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THE I NVENTI ON: This invention relates generally to method and apparatus for
transmtting and receiving packet data over a wireless 10 interface and,
“nore particularly, relates to methods and apparatus for transmtting and
recei ving packet data between a wireless user termnal and a network
operator in a digital cellular tel ecomunications system 15 BACKGROUND COF
THE | NVENTI ON: Modern w rel ess tel econmuni cati ons systens are evolving to
provi de high speed packet data services for users of nobile equipnent. One
exanpl e i s MRTBOD| ANy AepmmﬂjﬁeFd)Batmn'etgliQxiﬁGFﬁfSPi.QRﬁLﬁﬁ@rogf mobile
equi pnent . that is rapi evolving in this direction is
a Tinme Divisi %ﬂfﬁf@%ﬁf@ﬁéﬁ%s@?qm P @W’ﬁoﬂk‘gﬁ% FREWd obal System
for Nbbile Cbnnunlcatlon (GSM, in particular enhanced versions of GSM
known asgp{38M8. o f&o acket Radio SerV|ces) and 25 EGPRS (Enhanced
Gener al “Pac - The GPRS Rel ease '97 was the first standard
to provide (limted) packet data services. However, this standard did not

provi de %f@pﬁﬁbEhEXOflorretlgeceléseéerlﬁl&%ff rql, the bit rage &}%Earla ,and: del ays

for a packet data connection | opi n ni ver sa

TeIeconnﬁﬁﬁ?ﬁﬁ%?ﬁ?fgyst@ﬂﬂ(UWWS?lHééﬁetEﬁ%ﬁﬁ#ﬁ p@@h@tsoyeveral paiciesite tat a

conneet i nsetede sinm t&ws@ér@ldﬂﬁd P% WA hdif ferent, i eg of
servi ce. AIthoL%% here have, resent, been two subsequent S r'el eases

35 si nce Y Be E?BH%%%tEHé i 1Y 0FSSEAVIRE BEREEHt drds betwpen SEP
2n04 rmwnr&&bsmeusemeté&maﬁmmaaﬁadeGPE%dﬁﬂi%ﬁ% phasgr 2, Nk Chyiipi1 4
qexpecteqx; ]ihi Rsahelease Rel ease ? provi des a new radi o
access b m%fﬂll'é: Cordhet¥or ¥ and |s to adopt the sanme quality
of serV|ce attrlbutes as used in the existing UMIS. A problemthus has

ari sen, @k (die RasiSratRSqipal ity of service provisions can be
dto neet the same

ehhance

Modern wireless telecommunications systems are evelving to
provide high speed packet data services for users of mobile
equipment. One example is an ability to provide internet
20 access to a user of mobile equipment. A wireless system that
is rapidly evelving in this direction is a Time Division,
Multiple Access (TDMA} system known as the Global System for
Mobile Communication (GSM), in particular enhanced versions of
GSM known as GSM+, GPRS (General Packet Radio Services) and
25 EGPRS (Enhanced General Packet Radio Services).

The GPRS Release '97 was the first standard to provide
(limited) packet data services. However, this‘standard did not
provide a capability for the user to.control the bit rate(s)
30 and delays for a packet data connection. In the developing
Universal Mobile Telecommunication System (UMTS) packet domain
permits several packet data connections to be simultaneously
maintained, with different gqualities of service. Although
there have, at present, been two subsequent GPRS releases

35 since the Release '97, the quality of service concept has
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.10 flexibility requirements that exist in UMIS. In the UMIS system the data
connection between a core network and a nobile station is identifigef e g,
a Network Service Access Point ldentifier (NSAPI), that identifies as wel

a 15 radi o access bearer. In the previous rel eases of GPRS (preRel ease

"' 00), a connection is identified by NSAPI and a Logical Link Control (LLC)
prot ocol SAPI. However, in UMIS, and thus in GPRS Rel ease '00, the LLC
protocol is no | onger used. 20 More specifically, in the UMIS a data
connection between a nobile station (MS), such as a cellular tel ephone, and
the third generation (3G Serving GPRS Support Node (SGSN), or 3GSGSN, is

i denti figdmusrilé] 1Eﬁ](ee l\gan[t1 wor k Service Access Point 25 ldentifier (NSAPI)
with whi CH T he reques% ecF'quaI ity of service paraneters are associated. The
data connection is realized by a radi o access bearer established by the

