsmissiens, taﬁedeéﬂ'@tQﬁ ingFigure

#2-5.oi3h Elp e S S BB P BB o

retransm ssion with LA the probability of the ot her
slots in the next Spad,« BY,s LS true also for the
opposite end of the span.) This probability is chosen

128 P G R e S Bk 401 8 T noun way,
being thé%@@%ﬁ\)aléﬁ’etcff thléeva?rﬁme pﬂ'ﬁ@%bbébi}ity E@bnﬁ%@"'@\‘ ﬁNd)f k
ko is 1.5, the distribution is déscrib

componentxﬁhelt/@nwgngnhmtmrﬂﬁdﬂrmflrﬁtdmtnamsmi$&b¢n$fand that due to

s LR, ARagbIRS:EcthoRaLE WAL S baoe.

uni form probability for of the retransm ssions. As can
be seen fpomge ¥ =16+ ¢ tee B3 a proportion of each
SJ , m sequence affecting the total probab| lity of

b Sgonihtpr, f feSrareoiof s B eRURbulfg @ Bhd 1 repested

transmlé%ﬁ@r@bl'hlbts‘t’a%tlé fsaéﬁ €h§§t*nBRa él%ftlgtu,sﬂ iMpradtial §é@a‘§€|d%termmed by
. For each slot position of So, m

averaging eVercaslarg&mumbesgf slm elnstbmﬂreb@ﬂlmjﬁrﬁn@tquenf:@rartﬁmlssmn
| nt

con&de@clﬁe@gﬁ%t%jrb%ﬁsr%o%s élr?en%nrsg @{c@v ﬁﬁ §P§5é1° %qme determined

size. Sd ahérNBHosRiIatioh f tﬁ@f&fﬂﬁd’nﬁdsbﬁ%ﬁoﬁébﬂitwﬂr@h on88&pan to the
expreSS|on for the contribution is different for

next. Thys,fthewsis coreglatiom inseagh SpgpanLh theagasegate) prokability of

varsln e 348 oS, oSS S o

deterministit aiagsrdrhernk S, rspantiodhe amestt Spepanti on factors in
the case where there is a n mi contribution For the

5RO G spaisngahle Comalatea BratiSh i TP e Bisdodhe nss
span di ,i is 1/2 and di,2is O .
Expected retransmissions into span Si,m= ko[1 = (1-pm)™'1 ™o (Equation 5)

Considering FIG. 19, the impact of retransmission statistics on an arbitrary So,m
can be seen: A specific slot in any Sy interval sees the same pattern of overlapping
sequences (noting that k; has the same value for every sequence of spans in this
example embodiment). There are int [k; / ko] overlap segments, one segment being a
remainder segment smaller than ko, unless k; is an integer multiple of ko. For example,
if k1 / ko is 1.5, there is one complete overlap from the previous Sp span, and Y2 overlap
from the span before that.
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(3/4) ko[ 1 - ( 2-PmO N'1] tro/ki + (3/4) k01

- (1-pm2) N1] TTO k 1, first half o f slots (3/2)
wo2@sp99m97 (1-p mO N 1] tro/ki , second hal f PCT/US100%/609998

Note that if pm2 =P m i = P, the probability of a

first retransmt in any slot of the span for the

Ir?ﬁh@"@la@n%l@@ﬁ%dﬁrﬁeﬁﬁ&l?é d|§tr(i)odt|o1=\ of r(elraﬂ);nﬁé‘éoﬂs E'@l &Ssén ina

ener al ,d qj q /
span so thatitbepmppeibioni the aggregatstinithe undﬁéwngsaeaﬁgnpmoa‘asa lntervals is

most ranoq‘%}r{l'—céJ Bﬁﬁoﬁln%at?%klgg% nl?l% ffr% r?o(?gg ttﬁgt tﬂ[e (andlt‘p{l k _a> ko is

requiredrgd thit a]ditrbuaioa, carplb?é ls?héafwowﬁtheﬁytlﬂterval other\lee it is always
retransm ssi ons, m[ 1- (1-p mi)

ImPOSSIblrait)]ac;"ejvs@un@‘p&mtdﬁflbuhorpm So_ ., a”™ m= (ki / kO)
pi ,m=(k/ ko) TT1 = 1 - (1- p)Nl] "'p 0, and,
In genera A m=(kn Zki ) SJ dJ[1- (1- Pmj
(k 0 Zk )'_(anl i i [ 1-(l-pmqg N1] (quat'on@
And, with pmi p , The conplexity of the general
V‘éﬂpﬂn&;smmiemcmdlilcghttbethrlbuhcmlsadéztenﬂtrfedrfmmrftsﬁh m‘rlBClmleS (i.e.
e Ses

