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| NVENTI ON 5 The increasing use of wireless tel ephones and personal qgﬁ@ @65
has led to a correspondi ng demand for advanced tel ecommuni cation ser e
that were once thought to only be used in specialized applications. In the
1980" s, Wi wBlygssegg0i C€ communi cation became widely avg Tﬁgbﬁmg]{zrough t he
cel lul ar tel ephone network. Such sejvices were at first typrca

considered to be the exclusive province of the 10 busi nessnan because of
expected high subscriber costs. The sane was also true for access to
renotely distributed conputer networks, whereby until very recently, only
busi ness people and large institutions could afford the necessary conputers
and wreline access equipnment. As a result of the w despread availability
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conput ers, hand-held personal digital assistants and the |ike who would

prefer to acceg Ciﬂﬁ@ﬂﬁgs being tethered to a telephone |ine.
20 There still ?S no w epg avallég e satisfactory solution for providing

| ow cost, High spcldd inawesneyise of Witelss triephoure and porsprabeomnpiistsihasiedto, and ot her
networks using E&Es ?&hg&énﬁgilWrﬁcﬁz%xgﬁétefe&fnﬁxﬁﬁﬁ%ﬁtséﬂ}l@es ttha ?{v&ﬁﬁﬁcte“at' on is nost
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voi ce grade service aval e I n nost s or o standard high
speed dat a ser Siaheservigbsseeraia firsd typicdiygonsidens; ol be s exadusive provinef afdlicent
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exi sting ceIIu ar network was” origina esi gned onl I'I'ver voice
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wireline access equipment. As a result of the widespread availability of both

technologies, the general population now increasingly wishes to not only have

15  access to networks such as the Internet and private intranets, but also to access such
networks in a wireless fashion as well. This is particularly of concern for the users
of portable computers, laptop computers, hand-held personal digital assistants and
the like who would prefer to access such networks without being tethered to a
telephone line.

20 There still is no widely available satisfactory solution for providing low cost,
high speed access to the Internet, private intranets, and other networks using the
existing wireless infrastructure. This situation is most likely an artifact of several
unfortunate circumstances. For one, the typical manner of providing high speed data
service in the business environment over the wireline network is not readily

25  adaptable to the voice grade service available in most homes or offices. Such
standard high speed data services also do not lend themselves well to efficient
transmission over standard cellular wireless handsets. Furthermore, the existing
cellular network was originally designed only to deliver voice services. As a result, -

the emphasis in present day digital wireless communication protocols and



measure of asymetrical behavior for the accommbdati on of data transm ssion.
For exanple, the date rate on an I1S-95 forward traffic channel can be
adjusted in increnments from1l.2 kilobits per second (kbps) up to 9.6 kbps
for so-called Rate 5 Set | and in for increnents from1.8 kbpmum tgosls. 4
kbps for Rate Set 2. On the reverse link-traffic channel, ho IL t he data
rate is fixed at 4.8 kbps. The design of such existing systens therefore
typically provides a radio channel which can accommobdate nmaxi mum data rates
only in the range of 14.4 kilobits per second (kbps) at best in the forward
di rection. Suchnalulabmm detemes dice with witenatoug esrtarotscHeawesl dotwevifle domeect |y to
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of the radio spectrumis that it i
This is qui te%a‘fogrgwﬁhF avmwan&aﬁ%eptaﬁlaa?tfﬁ fgrReh VIR AUP I BRIV STREY €0LSS-

transm ssiqB, iGihdttysdd dftRta3fktWbrke ubihd BighBOipded bisildify AbEESuYh b nsive to
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asymmetrical data rate transm. ssion requirenents. In particular, the user
of a renote cl jagrqetive to the residential customer.

Although such networks were known at the time that cellular systems were
20  originally deployed, for the most part there is no provision for providing higher
speed ISDN- or xDSL-grade data services over cellular network topologies.
Unfortunately, in wireless environments, access to channels by multiple
subscribers is expensive and there is competition for them. Whether the multiple
access is provided by the traditional Frequency Division Multiple Access (FDMA)
25  using analog modulation on a group of radio carriers, or by newer digital
modulation schemes the permit sharing of a radio carrier using Time Division
Multiple Access (TDMA) or Code Division Multiple Access (CDMA), the nature
of the radio spectrum is that it is a medium that is expected to be shared. This is
quite dissimilar to the traditional environment for data transmission, in which the
30 wire line medium is relatively inexpensive to obtain, and is therefore not typically
intended to be shared.
Other considerations were the characteristics of the data itself. For example,
consider that access to web pages in general is burst-oriented, with asymmetrical data

rate transmission requirements. In particular, the user of a remote client
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address of a web page to a browser program The browser programthen sends
this web page address data, which is typically 100 bytes or |ess ||05Iﬁg%[ﬁ,
over the network to a server conmputer. The server conputer then responds
with the content of the requested web page, which may include anywhere 5
from10 ki to several negabytes of text, inage, i even vi deo
dat a. Thewgggéﬁ%ﬁen may spend at |east several secondggﬁpéoé/\(}gﬁz sever al

m nut es readi ”%xﬁﬂﬂ%rﬁfé%&c‘%ﬁgst&fad&é“s@oﬂaﬂﬁ Q@i&!&oxﬁs@%@g’i&h Ngpet hat anot her page
be downl oaded. Therefore, the required Forwar d channel data rates, that is,
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than the requi Bﬁélssm&@g]meve@h@ma%brk@%sawerjegmﬁ@érem sbRerBmPidrineg envi ronnent,
the nature of nost enpl oyees' conputer work habits js typically to check a

few web pages HRPUEHEH! tt%coatﬁmsoé%quvﬁﬁf@d webages Which mayt iapledednpeicod of ti ne,

such as to access 1b QﬁcfbHeyto%E\féfa@ﬁie%Eg}té% offext! iaRY RBioSreRenisded Bata. t € CONpuUt er
al together. Therefore, even t S pect to . remain 15

u
connected to t RB®YsHtRETRaY spnd 69@"‘3*6??‘@“&‘??‘1“3%%?%6‘?1’?5“ ey If?adéﬂ.grﬂi‘eng an entire

day, the act Uaéntdﬁt/(ﬁrﬂ&]ﬂagmtddd’ﬁqlﬁitmg e a0RA pdge bS URPWaledd Therdfdte] €d dat a

transfer act|V|tyto from partlcul bscri ber it is actually
quite spor adi c heEgHE ?%FdéhaIBF%étFméets't sy f@ﬁ“btges aﬁ%ﬁ"r?ﬂﬂf%%tl on systens

provide a cont kubs@ibér, ardgpidtiydhdiy tifled gredieithGURd refuitbSevdrRRhMnel Bat s, in such
networ ks, during a 20 conmuni cation session the bandwi dth available at all

tinmes is corst and has been designed, as noted above, primarily for
voi ce grade use. SUMMABHicOnvEbitmeni\MENTIED nidst eiplogéds' compi@alotogi es for

transm ssion of .data over wreless etvvo 25 suffer TBr ous probl enms. As
noted above, t @‘tbﬁﬁm}ﬁaﬁm%ﬁ??@ p?%?mﬁa‘aﬁﬁ?&ém?}ﬂ%%c Ber unit channel
is typically fb&tﬁﬁedIfbnsdi‘tﬁlmel-kimeasedaccddﬁlballﬁﬂmmmtd eﬁrélSstoptlEllﬂgl to be bursty
in nature, often r nount s dth at certain
e, i 1o+ BTG RS ARRT e Fa e TR by RerBYHHL her 11 o,
These wi de B B@ﬁedtd’(’ltcbmaﬂwmﬁtbrph@ﬁtﬂhﬁﬁﬂﬁ:ﬁﬁt&u@lﬁl@dﬁﬁhglﬂﬁem%y,ahe)se t ogether in
time. 30 For exa

Protocol | (HTTAURpiraIdasR PR pearyolR sabtee gl Bebty FUBRUE g or ol | cki ng
a single |ink foma particular subscriber unit is actually quite sporadic.
Furthermore, prior art wireless communication systems provide a continuous
bandwidth to individual subscribers. That is, in such networks, during a
20 communication session the bandwidth available at all times is constant and has been

designed, as noted above, primarily for voice grade use.