3G SGSN t ' S r e,radi cges r, .dentity is

t he sameﬁg% @ﬁ%gﬁgé&gl&ﬁ%% ?%Cg@%%\@i 0 ‘Ells-rll-'%1er21’ag'ltlaﬂtcﬁe(:\[r%aglx %grg%gsg%bggr 5%630 IS
real i zed'$yt oRBROr redgecal (Redicetsear®P s, eactyidew g tdei radwe odeetsist i es.
During thergadi orbeanss §etsupopBasetherNSARLJ siassacialgd Wb radi.o
bearers and the radio bearers are associated with a channel. As such, In

t he UMISTtadi ey dtledd o ce j@tiyibuliesgs ugrdsin-ys sietiiord the thannel
nunber/identifier unanbiguously identifies the data connection and its

qual ity of service paraneters. and, hence, there is no n to carry either
the NSAPH BFOTLEH o BEare® | dertTty 71 proPgtol eRdans. CHbwe ¥ -1 GPRS
Rel ease s&0vidrer eprsvhneipnovi siaon tloe assodiaieed data cenritect iloa t Gade
(Physg cal ). enamngl, As,siehe e problemthat, apises is how to identify a
idat a  connect’ion |r¥t elvadio interface. A 'second issue relates to I nprovi ng
the flexibility of the GPRS Radi o Link Control/Media Access Control

(RLC MAG), | gyerumP8 EURPELaRhdislnCld o et yeepat heshasi e.FBRA AN Lhe
UMIS Radi o Access Netiork (URAN) 1s that the GPRS MAC nul tipl exes Logi cal

Li nk (LLY"Pr 8t Gt ot aL8RLPE (FDUSTenkHilieUMISI I & plekest kr afdpdre
_(R?;di 0 ﬁdﬂ@@gpb@htorz&@i%@F&Nsmmeney&abt h@%@mmﬁdﬁiﬁl axi r\@ei:_sl a f
inflexible,, and is not suita o[ connections vin i fferen uality o
sorvibe Wk T SRERTS. PERY Sdxartl e CPandUE bt Ot he 8158 0P (e ELRPDUFEFGH
SAPI 5 iRelEage 2 '(0He maxi acumméengdh | $s| 520eotcifisd, ¢ nisAPbe eent i kel y

sent bef%A(ﬁ]éalgLei %@ﬁgr C%nﬁ%iagglﬁﬁéﬁgb%%oéolcasﬂp?--S%Rﬂﬁvj-f thtf%RlﬂgTrgode

used by Ifferent th one used ftor signal |er¥gj, en thé

current arehpohasy iBl GARF b ¢aBF) 'Alist Weer ELEapedtoand al heoTBRNger

est abl i shedy before the | ayer 3 nessage can be sent. Before sending a new LL

PDU, a Packet Resource Request nessage nmust be sent to the network to

indihte the characteri stics (radio priority, peak throughput class, RLC

mode) ofMdie BpwchEi PPULy30 ilnn ECPRIMITE aaneaagce@&nbme@ﬁaSbéPwéfRsaare
in.the uplin

ai rocti e BRE R, o1 FaC g Aot Ot b b he nePRGEE 2o SERoRS sh
ithis, aWdomd gemessage usSHEd Bev GRRSSEBBI BeppoBt Node (SGSN), or 3G-
SGSN, is identified using the Network Service Access Point
25 Identifier (NSAPI) with which the requested guality of service
parameters are associated. The data connection 1is realized by
a radio access bearer established by the 3G-SGSN to the radio
access network. The radio access bearer identity is the same
as the NSAPI. In the radio interface the radio access bearer
30 is realized by one or several radioc bearers, each having their
| own identities. During the radio bearer set-up phase the NSAPIT
is associated with radic bearers and the radic bearers are

asscclated with a channel. As such, 1in the UMTS radio acgcess

2



.2 ~ SEP 2004 equi pnent to request a packet channel (Packet Channe| Reqyest
“11 bits) is re-used for EGPRS. To summarize, in GPRS ' 97 a data onriedt |4&M
is identified by 5 the NSAPI carried in a SNDCP (Subnetwork Dependent