observatfihy, Xog Pbweripe et o At B! & Siaaraif it e next span

should be@@defized d?ufloW S0 51' éécﬂﬂéhénﬁénttdwhéf@éqhem@e of span sizes: ko,
confirnmed: Pnr - (1- PH 1TTO = e

ki,... is aeiptaaarmaltipde pﬁ&o i nlﬁ'di%ﬁﬂfabt\'\ﬁm mw—wt@gert Wéatlﬁaétshw .d4he choice
of dlstrlbtx@ﬁgﬁé gﬁ%&%&? bg éhé gnséll VI 58 r sqr@ﬁ)r{ %ﬁg&ﬂ?&tlon of

slots at fheeerabotva qua:m &5 s that ialplpear aatae[sarhat $parhealuade they bxeriap of
Span Sof nex 8NGUA i ASBIGEIed: AT BHAESTRBENYHE LS Prop@oilty of the
other sItE REHERHPAL.T hhis is true also for the opposite end of the span.) This
probability is chosen so that the net impact on each slot is to receive assignment of
repeats from that span (in all sequences) with the same probability.

For example if kq/kois 1.5, the distribution is described: the first 1/3 slots have
uniform probability for ¥ of retransmission, the next 1/3 have uniform probability for 2
of the retransmissions, and the last 1/3 have uniform probability for % of the

retfransmissions.

As can be seen from FIG. 16, there is a proportion of each S;, sequence
affecting the total prob ability of transmission into a slot of Sy, m+x. For exarmple, 2/3 of
S1,m-1 and 1/3 of S4,m2 affect the total probability of transmission into Sy, in the

example where k 1/ ko = 1.5.

For each slot position of Sg, i, , a slice taken cross the ensemble of span
sequences, as illustrated in FIG. 16, intersects a set S4,,’s , each contributing to the
probability that a first retransmission is transmitted into said slot. The expression for

the contribution is different for different slots in Sg,m, but has the form -1, dqiko[1 -
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of p nfromp is what determ nes the excursions that a
systemrequest nethod will have fromits expected
w@egsovarance. This may be governed by the Law PEF/LS200%009998
Nunbers in two aspects: (1) The nunber of contentions
in a span has an expectation. The likelihood that the
(1P md) “ﬁqtmh NEHEDEY ; téisn RE@Fortris tPAP BB RIticontiRAE 16l the Praliamility, and
of the Span bei ng large with respect to the
contalnsdhp@bsteblumnraed podpartion &ate 6aén ther erse whers thegedkpAgm-i
h a reasonabl e Operating Point, between 10 and 30
Contr'bu%%%tentl ons shoul d be expected in the initial span
where the sensitivity is nost significant to give
Foetheonaihsles nethiel firstyhalf &)th&h8, prspaes 8y siscdMdind di 2 is 3/4. In the
de-correlate quite ra dIy over nunber of So, n s.
second "F‘Hf@&@ o SAAN deh i 12% ﬂmﬁﬁby maki ng the span
ratios large - thereby making the likelihood of a

(37@)0@9&1 U(qrb%n 1)%1]%”(@1 @3/14)/% Y1 a8-g Ay TgJ/Men firkOhalf of slots

net hod i s maxim Ze
(%%hhs[hr-e("sﬂmh) ]a’h)éhkj is close to kj _1. The$%CQFt§1/ha|f0fS|0tS
be the constraint that k j > k 0) . On the other hand,

Note thagﬂ’tﬁ,g?f- hes ‘?ﬁé d"lg rib?'é@g??né@%%ﬁiﬁéﬁhggfetto‘?the span for

the exarhple rédaodasamecqsmqu t1hp)s A g |=qn-+(s1 i fest in a
certain burstiness characteristic in the throughput of
I Thi s i rn necessitates greater buffering in

lnge“erﬁﬁglﬁsfﬁ?qmt m)c}(On a nunber of places - RQ nessage
transmt queues, Local IR Pools,and the Master IR

Tﬁe@roba'rmmymfrfﬁétl rﬁﬁ%?]shﬂsélmg%fﬁ%ﬂpa@ﬂl&ﬂaﬂ &8t beS 99 BXjenoted
ts own right. There are a nunber of approac

a,m, the desi gn of IRSF The sinplest is to bal ance the
buf fering and deI ay so that the systemnever (i.e

