WO 99/ 61993 PCT/ US99/ 11701

OFFERED LQOAD ESTI MATI ON AND APPLI CATI ONS FOR USING SAME IN A =
COVMUNI CATI ON NEbYERlEs S Backgr oungcrusednimi el d
of the Invention The invention relates generally to commrunication
syst ens, and nore particularly to offered | oad estinmation and

appl i cations for using sanme in a conmuni cation network. 10 2.

Di scussion of Related Art I n today's |nforrrat|on a e. there is an
i ncreasi ng need f(OFFEREdeD&QES'BMIQ&aA Bvi de

I nternet access apSING'SAME IN necmmmmcmwc wa'ewomt easi ng

nunber of 15 communi cati ons consuners. To that end, communi cati ons

networ ks and technol ogi es are evol vi neet ,current and future
denmands. Speéifically, new networks ? gﬂf‘?@"dgpl oyed whi ch reach a

| arger nunmber ofq, endF;gerdnhgqﬁv@ﬁ@@,qcol s are being devel oped to

utilize the adden—baﬂ:gvﬂr‘n—o‘r"‘m'%e' Eizo eff|CLetIrK. One
technol ogy that has BBEANVEQHPD re ?%ﬁed‘e&ﬁ \”pppmmuql(@rlm SysteM$ant in
the foreseeabl e Jryf widteigartiBaldtlytocsfférst load estivatiomandapplicationsr k. A
shared medi um cgnmrunj cat'i on . network i.s one,in which a single

cormmuni cat i ons fARHERG $IME 'W§ﬁm@ﬁn&?é%ﬂ?wgr§har ed by a nunber of

users such typat uncoordi nated transm ssions fromdifferent users may

interfere wi th ope another. The. shared nedi um conmuni cati on network
typically incl u&_ﬁ@ﬁﬂﬁﬂﬁﬁﬁ&f stations that transmt on t he
shared channel, and ¢ sodiy's ;ﬁrdrmwrﬁégé méréllélaﬂ mi:réésm Jread fon

recei ving end of the shq({]ed channel

coordi nati ng acdi@ @@EEBH'&QF‘?"SW%MQ?R%‘%Gt PFR&V'de 'néerm?gﬁ‘%ﬁﬁﬁnel
Si nce conmuni Catdrﬁ’oﬂ‘f&ﬁ’&mﬁeté@v&@§ ﬁbr@i’évér-lncrebsmg Admiveristr  of

communi cati on channels. the shared
communications consumers ultg that end, communications
networks and tech_nologles are evolving to meet current and future
demands. Specifically, new networks are being deployed which
reach a larger number of end users, and protocols are being
developed to utilize the added bandwidth of these networks
20 efficiently.

One technology that has been widely employed and will
remain important in the foreseeabie future is the shared medium
communication network. A shared medium communication
network is one in which a single communications channel (the

25 shared channel) is shared by a number of users such that
uncoordinated transmissions from different users may interfere
with one another. The shared medium communication network
typically includes a number of secondary stations that transmit on
the shared channel, and a single primary station situated at a

30 common receiving end of the shared channel for, among other
things, coordinating access by the secondary stations to the
shared channel. Since communication networks typically have a
limited number of communication channels. the shared medium

communication network allows many users to gain access to the
1



comuni cati on network all ows many users to gain access to the WO
99/ 61993 PCT/ US99/ 11701
network over a single conmunication channel, thereby all ow ng t he
remai ni ng coYMeAdIgadt i on channels to be used for other POT/USIHET01

Many techni ques are known which the primary station can 5 use for

coordi nati ng access by the secondary stations to the shared channel .

ghe agl lity Oiﬁetr\g)m'km#él‘? Slnylafdoﬂlﬂnhﬁldafrdcli\ channgicthdreby allowing mﬁnce g(()al) S
epends on a er of factors clu r t echni que(s
enpl oyed and f%mﬁm GPmmUhE'@E'BHo"QHP%?%??b% u%%!g%& to access the.
shared channepufdost$. any given tine (often referred to as the "offered

| oad") . Furth the ability of the primary ' tQ _neet

speci fi ed per?M E%%h'a'ﬂé.'@ %ﬁ%}?%@ﬂgﬂﬁﬁ mgﬁ@% the primary
stati ]9“ t lQ? adage ﬁépcmm% Ecbb@s @fyftheefédtmr?\statmmsrm thﬁflcliS hrmr e
specifically o ui ¢ e station .c o suc
changes. ThusS ?I@Nﬁl}’ t?eoitaibﬁ ﬁgiﬁe@gugmestpﬁog?gafﬁé?t t he of fered
|Dgad _Oft_the nf e@fbdwdm@anc@goarsddepénds on a number of factors, Britef |
‘Description o ime |ine
depi ctPng a sﬁ‘é‘é‘ﬁngﬁgﬁr@%mwaéé@&‘wgff@g) emp%x#gng tg?é}%%ére odi ment of

the present iggephdany. statlbhstdttémptmgb@ra@éesbmtﬂhaﬂedloﬂMnehab successi ve
frames i ncI udin

st [ pr vi dj ntention access;

FIG 2 isl® tﬁpg@'\‘ﬁwﬂ'@ m%‘?&ﬁﬁ%@’pﬁﬁﬁ e'iﬁdolﬁ%'dch regi on ABC
repLesent I ][19 Fhﬂh&ﬁ@ogé M&bintyeﬁfimﬁ pritary s@aﬁmt@meet spemﬁed:cor danE?G
W t a preterreqd e odi nent, of, t r e nve |
3A i's a t hr oePEITRERBNGRHORS Hier ABRe ésmethre&tu e Blimary

station to adapt to changes in the offered {oad over time, and

more specifically on how quickly the primary station can adapt to
15 such changes. Thus, the primary station must be able to estimate

the offered load of the network and react accordingly.

Brief Description of the Drawing
in the Drawing, ' '
20 FIG. 1 is time line depicting a shared channel in accordance
with a preferred embodiment of the présent invention, with the
shared.channel divided into successive frames including a
request interval for providing contention access;
FIG. 2 is a three-dimensional graph depicting a planar
25 region ABC re'presenti'ng the set of possible contention outcomes
in accordance with a preferred embodiment of the present
invention;
FIG. 3A is a three-dimensional graph showing the locus of
expected outcomes within the planar region ABC in accordance
30 with a preferred embodiment of the present invention;
FIG. 3B is a two-dimensional graph showing the locus of
expected outcomes within the planar region ABC in accordance
with a preferred embodiment of the present invention;
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expected outcones within the planar region ABC in accordance 30 with a

preferred enbodi nrent of the present invention; FIG 3Bis a
t wo- di nensi onal wiysiesshowi ng t he | ocus of expect ed out cgoTaISes/ifIeIn
t he planar region ABC in accordance with a preferred errbodl mant of the

present invention;

99/ 61993 }%%g
FIG 4 is a two-di nenglghgllsgar Wg\ﬂshonatl ra Show' gl o#ﬁg%;A di vi ded
into three regi orABGadmdmlr(tOthesteglonsm m§he dleaﬂsﬂlQﬂROm'tScus of

expect ed outcorre?m@ ﬂgﬁg&ﬂg@&*gg%&om%rr@eég iRdcehraah of the

present inventio dr RS ona grap showi ng the
pl anar regi omrmredtesnbodmnw&mameeemnmm,err] I[err], and

Clerrl in  fOo0r dagie Wt yBecifigRiaRERIcR Shofiing B PR,

pl anes Sl er r regiére ABC irtedséftedrwith threespianesgSatlyt and G Int of maxi mum
Wi an enbodeiagEe it BB RiireH dhflofffient SPHY prdadtinderRE"
tC[W(e)r ?i n}egs;ggglr dgr 2ph FGo8 isca tWa-dimE!'fsiqiﬂaiirgmph st;tcﬁ&iﬂgme ﬂt'{reerq_lanesd

i nvention; 15 @O'EP'%rE@@éR@?%éw&?gﬁ gﬂ@%fwﬁﬁéﬁrgﬁ%%%@{%latm _
communi cat i OnlmetSUOCES&ouwmwmm iplana refigion &BC in accoodaneawitlif t he
present invention agram show ng three

. Fl IS st
possi bl e states f%’f‘ e&‘“"'“ﬁé QFSQP fﬁ%@&&@ﬁl&’g‘rw th a preferred
embodi ment of the 20 AIG:Feista twuditiensional graph shdWwihg the three pianes

crbadi nent of ¢ neSprleci Gerldciseaance wilhd Brek errgd”&rﬁ&@n‘?qﬁtf L b ock
di agram show ng apresemdventidmtion in
15 FIG. 8 is a block diagram showing a shared medium
communication network in accordance with a preferred
embodiment of the present invention;
FIG. 9 is a state diagram showing three possible states for a
MAC User in accordance with a preferred embodiment of the -
20 present invention;

‘ FIG. 10 is a block diagram showing a primary station in
accordance with a preferred embodiment of the present invention;
and '

FIG. 11 is a block diagram showing a secondary station in
25 accordance with a preferred embodiment of the present invention.

Detalled Description
As discussed abové, the primary station must be able to
estimate the offered load of the network and react accordingly.
30 The present invention includes techniques for estimating offered
load based on a history of contention outcomes. The present
invention also includes applications for utilizing the estimated
offered load for determining a request interval size and for
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25 accordance wth a preferred enbodi nent of the present invention.

Detail ed Description As di scussed above, the primary station nust
be able to estimate the offered | oad of the network and react
accordingly. 3oldigwspr esent invention includes techniques g$§n§§$"ﬂﬁilng
of fered | oad based on a history of contention outcones. e present

I nvention al so includes applications for utiIizing the estinmated

gf fered | Oad fo e%%gémgné Egn?el{t%%ugcces'sngneor e m aS 'c%emr%ﬂgléa ion

PCT/ US99/ 11701 network dEhe présentjnaention és tesoribed beseinpsithireference
communi cati on 4, . esent invention is described herein with
ref erence t[o "%‘Iﬁ%%i’??g%@% Nt s. -5 1. O fered Load Estimation
Model In accordance with the present invention, the shared
channel is and is often referred to

as a "slotted cH IS organi zed into
successi ve franes, uhmomemmrﬁmsemlmiemmmumeshafedo slots. The

e s, s 2chna98 B8R R Bt e ot B B 1o 100 v on
of each frane (aseaé‘lsmted ohamnel Theeslotted charmel 4 brganized intoised for
e 00, SN bR SO oEF Fifne Bt o BB e
i nterval cald beslotsxe@hernumbenbf slot&in each frame\oan ve fixed\br varaisieent s t he
TVTen o' ot o TP g BRUESE, eprasehEinhufine 'S AORTE A fRLK oot o
request, the A portignefieschtfeame (refarred ¢6 asehergquisst iMerval’) B request
transmssion ,sed for transmitting requests for contention access, and
particularly for placing reservations for bandwidth. The number of
15 slots in each request interval can be fixed or variable. For
convenience, M, represents the number of slots in the request
interval of the frame k (referred to as ‘request interval k”).
Assuming that R slots are needed to transmit a request, the
request interval k therefore provides M/R request transmission
20 opportunities_in which requests can be transmitted. Although M,
is typically selected such that M/R is an integer, there is no
requirement that M, be so selected, and the value M/R is
heuristically treated as being a real number for the purpose of
discussion. |
25 For each request transmission opportumty in a request
lnterval such as request interval k, there will be either (1) no
request transmission; (2) a single request transmission; or (3)
multiple request transmissions. When a single request is
transmitted in response to a request transmission opportunity, it is
30 presumed for the sake of discussion that the request is
successful. When muitiple requests are transmitted, it is
presumed that the requests collide and are therefore




20 opportunities in which requests can be transmtted. Although M IS
typically selected such that Merr]/Ris an integer there is no

requi renent thawolsb6ises so sel ected, and the value Merr]/R i spcTrnus99irg
heuristically treated as being a real nunber for the purpose of

di scussion. 25 For each request transm ssion opportunity in a

request | nten) ccégﬁfblfi?g%ﬁgéhiér#%?'i:l‘@'th%e {)Uﬁ{d?né‘é lare l?_@féﬂ‘éc?'er (1)
no  request transmssron; & a single regues ransm ssion; or (3)
mul.tipl e request toasiLEsSUGCESBeand GOLISION, regpestively. transnitted in
‘ ! Al . Lhed o eh
Sakb of i scusst an.+ nOHeEFAE 1083 eSfinfitRR a8 ddarekbeliiin {pabarufien 6y e

requests are trafgitsiG.cSichoute ahd publishad inthe HREE transactions encol | i de and
are therefore efGs 99/ 61993