Conver gence Protocol) header and by a LLC SAPI carried in a LLC protocol
<header. However, in GPRS Release '00 the SNDCP is replaced with Packet Data
Convergence Protocol (PDCP) that does not have NSAPI in a protocol header,
and the LLC protocol is 10 renoved. As such, the GPRS Rel ease '97 type of
identification cannot be directly used, while in UMIS the NSAPI is not
required to be carried in the protocol header, as the NSAPI/radio

b / i ng .| 15 Wit.h e
i 11 o o RS ke SRR S Y e GR I E SR MO SRS e
MAC nul tiipt est@sa | ogieedt channed sioat quehe tiyr anfs portviclanretamcie shasidc,
I I h
mul tipl exlng Unihels a POCE BRU h@&cgaﬁﬁé‘rﬁ "ULEhRL O et Bro o 0

properties as the LLC PDU multipl exin For exanmp

referri MEAETFi ek ity rndiissarlesédriss a hi gher priority than radio
beares y, and if they are nultlplexed onto the same transport channel
(Dedicag?d Transport Channel or then a Packet Data Convergence

Pr ot ocol "UBXE)’ Pridt odaTh SDat%e]lﬁfﬁ?e(Pdw f FERChe 1Fadil® beHBr % Fantdt be
sent befayerai previ odst 25:BRER-PDUhf rem 4 hephggwabﬁar:aényiemas reen;gent.
Transport chan onnected to a | ayer 1. codi mul ti IeX|ng uni t
that processes W%L EE?|pF§%§§SSé6%r%?W %?%ﬁ {Egn %FF T4t 0 a
coded conpdsi¢ eradiansipdrer fch@nnel (CCTrCH). Bits fronlthe CCTr CH can be
mappgyd on the same 30 physical channel, as shown in Fig. 3. The only

restriction, is that transggrt channel s shoul d have the same Carrier to
| nt er f efenE@CPTHI )i 58Ul Fehehes tiver epreviorch Sheedh sanididdita cahnothebe

mapped Qﬁm“atﬂ@@d%”ﬁlHEY%bE%'ro@hﬁ@B@a A 9 cortFor~RRZGOAAEN arl%%&t

channel has. its own transgort format set. On the physical channel
conbi nat’ons™R? T t4HhsPoFt P6F haE s PEANRGD Eh‘éul?ﬁéllt:e(f”bquta%‘ﬁl vhe éwsset
that is Rhi‘:fjld’lemm!:ésst heetwapspquRalior med eaabki natd oopset MaAWhen: IFARRIRG dat a

ont ysi-cal .chan MAC chooses, bet ween, erent trans ort

forol%a naltl (I%“ﬁgkgl Gghﬁi PR ns%%ﬁ‘? f@?ﬁ% glbrélﬁ%a'tl OH s

select|mmhﬁ;gﬁaﬁaﬂrmihmﬁmmey(aadlutﬂhuﬁescantkei|MnaR&ﬁ)ab&ecbst nate

schene chagnéﬁzﬁ, £ahu i eySleytdhont teauidlng Addltd ongl 3Lonaliling. If
i'o 10 o the d|

in Fig. earers x and y are nappe ferent transport
channel £TCH? SORGSBERDPN St he RARECOPDUS LELGHRDAH? @ lid sentofat e vemee

tIWE O&éﬁﬁﬁﬂéﬁeAQQSFﬁ%@ Eﬁ@ﬁ?ﬁ&?ﬁ,wﬂﬁﬁéﬂékngugg hect ransport for maly
na&ion t hat t$ trans és to l.ayer 1. However éhe total bit rate
ansp dh £5

+g- 15 fin 81 ot B%ceed® at 24y °GFRESY he 1T
HBX|numMMStrb&eesﬁireiytbenGCBeeHrelnﬂ&unmayﬁr\ﬁtﬁeﬁﬁmgénQMﬂmteahmlques a

data conneotion.ds | mpki ehLl ¥ asggghated it & Rpdkos ki ok (nLrel (RO 20
Tenporary Iock ow
{ the one used for Slgnalllng, then the current Temporary Block
Flow (TBF) must be released, and a new TBF established before
25 the layer 3 message can be sent. Before sending a new LL PDU,
a Packet Resource Request message must be sent to the network
to indicate the characteristics (radio priority, peak

throughput class, RLC mode) of the new LL PDU.