WI th ery abi N verr fer,size . AN-1
akmiacy ove R s ChPra  hY BB o e st L Eaee)™ T
needed buffer SI zes. A second very controll able nethod

ah@, éshtimuiy with ilatet rétkmsmiggionsof retransm ssi ons,

t her eby assuring fini te Sj , m sequences and, therewth,

the decorrel ation of in a,f pw spans. O her

nodi Rizoafilbnk ﬁ%rmedhﬂde' tbrRreid | 05, £ 1 er ept

enbodizmert(ko bkz) the1pdegiédnt (1 Wejh'{ 1 ¢h —1-p heke $kimd ed

in the art without departing fromthe scope, §hereof
Note thaiWfi prei 3 @veriad =f(br/ks) & nt HE1/op i 8h1 ralle phednmo, and,

illustrated and described, it wll also be

azm=[1-(1-p)""Fm
In general,
m = (Ket £ ki) 2 o100 [1 = (1-pm) "] (K o/ K i) [Tg= 1,1 [1= (1-pmg) V' 1D T
And, with pms = p,

m=[1--p)"' T
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apparent that various nodifications can be nade
W t hout departing fromthe spirit and scope of the
werwodiarent s of the invention. While particul apCT/US2005/009998
enbodi nents of the present invention have been
di sclosed, it is to be understood that various
Thief dopnsiekityrotiihki genicr glrsxpedstia® HighiRfhte tise avreltionidiipg, from
and are contenplated within the true spirit and scope
one m tg thq Rextyi s 3R hesashdient s and t he appended cl ai ns.
There is no intention, therefore, of limtations to
the exact (di sciosupe herein presented. WHAT | S CLAI
IS 1. A Kethod 8F °d€hl abl e nul ti functional networ
communi cati on between presentati on devices and service
where @ qvF perAgainpogsidazing theicage pngt syp the comsistercy of the model is
. interface nodules for interfacing with the
confirmegesent ati on devices; using a group of CPE units
coupled to the service interface nodul es; using a
group of @PE=Uni { s [faAup)thting aMep cpupled to the
presentation devices; receiving via a headend contro
conput er upstream nessages fromthe CPE units and
Desnensitptingahea lmiwq@frﬁiab%m eidhecamethed anddhn sxistenge of a
. s to the CPE units; interfacing between the
Saugﬁcﬁ%@ﬁ%ﬁg‘control conputer and the service providers via
a group of service provider control subsystens; and
Thkedoeus hereeishetaloility cancosensitivity afpied R SFefieicties. rtesalpese

. fromthe CP jts and transfers them t he service
discussighg BRI RYIhe Sy Ua APOTdRahYia" AL R ePtEGERgeSt
r C . .
method@gg?r‘ébl% the &4/ SﬁséW?g ﬁ'%%m Eaﬁarﬁéféfé. qh@%@g‘&‘éd deviation

subsyst ens themto the
of p m fram p és what deteenined the excdisiang thatl aasystem wdouest methed will have

rom s FGRRHE hebngate; Thi4 6% B AVERIRLINEL 404343085 Numbers
in two a8Fédtad (ACTIRE duntet of BbMteRtidns Wher sidh has ahesipestation. The

~ nessage includes a plurality ] )
likelihood that the actual number is near the expectation depends on the size of the

ation 7)

span being large with respect to the expected number of contentions. Practically
speaking, with a reasonable Operating Point, between 10 and 30 contentions should be
expected in the initial span where the sensitivity is most significant to give reasonable
stability. (2) The process should de-correlate quite rapidly over a number of Sg,m's.
This is accomplished most simply by making the span ratios large — thereby making the
likelihood of a repeat transmission relatively rare in any given slot.

The response time of the method is maximized if the spans are small, and k; is
close to k;i.4. There may be the constraint that k ; >k ¢) . On the other hand, both of
these desirable traits cause the method to deviate in behavior from one Sg,y, span to
the next. In the disclosed method, this deviation is manifest in a certain burstiness
characteristic in the throughput of IRs. This in turn necessitates greater buffering in the

BSDP method in a number of places — RQ, message transmit queues, Local IR Pools,
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of nessage requests fromthe CPE units. 4 . A nethod
according to claim3, further including receiving the
wore®sagaIT equests at the CPE units and sel ect i PQI/ES2005/009998
| east one of themas an Aloha tinme slot for sending at
| east one request nessage upstreamto the headend
and the W!attéloI'R PESPUTRE burstihedBlin@sroagEpLE ald infplidsatdiay in its own
further including receiving at the headend control
right. conputer request signals fromthe CPE units and
arranging themin a request queue update nessage and
THERS i Rt T RS e s HFIRSE. (T shiest is t
balancettld‘ig bGIH’EnugI iahd c}qe‘lw S@msﬂlshe gystean uvat é. mﬁ”agerydnw probability)
adding it to_their Joca uest queues d sendi,n
overrung; QPV?%%'Z%S gFélj@g'of‘r%oﬁ ysed | %Cf%n paoq%gqﬂeeé/@éqﬂ)te%eeded
caat n [
buffer SIZBS; ARSIt bonfiolthy itifod "s“@@'ﬁﬁﬁ et e of
retransnaissions gtheréhyr assringrfiriitedsi ngsecpeancesngndit thervitie athe -
cont.rol, c uter the service nessages fromthe CPE
correlatleﬂio(fyna%w gﬁe‘f’ﬁpﬂnﬁh stributing themto the CPE units
and service provide control subsystens. 8. A nethod