PCT/ US99/ 1170f Com%%@ﬁ%@%g%’fvu?'f %M’%!)’nr\\/leorii‘té'r?‘ é'i,l 1t 8;1 t 'Peeg a(S)Ut cones are
referred to aelated fo tisepressnt invention besiatse it prpddes aesglution to a .
Schout e and publ SnaF ProtiRat eehed iretefit BRYRoRNieds Ak, Bing » ffereiy”
COM 31, NO 4, Aptethniage. Sthoytenatternpts to estinate dhe offered joad ima Siotted i on
CerRe oo Yo RSB bt ALQUE, BVl PR SRR oo
to estimate tige dfdresmitteidoinccontentih @nddience réyervationfis dotallyaatigentALIGHA
OO e hilerd ol dabilot AGABET LG I AL RO, e
COLLI SI ON out coneontplitest the expexter muesberef eaptariding wsete basédamthendi ng
e ements the  Knoyn s BaldRa PEHTE By /). BBBReTeRk Rt on
can be readily offered load estimation accordingly. Schoute’s solution can be readily
15 extended to a contention-based reservation context in accordance
with the present invention, provided that the goal is to maximize the
contention throughput in the request interval.
However, the goal of the present invention is not to maximize
the contention throughput in the request interval. Rather, the goal of
20 the present invention is to estimate the offered load based on the
number of observed IDLE, SUCCESS, and COLLISION outcomes in
each request interval k. Therefore, the offered load estimation
technigues of the present invention differ substantially from the
offered load estimation technique of Schoute.
25 For the sake of simplicity, it is assumed that only certain
requests are eligible for transmission during the request interval k.
Specifically, only those requests that are available for
transmission prior to request interval k (including “new” requests
and requests made as part of a collision resolution scheme) are
30 eligible for transmission in request interval k. Therefore, any
requests that become available for transmission during request
interval k cannot be transmitted in request interval k, and must




15 extended to a contention-based reservati on context in accordance
with the present invention, provided that the goal is to naximze the

contention throughput in the request interval. However, the goal
of the presenwosmssti on is not to maxi m ze t he contentip&,{,&mggpput
in the request interval. Rather, the goal of 20 the present Tnvention is
to_estimate the offered | oad based on the nunber of observed | DLE,

SUCCESS, and CChJaI ' a int.erval, k her ef or e,
the offered | oa érsﬁ%rﬁr‘rlég Hgﬁg{ﬁe{‘%&ﬁhfageg%#&gﬁiﬁﬁte%re%nt\%ﬂ&bﬁ differ
subst anti al | y f Fuenisieften referredrtocas adgated” systeom t echni que of Schoute. 25

wre ol igibl e for t caveribetthe sysfEimRTad U PhHpER A becomé cauest

are eligible for transm ssion dur
Speci fical |y, oavgilablefor ranpsmissionhduring éramei(kab) wilfbe transmittaadsm ssi on

prior to reqkesyy,,k cooe ] [ . " esf s rggquests nmade
as part of aycof’l"f'ﬂégﬁaraé%{éﬁ"&?&og%gﬁ%&%?%%'eg‘%& ﬁ"i’dlegr%%ﬁtﬁ ansm ssi on
in request int etotal numbenafsequestsathat becoregavailablenfar transmissioni | abl e

for transm ssi opuﬂﬂéﬁ%ﬂ%gg%ﬂ%at areit%régeéggéﬂa%qﬁgs{ frﬁgmltkt.ed in

request interva
PCT/ US99/ 11701 The N, resiuestsican be goaseptualizedias beebming availablet hat

Gven that the Srdomly QYeneir.o bots AF HEME (i), Shel apdE b avalEeTL ¢ 1o

t ransni ssi o0 durateghat eequests becdre availabledaringefdame (kdt) isngquabteest

I nterval k. For convenience, N err] represents the total nunber of
requests that becone available for transm ssion during frame (k-1)
that are transnEgt8d dur gpg=rNgu@gy interval k. The N err] requests
can be conceptualized as becom ng avail abl e randomy over the T[err]

slots in frame (k-1), such that the average 10 rate that requests becone
avai | abl e duri nfhtsage, (apreésents ﬂmuaVetage number of requests per slot

15 over the frame (k-1), such that:
Eq.2 Nt = Ger X Ty

Because the N, requesté are trahsmitted in the M/R
20 request transmission opportunities in request interval k, it
therefore follows that the average number of requests transmitted
per request transmission opportunity during the request interval k
is equal to: ‘

25 Eq.3 G =N_/MJR)
= (i1 X Ty (M/R)
= (Gt X Tyq X RYM,

The probability distribution of the number of requests
30 transmitted per request transmission opportunity can be

approximated by the binomial distribution:

Eq. 4 Pim]=



Eq. 1 glerr] = Nerr]/T[err] Thus, g[err] represents the average
nunber of requests per slot 15 over the frame (k-1), such that: . . Eq.
Because the N err] requests are transmé‘%ﬁa 7H1e

2 [err] i n
Merr]/R 20 req%%?”??ygnsm ssion opportunities in request inte 593',"

t her-efore follows that the average nunber of requests transmtted per
request transm ssion opportunity during the request interval k S
equal to: 25 Eq. 3 Jerr] = Nerr]/(Merr]/R

= (g[err] x T[err])/(Merr]/R . = (g[err] x T[err] x
R/Merr The. probability distri [ of the n r of. requests
30 transhitted peWheradis e AHEIRErGfSRAUBSES INANRGEQrER aXBHABIE S0HNGY  m: o
gy the bi n\?\g g'g/ gflrgig'fgé Ut qhe., A = NE); Bis the ilirfiber of request transmission

PCT/ US99/ 117015 opportupfliasinirame k &.e. ®5MJR)r andeniis thedangemne
avai | abl e during variabletféprebieniing thé nurfber of n;ﬂéci(d%t_t@g@érgﬁt’f}dw{ﬂeiﬁber of

request transni ssion pportunfties In, rr]/ R, and
mis the random requestiteanemissioropporttitYne nunber of request transmitted

in a Therefore, the probability of SUCCESS, IDLE, and
COLLISION outcomes during request interval k can be
10 approximated as:

. 1 1 A1
Eq.5 PISl=Axg x(1-5)

Ea.6  Pa=[1- %]A

oo

15
- | : y
Eqa7  PJCI=1-Axg x [1-%]‘\ [1]13]A
Provided that B is large, the binomial distribution P{m] can
be approximated by the Poisson distribution:
20 '
Eq.8 = P[m]=[(A/B)"™ x exp(-A/B)] / m!
By definition, G, = A/B. Substituting G, for A/B in Eq. 8
results in the Poisson distribution:
25 -

Eq. 9 P[m] = [G,™ x exp(-Gk)] / m!

Therefore, the probability of SUCCESS, IDLE, and
COLLISION outcomes during request interval k can be
30 approximated as:



request transm ssion opportunity. Therefore, the probability of

SUCCESS, | DLE, and COLLI SI ON out cones during request interval k can be
10 approxi mat ed as: _ [err] Eqg. 5 [err] Egq. 6
[err] 15 [err] Provided that Bis |ar

bi noni al distri 3(6?93?1 P[ni can be  approxi nat ed by the Pﬁ?ygffﬁ"”‘”

di stribution: 20 Eq. 8 Pim =[(A/'B)[err] x exp(-AB]/ m

By definition, Jerr] = AAB. Substituting Jerr] for ABin Eq. 8

results in the Poisson distribution: 25 Egq. 9 PIlmMl =[Jerr] x.

exp(-Gerr])] /Egl10 P.IS] aghg(r@jﬂtgk%the probability of SUCCESS, |DLE,
:gd COLLI Sléj\l %)‘\Jtconss[l]du_rlegg( éeques 7| nterval k can be 30 approxi mat ed

Eg. 12 PJIC] = 1 -G, x exp(-G,) - exp(-Gy)

Based on the above probabilities, the expected number of
SUCCESS, IDLE, and COLLISION outcomes during request
interval k is equal to:

10 Eq.13  E(S)=PJS]x MJR
Eq.14 E() =PJIxM/R
Eq. 15 E(C)=PJC]lx MJR

With respect to request interval k, the values M, and R are
15  known a priori, and the actual number of SUCCESS, IDLE, and
COLLISION outcomes during réquest interval k can be measured.
For convenience, the actual number of SUCCESS, IDLE, and
COLLISION outcomes measured during request interval k are
referred to as S,. |, and C,, respectively. Because S,, I, and C,
20 are probabilistically equal to E,(S), E,(l), and E,(C), respectively,
any one of Eq. 13, Eq. 14, and Eq. 15 can be used to determine
the estimated offered load g, _, during the request interval (k-1).
Working from Eq. 14 and using the measured number of
IDLE outcomes |, to determine the offered load resuits in the
25 foltdwing transformations:

Eqg. 16 b =E(l)
=P () x MJ/R
= (1/R) x M, x exp(-Gy)
30 (Rx I YM, =exp(-G,)

Substituting G, from Eq. 3 and solving for g, gives the
estimated offered load during the request interval (k-1):

8



WD 99/ 61993 | PCT/ US99/ 11701 Eq.

10 Plerr][S] = Jerr] x exp(-Herr]) Eq. 11 Plerr][1]
zexp(-derr]) woooereps 12 Plerr][C =1 - Jerr] x exp(-Jromjspoiirol
exp(-derr]) 5 Based on the above probabilities, the expected
nunber of SUCCESS, |DLE, and COLLI SI ON out cones during request

interval k is equal to: 10 Eg. 13 E[err](S) = Plerr][ 9 XI\/[err]/R
Egq. 14 E[err](l) = Plerr][1] x Merr]/R Eq. 15 E[err] (O =
Plerr][C] X M erEgy R7 Gk1 = JWKH&H&%MMIJQRWES'[ interval k, the
values Mk and R are 15 known a priori, and the actual nunber of SUCCESS,
| DLE, and COLLI SI ON out cones during request interval k can be
measur ed. For comuwn@tlma@da@ﬁe@d leathgr.s sandeceiculated| £ and

as Slorr), | [ rrpeea piyafiep thalre SHEFnoWE R Rork (7M. R, AR i 201 ©

Clerr] 20 are prQb:m‘bn’rieaﬁura (‘yee,du)il to E[err](S) E[err](l), and

E C t b
ssed o detormne iy siEREnd e pelitattd offdfedtbadiibtefindd 720 02,

interval (k-1). according to Barki may nohbe@n accuratetﬁstmgataw@f theaactuadi

'n the 25 1ol | oW lETed R oThIS R Reod e e BRickon BistiphfioR accifings |

Eferr] (1) 10 to Eq. 8 only approximates a bin@néalrdistributiav 8 |¢ large.
exp(-Qerr]) Depeing fhendfoer of epappsl FahshiSeion ahdiirps ng  or
gives the a single frame, the value B may or may not be large enough to

ensure that the estimated offered load g, , is accurate. When the

number of request transmission opportunities in a single frame is

15 not large enough to provide a statistically significant number of
request transmission opportunities, the offered load estimation
mode! must be adapted. '

A. _ Offered Load Estimation Using Sample Window

20 A first adaptaﬁon of the offered load estimation model
computes the estimated offered load over a number of
consecutive frames. The number of consecutive frames must be
large enough to provide a statistically significant number of
request transmission opportunities, and yet not so large that the

25 offered load varies considerably within the number of frames. For
convenience, the number of frames n over which the estimated
offered load is calculated is referred to as the “sample window.”

Assuming that |, represents the number of IDLE outcomes in

sample window frame i, then the total number of IDLE outcomes

30 over the sample window is equal to:




estimated offered | oad during the request interval (k-1):

8 WD 99/ 61993

PCT/ US99/ 117909961993  Eq. 17 [err] Thus, t hePERySvER7ed
offered load g[err] can be calculated 5 based on values that are either
known a priori (i.e., Merr], R and T[err] [err]) or neasurable
(i.e., IJerr]). AN many situations, the estimated offered | oad
det erm ned Eqct®r di nig=t IlEq. 17 may not be an accurate estimate of the
act ual of fered | oad. %s I s because the Poisson distribution according
10 to Eg. 8 only approxillfﬁ es a binomal distributionif Bis |large.

Dependi ng on the nunber-of ,Lequest ,transm SSi Lti: LN a
single frane, the éﬁi'&eEé ﬁéf%térvenﬁ'}éﬁﬁ%&#ﬁ%@%&%@ﬁ#&ﬁ%é ensure that
the estimat ed sdrhplecwindow fime i cansbeestindted Bbihtive corespondingber  of
request transni ssigQn.opportunitigs in a single frame is 15 not |arge
enough to p?roﬁ’fﬁ?cgegﬂﬁﬁ?éﬂQQPP&%%PF??gﬁW%nunber of request

transm ssion opportunities, the offered | oad estimation nodel nust be
adapt ed. é é)‘fer[ed Lo_aé Bsti mati on Usi ng Sanpl e W ndow 20 A
first adaptati & W9 thelioff &t é | oad estimati on nodel conputes the |
estimated offered | oad over =aPgijnbM/Rof consecutive frames. The nunber
of consecutive franes nust be | ar nough to provide a statistically
si gni fi cant number of r SqWR xtﬁ"ﬁ%’%}sssi on opportunities, and yet not
so large tit the 25 offered | oad vari.es considerably within the nunber of

frames. For q&g veni ence, the nunber of frames n over which the
esti mat ed load is calculated is referred to as the "sanple
wi ndow. " Assum ng that I[err] represents the nunber of |DLE
out cones in :
Eq. 20 | =Z M/R x exp(-G))
15 Using the transformations from Eq. 16 and Eq. 17 above, it

is possible to calculate the instantaneous offered load g; for each
sample window frame i based on values that are either known a
priori or measurable. By selecting an 'appropriate sample window,
it is expected that the instantaneous offered load g; does not vary
20 considerably over the sample window. Therefore, the
instantaneous offered load g, can be approximated by an offered
load g that is the same for each sample window frame i (i.e., g, =
g:=....=g,=9)
Substituting G, from Eq. 3 into Eq. 20 and substituting g for
25 each g, results in the following:

Eq. 21 | =

Except fof the estimated offered load g, all of the elements
30 of Eq. 21 are either known or measurable. An objective of the
present invention is to derive from Eq. 21 an estimator function for

g based on the known and measurable variables, such that g =
10



sanpl e wi ndow frame i, then the total nunber of |DLE outconmes 30 over the

sanpl e wi ndow i s equal to: 9
M TR i ferr] The FRTERA{
ab?ye, tgebnunﬁer of I DLE gutcorres in the sanpl e wi ndow frane i can be
estimated by the rr spon [ 5 ex t 0, | ows

Eq. 19 [err] f&? orno l}E% 'P‘ea tﬁat“ﬁﬁqég?’("h #Z@iﬁlﬂi ﬁ? e Usi ng
the transformati Cdétaflé@hﬂﬂchh@emds&ntednaterbove it i S pOSSI bI eto

fram | based on val uls cafain sitaatons,df s desfdtle 18'regpfdhy upssle T TCo"
By selecting an sgtiratddéffersdivad in ordento reflect the actual offered load of
s the network as it changes over time. In such situations, it is
important that the estimated offered load adapt quickly to changes
in the actual offered load.

One way to update the estimated offered load is to consider
consecutive disjoint sample windows of size n, and to update the

10 estimated offered load at the end of each sample window. This
approach is simple, and requires relatively infrequent updates.
However, it is also relatively slow to adapt to changes in the
actual offered load, and can therefore be quite inaccurate if the
actual offered load changes significantly between sample

15 windows. ' '

A more accurate way to update the estimated offered load is |
to use a sliding sample window and te update the estimated
offered load each frame. While this approach requires more
frequent updates, is adapts more quickly to changes in the offered

20 load. However, it can still be inaccurate if the actual offered load
changes significantly between frames.

In order to improve the performance of the sliding sample
window approach, a weighting scheme is employed which assigns
a higher weight to the x most recent frames in the 'sample window.

25 Thus, in a sample window having n frames, the x most recent

frames are assigned a weighting factor a and the (n-x) “older”

frames are assigned a weighting f_a'ctor B, where o > B. The total
weight of the frames in the sample window is equal to:

30 Eq.22 n' =ox+ p(n-x)

11



it is expected that the instantaneous offered | oad g[err] does not vary 20

consi derably over the sanple wi ndow. Therefore, the i nst ant aneous

of fered | oad gY@M§198an be approxi mated by an of fered | eamiusponivat i s
the same for each sanple window frame i (i.e., g[err] = 9lerr] = .... =
glerr] = 9)- Substituting & fromEg. 3 into Eq. 20 and

substituting g for w‘é}? i I i ng: Eq. 21
1= Exceéﬁ'?or lﬂtiﬁii%ﬁt%ﬁ?éﬂﬁ??%ﬂg@%r@i&leg% QP'F ((;1)’ %?‘Ie el enent s
30 of Eqg. 21 arthatithedotadweighbof theaframms in. tharsarbple windowfis eqaal

present inventi is to derive fromEqg. 21 .an estimator function for g
based on the known and neasurabl e variables, such that g =

10 WD 99/ 61993

PCT/ US99/ 11701 f(l), For now, it is assumed that there is such a
function f(1¥, FRe23 dBtai IS+ Wri%h are presented |ater. I n
certain situations, it is desirable tqQ regularly update the esti mat ed
offered load in order to refI@E’t"'(‘HéﬁKtual offered load of 5 the network
as it changes over time. In such situations, it is . inportant that the
estimated offered | oad adapt quickly to changes. in the actual offered

| oad. One ViEhe weigintired fadtbrocistseladted su teattHelweight s t o consi der

consecutive disjoint sanpke wi ndows of size n, and to update the 10

estimated of f er 88510989 tg:thepcmas receniirames isiequal ta apredaterminedsppr oach

is sinple, apd pefsdritagencbitne itdl waldgrdy & fonBdas: es. However, it is
also relatively slow to adapt to changes in the actual offered | oad,

and can therefore be quite inaccurate if the
Eq. 24 ax/n' =X

With the assumption that g is constant within the sample
15 window, it can be expected that the ratio Y = T_./M, (i.e., the ratio
of the frame size to the request interval size) will also be constant
fori=1to n. Applying this assumption to Eq. 21 results in:

| Eq. 25 I =
20 _
For convenience, T represents the weighted average of the
number of slots per frame over the entire sample window as
follows:

25 Eq.26 T=[Te+. ...+ T tal +....+aT,]/n

For convenience, M represents the weighted average of the
number of slots per request interval over the entire sample
window as follows:

30

Eq. 27 M=[M+....+M,_,+aM . +...+aM]/n

12



actual offered | oad changes significantly between sanple 15 w ndows.

A nore accurate way to update the estinated offered load is to use a
sliding sanpl ewg®szand to update the estimated of f er epgTABS/BAGIN
frame. Wile this approach requires nore frequent updates, is adapts
nmoke quickly to changes in the offered 20 |oad. However, it can still be

I naccurate if the actual offered | oad .changes significantly between
frames. In order to inprove the performance of the sliding sanple
wi hdow approach, a weSgbstitotingdVénto Eq. 25resultd inhi ch assi gns a hi gher
wei ght to the x nost recent frames in the sanple window. 25 Thus, in a
sanpl e wi ndow having n franes, the x nbst recent frames are assigned a
wei ghti ng factor the (& nmes are assigned a

wei ghting fact or re wﬁere ‘?()é?)ﬁwqmy(rq NLeRat ot al wei ght of the
frames in thessarrpl e Wi ndow i s equal to: 30 EqQ. 22 = [err] WO
99/ 61993

1701
The wei ghting fa&qﬁre[ er rT‘-‘{M\’] gugﬁsﬁllyarth? ragetfﬁélg%'?g%é t hat
the total wei ght approximdtedrimstheratioc=TAAnsuieh thati¥v+ iTdMeqSH stctutmgoY 5

Eqg. 23 n" = [er =n + ([err] - 1)x '

The wei ghting fact @P?'?%%%S?‘é‘é?% so that the weight assigned to

the x nost recent franes is equal to a predeterm ned :
10 Eq.29 =

The estimator function for g is obtained by taking the natural
logarithm on both sides of Eq. 29 and solving for g as follows:

15 Eq. 30 g=f(l)=
where g’ is the estimator function for g.

B.  Offered Load Estimation Using Single Frame

20 A second adaptation of the offered load estimation model
computes the estimated offered load over a single frame.
Estimating offered load using a single frame is desirable due
particularly to its simplicity in not requiring the maintenance and
evaluation of historical data as required when estimating offered

25 load over a sample window. One problem with estimating offered
load over a single frame, though, is that the number of request
transmission opportunities in a single frame does not represent a
statistically significant sample, and therefore the observed
outcomes for the frame may or may not be indicative of the actual

30 offered load. However, it is known that certain outcomes are
more probable than other outcomes. For example, it is unlikely
(but possible) that there will be all SUCCESS outcomes with no

13



10 percentage X of the total weight n' as foll ows: Eq. 24 [err]
Wth the assunption that g is constant within the sanple 15 wndow, it can

be expected tWax9ssisesratio Y = T[err]/Merr] (i.e., the ratiperasoy@iot he
frame size to the request interval size) will also be constant for i =
1 ton. Applying this assunption to Eq. 21 results in: Eq. 25 1= 20 .

F t f

Sf’(r) . gog‘e’f“:‘ fgC?DLE 6?@@39@@1% Bg%ﬁgﬁ@@ SPgﬁ‘é‘%{é%@?\u?ﬁ?éf‘ﬁf lDLE%’@@er 0 6 T
[err] COLLISIONmteamascwith ma SHCCESS outapmesg hthus . dher age of

the nunber Jak of ?gtﬁ?éé‘?ﬁl]e'&&%ﬁﬁeé BLADELHIVRYE] irft8% 8Bt bbﬁtaﬁﬁ@

w ndow as foll ows: err

99/ 61993 -  those outcomes that are likely and therefore “trustedrangsoset: 701

Substituting Mddthginfiig tose Battidmies that are unlikely and therefore
“untrusted.” If an observed outcome falls within the set of
“trusted” outcomes, then it is used to update the estimated offered
load; otherwise, the observed outcome is ignored and is not used
to update the estimated offered load. The problem then is to
10 define the set of “trusted” and “untrusted” outcomes.

Since there are M,/R request transmission opportunities in
frame k and each request transmission opportunity results in
either a SUCCESS, IDLE, or COLLISION outcome, then the sum
of the number of outcomes is equal to M//R as follows:

WO

15 .
Eq.31 |, +S,+C,=M/R

When mapped onto a three-dimensional graph in which |,
S., and C, represent the three axés, Eq. 31 defines a planar
20 region ABC as shown in FIG. 2. Planar region ABC contains all of
the possible states of request interval k such that any observed
point Z(l,,S,,C,) falls on the planar region ABC.
Within the planar region ABC, certain points are more likely
than other points as outcomes of request interval k. Assuming the
25 offered load estimation model above is accurate, the most likely
points within planar region ABC are those representing the
-expected number of SUCCESS, IDLE, and COLLISION outcomes
according to Eq. 13, Eq. 14, and Eq. 15, respectively, shown as
curve L in FIG. 3A. Thus, the curve L describes a locus of
30 expected outcomes. For convenience, the planar region ABC and
the curve L are shown in two-dimensional view in FIG. 3B. It
should be noted that the maximum probability of SUCCESS is at

14



Egq. 28 | = exp(-g xYx R x nNnx MR 5 where Y = T[err]'/.lv[err].
Heuristically, the ratio T[err]/Merr] can be approximated by the ratio

T/M such that Yyoodéibds Substituting Y = T/Minto Eq. 28 rgspbéssnii
10 Eq. 29 [err] _ The estimator function for g is obtained by

t aki ng the natural | ogarithm on both sides of Eq. 29 and solving for g

for 0. " g orthBrReint B wRidH manste By 368, Jy £ FpBR. o8 G = 0128 "

second adapt at i orincd preéferreid emizbdinent describeddn detditlbelow. conputes the

being a singl o frame G EoPAIEEfibuid OF the planartadiEh WSC R rCle 0T,

in not requiring probabilitytof eaparticular point isinierselycproportibpaldoi its:l  data as

W th ostint iy GBS bR LT 355 Ess R Both BB BErf, " o

hurber of requestl, the highenthe wls?babi.dityr)p rThmé.ttheSpl'aPaa regiggl ARBO ?an b@oﬁs
not represent a . ., Sfatistica signit1 cant, sa e na. refore the
Chservad o oursivinsd Pho FeuloNY navig, thistii RIS End eibaR Histifo  ne
actual 30 of f er ed'untasstedopoits based gerkeraliy drithie disthnte of eachnpointr e

nor-e probabl e thﬁfn ot her outcones. For exanple, it is unlikely (but
possi ble) that t Lo Wq Funye Ia'l | SUCCESS outconmes with no
13 10 In one embodiment, the planar region ABC is divided solely

on the distance from the curve L. Fig. 4 shows a two-dimensional
view of the planar region ABC, with the planar region ABC divided
into three regions according to the distance from the curve L.
Those points falling within a predetermined distance from the

15 curve L (i.e., region 2) are considered to be “trusted” points, while
all other points (i.e., regions 1 and 3) are considered to be
“untrusted” points. While region 2 captures all points meeting at
least a predetermined minimum probability, it is not an easy
region to work with, since it is computationally complex to

20 determine whether a particular point falls within the region.

In another embodiment, the planar region ABC is divided

according to its intersection with three planes S, = S,, I, = |,, and
Ci = C,, as shown in three-dimensional view in FIG. 5. The three
planes intersect at point P* if S; = 0.368 x MJ/R, I, = 0.368 x M/R,

25 and C,=0.264 x M,/R, as shown in two-dimensional view in FIG.
6. Region BB'P*E, corresponds to the state of obtaining many
IDLE outcomes and few COLLISION outcomes in the request
interval k, which is reasonably probabie if the effective offered
load within the frame is low. Region CC'P*D corresponds to the

30 state of obtaining many COLLISION outcomes and few IDLE
outcomes in the request interval k, which is reasonably probable if
the effective offered load within the frame is high. Region EP*D
corresponds to the state of obtaining many COLLISION

15
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| DLE or COLLI SI ON out conmes, or an equal nunber of |IDLE and COLLI SI ON

out comes W t hwuoweBUEESS out cones. Thus, the set of all pppESdoRlAI
out cones can be divided into a set containing t hose outcones that are

i kely and therefore "trusted,” and a set 5 containing those outcones that

are unlikely a e _ falls
Mihin the ver Syicofés Hhiny IoLEGHANEE qnd led SUCTHEG buRLOMERN' B, |
esti mat ed of f erthe requesbinterval tke which is improbableimespective®fthe i gnored and

I S not used ty he then is
to 10 define the Set o rusted" a untrusted”™ outcones; Si nce
eﬁégtw%s’@ﬁsgéd‘ﬁa%s REBIGif ARIE E§Iq'8566‘ﬁds @ e seiter

there are M/ R obiginipg maay SWCESESS quicemes (iiesswith probabilitygreaterd each
request transm&s 3@@9 . ' [ ioﬁ?@é Swgqgﬁ | DLE, or
CCOLLI SI ON mﬁ?co@%ﬁo@hen ?ﬂ?@tﬁmtéE?}cﬁl%grhﬁul%'eg of_ ow;égbrres |§equal to
M/ R as fol | onsdesigable butdmpgabablg if the offeped load estimation mogetis |/ R

When mapped ont%‘?ﬂ% ee-di nensi onal graph in which I[err], S[err], and
Clerr] represen € three axes, Egq. 31 defines a planar 20 region ABC as
shown in FIG 2. Pl &ixeeptdor the peidt Bhwdiick falls iroall regionsealpointsl e st ates

of request inte : Vo ' i Dteripe
Z(1[err], S[err] ,*é?'é? W%f%@%ﬁﬁh%ﬁ%ﬁ%éfﬁ BB PERRCCPD. T"f”s’ W t hi n
the pl anar t@giregid@CBREEIEand 66 RI'D anecgoad candidates for containivgher poi nt s
as out conmes of & ] r : ' - estimation
nodel above is é@ggéggt gbﬁ{tﬁe%%%v?ﬁ@ﬁ/g dfe EE% é?@?&w%ﬁ rép@gﬁgr regi on
ABC are those rAPtEsandGRfD that are clape ¢todbenurvel and apethosforeDLE, and
COLLI SI ON out c i) E q . »
respectively, g'm t%st? ea“iﬁ&g%; vgoﬁﬁlsfn-hlog elé%gc?éﬁhsr,eqaﬁggcgpét} descri bes
a | ocus of 30 eppiats,dhedbres planesrare edefinedsuch thatSyFhdrx MpfRolg ABC and
the curve L,are. | fip t | PRSH l Vi ' l : ; shoul d be
noted that Hhe @?%‘%&Bso@@%@m 04 R18/R 28 S dw i twdtimensional

view in FIG. 7. As a result, plane S, now fails above point P*, and

planes l, and C, intersect well below point P* at point X. Points

that fall within either region AB'C’ (i.e., S, > S,) or region EXD

(Le., Gy > Coand I < lp) are considered to be “untrusted” points,
20 while points that fall within region BB'C’CDXE are considered to

be “trusted” points.

2.  Some Applications Utilizing Estimated Offered Load
- As discussed above, the problem of estimating offered load
25 in a communication network is a generic problem with many
applications. One important application utilizes the estimated
offered load to improve access performance in a shared medium
communication network. Specifically, the estimated offered load
is used for determining certain operating parameters such as the
30 number of request transmission opportunities per frame and
certain access mode parameters that affect how the network is
accessed (described in more detail below). |

16
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PCT/ US99/ 11701 the point P*, which maps to S[err] = 0.368, I[err] =
0. 368, and ([ erw0 99761993264 in a preferred enbodi nent descr iPceasonizit ai |
bel ow. One inportant attribute of the planar region ABC is that
t he probability of a particular point is inversely proportional to its

E ﬂl s';] an(r:]e f rﬁm t hq:ggt;.rgl\/ghéwgla g—.argdmh egitf}ﬁqgomhmmﬁu:BgethI%hBOCur ve

,telgertero iity),. u t he apar r.e n can be

di vi ded into reg‘ﬂ(;&%’%ﬁaw ?rﬂ@f%r EB#I?FP@W &éﬁ?dﬂ@? avi ng
"untrusted” poi MipvehBAd wsaa&é&m»mm&nmmmaﬁ nedwbrip 400t from

the curve L. 10 on odi hent I an | on ABC [ s di vi ded
sol el y on tﬂm'ﬁ '&%@ef:%m%r{/ﬁﬁ ﬂ B\RCCESS
t wo- di mensi ongl rempteybRtérRal févotk 08 su@tﬂaerthéﬂﬁten’fethThbesﬁér%dar regi on

ABC di vi ded Into three regiQns cor.di t he dlstanefromthe
curve L. Th@?@'%?ﬂ@m%'& ﬂﬁi‘ﬂ? ﬁ@ﬁ?&?@r%ﬂ@q @ Q% ance fromthe
15 curve L (i. néSSiﬂng |ﬁ¥omﬁﬂlmbétﬂééﬁ%é‘éri@ﬁuséﬂé%’(@dndﬁﬁbntS whi | e

aII ot her poi nts gl ons and 3) are considered to be
"untrusted" poi nexternal m@twq,r{smﬁ 2 captures all points meeting at

| east a predet erm nedryd 8hakea A émaﬂéémum&taén Meitwark §68Yncludes’£Ji on to
work with, since it is conputational 20 eterm ne whet her a
particul ar pdd ntprmary S\Fﬁ?éq'ﬂ A02ithat @GWP'ed to the extemnal natwore108nbodi nent

t he pl anar regi | on with
three planes § g?'r"?%’g?gdsf‘ d1e9% S ': err Bafxen vith bgiﬁfaﬁwgﬂ‘q err], as
shown in thr ee- dS@EPRUIYHta P@$\/1|Q41 thrgugh 1 e(@WFQ@Ve'Y fefﬁﬂ'&ﬁ‘et@ asit er sect

at point P* 'f %?ddﬁérfsﬁ%ﬁ% Yoar éhﬂ%dl\/idiiéiyasg"%é Tﬁd%ﬁ&tra]t/oﬁ 25

and Cferr] = shown 1 n vi‘ew 1 n

6. Regi on BB P* Eloédrbsemﬁanfsot Ghame stGand Kbt aChiengehd 6 carrle$D|_E

?g;gggggl sngr obar\ ?ﬁ? he e%eéégﬁ Q?gﬁ@ﬂh‘?ﬁm tlae\ﬂrﬁ‘lh&yﬂh Pr ghrrlscihsi >

| ow. Regi on CC pﬂgzctgrtheggmu@amstatwns 104, and is hereinafter referred to
as “downstream channel 106.” Channel 107 carries information in
an “upstream” direction from the sécondary stations 104 to the
primary station 102, and is hereinafter referred to as “upstream

20 channel 107.” Each end user 110 interfaces to the shared
medium communication network 100 by means of a secondary
station 104. N

In a preferred embodiment, the shared medium
communication network 100 is a data-over-cable (DOC)

25 communication system wherein the downstream channel 106 and
the upstream channel 107 are separate channels carried over a
shared physical medium. in the preferred embodiment, the
shared physical medium is a hybrid fiber-optic and coaxial cable
(HFC) network. The downstream channel 106 is one of a plurality

30 of downstream channels carried over the HFC network. The
upstream channel 107 is one of a plurality of upstream channels
carried over the HFC network. In other embodiments, the shared
physical medium may be coaxial cable, fiber-optic cable, twisted
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oxcent Tor sthandftiofd xlﬁ’@duyréﬁhgf 8} &8phfata!dhysfetl dhanneld, fepi nt s on the
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BB' P*E and ccaxama lec thyss@ f&ﬁ@ﬂ@a@wl%pnwﬁltmlemng/dup eXiNByst ed" poi nts.

ovever, ther e ar eufi@shaied kil somfliipation nefofk 100GIERED, that are

close to the curve L ang are there trus ed" points.
In order to cdyelgreed esodiment: the downsyeam §hanne!sb incuding are

redet | ned, suchidii ek éaring 18 drbeybichll siflsidd inld freqdbriby Merrl/ R

and Clerr] err | Mensi on viewin FIG

7. As a relsﬂjlt aqﬂ ah@vsmnrpxmtehfasvMﬁzoaﬁhgughﬁhmar@mar pl anes
d h
IRTET N o R R R

[
f
(?. , Ck > qqquqtryaﬁgpepdem ‘Ehe[dgwryg regra Qhamei%laéa classified @&t r ust ed”
ts, 20 wh dered t
e Mt rusted rpaBeast Enaigls) Sigoc by Irforitio rfsmilnp R, SOT Gered o

Of fered Load primary statien wz@ugsaopamsular dawnsgireamchainalssuehit i ng
offered | opd Zas tHe'dawnStreat eRahABI 166 \YXidEheS Al SFEHY sécordatyem W th many

stations 104. Any of the secondary stations 104 that are tuned to
receive on the particular downstream channel can receive the
information. -
In the shared med'ium'communication network 100 of a

20 preferred embodiment, the upstream channels, including the
upstream channel 107, are typically situated in a frequency band
between approximately 5 through 42 MHz, although the particular
frequency band may vary from system to system, and is often
country-dependent. The upstream channels are classified as

25 shared channels, since only one secondary station 104 can |
successfully transmit on a particular upstream channel at any
given time, and therefore the upstream channels must be shared
among the plurality of secondary stations 104. If more than one
of the secondary stations 104 simultaneously transmit on a

30 particular upstream channel, such as the upstream channel 107,
there is a collision that corrupts the information from all of the
simuitaneously transmitting secondary stations 104.
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applications. One inportant application utilizes the estinmated of fered
| oad to i nprove access performance in a shared nedi um conmuni cati on
net wor k. Speci fy¢odidimws t he estimated of fered | oad I S USatTIuN99/11701
determ ning certain operating paraneters such as the 30 nunber of request
transm ssion opportunities per frame and certain access node

paraneters that affect W | rd a N nore
dotail below. h 134 L SuBW HRitible Secondafy SEtidits ?gﬂ%& éﬁﬁ@vé\o
99/.61993 Earticular upstream channel, such as the upstrea channeh 1017,
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conmuni cati on nefarriediuin access icontroh (MAGEprofocehdThedACipmteco! t hr ough
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The shared 3 wgmwﬁﬁﬁaﬁ%"%ﬂ?%%ﬁﬁﬁ%?@h%@% ’?@'@ﬁ%ﬁ%ﬂ%ﬁ '
tr;':insp(izrt1 |o gg i nf mg&bhoq_ﬂbgt?]ﬂﬁogshmg tmthsshare.dlﬂpgheameg&;gegégllr na: .
net wor k- : e, share | L & gt i ncl udes
a 10 primary stabash SePON4RAY sit§t'%nﬁ ﬁ%&@%@ i@t@gﬁﬂﬂ n PR 9Bs.

The p(rji nmary stat ibéha(l)fgﬁ itsSend rL]:sersruhFFlowal:ﬁ:int\VIeniefnde,aealihjparticzipaluh‘in the
secondary statio rr],.t hrou o4l erk | | ectively referred to as
"secondary stati 33@&1@%%’%4“3 ir%%r%qjt’lﬁl?%ﬁ A@Ag’c&?gi‘ondar yyst ation 104")
by means of glgannel s MXC prototols falhiate tvo bidsic categoriedi corftentianifoeei n a
"downstreant directjon. fr

m t he i mar tation 102 to the secondary
stations 104, and®n c%ﬁ@ﬁﬂﬁ‘ft?%e%@&?%é@%'to as "downstream channel
106." Channel 107 car | gsntentionifréé profotols, erhusersaceess asshared on from
t he secondary stations, 104 to,t

hereinafter refe nebina oouny'gq%ggnpggrelrgﬁrgﬁﬁét??%%rs}n‘%ig%m%g%é 3ser 110
interfaces to thechedufsH either statically, or adaptively so that collisions are
15 completely avoided. With static scheduling, such as that of a Time
Division Multiple Access (TDMA) scheme, a predetermined
transmission pattern is repeated periodically. The users may access
channel resources only during the time intervals assigned to them
individually. Contention-free protocols with static scheduling for
20 resource allocation is inefficient for a cable network supporting a large
number of users where, typically, only a fraction of the users are
active at any time. With adaptive scheduling, the transmission
pattern may be modified in each cycle to accomodate dynamic traffic
demand, via reservations or token passing. A fraction of the muitiple
25 access channel, or a separate channel, is used to support the |
overhead due to reservation, or token passing. A reservation scheme
typically requires a centralized controller to manage the reservations.
A token passing scheme, on the other hand, is usually implemented
in a distributed manner. Contention-free protocols with adaptive
30 scheduling are sometimes referred to as demand assignment multiple
access.
In contention-based protocols, users contend with one another
to access channel resources. Collisions are not avoided by design,
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channel 106 and t he upstream channel 107 are separate channels carried
over a shared physical nmedium In the preferred enbodi nent, the
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fiber-optic cahtabletnétaoek, can often be taken advantage for simplified coritrol in
WD 99/ 61993 8/ 11701

pair wres, ancfhg ghc '%Yr% r%?eapﬁfo?ﬁg fgagegﬁyljng 5?%93@%6}{5% space
for wirel ess arbinasy exponentiailvackafhapproach,sehetein avbackoff wmdoup!a'mtsarw
i donst ! o ol s WARKERTS AR it pecidfi SAaby Soladed”
channel s, for in succassive attémpty forf retrarsmissibry. fisdine binary exponential
networ k100 of A0 dppraaly isdnoktl shi18aR 18 i siaBlfy 1 revR IBREn T
i ncl udi ng tie maximunshumber digetrahshii§sionsdor aoretpi ds,rt] c.;arr]teblat;ﬁéldctgl gr
[t equency band TRGea8 Y ABRNE e BB B ARt 2nd s of t on |
count ry- dependent . Mmstctomiehhembaﬂ@pmteceisa’eﬁmwllmbmby usitg Oadcc’ilth
channel s, 1 ncrgBlabR SRR R, o0 806 Pulh:BY bR vcald ! 5L on
106, reaches algollisionse IEtheondmber of coriflittimg trab@issionsodart be secondary
stations 106 t halieBhindd'AGH tife feedback, then channel throughput arbltranly
close to one packet per packet transmission time is known to be
achievable in principle, but with intractable complexity. More often
* than not, for the sake of simplicity, feedback information used is
ternary indicating zero, one, or more tfan’smissions, or binary
20 indicating exactly one transmission or otherwise.
An example of a conténtion—based protocol is known as an
ALOHA multiple access protocol. Its original version, which operates
with continuous or unsiotted time, is referred to as Unslotted ALOHA.
- Another version, which operates with discrete or slotted time, is
25 referred to as Slotted ALOHA. The behavior and performance of
Unslotted and Siotted ALOHA have been studied widely, and their
maximum throughputs are well known to be 1/(2e) and 1/e,
respectively.
One type of MAC protocol suitable for HFC cable networks
30 utilizes a reservation system in which each MAC User that wants to
transmit data on the shared channel is required to make a
reservation. In contention-free protocols with adaptive scheduling,
users with pending transmissions must reserve transmission
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receive on the particul ar downstream channel can receive the :
i nformati on. In the shared medi um communi cati on network 100 of a

20 preferred ernboodweret, the upstream channels, including thepcraysddasiof €am
channel 107, are typically situated in a frequency band bet ween
approximately 5 through 42 MHz, although the particul ar frequency band
may vary from sy % m #leq.o s (ﬁé}é? n‘%‘ﬁ df&fe The
upstream channel Z%%F%%S@E{Berg as I;@rf% ar ggogﬁgnne f;é/ Sl n@feé on yssone
secondary stati oprotocalan successfully transmt on a particul ar

upstream channel at a | i I el s

mrjst be shared anomn%;h% ﬁggtﬁﬁﬁq'% %@gﬁéﬁﬁ@:"@r @?%‘é#smrdﬁaﬁyﬂ%g e

t han one of sharedbenpstieamnahannel 107 fartransmissions ta theprimaryn a 30
articular upstr . el upst . there is

g collision Ito hat %?%iluﬁﬂgp? tﬁgwéﬁ}%?ra%a%lgg”“ﬁ’o%@wg&%?ﬁé nigPZ*ractnon QF

si mul t aneousl y t theseiusers are actually busy.atlf arconténtion-free protocol with static

18 WO 99/

PCT/ US99/ 11701 sthéduling (&9, JAMA) i used Tesennces allacated dg idleysers are
104 to share a wastedt i Thisdnefficianepis padicutarly intolerable Wwhemdther lead in

participate  theBvRlerikight: Eeteptnisedprofiait Betete WakBRgre ocol
s provides a setiight load,dsutdmaveplimiteduthesugloput wieh oficfethicadisstighydue
Secondary ot at of® EHERsENE EBIERES" R The "WAC prot ocol on  behal f of its
end users. For co'rllvenﬂ'aedhr?@glwmtmfra reseationrbased slylsté;mt@s lﬁmédggﬁs(itfclé
ol eoneroL? o5, 2 pelBEptdiRL o aVbiahig eehuRER RS0 Saliiet T 3nb Y8eBR A or
5 control channel. One approach for reducing the demand on the
reservation channel is to allocate a small field in the data packets for
piggy-backing additional requests (i.e., including a request along with
the transmitted data). , .
During steady-state operation, the number of users'waiting to
10 make reservations is typically small, particularly when piggybacking is
permitted. it is therefore advanfageous for the reservation protocol
be a contention-based protocol with contention resolution. Unlike in a
conventional contention-based protocol, the users typically do not
contend with data packets, but instead contend with special
15 reservation packets that are considerably smaller than data packets.
In a2 multiple access system with contention-based reservation,
each MAC User that has data to transmit but has not already made a
~ reservation waits for contention opportunities provided by the primary
station 102. Each contention opportunity is provided by the primary
20 station to a selected group of MAC Users, and allows each of the
- MAC Users in the specified group to contend for a reservation at a
specific time, provided the MAC User has data to send.
Following each contention opportunity, the primary station 102
monitors for contention by the MAC Users and determines the
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In contention-free protocols, end users access a shared channel in a

control |l ed manner such that transm ssions are schedul ed ei t her
statically, owagkeqeisvely so that collisions are 15 conpl et@hyssyphgied.
Wth static scheduling, such as that of a Tine Division Multiple Access
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mul tiple access content| on-based Erotocols, users
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PCT/ US99/ 11701 . baém(%; ei ther .controlled by requirin
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ot her contenti esepd@lion, dither in cotiteAtietifRade Dt hmePdiumsion EAL] Aid ¥ of a
networ k, such as an k, can often be taken advant age
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Dackol T i mw O S A L DS (it al
backof f wi ndow ¢bﬁ6§h@&b°ut°°m%'sgww!eﬁvmall compareddp the:bandwidthi on.
As the binary exgwdfsactual data transmission. Suppose that the ratio of the size

of a request packet to that of a data packetis v << 1, and that a

simple Slotted ALOHA muiltiple access scheme is used in the logical

20 control channel for contention-based reservation. Then, it can be
verified that the maximum throughput, S, in data packets per time
unit, achievable in such a system is given by:

1 1
Bq.32 -~ S=1mym; =Teve

25
where Sy is the maximum throughput for Slotted ALOHA, which is
equal to 1/e (see Bertsekas and Gallager, Data Networks, Section
4.5, Prentice-Hall, 1987).
A reservation-based MAC protocol can be represented at a high
30 level by a state diagram for each MAC User as shown in FIG. 9. The
- MAC User starts in the INACTIVE state, and remains there so long as
it has no data to transmit or it is waiting for an opportunity to transmit
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backof f approach is known to lead to instability in heavy |oad, the 10

maxi mum nunber of retransm ssions for a request can be used to truncate
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net wor k 100, rranyreqmsts pendyn@centermqmtasoéumm mmbe depvied further
transm ssions {0 IAeAhilRidh opportunities after a predetermined number of
attempts. When this happens, the MAC User moves from the
CONTENTION state to the INACTIVE state. if new data arrives while
the MAC User is in the ACTIVE state, the MAC User may be
permitted to include a piggyback request in the data it transmits.

20 Upon transmitting all of its data, the MAC User transitions back into
the INACTIVE state.

For each request transmission opportunity provided by the
primary station 102, the primary station receives either (1) no
transmission, indicating that no MAC User transmitted a reservation

25 request; (2) a reservation request, ihdicating that a single MAC User
transmitted a reservation request and identifying that MAC User; or
(3) a collision, indicating that more than one MAC User transmitted a
reservation request. For convenience, the three feedback states are
referred to as IDLE, SUCCESS, and COLLISION, respectively.

30 The primary station 102 schedules future request transmission
opportunities and data transmission opportunities based on the resuit
of the contention-based reservation. If a successful reservation is
made (i.e., if the result of the contention is SUCCESS), then the
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station 102. However, at any tinme, it is likely that only a fraction of
these users are actually busy. If a contention-free protocol with static
schedul i ng (eW@.9%6IPBVA) i s used, resources allocated to idl pCTwsI9417ar €
wasted. This inefficiency is particularly intolerable when the load in
the systemis light. Contention-based protocols behave well under l'ight -
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the secondary stations 104 are referred to as Cable Modems
(CMs). The CMTS is responsible for packet processing, resource
sharing, and management of the MCNS MAC and Physical layer
20 functions. Each CM operates as a slave to the CMTS. MAC
Protocol Data Units (PDUs) transmitted on the downstream
channel 106 by the CMTS may be addressed to an individual CM
via unicast, or to a selected group of CMs via muiticast or
broadcast. In the upstream channel, a MAC PDU may be sent by
25 any CM to the CMTS. MCNS supports variable length MAC
PDUs.
The MCNS Protocol Specification utilizes a slotted upstream
channel, such that the upstream channel 107 is divided into
successive time slots. The MAC protocol supports a plurality of
30 slot types for carrying different types of information. Each time
slot is capable of transporting a unit of information (for example, a
data packet or a control packet). The MCNS Protocol

Specification further divides the upstream channel 107 into
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out cone of contention for each contention opportunity, specifically

whet her no MAC User contended, exactly one MAC User contended, or nore
t han one MAC Uswo9%/619¥xnded. For conveni ence, the cont ent i PCT/0SIOACINES
are referred to as I DLE, L SUCCESS, and 5_COLLLSI respectively. The

primary stati ofUCEESSIVEframes, where gagh frame includas 8 ‘l"BE’Fﬁ@fIﬁ&‘?,tsUsers
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b ngs. et hepndhe dowRstreans coaanel 08 CoNTEAl reRgsads SONIBIIBAIAI  -and
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The advantage of a reservation systemover a Sinp .. systemis
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Tanin 1053 Delefiing 6 (L RIES S OB Erdse miny Sl e to
22 periodically gllow for rangfr)wg opportz/lnities so that all CMs maintain
their synchronization. The access to the mini-slots by the CMs is
controlled by the CMTS. To accomplish that, the CMTS transmits on
the downstream channel a MAP describing the use of each upstream
20 mini-slot in a specified future time interval. This message, in a way,
"maps" in a future time interval each mini-siot to its use. Of course,

- the MAP has to be sent by the CMTS earlier than the effective time
interval that it describes in order to allow enough time for the CMs to
transmit in the mapped mini-siots. :

25 In the MCNS Protocol Specification, each frame is organized
into discrete intervals. At least three different interval types are
defined. A request interval includes a number of mini-siots that are
aliocated for transmitting requests (or small data packets) in
contention mode. A maintenance interval includes a number of mini-

30 slots allocated for registration of CMs. A data grant interval includes
a number of mini-slots allocated for transmitting data packets. The
MAP includes a number of information elements (IEs) that define the
different intervals in the frame.
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a request. \Wen the MAC User receives data to be transmtted, the MAC
User transitwonssisnd 0 t he ACTI VE state upon receiving a pcrasedamii on-free
opportunity to transmt a request, provided it is not required to

contend for upstream bandwi dth, as in the case of unicast 5 polling.
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whi | ett g :he fuhetiehal rrio%ld!é%ébﬁlp‘l‘@“ébﬁ AU@'pﬁlr M(?QIUI&QEU?NMM be -
permitted to i ack re e da r pon
transmtti Hy dyfe 2&9 nsm&*éew%@%ﬁﬁpp 2Rdq Iﬂl&qﬂl t he
| NACT :ng > t at °230. In the preﬁ@fedeéﬁibddﬁﬁéﬂs tthirraltimuss iseh of foctionlt y
provided by

stafion i mar sta.tl N recei ves
either (1) no m°dw¢%ﬁhW§§h%rP”mW %téfpﬁg{beaw& SHBP ©iransnitted a

reservation 25dowAgtieahi cbaama 418 Bp\otdight upstreain chanhslst iFgr theat a
si ngl e MAC User transmtted a, res rvatlon reﬂ"‘ﬁ%t an entlfylngthat

MAC User:; or Sake §f canvgniencesnd s Lcéttyl' Hbeﬁfg Pe® MEMRAC User

transmittegsa descrﬁl@é@béﬁvwéfewal#ﬁéfs % Iohmmelﬂbé' three feedback
states are erred as respectively.
30 The pr?{ﬁ'&?‘}ggt‘ta‘ﬂ '3?? aaeag%!ﬂée ﬁ?gﬁfﬁﬁa'%@e i%\‘I?lﬁnsm .ssi on

opportunities aﬁ&réahﬂcﬁéma@aﬁélswpmmé imatsintiabasannem the result
of ‘the contention- bﬂ’?e%«fapierl\\ﬁ%tdh?e 216 controls the ?lwvl of 434 ¥ﬁ&' on is
. control messages between the primary station 102 and the
20 secondary stations 104. The Adapter Module 210 includes
| Control Logic 218 that is coupled to a Memory 212. The Control
Logic 218 includes, among other things, logic for processing data
and control (e.g., request) messages received from the secondary
stations 104, and logic for generating data and control (e.g., MAP)
25 messages for transmission to the secondary stations 104. The
Memory 212 is divided into a Dedicated Memory 216 that is used
only by the Control Logic 218, and a Shared Memory 214 that is
shared by the Control Logic 218 and MAC Logic 224 (described
below) for exchanging data and control messages.
30 The Control Logic 218 and the MAC Logic 224 exchange
data and control messages using three ring structures (not
shown) in the Shared Memory 214. Data and control (e.g.,
request) messages received from the secondary station 104 are
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made (i.e., if the result of the contention is SUCCESS), then the

23 WD 99/ 61993

PCT/ US99/ 11701 wo 9961093 | mary station 102 al |l ocates bandw dt h POT/USSS/IMNC
User based on the QoS requirenents of the correspondi ng end user so
that the MAC User can transmt user information contention-free over
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as a Cabl e Mvdentd ebtainadatarargy soatrof (B/GS)reCwﬁﬂ) me&mﬁecm&ﬂ Gst ati ons
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sel ected group of CVsThedMAG Madule 220 mplelmne:atscMsAC fumctions within then
e Penny BofBl SaBf 02" Tho AR MBUR 335 (Ges RS pogier s
utilizes a slott@244matiseoupled tharladal Mentory 222 and totberShareshannel 107
's divided i s° Memory 214 by means of interface 250. The MAC Logic 224
monitors the MAC Transmit Queue and the Data Transmit Queue
in the Shared Memory 214. The MAC Logic 224 transmits any
queued data and control (e.g., MAP) messages to
Encoder/Modulator 241 of Transmitter Module 240 by means of
20 interface 253. The MAC Logic 224 also processes data and
control (e.g., request) messages received from the Receiver
Module 230 by means of interface 255. The MAC Logic 224
stores the received data and control messages in the Receive
Queue in the Shared Memory 214 by means of interface 250.
25 The Transmitter Module 240 provides an interface to the
‘downstream channel 106 for transmitting data and control (e.g.,
MAP) messages to the secondary stations 104. The Transmitter
Module 240 includes a Transmitter Front End 242 that is operably
coupled to the downstream channel 106 and an
30 Encoder/Modulator 241. The Encoder/Modulator 241 includes
logic for processing data and control (e.g.. MAP) messages
received from the MAC Logic 224 by means of interface 253.
More specifically, the Encoder/Modulator 241 inciudes encoding
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successive tinme slots. The MAC protocol supports a plurality of 30 slot

types for carrying different types of infornmation. Each tine slot is
capabl e of traespmidsng a unit of information (for exanple, PET/US99fIQ?0tla
packet or a control packet). The MCNS Protocol Speci fication turther

di vi des the upstream channel 107 into :

I%éT/ US99/ 1176‘1"%8%@ %?‘?89&’?%9‘? pata.and gontrol (8.9, MAR) messagess a nunber
of slots. atcordingIoed Ipredetesmined set of encoding papamietéiss and

ot g3 mocBahoBR G SAH B erdod e Al O 0 i
The 5 MAP sp_eci(_Elgas MAR) messweismccdrdingamsaiWeﬂetewpined;)mnuuiaiﬁné\néhi inna
Pt o e et TG et L R s L o
requests (or sitransmitting the sodulated Sigrals fronu tke _Eimoder/ModAIatuc_cessf ul f
2 flture data tyanoifS B 46Rn3RBAM EHahkel 708! Wiotqspgoiticaliys &Sl |y, the.
upst r eam channelransmitter Frahd! Enid &%ﬁincludes tl.g‘fil;? Mn?iﬁ:l:f?i' ;tlgﬂt'liggisto zii)lr Ce)\él glt pigct
tining. synchr og YT EeAmRNANE! 108 nter,reiiartEy, Andl ARG IOPBIRE . : he
CMTS i s respondilteriagfthe ttansmittedt riddujatetsionals.r Both thee _t?_ ggegg I Iﬁai hS|S|e
T v or s EncodbiUBg oL e ARl T8 PRI A e 00, 8y Tl
CMVs is contincludedadjystabte WﬂneTg@d:ﬁgFidgﬁoWﬂ&treaw%hgi‘cvfﬁSLItO; ?PZ g‘rnt ; 0
i -sl ot in- a b TRRHBREY Fornd Featiniler fionk Fhd 2820 ™ Tn 'h ey
"maps" in a futoodulation rmoder rwdulation symibalirate,tand ehcoding Of cour se,
nterval it FEraOEiere tor thE EndastMofiathy 84dugh ¢ e for the OV 1o
transmt in the nappbe Receiver Madul@230 provides e inE2ifaces ¢ ase!
Reck e HBRVERTY MBoBLIO AL 8o, héng othEF intS 8LihRe
control (e.g., request) messages from the secondary stations 104.
The Receiver Module 230 includes a Receiver Front End 232 that
20 is operably coupled to the upstream channel 107 and to a
Demodulator/Decoder 231. The Receiver Front End 232 includes
logic for receiving modulated signals from the upstream channel
107. More specifically, the Receiver Front End 232 includes
tuning logic for tuning to an upstream channel 107 center
25 frequency, and filtering logic for filtering the received modulated
signals. The DemodulatprlDe’codef 231 includes logic for
processing the filtered modulated sighals received from the
Receiver Front End 232. More specifically, the
Demodulator/Decoder 231 includes demodulating logic for
30 demodulating the modulated signals according to a
predetermined modulation mode, and decoding iogic for decoding
the demodulated signals according to a predetermined set of
decoding parameters to recover data and control (e.g., request)
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defined. A request interval includes a nunber of mni-slots that are
allocated for transmtting requests (or small data packets) in
contenti on nodewodeE@dat enance interval includes a nunber of peinsesBie1
slots allocated for registration of Cvs. A data grant interval includes

a nunber of mni-slots all ocat ed for transmtting data packets The VAP

I ncl udes a nunber of info on el enents (I|Es a efin

\é\f)G99/l 81993 o Flgogt End 232 r?nd the DemodulatorlDecoder ZSPGHI&E?% 1170102
Is a bloc i.agram sho an exenpl ar ri ation in

accordance with éqb‘ﬁgﬁg;? Bar%ﬁ'\gkﬂ% éipgtq;gst?[ef ! ntion. In the

]pref te_rredl errbgd: uert dPltthﬁiRa’celver FF&itlEJrgt:IElQZ ahgxl mtéﬁ&{a%d?gm&{ehof
uncti onal nodul es & e on i pdivi dua s that fit within a
common chassi 8. I"HOQ'H@@PW goﬁaﬁ %@% 'T‘g spauence@ndhar ed
medi um comuni caldeding PRFAMBLETSYRR thé DermbHTBIsEoUeR 2892 T equires at

| east a minimum ° set ctional npdules, Specifical]y, the mninmm
pge}e

set of functi onal "Trﬁlﬁj U&%?"‘?@g'@ﬁ"hdﬁﬁtmmﬂﬁﬂﬁﬁaéloﬂlw a MAC 10
Modul e 220, a Tr gp§ Uuéwcaﬁﬁbm%t%ﬁnté’rﬁbézsaqmd@hw%ﬁﬁn 230. In the

preferred enmbodi nent, m nl mum set of functi onal dules allows the

primry station as*zu?etab&spfﬁmese@.%b@tht e E@Mﬁ@ﬂﬁﬂh"ﬂaﬁﬁ |ans:htheup to
ei ght upstregg Chﬁfgﬁghﬁﬁeﬂ:ﬁfodm& 240 %l%a&gnﬁ% ured’ VrRe %ﬁﬁﬁafﬁlo‘ﬁ mplicity,
15 descri w refer

t he exenpl ary enbhodi nents to the single upstream

channel 107, . Iinterfasegd54 opgrablyicoupies the MAG Logirid24te the i san t hat
mul ti pl e UPSIERBUBIBATIC AR Z3PRRE Fdlver Fothd 232THE "

The Adapter Modul 10 contr contro massages

bet ween the pri mizcasterMedulaior 244, and t|2§ Trepsmider Frentdnd 2421 oFhe The
iy 215, S assinteeRsels bR 3 8ok CRIBRANICC 1, 3
for processii§ danterface (SPI) bus as !S known in the art. .
FIG. 11 is a block diagram showing an exemplary
secondary station 104 in accordance with a preferred embodiment
of the present invention. - The secondary station 104 includes a
User Interface 310 for interfacing with the End User 110. Data
20 transmitted by the End User 110 is received by the User Interface
310 and stored in a Memory 308. The secondary station 104 also
includes a Contro! Message Processor 304 that is coupled to the
Memory 308. The Control Message Processor 304 participates
as a MAC User in the MAC protocol on behalf of the End User
25 110. Specifically, the Control Message Processor 304 transmits
data and control (e.g., request) messages to the primary station
102 by means of Transmitter 302, which is operably coupled to
transmit data and control (e;g.. request) messages on the
upstream channel 107. The Control Message Processor 304 also
30 processes data and control (e.g., MAP) messages received from
the primary station 102 by means of Receiver 306, which is
operably coupled to receive data and control (e.g., MAP)
messages on the downstream channe! 106.
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and control (e.g., request) nessages received fromthe secondary

stations 104, and logic for generating data and control (e.g., MAP) 25
nmessages for transm ssion to the secondary stations 104. The Menory
212 is divi de‘g inég a Dedicated Menory 216 that is used onl l;% t he
Control Logi c"21¥"%nd a Shared Menory 214 that is shEEPB e
Control Logic 218 and MAC Logic 224 (descri bed bel ow) for exchangi ng
data and control nessages. 30 The Control Logic 218 and the MAC Logic
224 exchange dandmpartardreansiderationdbst afests parfesmaneg ivtthect ur es

(not ShowiicNg Mﬁcjga;&‘ébl it }Suﬁﬂrﬁ‘%r %ﬁ{i?{'&scﬁl%éﬁlbd(t&tﬂe’
request) messages recelv rrom he secondar y. statl on ar e
26 WO 9gequeshinterval in each frame. Assuming that the number of siots per

