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ADAPTI NG A CONNECTI ON STATE I N A MOBI LE COMMUNI CATI ONS SYSTEM TECHNI CAL

FI ELD OF THE | NVENTI ON The present invention relates to nobile =2 ocr -,

comuni cations, and in particular, s to dynamcally adapting a data

communi cati on connection to an optimal state. BACKGROUND AND SUWARY OF THE
| NVENTION I n current and future nobile dadi o comuni mmwwﬂmmmm a
variety of different services either are or will be m | e mobil e
t el ephone systens have traditionally provided voi ce servigg&: packet data
services are also becomng to increasingly inportant. Exanple packet data

services i ncl g1 ANDf AP® AR ATUSFOR MAMI@KE(E;ORH@HW@A usi ng

the Internet. S our ces
in a manner R@ﬁfﬁ@%ﬂﬁi‘aéﬂ@%ﬁg@ Q{)Bﬁ@&ﬁf ?goigéggﬁﬁtihe fl ow
of packets is often characterized as "bursty.” Fig. 1 is a graph that
i l{ustrates packet bursts conmunicated over tine and interspersed over
peri ods where no packet & Ealr r’T) ci. the "density" of
packets is high for sh for tong periods.
Mobi | e communi cati on systens nust be able to accommbdate both
circuit-swtched se&f Vi ces é\el | sui t?c{ fpr agﬁl ications. .like ﬁoi CeL s wel |
as packet sw tched g‘SrRWS@B INYERYOILTRIFIEY G o %F%’W’”Bé“ta&o%ﬁf’ APEREIAS e
e- mai | : : 1 mhes i : t i 64 y use the
lim te%l ?@g‘?@agg%ﬁ%ﬁgtgﬁ} l?%)%aétﬁ eocont e%tltﬁﬂ&% git:adnalﬁ%fafngéﬁednnﬁélt% ;E/%%s of
servi ces, nobile comunication systens should provide different types of
channel s and different schenes for keeping track of the nobile |ocation
hereafter referre@BACKGROUNDIAND SENEYARNIOF THE INVENGION 200a 2 The
G obal System for Mbile communications (GSM offers two categories of
services including circuit-switched services via a Mbile Switching Center
(MSC) node and packetuseittant ddtuse mobde sadibaomniteneatmin sHatcket a Radety dber vi ce
(GPRS) node. For circuit-sw tched, guaranteed service, e.g., H gh Speed
G rcui t - Siffeeané serpsencishariarg gosp be srovidedh) Wil sanbilsitelepbong systsmiavisel s
arc enpl o%eqd. é}?r ppacgeé‘- based, . best ftfgrtt service, (&n t her. set of packet
data chantiafitionglly rpYiged v Rige FEryines PRsEP! dgta sedises Aoy e aiiP nacket  basi s
usin = tr i i }

9@ nﬁ.g\le%mﬁglgﬁmﬁgﬂt. !\%Hrat lg\hg&&lt d?a SEF\QE’&%élUQe BRhif ¥ile MARiLR and

comuni cation s I rica based on I S-95 standard of fer packet
data ser vinésabyn seifpedl tusing tHalhakice Baéfist hacletsEiservied fienasiliiabl i shed,
dedi cated channel. There are significant drawbacks with these current

appr oachesystehi chiowted incamhynardpatavacios neat thegounse eha pdclot data session, the
connecti opl esﬁi-ori ented service ,OQA)O a spegj fic channel t}?/{{),e. | nevit ably,
such st atflewehp ptedzedas Optityal Figsd iva gs3rh A Pluskrirtes.
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acksts 1s @&lgn cham
ket - swi d ' ' icul ar. ' iab dw d d i
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conne(l:fi gar{.gk‘%ﬁ%}nggﬁééﬁ %g%él%ge]t msee(rﬂ\(/:ﬁggg i gﬁﬂ%zsgggﬁng aﬁéﬁ@ﬁ&}éﬁ@d 0 rgot °

requi re hofgdn yerpeom €irhofy p&disdst del ay. In fact, the bursty nature of e-nail
and nessagi ng services underutilize a continuously reserved channel. The

present invention overcones these drawbacks and 2o achieves optiml use of
syst em resour ces bMebjlsnemapnigatiet Bistan mysthrrbds loorsgemgodate both

circuit-switched services well suited for applications like voice as well as packet-
switched services well suited for bursty data applications like e-mail, and at the same
20 time, those services must efficiently use the limited radio bandwidth. In the context of
these different types of services, mobilec communication systems should provide
different types of channels and different schemes for keeping track of the mobile

location hereafter referred to as “mobility management.”
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best connection state depending on the packet data to be currently . 0 CT 200;

transmtted. In one enbodi nent, the connection state nay specify the type
of radio channel. In other enbodi ments, the connection state may specify
addi tional characteristics. For exanple, an optimal channel type and a
nmobi ity managenent schene best suited for that 2s particul ar channel type
may be dynam cally allocated. In a nobi,e commnications system a
connection is established between a nobile station and a radi o access
network. A "connection"” refers to a service yee ~ o~ e~~~

provi ded by the radio access network to permt connunrcatron of |nfornation
over a radi o intefhad@lobel SysemtfbeMublilel @nahadicaionafGSMeoffaditwoaccess
network in both uplink (fromthe nobile) and dommlrnw%é;o t he nobil e)

di r ect i o¥scgonigs hf serviweh sluding girguibevwatshed beryises viam tlepydtehing Rentgbbi | e

station a coren tmprk connected to the r SS .ne A
connect i @ﬂsﬁgﬂ}oq"ear?é’i RAC Ett SHitelgdasragesvip ﬁo(rtﬂ%ﬂ‘?r t‘ﬁ’g‘cgﬁ)‘aﬁfﬁo g?‘a‘t'?%mg}tges
geograp (@ el f

dpeqt 11 gt Bk SirBliERRtched suariBaRKREe i AR CIT IR SRR DR |
t he conne3@sm), Qtdﬁéalllyh-aedhaﬁiﬂeﬂ tiafliechanrls akbenposyedc tioe pasik@ttasqr, deer abl y
may al so specify other characteristics such as one of plural, different
mobi | i t yeffarhsayeneranotidrsas! paskebdata ch@rretsearg@lle@tt@uﬁgm  heoimd] [resaupess
channel bit rate

etc. The connection i da t d to an
opti nmal UtRPY H?&é‘é‘cpaé’ﬁ USHS %F“W@’CSMWWOZHE‘X ?tb‘ydﬂj “Sﬂ?@ IE%nnect i on.

For exa one._or re ffi. ter I

connect 1nBs §oGdlyi FBiof skirPlrs if NRIREIFES Liisl § 550 fadRiara B fgher

predi ct QQtzP%r%@?stl%F sﬂﬁddﬂﬁm @Hné’cﬂ&tif@'traﬁ%fk@%'d?:rhrﬁés%b?rshéd Qj%HPcfa{Ed”ed and -~s
i npl enented. If the traffrc par anmet er val ue changes later in the

connact iokannélnot her channel type may be dynamically selected that is better
suited for the newy predicted paraneter. Exanple traffic paraneters are

t he anount of data to be seﬁt in the f ture over the nobile data packet
connecti on, packet Dgre3rg a1gnifigant dgayep ék"é't ‘H%??s‘i”t"&ﬁm APRIGAHES TR st at e may

Spect 1 Tl R KRG sl Eps A aacgtt%r e PRER e e g 2 Fon
and a shangsk!iad qnemtuwlsu%arsrawcrrga;qﬁt@rd%a&kﬁtasnaﬁgﬁhat gsk ¥ dypre than
one nobile station. In addition, the shared radi o channel type’includes a

t enpor arysalechsc Raelkktrsavltohed hatl‘vfilﬁis, infpardadaraptesariabrrinedividthe aad pagi ng
channel . Taking the current anount of data in g@eue as an exanple traffic
par atfet edrclayisz‘ Atlhghaamdmdtbfs}ctm delan ptahle;tqdefwl reckeledwitchedmudshandd, it
may be o |cate neI to carry that high_vol ume of
data. Ot htsl {g;ﬁdtfyftﬁea gﬁ‘%ﬁh‘ﬁt’ 569/09 dé'ﬁagé%e E?fﬁt?ﬁ%?'g But > c-cr
?.DAL a | f [ t b0 in
queus { S RASRSES ?%@%Aﬁ?éﬁﬂ%éﬁ?ﬁg Tl IR ol 208 R BbuCy R0
access W@ld&orllﬁ)fadtfth%hﬁrﬁfhﬁmﬁ BeE-rRATP AR nﬁEsa‘ﬂﬁIgascMcéH{ﬁt&nﬁN%%ds the

t hreshol d is al so determ ned whet her the“packet data connection is

t enpor arcbhtinsbslyarsavtédhaind NThe prpeedinvédtidnhe chamkeat theat drasbacianaet i on i's
tenporarily disconnected or interrupted, no channel type decision or

t r ard§f emChsvmlmmmmﬁssaentmeomm@ dﬁainacaibndmgmmomg andedicablinghed on

or tranz)ferred to a ded; d radjo chang |f the determ.ned anpunt of
packet ®SBLFANAEHIPBGAlE eP ng RAAhePackebdMa ieibe quisentbewansitiedc inAbel may

wnat typoreip e nflon R DRI §rE Rt SRPRLollblon - &' "
Prefer aléh‘)bod?rH@rﬁs Qhe c@ﬁn&ﬂbﬁ s%@ﬁtag%?éﬁ?@ﬁ&frﬁoﬁ:ﬂ lcRb@Stelnés. FiF @W@in é,q)@cket S
over the data packet connection he "‘packet flow paraneter exce

fl ow t hmasipant] chdmcpagiceinddatmabidionaeahpancitscidrhobedtedittdfa thadi cat ed
radio channel. |If the packet flow paraneter is |less than or equal to a flow
thre?éholpquuheCb@mkétiymay@Qnide@ml@ﬂylasloambd)cat ed to a shared radio
channel . An exanple flow paraneter is the i s tinme interval between

packets. Wen the, deter nir ned tinme intervals between pack tl 8 t he
connection are silf#gobi FI‘?Q"HBE’P('E"[‘“‘H’&F&S‘&%ﬁé@f‘”e&r"r‘of‘ss gl begveen

dedi | g « d
the dowal oty EREER raditGP R BETR, A SERRE BB e P bﬁ%ﬂ% "ty be

used in the uplink 20 direction as well. A network packet buffer is
provided to store packets to be sent to the nobile station. A network
packet router provides packets to the packet buffer. Wen the anmount of
packets currently stored in the packet buffer exceeds a predeternined
percentage of the buffer size, the packet buffer generates a "back
pressure signal used to |nstruct t he packet router to tenporarrly halt
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addition to a single traffic paranmeter, e.g., next packet arrival bigeac@ prcs
next- connection state may al so be based on other additional factors and
consi derations including, for exanple, a desired bearer service, a current
connection state, a current radio interference level, and a current anount
of data in a queue associated with the 20 connection. BRI EF DESCRI PTI ON OF
THE DRAW NGS The foregoi ng and ot her objects, features, and advantages of
the invention will be apparent fromthe follow ng description of preferred
exanpl e enbodi ments as illustrated in the acconpanying draw ngs in which

r ef er encepeRadeddyeths ridib atcdse ntiveork $o péariifit f@hintinidation @i diforiieorvavdraus
views. The drawi ngs are not necessarily to scal e, enphasis instead being
pl aced upmdia interfacedictweentthe nptiilestatiossindfthe radia asoesg neswork in bathmp8nir 2002
6 Fig. 1 is a packet density diagramillustrating the bursty npature of
packet datfgore sheraebdaxanglovimlgik Bo fhs mobilea dereenomy cieh QFPSEHUF MY be

e R SRR ReShBRG Bat G S0 G ERATBRH, P ol
enbodi renf;..£d .&Mm.ZA?coﬁh@&Toa%@aHﬁ% @étht‘ﬂ%h_@?‘ aval moagﬁ ehStdbil®Babish! s and

routing areas; Fig. is aflow agramillustrating exanple

procedur eghanBefEEprAHIC CelW/dirBasy i €hamagdovee! Thé statdfl the cofndrtionsgedifies Wi t h
an exanpl e enbodi ment to of the present invention; Fig. 5is a flowhart

di agr am i ¢neusfiplatal differgatrtppes ¢frrodiochhannacls tr cagynenticar Steagonaectigpevesdhect i on
based on a currePt atﬁ)lunt of data in ?. connecti.on quefg,e én etgcor dance with
an exanpl @dEnibIfatend hgrconpretion skate preferoliymanalsespecily qtaer-Lharagisiishics nowi ng

var.i ous b fﬁers y gf A ﬁ,'n %} rki  Fi 7
{1 ouehar c P 25 Pak T PIERY ol R Tudhst B L B ey
accor gancgawhiih ﬁg(ﬁ5@m§%ﬁrgggggg@pnt of the present invention: Fig. 8 is a
fl owchart diagrg illTustrating exanple procedures for inplenenting a
Connection State Adaptation routine in accordance with an exanmple 20
enbodi ment of the pitesenteitivnanidypamickllyaddptédtomrcapimealtstan besclt @ dhiagr am
in accordance with an exanPIe enmbodi pent_ of the invention; - ?2~C~
2 00? more conditions relating to the connection. For example, one or more traffic parameters

are determined for the connection and used to predict a future parameter valuc. Based

on a predicted parameter valuc, an optimal conncction state is determined and

15 implemented. If the traffic parameter value changes later in the connection. another

channel typc may be dynamically sclected that is better suited for the newly predicted

parameter. Example traffic parameters are the amount of data to be sent in the futurc

over the mobile data packet connection, packet arrival time, and packet density. A

connection state may specify a radio channcl typc. Example channcl types includc a

20 dedicated radio channel carrying data packets associated with only one mobilc station

and a shared radio channel carrying data packets associated with more than one mobile

station. In addition, the shared radio channel type includes a temporary dedicated radio

channel, a random access channcl, and a paging channel. Taking the current amount of

data in queue as an example traffic parameter, if the amount of data in the qucue

25 exceeds a threshold, it may be optimal to employ a dedicated channel to carry that high

volume of data. Otherwise, it may be optimal to employ a shared channel.



Fig. 10 is a function block diagramillustrating an exanple inpl enengq}@prggl;!_‘
of the present invention in the context of the nobile conmunications system
shown in Fig. 2; Fig. 11 is timng diagramillustrating data packet arrival
times; 5 Fig. 12 is flowhart diagramillustrating exanple procedures in
accordance with a Packet Arrival Time Predication routine in accordance

with a preferred exanpl e enbodi nent of 4 he present invention; Fig. 13 is a
diagramillustrating a connection state sel ector used to select a next
connection state in accordance with a preferred exanpl e enbodi nent of the

to present invention; and Fig. 14 is a di%gran1illﬂstrating t he non-I i near

predi ctor shown i ninm preferredrpxpmpleempedimantbpggd arheamaymARf dalg ' AUene

foll owi ng description. for. .NOS . i . i m.tatdon,

speci 11 o erct et ot tfigh RS ERERE BB AR B SR hetd B BIE™
as net Woﬂgte%ﬁﬁ? Alrfount §C84th fiY §8eucSxzeedsi the irdSiold At R34 d&edninkananahcr
under st andi ng of the present invention. However, it wll be apparent to one
skill ed the pdtRetaddta tdmectitieisptempordrily diseohnatcdayinteeruptadt t if tkeelpackcotihtar
enbodi nents that depart fromthese specific details. For exanple, while the
preseht Fonnsstipnis tempdrasdy dissanngsteder iptarrupied, op channgl yEpedgcisionior e

t el ecommuni catj ons, system thal uses M UMIS t erm nol ogy, those skilled in
20 the alRNS{FT Is ragslsr K3thgivuise iag PGkt fhia SOHRCSUNPAREREHRRH oot lm%m ed in
any nobile Nk ¢c.ak 1 Qn S ption | .of 1 he.

doscr pt 157 SRR R0 el *IHTHR ab@uRindt sl BFbAck et i b 815 pys
recogni ZghahethrdsRE1dPA SISABA rddiy RANMRN mi§)beiR]RRR, beond 6r AldYe BAKet data
comuni cations environment. In other instances, detail ed descriptions of

wel | - knoparametdro fimy bervoasidamdsn ddemdirpewhatapde st gidéo clemoicbstiild besr thee - z
e, Ccv zo00z ék<3nitted so as _not to obscure the description of the present

i nvent i opackict Aata spvrestiens Yreferahly, sucrpee of moshothenpaamesys raaigesepifldd in

the context of a unjversal ile telec ni cat i,ons system (UMIS) 10 shown
R g 8 PakesgMEL reals Raskerrorigh o CURY Brdd NER IR e Sk B AR
shown as I Y, g blJ j

etvor k. (PEHt e phlecbbR TRURCR R € Mol FAUERFE R

r epr esenpadkey HowitedRéteSidl [bshhth 6XEQIaN8) a FIOMEtHAGHVIN, khShasiat dsaa cl oud 14)
may be for exanple the Internet. Both external core networks are connected
to corr espuediiogissdiogated tmadbaredradinshuwies dorexamplaior pgameies IPEEN | SDN
circuitsw tched network 12 is nnected to,a cjrcuit-swi tched service node
showt astReNBISTYad beikieer pRAkFtEe tﬁwﬁ@frrﬁwé tpe inkervalsrhsbverispackets on
circuit-gw tched. services. hkn t exl.sting GSM nodel he i

connect e eSvEPEaon A BTtk refe RO Ra i R B Rt BE sbign on 1
turn is goiypected to radi o base station 23 over interlace Abis . The