CRRePRddifdations tan melnacﬂel té berous eliffstiengembodiments of the
i nt erconnecting each CPE and presentatlon devi ces Vi

present iveyitien byrihese §l§'ﬂe¢rﬂﬁthee%"t witho)E (eaeing He BT theRrars thereof.
While séleétalBolms oH"tiE@ﬁﬁlghﬂ&elg gg{/é‘%ebﬂtlﬁifﬁé‘féﬂcéﬁdqgéﬁfﬁ’éoc‘i"t will also be

provi ders —an nd contro uter via séervic
apparemmsatawload maodificatnisarancieen hragle yuithout depalilngsfrom(lhe/%plrlt and

odacor to.clajm1, further including sharing
scope Oﬁq C{éﬁ’ H?Fel“vsgi% time division multiple

access. 11. A nmethod according to claim1, further

VWAt EQHEGIa’F@%&ﬁMBEts SF BB & DBveAREN haBbeen disclosed, it is
tracking and denodul ating signals on the uplink and

to be undievstppd khatyvariops eiffereat @i@dﬁmtlﬂ@smd:cgmmr@tlomrarﬁé}os&ble

ot v RSN ] M08 A5 8L B TR R B rens

and the \Wippefded tRiime! atiese &yne intenticra tthenefous, p@fslrrﬁltatlons to the exact

disclosure herein presented.
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the uplink is | ocked to the downlink. 14. A nethod
according to claim@8, further including acquiring and
W e@skdngr i nt erval boundaries on the downli nk.RGI/U$2005/009998
met hod according to claim1, wherein nessages are
‘ carried in slots, and each has a nessage header. 16. A
WHAT IsethagMepderding to claim 1, further including
organi zing and transmtting control nessages via
control applications. 17. A nmethod according to, claim

Armethad efescalakle maniHingtengy natweHgeomMuRisA oy hefnaemng
' ' t d t
Pl idfor, 86 ALLE aRHSHRRq Brolftets) BempRee T CoTE P m

1, further including using at |east one request queue
i nusing A groap of sehicedPiksrfacedmodaldsdfad interfaoinguyith the
control. &9.. A nmet hod according to claim1l1, further
PreRaNiad9Y98¥A®Yori ng th e downlink for the purpose of
sel ectively inputting nessages intended for it by each
CAsingatyrbap of CPRUhR s6upibdtBithé sbridinggmate Modules;
synchroni zati on. 20. A nethod according to claim1,
further including depodul ati ng and decodi ng, upl i nk )
medHBg adroHg of YRt RAMPMRERtEd wihcpypledto thepresentation
d&eiaed according to claim1, further including using a
recerve router at the headend conputer control for
nonitoring the received nessages and routing themin
acreseivingceaw héaddnsl contend cagwp Uietdpstiean pnegsagasisdm the CPE
according to claimi1. further including usjing transm
(65 3t sEelith pd Fidend Costidl coRute i fEaEabes to the
crmunRs; for affecting transm ssion of nessages. 23. A
met hod according to claim 22, further including
regul ating the length and frequency of transmtted .
meidigitacing betwaan thedieasiead\gontioh ca@pufes and the service providers
= | I, 35 uler. 24. A

VR BB L e e Prok Ry LomPaIRR BRnR RRE T g
col | ecting request nessages

wherein the headend control computer receives messages from the CPE

units and transfers them to the service provider control subsystems, and the
headend control computer receives messages from the service ‘provider control
subsystems and transports them to the CPE units.

2. A method according to claim 1, wherein the messages include service messages
bearing data and control messages in the form of request messages.

3. A method according to claim 2, wherein the request message includes a plurality
of message requests from the CPE units.

4. A method according to claim 3, further including receiving the message requests
at the CPE units and selecting at least one of them as an Aloha time slot for
sending at least one request message upstream to the headend control

computer.

-132 -



10.

11.

12.

13.

14.

and form ng the request queue update nessage.25. A
nmet hod according to claim 24, further including
WO e@siovilny requests updat e nessages and pl aci nBCT/082005/009998
nmessages contained therein in a request queue under
the control of an insertion algorithm 26. A nethod
A3REMRI tording 8 icrBirh. 4, WIRRE! McRAAY (ebiviig hi #ré@eadend control
request synchronization algorithmcontrol, apﬁl i cation
computhrtreauest signals dom ke CPE wnitsoand arragaiagdtthiesn in a request

i nt i ' j: QN
apelie heaate bstade AR sEhalG fPkne feartiighk SPERT

i ncl udi ng synchroni zing the | ocal request with the
Arzrgstr?d amgm%iag tbxclagmr@cfuﬂheE M¢MMQJ%CEaﬂmg)at g QR E bnits the