Shared 11&8ié?aymszus%&@?ﬁ%‘ﬁ"&%ﬁﬁhﬁe@ﬁ%ﬂ°‘Sg§§¥*§’t°£% offifed 1 (1e
Control Logisc 2edherequestistenyal affectstine sumbegicd ming-siotsallacated tothensni t
Secondary o at|hneh AR, pekficyANRRGRRARRLVEL. A Iakdd Rhas: Of i, 1°
Transni t Queue Slotstallocated teithe requestrinterval depreases:the likalifiood2eB roni tor s
The MC o Cogoisigns, ButHies decigadad e RERIMST of Mirl-qiotegiSaed o 00°1
(e.g., MAP) nedwnpmitting date anddherefoce decteasamthe datathrougbput of dhe ai n.
the | prii; pystem, Furdiigmidls, Wptial i iioe OBt RRDLEI ippafed (P ™ 10
that is coupl edequest interal nendngrezse thedikelihond offcollisions and:therefares by
Queus and the (acteqe the Bat Hirddthptt S5 the ovefEhfl dy Ribvaifintf Suclaig,
Logi ¢ 224 trandenuestsiyom reaphing thel&MT&n Prefarably, the gumberm)f stetssinges to
the request interval is selected to maximize the likelihood of
15 SUCCESS outcomes. This typically involves increasing the number
of slots in the request interval if the offered load is high, and
decreasing the number of slots in the request interval if the offered
load is low. Thus, the offered load is a key consideration in selecting
the number of slots per request interval.
20 Another important consideration that affects performance in the
MCNS MAC protocol is the type of contention access used. In
accordance with the MCNS Protocol Specification, at least two types
of contention access is supported. In a first type of contention
access, the secondary stations 104 are only permitted to transmit
25 request messages during the request interval. In a second type of
contention access, the secondary stations 104 are permitted to
tréns_mit either request messages or small data messages during the
request interval. The second type of contention access can improve
performance when there are few collisions, but can decrease
30 performance when there are many collisions. Therefore, the second
type of contention access would only be utilized when the actual
offered load is low, where the first type of contention access would be
used when the actual offered load is high. Thus, the offered load is a
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Encoder/ Modul ator 241 of Transmtter Mdul e 240 by neans of 20 interface
253. The MAC Logi c 224 al so processes data and control (e.g., request)
messages receiW@WHMPm t he Recei ver Modul e 230 by neans PSTUSAVHLce
255. The MAC Logic 224 stores the received data and control nessages in
t he Receive Queue in the Shared Menory 214 by means of interface 250.
25 The Tr bhskdetiatioh in 86fedtinghactype/ of coritehiion dcbessdin the

downst ream cha@ for traném tting data and control (e.g., MAP)
nmessages to the ns 104. The Transmtter Modul e 240

i ncludes a Transmi ttlﬁfthEMGN@l\me otdeal, tlfe@ﬁféfé@ldad is n6PKNORR 40 the
downst r eam channel CX&QA I ator .24

Encoder / Modul at BF°Q41 %’E Qf&eg"e oiierg &%Eﬁgméﬁddﬂﬂ@ gither dher o
(e.g.. MAP) ge S§é|9®¥e wmdoWEtéehNEﬂlé 6|0tﬁé Qm fia'rﬁé teécAmuYdeBtfedf

i nt er f 2 ecif der/ Modul at or, 241 | ncl udes
eniﬁd, ﬁ;e >3- herein, typucai’o the %or?{rol Loglc -as an element itoMAR 93

PCT/ US99/ 11701 eneratndg‘]&b%.for encodi ng the data and control (e.g., MNAP)
nmessages according t0o a predeterm ned set of encoding paraneters, and
nodul ating |l ogic for nodul ati ng the encoded data and control (e.qg.,
MAP) nmessages agpcor digislickfion éﬁtﬁéesﬁﬁiﬁléwm*r@dﬁh mode.  The
Transmtter Fro 242 TNCIuges T OyrC (O tTTansmtting the

nodul at ed sd@nal s frd’?ﬁ@ﬁm%'b 'I%‘oﬂllfé@'@rEq 30 wag dgrivediusing@wnst r eam
channel 106. - Mhgmbaf of vafialbies. Thise inclubleAthevarisbielr RobresantiAgtnenc! udes
ownst r eam chann 1

tuning |ogic for tunln a center trequency,
and filtering | sample Mﬂfi@w size 1106 variable x representing theqwmbetofi gnal s.

Both the Eﬁéyﬂé&"f?&ﬂ@ttﬁ&h%&nﬁﬂ@ WitRiol; lsd thé Variabf'k End 242

I ncl ude adj ust aranmeters, 1 ncl downst ream ch center
frequency for t@f@@ﬂﬁm ﬁiﬂerpent@@mag_armarzatde thatiis used in&d. 24 thdetive,

rodul ation sybgle \8iGhtny taciBrg "9

In accordance with a preferred embodiment of the present
invention, the variable n is equal to 16 frames. The variable n to be
large enough that there is a statistically significant number of request
transmission opportunities in the sample window, and yet not so large

20 that the offered load varies significantly over the sample window.
“With reference to Eq. 21, it was accepted heuristically that the
instantaneous offered load g; for each frame in a sample window
does not vary c'onsiderabiy over the sample window, and therefore
that the instantaneous offered load g; can be approximated by an
25 offered load g that is the same for each sampie window frame i (i.e.,
g:1=9,=.... =g, = g). Simulations of the MCNS MAC protocol have
shown that a frame seldom exceeds 5 milliseconds in duration, and
the offered load variation during a 100 millisecond time interval is
typically less than ten percent of its original value. Therefore, the
30 instantaneous offered load can be approximated by g provided that
the sample window size n is less than approximately 20 frames.
In accordance with a preferred embodiment of the present

invention, the variable x is equal to 3, and the variable X is equal to
31



15 paraneters for the Encoder/Mdul ator 241. The Receiver Module
230 provides an interface to the upstream channel 107 for receiving,
anong ot her things, data and control (e.g., request) messages fromthe
secondary stations 104. The Recei ver Mdul e 230 includes a Receiver

Front End 23Aybbatie30 is operably coupled to the upstream g@f\,ﬂg@lm.;&? and
to a Denodul at or/ Decoder 231. The Receiver Front End 232 1 ncl udes

logic for receiving nodul ated signals fromthe upstream channel 107.
More specifical ly, the Receiver Front End 232 includes tuning | ogic for
tuning to an u@s‘i/ SBamthatMnrisleclm'rttuént"hezseleétmmoétlmse padametervalugsl ogi c

090 1ot cend Wi pefafe S8 gRttoL iflgerstaRbii by A MR BHAGH o o oo
recei ved from approach Ritheveightifgoistussdl 232 I\/br e speci fbcal ly, t hgt g
Cerodul o1 Cocosey gl 5hTHERIG ISP hHL ok 8Bl ks A0hpBBIERM 210,
decodi ng | o§i cestimated offergd load @b ¢theenuiof eael sangple! wirkdower dihig t o a
predeter ned sghrélcn is vaGiRGBEAE! SHRF Gl idal I58345eBRL HARG o9t L0

(e.g., request
PCT/ US99/ 11701est|mateamﬁeagd$oad @mouhd theavtdal gffeted load 1% untderstard

ooy o e par W) aSBr B PR SR ORRoS ] KRG, 1o
the Receiver Fload istimder@atimatedniSinicat ihenestirdated offedad atbad)ls aﬁeuab rate,
Tt oo o SBReF 5 USSR il iz RS UABO BRI TR BelEAe e oo rary
station 102  windewpes, the QMTSuwik setth estmté!ﬁ%altﬂzeliqheahhch t he
el ot ST e USSP Sl e b
should be. This will lead to collisions in frame 1 of sample window
(+1). As these collided requests will be retransmitted in the frame 2
15 of sample window (j+1), the probability of collision is further increased
in frame 2. The process will go on until the end of the sample window
(i+1), eventually leading to an extremely high probability of collision at
the end of the window, and hence a very small number of IDLE
outcomes. As a result, the estimated offered load will increase
20 significantly, leading to an over-estimation of the offered load.
Similarly, this over-estimation yields request interval sizes in sample
window (j+2) larger than they should be, resulting in a large number
of IDLE outcomes at the end of sample window (j+2). The result is an
under-estimation of the offered load, causing the cycle to repeat and
25 therefore causing the estimated offered load to fluctuate around the
actual offered load. |
it should also be recalled that a second possibility was to
use a sliding sample window and to update the estimated offered
load at the end of each frame without using weighting. While
30 simulation results have shown this approach to be significantly
better than updating the estimated offered load at the end of each
sample window, this approach is also susceptible to fluctuations

around the actual offered load. To understand why, assume that
32



i nterface 254 operably couples the MAC Logic 224 to the

Denodul at or/ 31, the Receiver Front End 232, the
-Encoder/l\/bdu@@%ﬁj’s{ﬁé, and the Transmitter Front End 242. TREUS991701
~configuration interface 254 is preferably a Serial Peripheral 15 Interface

(SPI') bus as is known in the art. FIG 11 is a block diagram
showi ng an exengtitheyend. of sonwefranye k| the offetéd load is under-estinvated. a

d enbodj f N ti tati
D04 et udes s THETRters, the rehHEstinS6 i %%?@Wifa'ﬁg?ﬁﬁ%ﬂg%é Geer |
|  thiereli o inqifGa higherasriobabi he Us
Ilﬁ'?er:‘jgfzg 20 tsmaﬂﬁr msg L0 gsnl\/{edewazlgsam TE oBg J;liy gi oner104
al so i ncl u?é@"i’ %!)q{‘féﬁcﬁbﬁsdﬁb 'gﬁ'i% S lé ﬁ%ﬁt iﬁﬁékﬁ d toN}Age
| Pt F A
&g?r?/nB?ﬁe smzéﬁzgtagecdo?ﬁe%%ﬁf off gﬁjngangﬁf WgHSW?L’lgr Sfrani@es'cal ly,
the Contror NedbBgacrranad Dbkl ot STON Sftecmen it dams skH1L 5.
03 bl oo s i e e S cont oot o g
, ich is opera cgu . .g.,
request) messa 'Bﬂ{%%gﬁepedeﬁﬂ%{)%%ﬁlx ﬁar\'ﬂ%ﬁeaf@s"@ﬁ& %ﬁf%?'%ssage
Pr Ocessgrf304 ajrﬁderﬁéstim.am.ssrhtﬁs ?aﬁar%gﬁm@ﬁb o Wil ba%JseR,mM‘E’boanG 3\;. N
i . ot station means of Recelver ic
o per bl yndeapRdi*e) Bt SSsedlnnt Hames, as e aclla ofipres load
rzrgssages on %ﬁgdmg/mﬁsgg fastecthantle éStimated offered load due to an

PCT/ Uses 11701 InCreased numbes of Febransmissions. oBfer severaldramepethe
performance in $sifple widdw wilGtartoheiteing mdrecaind here of tHosd frahiis

o) o0ated L9 {ying o (s bt b EQLLISTEN sukESEiss eamadaan ot o
mni -slots g | apadregstimation of the offered load. Once the estimated offered
' load is over-estimated, the request interval sizes will be set bigger
than they should be, resuiting in many IDLE outcomes. Again,
because the estimated offered load is determined over a window
of 16 frames, the increased number of IDLE outcomes in the
20 subsequent frames will have little impact on the estimated offered
load, so that the estimated offered load is likely to decrease
slightly but remain over-estimated. After several frames, the
sample window will start including more and more of those frames
having a large number of IDLE outcomes, leading again to an
25 under-estimation of the offered load éausihg the cycle to repeat
and therefore causing the estimated offered load to fluctuate
around the actual offered load. .
These examples demonstrate that fluctuations can occur
about the actual offered load when the response to changes in the
30 actual offered load is too slow. With reference to the sample
window approach, the slow response problem would not exist if
the sample window is small. However, reducing the size of the
sample window also reduces the number of request transmission
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5 to the request interval affects the nunber of mni-slots allocated to the
other intervals, particularly the data interval. A |large nunber of mni-
slots allocated to the request interval decreases the |ikelihood of

col l'i sions, bwo@leggss decreases the nunber of mini-slots allg&ﬁﬁﬁgn&ﬁ{
transmtting data and t herefore decreases the data throughp

system Furthernore, a small nunber of mni-slots allocated to the

request interval can ipncrease the |ikelihood of collisions and therefore

decrease the daPRPPRHBSSINtheSameleswindaw.nyhish-degrades thearauragy

requests from r@ﬁtﬁé éﬂlmhﬁomufrtﬁé%‘ér‘h@éwiﬂlﬁvf‘l istre ﬂialﬁ' ots in the.

request interval el ect eMo maxim ze the | 5 SUCCESS
out cones. This ﬁ’ﬁ' Y l3rgen byt fhe astimaled offeresdond must adaptmuickits in t he

request interval if THesohtiohast dcgﬁ-gel,g talaaa agﬁgghtl?%‘il%&b?iﬁé {'g the number

of slots in the request interval if fere 'ow. Thus, the
of fered | oad® i &A@ izes thesoost r%ﬁenwraamnqhget still cppsiderp ariasge si ot s

per request | nt siier offrames. AROIRRUSSER EHV, tﬁe&smegf?éeémﬁd?ﬁé saffects
performance in the MCNS MAC protocol is the contention access
used. In acarer givenca weightirige faus oPoy twhild tlﬁaoide‘i'l(nat) framestarkeast two

types of contention access is supported. In a first type of contention
access, the secg@ivenraweightinghfactor of fthahis/arbitraiilyt set tooone.ahei t 25

contenti on: acocTetitiisierhinaBiLeEe sdkfeiaopahr RSl BRS¢ ansmi
ei ther requapt rERpoRLBar ab rﬁ‘:‘urﬂl’@ Bsfifiated oirerdd 104y ¢ Fﬁhe ratib og/ﬁeSt

interval. The second type of contention access can | nprove f or mance
when there are isdaocmall or fneis toat large, ﬂmaatseneaglpwélghhsrgxeemhan there

| h
woul d onl y be Ly e oSk R Hatneb BndifRors tnd KRAnEadReFBH GHAC o he
first type of owiitadipttooagonty: Mrilib Biher hark dfthi i &/p abal of fered
|l oad is hlgh Thus he offered load is

30 gp@_gggen too much weight is glven to the most recent frames,
PCT/ US99/ 1117:01 and therefore the estimated offered load will be inaccurate.