SUMMARY OF THE INVENTION
Prior art methodologies for transmission of data over wireless networks
25  suffer numerous problems. As noted above, the bandwidth available for a single
subscriber unit channel is typically fixed in size. However, data communications
tend to be bursty in nature, often requiring a need for large amounts of bandwidth at
certain times, while requiring very little amounts, or even none, at other times.
These wide swings in bandwidth requirements can occur very close together in time.
30 For example, when browsing a web site using HyperText Transfer Protocol
(HTTP), the user typically selects pages by selecting or clicking a single link to a
page causing the client computer to send a small page request packet to the web

server. The request packet in the receive link direction requires very liitle



page causing the client conputer to send a snall page request packet to the
web server. The request packet in the receive link direction requires very
little O 6 JUL 2005 WO 02/061993 PCTI US02/ 01512 4 bandwi dth. In r&s RANsR;
to the request, the server, typically delivers one or nore web pages
ranging in size from10 to 100 kil obits (kB) or nore to the client in the

forward |iRkdicifsti on. To receive the pages, the bandyj uirenents are
much greater than to request the pages. The opti num b%@gmggﬁﬁﬁneeded to

acceptably 5 _r%@:@W@h.tmeesmgﬁmeseqﬁ@gﬁbyeﬁeg?%iba@deld@@ oh&orinfdes vesef f i ci ency of
the present wrel ess . é)roto ol s thg& }C‘}le er maxi num.data rates of about
9600 bps under P&35E FPRERE M SBRHPH I Giad 00 ot LfPpe 9 e elgRt R BEver having to

hol d back sone fedvaddiiak die@tie:s 16 thcelad the papdd] thd bahdvAdth @dqWedntents @ muelat ch up” with

the data delivery apnd also results_jn frusirate users havjng sl ow response
and page | oadi BF2E] HEkt rqqheséﬁg%aﬁiseﬂ?%@’“ﬁ&hﬂ@ﬂ@fq‘ﬂef%gf’d‘c@@ﬁhya request is

nmore than i s5 needelthe papds & heelprRiied dit b theindfRE@E V6 thediResBAGREessS Not  enough
to deliver the dat t acceptabl.e rates. (@nl())the roblL,emw th prior art
systens is that™¥978'"s &g E'é‘a’%’BW\EBé"’HatF% abqut 7A30 BRsiuefeT PHE2hage request
V\rrﬁssagﬁ | eaves cbgﬁm.rMﬁs%Itﬂﬁwﬁngﬁﬂ@m% sote bEROIqNEstedpdatd ]Ehehti (rjre

en the pages of requested.data.enter t wre S portign 15 of the data
communi cat i ons B84 rgﬁ”of Can"tagh u&dflﬁ‘éheldétﬁg‘?hvﬁrﬁia‘édeaﬁﬁoﬁgspllqsr%ﬁ’f‘ﬁkét&%est to
time-of -recei Q_ﬁs@@ﬁaamg islfw@eslf)dmﬁt?miimp mﬁdl‘ﬁgaimdeﬁ.pmgasﬁcte,dhdm?dr\;ﬁahgor k atn_d thteh t
server are. e present invention.is S in.part .o e observation tha
bandwi dt h i £ b&fdg TREY 5&"05"(1'&%@“66%"%38%@3gﬁ‘"d‘f'ﬁgf?ﬁo TRARYY P8 5% or data from
the wireline nreadgbtddelite theodatastcoaptabdd rétsss conmmuni cati ons systens mai ntain
the constant 20 avajl abili of . the full bapdw dth of 1he 9600 bps w rel ess
connection for that™& ef?rgglglaﬁ?%p%%ﬁ%ﬂ'ﬁtf’%%lf&St\r,\%s&égegfn%?emée\/mé ®°t hough t he
W rel ess cli enttimeashichehewagd request fnegsage leates tha wirelgs aetwditkiagd twasmbai dt h which is

ef fectively unused i for sted . bec e there i.s, no to allocate
t he channel res%rﬁfr’j%ue@ a%cﬂﬁ%ﬁrg? gern\ﬁ%aeﬁfi%as %far‘fqém&gé?ﬁarﬁlh?r(%tvlm()dr?ss é’ﬁlxon t o anot her
sessi on needi ngf tiedea amanicatidns sedsivatis dfisy quitt loog. [Teis tidds-foorreqrest &Nt Wi r el ess

data communic attffn%%ire% SpteR) R 2Hrtidn B hor&gcogée%tgaeﬂlg Rk %rt%’r%%f | ber units,
t hese concurrent sesslons have no way | n e prror a sténs to take
advant age of any unlisedsiamdetion ibatd iv pat adhetobsetvatorcthat batlwiddriel y wai ting for
return pages, %%ink Q'asttéal dﬁm?g)i)%m))c{s £ time when waiting for data from the wireline

network. Prior art wireless communications systems maintain the constant

20  availability of the full bandwidth of the 9600 bps wireless connection for that entire

her
Py

data communication session, even though the wireless client may be waiting for
return pages. This bandwidth which is effectively unused is therefore wasted
because there is no way to allocate the channel resources in use for this data
communication session to another session needing more bandwidth. That‘is, if other
25  concurrent wireless data communications sessions are taking place for other
| subscriber units, these concurrent sessions have no way in the prior art systems to
take advantage of any unused bandwidth allocated to the client merely waiting for
return pages, as in this example.
The present invention provides high speed data and voice service over
30 standard wireless connections via an unique integration of protocols and existing
cellular signaling, such as is available with Code Division Multiple Access (CDMA)
type systems. The invention achieves high data rates through more efficient
allocation of access to the CDMA channels.



The present invention provides high speed data and voice service over 30
standard wi rel ess connections via an unique integration of protocols and
existing cellular signaling, such as is available with Code D visifhJUL 2005
Mul tiple Access (CDVA) type systens. The invention achieves high data rates
through nore efficient allocation of access to the COVA channels. 0 6 JUL

2005 WO GghHP8¢kRes PCT/ US02/ 01512 5 Specifically, thepéf?l\fds%%i an provi des a
schene for determning an efficient 5 allocation of N fixed rate data

channel s anongst Msﬂ&@ﬁc’a}_ly,ﬂa%vkrﬂﬁs@?ﬁi@aaaaciefﬁ@f%%@éemtn&%aﬁsﬁmﬁm of how to
all ocate these channels i'n the npst effective nanner between users

conpeting for elipsefioa Pt Ty died rpig datashanpsls amongpt dusarsy Ehejasptiongddressest han 5

channel's, the iRyaBlein@RhheioRlstal @RsedhmBdls 1@ kheRdondiRitive inkidiSt BeBeeVhi Ch uUsers
will require channel access at which tipes, and assi gn&%&clhannel resour ces

accordi ngly. TH®T™ SPRRAAE fopphapnehuse| Kos eyRlgnyhen Pete upesgexish or deall ocate
channel s (i .%. chdamdlitde eHvbhtion AetcinksChl st of proBublitiOEbSHIAdChs s Plirel@irOr al | ocate

t hese freed-up channels to. subscribers requiring thi s_hsgyandvvl dt h. Channel
resources are SRR acess At tien gnd assigns parebiesashs e iingY- sfieme  provi ded on

forward and reyREmen bdnlkss dRREWEIENaIR aRB SR délledale @RanadlEli B bahdwablte) subscri ber
units. Data buffer(ﬁ?are al nt.ai ned for each connecti on between a base

station and a SOBdYs fubseFiberHand proide pr afioree dese feedmymibpiels ¢ OGRS ne f or
threshol d | evekeguiriog thddb@ividh.be transmtted in that buffer. In essence, the
t hreshol ds neasure fhe "fullness" of buffers oyer tine fqr each respective
subscri ber unit ar &R RS arsalipeatsd aggomding foqbu f%f“b‘]“ﬁ?fﬁ’l%is‘%le’f”il i s cal cul at ed
thﬂ i ndijcat es pﬁOMbd)cfntfgﬂWafdhad reaeﬁ@pielesibéd}\:;aen abidi'fefsﬁ‘lﬁclﬁa(gﬂ naltippeci fic 3ub3ﬁri ber

W need to transpit dat n OW nuc ta w e. trangnmtted. This

o obahi 1 1ty t ARCRR B CAA T HEmAPEPoLp e dotmegior daboT AR  he buf fer.
as wel |l as whi ehtidnhn®siubiceibervhit. FBath Bulfer iDMébritefed aveetiRX foe tebsithld laglswel | as whi ch

resources in the, farm of channel e.al read | located tq the subscri ber
unit. Based oﬁ%a @ t%g]ep?aé‘f}ﬁ‘glffﬂf’ ﬁ?&ugrﬁaﬁheéﬁe”?e%%%?@@@%flﬁ?mﬁ ®a transni ssion
can be either &fullmssitofbuffers ovelaiak lfod esth Gdpetitve SubaGDEL daR Arewdhii®eddependi ng upon a

forecasted need. 10 BRI EF |.PT T W NGS . The f oregoi ng and
ot her obj ects, g?reeﬁ&t})ru ?&%ﬂéﬁi g@dﬁ@k@%@“ﬁékf )ﬁc\)”e eflglﬁtawcﬁc be appar ent
from the fol | obuffiy fare secifiasubsaritiéravill tbed o tiaysinitdata ad Howeiivel dadwill be

transmitted. This probability takes into account the arrival rates of data into the

buffer, as well as which thresholds within the buffer are exceeded, as well as which
resources in the form of channels are already allocated to the subscriber unit. Based
on this probability, channel resources for data transmission can be either allocated or

deallocated to subscriber units depending upon a forecasted need.

10 BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features and advantages of the invention
will be apparent from the following more particular description of preferred
embodiments of the invention, as illustrated in the accompanying drawings in which
like reference; characters refer to the same parts throughout the different views. The
15  drawings are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention.
Fig. 1 is a block diagram of an example wireless communication system

making use of a bandwidth management scheme according to the invention.



enbodi nents of the invention, as illustrated in the acconpanying drawi ngs in
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i nstead being placed upon illustrating the principles of the inve tg :

Fig. | is a block diagramof an exanple w reless comrunication system

maki ng useyghygfgndw dt h management scheme according (o tHe.i.nvention. 0 6
JUL 2005 WO 02/061993 PCT/ US02/01532 6 Fig. 2 is a diagram sfiow ng how

channel s are assi gnggow 4 & hgwgﬁwaﬁmsaxfea@guémmffgﬂenqﬁwnel-_Fi g. 3
is a diagramill ustratl)pcg the protocol layers of a wireless conmmunication
t

system 5 Fig. MayenqyR¥}Htwel t he structure of session queues and data

buf fers used in therig BasLqisphat flatingii® prodochSaydrseef HRéleksevel diagram Fig. 6
is a buffer |evel dl_agram en resources are being added. Fig. 7 is a buffer

| evel di agr am FPEAUHBERPEER are bei ng taken away. DETAI LED DESCRI PTI ON OF

A PREFERRED $£MBODI NENE ji}{3tratdsrif sRebnid 6@&Eiblo§heﬁb@%ctdatatbhﬁer@lﬁs@wnmﬁs nor e _
particularly, Fig. 1 is a block diagramof a system 100 for providing high

speed data ser PrE&2 W Per a wirel ess connection by seam essly integrating a
wi red digital data mggtiocsfesiehdiagam.f or exanple, Transm ssion Control
Prot ocol / Internet_Prqtoc % (TCP/1P) with a digitally . nodul ated w rel ess
servi ce such as Coo%g'lﬁi‘%@'? Teyel dizgrant whepgeseneess aepipgaddeds The system 100

consi sts of two di fHigreqd bufiles] QigrBOnRa R8sr&s ark B&hdidken@waysubscri ber units
101-1, 101-2, ..., 101-n (collectively subscribers 101) as well as one or
nore base stations 104 to provide the functions necessary in order to

achi eve the deETAEED DRPSCRIPTIOANIOOA PREFERRED EMEBODIMENT The subscri ber units

101 provide Wwreless .data and/or vojce services and_.can connect devices
such as, fol? exanpl SmiPEAIEHIn 8¢V [96}?fﬁffﬁwé‘fg§ W°i§8?‘?‘%§r&’d%‘§ﬂdm W& personal
digital assi st angam(PPisimano fobproVidiEhigh fpecddah sddassovet Atiteles 104 to a net wor k
105 which can tge a Pu\%iec 1%\/\1 t.ched. Tele A?one Net wor K S PS’TfI\%, a packet
swi t ched conputt¥PeHEE RbiR™ ﬁy%tfgﬁaéwgﬁgfrﬁp Fat R PR fPhe I nternet or a
privat e i ntranekampld)Trahstigios CadittobProthEy / jhet Protocol (TCP/IP) with a digitally
modulated wireless service such as Code Division Multiple Access (CDMA).
15 The system 100 consists of two different types of components, including
subscriber units 101-1, 101-2, ..., 101-n (collectively subscribers 101) as well as one
or more base stations 104 to provide the functions necessary in order to achieve the
desired implementation of the invention. The subscriber units 101 provide wireless
data and/or voice services and can connect devices such as, for example, laptop
20 computers, portable computers, personal digital assistants (PDAs) or the like
through base station 104 to a network 105 which can be a Public Switched
Telephone Network (PSTN), a packet switched computer network, or other data '
network such as the Internet or a private intranet. The base station 104 may
communicate with the network 105 over any number of different efficient
25 communication protocols such as primary rate ISDN, or other LAPD based
protocols such as IS-634 or V5.2, or even TCP/IP if network 105 is an Ethernet
network such as the Internet. The subscriber units 101 may be mobile in nature and
may travel from one location to another while communicating with base station 104.
Fig. 1 illustrates one base station 104 and three mobile subscriber units 101

30 by way of example only and for ease of description of the invention. The invention
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protocols such as 1S-634 or V5.2, or even TCP/IP if network 105 is 2005
Et hernet network such as the Internet. The subscriber units 101 @qgg
nmobile in nature and nmay travel fromone |ocation to another whi | e

comuni catwggdhdoy base station 104. Fig. 1 illustrat eﬁcﬂﬁs‘”o station 104
and three nobile subscriber units 161 30 by way of exanple only and for

ease of descri 9%}5 AhbRfto § mk ﬁ\(ﬁlﬁh'ﬂﬁfé are%ah}n?ﬁ%trﬁo?@sugscgbeg Lhits3005 WO
02/ 061993 PCT/ U 2/0151 I's applicabl’'e to systens 1n which there are

typically nanycoﬁ?éﬂ“élc?}@%’étbpﬁé}m@mbﬁ% statipps 1onmuni cating with one or nore

base stations 104. Itllstaléosto94ﬁ@eﬁt&d@?ﬂﬁ&@ﬁﬁl&f&%aﬁ’)ﬁaﬁhgsl%a%iﬁleg| ed in the art
that Fig. 1 may be a standard cellular t Ee comuni cati On system such as a

CDMA, TDMVA, GStangard ceilulgs fies cosynypigation systomsuch a HeDMAJTIBMAKGIYeF s are assi gned
Lo carry belwesl {ARuARSich iR @Rl oRllgSHBREH) BRGeiBbbse 101 Thi s

i nventi on, hovvever app | | es nore arti cul ar { t o non-voi ce transni ssi ons,
and pref er abl ystatignscliOf pacssubsqrhenurits s Fhis Eventign, oFeverafBpligfgnoBandwi dt hs. Thus,

in a preferred;ahea) 80h-voifd tansn&ssloﬁs fnd PRl tt-;agltaﬁﬁ §£Hsmid§6d§9 code
di vi si on nultlpIeX|ng princi for the air ‘interface. However, it 10 is

al so to be und¥Vapnggendpiths Salﬁ?fé‘ﬁfeif?ﬂr?‘qbgdlﬁ% Hig. hisadePNO 1R ng

st andar di zed %@ﬁ@%&ﬁ@iv&%lo‘ﬁ%ﬁl RRind Rindiples OF thé E!ﬁmféﬁ\i‘&f HEWREgitng CDVA
protocol referred t ‘Fhe invention is also applicable to other

mul tiple acl esis 2R %F\ FQﬂS@E’Od \?‘i’f thyippaption s ngF limited to uging standardizgdi ce

comuni cat i onsChRRAEolsREChSHIBSIS! brid@mewdt Binbrind ObMVANHo RS RfEERHI On 104,
wi reless transnm_ssion of data over a limted nunber 15 of radi o channel

resources is piSdvPHedthyimyeRioR ivRdisn RPEFANIG A et mBIHPE RSATIATRNIGUEH which carry

information fromt neor@a&garwlatda@@nm&eE&nrﬁdﬂaa&ubwdebﬁfesmﬂba 101, and
reverse conmuni ca 11 which car i nfor om t he

hannel
subscriber unft% (alc?’fd Be ftﬁ@nﬁgééﬂrglfséf‘?néﬂlsﬁ f daji ver g@‘é‘ﬁg eﬁr ovi des
dynani ¢ bandw eftrittio dHamRDedRREs iOfrotidte SR frivird t@smmvamiaehanh€ls 0l0r ces on an as

needed basi s fo each 0 subscri uni.t lt. shoul d s0 be under st ood
that data si gn‘a Vécfrma OPégﬁaﬁﬁgP?v%gPr% hté? Eft‘jﬁ/i 2% o channels 110
and 111, i.e.,redkde@omm@iedion ch@ﬁde@llmasifhldh@ar@tmfohﬂtl&uﬁ&ﬁlﬂiebl%crlb&i ts 101 are
coupled to the neg@&&ﬁ?*ﬁt@?mﬂﬂ‘?t eﬁﬁm r{11531rlovslders fn%x'n}éeo%gwriftﬁnthe networ k 105

are coupl ed to"
management of these limited channel resources on an as needed basis for each

20  subscriber unit 101. It should also be understood that data signals travel
bidirectionally across the CDMA radio channels 110 and 111, i.e., data signals
originating at the subscriber units 101 are coupled to the network 105, and data
signals received from the network 105 are coupled to the subscriber units 101.

Fig. 2 provides an example of how dynamic allocation of radio bandwidth

25 may take place in system 100. First a typical transceiver within a subscriber unit
101 or the base station 104 can be tuned on command to any 1.25 MegaHertz (MHz)
channel within a much larger bandwidth, such as up to 30 MHz in the case of the
radio spectrum allocated to cellular telephony. This bandwidth is typically made
available in the range of from 800 to 900 MHz in the United States. For PCS type

30 wireless systems, a 5 or 10 MHz bandwidth is typically allocated in the range from
about 1.8 to 2.0 GigaHertz (GHz). In addition, there are typically two matching
bands active simultaneously, separated by a guard band, such as 80 MHz; the two



Fig. 2 provides an exanple of how dynami c allocation of radio bandw dth 25
may take place in system 100. First a typical transceiver within a
subscriber unit 101 or the base station 104 can be tuned on cormarbd to an
1.25 MegaHertz (MHz) channel within a nuch | arger bandw dth, such :ﬁleU,pZUﬂ
30 MHz in the case of the radio spectrumallocated to cellular telephony.

Thi s bandwygihedisost ypi cal |y made available in the ran?&/ﬂgoz/fofsg{n 800 to 900
MHz in the United States. For PCS type 30 wirel ess systens, a 5 or 10 Mz

bandwi dth is t yRickiah bidfdohRs ARad drd rdviiSe ARMGRx NiRIOFBtw 3R @ld basé stitich0 2. O _
G gaHertz (GHz). In addition, there are typically two matching bands active

si mul t aneous| y104@@ dhestbeerbstungs flar d band, such as 80 MHz; the two 0 6 JUL

2005 WO 02/ 061993 Widhh eQubs&iborhdit 301 2iBhe BisIGatBAMS rdrdiicn f or ward and
reverse full duplex Iink betweep the station 104 and.the subscri ber

ase .
units 101. W t RFOGesETR (i fansreiysesy argFapgh %?el%&faneéﬁ@%&w%w’aﬁ 170,
transm ssi ons R DERMIPS M radlo fredubrRN SRRV 811§ fenarb iy Gidgatbddenadbuckhei ng tuned at

any given point in ti 5 to a given. 1.25 Mz radio frequency channel. It
is generally uﬂ&é?@%zdgzg" fremyency erf’.°§‘§esi\ﬂt—|§es¥’ é@ﬁie?l}vé]&’ﬁfé’ﬁ&?m@émi er provides,
at best, a tot ad 606Gups\rdxfiiim atarabgzluﬁsnﬁgsi&aﬁhed ivhifd Qe peddpeitERui i dat a rﬁt e
transm ssion speed. wthin acceptable bit error rate imtations. In the
prior art, it \%ﬁgtatloﬁﬂ e RepTErY 'f/wfsﬁla’ﬁéﬂ’fmﬁ)h'&?ugt‘%g%fnd’é'%er {yﬁu@%ﬁ‘brt an XDSL
type connecti orxmnjtghcaimyctmﬁmhmaﬁd@ﬁ@hmﬂn@ﬁblnataratebatnkqistﬁazat kbgs that, at
10 best, onl bout 0 s/ kbps).ar o t hree . ) criber units
101 coul d béél gﬁsﬂyﬁ&'yt Eﬂ‘?gbgg@é/ﬁgggﬁpsggrc%ﬂyrﬂg&‘i(@%Wﬁ%?fé?‘?‘t(sﬁl C&Lﬂjﬁﬁ? ast to this,
the present sysippbiciGObestoadhshirsbischidael. avai |l abl e radi o channel resources
into a relatively lar nunber, of subchannel s..and .t hen provides a way to
determine how to aIIﬁ&%&'@%{n’ﬁ‘é’s@%ﬁﬁgﬂ’éﬁﬂgp@‘ﬁ%wgﬁﬁe af’?ﬂ&ﬁg#]P data between 15
t he base st ati @handd)desaunncts imdccdrelafivelyll@gesuba bf nbehannals tisd théprovideda vi ce ver sa.

In the illustrated, exanpl e .in,Fi 2, .the ndwi .dt h .i | ] ocated to

si xty-four (643 B s AT IS0 SHitgae frese sybchiating Sg"ege\#n'%sf”gt%éa e%’g?nei n that within
a CDMA t ypel5y sliedhage statibrel 04 aidbdactnoféesut3@iberamits 19h\asd ded Yeysa.i Imileenrent ed by

encodi ng a dat g, ! 1.SS1 ORk: W e of uber. i, ferent pseudorandom
(PN) or orthogélhugﬁﬁﬁe%nﬁpe?mc%%gdgstﬁe%ﬁ%d%—d&m%@gl%cbdlr%,s&?ﬁgemgdﬁgchannel s 300 may be
defined w thi n sebckinng$ F0CDI¥Koukdche inndersfopdiprmibat w(ithla ) CROMLA tyee syblymusi ng

different ort h%%l%hm&&g?(ﬁ) afreO;;’hysei‘caaﬁ;| im%ﬁe];felge%%y encoding a data transmission

with one of a number of different pseudorandom (PN) or orthogonal channel codes.

20  For example, the subchannels 300 may be defined within a single CDMA radio
frequency (RF) carrier by using different orthogonal codes for each defined
subchannel 300. (The subchannels 300 are also referred to as "channels" in the
following discussion, and the two terms are used interchangeably from this part
onward).

25 As mentioned above, the channels 300 are allocated only as needed. For
example, multiple channels 300 are granted during times when a particular
subscriber unit 101 is requesting that large amounts of data be transferred. In the
preferred embodiment, the single subscriber unit 101 may be granted as many as 28
of these channels in order to allow data rates of up to about 5 Mega bits per second

30 for an individual subscriber unit 101. These channels 300 are then released during
times when the subscriber unit 101 is relatively lightly loaded.

Maximum flexibility can be obtained by adjusting coding rates and

modulation types used for each connection, such as the number of channels. One



subchannel 300. (The subchannels 300 are also referred to as "channels" in
the follow ng discussion, and the two terns are used interchangeably from
this part onward). 25 As nentioned above, the channels 300 are all ocated
only as needed. For exanple, nultiple channels 300 are granted dtﬂrgimg'll{]ﬁﬁrres
when a particular subscriber unit 101 i-8-requesting that |arge anounts of
data be transferred. In the preferred enbodi nent, the single subscriber
unit 101 nmay be granted as nany as 28 of these channels in order to allow
data rates of up to about 5 Mega bits per second 30 for an individual

subscri ber uni parti@dar stizewsdorcissignies chaBBOcairs Forvand Erordoswdtiad(FEQY  ti nes when

t he subscri ber i I i.vel i A ] ] Mgfx]ﬂ] exibility
can be obt ai ne%&agglét%ié?%?%n?oﬁgﬁéglﬂ%%gqu% lesgg%hged Iﬁ%ggfgg%l 'Egjygg%llltused for
each connect i oApplgatdn Sesiat Re 0A(TAhes3 wikd fnaarnél,2001@natlel “Meaxgnidige 2005
particul ar sch f or.assi ani C , I Er .Correction
(FEC) code rat @?ﬁgﬁ% bg?ﬁ%ﬁ”%@%ﬁﬁ??@ﬁ% §%g§ﬁicslﬁ\g‘é\§%ﬁgr8e’ h?(%l lgo co- pending U
S. Patent Apphssigatd toda@eryi@mnNmicaG@rs/ng, he Hnid dsgghed ahthapres@t, 2001 enti tl ed

" Maxi m zi ng t e by Adjustin ding Rates in CDVA Systent,
which is 5 assD?p ?\ice%% bthéhn&SgwﬁgS%%ﬂ%Co?@Og%t?d;%sr% erlllge.q', t he sane assignee of
the present appl i cBtfomtiscussingthoivaheadhamelss308 bie pireferablp elatated ald/stateher ence.

Bef or e di scussing..how t C n 300 .are preferabhl I a and station
T4 the base MBS sBioR IPEBRP e ASer 5 EPETM 0P R FE o e 2 B Fer
211 through 2hdugbatin Datftfuéies 22 1 fhréugh Qlddord 1R datacha id thde daismittddat i s to be

transmtted, 10 to .their.respective. s ri ber units 101. .That ,is,. in a
ooy e Moot it Ereb b rabe ATt Tt R TSP MERa%, ot at i on
104 for each rgsdpeatedier tmbbsiathdtase dtatioh 104{1 eacASespedhise subbe@ibetnmit S enter into
and exit out of,.c ni catiQn sessiong or .connecti.ons wth base station
10, “The mambelvicAS e il RER Bl o an S I o BT 6. one

cor r espondencecdéatienywitiiease statier 194 ahe MutiifeesSouitrs nidyrchalgh. Teredd 3 al | ocat ed
to the nunber Olf subscri ber units, 101 co ni catbi ng En‘ggeh%fa}sg tation 104.
The buf fers. 214 TSR TRRPORLEIcE ey dipumber b bEert | dbRush * renor

st ruct ur es]Eontrdibefledxy tieafuinbar o sultribERiniRE 0 Dasmatieatiag Mith Bhdeed fast cache
menory. The particul ar prOf;ess Whi ch]é?eter i nes how channel s are all ocated

an 20 deal | ocsittian gy hedutters 21 hthrpugh £ 1 maay by tos xamplie APYES ofidis6sed wi t hi n

t he upper | ayem8mory structures controlled by software, or may be hardware controlled fast
cache memory.
The particular process which determines how channels are allocated an
20  deallocated may reside in a data services function disposed within the upper layers
of the protocols implemented in the base station 104 and subscriber units 101.
Specifically now, referring to Fig. 3, there is shown a protocol layer
diagram such as typically associated with third generation (3G) wireless
communication services. The protocol layers follow the open system interconnect
25 (OS] layered model with a physical layer 120, media access control sub layer 130,
link access control sub layer 140, and upper communication layers 150. The
physical layer 120 provides physical layer of processing such as coding and
modulation of the individual logical channels. Access to the logical channels is
controlled by the various functions in the MAC sub layer 130 including channel
30  multiplex sub layer 132, multiplex control channel multiplex sub layer 131, radio
link protocol sub layer 133, and SRPB 134. The signaling link access control
functionality 141 is provided in the LAC sub layer 140.
Upper layers processing 150 includes upper layer signaling 151, data

services 152, and voice services 153. The particular decision processes to allocate



of the protocols inplenented in the base station 104 and subscriber units
101. Specifically now, referring to Fig. 3, there is shown a protocol |ayer
di agram such as typically associated with third generation (3G w rghggis 2005
conmmruni cation services. The protocol |ayers follow the open system

i nterconnect 25 (OSI) |ayered nodel wth a physical |ayer 120, nedia access
control supohakees 130, |ink access control sub |ayer ﬂlg Jupper

comuni cation | ayers 150. The physiygal |ayer 120 provi es ysical |ayer of
processi ng such | logl cal

channel s. Accessda@og%c:éh ﬁ%e?g %ﬁﬁ‘;@ g&egcon}éegﬁ nsre? dtﬁi r‘%or? Re vari ous
functions in tIdﬁaM@esﬁlbctioaalwlﬂiiﬂh@upp¢rdni¢rmg500Hbmd@se@@esml tiplex sub | ayer

132, nmul tipl exgf i | i nk protocol
sub 1 ayer 133, ARG PRRRR i BL flio PP BUF oot e MRS,

functional ity kg 13&ingrdey/io gerdorinfunctinas udGsduisnd messagesitd@liocipprslr | ayer s
processing 150 gl E&Jafé@%ap@(% edd@Y &l §&eﬂﬁt§d1‘edbﬂes151 data services 152, and
voi ce services 1 articul ar gem sion processes to allocate 0 6 JUL
2005 WD 02/ 061993 TP@WE@B@@PID&@MQ Fippd, vsiougkemponsaia pithebrsantatibs 1040 parti cul ar
netvork | ayer - eGP |0 B8 s bBE AR bl dotn AL B ol WA S
functionality 152 in the upper |ayers § ata services functionality
152 communi cat & pigeeshfor ﬁeéermmgovhmcrhkmplpdmlébﬁ allpggied on deaflecathC sub | ayer 130
in order to perfor t SPge% |l ocate and 5
deal | ocat e channel ;ﬁ% g%%%ﬁﬂ%@%‘ﬂﬁ&%g ﬂ ér?iga%w res. SES‘%S?m ng attention
now to Fi g.104, oxjeated buféering spherproimplymerttedtim e éﬁ@@w@pa@n@m 184In and subscri ber

units 101 will Q&uﬁ@wn%%ﬂawtms@sﬁﬁ;ﬁﬁtﬂdlﬁﬁemséstatranque%pn with the
process for dePerm ni ng when channel s shoul d be allocated or deall ocat ed.

Fig. 4is a rmiaéefdféfﬁﬁllﬁ fé‘&eddpgﬁrb&ﬁerﬁféqwntl%usin&ﬁm@ﬁléﬁb@ﬂi TOHINg ProfoREs sessi on 10

oriented buffegihes BeRRNEioh m&m&%&ﬂmh&eiﬁ?&oc@%’f@ﬁﬁr Wi g@sask UNCtion 152. In
particular, Fig. 4 shows howthis is i r’r? enented in 'the-base station 104.
w

Network | ayer StﬁtFOaflf)‘f énepwing Heffie if separated mtogudivdust gafficflows dostgdiferg t ypi cal

net wor kK roufs NgpRhREe@Iber unfdLh 1862, Tr A0sH1 SRl AficERRE M8y beREMtaa@ol / | nt er net
Pr ot ocol (TCP/IIg% At the base station 104, incom ng traffic is separated

into i ndivi duafich pliieremiping jdestiation addiess figld imthe TeR/Rhsader. JhBscri ber units 1-1,

101-2, ..., 10%rdnlduaifmeffrcma£v§arsdéhlv&ubﬁﬁrma/m%oﬁ%adwsu@m ueh as by exam ning

a destination addr ess field in the TCP/| P header.
401-n with a transport module 401 corresponding to each of the mtended subscriber

units 101. A given transport module 401 is the first step in a chain of processing
20  steps that is performed on the data intended for each subscriber unit 101. This
processing chain includes not only the functionality implemented by the transport
module 401 but also a number of session queues 410, a session multiplexer 420, and
transmission buffers 440. The outputs of the various transmission buffers 440-1,
440-2, ..., 444-n are then assembled by a transmit processor 450 that formats the
25  data for transmission over the forward radio links 110.
Returning attention now to the top of the Fig. 4 again, each transport module
401 has the responsibility of either monitoring the traffic flow in such a way that it
stores data belonging to different transport layer sessions in specific ones of the
session queues 410 associated with that transport module 401. For example,
30  transport module 401-1 assigned to handle data intended to be routed to subscriber
unit 101-1 has associated with it a number, m, of session queues 410-1-1, 410-1-2,
.., 410-1-m. In the preferred embodiment, a given session is characterized by a

particular transport protocol in use. For example, in a session oriented transport



individual traffic flows are delivered first to transport nodul es 401-1,
401-2, ..., 401-n wth a transport nodule 401 corresponding to each of the
intended subscriber wunits 101. A given transport nodule 401 is thegfjyr gbos
step in a chain of processing 20 steps that is perfornmed on the data

i ntended for each subscriber unit 101. This processing chain includes not

only the fwpelisesal ity inplemented by the transport nggﬁbﬁgﬁlg but also a
nunber of session queues 410, a sesgion nultiplexer 420, an ransni ssi on

buffers 440. ThetsRst Piskson@fede RED ¥ AsigRid %o dabIPRSHITh S SicABeshb] dR5Rr440- 1,  440- 2,
., 444-n are then assenbl ed ?q% a transmt. gqrocessor 450 that formats the

.. DI € .
25 data for trSREHRIPLRGAL FHple {4 gxappleniipmission crnfrplfedoop dn  Ret ur ni ng
attention now t@sibl&s iriepddtf prétbiRlsf sBssioft qRGS4 10 is (Re&hbly 4s8iREdd s dackiodul e 401 has

the responsibiljt f either monitoring the traffjc fl in such a way that
it stores dat éﬁeﬂélr g}‘l i SAROPIGSS grofaceds ’@?‘P‘tfgﬁxm%%“ri‘e ¢‘3¥Fé§aﬁ§!"éﬁ%‘1”bns in specific
ones of tlhe 5 S @53dcOITUDRYE URSES tgaflﬁb c&&&&tﬂoﬁi}ﬁdic%ﬁsgbsbﬁlﬁihuﬂiﬂgfan&(ﬁjbﬁfo’f m)dulg 8101.
For exanpl e, 30.transpor ulLe 401-1 Si t andl e ta intended to
be routed to sdif® rrP‘Bgd(r)t°%ﬁgﬁ%Fcrﬂ‘?ﬁrl‘l-n¥}wé]safgféts‘g"&&%‘lfélgfeﬁﬁntwef fedNunber, in, of
sessi on queues tibOrspectlve oft the trdnsport layer are firdthOurtek-torindividud]l B&sipt ke r ed enmbodi ment
a given session. js,characterized by a rticul.ar transport protocol in use.
For exanpl e, iHl%ﬁée‘ggﬂ%n"of‘ioéﬁ{“eﬁy%“ﬁfﬁ?wgglb‘ﬁ’?‘Pﬁ‘*‘%}‘lﬁﬂt B WD 02/ 061993
PCT/ US02]1 01512 11 Axfottienle® lfynctionperdsmed byqheatitspdid fodule 403 diigiedigho each

session. Su session trapnsport orjented protocols.include, for exanple,
Tr ansni ssi oﬁd]cgﬂ?rﬁ}?f {g’li"’i’e Jé‘@gl}a.{qule‘heMLOé a§f°8lﬁ1|%‘i§’§h ﬁ‘ﬂéﬁgfplﬁtfrtbepr otocols, a
sessi on queue 4iddrstowd patfependin ypoasieibandenilitlt avaitble o a miticelanubsSiteh sessi onl ess
protocols may for,ex | e,be the.Universal taqram.5. Protocal . (UDP). Thus
Praffic desci it 16 Bl S rielepGy Wil o a BRI ST bR RR (ST
routed to the dehsdiosdefilowsn ptiorii) TFhis mafFinckds trafficafidt ismotskssthn bfiaatednt types are
from the perspective of,.t nsport | aye re first .routed to individual
session queueseorf%adr}p%-’ e l uﬂ%‘éxaﬁﬂc%r .algﬁr?m%ﬁra%cloﬁsrﬁ at g‘s”éf?)eccﬁg?%%%\ﬁ%t h that
particul ar tonpstérivaieo infmostiver key function performed by the transport
nodul e 401-1 is to i iorities to.the individual -qu s 410-1
associated with it ﬁﬁr? pgmﬂfﬁla}&ht?‘{e?ag%gﬁmﬁﬁu e@é’tlée 8’1{]%%%%0 g%eorfl%cﬁgp upon t he
bandwi dt h avai Itelhdividwl ssspargbdueldlf teitshsoriatirbsessionmuttipleet 42G.r af fi ¢ of hi gher
priority wll el : LSS .fer - before those of
| ower priori ty%‘Pﬁ‘i Asfh}rlggér%ﬂ%% gggo%tsélgac?e ? ?g}h'? Eéast%&l Igﬂir%%ers%ggﬁréoﬁdlg i ent ed,

into the transmit buffer 440-1 for loading traffic of lower priority, in general.

20 Traffic of equal priority will either be fairly selected such as using techniques know
as weighted fair queuing (WFQ) or other schemes such as oldest queued data loaded
first.

Priorities associated with each session queue may be obtained from
information such as a profile data record kept for each user. For example, some

25  users may have bspeciﬁed that they desire web page traffic traveling on TCP type
session connections to have lower priority than streaming audio information carried
on UDP type connections. Prioritization may also be based on other aspects of the
data content being transmitted. For example, traffic being forwarded from a private
data network may be given priority over traffic being forwarded from public

30 networks.

Each of the session multiplexers 420-1, 420-2, ..., 420-n, reports indications
to a session manager 430 of the states of all of the session queues 410 that it is

currently managing. The session manager 430 also receives indications of the



for exanple, real tine traffic or stream ng protocols that may be carrying
voi ce 15 and/or video information. Mrre particularly, the transport nodul e
401-1 reports the priorities of each of the individual session que[\] eﬁ{kﬂnﬁgl
to its associated session nultiplexer 420. Traffic of higher priori tty i

be selected by the session nultiplexer 420 for loading into the transmt
buf fer 440wd ofistiseboadi ng traffic of lower priority, inp@ep@kmais;; 20 Traffic
of equal priority will either be faifly sel ected such as using techniques

know as wei ghhe@nif iwardbu@bingsigniEie givh tabifhdiGieheaBsribd aiit A b9l dest queued
data | oaded first. Priorities associat_ed wi th _eact?]%sesm Qn queue may be

obt ai ned from MeriaEReaTIERH 248 e channe! assigner 102 meptars heuyePifEpt for each user.
For exanpl e, s@memitBofeksMI0 s tHEbasdwhii6n. IRRE kekdiR@f dhanttedisienfdasione web page

traffic traveling on JCP type session connections to have_ |lower priority

t han streamni ng® 88 }T‘?\Ttﬁ? ﬁﬁl‘%ﬂ“’ daa1p %‘H“e%dweweﬁt% W@“@B‘ﬁﬁ@éﬁm&ons.

Prioriti zat i5onthgehanad] feoui abimed0otherndchafin@ap Bigtsy Gktof Rpresefitiiigdhecont ent bei ng
transmtted. For .exa e, traffjc hejng forwarded, fro rivate data
etk roc e RSt ook Lt a0l B B S e S R B Dbl T & 30
net wor ks. Eachlififradib chafu@Sil @ NUsINY thaspirgoaey fctek the thandd Gesdyrce. assigndi20- N, reports
indications t S 30. of th tes, of al f the session

a Ssion | ager 4 S I
queues 410 tha?oglcfm 1 y@ﬁ?@ﬁt PR uﬁ’d‘?’“ﬁ“ﬁé%‘é’?ﬁrﬁﬁ’uﬁ%ﬁ% er 430 al so
recei ves i ndi calldcgétsto @dch sibacribertmil Ul . 3p&Hic didsHa (TG ffehkliBe2/ 01512 12

present forward, channel assignnent.s given.t ach individual subscriber unit
101 by theﬂ%hgl}}oﬁ% ongg%hlalaﬁgqu%?fg?edfhlgﬂ%eﬁger%%e%gssi gner 209 nonitors the
usage of the trandslviestinpid Hoermsicy d4a may te renshadie thd witddaetwotkaoanyr ecei pt  of

characteristic _jpformation. concerning th t f _how. h.data i s queued
in respect to Pérgcﬁl%rrﬁ mgtﬁlf%el’glege%ﬁ(?n@g‘?ﬁéﬂgﬁgﬁﬁ%ﬁﬁ?énggﬁg}ngrg%n%ngi gner 209 then
det erm nes an estigeteeythé kengror the packsahteiwogk 10 & any pdradulay eereesthef or each

subscr ! ber uni budQda b0 L5566 UA1G, A HGARLLBNES LARIALA, LT 1K radi o

channel s 110. ese ur ctors, annel resource assigner
209 can t helt dydamiuelatssipn Bevws frpm \arious petivork servers b ted of the wizadmetworkesour ces t o be

o ocated o, et Rl Pl e e MOEELL LIS TRUSRIAR et 9T
bel ow. TCP round-trip time estimations. The transport modules 401 report this information
to the session manager 430.
The session manager 430 containing all of this information can then send
20  channel requests to the channel resource assigner 209 when it perceives that the
present incoming data flow from the wired network for a particular individual
subscriber unit 101-1 is greater than the data rate allowed to that subscriber unit by
its present channel configuration. Recalled from above, that the channel
configuration may include the number of channels assigned, coding rate, and symbol
25 modulation rate for each specific channel. Likewise, the session manager 430
notifies the channel resource assigner 209 whe1; it is possible to release channel
resources for a particular subscriber unit 101-1 if the incoming data flow from the
wired network 105 is less than the maximum data rate that is presently assigned to
its forward link,
30 If split connection transport approaches are employed, (as described in RFC
2757 — Long Thin Networks, see http://www.ietf.org/rfc/rfc2757. . txtInumber=2757)

the session manager 430 is capable of sending requests to the transport modules 401

that pause data flow for any particular session or sessions. If the session is a TCP



To estimate how much data may be transversing the wired network at any
particular instant in time, the session nmanager 430 also needs to nmaintain a
running estinmate of the latency or the back call network 105 to a

particul ar server at the other end of a transport |ayer session. U1ﬁ¥| L 2003
transport nodul es 401 therefore watch 1513-ndi vi dual session flows from

vari ous network servers located in the wired network 105 and are therefore
capabl e of estimating | atencies such as by determning typical TCP
round-trip time estimations. The transport nodul es 401 report this
information teestibie thedemosport maduies 401 epgthen Tptevelyepdase dhe Tiethssndars 43® cont ai ni ng

all Cof thi’s i nLgETRL oM G000 360 % Ay phaRlac! AGUESLAPal e channel

resource assigner 209 when it perceives the res om ng data flow
fromthe w r edfundensgssionfftow. i theasessianup astrqamdig\nrdwllablgm@ewlsn@mun| t 101-1 is

greater than tjgpdajgd fake u?h‘ll h@!\?g%énglﬂ% %Ru?r& oﬁﬂr&ﬁﬂﬁéh egulé% 1Bcc}ﬁ¥m bz Present

channel configuration.” Recal ove annel con i guration
may i ncl uded t his lestirfgesiongfifoghation evil bam@rm(ﬂost i detisagionanasageadd synbol 25

modul ation rat g f Qs A SRRGAH b&d&ﬂﬁﬁ‘ﬁ%lg b\%\h&?@%?% S&aﬁf‘cuﬁi‘? L@pefanager 430

notifies the channel Tesource ass| gner p055| to rel ease
channel resouumeﬂllflmndahqmqlteistd&lﬂmiedsubscr| ber unit 101-1 if the i ncom ng

data flow fromthe \ et BEINOLE A0SR LERS Malall L IRKLIMELAA 2 T ate

that is presently assig orwar connecti on
transport appr whnchecsswm mfcﬁmatlmytealc;gU(a&spdss@r lobedhta baséd-@ coﬁtkﬁﬂpr;orlbong Thi n

Net wor ks, ietf. or / / SALL txt’>nu 571 the session
manager 4SB@| smc%lpa{) regleoh’ﬂ?’ menree{‘)jéﬂstrsa%g N R S ers qm)dul es 401
t hat pause dat mafntaan/\mfommmamyo pldnw themlt(aprncsmssthem 1Imlnv1d1£ais®ls$lmquehés t he session

s a TP p 6 Jhhy 2005, 13 Se55l o, L0ELLANSRRLL, fodul 3,403, can Lhen

actively pl ace Yep 4y € ne mnrk 105 into a
so-cal | ed per statectgsshinn @Jhl&rsﬁbg»hablalaﬁd/mgilﬁble baded bh paoritgessi on f I ow. If the

Wil determne the harumemaronoufenBogueehand MnBien e s Mool ©
Sessi on i nfHr nmediéubdie Wigbdcy bR tq@afos edth @¢spéonisé buffer 44 Thesigby fackorager 430
equests that mng SGrECS, DR SUh el 0 asalongd oy particular
deni ed, the sesfbs@ibenpenagrént 83, Thebveale indicaied @sFig. 4 as L1, L2, and L3,
represent demarcation points for channel allocation and/or deallocation.
Specifically, when the transmission buffers 440-1 are filling and a level is
20 traversed, an indication is sent to the channel resource assigner 209 that the
subscriber unit 101-1 is likely to need more forward link bandwidth assigned. If
the request is denied, the channel resource assigner 209 then sends this indication
to the session manager 430.
Conversely, when the transmission buffer 440-1 is emptying, and a level is
25  traversed, an indication is sent to the channel resource assigner 209 that the
associated subscriber unit 101-1 may have forward traffic channels taken away
from or deallocated without affecting end to end performance.
The levels L1, L2, L3, may therefore be termed under flow thresholds.
The levels basically represent permetations of available code rate and channel code
30  assignments for an individual subscriber unit 101. Two requirement are needed to
determine the threshold levels. First, the route trip transfer time on the wired
network either needs to be estimated or initial approximation needs to be set. For
TCP sessions, a running round-trip time (RTT) estimation is made. For streaming

oriented sessions such as UDP, another approximation can be made which for



whi ch session information to regul ate, pause, or |ose data based on content
priority 10 information. As previously nentioned, the transport session
managers 401 naintain information to allowthemto prioritize their 05

i ndi vi dual session queues 410 based on content so these transport %M ég
401 can therefore choose the correct session queues to enabl e and/ or

di sabl e bag@@yeiespri Ority. The transm ssion buffers 440, ﬁ(lt[u marked with
| evel s that are used to 15 cal cul atjg urgency factors or eac Fespective
buf fer 440. The Sl %o b BELRASE RFmuct 388t e dBhRE BBnblapREL, al | ocati on by
t he channel assi per subscriber per cohtent basis. The |evels,
i ndi cated in Fﬁ@enﬂlc‘a@f tPamCIEE“e%lﬁ‘H‘eE@llcaﬁ%wlgé]@ﬁ@mﬁ‘a?%at| on points for

channel allocation S%Etiﬁé@rméj@a?drht@%?ﬂl@ﬁxmteﬁﬁ%%édb o3k idtermtfa@nTiide transm ssion
buffers 440-1 are filling and a level is 20 traversed, an_indication is sent

to the channel alﬁ@%téﬂﬂr"é@e%Eﬁpbﬁ?éerra‘?@)t%'ﬁuﬂtbﬁeda%i%@éh%@?a{ﬁﬂ)t 101-1 is

likely to need a1kted fQipu@Edar lsibadibBandVdidirehsi 080 8bterhned ByltRe r equest is
deni ed, the channel resource aSS|gner 209 then sends this indication to the

sessi on nmanage AR resRERAEHEENA)?- when the transnission buffer 440-1 is

enptying, and a Ievcaidmgsatesaﬁatsgigaw@tbswdonb@cmmm@n @étrin@iad btheQialityt 0 t he channel
resource assign 209 that, the gmgsopl subscri ber. unit 1%1 1 may have

forward traffi Bﬁ@ﬁréﬁ‘ﬁé?‘?e‘iuﬁke@r gosiep 6 g raigdhy PRSCEREMA ARG Ut af f ect i ng
end to end per helianGR mb&mecﬂameal ®nd dchentethertiBre, dMBY4tes BeEwS @egnbe termed under

flow thresh e lev S esent, .pernetati sof avai |l abl e
code rate a (‘,‘Y?ﬁﬁpﬁ%‘l‘m% gha “E‘fg Jgg“ﬁzle&%isnllrelnﬁts“’?‘ d’?ii“iaﬁélf f fsubscri ber unit
101. Two requi aeipRed chainels e aekfishld 2 anyh@lef Mbhudi én fioieto bdiviasho| d | evel s. First,
the route trip transf ti n red network eit eeds to be
estimated or i ATEFLP™ Q‘E]Eif‘ @ﬁnﬁﬁéi’i]“if?r%n BNgE eqch g the pymbeg CEM‘?%}?ﬁgesm ons, a
runni ng round- tagsighed ds nell {§¥hdh) tinfethd dmhgﬁtach&gémdphclﬁaony thé patitalang ori ented
sessions such as,U anoth roxi mati o 0 6 JUL
2005 WD 02/ 06 @f&épp RS Hisgen Lyl 8 P"él%%yp%g? af‘v?"\éﬂﬁf‘?réﬂﬁ of how nuch

data nmay beilgjuedsed to opt| m ze the user's experience for a particular real
time application usjng.the UDP protocol. Second the.data rate over the
air interface needsA g‘%phbcéterﬁ%rfsg?t CREE? PgPEr qagsmlg%if%igﬁ ilsgﬁusgﬂ‘tedﬁﬂe present
code rate (CR) Fgnil Willrkewledfe cfiwirgmeé tHpafamfin éins in(tNGidywork 105 and the

current available data rate over the forward link radio channels 110 allocated to the

particular subscriber unit 101, the levels L1-LC may be calculated as follows:
20
Ln =Underflow Threshold = DRy,(code rate & channel configuration) * AL,

where DR,;; is the data rate across the air interface, and the round-trip transfer time
is either the estimated time or the set round-trip time over the wired network 105. At
25 s the time granularity used to monitor incoming data flows. If this scheme is used
only to optimize TCP connection oriented sessions, At can be said to either the
maximum or average of all round-trip times estimated by the TCP end points,
depending upon the available buffer space.
The condition for sending a request for more bandwidth to be allocated to a

30 particular subscriber unit 101 is described by the following relationship:



5 allocated to a particular subscriber unit. These are the val ues determ ned
by the channel resource assigner 209. Coding rates are assigned to
subscriber units 101 determned by the quality of the radio connedtf ¢il. 200%r
each assigned coding rate, the subscriber may al so be assigned a nunber of
channel s. One schene, therefore, allocates a Level to each 10 avail able

assi gned oRgbiklees Thus | evels LI-LC where C indicatespdhgonyaper of
assigned channel s are available at any given instant in tine to service the
connection. Thus the |eyels, ,I]-LC \ghange each tinme the nunber of channels
are assigned as well aEB@E"*?ﬁEFfﬁEBMjeL@MU”Q rate changes. Specifically,
the particular buffer |Level \associ atjed with each L will change dependi ng
upon the available coding 15 rate. A graphical representation of a
particular transmt buffer 440 is illustrated in Fig. 5. Wth know edge of
ghe round-trip v&hﬁr@m]'flfs&feﬁinﬁ@?nﬁliﬁtﬁﬂ@dﬁ@io&ﬁﬁb’rlﬂwﬁ:ﬁ&nﬂg\dat? fl@vs, B@Jér ent ﬁvai | abl e
ata rate over the forwar i nk. r.adi . channe 10 a cated to the
particul ar subS®f S%tﬁﬁfﬂfr?mfﬁf?nsflﬁgbu%é’if@aglt’w-a’ﬁ TARPERE ARl at ed as
follows: 20 in timefiges FinpomimldFigshereberns AMRpming dste flovad feontsessivansrel

configuration) * At ere DRS: .. .5 t data rate across.the air interface,
and the round- tFi3p" f°rt5‘?\g€apgplssfqn§3fferﬁ§0’ aﬁrate[ﬁlé?ﬁ)tlﬁé'e gg‘f“lnf%?% t}iarcr% or the set
round-trip ti nebeesmesvet theradib faretard Eikao tkin b At fAt thédfexi iscrédsiag tHaneel gr anul arity
used to nnnitorcmildﬂcgggnng data flows. If this schene is used only to
optimze TCP CORNECTIon oriented sessions, At can be said to either the

maxi mum or aver age Ndte thhtlforrsensingleffeniet TCP sheamsetbdt ihemtagichulFir.lads BGP end poi nt s,
dependi ng upon aval | . f pace.. . ndi t i sending a
request for Ii)(Sr)mrt(l;eﬁlggllﬁ"cw d? %)eﬁl(s)%lggecelgﬁ‘%@go& edéw%g%ﬁ%géog‘h %gﬁ%a Iésg{rg% g'subscri ber
unit 101 i s deshisichelitiobyccutsevhérotht combmgtionef At incnidgiflows Gr Bspgtific 2005 WO

02/ 061993 PCT( 2/01512 YELnr > A M ﬁﬂ L r=r J
where At is thﬁ%i%?rteer&ag?séﬁeﬁﬁeé?ﬁ%e al?ls%grgof ((h)atantgartlf (?Ftr.ir%%ﬁ]tlé%co ﬁ%f data fl ows,
BCat  repr esenttisetitieval 0f at érnext nameasiigSanoah cdpeditf essigompici ty at the begi nni ng
of a particular 5 g KELLARR: b By FhMR LS Ehegh | ncom ng data

flows from sessions
15  representing the amount of flow incoming for the time frame At.

—

The condition for sending a channel deallocation request for a subscriber unit

is given by the relationship:

[BCA, + (?Fini * At)] <L(m)
i=

20
where L(n) is the amount of data that can be sent over the assigned forward link
channels 110 in time At for the current channel configuration. This condition occurs
when the combination of all incoming flows for a specific time interval, At is less
than the amount of data that can be transmitted during that time interval at the

25  current channel capacity assignment. This situation is represented in the diagram of
Fig. 7 with the block arrow representing the amount of flow incoming during time
At.

Note that in an actual implementation, the transmission buffers 440 may only

be theoretical queues represented by a data structure within the session manager 430

30  or session multiplexers 420. The transmission buffers 440 are actually the

combination of all data residing in all session queues 410 for any particular



streans to the transm ssion buffer 440, and L(n + 1) is the anpbunt of data
that can be sent over the radio forward links 110 in tine At for the next
i ncreasi ng channel configuration. Note that for session oriented 'I[']t(‘ﬁP 005
streans that the maxi num Fins" b; is equal 10 to the maxi num adve guérdz
recei ved wi ndow divided by the round-trip transfer tinme. This condition
occurs wheRobigigeenbi nation of all incomng flows for g-spR&Shfsic tine
interval is greater than the anmount 1of data that can be transmtted during
one - Lime int ehygtindlnifiol! s BitloddIoHEASA Lot AreciBNAG Jra5S1 gnrrent
Fig. 6 represents this case graphica he b ock arrow I n the Figure
15 representi nbvquswwE@mmmeﬁ@mbrm4ﬁ@hto&%arfbeane At. The
condi tion for sending @mﬁ:hﬁ@&‘é‘shoﬂ%&%ef)&a@taﬁ&ﬂ stﬁSH‘mﬁlipl@:@fs 480 ascri ber unit
is given by the rel ationship: EFinr * At) 20 where L(n) is
the armpunt of Hhat 2 as¢paRicPhYFiH a?éﬁfag?o%‘?mﬁﬁé‘a&?@@ii%léélcforvvard link channels
110 in timesAt for ﬁé‘ﬁres‘éh’cru{\%ﬁ}kn%ﬁ&?@ﬂmv?dé@{d a@%ﬁkéeﬁ@way_ﬁhw&cﬁond' tion occurs
when the conbination of all incomng flo for a specific tine interval, At
is less than Fﬁ@nﬁﬂﬂmﬁ“eéﬁ%@tl%dﬁdrﬁé}fi h%fﬁldﬁ@lai wéﬂwﬁﬁ POERS THUFTAg that tine

interval at t hﬁld%5mgﬂ5er 2Bbated Hxﬂ%?@éall&ﬁﬁ@&l 4 pbr ABKHGABRNL IndMudl Situation is
represented in the diagramof_ Fig. .7 wth the bl ock arrow representing the

amount of f|om@ﬁ@6ﬂ9we%weﬁ@dtfwwcw subpggbeas mayfhereipre hemagitored)

i mpl enent at i onfor Bfigletel #ATHAEES Qg bf R4k é@epamgql@bxyobs@eedtbbﬁ&r etical queues
represented by a data struct re wwthint sessi on manggger 430 30 or

sessi on nul % pfiliRggaies. 45§ chapy rets‘?“é‘i‘?ﬁﬂ%?lz% wefpre dpsdoowisdegobthect yal 1y t he

conbi nati on of typdslof GeHiefldwehiodsi e EaEbs&lhbnlﬁﬁbﬂ& &p !é@twﬂf‘coxﬁé'n@ m any
particular 0 6 ,]UL 2005 . WO %% 993 PCT/ US 2/&1512 16 riber unit
101. This same®{ggmeredypliseatciigishchaeialiomin 88??639‘“19‘338% é &nd levels

forlthe trSnsnh\ﬁﬂam%dautﬁéserrhﬁayaavﬁgrumpwle}&rm&mihymteli‘aabcaﬁucdaldI og: c can be
I mpl emented w n the s a Sessl. o tiplexers 420
rather than a$®? °°§'B’B§P‘H’§e§ ﬁ@%{@@f"g‘ﬂfrz&’f’gﬁ #H@%@rtﬁrﬁhﬁﬂé’ %fhd associ at ed

| ogic. 5 The pumaeteni davﬁgiltdd@o&whﬂdeime&m chafiieDddp AR tiRRo@EMBAL ageous way i n
whi ch

between the base station and the subscriber unit in the forward link direction may be
optimized.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without
departing from the scope of the invention encompassed by the appended claims.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled

20  inthe art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



transm ssi on queues may be | oaded and how additional resources may be
requested and/or nay be allocated and/or deal |l ocated on a per subscri ber
basis. Individual transm ssion queues intended for particul ar subscribers
may therefore be nonitored for data | evel and channel s assigned or(Qg JUL 2005
deassi gned dependi ng upon observed buffer 10 filling rates. The channel
resource aweiogmasez209 therefore has know edge of the Pé‘ﬂﬁﬁnﬁfﬂ}raffi c flow
t hrough the base station based uponiapplication content. iIs allows nore
intelligent efficient channel allocatygpyhen there is conpetition for the
avai l abl e resources. Thus by having transport |ayer aware channel allocation
and deal |l ocation coupled with cal culation of overflow and underfl ow

t hreshol d basedyrhbis yp@Rd gurrent configured forward |ink radi o channel
capacity, the connection between the base station and the subscriber unit
inthe forward link direction may be optimzed. Wile this invention has
been particujanly sheemodReBeses idaaekiviatity chindélesseRes Frolna lipfited er r ed

enbodi nents thereof, it V\fdll be uradersto,o %) tkhgse skilled in the art that
various changeZ@PP PLFSHEFOWET 4P9ddo Famsrubdetafionis tepbstalipm A HF®  departi ng
fL om the scope a%furdlige)fkm@meximlreeﬂfmrmﬁmsa@h daglpxgﬁg m&@g@led EI ali rr}s Wi l e
this invention has been rticular own .an escri hed. wit references to
preferred embodi mert¥me H‘ggﬁtﬁo CF?“S%?/“F&B@&%}H&%P&%%G Sﬁ?"r{bﬁrdg‘g skilled 20 in
Ij he art th?t va»etrci=:i«i>¢4r§inQhbalﬁ*egle)zs()'f fﬁﬂaﬁ&ﬁé’ﬂtﬁ@dbed@hﬁiﬂp&qﬁ&ttsh;gocfi&g@/ithher eijndwithout
eparting m t he scope . of, t i nventiqn enconpas y the appende

s |0 616 LB e 63 6 st POy SRe Bt ehE NG et | o
clainmed is: 5 Jartidldareutfiodpé atribak] ocati ng and deal | ocati ng channel resources
froma limted nunber .of. channel .iesource .ysed ta trtﬁm mt data froma
base station transrﬁcfetpg?gqa%a RO B PIeE YRR T Tj%l&t recei vers, the
met hod conpri sianiying fiemtbeamdtindé quesss dor rirgmiséien tol &k partiquldd eecéiveansm tted to a
particul ar one ggcaénhea sugesrchihtgnenrélrus%iurtestor gei vers in a 184 urality of data
queues, there BEIAGERITEPPLE ETEURE SE &85 BFEH PR 1 each receiver, and
w th each queue al |oadibeg wage hfaach of ttdgberetbyaichangel kasircegssignopar t i cul ar
traffic type atiCibu & . ASERRUMIE idakiniba 8 dhI0REL feoRREERERL Wi LI N the

in order to dynamically assign an optimum number of channel resources to a

O

communication link between the transmitter and receiver.

20 2. A method as in Claim 1 wherein each one of the plurality of queues has an
associated plurality of thresholds, each threshold associated with the level of data

stored in that respective queue.

3. A method as in Claim 1 wherein the traffic attribute is content type.
25

4, A method as in Claim 1 wherein the traffic attribute is transport mechanism

type.

5. A method as in Claim 4 wherein the application type is selected from a group
30 consisting of File Transfer Protocol (FTP) and Hyper Text Transfer Protocol
(HTTP).



arriving fromthe multiple queues for transm ssion to the particul ar
receiver; allocating a nunber of channel resources to the particul ar
receiver; and 15 nonitoring usage of each of the queues by a channegl
resource assignor to determ ne the urgency of data to be transrritﬁeﬁdJUtLowU5
each queue's respective receiver in order to dynam cally assign an optinmm
nunber of WwHaGPesr esources to a communication |ink Pofspie transmtter
and receiver. 20 2. A nmethod as in gaim1l wherein each one of the plurality

of queues has @n QMH@Jﬁ@lﬂhg%&bbme%nsﬁéﬁtfp%hpée%edﬁé}ﬁﬁ]etgﬁ»ﬁ gshol d
associated with the |level of data stored resR%)ctlve gueue. 3. A

method as in CPATTPEOWRIBISHOR Hertpltageringmettreiere K TLE DG Bt type. 25 4. A
net hod as in Ghad plwaaﬂgymp)the traffic attribute is transport nechani sm
type. 5. A nethod as in daim4 wherein the application type is selected
froma group 30 consisting of File Transfer Protocol (FTP) and Hyper Text
Transfer Protorol AdfoRhs inCldiin 3 Wherdi @ quadihiiddoie 1IR3t el | US02/ 01512 18 6.
A net hod as In“f‘%{ﬁl m 3 wherein the transport type is selected fromthe group
consi sting of SHi ssion Control Protocol/Internet Protocol (TCP/IP) and
User Datagram Protocol (UDP). 5 7. A nethod as in Caim2 wherein the queue
t hreshol ds i ndj cat erfl ow. thod as in ( wherein the

i ndi vi dual queties gr"ée%g%@ gat‘ rﬁlﬁg‘eé‘}ﬁlvﬁ?lélﬁ‘iuei?%?Fé‘f?&ﬁ?wir?ﬁye sessi ons
for a given UScﬁfferenlﬂaerorﬁa}@EieEhﬁUis&ﬁaglﬂen@sﬁl m 2 wherein the queue threshol ds
are deter m'l\%led from coding rates assigned to the communications channels
associated Wwth the link between the transmtter and receiver. 15 10. A

met hod as in Q.ai nnlndﬂb&ﬁehmldlxhe“mbleﬂiﬂlehﬁﬁheﬂlfwﬂdiﬁaféelptemdnedm@m around trip
;;ggi;efjpg:; Hlé) W%Hieaasmgn”% to 816 commﬁn?cat%n?channlels ass001§ed w1¥hkh$e l%éeue threshol ds

between the transmitter and receiver.
15 10. A method as in Claim 1 wherein the queue thresholds depend upon a round

trip transfer of time.

11. A method as in Claim 1 wherein the queue thresholds depend upon the round
trip transfer time and coding rates.

20
12. A method as in Claim 1 wherein the queue thresholds depend upon an
expected quality and data rate in the channel.
13. A method as in Claim 1 additionally comprising the step of:

25 computing an urgency factor associated with each queue based upon

statistical information gathered for the accumulation of data at the associated
plurality of thresholds for that queue, the urgency factor representing a relative need
for the transmitter associated with each queue to transmit data, and wherein the
urgency factor each queue is used to determine the optimum number of channel

30 resources to be allocated to the connections between the transmitter and receiver.

14,  The method of Claim 1 further including the steps of:



trip transfer time and coding rates. 20 12. A nethod as in Caim1l wherein

t he queue threshol ds depend upon an expected quality and data rate in the
channel. 13. A nmethod as in Caim1l additionally conprising the step of: 25
conputing an urgency factor associated with each queue based upon (§ JuUL 2005
statistical information gathered for the accunul ation of data at the

associ at edwoﬁi/dﬁ@]l;i ty of thresholds for that queue, tgﬁﬂﬁ%ﬁgﬁafam or

representing a relative need for the transmtter ass Wth each queue
to transmt data, apd.WRehekH atllbé%teMagﬁﬂﬁyc}faﬁﬁis%oﬁg?ﬁ@b&%%? is used to
determ ne the optinum nunber of channel 30 resources to be allocated to the
connect i ons beleigmuning i e Pk saineerhighaguemerfagiey U exceods ayaseectivet hod of Claim 1
further incl udiighGntdsia elEiPhe Bffer Baviig Heliowd@ARen B2 1ARLRE3, PCTI US02/ 01512 19
determining how tq all ocate _the avall able channels anong the buffers by

det er mi ni ng i fresPHEVLIAY HErsholdinhiy so Aelermigont retnuge Aepnel BB by exceeds a
respective s hiwfferltwhth @bt dicy thetérhfd leatfol Bk Ra¥ieRthotbSch@ispst ur gency
factor U exceeds a respective |1ow threshol dg and if so, deallocating one
resource chanrfebufter ithdhs highestarespey fasiorwi t h t he | owest urgency factor and
real l ocating the one resource channel to the buffer with the highest
urgency factor.