. met hod according to claimJ]1 erein a request
request ausHe yPgale messade angpdding i M&&'O%‘ﬁ@ﬂt@%@&?es, and
. . . _ ¢ . :

S SEANA SRR 16 LR i ciheniacenis SotedRompuer
ingiespense $o the assipned tinecs!dismaf the requashqueueur t her

i ncluding registering each CPE, the registering

ATESH AR5 B To e Bslidfloe BBk apfos iReRias control
camPutdrahb eapdosl nisyzhhes fledi e EPE @iis and@itaed distributing them
according to claim1, wherein each CPE contains a set

totheneBEadits any perviceapronide: eantioh subsusiem§e tr ansni t

queue. 3 1. A nethod according to claim1, further

Al REIHYY z?@:o?&ilpg%icﬁﬁrr@ﬂ fhﬁhﬁ?ﬁl%ﬁ%fnd @E%(Egﬁﬂédfﬂrﬁ le2BhYPE and

neans of a fransm ssion schedu eternmining the
postatatifn dévised eiatseovicé intetfaememdidésn based on
characteristics of the IR nessage. 32. A nethod

dj . claim.1, ' h incl ud ,
Arefion EhafGufistinet. WEbeL BeBRtt e Riedtis rape
pFdVidsEi el 18 fadRndeidel compaitdaia S8rvidd Mek8ede administration
according to claim 32, wherein the transm ssion

cealreldunetioniuniés.ni nes that a request nessage caused to
be transmtted has suffered contention, and thus is

ARSI ASSRBEUAR PUBRESF lidnd SHAKEE Bt bie chamne
usingitimé diviisioh meultiplecdacdssg generati ng i nterval
requests for Aloha intervals by neans of an Al oha sl ot

Asnl%gﬁwlc%l e;ilcln:,%?(rifntgt}@cllaﬂmt 51 ,efunﬁggﬁwrc]:fjuding modulating, transmitting,
acquiring, tracking and demodulating signals on the uplink and downlink.

A method according to claim 1, further including tracking the phase of a master

system clock via a local clock.

A method according to claim 12, wherein for clocks synchronization purposes,

the uplink is locked to the downlink.

A method according to claim 8, further including acquiring and tracking interval

boundaries on the downlink.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

control conputer. 35. A system of scal able
mul ti functional network communi cation between
w@e@semiat i on devi ces and service providers, CRPOPUSRET009998
a group of service interface nodul es for comrunicating
with coupled to the presentation devices; a group of
AThEthida! é&o?&H@!tSQléilﬂ ‘F,%e?rﬁfnvr‘g%@sédgﬁérf ri@Q%n! ts, and each
neans for rec€iving via a headend Tontrol conputer
hapatmessageeksadgrs from t he CPE units and sending via a
headend control conputer downstream nessages to the

CP its: ' facing. : -
ATaRPRIAZorBTRas ot 1 MutherbRBmrbiRRRd Gp 2 E 5 ne
cOMtrAShus ey icBatrokcasplicatiosd/bsyst ens; and wherein

t he headend control conputer receives nessages from

the CPE units and transfers themto the service

Apnetiodeaccosiing e caimslfueher inplidinguFRg qerRFacn ITABPMIt queues
r
afid FRRsRc  BESHE SuelER 3T P6h HEARARACRINLAEL Eftiohahd cach
ClH.ts. 36. A system according to claim35, wherein the
nmessages i nclude service nessages bearing data and
conLro

: pn t f A { e
AR BT EEIBR P PTG P g ucEraR TR Huest
qiiBSS APBatMBhe @ $h@ CIPRY ad the Ndad@RrPesplRedesitrolf rom
the CPE units. 38. A systemaccording to claim 37,

further including nmeans for recejving the nessa

Arnagthest accardingdo clamyhi fughamip chising: fomiorRg g fowspink for the

. L f. '
oflpshB Biadlofl DR Te Ses FenEE Rt f o PP M for
theopimpose .of naiAtyiay elovantink sgnclyonizatibai m 38, furt her
i ncluding nmeans for receiving at the headend control

1 i, | h [ d .
AR A ABGP cTai b Bebiihd ampaUlainel gad gegoding
upAdhiedshfes OunpbRaMeha dohib UEEFcantdIS -

A method according to claim 1, further including using a receive router at the
headend computer control for monitoring the received messages and routing

them in accordance with their message headers.

A method according to claim 1, further including using transm ission schedulers
in each CPE and the headend computer control for affecting transmission of

messages.

A method according to claim 22, further including regulating the length and
frequency of transmitted messages so that they are within desired range-of-

values by the transmission scheduler.

A method according to claim 6, further including collecting recquest messages

and forming the request queue update message.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

40. A system according to claim 39, further including
nmeans for receiving at the CPE units the request queue
wapaaneigessage and adding it to their |ocal reCES1005/009998
gueues, and neans for sending service nessages from

the CPE units to the headend control conputer in

Arrﬁéﬁl%ﬂseﬁ:cbﬂilhﬁ % %Fa?h%@ur‘théﬁnél'u@iniﬁ Rlcelvity FeRlieess update
gueue. . A'system according to ai m 40, further

messages agd pacieg the messages ﬂ@ntfatnetdq’@ﬁr@ad@ Adeguestrqieue
t
e e ot of BV R aRRA e GoE units and servi ce

provi de control subsystens. 42. A system according to

Aghaihdddccording terclaimct, wehiergin e CG’IEnekﬂizngga eequestPE
and present atl on devi ces via serw;:g‘13 nterfa

syRsIpRZatiors algeriyscomiTal aeplisalign ier detsrniniad thal the GPE's local
redgbfelsk Y iBEnicHI g6 ﬁ)@H%%iémaaasétweymmsh&sf@n BOFhdeR.

uter Via service nessage
adninistratlpn control function units. 44. A sxstem
Aaoetivadi aggording|taictaigsl, fﬂdhelhiecludiﬂg amcu’ﬂtyowzm@st edcpcal request

I h
oo e st 25 ORI B o
further including nmeans for nodul ating, transmtting,

Aatgthod asbordingaliorgman dviserairda reg e indegtian slgmmthrh&f a CPE is
uplink and downlink. 46. A system accordi ngrto cl

regpiest gyRoienized) and fgtablinkes apd majplainsadlR ansmikfimes for a
s%ée’t%éﬁénl IISFIR%WH ﬁilldﬁ%ﬂicgj EuéﬂaeaCh CPE uni t,

ocal trac se of the rmster
system cl ock 47. A system according to claim46,
Af methosr acoord iugi tng;laimahsfuftber inomdimpg redigtetipg ieakh {GPE Hbe

d k f Kk
resjaleEng e Grin e Eng o Ofeet M Ol fréapgoation
tlfn%’ o@%deH%l@BQhﬁéeﬁ%dﬁﬂCPEtéﬂd/ﬂie ReatsH t@frd)Rohipiter.
downlink. 49. A system according to claim35, wherein

nmessages are carried in slots, and each has a nessag
Anmegthad according to claim 1, wherein each CPE contains a set of méssages

to be transmitted in a message transmit queue.

A method according to claim 1, further including selecting an IR message for
transmission by means of a transmission scheduler, and determining the order

of IR selection for transmission based on characteristics of the IR message.

A method according to claim 1, wherein each CPE includes a transmission

scheduler for selecting Aloha slots for transmission of a request message.

A method according to claim 32, wherein the transmission scheduler determines
that a request message caused to be transmitted has suffered contention, and
thus is prevented from being successfully received by the headend computer

control.
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34.

35.

36.

37.

38.

50. A system according to claim 35, further including
control applications for organizing and transmtting

waeoomsngdivynessages. 5 1. A system accordi ng to BPCHUA085009998

further including nmeans definingt nmessage transmt
gueues and nessage receive queues in both the headend

A%Eﬂiﬂo%c&ﬁﬂhp% cHih ?qﬁﬁh%clﬂng éeﬁéfl%ttlﬁ@lﬁt@ﬁﬁl dedlibsts for

to clalm35 urther including nmeans defining at |east
Adote intepvelstbygmeass ioh an Aaha siot supplysalgeathm ntherheadend
dend uter control. 53. A systemaccording to
CBP@?I 6&E%)Irther i ncl udi ng neans for nonitoring the
downl i nk for the purpose of selectively inputting

Argpsanast scaladiaaififonctidnadynetasdk dofimuaivdtibnhbetireen
pur pose of mai ntai ni ng downl i nk synchroni zation. 54. A
pessaniation- deyieesgnd sepvics m%’gjerﬁu?‘%/rﬁgf'sﬁe%cl udi ng

denndulatlng and decodi ng uplink nessages via the

o agﬁflg%sp@wcennfé%bé %C‘)dl.ﬁés fd éafﬁﬁmm@a%@rmm@oamed to the

ther including a receive routér at the
pheseodatibrcdeyioesr control for nonitoring the received
nmessages and routi ng themin accordance with their

o Do PREPEaii e bR AR R i 0eE "o

and t he headend corrputer control for affecting

t lrmeaﬁis g6 r;mebvg]ngm'a slgeiend cohntry Soempuaecopstresyn nessages
claim56, further including neans for ul at t he
OB C U LR A0S Vg 8 HeRrBnE. PombieL SaERUISS dohietream

nﬁ&%\é aE8o Whd @pﬁ]gﬁﬁ red range-ofval ues by the

tran m ssSi on 58. A system according to
claim 40, further i ncI udi ng nmeans for collecting

r eneans fmmw@wrgah@mte@nﬁhagwqad@nde@m@ cqméertmwbm service

AP ia 2 o PR BRIy Pl v ettt e dges

and placing the nessages contained therein in a
I eghésdin ueheadwritbconthst computer revkeivas meswgésa‘rom the CPE

al gorithm 60. Asté:‘temaccordln to Clﬁnl) furtg%g;
unife angi transfarsdhem tephe segyice PRVIder §9rifq] gubsystem, and the
headend control computer receives messages from the service provider control

subsystems and transports them to the CPE units.

A system according to claim 35, wherein the messages include service

messages bearing data and control messages in the form of request messages.

A system according to claim 36, wherein the request message includes a
plurality of message requests from the CPE units.

A system according to claim 37, further including means for receiving the
message requests at the CPE units and selecting at least one of them as an
Aloha time slot for sending at least one request message upstream to the

headend control computer.
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39.

40.

41.

42.

43.

44.

45.

46.

a request synchronization al gorithm control
application for determning that the CPE s | ocal

WO e@aes197 s i dentical to the master request foPCT/US2005/009998

synchroni zation purposes. 6 1. A systemaccording to
claim 35, further including nmeans for synchroni zing

Atéy%t(%] CéEcoFcﬂﬁ ?éTc aWntdB Wﬁ%éﬁﬁ&lﬁﬂlﬁﬁ%@@ﬁé f&’)’re@eﬁ/ﬁ@@t&he

roni zat| gor| . A system accordi ng
headéend Bﬁntromqmputer mqmt ﬁ@nﬁ&fwgnﬁ@el GPhRginits reélqiwf,ang|ng

et ey S Perifle e Pt Toarsngelor SR RN N HHsfRafT iy the

Cepr:suhﬁg_antl al nurrber of IRs in the |ocal request
gueue. 63. A system according to clai m 35, furt her

i ncludi ng neans for regi stering each CPE,
Ars@t%meaqq%dlnaé@ GRIMP % dedhen inFivging @penaff@rsrspe'Vt%at the CPE

uff J% retilep ohilic BRGERD ek dor offf RAQE B IoB regest
gbeagsiand aeansdongending serviceSmesshges fronetehCEBRINts to the

TR T SO T T ——

nggém 35, further including nmeans for selecting an IR
nmessage for transm ssion by nmeans of a transm ssion
schedul er, anddeterm ning the order of IR selection

A eystemearoording da claimeD, durteeringliding menps for recivingmat the

VBEBR Rt UL R SRRt At o i i

diliegtingthefh e thesCPEuiranid sevvitesgioviieofordral sqbetems.
nessage. 67. A syst em according to claim®66, wherein
t he transm Si on e:%%]l er, dete mnes that a Irne

A SEIBEACTRIBE 0 5B 43 AHENFR MEMOHEL NeSepEnSring Bach CPE and
?@égrﬁaﬁ?ﬁpfavﬁeg vH“é’érvic% iRlePraRBIREdhIEeM bei ng

success y received by the headend conputer control.
68. A system according to claim35, further including
Aneysient accogdingrtatciaig 3mtfertber inchiginginiercennestBassasyice

prrrg\‘;’} grsoaflncfl {heﬂ\e hdaenscj c(:)ontrc‘oLI| %Blr}bu%lg\%'stel?v%é %és@ggg%mﬂgtratlon

control function units.

A system according to claim 35, further including means for sharing at least one

channel using time division multiple access.

A system according to claim 35, further including means for modulating,
transmitting, acquiring, tracking and demodulating signals on the uplink and

downlink.

A system according to claim 35, further including a master clock in the headend
control computer and a local clock in each CPE unit, wherein the local clock

tracks the phase of the master system clock.
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47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

control conputer. 69. A headend unit for scal able

mul ti functional network communi cati on between CPE
waeios®Iaoupl ed bet ween presentati on devi ces anPCHES20D@®9998

provi ders, conprises: a headend control conputer fore

recei ving upstream nessages fromthe CPE units and for

@gﬁgbﬁﬂaééwaﬁd RAIPE6 3URRet HdiinGRieaHs fof lockingf BRplink to

ervice provider control subsystems for interfacing
the doamiink fer tloakie aynalvonizatiort pufpases. and t he service
provi ders; wherein the headend control conputer

A RESTeI BerERRRAG e A5\ WitnST Insiing nifihs, foF 838G and
tidekirlieintenel bemidariestamnthd @éswhlddei ves nmessages from

the service provider control systens and transports

themto the CPE ur]i,ts 70, A_headend unit accoyr.di ngt to
A P¥SIRMEACCRIAGLIONC!aIRE SReWhakRR MeRSANER 25e FRITed In siots, and