30 In EGPRS the same access types as in GPRS are supported to
- establish the Temporary Block Flow (TBF) in the uplink
direction (i.e., from the mobile equipment to the network). To

accomplish this, a control message used by a GPRS mobile
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-To overconme these problems, it has been previously proposed to al 1/23}5\/ ggge
than one Tenporary Bl ock Flow (TBF) to sinultaneously exist. 2004
several reasons this 25 approach is not opti mum OBJECTS AND ADVANTAGES OF
THE INVENTION It is a first object and advantage of this invention to 30
“provide a nethod and apparatus for multiplexing a plurality of data
connections, in a flexible manner, into one Radio Link Control (RLC)
Tenporary Block Flow (TBF). 5 2 4n~P~=rUwlIt is another object and
advantage of this invention to enploy radio bearer identities to nake fast
packet channel resource requests. 5 SUMVARY OF THE | NVENTI ON The foregoi ng

and ot heg i 9hé €78 AT 8- QYEE CONBLaRM L herahireat S ol dhe dHieRb
realized by %ho ds anee iar at us |ﬁ accorgance chth ean(gﬂdl nent%sé%ees’ttlﬁ S

i nventi oht 2BEAs Wast treREeVidertiCHbove, in UMTS the data connection is
identified using the Network Service Access 'Point Identifier (NSAPI) t hat

a|SOId tifies radio a S r In the previous.releases of S

(pre- Ref@%sgumﬂﬁflz%l c&ﬁng;ﬁ'D SSon'b ‘iSdia&gnt?cF?‘g F OV NSAPI L8R8 TATEEG a

Li nk Tonthel N:GA]EE)c&pIDi@@Oin Sé\PBNDEIBM&\%elbneItIWdﬂMFS,ep@mﬂietrhUSder

Rel ease t | .is n n used. .As, suc her t he API
Lﬁﬁﬁ?r %?% 8&9 238 b OLi@ gﬁ ca rl% JIXG%RgiEL ﬁs

or the earer heedsYt § be assom ate
order to¢adsnifjoredara connéEREorRéeleadhe r'ddi othat Siflade. 120 r'ﬁp]saced

i nvent i op: providesca ﬁ%&o@o%@rggp@ atpso ercorm' thtexi ng.a phycall ok of

radi o bearers onto one TBF by utilizing r earer 1dentities In GPRS
radi o i M&fe adeAPFhi 57 et hBéoéﬁGOépp%ﬁf%l@ﬁ@ aI %Té)d PG déLthePlﬁéwcPl GfS

enabl g nar&foded aphd ehanneknal Geeat ian JL04€s871 0yPECYE. identification
| cannot be directly used, while in UMTS the NSAPI is not
required to be carried 1in the protocol " header, as the

NSAPI/radio bearer/channel mapping is done unambiquously.

15 With regard to multiplexing in UMTS, there are two levels of
data multiplexing. First, the MAC multiplexes logical channels
onto the transport channel. The basic multiplexing unit is a
PDCP PDU, hence MAC multiplexing has the same properties as
the LLC PDU multiplexing in a GPRS RLC. For example, and

20 referring to Fig. 3, if radio bearer x has a higher priority
than radio bearer y, and if they are multiplexed onto the same
transport channel (Dedicated Transport Channel or DCHY 2, then
a Packet Data Convergence Protoccocl (PDCP) Protocol Data Unit
(PDU} from the radio bearer x cannot be sent before a previous

25 PDCP PDU from the radio bearer y has been sent. Transport
channels are connected to a layer 1 coding and multiplexing
unit that processes and mulfiplexes several  dedicated
transport channels into a coded composite transport channel
(CCTrCH). Bits from the CCTrCH can be mapped on the same