I nternet packet-switched network 14 is connected to a-General Packet Radio
~5 Service (GPRS) node 20 tailored to provide packet-sw tched type
services. Each of Such aa@xempét embédiamny imag teddgdeni¢htadiin e dowmladé s to a
UMIS Radi o Access Network (URAN) 24 over a radi o access network (RAN)

i nt er f ac@ircatiranram thestwads taothe reebilep plihougahi ib magthratskd do e uplinkr s 26. Each

ot hot R € L Roforafiokd bl FraRuB0 Sob o o ot Tk i o

based up i d, L Vi S j . } Adi vi dual
Pased UPRBIN SAHBRSA FRUBHERIIE, ALY BLE RIRRSS Y PR poteh Wi due
bandwi dtfhefa(hﬁodﬁk%}"Eﬁ@t@tsaeu%%ht’ly@Rﬁe@ﬂﬁth@tﬂﬂ@lﬁctmugﬂﬁr ERdcRdSl e REdScaginvel | as
robust features |ike diversity handoff and RAKE receivers to ensure high

qual i ty. paserihge &RABbEKepsiav,i thepacket b ffesgdetraesn i presssitelt signal u36d and
UMTS core network service nodes 12 and 14 (and ultimately to external core
net wor k @ni@stiecs thg packet neutes $p tamparari Bxkatpliransenbooh abpackets fromethpredtent
invention‘gescri the term connection

bed ~ ~ ~~ r,~t 2~~? hereafter
descti beld ﬁPP?#%SH&PW-om?raﬁ&fgrorée$we&?sbc<49‘f a@a% signal XN 24, A

one or - <S0RPEREH fesbrp st uftubSET e Ml PRI B e s BREF s “Cont ol

signaliq&ukg{&ﬁgggﬁﬂ%ﬁgﬁtmeen a nobile station 30 and the URAN 24 in both
uplink and downlink directions. Such a connection is established upon
request by the nobile station 30 or one of the UMIS core network service
nodes 18, 20 and i s nmintained even as the nobile station noves. In
accordance wth the invention, the type of packet data service or the
connection state may be selected and dynam cally changed or adapted to
optim ze use of radio comunication resources. One type of packet data
service is a dedicated service where a dedicated radi o channel is
continuously reserved between the nobile station and the URAN and i s not
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2 0 C~T ZCO? to acceptable. In these situations, a nmobility nanagenent
schene based upon nobile station registration is preferred. Wien_t ?eﬂﬁ)béﬂh?
station enters a new cell, it sends a registration nmessage to the

associ ated network. However, in periods of lowtraffic fromthat nobile
station, it is unnecessary for the nobile station to register in every
cell. 1In 5 fact, cell update nessages rmay produce as nuch traffic or even
nore traffic than . substantive user data traffic. For that situation, a
next |evel of registration based on routing areas is desirable. Fig. 3
shows two routing areas: one enconpassi ng four adjacent cells and [elspsecond

enconpassi ng two aklj3elKr cxampiesemiogimgn §elecded MR HGESMAR AP g

Pass L C : !
Sary on SnEBr by pilth| BPplhY gt AR STRERA0S, Lo RIMSERERL. fESC
the nobi L& 3featdtn’s BeitidnS9 nSdiiio?ed oYMS hdvidahPedlBsdkRt ha seGoEMVAENt tO

that nobile station, the network sends a page to the nobile station, and

t he nobi Isehashgthenobibanstation’p damtioadparnadoted andemuiting aréebased, wheheae packet s
shoul d be sent. Wth respect to one exanpl e enbodi ment of the jnventjon
that Bocueing-area ingdepplusalaetal Stijlfurther, the conppetipg state aay speri fyuhhbit ¢
format a ChanBeI Selfgt routine l§bboc 48%; Accordin l'%Ul tmk)[e "conr|1ecti on
state" i MAERT DIEE3ETHIRe pit raif maybe ixeder. il theifann 8 af’%b le pugshainelde
connecti W%%ﬁsm}iteﬁqg&'t rﬁfﬁoﬂéligﬁé@ﬂi rﬁg&arépf:&frkéto'tlﬁér%ﬁd{ﬂ?%@d%ﬂﬁﬂl one

characteristic. sum ng at a connection s already established between
the nobi lognrRtich Sfatedphranetet@aPRAY beengploy@nt valise of one or nore traffic
paranmeters associated will that packet data connection is nmeasured (bl ock
42). It may be desirable to nmake separate nmeasurenents of the one or nore
paramet ers in bot Hntyetanghemixampde embodionant avkoptimaconpedtidrestaiase di f f er ent
channel types, may he all ocat eﬂ to the uplink: and the downlink and because

the cRand¥narisady seiectsdina nag fEpRitetionR frompa plFaMY JHOBRCHIS $3&F fic in
bot h upl ink .and do ink directiqn Fro r of the one
or nore @8%°He°c"t2} %rﬁ&\%gcrdgﬁ%ﬁg E,Fa'?%gls’%}}efermq&{]c ;?/)ng %folﬁcﬁ?%ﬁ\ég%aﬁggadet ermned to
carry fUEﬂﬁﬁu%%ﬁ& cHanR] fypecfd 2§t QNS mbbigitP Aakeberidtackanent i (bl ock
44) . Packet - ?2 (1 f;~ "~f1Q?. ‘data are then sent over the selected type
of radi oerdmapleethe (falffic kardfietcrAnalelb paaket arsivabdme] mdd ook-l1ihBarphetrtabr one or
nore condi ti ons have changed, and if so, the C17 117nCd Select routine
repeat s. navaskthasad predicios ngt bausedrto pecdiet acnext dala pasketasavaltipeavesibeuat i on
i s dynam cal I}/. det.ergi ned ﬁ\nd al l.ocat ed. so t hat ﬁéster’r}(resourlces are

ef fi ClisentCP’S’Pe§ lgﬁﬁpag ata pag "otﬁ’ﬁ‘ﬁﬁllurmﬁa ngsltr{]’%eé]l S?PS@ et arrival times. In

dynam cal_l,y:. I; r.m | 0 i :

rel ati velaégé'?ﬁp?(?éklpglr%ﬁ%?’ é%aggﬁ’gﬁgrag!gq’h%xg%%? Q%PQ Egg‘g’ 53?’#‘3%?‘ %&gotnor ed in
a conneckia@imdy 846 beibaSed orflbBELadRNAGHA) faddsrsHRATonbigerafions inthsdng UBet i on
with the Queue Length routine (block 50) shown in Fig. 5. Queue length io
may be acgamoplepa deiiiet beaet sérvicer @ cdatat qpankationtstattfa currertteadipt y especial |y
in the dowmnlink direction to the nobile. This is useful because in sone
packet appfifersn¢colgucl, anba purrgd anusé REdYp iy aaces asseepdividathed in the
downljnk direction to the nobile. O course, current queue |engths nay be
speci®i e HR upl i nk and/ or downl i nk queues) corresponding to the
connection. Alternatively, a total payload paraneter ~s corresponding to
the sum of the uplink and downlink queue |ength nmay al so be enployed. - A
decision is nade i n bIFEIEPHRICRIPTIONOFIIETBRAWENESY engt h exceeds a
threshold. If it does, a decision nmay be nade to select a dedicated type
channel (block 56). ~ Even though the |arge queue |length indicates that a
dedi cated 20 channple fosegdPd SR bdkLobjetts "RYtuPES, RS hd Rt A: 0 bf ARCASEAO t O
consi der other neasured paraneters which may dictate otherw se. For

exanpl e, will bempparentt fnah théfollooving desaviptioa»f pedorrté nponpleicmbddiokets asr
interrupted (block 57). If so, it is better not to switch channels (bl ock
59) si ncdlustigteddp gie asgempanying drasvipgs Hewhicduetergrcerdharaciare Felemtodhe
connection. If the eue. |l engt h does t exceed the threshald, it may be
ror 6 Spt Pt pass (EodkiBHCR FApHs Y ERR 1 SRS IGaar I EeSAaR ke channel
(block 5 L hSi I ed Lt aneters arc

t aken i ntg é]pgggg%ﬁ]ﬁ%g%b?@%tbl%%ﬁ@Iogﬁggﬁrﬁtlﬁé?@% elgtﬂﬁlg% Og%d'feﬁgi(/?:@ ed channel is
either required or nore optimal.  ~~~~ ~~ p 12 Another exanple channel type
sel ecti on enbodi nrent which takes into account queue |length or the anount of
data in a packet buffer is now described in conjunction with Figs. 6 and 7.
Fig. 6 is a diagramof a generic UMIS core network node 16 that includes a
packet router |00, a packet buffer 102, and a packet w ndow s buffer 104.
The packet router 10Q receives data packets froman external network to be

o e v o o o, 4 T T oy .
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When | arge anounts of data are provided fromthe packet router 100 tozthe
packet buffer 102, the packet buffer 102 may not be of sufficient size to
store all of the data. As a result, a "back pressure" nechanismis enpl oyed
to manage packet flow and transfer. More specifically, a back pressure
signal is transmtted fromthe packet ~ s buffer 102 back to the packet
router 100 when the anmount of data in t6he packet buffer 102 exceeds a
particul ar percentage, e.g., eighty percent, of its maxi mum capacity. The
back pressure signal is thereafter renoved when the anobunt of data in the
packet buffer 102 is less than a | ower percentage, e.g., thirty percent, of
i ts maxi num capaciRiy. 1 e pbaekdpisttysdiagranedinamating the pestpnhatuye biipdakes i n
the packet router zo buffer 100 rather than in the packet buffer 102
because d#ta comgmitcationt er buffer 100 is considerably larger than the packet
buffer 102. Also, it may be nore optimal for higher |ayer protocols, e.g.,
TCP, to nmake decisi.ons.to.di sca ackets on the 1P-|eyel n the packet
router buffer IOosl%‘g'nftﬁ?ﬁf%?'ﬂ%&’?qoﬁéﬁag{ﬁgh°€%8"'55@§%?‘°§ﬁ? fei"lgﬁ\oﬁﬁ S?%tg'inul . A
pr ot ocol ; i i r @@1 r ] i rom 2s
packet bhﬁgghﬁgezﬂeggﬁﬁ%@éﬁ&oﬁ IB%%%%?%S%&E%?’ y tgbz)e;deitrll1 %gﬁiggbwéigggdaoby t he
URAN @s p@(ﬁgﬁ@i@damp]@embmeﬁncdmen a packet stored in the protocol sending
wi ndow buffer 104 is acknowl edged as accurately received, it is renoved. |f
an accurate - ~ C3Cr, Zz00? 13 acknow edgnent is not received within an
appropriate time ffig. hisa disgram illustrigting examplehase slalien celds akiputiagr i eved
fromthe packet w ndow buffer and retransmt. In situations where the
pr ot ocol #§8%di ng wi ndow buffer 104 fills up to a certain level wth
out st andi ng packets not yet acknow edged, it can be reasonably inferred

that there is a 5 .lesemwcﬁarlt BRgrAs i fustRanBekaBpRSbELRItes iOr exanpl e,

the radi o could be behind a building, under a bridge, going through a

tunnel , stcordance WithraaChayndd Sckxtesisine én acdardireeevidean sxarhplesmbodamentowded

cell. Such circunstances are.usually tenporary Wen the maxi nrum nunber of
out st@ndphidic pessapiinEeniiatits i s reached, the packet sending w ndow is
determ ned to be full. As will be described below, a "full w ndow' to may

be taken into acc t'r!h @“F 1.an p f eis
now made to the Chq:g_ ‘n5eS yggc e gfcl |aéél}llﬁ%ﬁ'ts“ﬁhg%%%rﬁglcclg@g%@?ess@g\ggﬁi%ﬁ%

f1 owchar éthﬂE!‘Pry'B@sé:Ib&ion7bas€ﬂ of TMtenPAmBARKS dad@ s ESHHRNbA Yudiined in the
packet buffer 2 1s determned (block 112). A decision is nade in bl ock

114 whet hsorddnee déthernngxaathlesmbotiment o€ dise prlesent Xneioant of the maxi num
packet buffer size. | f t s so, another decision is made (bl ock 118)

whet her a back pressure signal currently exists. 1 f not the relatively
smal | ampunt of ddtig G is a diegpacdeawipgivrapushdlferséhataaky be chakwcgriedsur e
suggest Qﬂ’ﬁ' it is desirable to select or transfer the packet data

connetti DB on or shared channel (bl ock 122). As anot her
alternative enbodi ment, a secondary channel type selection procedure nmay be

per for ed at thi s gl 4 fAodeRl Baden? AP NBRkGbYPe to carry

t he nobil e connecti®n rather t utomat1 calfy selecting a conmon channel
(bl ack lpidredukbeinsReorddacy withanXamipldembelpednt ontHY fre&dititefE¥nbe based on
current or predicted traffic intensity, packet arrival tines, tinme between
packets, and other paraneters related to packet flow If the anount of data
currently in the gagkiets afiowehart dagemor dbdtrating esamplegyoeddures fgr per cent  of

t he maxi pum buffer sjze, a decision is made (block 1 I G, whether that
anount i &0 F'@S‘E@Fﬁ%ﬁﬂ“%'%ﬁ'{e‘% platisy LUHNC 5T aGoEdanss wHInbexanaplesi ze of
t he goaCketbb(fffeé M)\Z whe{e Yti.s larger than X . The two threshold

conpari s A ?) iglegt el the presenl nKeptidiyn o 14 adds hysteresis to prevent
unnecessary or at |east too frequent switching of channel type. Thus, if
the anount does nQiag.@ﬁeae@bn%ea%rpaﬂﬁe,digggiaxﬁwceéadanéafwﬂh% 8kip% on is made
in block 128. For exanple, a decision is made whether the buffer size

decr easeembodimeheofithe @nieaition; t han Y to |l ess than Y or whether the buffer
size increased froms being less than X . If the buffer size decreased from
being greater than Y, a dedicated channel is selected (block 130). However,
if the buffer size increased frombeing | ess than X, a common channel is
selected (block 132). In an alternative enbodi ment. secondary channel type
sel ection procedure such as that described for block |22 may be enpl oyed
(bl ock 132) rather than automatically always selecting a common channel. A



~0 sgaco'ndary channel type selection procedure adds flexibility to +hg fDOT ey
rigid threshold conparisons in blocks | 14 and 116. On the other hand, if

t he anmount of data currently in the packet buffer I 02 exceeds Y percent of

t he maxi mum buffer size, a decision is made in block 120 whether data is
currently flow ng out of the packet buffer 102. This determination is is
made by the protocol sending w ndow buf fér 104 as described above with
respect to Fig. 6. If a full wi ndow signal is generated by the protocol

sendi ng wi ndow buffer 104 indicating a broken or interrupted connection, a

deci sion i s nade th?i%}%ti?aifﬁnaﬂ}n 5‘5%?8?@*; llu%%@@%fﬁat [ebuffer 102, and

the current channel pe I's nalntal ned o0 data is flow ng
out. from tiﬁl@léﬂhﬁﬁt&iod@ﬁ’thbﬁr@éﬂt in@chtesdraE Yorexhirshd ndblladbmneliacnins
conditions, which are rather cormmon in cellular systens. 1 f data is

f1 owi ng ouystedn shoevnpiadkgt2;buf f er 102, (no full w ndow signal), such a large
anount of data currently in the packet buffer suggests that it would be
better and/or nore effi (fi.ept .to select, or tsvvitch toka dedi gat ed channel to
carry the cal | conhi&tlil dhtipHngdiagian ifustrafing data packqtprrval fimesy  ossur e
signal is generated by the packet buffer | 02 to the packet 25 router 100
(bl ock [118), the sa 2l G J Is ) tais

fl ow né out of the g‘%ggﬁé gé%‘eﬂrﬁf%ﬁ@l%ggﬁgB%%‘S%lgﬁ&cggﬁgissmn suggest s
that ther gcédrdsRRSWHE b PatketdRérival TiR€ Pddadasioh o ihhetordhnodOnitH abe bet ter
and/or nore efficient to switch to a dedicated channel to carry that data

t o t he nolprdferré¢dErarkplk2fhodimenthef the presem ivéntidd2 | S prot ocol sending

wi ndow buffer 104 generates a full w ndow signal, the current channel type

may be mai ntained (plock.126) despjte the back pressure condition. Wth
respect to the secofitfa 5‘%?\9%?mt‘b‘ﬂ§€aé‘83é&f’f"&)‘?? igp SEETFectPRssIdASEFCt

bl ocks 12 . I j fenr i jon for
del ay 5 058 Frbetioffedh aBkiriite MR ol P RuRIEL GGl o 10 g
st reanyof pr@emd iavéntion; ap@ced (in time) small size packets. These packets
may not aggregate to a |large anmount of data in the packet buffer 102
sufficient to warrant selection or swtching to a dedi cated channel .
Nevert hel ess, | ow dElgy4iisa diggoarn aliwstfading s om-lonear pradisthi sthowry pi Bigl 119
requires a dedicated channel. Thus, the secondary channel type selection
procedure may determ ne the anount of tine between received packets of a

connection and is fai I i ~swtch to a
dedi cat ed channel . DETA %;ﬁES ﬁi’P?F@ EAHE WG t he secondary

channel type selection procedure. In another preferred exanpl e enbodi nent
of the present invept) a packet .arrival rate or_a,packet density for a
particul ar data pac "e{h% %lrl1 Vég on - f/o%\éoripsur%ossgﬂof %XPdg%ag'io tz’m'(ta hnéﬁf uture
packet Tl gifafi fid Ehify 2:€QBNREhI Qlth I@aﬁ'cara?@'r%h Yadeefigagd to
determ ne tﬁea OB??%[ typel o? channel ano;li re1t er ab'y aﬁg%ﬂtg’he type of

mobi | iisy werwagk etsrheifis; heshhiquesuae., thioidegtodprovide achodgh Ghdestihdmg atther
paraneters, such as the connection's bit rate(s), the current nunber of,

i dl e devi presentiineentameiNawevarnit'wilberapparsat totaatisbilledtih ¢haant than thapnebent of

i dl e spreadi ng codes, etc, nay oﬂl so he 20 specified. For convenjence and

si npl i ci t PVentemmay beopracicaddn oflsr embodimensy thahdepaghdnm) thessnipsailiretiiaitef er s

2,2, T BaRgR, BURE RSl Ry Lo PR RO o GOSEE,

However, thosS€ s n ér-confect i on
state mobile telecommunications system that uses GSM/UMTS terminology, those skilled m

20  the art will appreciate that the present invention can be implemented in any mobile
communications system. In addition, while much of the description focuscs on radio
channels, those skilled in the art will recognize that the present invention may be
applied to any packet data communications environment. In other instanccs, detailed

descriptions of well-known methods, interfaces, devices, and signaling techniques are



paranmeters are enconpassed by the present invention. Depending on newy
predi cted packet flows, the sel ected channel type 2s and/or nDbiILtylch 2002
managenent schene may be changed several times for the connection. An
exanpl e of how the sel ected channel type may change between a dedi cated and
a shared type channel during a connection is now described. Two data anount
t hr eshol ds " ~CCT v~—~;~r,, at: & 16 nay be enployed to introduce
hysteresis into the channel type decision. changi ng channel types requires
a certain anmount of signaling "overhead" (including delay and interference)

for channel. setup and take down, This ovethead is. sonetines nore

i gni 1 cORGdsany s (agtratie descmeiore b PR eran  ERAMET s YRe. As
nmentioneg.g;earlier, hysteresis is beneficial because it restricts channel
type changes' to those that are worth the overhead associated with the
change. Mre specifically,-when the amount of data to be transmtted is

| ar ge and exceeds TBhdyprgbet imventioh is Hescribed imthesdoatedts of 4 baishsal etbbilcannel

may be changed to a dedicated channel. If the amount of data is between the
two t hr etgiesommunigationg systein(UMds) 10rshewe indidgid Areprateatatyypeireyifmsmi t t ed

i |1 | h he, | f h hol d

Shar i cHAac FREER beEdstver SrRRcs B Clm e TR e PIRE Tover

thr eshol gl Tolep SR NASIG PSR 4n @B 3 nider AP YByiGh 19%AI RESSERL/ 1 n
| cat (S channe

queue is transmt over the de channe ore any nel type switch
i s nmade. (ISDNMRYA aépieschtatitespdchel-ewibiadd dxie@nandnid he®orklghewhashecibidmsmt is
small, to determ ne an average intensity paraneter or other is paraneter
such as magbeder peie ther Intaraét. tBoth extdmallvare astaworigeart cahficded tt ensi fy or

ot her paraneter exceeds a paranetﬁgfﬁéescribed anpunt, then it may b

pr ef er abfATeSHORGINESEIvIceNRdes of e epre aeBMoknkinniie P Skwélrstﬂmﬁlr?‘,‘ilgnce a
dedi cat ed | i i d.t ket t ti th t, . t
of  pifiket et Ry pk BOReINE e iy PRGN RIS T Dol B B RE iR

first th 1, i E pk alLp nt is |ess
t han thesﬁﬁpgwggﬂ%ggéolg!bufkgggg%géﬁvkgﬁ%?Egﬁggggﬂﬁi%%Vggﬁbid, t he

connect i existii AGSM okl tha ST B8 NEcbnnke@ veEs an fntdrfikec 20wInBGE Sdajion to be
transmit is less than the second threshold, the connection state is changed
to rel eaSebsyhiemidRf Ha2euhicham turh ispannestedrtpiragiodashsiatéen 2B axyaeintcrf®cAnot her
exanpl e nethod for determ ning whether to switch froma dedi cated radio
channel s a ISKdpkmat Rackst-siatshed nevaibuA desennasted to Afeeieral Pagket Ragiant  of

data to phe sent is trgnsmtted, (e.g., the transmt queue.is enpty a
predéf | SV EHGPIES) node i pailaged ta piohids BRFkets WGy RRISCTVices Fabh ihing
packet i t ei.ved at of th [ rdgm pned ti i pd, then

t he dedi %%r? g‘&t\&(ﬁ%ﬁc’ Rel'S €°dreélri§§§gg{o R e%& ﬁ‘g%%é@gse@dé g‘r‘f ﬁé%eli\lgl%}z’i Tocated to
the conn@IRAN).-24T8Rr RT5HE hEORE nkiviBik RRAN AniERFackS URAR W ingfldRasRé opn One
or nore paraneters including, for exanple, a nunber of available or idle
channel mesotadieaetworic bortilictd2é. UBaCH RBIGR6recondkctedtea pasalist atbae
receivers. If there is no idle base station receiver, a dedicated radio
channel #awonst (B 28swiddmenly othel BG srin thehBRAINAdct i on can be assigned to a
shared radi o channel. Another factor that nmay be considered in a CDVA

systemis the n er, of i.dl e spreadi ng cades for. downlink cqommunj cations.
Lo Rierence i s ndiepsiortt oG AabF R 2eec ds ISR HRON MO BRI FBYEbI ock
60) showy;difoRiNultiBle .&écc?? WTGBMAQQ%M ivid alcr?laﬁec(ﬁtahﬁ%]? ahi8tSed Dsih! S
illustrative exanpfe includes a selected radi o channel tType and a Sel ected

mobi | i tywwmmap@hdiﬁghem-. ve(emm@@tdv%ss,&ia& ahdwidii tdrahliXing&li£64Qtkeat

connection setup based upon a packet data service requested (block 61 ).

Ther eaf tand othbehighekteidemaniyal wektae retsuspakigts Heagdivesity tmanldoff dndeRAKE
connection is nmeasured and stored (block 62). The next packet arrival tine
for the E6Rvesttoensurs higheqliaditvd based on the stored past packet arriva
times (block 63 ). Alternatively, if packet density is the paraneter

enpl gyed, a futur nsity is predicted based o a density
ot e nat {ons. _UCTRGRARN 2 Bividesatpltdictiveen BapTS saloRs S0 shEa TSy
packet I . i.Dl ril , r ter(s),
an optiﬁg?é?gﬁgngggﬁgﬁﬁo gEé%ﬁé?qﬁégggﬁggﬁggﬁq f%ﬁ*%???ﬁggﬁgﬁpgﬁﬁ??||s t he
request eghep)C Reth @@b@ct&@%Xﬁxﬁ?lc(&ﬂxl%‘dim@ﬂbs-of@@@b&s&hMtithdt%Sribdftp| ude both
dedi cated and shared types of channels. In addition, shared radi o channels
i ncl ude tenporary dedi cated channel s, access channels, and pagi ng channel s.
The optinmal nobility managenent schene best suited for the sel ected channel
type may al so be selected 25 along with outer paraneters. For reasons
descri bed above, a cell update type of nobile managenent schene is
preferably selected for dedicated, tenporarily-dedicated. and access radio

o o I a o o T



5 correlated with radi o-services. Initially, the connection state is "} diq@?
before a packet data connection is established. Wen a packet datay QV
connection is initially set up by the radi o access network, elther upon
request froma core network or the nobile station, one of the four active
connection states is selected using paraneter information fromthe
requested data service, e.g., quality & service type paraneters such as
maxi num and average bit rate, delay paraneters, etc. AII of such
characteristics may be condensed into a "service vector” used to make the
initial ,choice connect i

i ncl ude tte ?ES égﬁgjﬁnca @8 ?(g’ld‘lﬁ%&%@re %/%-@gnfto fm&ﬁﬁfixgepgé}offgod § ltd%g%&e{gl o]
channel (RN 24.( Roofn8dftitkrhAl! ol RirUrRed 2k iABRLAYHEN. 2  CPRAIAGM AN, ()

a shared radi o service t enpl oys forward access channef$ ~s (FACH) and

random afeesy SevdtaliAfdriatiDAGtrehins (Béwtefsd as tvetihgiemsfardifeosabysigaliat
enpl oys paging channels (PCl-1) and RACI-1s. Each connection state al so

speci f i dsfoamation betweediarrgobibbitatioy 3fanddheriRAN HeimehotiThplidk dind slowmlnkdi o
servi ce enploys handover as the mpbj|ity managenent scheme. The shared
radi ¢ sefisgctiansisiuch aacqreﬁﬁteﬁrawes tsb%ﬁ BHOftF?élHﬁ@IbYaW& prlileHatien 3P i o

ol 5 RGBS 208 USRS B06RS0 FOALHR! S PRSP e acngcs
channel nismr ?(tfo?)dth8ve§serlw CRottBRSe @«.{hqut'.mn%ﬁamtﬁgatﬁ @RQY:'[ Wk Jpnagement

schene. SPAre sent over the connection packets 1s
noni t or gl u%t@orfmatmt@sé m@n He kélcafRl AR dyabfMicallytidnged Beﬁaapqad & apemize
sel ected. Based on zs downlink (DL) packet flow nmeasurenents and uplink
(UL) paakebdf fddiowomasmicn®ntesourtss. r adi o access network may initiate a
connection state change on either or both the domnlink and the uplink. The

nobile termnal may al so nlti( a connection st - ? ~('"~ aQd2 19
trandit b d Qsedty i{d&c A St 8 e ’i%'cﬁ hetg abﬂéfiw@é?dth
V;I‘al olusI oh ase .’Ttg? f?w (P the ¢ necfjl on, is rgreﬁ ﬁﬂ{‘& th cgre
het wor k12 eggt*ﬁéfeme bR HropoP e StaRn g 18 RERAN AT st o ns
t th th
Ol 'n@t%@t@@gth%smé% LhHERs SARSULPE,EATRLE (IR SRRk ol (hE

I S proviseikd Wh@@%ﬁbr’é@ﬁdxﬂoﬁﬁa&dﬁf&u@@ﬂkéﬁhk@ﬁmgf?a&t@%ﬁ%hﬂcﬂ? i.anglheachobndi | e
station 30 (CSSM 80) . The radio network controller 26 al so I ncludes packet

f 1 ow neatatioasshre the disgle chatrod] h Inpidiiondo dnahagilg dikfedén egpésarfsadio
corresponding to M\p72 and M-, ~t, 74 . Simlarly, the nobile station 30
i ncliadesh @mwza,mmma ity of B mroty bectation isquefesatdy (dough nghneeessarily} 76 and to

MVE 78. The upl,i d d wnlink directi f the established connection
Mo Lhommageddifieiol heBrent SRTEAR Ao G Prahe a7Re B SvBed | o both

AT L S R L N e R

sel ect orbeggguhgd Bgfﬂ?eegodn@cﬁ&% é}g@pr k node in addition to each nobile

station wever,- locatin in a base station rather than ~s in the
radio network controller may result in significant data shuffling between
bast stations wheRig Bas Adhigramshatiinga pheratgso faljdcent eeli)ebdtetclbAsdng
station, e.g., historical data for the connection. Since the radio netvvork
cont2p ol Reprigspanding bascptadiont Tutthe dedivaicd senyidch avhecoraedevecated kalio phamml
preferable , to | ocate the S in.the RNC. The neasurenent units in

mobi | e §§{9%W ddpa single (@h@%ﬁbeh@n AL R50§9dHE bsrprﬁ&ék@tyscnelaﬁmc t‘her

par anet

packet 3’5*‘#?{951 A EhhEelh B G o ok HRRC B v Yl aphlsit s oone ' 19
gggﬂgftm rb@{v?eeﬁ%%ﬂgt% ahg ﬁgr Eﬁtdo?@{ gr%ch%%@gg?a;pné?Fer%lé;é)\éﬁéz?ﬁlgggsI ty

may be @hg)@tmeer fateaanet er |f the packet size is variable. Wen a connection
state selector determ nes that a 2s connection state change i s necessary,
it sends a signal to a corresponding controller, i.c.) the RNC controller
75 @6 the nobil e Borad stommed ondic s¢rvare, 82na)7|’bemoespﬁ'miémeocmnagelrhmility- | a
r, r ~ooz .. . . . i . .

from a signaling point of view. A shared radio channel associated with a shared radio

service will typically be selected for low traffic and/or where a packet transfer delay is



20 handl es the signaling over the radio interface in order to nake the
connection state change. Fig. 11 is a diagram which shows an exanple of
downl i nk packet flow and the interaction between the network downl+rk0CT 2002
measurenent unit 72, the network 5 connection state selector 70, and the
RNC controller 75. At each packet arrival, the neasurenment unit 72 sends a
downl i nk packet notification nessage td0% he connection state selector 70
contai ning the packet arrival tine t; (k), a current anount of data Q (k)
in an incom ng packet queue to be transmtted formthe network to the
nmobil e s I r L | I gk :
interferéﬁ%g&Pkg?&fﬁggggg%g?g%%W?ghﬁpﬁggﬂg cQg?s%the g%#?ﬁ%M?ﬁﬁ%$¢%rence
may, for saKempdgistrdtion e prdfeeed bWiichah8mabild seivh ehegsharchycdittseadds and
RNC while the downlink interference may be neasured by the MS and sent
regul ar | gegisration nRNGAgH to thheswsiatedmeswerlbsHpwsyer, in pereeds efdoyriraffic from
connectiqn, and k refers to the kl~' packet. Therefore, t, (k) is,the
orrTval TEeGie Statoa: tas WpecRtah TR mooys MBEr o RS RbIn FYiby £fkp o

bet ween - ~ i I o~
connegti ggr%?’i%uiugé?%a eesgggéﬁg?? B%dﬁ.%e ngle%héﬁif{?ﬁgkg%c\ﬁln%?hig%?gﬁg%n :

i denti i gast/ivERSSANRAS raflid. SRARS siflalion, R xt vRRoPfdiziRfioR based én packet s
Pl - P3, the network connection state selector 70 may deci de to change
connect i mutingareasdsndesiabits Rigchahges ovonatingamest aine anesspgssingfdure RNC
controller 75 with the next connection state. In the context of a CDVA 20
system #djacand celdsansbnsreoni sncempassingstwep abieicobedts. rlhdinokilatiaiedn or a

tenmporary, dedicated radi o channel,. the RNC controller allocates spr eadi ng
codo to THEEELIILBEHHSahdCRD s S tisiatne Msssiedp AbS BT dUrT ent | y

handlj ngsitfign Cohd {xgt%s{o‘rgg Eﬂoré’ssthk%&t@f‘gm@giri({le@tiﬁ{cﬁt{i&r&ﬁ@%&x“wﬂ@r@ﬁﬁ@Hcﬁ‘;tilfé change

of connection sta ormati on. ontroller notifies the
nobi | e s§tatibpseredistase Whah adatdpadkBeistd be lserivio 25at MRGEHGLSEINGN, Skheme. -.
~ ~~7r1 a-02 21 Further exanple inplenmentation details regarding prediction
of next petwodt sendsiaigetd the mobile statientdndrthe rabéle seitioptscods dpsgel t her eon
are provided in ¢onjunction wth Packet Arrival Tinme Prediction routine

(bl ock |t?é§’0r§ﬁéwﬂqnﬁ%r thevrakapbere pagkats shoutsl §¢ sant. and t he function bl ock
diagramillustrating an exanple s connection state selector shown in Fig.
3. 1n general, thg; 1 O o C [on state
iteration, input sr@ltﬁ;}séb%?é@eérhﬁséﬁ@éé?J\?Z’ga%ccn&é? t}];aerlbi‘/grgf&} @rgrgﬂ)t%?gé(s k) and
pr edii £t sjusfochine! iypeaFigl 23U iRNwdhARKBEmA'S ENAnct SERcrrouliket 1)
using a non-linear predictor 124 (block 102). The predicted next packet
arrival ¢bloak 4. iAgotdihglyotir ‘Conpadtianatatd2in thist @angple orehaspondicddydel ay 123
and conpared with the nost to recent packet arrival time t~ (k) to generate
an er r or channeldyp¢.bHomevenahe cannsceéen siatesmay kyediy adidigrens chpaatesistiner
non- | i near predi cto[I paraneters in such a way so as to mnimze the error
~ (k) ('B‘PHEW“QGB)".C HNaglerigie-or 126 receives the predicted tinme to next
packet arrival cS, (k + 1) fromthe non-linear predictor 124 and uses that

ket arrival cs (I " _ uses th
Phe next connect i arureEUREY -pERRERE eahehelinalvinhed o MBE oor 6

(k +30l) @htdifand the BRANShRAFRH SNAEBF BnEBPRGITRAMC JahemeRteatQiakdbviliakes
into account one or nore other paraneters such as an anount of t packets

(queue |thagpdrkel d4tk opndetiobés sentured @slothé2c dnnagthcafesirableds wiake vect or S,
(k), current radio interference I, (k) , and/or the current connection
stat e C,Scpriaty meanikemens)of thhpony pi mard paramctconig pile e wplidetdstha dedi cat ed
channel or a.tenporary, dedi cgted channel. A co n channel is pr.obably

bet t er s@?‘f@wkr@Fe%'ogﬁemauaﬁgu@m% PoeldapSrdBHPC P@?ﬁﬁ‘?‘f wgl'hauna[lgﬁa%t a
rate andgqr I aLeh hat .a.dedicat ch orary
Gedt car et aftbl o bEklsP thE BRe OBk 4R MRS, BN Shs BB L

i ndi gAt esn theataffc q?gbtﬁetgﬁ?i‘ﬁk%m%%%}nlim%iréclilﬂﬁé.yFHoﬁ1 PeehelshRd vase(PRposed 25
to a tenporary dedi cated channel or commobn channel, because tenporary

dedi cat etieand oc aror®nogdwnoe lpargenesathe aptieatl eypd sltobahreldndetcirhimcdao

dedi cated channel. Still further, )
carry future packet data to be sent over the packet data connection (block 44). Packet



- 2 ~3 ~1 2002 22 an earlier predicted packet anrival tinme indicates

sel ection of a dedicated channel -- even if the queue is short --
especially if the bearer service requires a short delay. The non-Lipegfy 2007
predi ctor 124 preferably enploys a neural network prediction and | e&rning
approach as shown in Fig. 14. O coursg, other types of s predictors could
be used such-as Kalnman filter-based nodel, a fuzzy, self |earning based
nodel, etc. Packet arrives tines t~ (k) are input to a delay line type
shift register 130. The output of each delay Dis sent onto a next del ay
st age agapElrt tih defPoNertthe selduteditiise &f @dlo chdmfe DWIGIK 46 Ldebistamizer E
generates a tine elapsed 0, (k) between two consecutive packets over the
connect inorde iMbéockt48ewbethaecné onmiore sorabitiald hatesthanged,sangef so,dhz étfanas! wel |
as all of the inputs t,0&0) , ... t, (- n+ 1), where ~z is the nunber of
pr evi oudelsgtratiae gepeats oA prseswt the epitmrldypa ok ehannek forghe cuacnesituption7 are
2, 3, or 4. Alternatively, initial non-zero packet arrival..tines t, (0)
" s dympmicaly eregiinkd an sl 8P A sy BRCES Ry S BE B se

enpi i C%HPYOS)%%F erm ned values. The initial connection state C, (0) is
preferably set using a service vector S, . For exanple, ~s if S, _ "First
Class," then C, (0) = DCH if S;= "Busincss Cass," then C, (0~ _

FACH RACH, and i f Ap.optimdfcaanmel tipemay betdy@bmical kPadaptiPEly dddéirhindhanda new
packet arrives at tinme t, (k), kis incremented by 1 and the menory del ay
bl ocks allecatédbdsed nacusingleupedativedy sifitpde phraneteresyichtasith¢ 3Gioont pidata
correspondi ng el apsed times ~, (k),...., 0O (k- 3) . An error signal s
(k) is g@ﬁ@rtgyt@regdn@w%v@ﬁﬁwraﬂwuqss, gycurclength, as descriped diovf BY ence bet ween

d, (k) and th i icted arriyal ti t put_f lay 13
cor 1 cspaib i i QuBRE LRt rofliet ek OTsHorhih EieSohiielrbithss (ne

| qul i St .
R T e R R T
However dir@dthar toah@fidbilBMeTHO 1l Whchg besafe SHSHNRabRAUPDLEEL b2 Be @gg@r es
(RLS). 2s The paraneters updated by the | earning scheme 134 include a

wei ght hldochs ofdath are Coimubicated-int the da®nhiekrdirection nethreahobié.wOrkcoprsedi ct or
132 as well as a scalar ~i (one for each input to the neuron) and a

posi t i ofuyentaysue inngthisdnay, baspegified Heans uplink andondewplisk arewc(y) par anet er s
axe shown in Fi%;g | 3 as a corréﬁgondj nB] actiYation function g , where g is
al so a FeffcPeBAMgtto she Coffiecton Allcrmatiygt, driot) RRY AR PARMGET shown as

val s BATSeEtd o ISR o TR AR B p SRR Ry MGG ner on i 6

fully aghpksyeqand a "0" mans that the corresponding neuron is conpletely
inactive. In any event, the |earning schene | ooks at the deviation between
t he neasured and predicted packet arrival tinmes and tries to update the
paraneters of theAtdecsadn isahadminfhlock 54 ndeder thamehhirsd dutlielongde i s
reduced to the snmall est val ue possible. The summed outputs of the weighted
neur on exaepds 8 threshaddpbhid doew atdesisporentiay tbednadexto sefecpacledicatadrtypal time ~,

P 85 b e S A0l o e o

20  channel is appropriate, it may be desirable or necessary to consider other measured
parameters which may dictate othcrwise. For example, it may be that the connection
has been temporarily broken or interrupted (block 57). If so, it is better not to switch
channels (block 59) since the large queue is likely the result of the interrupted
connection. If the queue length docs not exceed the threshold, it may be more optimal

25 totransport the smalier payload over a shared type channel (block 58). This decision
may also be “overruled” if other parameters are taken into account which, on balance,

indicate that a dedicated channel is cither required or more optimal.



may be built where d,t (k~ =0; (k~..., D (k - 3~ . The activation

function g nay be chosen in different ways, e.g., as a signoid:

g~(~,~~~~Y~)= _rT _r ' 1l+e ~R~" Y' where ~Q- nay be a vector w thafgpr 2nn2
components such as ~; T dr = ~; (1)0, (1) + ~~ (2)O (2) + ~ (3)r (3) +y
(4)~, (1) 20 Regarding the inputs to tshe selector 126, it nmay be assuned
that the service vector S, (k) and the current connection C, (k) assune

hard val ues. The other inputs may be described by soft values or fuzzy sets
where the transition from bein ~ ~~1~ 7?00~ 24 510 true to being
false i s gradual, Aar@qrr%a@@éﬁ ngel wonﬁéﬂertgortmb@rbtr@m ook ghinto j s

soneti nmes referred t0,.as functi.o der .t he. f@llow ng

oxanpl o FRTARSIAIEHa: B éw&iﬁﬁrj@mw@&ﬂ BulPOR O r LRt E it oy
Busi nes EJA{CEEWI{h mgs SIE%t %ramkdfg\%}%ncrr i DevTS

it Rk
PCH/RA cted ti t pa arri ~k + ] Soon LateRadi o]

i nt er f enpided 6-thit inkludesa pir&l@hﬁwté:emo Rgrkkdt byfifer €02, eindtayacket W)lﬁrm\rt
LongQat put Not ati onVal ues (exanpl e) Next connection state C~ ~I C + 1} DCH,

TDCH,sFAGHIRACHY. PleipRAGH ratter h@@)mcng/es udotm nagkets froot an wemﬂé n@t}rqﬂatto P8y be
described by.a nunber of gpg g 20 25 1- if S~ i.s Econony) and ( —
G ~k) iteansnifed toRprripWar éeﬁﬁ‘l“ B\mﬁga Pml&da@fwrm@“mk‘)’ar@ Short), then

C- {k + on K d T

the{n o WRAN S FRE BRRG {be 0 pftbeg 5 ol freRRRor kst Bl B bB0) -
Q- ~K)fot ﬁarllsq’&gr}l théh a@a pa*‘tlctllélr rﬁte't@ t% cldet blﬁ@'l()z"uséd]td ldtérfb@é@)thand (| ~

~k)|s H gh) and (g Long) - I~1is DCH 2 (

i s Busi nesBRANR4( P@bketkfrdnsthRRAﬁ}ﬂfdr mneme thppldyhf/dsredft@mmmbgerul es. i f

( ~f ~k + 1) is Soon) and (. Q- ~k) is Short)) then A f~k +]) is

FACI 0/ RA&tion vig the WRAN 24 ugingaw)opaimeal [y sBlectdd) radio qbenggl, then G ~k + 1) is

TDCH if ( tsr ~k +]) is Soon) and ( I r ~k) is Hgh) and ( Q@ ~k) is

0% o S A S e
715 a0 i O S Al Tl Al &
~k) s lthowdta. iAfs ABsultka “batk pr&sshe0 ﬁheoﬁﬁﬁhs(n' is criployied tblln%ﬂage packet ﬂow
and transfer. More specifically, a back pressure signal is transmitted from the packet
is  buffer 102 back to the packet router 100 when the amount ofda.ta in the packet
buffer 102 exceeds a particular percentage, e.g., eighty percent, of its maximum
capacity: The back pressure signal is thereafter removed wherr the amount of data in the
packet buffer 102 is less than a lower percentage, e.g., thirly percent, of its maximum
capacity. The back pressure mechanism temporarily buffers in the packet router
20 buffer 100 rather than in the packet buffer 102 because the packet router buffer 100 is
considerably larger than the packet buffer 102. Also, it may be more optimal for higher
layer protocols, e.g., TCP, to make decisions to discard packets on the IP-level when the

packet router buffer 100 is full rather than when the packet buffer 102 is full.

A protocol sending window buffer 104 storcs the packets transmittcd from
25 packet buffer 102 to the URAN 24 that have not yet been acknowledged by the URAN
as accurately received. When a packet stored in the protocol sending window

buffer 104 is acknowledged as accurately received, it is removed. If an accurate



if ( 8 ~k + 1) is Latc) and ( I~ ~k) is Hgh) and ( Q- ~k) is Short, (ém(— 9
c5~ ~k + 1) is Late) and ( I~ ~k) is H gh) and ( Q-(k~ is Long), then/ k2002
+1) is TDCl | then C ~k +]) is DCHthen O ~k + ]) is FACH RACI -1 then
C~~k + 1) is DCH 35 , , ' nC~ ~'r~~~? 2~ Because S, can be assi gned

three different values and C, ~k~ four different values, there are twelve

di fferent conbinations of these inputsj3each of which is associated with a
set of piles of the kind given above. However, only one of These sets will

be active at one tune, so the conputational burden is noder ate The

just-described, exanpl e embodi ment. of the present |nvent|on S e@%f t he
opt i mal aeknawisdzment ismst mcwq%w&bamprgewtﬁ timg fof afganegtitts &d
connect i on. han

codes) . eagRrTaER st FA sk atnc AR S stalbatoly When
necessary ?8 dp;%f&ﬁ&é?&tr% t&{%l%eﬁ(ﬂ dgl\gt Z’EY?O@tmls é)&%laaé’crfa‘?rm&!v'é?%ﬂts nay

be al | 08 conmon S vmt eduI ed and queu to transport. On the

ot her hapgtarfiReld pajkets Ko13e ﬂ@él&tdﬁﬂ}éd , $EdBeadasiiRbly pferredthdatlrre Rtes or
smal | amounts o data in h| gh inter erence conditions in order to mnimze

~+furt ber protlemfwitke teeradlds¢hapneheompreetiemt Fonvamplonthietradio coukbbebehind apr edi ct
future packet bursts and to use that predjction to, mappropriate

si t uat | GnHdinghundes adbridsen geingthprughammngehstc. eb Hisse MaybesXCesH¥e amet er s)

fromone ¢ nnelt eto anot&e ackets. VWile

Wt
the pred¥fk eﬁ‘\‘?%r?t’ ﬁs Hhd CHaY J‘Eﬁelgc arr r‘t?\ﬁ"tn ar}c&égéec‘tsuﬁgyie'ﬁg?‘tai%l ar

enbodi

nvent | ien 3 fimb tﬁé@a‘e’% AR RS 83badken, MeTRERh

i T ustr 3t Renigddw iudtb@hiaBY tb *BE: Tl s Asemmdd ARREiSed B&@wﬁ@aﬂﬁﬁwlﬁﬂk&viSI des
t hose shown and described z, well as many ?o nodifications, variations, and
equilval endy & taReg eite atcoumayn &t@cchaheeluypd stlectiorpprexesst t he i nvention
Therefore, while the present Invention has been described in relation to
its preferred enbodinents, it is to be understood that this disclosure is
c>nly illustrati vBe&:ﬁaw@)eéﬁﬁWamd%fo e hanagk hypg RelspiombrpuLing ( Eﬁo ﬁeHQ by for

t he pur Ses 0 r fuII nd _ena dj scl osur ention
Accor di ﬁ%‘? hogv ﬁ g?ﬂ?gw ]t:'rgat t aFt?\‘/-‘EE? z%ksl 3’2% l?l ﬁﬁttl?%m%hem tﬁé t he
scope OEaél&?bﬁk@t E@Z B Mﬁﬁe&'%l@:l@lm) . d%gglon“’g%a’)(ﬁ Mt i ﬁl@'ﬁb%p I'S:
1. For use I n packet ta conmuni catl ons, d conprising: determ ning
for a papkddtetinad Qﬂ@ﬁﬁﬂisqaslsl thBn ax tﬁ@ééﬂt%f 6.5 mﬁﬁhﬁ‘umé}ﬁ&l@al taiffl sidet N
15  so, another decision is made (block 118) whether a back pressure signal currently exists.
If not, the rclatively small amount of data in the packet buffer and the lack of back
pressure suggest that it is desirable to select or transfer the packet data connection to a
common or shared channel (block 122). As another alternative embodiment, a
secondary channel type selection procedure may be performed at this point to determine
20  the optimum channel type to carry the mobile connection rather than automatically
selecting a common channel (block 122). The secondary channel type selection

procedure may be based on current or predicted traffic intensity, packet arrival times,

time between packets, and other parameters related to packet flow.

If the amount of data currently in the packet buffer 102 exceeds or is
25 equal to X percent of the maximum buffer size, a decision is made (block 116) whether
that amount is greater than or equal to ¥ percent of thc maximum buffer size of the

packet buffer 102, where Y is larger than X . The two threshold comparison process



the connection; s predicting a future value of the traffic paraneter

associ at ed mnth the - conmmunication using the determned traffic pqrfneter
and dynamically selecting one characteristic of a channel from a pku @flﬂMZ
of channel characteristics for the packet data communi cation based on the
predi cted paraneter. 2. The nethod in d#aim1l, wherein the traffic
paraneter is a packet flowi o paraneter. 3. The nethod in claim2, wherein
the packet flow parameter is packet arrival time. 4. The nmethod in claim 2,

wh h d i
i m1, B Einie SRRRoRTErGra ol Gl oP Iehb o ionipe AEEHIEE ang "
wher e di { LR s Y BRSaRbLANAIIGLPeldIES HBerReled hFaERGisAIBOBP HoGdbhYE N
packet ddata associ ate h one communi cating d |ce and a shared channel

Carrylngnﬂ@@K@bkﬁﬁU@Sa$§@@k@hp@ ww&hsmmﬁ§HEHBWﬁQﬂ%r@Qﬂb@ﬂbﬁﬁidmgxdamdce 6.
The nmethod in claim5, wherein the channels are radi o channels, and 2o

wher ei n filoen béiag gd:ateadhm d’htmhes thiag plé omrmshebier dled bdfferdifer mmmsctdaﬁ‘por ary
dedi cat ed radl o channel orward access channel, a random acce S cgannel,
and as paBFing lessdhme X - it thtrll?@fﬁ?éﬁ%de?rﬁa%?ﬂafmm?ea@ ERRET B0 5, 8 dpgisate

Coleert EndrP YRR platki APy, PRWRLES i pulkr binEncteabed dram BEREERT CF Lo
channel &Bﬁrﬁctaecrohﬁﬁb&chaﬁmemese@éaq%ldcn 18bi 1 4, aIY@Pﬁ&t?x'zé‘cﬁB@leAéNtm

nmobi | i ty manadement schenes include a first handover schene, a second
scheme whofdaryohbnne? t%p@édlaﬂnoﬁ procafutsuchsis shataebdriveddopblarh 122dhuy daal
cell basis, and a third schene where a nobile station's location is

moni t or eemployad (elock rh@Z)arraéEr tbla@ﬂ autompkcadl yaalways $qﬂg:tmg@ac¢mmou¢élgnmlurfhl
cells. 9. The nmethod in cl , wherein the one characteristi

r at e .10 105ecopdanyehpRnel itypecse %om progedues adds dlexibiliprtodhe grofaaied t Chrgsho?d

associ ated with the pa onmuni cation used to predict a future
amount -oromipizeps THRBRES Rl AR £

On the other hand, if the amount of data currently in the packet buffer 102

exceeds Y percent of the maximum buffer size, a decision is made in block 120
whether data is currently flowing out of the packet buffer 102. This determination is

15 made by the protocol sending window buffer 104 as described above with respect to
Fig. 6. Ifa full window signal is generated by the protocol sending window buffer 104
indicating a broken or intem;pted connection, a decision is made that data is not .
flowing out of the packet buffer 102, and the current channel type is maintained
(block 126). That no data is flowing out from the buffer may be due to temporary

20 hostile radio channel conditions, which are rather common in cellular systems. If data
is flowing out of the packet buffer 102, (no full window signal), such a large amount of
data currently in the packet buffer suggests that it would be better and/or more efficient
to select or switch to a dedicated channel to carry the call connection (block 124).
Similarly, if a back pressure signal is generated by the packet buffer 102 to the packet

25 router 100 (block 118), the same dccision is made in block 120 assuming data is
flowing out of the packet buffer 102. The back pressure condition suggests that there is
considerable data to be transmit and that it would be better and/or more cfficient to

switch to a dedicated channel to carry that data to the mobile (block 124). If the



to associated with the conmmuni cation, and wherein one channel

characteristic is selected when the anbunt of data to be transmtted

exceeds a first threshold and anot her channel characteristic is seLegtgé— 2007
when the anmpbunt of data to be transmtted is |ess than the first thréshofd.

| 1. The nethod in claim 10, further caonprising: is providing a second
threshold | ess then the first threshoﬂé, wherein the other channel
characteristic is selected when the anobunt of data to be transmtted is

| ess than or equal to the second threshold. 12. The nmethod in claim 10,

less equal. o the second t meth _
addi (1 oRTot gt nERaGY SRS 08 ach EFRS PRR PBL SER Uf R ATERFlnt "

channel ypbakACbeHiasithibed {BlocKN26aEdp@ the bediapiessie cohéditionn the one ot her
traffic paranmeter is one of the follow ng: nunber of channels of each type

currently available, a specified quality of service, a current interference
| evel , and a nunmb®iithofespacaie tisl secondfiry cbavneh &y per sebantion grocedure peterapegd g0~z
28 14. The nmethod ip.claim 12, further conprisi.ng:,K measuri i nterference
in one BYblpglsh ?@farldgm\mas%ﬁ AAEAN TR T 0eed PRHTed ritepign faBdelay o

compt1 st ER@PB B TR orth e BroG S RR0E Sl TERKLER oo 27 "
packet %%g@tlio Q@rktﬁﬂg)&‘?ﬁall Size gﬁa@!t&t Tﬂ@sgapc?gﬁgtg?ﬁam%égfég@&% ld8é RhoLRE

determ et ata paraneter; an ynam C t1 ng oné connectl on

st at e fppdataipiherpackétybuiferdonnadhitient whwirgmt kelectibie opswkehingaba connecti on
based on the predicted packet paraneter. to 16. The nethod in claiml S,

wher ei ndd¢dieatpdclamebaNavetlmledss law dalai és impawnpdeonvnetepverllP. witleh net hod i n
claim 16, wherein the packet flow paraneter is packet arrival time. 18. The
met hod YRic@llgirequires agrdieated ehannghekbus, thesscpndanyahanneldypastlestion density.

10 procedure may determine the amount of time between received packets of a connection
and is fairly regular, and decide to select or switch to a dedicated channel. Hystecresis is

also preferably employed in the secondary channel type selection procedurc.

In another preferred example embodiment of the present invention, a

packet arrival rate or a packet density for a particular data packet connection may be

15 used to predict the future packet flow for a particular connection. That prediction may
be used to determine the optimal type of channel and preferably also the type of _
mobility management scheme to use during a connection. Of course, other paramcters,
such as the connection’s bit rate(s), the current number of idle devices like receivers in
each base station, the current number of idle spreading codes, etc. may also be

20  specified. For convenience and simplicity, “connection state™ hereafter for this example
embodiment refers to a radio channel type and/or a type of mobility management
scheme. However, those skilled in the art will appreciatc that other connection stalc

parameters are encompassed by the present invention.

Depending on newly predicted packet flows, the selected channel type
25 and/or mobility management scheme may be changed several times for the connection.
An example of how the selected channel type may change between a dedicated and a

shared type channel during a connection is now described. Two data amount thresholds



19. The method in claim15, wherein each connection state specifies one of
different types of radio services as applied to nobile radio conminid&Tos?
services, each service specifying a type of channel and a nobility
managenent schene for keeping track of | ocation of a nobile station. zo

20. The nmethod in claiml|9, wherein ea&ﬁ service also specifies a bit rate.
21. The nmethod in claim 19, wherein the radio services include a dedicated
radi o service where service is provided exclusively for one nobile station

and a s hﬁaﬁ?f@e reﬁﬁilé&e’il%‘lﬁt‘f@dd&éﬂ%@t&@s’i&’hﬁ@ theSchaasadpatiédisiBRr €nhhgingone
nmobi | e station. 2 ncr ~00z 29 22. The nethod in"claim?21, wherein the

dedi cat echanaeli tppsserequites a bertaid asncunt ef eigualin gltdicciatadd (inablidongededapend and t he
shared radi 0 service includes one of: a tenporary dedi cated radi o channel,
a f or war Wtesfesenss) &rahaanel sgtupiddakedewss Tdnapvahcadipgomemgs MPrehannel . s

23. Th t.hod i im22 wh in t bjlit he.

2o R B b B ah A A TR bl R RTEPE e SFE Bt 1 o <

| ocat{ ong4y emgﬂ&%fﬁqs &%he‘i‘f&idl%@bydsgqﬂesgf‘cltg cmﬁkﬁw@eﬁa ek defh%séﬁﬁ%% wher e
a nobile station s location I's nonitored on a routing area basis, where a

routing wbRR theGddie d3kotiated GaLH the ddngd BIrEhRetidallycvibmhETambutittdrer
conprising: ~o dynami cally sel ecting another of the connection states for

t he packdata tebcatramsmmitied isolar graarebexaeeds € highgeonnof the two dlricshadds. phe kistred
par anmet er, during the packet data conr};cti on. .25. The nethod in clai m15,

wher ei n thanfﬁae«'raeﬁe al&%iﬁé?gﬁsé@@tquc Anelmdlithe %mowapﬁg_@la ihRetesAdhs ¢ ed
t t t 1 .dat t ] .~ t

amount - dredhienelnP Qg i Pels LEBE AR BTt T RELER Rk eR iShRal e ©

wher gj n l@%?h&@ﬂﬁqgg&’ege?éBP{}% th?esﬁﬁicc)i?,gﬁ gn WREHrsRSre8 TRMMHel Af seflakaq t o be

transmtt excee Irst thres anot her connection state is

sel ected when the anpbunt of data to be transmtted is |less the first
threshol d. 26. Thén apiéferetdecnglaebodimiedthtie Iewemthiesholg: is 2oopna@vizdiong a
second threstiold | ess than the first threshold, wherein the other

connect i Orihatan antire amepaiceidntapeasentiia quene it trafsnibever the dediatedhshannebd i s

less t habnefgrre an %ﬁlamge? titlpheeS\gi ¢ olrgc%m'% . rx}l(gilyda'lso be desirable when the amount of

data to be transmit is small, to determine an average intensity parameter or other
15  parameter such as average packet arrival time. If that average traffic intensity or other
parameter cxceeds a parameter prescribed amount, then it may be preferable to maintain

the existing dedicated channel.

Accordingly, once a dedicated channel is assigned to a packet data
connection, the next amount of packet data to be sent is determined. If that amount
20  exceeds the first threshold, the connection state is maintained. If the amount is less than
the first threshold but greater than the second threshold, the connection state is also
maintained. However, if the amount of data to be transmit is iess than the second
threshold, the connection state is changed to release the dedicated channel and to

employ a shared channel.

25 Another example method for determining whether to switch from a
dedicated radio channel to a shared radio channel is now described. After a last amount

of data to be sent is transmitted, (e.g., the transmit queuc is emply), a predefined time



27. The nmethod in claim25, further conprising: considering at |east one
other traffic paraneter in addition to the anount of data 25 to be
transmtted in selecting the connection state. =~ 7 ~ ¢ ~ ~—o0~ 302 27 AR
met hod in claim?25, wherein the considered other paraneter is one of the
foll ow ng: nunber of channels of each type currently available, a specified
quality of service, and a current intetference level, and a nunber of

avai |l abl e radi o channel resources. s 29. In a nobile comunication system
permtting selective comrunications with nobile stations, a controller

I si ng: ' | bl ishi d
Coror | 1152 FOINRGH A3 PR R DL AL, 2
predi ct of pi&sHifdd ﬁ%eﬁ;é:?qgﬂetﬂeﬂ the H?&%at@ﬁ%‘ﬁ%ﬁnérﬁ tY@lse@VAId 4 RéwRRGkAl data

connectron using t cket "arrival tines n nost recent data packet

arrival chhffs iPMBicaiddothe 66midcaon. IRIREdefined (ipOpetsd aydeadessinedt or
determ nes a next connection slate based on the predicted next data packet

arrival baseteon 8k offfnereparametdre indludiagafoneX@mpich e meimber lof avaitatde bi alicst at e
sel ector ~5 determ nes the next connection state al so based on ong or nore
of the fchbpmralresgurags pedch Bypagiude thepymber ofidiq hase statioageiveisn [sthere

5500t o H1E BTG FRac b doRiCated Eio REFLRI Hifch oereanangb, DRRSTErn t he
predi ct ofe {:(ochn%ct!?&{'éz{ri ﬁé‘é‘{si c%%?atﬂ%ré&&?&d’éﬂ%%n@ﬁ%ﬁ&th@f FACYG thhd xﬁﬁ%bgf
pl ural packets over the conhnection. zo : e controller 1n clarm 31,

wher ei n chgdarenin h CRMAERbMLOthd furAb&esliale spesadiKcoddhgfor @owhhk er
further conprising: a conparator conparing a current packet arrival time to

a corr espmmtimceationedi ct ed packet arrival tine to dtermne an error, and an
adapter adapting neural network paraneters to reduce the error. 2s 33. The
controller in claim32, wherein the neural network adapter enploys a
recdPsive predi ct Referanseds napgaade imthg Copngcien §iate Adgptatiopgputine

(block 60) shown in Fig. 8. As set forth earlier, a connection state in this illustrative
example includes a selected radio channel type and a selected mobility management
scheme. A connection state is initially selected at connection setup based upon a packet
data service requested (block 61). Thereafter, the packet arrival rate or packet density

15 for the connection is measured and stored (block 62). The next packet arrival time for
the connection ispredicted based on the stored past packet arrival times (block 63).
Alternatively, if packet density is the parameter cmploycd, a future packet density is
predicted based on past packet density determinations. Using the predicted packet
arrival time (or predicted packet density), and possibly (but not necessarily) other

20  parameter(s), an optimal type of radio channel is sclected which still also fulfills the
requested packet data service (block 64). Radio channel types include both dedicated
and shared types of channels. In addition, shared radio channcls include temporary
dedicated channcls, access channels, and paging channels. The optimal mobility
management scheme best suited for the selected channel typc may also be selected

25 along with other parameters. For reasons described above, a cell update type of mobilc
management scheme is preferably selected for dedicated, temporarily-dedicated. and
access radio channels. A routing arca update type of mobility management scheme is

preferably selected for paging channels (block 65). A dccision is made in block 66



-- 2 C ~T ?~t~? 31 34. The controller in claim 32, wherein the neural
network receives as inputs el apsed tinmes between packet arriving ovel (t{fe 2002
connection. 35. The controller in claim31l, wherein the next connection
state specifies one of different type radio services, each service
specifying a type of channel and a nnbkéity s managenent schene for keeping
track of a location of a nobile station. 36. The controller in claim31,
wherein the radi o services include a dedicated radi o service where service

i s provided exclusively for one nobile user and a shared radi o service

wher e sefwhetiRr tie conaERIbnHaks Ihet® dcbhedtta@n d f ApRitheCuamgctiod Statthedapoaitonol | er
in claim3l, wherein the shared radio service includes: a to tenporary

dedi cat egracadires ateampesited begioningrat bloskd@s channel , a random access channel ,
and a pagi ng channel. 38. The controller in claim31l, wherein the nobility

e o iach Sl b NGB hes RSl p BT Sr ElEontner © @
third SCHERRCMRRLR ifadld déﬁge%&if}“h?s“é e bR b TPBOARAGHN G dreuti ng
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area basi's e a routl area inclu plural cells. 39. The controller

in cl ai e@rélatcdRAIEIadid SEevieeN NBGHAIB) tisd @rmcsedaheris SRll€Thefornopdukic of
connection states for the packet data connection based on a change in the

pr edi ct edataeshnattivn ipestidished.r Wiadn 4 pavketdata ngnidedop acingtialtiasca updmyrtbet i on.

40. The controller in claim29, wherein the packet data paraneter is an 20

amount ofadimgecessonaiwork, githen ynasdregdesd &om @ gowg RGiwprkeohE raebilgttaiath RRECt | on

used to dict a future anou af glata t 0. be transn‘itft ed asspci %ed wth

t he conngé'?’ﬁfﬂ‘fr agtiye GRRASSHAD SHkes § sEletied URngRarameles iy ggvezétborb\ﬁgw fie anmount

of data Ltied e I annel
{e@g@ﬁ%&e gﬁ?%é‘?vﬁée d &,@?ﬁgﬁo@semrs%?})? rp%rzﬁﬂgtc%nsgltcﬁ% rﬁ&&ﬁ’r‘?\uﬁ{aalw

is selec he "‘anmbu ata to nsmtted 1s I ess than or equal

the thr eghhgb bit rate, AetayGrarameétess; etc- 1411 B SudhOdHaraUtdrdick s/ 8d sordilnydder ei n
the con section state Sel ector considers at | east one other traffic

par amet einté a “saidice ivectot’buseddamaketthe atifialt dhobee afrcnsedtianedaten sel ecting t he
type of channel. -42 The controller in claim=l, wherein the one ether
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temporary DCH, (3) a shared radio service that employs forward access channels
15 (FACH) and random access channels (RACH), and (4) a sharcd radio service that
employs paging channels (PCH) and RACHs. Each conncction 5tatc also specifics a
corresponding mobility management scheme. The dedicated radio service employs
handover as the mobility management scheme. The shared radio service using a
temporary dedicated channel and the shared radio scrvice for forward and random
20 access channels both employ cell update mobility management schemes. Howevecr, the

paging channel/random access channel shared radio service uses a routing arca updatc

mobility management scheme.

As packets are sent over the connection, the flow of packets is monitored
and evaluatcd, and if appropriate, a new connection statc is sclected. Based on
25 downlink (DL) packet flow measurements and uplink (UL) packet flow measurcments,
the radio access network may initiate a connection state change on either or both the

downlink and the uplink. The mobilc terminal may also initiatc a connection statc



-FT. The controller in claim?9 as enployed :n a communi cati on network _
controller. For use in a nobile communication system supporting a-packgl 2007
data connection with a nobile station) a nmethod conprising determning for
t he packet data connection an anobunt of packet data to be sent; conparing
the determ ned anmount to a threshold; if the determ ned anbunt exceeds the
threshold c, deciding to allocate thelpacket data connection to a dedi cated
radi o channel; if the determ ned anount is |less than the threshold.

deciding to allocate the packet data connection to a shared radi o channel;

considering at |east one other paraneter .n %gdi i gﬁ}?é‘f‘)’ t he amount of
packet Wansiiqrobased ypaR Papkeld]oxt MeagureHeniS Yuthguplin CCLHY W19 8at i ng the

packet %{rc%iercag ﬁ%’g{ﬁ%gﬁ ‘g@cc(r)lr{ﬁe %g%rﬁl%‘?lpﬂqg .hsqggs%gg?gge g?%r Swoadifc ciippnel s

based o i'si'o e COonsi er paranmeter, wherein

the congidered,glner RAMABRE ¥rnlifal R Qbwirb@riablRYidig stiienber of channel s
of each type currently available, a specified quality of se: vice, a

current interference level, and a nunber of available radi o channel
resources - ?7_Kip. 10 illustrateDQhie 2ample inTplementatibodn ithe vlodilm 45 furt her

conprising determ ning for _the packet data connection —amount of packet
dat a5 t ocdremupications systam PhEiLiEl | AlEoANeEION; Stafe ﬁ%lﬁctﬁaé%g??éﬁfé’vt&?dda dach

transmitted fromthe nobile statian and the downl ink_dir i f packet
dat a t oradio petwerk eentepller 26 (fo¥a "é&s@lyi ¢agh molp %?%Ofbl?’gf(é%gm g@reﬂ%f A e
dedi cated and shared : radio channels :nay be allocated to %hmli k and
downl i nfadif) Resworiopentrotics 2eelsrmciudes packat Tl msaswrmephuriteiar et yPeRnnel
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in bold lines. Connection queues 71 and 81 are provided in both the RNC and the
mobile station which store current data packets to be scnt over the connection. It s (o
be understood that a connection state selector may be placed in any network node in
addition to each mobile station. However, locating the CSS in a base station rather than
i5  in the radio network controller may result in significant data shuffling between basc
stations when the mobile station changes cells to another base station, e.g.. historical
data for the connection. Since the radio network controller offers the packet data

service to the core networks, it is preferable to locate the CSS in the RNC.

The measurement units in the mobile station and in the RNC measure the
20 flow of packets (and other parameters if desired) in both uplink and/or downlink
directions by storing packet arrival times which are then transferred to the respective
connection state selectors 70 and 80. Rather than packet arrival times, packet density
may be cmployed as the data flow parameter. Packet density may be a better paramcter
if the packet size is variable. When a connection state sclector determines that a
25  connection state change is necessary, it sends a signal to a corresponding controller, i.c.,

the RNC controller 75 or the mobile station controller 82. The respective controller



i=releasing the all ocated dedicated radi o channel if :he next anmount of
packet data is less than the threshold. 49. The nmethod in claim48;~ §uifherg)?
conprising: after the releasing) allocating a shared radi o channel to the
packet data connection. ~0. The nethod in claim45 wherein after a

dedi cated redi o channels is .e aIIocatgg to the packet data connection, the
nmet hod further conprises: waiting a pré&defined tinme period for an anmount of
packet data to be sent; and releasing the allocated dedi cated radi o channel
it a new data packet is not received within tae predefined tine period. 51.
The net haghdles Gk 3igiabifg Whéar the Radibénterfacein drder to ek Peiel @antgionaitfe=pi ned

based on one or nore a of the follow ng: ._ ~ ~C] z~02 a nunber of
avai | abl ehanigannel resources, interference and battery capacity of the
nmobile station. '. The nmethod in claimb50 further conprising: a' -er the

rel easin al | ocat.i.n . Shared radi hannel to :he.packet, data. ¢connecti on.
S se i 1 a FignhLin taEreBh SNIStTee o of Bawnpk pgadé W < O
Zl- =~ " ~¥nd tf;'g%tte&cﬁohhé en&thé et ?cf?)w~‘ﬁhk6}né£gfé?né‘g‘fﬁﬁs722ﬂfe’ﬁe%vbﬁc a
me::ZCC I.c_~-1o0rising. derrmning tor the cac .iet data cobr_r_ection an

amours: ghnmd@Gon ktdfe SRiclor- 70, bed BRIMNC cHEMRF 75 Natleheh padker mrivall therount et
packet data to an ar. ount threshold; if the determ ned anount e:cceeds the

anount t hreasireddnt wdt 2 sands aglowsimkipackethmtifwaper ketssajztta thocommetiion i s

di sconnected or interrupted, and if r_ct, establishing the packet data
connect i siategslestor 70xestasning theypadket pratvirbtimgat, & b aneiaeant amouot f ¢ali cat ed
radi o channel; if she determ ned anpurs: of packer data is |ess than or
equal to@Q;fl wrincomingpdeket queuedmbe densmijtest formdbe networktnthe mabilor in
cecicing ~c~hat type of radio channel ~5 should bear the packet data
connect i giatiomeatréspondiag dorthinconrfecatikand ajmeasusnaverferehes 46\ rssadiateéshol d
and if the packet data connect:cn is determned to be tenporaril

di scéhnetilbdhsparkel (e Pk dnteHEToneamAYR Gon tranpAe st meRstEonedtS ahd on t he
et hod 1 sPrEregufarit 9 the Kemand BBk WhGeRRE dpniti fuesfERRr By PR ouRuGR acker

dat a exc%eds t he an=ount threshold and L the . th
the MS and sent regularly to the RNC via the BS). The subscript i refers to an ¢

connection, and k refers to the ki packet. Therefore, ¢, (k) is the arrival time of

1 th

packet k during the i connection. The time elapsed between the & — 1" packet and

1

15 the &" packet during the i conncction is indicated as A, (k).

Based on the downlink packet identification messages corresponding to

the three arrived example packets P1- P3, the network connection state selector 70
may decide to change connection state and sends a change connection statc message o
the RNC controller 75 with the next connection statc. In the context of a CDMA

20 system, if the new connection state is a dedicated radio channel or a temporary
dedicated radio channel, the RNC controller allocates a spreading code to the
connection and sends messages to the base station(s) currently handling the call as well
as to the mobile station with appropriate change of connection state information.
Similarly, the RNC controller notifies the mobile station and base station of the mobility

25 management scheme.



packet da:a connection is determr_ed to be terrporar:h; disco::nected or
interrupted, the method :urther conprising: deciding that the packet(}gatzg
cernection should net be t=ansferred to a dedi cated 35 radi o channel. .-
~ ~fAT ?2.(?0? 3~ 55. The nethod in claim5.i, w herein the pee other Tactcr
relates to a t~o~N of packets over thggpacket data connection, the nethod
fu=then co=nprisng: if the determ ned“dnount of packet data is 1 ess than
or ~aual ~o the amount threshold and it th;. tlow of packets eYCeeds a
~.ov~ threshold, allccatin, the packet data _ conrecrien to a dedi cated

adi o channel . 568 eRaphomhnpiBmehitiPnRtailsh8eraIHpOstelibtioRIf negm-ri si © g~
if the determ ned anount of packet da:a is |ess than or equal -~ the anpunt

t hr eshopatkangkrival tifie andaonatctimrieteselstioadasddranreen arapadvited m ~7c : :
_hresb:oid) allocating the packet data connection to a shared radio
~hannel corginctitimewitie PheketiArmiiahT ime Becdiction ramting dbdock d0AYshewdiihg hysteresi s

toth |1 ti t . .58, T th i ] ai in th th
foctor Newanait ettty St Be fpRariok fngtate bt e DR R BB 51 ng.
det 1 ni Al j nt t.a- t

6o o Tl U AR PR P S b0
siml arforgggﬂ g‘ﬂgﬁﬁ% : g%&l ﬂ@rafiaﬁ, iﬂgﬁféeat mPet RcGRARNREL VO 8591(6'% ageilqahed radio

channel . In claim 53, w herein the one Other factor is w

Net her %?@%gggggédéaé irpa%gln&%}?aéh%danext [RRRECiOAI cﬁﬁer&gkhng \_Maz 4 he

anount ata Is determned to be less than a threshold 6~. For

use i _ny ﬁﬂ@gpﬁ?édi@ttoiﬂ% éﬁbb%kel'@i‘zz.uﬁﬂerHd?%e@g@%igg%@a?ﬂﬁﬁ%‘iﬁ with a

nobi |l e station‘ove: a radio access networ corner icing the steps

e.: detiatdrh Bbfipafadr 1A2eafParek&drredpbadiagiiebnt 123 ad wath harméet data to
be sent; conparing the determ ned anmount” of packet data to a tirst ancunt

t hr @s holedentigfackiardedlaimte ng gk powgaterafe paakat 6t )a(bisck £64). tHanerrdre fir st
anount thresholc, % determr~inb if a back pressure condition. e:{fists;

- 7. ~~F,(k9Q2used to update the non-lincar predictor parameters in such a way so as to

minimize the crror &; (k) (block 106).

A selector. 126 receives the predicted time to next packet arrival J, (/c + I)
from the non-linear predictor 124 and uses that prediction to determine a next

IS conncclion statc C,-(k + l) . Again, while the next conncection state may be sclected

based simply on that parameter &, (k + l) alone, in a preferred example embodiment,
the selector 126 takes into account one or more other parameters such as an amount of
< packets (queue length Q; (k)) to be sent over the connection, a service vector S, (k) ,

current radio interference /, (k) , and/or the current connection state C, (k) (block 108).

20 Typically, a long queue suggests a dedicated channel or a temporary
dedicated channel. A common channel is probably better suited for a short queue. A
service vector requiring a high data rate and/or short delay indicates that a dedicated
channel or a temporary dedicated channel is a better sefcction A high radio
interference value indicates that a dedicated channel most likely is preferred, as opposcd

25 to a temporary dedicated channel or common channel, because temporary dedicated and

common channels generate greater interference than a dedicated channel. Still further,



36 it a back pressure :,ondit:on does net exist, selec::ng 3 common radio
cha: _".ne_ ~c bear the packet data connection or ;electing a radi o~chdifT el()?
type to bear the packer data connection in accordance with a secondan
channel type selection procedure. 61. The nmethod in claim5C wher~~z the
secondar ~, channel t~ pe selection pry ced~:r a in~: olves considering at

| east cne other oaranme:r in deciding = hat r .-pe of radio cl:annei should
bear the ~acke: data ccnnectian. The nethod in claim5C, further
;.orr_praia;~ _ i= a back pressure condition does eYis=, selecting a

~ e~~i cainefrlictPredicteapacketadrival eidre indizapdGeleetionlaf a dedicardtohannel63cvéihe
method in claim6~, further conprising: if a back pressure condition does
e. ~ci st ,if thei queae s short -a espaciadiv if thediearar isarviied requirpeashemdelssicket dat a
connection. 6-~. The nmethod in claim®6C, further conmprisir_g: if the

determ ned anount _j s greater than or,,cual to the first anpunt threshold, 15
conmparing the det g’}‘eﬁgﬂ’gﬁleﬁhﬁﬁﬂpt‘?ﬁuﬁ%ﬁ fabgﬁfﬁ‘pﬂ%'szf RAAFYRBUNt

t hr eshol g ;g4 PRld ROl LS oRAPKEHoURlR FEMIECHT B5AD RhedBASIEr i N t he

packet a connection To one o ed radi o channel “and a cor nnon

radi g chredielordesgd bensed suchers i difmhn fidr-baseantoddl! £ slvlydsel prgaading dascd 6~.
The nmethod in claimbs, further conprising: if the determ ned anount of

packet daddel e(EePacket hirives eiaund, (A)r e hipud o eslclyl limefty pg shilfirepaadeeiBodat a
connection on or t=ansferrinQ tae packet data cor_zectien to a dedi cated
radi o charreitput@®f cattedetey Hdds semt ohti amext delafystageens veelt agwpusiora 2~ i f t he
det erm ned anoua of packet data ~c~edj :1:: s~cend thresholc, z~

det er r _snmmyingblatht & teraitpatofcachk aumhingr Regenpratesa sinmd ¢lapseded, (H:é packet data
connecti on. - 2 CCT 2.002 r 67. The nmethod in anv of clainms 6.: or 66,
wner ei ibefweenttwosgonsequdive packateavdrdhe erringglion.aMdientthegennedienpatsket dat a
conr_ec:ien) the nethod furher conprising: maintaining the pacltet data
conni8ct iesigblishedné 38t © zeraanwell asgh omqmpmefai(ﬁn'--- {Ae ’bédﬁé{’h‘aﬁt’als

connection. c¢8. T he method in any of clainms ~= er ~o, wh2: e!n |i CaLu 3r
~ ' rr tbe_ppqlmgc_:r of previous pacﬁi(ets useg¥o predfcta future packet. 8xamp?e va(?ues of n

are 2, 3, or 4. Alternatively, initial non-zero packet arrival times ,(0), ... ,(~= n+1)
may be set based upon statistically or otherwise empirically determined values. The
initial connection state C;(0) is preferably set using a scrvice vector S,. For example,

15 if S, = “First Class,” then C,(0) = DCH ; if S;= “Busincss Class,” then C,(0) =

FACH/RACH; and if S, = “Economy Class,” then C,(0) = PCH/RACH.

When a new packet arrives at time ¢, (k) k is incremented by 1 and the
memory delay blocks are simultancously updated. The shift register 130 outputs
corresponding elapsed times A,(k), vees A,(k —3). An crror signal 8,(k) is generated

20 by comparator 138 by determining the difference between A, (k) and the previous
predicted arrival time output from delay 136 corresponding to &, (k) The learning

algorithm 134 is used to process the calculated error. Preferably, the learning scheme
employs a standard recursive prediction error algorithm (RPEM) with a forgetting
factor. IHowever, other algorithms could be used such as recursive least squares (RLS).

25 The parameters updated by the learning scheme 134 include a weight a for each



- 62~ g transmt over the packe: data ccnnectien) t:-~e :aet~~od fu:;atd‘q;:-( 2007
conpra:*g' .selecting a dedicated radio channel to bear .he packet vt
:onnectior.. 69. The nmethod in claim®6~~, further conprising: if the

determ ned anount of packet data is greater thar_ or ee~ual to the f:rsi .e
anount threshold and Iess than or equaw; to the second anount threshold,
enpic; ir~g hysteresis w _zen selecti &the type of radio charnel to bear

t he packet data connection. 70. The nethod in claim69, further corrpri si ng:
determ ni ng whet her the determ ned anount of packet data decreased :rem

bei N9 gh&HLA ont{RAPal RV SACHRH BRSO asthEIe 819k €h140 Sb@nB Fot 85ch ihbantootheequal

to the second .~ anmobunt threshold, and if so, selecting a dedicated radio
channel né@olpand 55631ﬂoﬁc)k‘€bnéjﬁir%a6h)ﬁ&ﬂ©h) OThe ?cjalarT,BQi dxarort zl claim7C,
wherein if determ ned amount of packet ~~.ata increas frombeing | ess

t han t hparanresdrs arcoshowit by Bighd3 ds h@otresptgldgr@mgmtlbmﬁmoéroneguwhct@gt Ise first

amount threshold, the nethod further conprising: zc selecting a common

radi o chlanadinetiorheRA . t Wehiltbe actéxatigatfuinetinnses tarophowpas sigaqids.Hbey Fan cl ai m
70, wherein if deter mned apnpocn=_ef pac ie: data increased from bgi ng | ess
t hans t halse ibe {fausHiany O'E any,cIEHWIOYS M%@M@tu@ﬂ@ag@lue@ﬁsﬁvw dhand 1o the

f h hod f I f
adio chonmers Bapoacorcermuive pougrd BN ERToir e re aRing e i noary” °
channel 51,%1& oﬁ&‘mg lupd'h i%rc%?r?ﬂlg’t%ﬁgmac vo. 2 0f~T 202 ~s In a

communi ca ns s ern perm ectlve comns_".ica=ier_s with nobile
stations by way of a radi o access network, apparatus conprising: a

connection state [gany elehgnhe atdiap kthenge Ebolmﬁkthfe ddatadiopdut@eén the Wi th a
nooile station to deliver packets to a _nobile station, a packet buffer

st or i ngmpasuired and prdectse packwem\tdhemmcmdttndcatcaupﬁatméle parameteranl tiser ei n
the col:neCtlon State cAQlt;: viler $eleCW3 hl5her CaraCltT. it)~". 'J
' 300 | J%W&HP“@nqt@ﬂééaﬁhatﬁblsrﬁaffﬂ@ﬂc%lb?trzﬁd!é%ﬁﬁ‘ tadhe poallest valyeassibdapaci t: t:
pe bear the packet da nnection Sased or _
® o i el ol of the weihled mEon oRpuBRRE SRRl to §EF PR ST e ane

over ! hefgac?(IétezErrf%% fme’s (k% f)t 'Igr}":g 12, 8,(k +1) = a,g, + ay8; + 383 + A8y

Functions of the form
Si(k+1)= a.'gi(A,,ﬁ{,yf)+~-+aégé(é,,ﬁé,7"1),

15 may be built where A (k)= A, (k)...,A;(k - 3). The activation function g may be

chosen in different ways, e.g., as a sigmoid:

1
_(ﬂJTA, —r;) '

g}(A,,ﬂj,73)=
l+e

where f; may be a vector with four components such as

B A, = B(0A,(1)+ B (2)A,(2)+ B,()A,(3) + B.(4)a, (4).

20 Regarding the inputs to the selector 126, it may be assumed that the
service vector S, (k) and the current connection C,(k) assume hard valucs. The other

inputs may be described by soft values or fuzzy scts wherce the transition from being



7~. Tha apparatus in claim 73, wherein the connection state contre~dl(] 2002
conpares the anount of packet data In the packet buffer to a first
threshold and a second threshold g: eater than the first threshold. 75. The
apparatus in claim 74, aherein if the anobunt of packet data in the packet
buffer is Less than both the first thr fhold and the second threshold, the
~s connection state controller selects"the | ower capacity radi o channel.

7h. The apparatus in claim7~, wherein if the anount of packet data is
greater than the fir st threshold and greater than the second threshol d,

the connggé ioteist Mis i€ gradualiandrhddegitabs/hidieisphateeteritat dyodméct i on on a
current type of radio chanr_el. 77. The apparatus in claim?7 4, v~herein if
the anpusimeimesacketeddatea aimeberabipriupetiarha@onsiderfthe followinzsxammir:

t hreshol ds, the connection state controller selects a higher capacity radio
channel jo carry the packet data nectl apparatus in claim
7-~, wh 3 |fy he agnunt ef alalit Vilies ﬁam n ke?pbuffer is greater
~han or p&uad bear dehbeef i I st threShS)I d and Heesny, Bainekd)®irgecond t hr eshol d)

t he connection state controller d t@;m nes the t [la:e of radio channel t aki ng
z; irto GEEBLAENeStoNsBiSt one addi mﬁ ACH/RACH,FCHIRACH T 1y 5

apparatuﬁ#étgdtﬁtltéatlomenextpm%{a@hﬂl's T( t) st)t;pttaret of packe: data : the
packet pu? er Is greater than irst threshold and less :l:an the second
t hr ~shcl Ridid inerfgeraect i en state cbﬁ/()r ol | émwséllghcts a higher caeacity radio

chu, » ne To carr<r the packet da onn n. 8 ~. The apparatus in
claim’ “Wﬁﬂte‘taq‘(?tﬂ’el’efl lg ancu’t é‘ia(kgac~: 8’? §3%a in :he pacir~t ~. ~ u:f2r
is greate Iran the =first threshold and | ess thar_ :ze secccc ~hreshcid, _
. € CONNeEatpeN St at e CoNbtatibher sedieal(éxamplg~cer caoacit~: radio c_ aril -o
car:to the packet data connection. 81. The apparatus in claim73, further
conpri S'Mrco.ﬂte&gfl&% St® €+HPOV'&WQDEQ%%A& bBgrRAgKEt buffer, wherein

when an anount packet's currenthr stereo the packet buf=e. - exceeds ~.
Gener at b aantRe Rt B FuBl SR G REH waY bk SefabRe e pARRER I Bk
tenporarily halt transm ssion o: packets to the packet buffer. 1. 82. The
oan o R B B R P b L 2 O cohol . and 11 the
amount of if c(kgt'ssdat)a in the packet buffer is I‘wsct(t’ia*n )t'h@@ﬂ@%‘%”thr eshol d
andtlf lth@ &;tal& agt.ses%taﬁaal@ga)aisw@ not present, fmetnt@ (%qngqpbmlqm ;t ag g "
controil er ects e r capaci pe of ra cllanne c e
appar at usif{ ¢ (€ M%T)a“ﬂﬁg\r%fﬁ L?Wé“‘ébér@ét‘ﬁ lepre)dbeat 20 i5P¢ér conpares the
amount  of irp@igket 1) datd) dal( 7, (K. Hpardat Ob f.etontg,pma, o(rkst 1} hoeshol d, a=~d i'i
t! ~eypanount of packet data in the packe bcf " er [ess than the firs<
S e S R e BTt ot o
relating to pac' .~et flo NE~~T?.(1~2 8-~ The apparatus in cia::n
33) ~-N :i6t& &k thid -sasdm)am@(k)oasmmer i s tralfihen Gy (£ érig istFACHEBCIIThe

appar at us} %k lLaJ, )*“‘1 (?X@%.s Lg.{%el ntl-~e additi 8.@9'(3 (J,@+q5T§t1%HI s time

bet ween pack avpar at us , erein the
. crfect : €69 t+al§ess@emn¢<e!16kénsH'ghaanduQ Lﬁansummcncﬂstﬂ) Rgsh A

if(0, (k + l) is Late) and(Q,-(k) is Short), then C, (k + l) is PCH/RACH
it(8;(k + 1) is Late) and (/, (k) is High) and (O, (k) is Long), then C, (k + 1) is DCH!

3- if(S, is First) and ( C,- (k) is TDCRH), then apply the following rules:
30

if (/, (k) is Low), then C, (k + 1) is TDCH

if (8;(k + 1) is Soon) and (1, (k) is High), then C;{k + 1) is DCH

it (8;(k + 1) is Late) and (£, (k) is High) and (Q, (k) is Short, then C,(k + 1) is FACR/RACH
if (0, (k + l) is Late) and (/, (/() is High) and(Q(k) is Long), then C, (k + 1) is DCH

35



éorrpares the ancun: ~f pac~et d -a _n acke_utlLe. toa ::r ~_c. anc'
=~: eanoun- of packet data :a -he packe ~u~te= a | ess than one :: s; T 20
:r:esho:C anu .1 tae ~a, .. pressure signal is present) tha cenr_ec:’ Qrfr‘
~~ate controlle se:ec-.s the highe:- caoacit.- t: pe oL radio channel . to
87. The apparatus in claim7~, further conpri si ng: a protocol sending

wi ndow buffer used to nonitor packets t2ansnuted f:omthe packet buffer but
not yet acknow edged as received, the protocol w ndow buffer generating a
full w ndow signal w hen the nunber of net vet acknow edged packets

e~tceeds a predet ermcg&%();,h%gﬁ{} anécﬁm%% dufFen ARRAS 3hAT, KI@) edriti dfteSrent

~~herein if the ano: ta in the packet buf f’ iIs less than a
first threshal deangd. nfvewgeﬁela&}t Bndbh %Wnibgmée ,'.ng w0 RHESAR)is b ciated
connection state controller selects I gher ‘capacity tvee of radio
channel Taheakt of nildiefphekat glahaboonridowexan, only 88 ofltheseagepawiithesacve
ciai=n 8~, wherein if the a~-reunt of packet data in the 2c packet buffer
is | ess theonetinesg thheBpuationa byrden iy medemte - t-i nce~~ si gnal is present,
t he connection state controller maintair_s the radio channel t~ ce
~~rrezgl ~ Dbeing usgg i B0k £OPARGHERR: inFenticih&iRRPAr at us
inclurr_8~ ~ herelltu% ?%Qﬁ?]édh@-{m~~ g’%lbo pack et %cat tsml n the packet
buffer i sdgrcqmtmaﬂ chhaml md‘ mbbﬂmt immag&niedt arheme forsepaiict- $vardped comeshol 3)
and :f tl-~e

; [].=~irdo
conneal on b‘étaaff:%‘l‘e ?r‘kcf %}P‘F’@El ‘Fffoéﬁf?ﬂ** a(? Estg\é’k SE?%@’ilg %O‘Eesz:’fa"?%iﬂmgli%‘éﬂﬁﬁ‘ii to
bear the P?e?ﬁ:gtegtch%{e@ £ ﬁ@&pémf urhg? neceséiﬂeo@@aagea USserd fhat d abmm%e

wherein i et erm ned anobun Gac~~r" data 1s greater t the first
t hr eshol dsaedddleszqtiranerttheag de alidcatdir @sirobnl chidnels cmh schedniled md queusd_at e

troll | G L~rt'Si.S | | Sel 2
Con r3 ?;Eagfp@ﬂ v@n@wcﬁer band, B%@Rﬂiﬁﬁ %@'paelegwg ﬁggﬁ‘f@gvcwﬁ%?%‘}séa‘iﬂaeﬁﬁg i r.

Cla' r_ 9 aMn%Snt m?tlg'%fﬁ I Qgg{h‘:ﬁ%ﬁgp&@e& ﬁons'ull?)rdeg% i eﬁx‘f@ﬁ{ her the _

dot e=m ne ecreased tr om:el ng an the
second arrmusrtfertﬂnrceiﬂ‘mxig,dtheqﬂd:cnf mSentidn) @ Lq&lfmﬁtettbqjiechttﬁﬁlmrﬁ porker btutsesranslel

to higher capacity radi o channel to bear. the pack data co ction.
The appar & B¥ fiff REAFHIDE “W?IQPW[F REAEBRh SRERES f@\ﬁfa?% rﬁm@?g

det er m neg,yhel, g{% | (AR A BHE 85 Ef 4 R l%%'m'?%f' €ss
t han the :c.). st&gﬁr%h ﬁgrs:’ , ?é t{cj[;jé tr?(!g cgnnectl on sttate

contrabl epadetsects a Lovver capaC|t . radi o channel to bear the packet data
conr_ection. !5 9=4. The apparatus in claim91, wherein the connection

state controll det erm Zes wheth acket data i,ncreased
from being | esg)' il She P“r?éeml’l?‘sef“‘ﬁ?rgéh{) Hﬁé@ﬁ&ﬁdvﬁh&ﬁmﬁ T RPAHRWAT s nnect i on
state cor a&x%@ﬂxh?é’nrstﬁbé‘ecstkﬁ]eé ot mearPIva pggmfehﬁmﬁé %e@e:ﬁ%ﬁ’&entuhﬁ 1P§5(klﬁﬁ1ré1fit a

connection using & secondary channe sel ectl n procedure. .Apl. A3l
. A3F. Al . #o B¢ specific embodiments described and ﬂlustmted heremn. Different formats,

embodiments, and adaptations besides those shown and described as well as many

20 modifications, variations, and equivalent arrangements may al>o be used to implement the
mvention, Therefore, while the present mventon has been described in relation to its
preferred embodiments, 1t is to be understood that this disclosure is only flustrative and
exemplary of the present mvention and is merely for the purposes of providing a full and
enabling disclosure of the mvennon. Accordmgly, 11 is mtended that the invention be

25 limited only by the scope of the claims appended hereto.
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9. A AOs. VBQ ] Z<hr{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] cal ca]c™a] ca]ca]c™a]calcalcal rwW

# H#SRO =) L) n) +++i +}++, 0, 9-| wnmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

c’\a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca?]6ca] cajca]ca]calcalcalcal9---.[.1i.
;111710 0(0011x2223355567 7nv9:

zupkf a[ V] caV] ca] ca] ca] ca] c(a] c( a] caU] cal] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca]

ca] ca] Ca]Wi‘i&'l"‘]l§$_319§ilﬁflﬂl§§kca] ca] ca] cal; < >???ACDEzFy GG
L/ M MP/ P

VYXbXeXXX| wr rrhc"Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cd] ca] Eaq m]xuq:]ache]lm]aw]mm]ma]anm&(MﬁYem{)cﬂ EGwmpgimes )"} Ta+a.a
bbdefhhiiiitiii }xr ngb] X].] ca] ca] caV] ca] caV] ca] ca] cal.ca] ca] ca] ca] ca] C V],ca] cajc
a] ca] ca] ca] cafetsraes jar A Raskeedata remum] @Hpa &) traffic par'tmeter associated with
kkkak’\k&kksrmo s+s.ssstittujuu
vavv g(orwggt]?(gx [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
1 ca] cg] ca] ca] palitdingaVivedkGAKl Lot thaMhEdd SaYhert addotidy Witkage { s{{{{{ ~Feqi wz
-+zW}xsnid Z ca] caJ'ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal calca]ca]calc
a] ca] ca] eafnedinication Justigothb cielesminal eatfic paidbidags afy O~yt oj e [ V] ca] ca] c(a] ca] ¢

a] ca] ca] ca] ca] caj ca] cal ca] caV] ca] ca] ca] caV] ca] ca] c f] caV] ca] caV] ca] ca] ca] ca]
r

ca] ca] ca] ca] c dynangically/pelgatirgg one charactenstlc of a channel from a plurality of channel

% 1 ~yt
B cal dal ’e jl%&xéqfﬁaj\a@aw#ﬁa% G et iRbas Savican bemelpied RREAEE caV] cal o
a | x" EL<H

APyTo e (Vi g Vipekeigebeaion] Soheon Gelnd i el el pade absel ool ca

ca] ca] caV] ca] ca] caV] ca] ca] ca] cal caV] ca

ZFgnSo/ ~pupkeetet e [ V] caV] ca] caV] ca] ca] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca
V] ca] ca] caV] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca

+| SUBTY wr mhb\ Vj e aV].caV] ca] ca] ca] ca] caV] ca] caV]ca] caV] ca] caV]ca
cal ca] cal ca] c4] ca] B . dioud Warea] 5 PEaIcE ApBapsAmEter 8 packet
cry"%* ~<BS% oje [U e [VU ca]ca]ca]ca]ca]caV]ca]ca]c”a]caV]ca]caV]calcaV]
cal ca ﬁ a] ca] ca] caj] ca] ca] caV]ca] caV]ca] ca]ca]ca] ca

CR\ i x$2{ upjd_YTje [Uje []caV]ca]caV]cal ca] cal] ca] caV] ca] caV] ca] caV] ca] caU
1 ca] cal] ca] cay] ca] VJn‘é?MdQﬂ]cfPﬁH 233‘3/ M]nQﬁé %ﬂc@%%ﬂr&ﬁk&ﬁ@ 2R6 7@ PZcgp~
ztoi cAXSj e [ U e] caV] ca] caV] cal] ca] ca V] ca] cal] ca] caV] cal] ca] caV]c
a] cal] caliemifycal] ca] cal] ca] caU] ca] caV] ca] ca] ca\/] ca+6?CFY ~ytni c"XSje [Ue]c
aV] ca] caV] ca] cal] ca] ca] caV] ca] caU] cal] ca] caV] ca] caV] ca] caV] cal] ca] cal] caV] ca
Ul ca] caV] ca] caV] ca ca] ca call.ca"% -379@l MJ ~{vpke ZUPj ] ca] caV] ca] caV] ca]
caV] ¢&] ca] cav‘fcaU]E thadanglaienlwhagpiad %amr@awltaaacterlstlc is'the type of

gﬁ nggg?@q iﬁﬁ%’%ﬁﬁﬁ?@’i@# g}@ﬁaﬁﬁé}@a}iégﬂ@aﬁeﬁ&re&q%&fﬂ]ﬂ@a] cal cal c
) ot d. BT AER Eebfiod (R LBRGR R i ind Asharod channeleqrrving 1 oo ca

] ca] ca] cpacia} aah@@i&ﬁr@@b@m]rﬁaﬂeqamah&@rﬁ&wf“dauﬂg@bmel d_Z]c]]ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]lca]ca]ca]ca]ca]c
aljcalcalcalr}r%mQUYZYy7GIE} xsnid_Z]c]]ca]calcal]calc(a]ca]ca]ca]ca]ca]calcalc

a] cal cg] ca] cafca] cH]ecra]:tfm]doa]dm]m%]vdm]rua]tbaymls]aca]axh@ chdrmeds, BEREN{ mJF- 0~d
) 2Pt aT ShPtely HlehAgeaU o) PG| BB Bty Bk Releped] B o Uy ISRl h] cal =SDF

al oo c( oy el e kAR RS Al FRlSR e Rl GOhGRIc gt palifg! ool cel el

2yf } xsni ghahkp] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj
ca] cal ca] cal ca]ca]ca] ca]ca]ca]ca]ca]calcs*, 9>NHQ z!/ b

(z{vqgl gb] X]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] cal] ca] ca] ca] ca]Hia] majhod]ia 2)ama] sedppied aXnobildEommunications system,
?4k}xsnid_Z]]]]ca] ca] ca]ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calca]ca]calca]cal
ca] ca] cafustiler apwntisiagca] ca] ca] ca] ca] cal @V Bv) +{ 8l *[~/ | w mhc”Y]]]] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]caljcalca]ca]cal/;y g%.7: PX =bP

{vqgl gb] X]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca! P

Qklullto""""#3$%$$& ~(()))) G ***+++, ,y, -zupkfa\ W] ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] c’\a] calcalc
aJca]ca]ca]calcaV]ca]lca]caJca]cal-=--C. b./p///>000Q0011113T333L44

5555| wzupkf a\ V\]] ca] ca] ca] ca] ca] ca] ] ca] c"a] ca] cal ca] cal ca] ca] ca] caj ca] ca] caj
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11 u3( $1000Y&: dynamveathosaiectingonyss phoal mpbi mngcntmmﬁw%yd!tQMOw ()
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10! 3($108 e“(ifj‘ﬁ’@i’o%&% [ =) L)y n) }A2r PL |

] 109& ()-| 39T#10%& ()-! | 39F#109%& () - $10%& ()-! $10%& ()-f109%&' ()-n)a*+

+++++ +bC | 1084 & (Pie method in claim 7, wherein the plural mobility management schemes
include a first handover scheme, a second scheme where a mobile station’s location is
s monitored on an individual cell basis, and a third scheme where a mobile station’s_

location is monitored on a routing area basis, where a routing area includes plural cells.
9, The method in claim 1, wherein the one characteristic is a bit rate.

10.  The method in claim [, wherein the traffic parameter is associated with
the packet data communication used to predict a future amount of data to be transmitted
10 associated with the communication, and wherein one channel characteristic is selccted
when the amount of data to be transmitted exceeds a first threshold and anothcr channel
charactcristic is selected when the amount of data to be transmitted is less than the first

threshold.

I1.  The method in claim 10, further comprising:
15 providing a second threshold less then the first threshold,
wherein the other channel characteristic is selected when the amount of data to

be transmitted is less than or equal to the second threshold.

12. The method in claim 10, further comprising:
considering at least one other traffic parameter in addition to the amount of data

20 to be transmitted in selecting the channel characteristic.

13.  The method in claim 12, wherein the one other traffic parameter is one of
the following: number of channels of each type currently available, a specified quality
of service, a current interference level, and a number of available radio channel

recsources.
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15.  For use in a communications system that providcs plural communication
services, a method comprising the steps of:
5 determining for a packet data connection, a packet data parameter; — -
predicting a packet data parameter using the determined packet data paramcicr:
and
dynamically selecting one connection state from a plurality of connection states

for the packet data connection based on the predicted packet parameter.

10 16.  The method in claim 15, wherein the packet parameter is a packet flow

parameter.

17.  The method in claim 16, wherein the packet flow parameter is packet

arrival time.

18.  The method in claim 16, wherein the packet flow parameter is packet

15 density.

19.  The method in claim 15, wherein each connection state spccifics one of
different types of radio services as applied to mobile radio communications services,
each service specifying a type of channel and a mobility management scheme for

kceping track of a location of a mobile station.
20 20.  The method in claim 19, wherein each service also specifics a bit ratc.

21.  The method in claim 19, wherein the radio services include a dedicated
radio service where service is provided exclusively for one mobile station and a shared

radio service where service is shared with more than one mobile station.
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3% (iocyg&lin(:)ﬁdeisiai m&(l]wﬁl%ﬁwéc:%eme, a second scheme where a mobile station’s location is

monitored on an individual cell basis, and a third scheme where a mobile station’s

location is monitored on a routing area basis, where a routing area includes plural cells.

24.  The method in claim 15, further comprising:
10 dynamically selecting another of the connection states for the packet data
connection based on a change in the predicted packet parameter during the packet data

conncction.

25.  The method in claim 15, wherein the packet data parameter is an amount
of data to be transmitted associated with the packet data connection used to predict a
15 future amount of data to be transmitted associated with the connection, and wherein one
connection state is selected when the amount of data to be transmitted exceeds a first
threshold and another connection state is selected when the amount of data to be

transmitted is less the first threshold.

26.  The method in claim 25, further comprising:
20 providing a second threshold less than the first threshold, wherein the other
connection state is selected when the amount of data to be transmitted is less than or

equal to the second threshold.

27.  The method in claim 25, further comprising:
considering at least one other traffic parameter in addition to the amount of data

25  to be transmitted in selecting the connection state.
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28.  The method in claim 25, wherein the considered other parameter is one of

the following: number of channels of each type currently available, a specificd quality
of service, and a current interference level, and a number of available radio channcl

resources.

5 29.  In a mobile counnunications system permitting selective communications
with mobile stations, a controller comprising:
a connection state selector establishing a packet data connection with a mobile
station at an initial connection state, and
a predictor predicting a time to a next packet arrival over the packet data
10 connection using the packet arrival times of n most recent data packet arrival times over

the connection,
wherein the connection state selector determincs a next connection state bascd on

the predicted next data packet arrival time.

30.  The controller in claim 29. wherecin the conncction state sclector
15 determines the next connection state also based on one or more of the following: a
desired bearer service, a currcent connection state, current radio interference. and a

current packet queue length in a queue associated with the connection.

31.  The controller in claim 29, wherein the predictor is a non-lincar predictor

receiving packet arrival times of plural packets over the connection.

20 32.  The controller in claim 31, wherein the non-lincar predictor is a ncural
network, the controller further comprising:
a comparator comparing a current packet arrival time to a corresponding
predicted packet arrival time to determinc an crror, and

an adapter adapting neural network parameters to reducc the error.

25 33.  The controller in claim 32, wherein the ncural nctwork adapter employs a

recursive prediction error algorithm with a forgetting factor.
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elapsed times between packet arriving over the connection.

35.  The controller in claim 31, wherein the next connection state specifics onc
of different type radio services, each service specifying a type of channel and a mobility

5 management scheme for keeping track of a location of a mobile station.

36. The controller in claim 31, wherein the radio services include a dedicated
radio service where service is provided exclusively for one mobile user and a shared

radio service where service is shared with more than one mobilc user.

37. The controller in claim 31, wherein the shared radio service includes: a
10  temporary dedicated radio channel, a forward access channel, a random access channel,

and a paging channel.

38.  The controller in claim 31, wherein the mobility management scheme
includes a first handover schemec, a second scheme where a mobile station’s location is
monitored on an individual cell basis, and a third scheme where a mobile station’s

15 location is monitored on a routing area basis, where a routing area includes plural cclls.

39. The controller in claim 31, wherein the connection state selector selects
another of connection states for the packet data connection bascd on a change in the

predicted next data packet arrival time during the packet data connection.

40.  The controlier in claim 29, wherein the packet data parameter is an
20 amount of data to be transmitted associated with the packet data connection used to
predict a future amount of data to be transmitted associated with the connection, and
wherein onc type of channel is selccted when the amount of data to be transmitted
exceeds a threshold and another type of channel is selected when the amount of data to

be transmitted is less than or equal the threshold.
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41.  The controller in claim 40, wherein the conzection state selecter considers
at least one other traffic parameter in addition to amcunt ct data to be transmitted in
selecting the type of channel.

42, The controller in claim 41, wherein the one cther parameter 1s one of the
fcllowing: number of channels of each type currentl:-avaiatle, a specified quality o1

service, and a current interference level.

42, The controller in claim 29 as empioved :n1 a morile station.

4++. The controller in claim 29 as employed :n 3 :cmmunications netwerk

controiler.

20 - 45, For use in a mebile communicaticns sysiem supporting a packet data
connection with a mobile station, a method comprising:
determining for the packet data connection an amcunt of packet data to be sent;
comparing the determined amount to a threshold;

if the determined amount exceeds the thresholé, deciding to allocate the packer

—_
(¥}

data connection to a dedicated radio channel;

if the determined amount is less than the threshcld, deciding to allocate the

packet data connection to a shared radio channel;

considering at least one other parameter in addition to the amount of packet data

to be sent 1n selecting the type of channel; and

an

28 allocaring the packer dara connection to one of the dedicated and shared radio

channels based on the threshold decision and the considered other paramerer,
wherein the ccnsidered other parameter is one of :2e following: number of

channels of each type currently available, a specified qualizy of service, a current

interference level, and a aumber of available radio charnel resources.
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46.  The method 1a clair 45, furtner comprising:

&%%%g

determining for the packet data connection an amount of packer data to be sent on
both the uplink direction for packat data to be transmitteé from the mobile station and
the downlink direction for packet data to be received bv the mobile station,
5 wherein different ones of the dedicated and sharsd radio channels may be ailocated

to the uplink and downlink directicns.

47 The methed in claim 43, wherein if the shared channel s initially decided,
the method turther comprises:
selecting one of plural ditferent types of shared radio channels based on the

10 determined amount of packet data o be sent.

48  The method in claim 45, wherein after 2 dedicared radio channels is
allocated to the packer data connection, the method further comprises:
determining for the packet data connecticn a next amount of packet data to be

sent,

13 releasing the allocated dedicated radio channel if he next amount of packer data

is less than the threshold.

49.  The method in claim 48, further comprising:

after the releasing, allocating a shared radio channel to the packet data connection.

50.  The method in claim 45, wherein after a dedicated racdio channels is
¢ allocated to the packet data connection, the method further comprises:
waiting a predefined time pericd for an amount of packer data o e sent; and

releasing the allocated ded:cated radio channel if 1 new dara packer is not received

within the predefined time period.

51.  The method in claim 3C, wherein the predefined time period is determined

23 based on one or more of the following:
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a number of available chanrel resources, interference, and batery capacity of the

mobile station.

n

2. The method in claim 3G, further comprising:

arer the releasing, allocating a shared radio channel =0 the packet data connection.

A

L
23

33, For use in a communications svstem supporung = packer data connection
with a mebile station over a radio access nerwerk, a merioc cgmprising:
derermining for the packer data connection an amoun: 1 packer data <o be sent;
- comparing the determined amount of packet data to an amcunt threshold;
if the determined amount exceeds the amount thresheld. deter_mining whether the
0 packert dara connection s disconnected or interrupted, and if rot, establishing the packet
data connecticn on or transferring the packet data connecticn to a dedicated radio
chaanel;
if the determined amoun: of packer data is less than or equal o the amount

threshold, considering at least one other factor in decicding what type of radio channel

s
wn

should bear the packet data connection; and
if the amount of packet data exceeds the amount threshold and if the packet data

connecticn is determined to be temporarily disconnected or irterrupted, maintaining the

packet data connection on the radio channe! currently bearing the packer data

conreciion.

20 5¢.  The method in claim 53, further comprising:
if zhe determined amount of packer data exceeds the amount threshold and i the
packet daza connection is determined tc ke temporarily disconnected or intarrupted, the
method further comprising:
deciding that the packet data connection should not be transferred to a dedicate

25 radioc channel.

2002
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55.  The method in claim 33, wherein the one other faczor relates to a flow of
packets over the packet data connection, the method further comprising:

if the determined amount of packet data is less than or equal o the amount
threshold ard if the flow of packets exceeds a Jow threshold, allocating the packer dara

conrecricn t¢ a dedicated radio channel.

56.  The method in ciaim 35, the method rurther comerising:
if the determined amount of packert data 1s less than or equal :c the amount
threshold and if the flow of packets is less than cr equal to a lew <hreshold, allocating

the packer data connection to a shared radio channel.

57.  The method in claim 36, further comprising:

adding hysteresis to the allocating steps.

58.  The method in claim 53, wherein the one other factor is a time 1nterval
between packets, the method further comprising:

determining time intervals between packers over the packet daza connection; and

when the determined time intervals between packets are similar, deciding to

assign the packet data connection to a dedicated radio channel.

59.  The method in claim 53, wherein the one other factor is whether the

amount of packert data is increasing or decreasing when the amcunt of packet data is

determined to be less than a threshold.

63.  For use in a communications system supporting a packer daza connection
with a mobile station over a radio access network, a method comprising the steps of:

determining for the packet data connection an amount of packet data to be sent;

comparing the determined amcunt of packet data to a first amcurt tkreshold:
it the determined amount of packet darta is less than the first amount threshold,

determining if a back pressure condition exists;
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52.  The method in claim 6C, further comprising-
if a back pressure condition does exist, selecung a dedicated radio channe! o tear

the packer data connection.

1 63.  The method in claim 63, further comprising:
if a back pressure condition does exist, maintaicing a current radio channe! to

bear the packet data connection.

6+.  The method in claim 60, further comprising:
it the determined amount 1s greater than or equal to the first amount threshold,
15 comparing the determined amount of packet data to a second amount threshold;
establishing the packer data connection on or transterring the packet data
connection to one of a dedicated radio channel and a common radio channel based on

- the first and second threshold comparisons.

65.  The method in claim 44, further comprising:

2
(&)

if the determined amount of packert data exceeds the second threshold,
establishing the packet data connecticn on or transferring the packet data conaecticn to

a dedicated radio channel.

66 The method 1n claim 64, further cemprising:
if the determined amou=nt of packet data 2xceeds ¢ ond threshold,

25 deterruning if data are not currently being tracsmit over the packet data connecuon.
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hysteresis when selecting the type of radio channel to bear the packer data coznection.

70.  The method in claim 69, further comprising:
determining whether the determined amount of packet data decreased ircm being

greater than the second amount threshold to being less than or equal to the second

(¥}

amount threshold, and if so, selecting a dedicated radio channel to bear the packet data

connection.

71.  The method in claim 7C, wherein if determined amount of paczet data
increased from being less than the firsc amount threshold to being greater than cr equal

to the first amount threshold, the method further comprising:

I~
(@]

selecting a common radio channel to bear the packet data connection.

72.  The method in claim 70, wherain if determined amount cf packer data
increased from being less than the first amourt threshold to beirg greater thaz or equal
to the first amount threshold, the method further comprising:

selecting a type of radio channel to bear the packet data connactica using 2

22 secondary channel type selection procedure.
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a connection state controller controlling a packet data connecrtion with a mobile

station to deliver packets to a mobile station,

(L

3 a packet buffer storing packets to e seat over the packet data connection.
wherein the connection state contraller selects a higher capacity trpe 22 radio

channel to bear the packer data cennectiorn or a lower capacity type of radio channel o
bear the packet data connection based on the amount of data curreatly stored in the

acketr buffer to te sent over the nacket data connection.
p ;2

10 74, The apparatus in claim 73, wherein the connection state controller
compares the amount of packet darta in the packet buffer to a first threshold and a

second threshold greater than the first threshold.

75.  The apparatus in claim 74, wherein if the amount of packet data in the
packet buffer is less than both the first threshold and the second threshold, the

15 connection state controller selects the lower capacity radio channel.

76.  The apparatus in claim 74, wherein if the amount of packet data is greater
than the first threshold and greater than the second threshold, the connection state

controller maiatains the packer data connection on a current type of radio chanrel. ~

77.  The apparatus in claim 74, wherein if the amount of packet data is greater
26 than the first and second thresholds, the connection state controller selects a higher

capacity radio channel to carry the packer data connection.

78.  The apparatus in claim 74, wherein if the amount of packet darta in the
packet buffer is greater than or equal to the first threshold and less than the second
threshold, the connection state controller determines the type of radio chanrel taking

23 1nro account at least one additional parameter.
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data connection.

N . . . . - N .
3 8C.  The apgparatus in claim 74, whersin if the amcurnt of packet data in the
packer butfer is greater than the first thrshold and less thar zae second threshoid, e

connect:on state controller selects 1 lower capacity radic chanmel <o carrv the nacket

data connsction.

81.  The apparatus in claim 73, further comprising:
10 a packet store provicing packets to the packet buffer,
wherein when an amount of packets currently stered the packet buffer exceeds 2
predetermined percentage of the packer buffer size, the packet buffer generates a back
pressure signal used to instruct the packet store to temporarily halt transmission of

packets to the packet buffer.

15 82.  The apparatus in claim 81, wherein the connection state controller
- compares the amount of packer data in the packet buffer to a first threshold, and if the
amount of packet data in the packet buffer is less than the first threshold and if the back

pressure signal is not present, the connection state controller selects the lower capaciey

tyvpe of radio channel.

bio 83.  The apparatus in claim 81, wherein the connecticn state controller
compares the amount of packet data ir. the packet buffer to a first threshold, and if ke
amount of packet data in the packet buffer is less than the first threshold and if the back
pressure signal is not present, the connection state determines the radio channel type

using an additional parameter relating to packet flow.
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€ ATpAaritus il C.alm rgy, nersinthe Sonnection state controtler

compares the amoun: of packer data .n tha packer burfer to 1 first thresheid. and if the ™
amoun: of packet data .1 the packer buffer is less than tne first threshoid and it the Dack
pressure signal is present, the cenrection state controller selects the higher capacity tvpe

ot radio channel.

10 87.  The apparatus in claim 73, further comprising:
a protocol sending window buffer used to moniter packets transmitted from the
packet buffer but not yet acknowledged as received, the protecel window buffer
generating a full window signal when the aumber of nct vet acknowledged packets

exceeds a predetermined threshold.

15 88.  The apparatus in claim 85, wherein if the amount of packet data in the
packet buffer is less than a first threshold and if the full window signal is not present,
the connection state controller selacts the higher capacity type of radic channel ro bear

the packet data connecticn.

- — 89.  The apparatus in claim 85, wherein if the amcunt of packet data in the

~Y
(@]

packet buffer is less than a first threshold and if the full windew signal is preseat, the
connection state controller maintains the radio channe! tvpe curreatly being used to bear

the packet cata connectica.

9C.  The apparatus in claim 85, wherein if the amcuzt of packet data in the

packet buffer is greater than a first threshold and a second larger threshold, and if the
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full wirdow signal is present. the connection state controller maintains a carrent =oe of

radio channel to bear the packet data connecuion.

91.  The apparatus in claim 74, wherein if the determined amount of pacicer
dara is greater than the first thresheld and less than the second threshold. the conneztion

szate controller esmplovs hvsteresis when selecting the tvpe of radic channe! o tear oz

p-le.CE Jdata connect.cn

92.  The apparatus iz claim 91, wherein the connection state contreiler
determines whether the determined amount of packer dara decreased from “eing zraater
than the second amount threshold, and if so, the consection state controller sel

Am—e
L

higher capacity radio channel to bear the packer data connection.

93.  The apparatus in claim 91, wherein the connection state controller
determines whether the amount of packet data increased from being less than the Zirst
amount threshold, and if so, the connection state controller selects a lower capacit+

radio channel to bear the packer data connection.

94.  The apparatus in claim 91, wherein the connection state controller
determines whether the amount of packet data increased from being less than the first
amount threshold, and if se, the connection state controller selects a type of radic

channel to bear the packet data connection using a secondary channel type selectioz

procedure.
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