SROES hesdd dajs and control nessages in the form

of request nessages. 7 1. A headend unit according to
claim69, further including a group of service
A systefraacconding tesclaim 35, h@%@enrwlumng caotiol appligatiens for

claim7 1  further. inclydin ns for receiving
qrgaﬂ'ég’{gsa"f‘q gﬁ\%ﬂ'@tt'@ﬁ%nﬁgl @%gg%g%ﬁ-r anging themin a
request queue update nessage and sending it downstream
A g%étbﬁn gBording ® clditn 38, fupthen imsluding Mmeansedefimnginhessage
(CPE) unit for scalable nultifunctional

et wor k
teanHmdih OHHES ANHENARRYSIESE R AHIUSS la&?mﬂ? herdend gorputer

%ﬂ'\&gﬁaseé@hacplzheadend control conputer coupled to
e service providers through service provider control

subsystens, conprises: nmeans for coupling to the
Avsystent accondingeto caim 3hetunther includinginmeanredefinjeg at tpast one

t he headend. control c u upst ream

PRUEPUANS FORRh R LHE G BT Kbl e YR B CaDRAE Peale!
nessages;

A system according to claim 35, further including means for monitoring the
downlink for the purpose of selectively inputting messages intended for it by

each CPE, and for the purpose of maintaining downlink synchronization.

A system according to claim 35, further including demodulating and decoding
uplink messages via the headend computer control.

A system according to claim 35, further including a receive router at the headend
computer control for monitoring the received messages and routing them in

accordance with their message headers.

A system according to claim 35, further including transmission schedulers in
each CPE and the headend computer control for affecting transmission of

messages.
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57.

58.

59.

60.

61.

62.

63.

64.

65.

wherei n the headend control conputer receives nessages
fromthe CPE and other |ike CPE units and transfers

W0 b@s09a9t he service provider control subsyst erGl/Us2ud5/009998

t he headend control conputer receives nessages from
the service provider control subsystens and transports

A BgshehPatbsrdiigRtoélaing 56, further including means for regulating the length
and frequency of transmitted messages so that they are within desired range-of-
values by the transmission scheduler.

A system according to claim 40, further including means for collecting request

messages and forming the request queue update message.

A system according to claim 58, further including means for receiving requests
update messages and placing the messages contained therein in a request
qgueue under the control of an insertion algorithm.

A system according to claim 35, further including in each CPE means for utilizing
a request synchronization algorithm control application for determining that the
CPE'’s local request is identical to the master request for synchronization

purposes.

A system according to claim 35, further including means for synchronizing the
local request with the master request by a request synchronization algorithm.

A system according to claim 35, further including means defining a request
insertion algorithm of a CPE is request synchronized, and establishes and
maintains a IR transmit times for a substantial number of IRs in the local request

gueue.

A system according to claim 35, further including means for registering each
CPE, the registering including determining a CPE offset, the offset being the
propogation time on the downlink between each CPE and the headend control

computer.

A system according to claim 35, wherein each CPE contains a set of messages

to be transmitted in a message transmit queue.

A system according to claim 35, further including means for selecting an IR

message for transmission by means of a transmission scheduler, and
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66.

67.

68.

69.

70.

71.

WO 2005/099197 PCT/US2005/009998

determining the order of IR selection for transmission based on characteristics of
the IR message.

A system according to claim 35, wherein each CPE includes a transmission

scheduler for selecting Aloha slots for transmission of a request message.

A system according to claim 66, wherein the transmission scheduler determines
that a request message caused to be transmitted has suffered contention, and
thus is prevented from being successfully received by the headend computer
control.

A system according to claim 35, further including means for generating interval
requests for ASBIs by means of an Aloha slot supply algorithm in the headend

control computer.

A headend unit for scalable multifunctional network communication between
CPE units coupled between presentation devices and service providers,

comprises:

a headend control computer fore receiving upstream messages from the

CPE units and for sending downstream messages to the CPE units;

a group of service provider control subsystems for interfacing between the

headend control computer and the service providers;

wherein the headend control computer receives messages from the CPE
units and transports them to the service provider control subsystems, and the
headend control computer receives messages from the service provider control
systems and transports them to the CPE units.

A headend unit according to claim 69, wherein the messages include service

messages bearing data and control messages in the form of request messages.

A headend unit according fo claim 69, further including a group of service

interface modules.
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72.

73.

WO 2005/099197 PCT/US2005/009998

A headend unit according to claim 71, further including means for receiving
requests from the CPE units and arranging them in a request queue update
message and sending it downstream to the CPE units.

A consumer premise equipment (CPE) unit for scalable multifunctional network
communication between presentation devices and service providers via a
headend control computer coupled to the service providers through service

provider control subsystems, comprises:
means for coupling to the presentation devices;

means for sending messages to the headend control computer upstream
messages and receiving from the headend control computer downstream

messages;

wherein the headend control computer receives messages from the CPE and
other like CPE units and transfers them to the service provider control
subsystems, and the headend control computer receives messages from the

service provider control subsystems and transports them to the CPE units.
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