30 physical channel, as shown in Fig. 3. The only restriction. is
that transport channels should have the same Carrier to
Interference (C/I) requirement, therefore both speech and data

cannot be mapped onto the same physical channel. Each
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~The met hod unanbi guously naps the Network Service Access Point I'degtffagr ogns
(NSAPI'), and thus the quality of service paraneters, to radi o bearer
identities, and uses a radio 30 bearer identity only once for one nobile
station. That is, the same nuneric value of the radio bearer identity is
‘not associated with two NSAPIs in the same nobile station. In this nethod,
a radio bearer identity is carried in the Radio Link 6 ~4 Control (RLC)

bl ock, at the beginning of a Tenporary Block Flow (TBF), and every tinme a
radi o bearer is changed. A changed radi o bearer identity also functions as
a new channel request, if the quality of service requirenents of a new
radio 5 besrrespare dhbheeenthdhanethe, gualdly, of, service requirenents, of

t he previ us.r%a;o bearer. Furthernore, a radi o bearer 1denfity is c ﬁVéyed
in an RLETRCKITGW dyEmsnt feSs&GB0f PBMICRS retel vensport hEormansniceen tor

sender ofba heupackekddat But1l0odhe net hod,thus provi des Q&gfﬁ&pdgglb%%%er
0 be carried in each RLC data bl ock, or at the

identity,. ar i.d, .
beginnin&r%wéﬁﬁg%TBﬁér%%FsC%?ﬁ”ﬁ@”ﬂé%bnﬁ@?she@?e?¢1W%Hﬁ%ﬂ@ér@éﬁaeﬂﬁﬁﬁinent
of thi>s iPhyedcedn,clutrindlzi nghpackebséhowdidentd files Bitsefinst ciratrpdyced

for GPRS se.~39. me i s herein_ disclosed for sendi ng packet
7oA me%%naﬁ%g%sTﬁ%ﬂ%%%ho% %ﬁh Uded HYDs 6P rERuERMPanpy ion

data over a wireless I ' :
nul ti pl efFhg aTpidr aFrtgcotonadie bearépsment o repedIgnpanar yuBhogkeEl ow
(TBF) by fpexfipnei ngzr{gr1a fifst radio hearer, tep of transmtting the
first radig begier identify to a 20 recelvéfgiﬁﬁaf ﬁ%ﬁ%tphﬁélFﬁgst&ﬁgﬁFo
Li nk Confr-&fop EF Brdckdofd Tremporiarsi BhatkiPyow (TBEY, Higpn an radio
occuilPenbeaotra ehange yf e ggd@gnr@ﬁgodpgﬁégénﬁotgaﬁgﬁgpg LadiQ 15
‘bearer, bﬁggsghgtbeg3th§ secand radi o bearer identity to the Feceirver tn at
| east one stibSequent “Ra PEOLRAk BOREr SFTRKGHDI B0k 28 990t het sahe T8Fe
and, at th@erecervebefsequenRLalIdeenuLﬂﬂdﬁGEQQHB;ruaé&éﬁ§4ﬁéy of rﬁggo
bearers fr9mithe. 0 Q . Bl.ock F| ow_( TBF first detecting the
presence_ of t%e ra igxgggf%$&¥ﬁkﬁﬁ%?}eég?ﬁ ﬁgg%i@%a REGNBEEERs. t B0l aner
initial &tepl®fetate nmbbRod-¢leps &iNet worle Sefvitde: Adcese rRaicnt  FadesbdFier
(NSAPH ) , claddiné heisc abiabt t ¥x O =SELVI CB., PR t 1.0 the .radi o bearer
i dentities. 5 (? SEf ZpQ>i Aefurtherystéggfrtg{grﬁat%qurmonk% atherar%ece??/%r?fi n
response”to %%%'%ing the second radio bearer identity and if quality of
service paraneters of the second radio bearer require a new channel
al l ocatipn, et l.i nk, Assi gnnent ssage (or 5 sone other suitable
channel ggsfgