;{]| e3ep M (6T EK- DYNAM C BANDW DTH NEGOTI ATI ON SCHEME FOR W RELESS
COVPUTER NETWORKS RELATED APPLI CATI ON Thi.s application is a

conti nuation-in-part of co-pendi nﬂMM“mmmﬂ” No. 09/151,S79) entitled

" Met hod a%ﬁp@%at us for Accessi Net wor k  Gedustoasvigs on
Channel ", Tile gept enber 11, 1998, bycoaj*ugopal R Gubbi) Natarajan
Ekanbaram and N rmal endu Bi kash Patra) and assigned to the Assignee of the
present RYNAMIG BANDVADHHDNEGOTA TISKESTHEME FO ROWIREVESSICEMPUTER el at es
generally to a schene for commnm\a@wthi n a conmputer network and) in

particular, to a schene for allo avai |l abl e bandwi dth of a

wi rel ess conmmuni cations |ink used for communi cati ons between a central
server ter device and a nunber of client devices.
BA&@M&/@@@M&%‘ networks allow for inter-comunication between a
nurber of nodap applidatieisis ResRMOAIond PR bEdoSPentiAp IphRdation No. @EISILZher al units
anq t he Ii,éWt rg i nks éPr{ansoort informati on between these nodes,

whi ch g sthpsang APRURFYS Lor Agegsyng aFgmpypielNeiLommupicAliey (o date nost
conput erChagheigfikedl Septembéralll| BI8OBY R¥jugdflallR. BBbil Natafaii Hh@barkhiiaid | nf or mat i on.

Where wirel ess | jnks _are used, they have typically been conponents of a
very | ar%‘é'"ﬁé‘f%‘%sagﬁ‘%a aséfgvﬁdd%%ﬁrﬁéé’g?%ﬂ?ﬁf‘lﬂe i2BPSREOM enpl oy satel lite

comuni cation links to interconnect network nodes separated by very |arge
di st anc | uch, e transm ssion protocols used across the

wirel es?@%@ﬁi du'-‘éY‘S‘ZﬁgFé‘wy been established by the service entities
carryi ng the Thabpesdneinvention a¢1atss geherdlly foQrsciivnatpt @mrhwlicfbandthiroapani es and
ot her service providers. | he hone envi ronnent, co ters .hav

Crad t; ooy BRE IS pePedte haMeme L REER s AT EAPYR Fonever

t her e hawigeléss eommonieat®helirsk dsak fon coomumteighsheewédna chatra s asrpribteer Wi t h ot her
appl i ances. For ex le .in so-called "Smart Honmes", conputers nmay be used
to turn e?lw%lrg a(%"F?&\r}yg:F%du%“%sbﬁff’gﬂ‘(%tsdeﬁ‘ﬁ%f'to control their operational
settings. In such systens, wired comunication |inks are used to

I nterco nputer to the appliances that it will control. Such
wred | Pﬁggiﬁé@gﬁgensi ve to install) especially where they are added after
t'_he Qri gi _naI Maodest crqnmuteomtwbl_-ks IaldaommrrEterchmen'eﬁdmnrHemﬁen!aeuiulm of he

di £ 11 cul Ligeoand. SOaha BRRACL AUSHlehl pthfieth GORTHRLEHE Redebiihys SOT
systens TOr r1nterconnecti hg conputers appl'irances have utili1Zed anal og
WO 01/ 06t dr@port information between these nodes, which may sometimes be separated by large

distances. However, to date most computer networks have relied on wired links to transport
this information. Where wireless links are used, they have typically been components of a
very large network, such as a wide area network, which may employ satellite communication
links to interconnect network nodes separated by very large distances. In such cases, the
transmission protocols used across the wireless links have generally been established by the
service entities carrying the data being transmitted, for example, telephone companies and
other service providers.

In the home environment, computers have traditionally been used as stand-alone
devices. More recently, however, there have been some steps taken to integrate the home
computer with other appliances. For example, in so-called "Smart Homes", computers may be
used to turn on and off various appliances and to control their operational settings. In such
systems, wired communication links are used to interconnect the computer to the appliances
that it will control. Such wired links are expensive to install, especially where they are added
after the original construction of the home.