Simulation results have shown that good performance is

obtained when x is equal to 3 and X is equal to 0.4, such that « is
equal to 3. This selection of x is consistent with the expected
operation of the MCNS MAC protocol. Because the starting

20  backoff window size does not exceed M/R and the ending backoff
window size does not exceed 2xM,/R, any retransmissidns from
coliisioons in frame (n-2) will all show, with a high probability, in
frames (n-1) and n. For the same reason, the effect of collisions
in frames prior to (n-2) is minimal in frame n. Therefore, frames

25 (n-2), (n-1), and n are most representative of the actual offered

load for frame (n+1), and therefore are weighed more heavily than
the prior frames:

B. _ Application of the Single Frame Technique -
30 In accordance with a preferred embodiment of the present
invention, the Control Logic 218 determines the number of IDLE,

SUCCESS, and COLLISION outcomes during the request interval k,
M




key consideration in selecting the type of contention access in the

MCNS MAC pr ot In the MCNS MAC protocol, the qff l.oad is
not known a %8%1’]718% Therefore, the offered | oad nust be%é?ﬁsﬁgf usi ng

ei.ther the 5 sanple w ndow technique or the single frame techni que
descri bed herein, typically by the Control Logic 218 as an elenment its
MAP gener arefegeld)ty as |, S,, and C,, sespectivelyn Rasadhonshepiumbenabw

nambor o var i alPRE SHEEESRAnd COMRICN difdsined ayrhd i fiied” ='"0 °

sanpl e wi ndow sintervaltk; therContral bogie 21ésdecides whethemtberomcomes wei ght ed

e e vor: (RSP S tlBg SPAIE ol SpSdREAN TheMutiies
factor [err] 5_ are deemed to sepresent an '\urtttusleqﬂ pomtraad anenigtioned if Bf >t hgl
N ocbe 1 apadnifGi st Contl kRl Iwhehd B4 KWR. b 2T MR YBRY D
of r equlez'; . 20 C,ra03kM|/R). dPtherwise thecoutocomes are deemed MWpreseeht)Sa;t e
o000 20 R PRS0 B 50 AR M b, 1o
Ej he I nst ant aneouAll tdgierdescribad hgrein tahde embodied using discyetep! e vm'hndow
t . . t hat
the i net ant dheotBmsristls rdrapd 2Rty loliaPR Il UESIT 25 of v e
| oad ¢ t hat is tbajuratien witheaprogramphable logicvdevioessuch asa f‘oeé% | gL:\r/ re ] =
ng\r/\;l] t Ha"t a f rﬁéa@}'mﬁﬁ%ﬁ%ghggr{‘? %Riggﬁgwgﬁﬁﬁ? (rﬂ% MMhd t he
i cal 1y et e o e e, PRI o
| %gt ant a%eous o#@ggéﬁ%gg&ggﬁgggﬁﬁb&o {'58"89 “E)Poféf‘a €t hat t he
sanpl S wi ndasv ﬁmedmm sutk s a head-only memere chi) @ competer memory a { E
t t '
ccebCance M AP Rl Ay Biops RS 1
31 - fixed in 2 computer data signal embodied in a carrier wave,
allowing the programmable logic to be transmitted over an
. interface such as a computer bus or communication network. All
20 such embodiments are intended to fall within the scope of the
present invention. '
The present invention may be embodied in other specific
forms without departing from the essence or essential
characteristics. The described embodiments are to be considered
.25 in all respects only as illustrative and not restrictive.
' We claim:

-

M O

35



WD 99/ 61993 - . PCT/ US99/ 11701
0.4 such that a is equal to 3. “The selection of these paraneter val ues

wi || becone apparent by underst..anﬂ" m l g W ndow approach
R eni bl Ty 3@8"?’8’%%33& e the ;5l *!!!jliurrat“e@“gf 1|‘|¢;@egl : ggdt 2?%?}5@@& each

possibility
sanpl e wi ndow. This approach is very inaccurate, and can lead to
oscillations of the estimated offered | oad around the actual offered

| oad. To under gt andA methdd/forasdecting baequest interval sife #imae sanpl e wi ndow

j, the offered j Skl i 1. t . of fered | oad
is used to 10 c?@@bﬁ?qdaﬁ@?‘r'z%ﬁ i%q?af’dgogﬁ&%ﬁse@%hﬁgﬁ%% in the next -
sanpl e wi ndow ( estimatinganobffered ldadsier thehretwarkdsasedchopratdéast ze f or
each frame j I 1 W.(4t1l) to a value smaller than it
shoul d be. Thi g"% %&?@%F@ﬁ%ﬂ?"tg’@%g’ Pﬁhf ranme 1 of sanple w ndow '
(j+1). As tlsese col seleeting ¢haeequest interval sizer based ondihe estimated ane 2 15
of sanpl e mﬁndg*%$%+ié dthe probability of collision is further increased
in frame 2. Th g Q% 1 1 go on until the end of the sanple w ndow
(j+1), eventually leading to an extrenely high probability of collision at
the end of the wi ndow, and hence a very snmall nunber of IDLE out cones.
As a result, the estinmated offered load will increase 20 significantly,

| eading to an over-estimation of the offered | oad. Simlarly, this
over-estimation yields request interval sizes in sanple w ndow (] +2)

| arger than they should be, resulting in a |arge nunber of I DLE
outcones at the end of sanple wi ndow (j+2). The result is an
under-estimation of the offered | oad, causing the cycle to repeat and 25
therefore causing the estimated offered load to fluctuate around the

actual offered | oad. It should al so be recalled that a second
possibility was to use a sliding sanple wi ndow and to update the
estimated offered | oad at the end of each franme w thout using

wei ghting.” While 30 sinulation results have shown this approach to be
significantly better than updating the estimted offered | oad at the

end of each sanpl e wi ndow, this approach is also susceptible to
fluctuations " . :



around the act ual of fered | oad. To understand why, assune that
32 V0 QYR85 —
PCT/ US99/ 1170 at the end of some frame k, the of f er eBCTUSI Y

under - esti mat ed. Therefore, the request interval in the next frame
(k+1) will be small er’ than it should be, resulting in a higher
probability of COLLI SI ON outcones in frane (k+1). However, because the
5 estimated offered load is deternined ov#6 a wi ndow of 16 franes, t he
i ncreased probability of COLLI SION outcones in frame (k+1) will have

little inpact on the GSWMWWRME g:s.uﬁa' ted
offered load is likely to increase slightly but remai'n under - gsti mat ed.

Thi s under-esti mati gm Wt e cor T Sroms 10t eaye tk¥2) and
subsequent franes, % t’lﬁ %@@e of fered | oad in r%ﬁfast r than the
estimated offered | ogd g k-1l increased nunber Kansnk ssi ons.

After several franmes/ the sanpl e window wi Il 'start including #ore and

nore of those frames MWWtCOWES,

| eading to an 15 over-estinmation of the o red | oad. Once the estinmated
offered | oad i s over-estimted, tWGst iqterval sizes will be set
bi gger than they should be, resul#i man-)zl DLE out cones. Agai n,
because the estinmated offered |load is determ ned over a w ndow of 16
frames, the increased nunber of § DLE outcones in the 20 subsequent frames
will have little inpact on the ¢stinmated offered: | oad, so that the
estimated offered load is likely to decrease slightly but remain
over-estimated. After several frhames, the sanple window will start

i ncluding nore and nore of tWosglframes M, havi pfka | arge nunber of IDLE
out cones, |leading again to amR 24 : pt7on of the offered | oad
causing the cycle to repeat ple causing the estimated offered
|l oad to fluctuate around t hg¢\wcty ered | oad. : These
exanpl es denonstrate that fl uct QN3

FIG. 2




about the actual offered | oad when the response to changes in the 30

actual offered load is too slow. Wth reference to the sanple w ndow
approach, th QQ%% esponse probl em woul d not exist if t he sangle
wi ndow i s snall. ver, reducing the size of the sampPETHFHAL al so

reduces the nunber of request transm ssion

33 _ WO 99/ 61993
PCT/ US99/ 11701 opportunities in the sanple w ndow, which degrades
t he accuracy of the estimation. Thus,2@he sanple wi ndow must remain -

relatively large, but the estimated offered | oad nust adapt quickly.

The solution of course is to add a wei ghtAng factor that 5 enphasizes the
nost recent frames and yet still considerA a |arge nunber of franes.
As di scussed above, the x nobst recent fra are given a weighting
factor of a, while the older (n-x) fra given a wei ghting factor
of [err] that is arbitrarily set to oge. The wei ghting factors nust be
sel ected appropriately to obtain fasy 10 resppnse and an accurate :
estimated offered load. If the ratig [erp] - is too small or if x is too

| arge, then not enough weight is given ie ) p[rolszgng&.yygheand

therefore the estimated offered | ¢ad
other hand, if the ratio [err] ig hen t oo much weight is
given to the nost recent franes TTTererore the estinated of fered
| oad will be inaccurate. Simul ation results have shown that good

~

performance is obt ai ned when x is equal to 3 and X is equal to 0.4,
such that a is equal to 3. This selection of x is consistent with the
expect ed operation of the MCNS MAC protocol. Because the starting 20

backof f w ndow si ze does not exceed Merr]/R and the endi ng backoff

w ndow si ze does not exceed 2xMerr]/R, ang retransm ssions from
collisioons in franme (n-2) will all show, Ath a high probability, in
frames (n-1) and n. For the sane reason, effect of collisions




in frames prior to (n-2) is mnimal in frame n. Therefore, franmes 25

(n-2), (n-1), and n are nost representative of the actual offered | oad
for frame (n+WO%9&H93t heref ore are wei ghed nore heavily tharecrusssniiet pri or
franes. B. Application of the Single Frame Techni que 30 I'n
accordance with a preferred enbodi nent of the present i nvention, the
Control Logic 218 determ nes the nunber of I|DLE, SUCCESS, and

COLLI SI ON outcones during the request interggl Kk,

34 WD 99/ 61993 :

PCT/ US99/ 11701 referred to as I[err], Slerr],capogslerr],

respectively. Based on the nunber of | DLE, SUgCHESS, and CO_LI SI ON

out cones during the request iIptc368al k,/tN\oe €ontrol Logic 218 deci des
whet her the outcones represents "tr "untrusted” point.
Specifically, the outcones 5 are deenrdptOo reprgsent an "untrusted" point

and are ignored if Serr] > S[err]\gf if e r] > (err] and IJerr] <
gerr] (vvhere S[err] =0.4 x Merr]/R 4 x Merr]/R, and

derr] 0.3 x Merr]/R. Oherw se g ou;gprres ax e deenmed tQ represent a
"trusted" point and are used to Updays ot X0t et F0ibhd.

Al'l 1 ogic described herein can be epfbodi éd sing Bhgrete 10 conponents,
integrated circuitry, progranmmabl ogi £ used in njunction with a
programuabl e | ogi ¢ device such as a Fi 2Ed D \Progr anmmabl e Gate Array

(FPGA) or m croprocessor, or any Ot her rrearfs inclu nation
t hereof. Programmabl e | ogi ¢ can be fixed terrpor ari @Pma tly in
a tangi ble 15 nediumsuch as a read-only nmenory chip, a conputer nenory, a
di sk, or other storage nedium Programuable |ogic can also be fixed in
a conputer data signal enbodied in a carrier wave, all owi ng the
programmabl e logic to be transmtted over an i.nterface such as a

conput er bus or conmunication network. Al 20 such,%ﬁ%)di ments are
~intended to fall within the scope of the
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present invention. '~ The present invention nmay be enbodied in other
specific forms without departing fromthe essence or essenti al
characteri sti%gThe descri bed enbodi ments are to be considered 25 in all
respects only as %8st rative and not restrictive. PCTAES{1 HI0M

35 WD 99/ 61993 ' _

PCT/ US99/ 11701 1. A nethod for selecting a request interval size in
a comuni cati on network, the nethod conprising the steps of:

estimating an offered load in the network H#ed on at .| east one set of
contention outcones; and 5 selecting the request interval size based °
on the estinmated of f eresloé oad. /100
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