In an effort to reduce the difficulties and costs associated with wired communication

links, some systems for interconnecting computers with appliances have utilized analog
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PCT/ US00119985 2 wireless finks for transporting information between these
units. Such analog wireless |inks operate at frequencies comonly utilized
by wireless tel ephones. Although easier to install than conventional wred -
comuni catWemMeTiks, anal og wirel ess comuni cation | i nksPSHPFE%Y om a
nunber of di sadvantages. For exanple, degraded signals nay be expected on
such links because of nultipath i nterzerence. Furthernore) interference
from exi \silrélq:sg lalppfor wanspsiingsintomationtbetvesen tiesngiits c 8hdhushalpg watlegtinkes,

wirel ess, ' nc Thus nal og wrel ess
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envi r onnthmt conventivha vated vemmedication dieksk, amlngamhlcsg cequnhmcmon dinks soéfed al No.
09/151, 579 ' IS r SLe ref 2 en C uter network
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| evel s oTthstm\almgehnmtesmmmmmh@ linkg loffst ledsalvanl opofmutniperftrimance fohy horse

conmmuni C? wrgnm&r otocol that supports dynam c addition of new network
conponents at any |l evel of the hierarchy according to bandw dth

requi r enent s Inthelabovearefeemmdvocendiog apphiaativs) SeoipEN@0PAL61,a79, whiehls ghest | evel

of the n f u I i f net wor k
struct ur@gﬁgéﬁghg&ﬁ b(gllr’]—'é/feljeéce i&q%um ﬁ%{%ﬂ(ﬁﬂl%ﬁéﬁgg tag “g%?e\s}?er 12. In this
schene) ¢dmemurd¢ation bnlbmmd fos usedn thethomgesvirdnpwntawas|deseribed. Gfhahet wor k
component syl it A demBerte hRonA SRR s d'n??kx%ka?ci\?c Atadhdithaaher et th
(e.g., couple rough e wreless ¢ m*rumca on pen I'ng on the
cont ext edmmyracativelg oepiediio prpeagiber thepughtnmmunigationlinks operitéve at diffarentet wor k
t hat inc ewith. A
ol eny - e o e . A0 B o e L ana R b B o
conmmrunl| céuppenty dynpmie additiemefinew ngfvagk cmogentmﬂamdevemﬂihe higragely aeqgtdiRgrent such
as tel evtossaﬂmhuﬁ%@r.eewﬁ@wnm%rem}nuneswmsmepamml%aﬁ,maﬁgrekt léJePot{ el evision
receivers, l e television distribution nodes,” and ot her  househol d .
appl i ancégne‘S@F‘V@Pfa@MW%e a separate conputer that controls the

comuni cat i OnTHe'g[3|§eralQQHﬁ:V&rtl)xs he?wmnenct&e%owm&uéa bR 16”b0d' ed as an
add-on card or her conmponent attached to a host conputer

) (e
per sonal inelgpia Eper 13 In §é$ sFbeme; sherferan Fubngt'dpised fodesoribe i 6lugian OfWﬁ‘iW@H( is used

to coupl gomfdn¥ms thhein¥hde8la88$erand SevbRECIRhRAksoliRd@theRvith WX &loudifa The
wirel ess link generally supports hoth high and | ow bandw dth data channels

and a cothieHel teirless °°’F1@P'é°a§°’éHéﬁﬂngw‘?"é‘"’éé’f‘lﬂ?’i‘éﬂmﬁ’é‘ of His disgwBioRat i on of a

transm sgbwivet, aQ@bHRNMGYy d55HERr ﬂraQﬁ&Fdthkﬁt inEiadss Aichsr kY dne@eimBRCY band) and a
pseudo-random ( r ead l;()ect rum conmmuni cat i ogvﬁchene

in.a
general , s‘ébcHﬂ%@Fl\QC&wdéWW‘gbl‘Ae cth’e‘q ek aoflg liskedds thesevenfhigreihgie a
number Ofwirka doabdnmdaﬁkannﬁl Exihpled of clieiiatluddaudidsvided eqeip@értbed asn t he
co- pendi % 1/ 06710 PCT/ USOQ/ 19985 3 g‘ﬁ%%atl on cited ﬁbove) servers

and clief %V’sé?né AL RO s BRI RY PP Pl VEPRITERFE @h&nnel s to find
a desi r aldlevisidredistabutiou @pdesiund hthtchonesiidrapplisneeswi t h one anot her. Al so

cli ents 16 assBerdz o Bk Bat o R d ol seRRh T uf pon SRSt hEHE 2 S ent
whi ch reu:rebthﬁsasteheermrm neip baembugied asgn addsonaesion iothieechmponennittathed t¢ £t her from

server 1 n h server
12 |ndepéﬁ§ &9 ﬁg&g?g r%??&%?%?wgqélpgﬁﬁhfﬁ ‘E%g aﬁlegﬁa 6%ﬁ§§ an

associ at easbdrtaddnmlelsé;vem gireléssly trsthel other odesofsutyet . Wht irslessuimk 12) and sone
clients y cl ude
keyboar d j oy F?p\éﬁs t%e@@‘évﬁoltdr &lthg‘em\??‘é: ﬁ%mel%’?ac %mrf% % ﬁ?ﬂgﬁ% H|l‘nlr31put

devi ces) achangelis defined e th@mbm@@yn of simnamissinn frenuamry/(wprerapenty & nput and/ or
out put_dehERMASRAGLR) B S:Q)dY‘Hdhi PReiRRlrkido BR) Gddb 60l in eprélahdofith 16 and i ts
associ ated subclients conmunij cat e one another Via conmuni cation
links 21 cowmue'ﬁatmycwem @P%@'sa pember of i“ﬁf‘?‘%fl freaygncies epdRNb Fedes mayr ead

spect r UMpr@fide- anuff®BrBf Al 4Rble @Ranhé1 9 K fhinEagie: FUR0AE debhided irfthé &gading N 2
hlerarchlcal fashion with various levels of the hierarchy corresponding to
| evel s at which intro-network conmponent comrunication occurs. At a hi ghest
| evel of the hierarchy exists the server 12 (and/or its associated host
13)) which comunicates with various clients 16 via the wireless radio
channel. At other) lower |levels of the hierarchy ne clients 16 comruni cate
with their various subclients 20 using) for exanple) w red conmuni cation

| inks or wireless conmunication links such as infrared |inks. Wore half
duplex radi o connunlcatlon IS used on the mnreless I|nk betmeen server 12
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The slotted link structure of the wirel ess conmuni cati on protocol for the
transm ssion of real tine, nmultinedia data (e.g., as franes) within a
subnet 10 is shown in Figure 2. At the highest |evel within a channel,
forward (Ryo@srteackward or reverse (B) slots of fixed (borusegedssabl e)
time duration are provided within each frame transm ssion period. During
WO 011 06710 PCT/ US00/ 19985 4 forvvardr?ti me slots F, server 12 may transmt
vi deo and/,or .audi 0 data and/ or comrands to clients 16 ich are placed in
o 1T ot orPhigadiae? piPh AaR PR 780 o EATIREC Bt o Sepretg e I FdiaBles o

t ransm hirmels td firgha ddsigatld ¢hamies oldd whishad cdrhmositits &ith Bse di@thet. NCl ude audi o,
video or oth dat a, and/ or mrands fr .a client 16 qr, an associ at ed
subcl i ent 2o$‘lisﬂt'“°§‘ﬁj§3§b%‘§h‘ii(iﬁ'é‘(?eﬁ ““B’I’bert(ﬁré ‘Fﬂ‘%iéar‘*%‘ﬂ?? Wiehhave sH8AY ssi on sl ot
(f or war dlierts [Easedcitdd therewntt eA siiadow chét 19§s defihél dsadiiontaich rkdedBe 40 Of

variable length. Finally) at the st | evel t he hi erarch each radio
data frafg°® aI@“%#ﬁ??sg‘éﬁ‘%f“@éF%W%ﬁffﬁ°wwaaf%°'ﬁaetk%&§e'&2‘?%ﬁlﬁ ch may be
of vari atHich dxef@pds.comaeids with @rdal AintiépnBendl of its sxestaatddliodt 16NBach

server/cl. erl% dat a packet 42 %n .t.s agsociated error correction coding
(ECC) biFigM Iphas aaaesqgiated radig 14 v ihdused ' ampmymispis Yith ¥R L4 BT ¢ he

begi nni ngiemn s mayglhave assbciatad subpRake205 Sabcliehs 20 @ iinduds keghoandsibyatdike, | engt h
framng is preferred over..constant .length framng in order tq allow smaller
frame | REPRSOUT PRSNGSR bt oeh SHEOLRATR BYEFeieRlay YA s adds 1 o
channel andbustherdsgut ambforvarpivdeyides ssaadingbwitthh pdrocidds cliem ilebAehtrengamd f r anes

may be used) however., .t ECC bl ock. | engths e preferably fixe Hence)
vvhenever'§staﬂ“')e°°'3§\fli\§Ub6!i%’}ése€t??‘%yncg% m'lmécafeevggp ?"ﬁé‘ﬂg’i‘g]?fe 't@&"‘b‘l“b%ﬁo fg%?h t he ECC
bl ock nmayhiltemay bheneiatless (. . igfra-rads ilirgsooionapesatl spaeahmyete. J comimuniradort kddsni ques) .
Simlar proc re .be adopted. for .t l.ast. bl ock of ECC bits when the
dat a packet i%gc %xrﬁaéé’?éf 1SAS™ 's‘%eow’r‘]gg‘ﬁ”‘?‘i%’é°arﬁfhd§ é"étf i’%"r?fs @5%?1%% o data frane
40 i ncl udersrchy respundieg dllevaldat sthidhgntesmetiwérk ceyparienommamnjzstandtecurandom ( PN)
generato of, t [ itter the r iver. Link >D 46 1.s field of
Prxed | oo Mereh! et RS tdeRl o B s ey e Bhi et e £ o't ne
| i nk) t heesnmuh@rates fvth waricus phents AuNiathe sviroleet radi® chddatla Aft pthen, tdvwer beely eff

Oyot i o rihimichy e il B0 SRS\ BRnbi el Bty S, c0r S, 4°

det ect i owirehepmeminicetiorn links bewidrssentmomaitiohdigks woh aFpfraredibinks| | ust r at ed

embodi nent t f 1S -V i . a backward
slot B) a qupg&r%ﬁ%f&éléﬁgﬁgéﬁﬁﬁ ne“(r'jaln})élzI g‘ﬁgﬁ‘? @tﬁﬁr@'ﬁéggfs\gﬁkﬁe@e%[ Ssel;v'fr Slot Fis
meant f ot2 gdclients 162 a commbiieation pr@ocobbasedhdrcatldtted linkktotctu@ wish dynamics har ed
anong a gl t = , ik Cho I . by server 12
fo the i ARt SoRPIoPAE’ el eyt s plr polfAE iR EnEBLARAMCY SPL Y
server 1subndpandslefisizes pry B re;negtiatediwithin peehsighe SThas & datglifkdayer thahsmi tti ng

audi 0) Vigdegls Ok Qs ORMYNEAA chrt acRommO@@dd Mk RindARg, fRfe0ded! decoded
using lossy techniques or that can tolerate the | oss of sone packets during

t ransni sEREASFMeN £ packshiransmisgion aadsslopsynehyopization, epgr gomsetipn cading{EGHbd/ decoded
usi ng | ogiahfs parhREE théHdGBmet ama{anm@mémx;golﬁemga& IdvBiBrah o 18kr any packets
during transm ssion/reception)) |ow bandw dth g%% and/ or conTrand (Cmd.)
packet s. PraVides 2l negespagy pongeqtiop rdyed synyices, RREGiNG for Bandwidty uilizatom loy  equest
Ea;:ket %ﬁﬂw‘icﬁﬁddﬁ@ﬁﬂnﬂiiﬁg@?ita B@Q@’c?st%aﬁd,|o@§lori:any,'fd@ta'f§h&y1§tv\%h8(]f-?% t%a(?}.ipoa leyes T appear
et ween an ange fro rans 0 receive an .
PCT] CTS08lHd Ygaechansvidi PR e 46 on Bty ples sy HFE LR PRI ATl
radi 0s' bfthi bakdwidE, dndARo aécofmmodhidEarlyibamivilit ferdgdiiati dnstiasphabe ray@ired 14
switches fromt ransin' t go receilve Oe’ﬁ% ati OP orl.vi CF-versa%‘m. Tge tinme
dur at i on“genexsrAneyclipn 8 Somes gnsling,or Wher qne of the clignis 16 (Qran Afsasiated | y al t er ed
t hrough ssbekenO)atquiresgibeéntaadwidthe server 12 and the clients 16 so as to
achi eve the st . possible bandw dth utilization for t hannel .. Not e t hat
where ful | duprARtE BrutelR St ucth tomBRhiiBy plloshllpe B BPRRmGN 7 13
B) may bef feall timd, muitinmediaalat (el ecfranmes) withit b subnetrl@ds shotvo imFigno 2 cAtgheot s
required,. ,d .and k i catl he data
handl ed Biﬁﬁgﬁ&\é@%&@h %%C“?Jé‘q'gp G???Xe}qr# %Mi&é%qsgggﬁggggﬁﬁngg)&ug or exanpl e
a t el evi oegetiable)awe durdtion gee pkotidedrvdthbemdwiratndtrinsmigbipwperioddDharg t hat cl i ent .
Simlarly if aclient 16 is a video generator) for exanple a video
cancorder, then a large reverse bandwidth is allocated to that particular
client. The server 12 maintains a dynamc table (e.g.) in nenory at server
12 or host 13), which includes forward and backward bandw dth requirenents
of all on-line clients 16. This information may be used when determ ning
whet her a new connection nmay be granted to a new client. For exanple, if a
new client 16 requires nore than the avail able bandwi dth in either
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conput er network. Such requests may include rel eases of excess bandwi dth in
addition to requests for additional bandw dth. In sone cases, the

comuni cati on channel may be a wirel ess, spread spectrum comuni cation
channel . IwWO@upEItal , t he bandwi dth may be dynami cal |y al PEEHE®AIMEcor di ng
to priorities of the requests. For exanple, the requests may be arranged
such that those associated with isoch_f*onous transm ssions within the

conput er foRserddime siptel, serverrldarnytraasmit yideaandinriadip dyta an/ersomemands tguch

bandw dt C be Hah: d : devi ce}
SO as toaéegk:sc}gn?% Réﬁlgglgy V\lnhﬁthﬁétl? F?{oglgtll)gxﬁn%a‘) %'@h@%%ﬁf@%ﬁ a table
may i ncl tedeanbraisslonsdram e cligndgt 6o iSack wansmissiovmmapnslugedudiorsidewmor ather eans

aceor di g g HEbnMAEIAG, cioHO A0 EFTIRORAAORER, Gclfd REd L . The

table ma Knam cal y updat ed accordi ng requests
and any mrhcmrdtmer& rragsatissiomsslotrffdovardorae cosedlismerde up ef engior moreRadip databl vy,
bandw dt Rt LhAb i ' G are
satisfie accor fvﬁaﬂ’?ﬁ Eétlgrlggae@s t\?\?lece)'r el@th] le{v S’?&mﬁ@n%ﬁdeﬁé{ S associ at ed

wi t h t heframe#Q is campriseg of srever/gligns data packets H2, tydm/m&tm ofivariablederigthn ar e
satisfied firglch {4 LAYRENDIO & HITRE B %neeau&&ﬁlém dﬁgﬁf{klega? ?ng requests may

then be satisfied in an order accord J&WE ro t he streans
associ at o¢iped ewgricprrestian eading (ECE3 buse Elclcr‘!!tﬂ% bo asedde simplifydheaf t er .

BRI EF DESGELGET b e GEeiiFe ARAMNGS: ok A58 Ble bR UdOValibld 1bdep! r at ed by

way of exarrp Imtation in the I gur es of the accorrpanyl ng
dr awi ngs framingrs ernfenﬁi B\FF gongiany Iengsh framiag imorgenie aligw sreallerEamplengths r uct ur e

wi t hin Wlahmg s%@@éiaﬂﬁ‘é‘%&dﬂfon&%ﬂéee&?ﬁt Thﬂ‘é@&kttbgﬁhnﬂa)fo%éﬁfaﬁ‘d Figure 2
illustrates hi erarchi cal arrangement for the transm ssion of data within

a subnet bawtawgnas&&b@lgbmi h Gpmestpayhedsuinhoweygie HeEGE blegkgure 3 is
a flow diiggihselpkdfatatly fkéd) HeRcd) WRERSSr thOdaAS2RS Sdnb iAMREL thARRE ECOY bandwi dth

block length, the ECC block may be truncated (e.g., using conventional virtual zero
techniques). Similar procedures may be adopted for the last block of ECC bits when the data
packet is larger.

As shown in the illustration, each radio data frame 40 includes a preamble 44, which is
used to synchronize pseudo-random (PN) generators of the transmitter and the receiver. Link
ID 46 is a field of fixed length (e.g., 16 bits long for one embodiment), and is unique to the
link, thus 1dentifying a particular subnet 10. Data from the server 12/client 16 is of variable
length as indicated by a length field 48. Cyclic redundancy check (CRC) bits 50 may be used
for error detection/correction in the conventional fashion.

For the illustrated embodiment then, each frame 52 is divided into a forward slot F, a
backward slot B, a quiet slot Q and a number of radio turn around slots T. Slot F is meant for
server 12-to-clients 16 communication. Slot B is time shared among a number of mini-slots
B1, B2, etc., which are assigned by server 12 to the individual clients 16 for their respective
transmissions to the server 12. Each mini-slot B}, B2, etc. includes a time for transmitting
audio, video, voice, lossy data (i.e., data that may be encoded/decoded using lossy techniques
or that can tolerate the loss of some packets during transmission/ reception), lossless data (i.e.,
data that is encoded/decoded using lossless techniques or that cannot tolerate the loss of any
packets during transmission/reception), low bandwidth data and/or command (Cmd.) packets.
Slot Q is left quiet so that a new client may insert a request packet when the new client seeks

to log-in to the subnet 10. Slots T appear between any change from transmit to receive and



requi rements in accordance with an enbodi nent of the present invention; and
Figure 4 is a flowdiagramillustrating a process for accommodati ng

bandw dt h requests according to one enbodi nent of the present invention.
DETAI LED Rie§ebé7id ON Described herein is a schene for dymrewiused199ss

al l ocati ng bandw dth use between a network naster device (e.g.) a server)
and associated network clients w thin3a communication channel of a conputer
net wor k. ViJtheergr engkane meaih bmascorsmgdateingividpalapgips’ tu proundotime Giar, itettimeof net wor k
envi ron

conput e?@ﬁég?mrgmﬁu\gkw °F4s %@e%#ﬁlgswéotﬁe%gﬁ%%ﬁ%#{% V\'dsg) trﬁe pr esent
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environ | 0 seen to limt the
2Pl § cabyeicy e e Bl Ferir N2 UREEDIGIONS of o b clPthe By BEFRIEL o i
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recited I i As iLca above)
sonme or g‘lr[]‘i&'g'fal g‘ RF(I' gzl\:/lmcuelgﬂpé?%a @Wﬁl%t'§ '84 &%F&b%h ok lontg'm céﬂ"ﬂy negoti at e
t hei r resjoisragirghndwi dth with the nmaster device (e.g., server 12). This
capability i e ronous
streamis geﬁ%o‘?‘g?rgghﬁycgw%ﬁ%;mm?ﬂ aﬁbéaﬂ@ﬁ h‘%@&ds\m? dah l{rllrﬁé(ia\(ﬁzt’ %&% | ocat ed
only a r elicatsi \pellfja dligns toanalviden @nsnmrsﬁocmmk@stylevlhlen,dwmdtargiﬁ)rwald request a
change | g dwdts'flls AGAAGARIUMER! SinHIAYG d ditnCBUL b Hnera A0 Ickradiflf e L NE
present sc evice in subnet can request ocation
change ( ﬁlmdeg_g]ajmqordgnahen@rlarge ip@eTeel bapd wikith P@W%@@ tbmlcﬂlaevl@nt |Rre s

bandwi dt Qe iy Ainedibd Paybthicniehid (5. SR RRRGH R Serverd7Br Rt 13)3uhlEd AblgesOf L he
present schene are expl ai ned using dn exanple. & ppose a video source
cl i ent ~oforwandisad bagksward bandwidth redwiremente of allonrlivietchents lﬁarimﬁ:mfoonatm

establis l&ﬁg be L&u%&k u&mmmwnahé}raq,\éw@em&ﬁn%@,rse\g@Anyedl 185 §&w @%@'\Mt h, as
such w | e needed to accommpdate the video Information to fransmitted.
Then) i f example ifea Ne9 ghientdGreqyires maredhnnribeavaidably hragwidihin githes digectign. st oppage
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first-cone-tirst-serve basis. For purposes o0 presen ndw dt h
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bandwi dt h ar eFighrrel Blugimins agpesmaliged eesworkshusinrg tMithingvhieh embodinengaf et | me new
requestsp@ers@htmg,q{o%qﬁgﬁ%g,gg; and/ or when excess bandwidth is rel eased, the

bandw dth al | ocati on table (which may be stored in nenory at the host 13 or
server 12) i sFigymd é’ﬂ?tfalt"érahﬁdﬁﬁfwf’éﬂ?‘ﬁ‘m&?m%&Iﬁ“@?r%ﬂéfﬂﬁﬁ%%‘b@%/datah‘é‘hﬂbﬁqui rements

of brratst e flguﬁgrl%i/icg@rdﬁ‘l@@o brieQalbBEimehEdf 1RPMMeRInVei@si fOr any other device in a
supnet. anl e
Figure 3 is a flow diagram illustrating a process for assessing and reporting bandwidth

requirements in accordance with an embodiment of the present invention; and

Figure 4 is a flow diagram illustrating a process for accommodating bandwidth
requests according to one embodiment of the present invention.
DETAILED DESCRIPTION

Described herein is a scheme for dynamically allocating bandwidth use between a
network master device (e.g., a server) and associated network clients within a communication
channel of a computer network. The present scheme is generally applicable to a variety of
network environments, but finds especially useful application in a wireless computer network
which is located in a home environment. Thus, the present scheme will be discussed with
reference to the particular aspects of a home environment. However, this discussion should in
no way be seen to limit the applicability or use of the present invention in and to other
network environments and the broader spirit and scope of the present invention is recited in
the claims which follow this discussion.

As indicated above, some or all of the devices in a subnet 10 are able to dynamically
negotiate their required bandwidth with the master device (e.g., server 12). This capability is
especially useful in situations where a new isochronous stream is generated at a device (e.g., a
client 16) currently allocated only a relatively low bandwidth. In such cases, the client 16 can
request a change in its allocated bandwidth during its connection. Indeed, under the present

scheme, any device in subnet 10 can request a bandwidth allocation change (for additional or
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into account xrms emwmeﬁktda tRrdents@efRSME naSibeRRvRele.g. KBRef E5UbdpsOf this
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bandw dtdandwidth), then the device may determine that the allocated bandwidth is acceptable for use.

On the other hand, if the original bandwidth request was made for an isochronous stream, then
the less than requested bandwidth allocation is rejected and the stream is not connected.

Several different schemes may be employed to implement the present dynamic
bandwidth allocation scheme and the details of the implementation are not critical to the
present invention. One such implementation that has been found to be particularly useful is as
follows. Each client device of a subnet 1s allowed to collect statistics for the required
bandwidth of each of its streams, averaged over a period of time. These bandwidth
requirements are divided into four groups according to the priority of the streams
(Isochronous, High, Medium and Low). Each device then compares its averaged bandwidth
requirements within each priority class to its currently allocated bandwidths (e.g., that may be
initially negotiated when the device joins the subnet). If the required bandwidth is less than
the allocated bandwidth, then the device releases the excess bandwidth, for example by
sending a notification message to the master device. On the other hand, if the required
bandwidth exceeds the currently allocated bandwidth, a request for more bandwidth is sent to
the master.

At the master device, requests from all the devices in the subnet are collected and

compared against the total available bandwidth for the subnet. If the currently allocated
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PCT/ US00/ 19985 1. Requetifoah theakyicé witmde dymanbendl] lpwedt badavidtinglldeativewi dt h

Wi thin a communi cationfﬁefgjafnr%l,el of a conmputer network according to bandw dth
|

requests of devi ce¥e it he conputer network. 2. The method of claiml

wher ei n t he bandwi Riéquesteiyomn dteslevipewitidlbwes|cemer bargividiik eliwstidndockhe dt h. 3. The
met hod of claim 2 é/ggr%teyﬁgﬁ{yhgvepgmﬂhgﬁekpgnghannel conprises a spread

spectrum
3. The remaining requests are satisfied on a first-come-first-serve basis.

For purposes of the present bandwidth allocation scheme, the master device maintains
a table listing the allocated bandwidth (e.g., in Mbits/sec) for each stream priority level at
every client device, the requested bandwidth for each stream priority at every device and the
time of the request as shown in Table 1. These values can be compared against the actual
available bandwidth (which may be stored separately or in the same table in a separate entry)
when new requests for bandwidth are made and/or when excess bandwidth is released. Each
time new requests are made/satisfied and/or when excess bandwidth is released, the
bandwidth allocation table (which may be stored in memory at the host 13 or server 12) is
updated. For bandwidth allocation purposes, the requirements of master device are treated

that same as those for any other device in a subnet.

Table 1
Allocated Required Time of
Device Bandwidth Bandwidth Request
Priority Level (Mbps) (Mbps)
Device 0 Isochronous
(Master) High
Medium
Low
Device 1 Isochronous
(Client 1) High
Medium




communi cation channel. 4. The nmethod of claim3 wherein the conmunication
channel further conprises a w reless comruni cation channel. 5. The net hod
of claim1l wherein the bandwidth is dynam cally allocated according to
prioritiewcodiostie requests. 6. The nethod of claim5 whePEVHSWOAYESHriorities

of the requests are arranged such that bandw dth requests associated with
i,sochronous transmissions within the ®onputer net rded hi ghest
pri orit\y. 7. The t hodLe¥ clafm 1 wherein|the bandwi df h requests jare nade

at any rmes—dunmg-whnrch—ttredevices trave—active comections—w-tin t he

conmput
bandw
associ
associ

r network. 8. The method of cfPaim 1 wherein dynanmically all
th conprises renegotiating bandw dth for a low priority str
ted with one of the devices tg accomodate a high priority

ocati ng
eam
stream

ted with the sane or another Of the devices. 9. A nethod, donprising

mai ntaijning a table of bandw dth allocations for devices of a conguter
networkl so as to account for bandw dgh utilization within the network. 10.
The netihod of claim9 wherein the table is naintained by a naster [device
wthin T ———The fre Frot—of—etatm—30—wheretnarteable—+nettdes
bandwi dt h BFYlgecat [ cnglg?cgfonlmﬁﬁ ofnmati on stre@qns having varying pnorijties.
WO 011 067 1@ieE™)USQO/ 198k 12 12. The netheod of claimfll wherein

I sochr ohous st r eang—are—ge€oreea—h-ghest—piorty—wtHhpr——tHhe—rewor k.  13.
The method of claim 12 %A% ein|the table i $ dynami cal |y updated adcording
to bandw dth requests byowhe dévices wthip the network and allocdtions
made i nbaceerdance-t-herewth—Ii4—Ihe—ret-had—of—elalmid3—wherein—the
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of excestanbafdiveqiifements/allocations, as shown in Figure 3. Initially, each device determines

its average bandwidth requirements in each of the above-mentioned priority classes (step 60).

These requirements are then compared against the current bandwidth allocations (step 62) and

a determination is made as to whether the current allocations are adequate, include excess
bandwidth or provide for insufficient bandwidth (step 64). If the current allocations are
adequate, no further action is needed, and the device repeats the bandwidth assessment
periodically (step 66). If the current allocations are more than what is needed, the device may
release excess bandwidth (step 68) by informing the network master of the situation and
requesting a new, reduced bandwidth allocation. If, however, the current allocations are
insufficient, the device transmits a request for additional bandwidth to the master (step 70).

As for the network master, the dynamic bandwidth allocations and requests are

managed as shown in Figure 4. The bandwidth reports (e.g., requests for new allocations) are

received from the network devices (including the master's own reports) (step 80) and
compared against the current utilization scheme, after taking into account any bandwidth

being released (step 82). The result of this comparison is checked to determine whether any

excess bandwidth remains (step 84). If not, the requests for additional bandwidth are rejected

(step 86).

If, however, additional bandwidth is available in the subnet, the requests for new
bandwidth to accommodate isochronous streams are satisfied up to the total available
bandwidth (step 88). If all of these requests are satisfied (or if there are none), a check is
made to see if any additional bandwidth is available (step 90) and, if so, the remaining

requests are satisfied in the order discussed above (step 92). Of course, if no bandwidth is
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3. The method of claim 2 wherein the communication channel comprises a spread spectrum

communication channel.

4. The method of claim 3 wherein the communication channel further comprises a wireless

communication channel.

S. The method of claim | wherein the bandwidth is dynamically allocated according to

priorities of the requests.

6. The method of claim 5 wherein the priorities of the requests are arranged such that
bandwidth requests associated with isochronous transmissions within the computer network

are accorded highest priority.

7. The method of claim | wherein the bandwidth requests are made at any times duning which

the devices have active connections within the computer network.

8. The method of claim | wherein dynamically allocating bandwidth comprises renegotiating
bandwidth for a low priority stream associated with one of the devices to accommodate a high

priority stream associated with the same or another of the devices.

9. A method, comprising maintaining a table of bandwidth allocations for devices of a

computer network so as to account for bandwidth utilization within the network.

10. The method of claim 9 wherein the table is maintained by a master device within the
network.

11. The method of claim 10 wherein table includes bandwidth allocations for information

streams having varying pnorities.
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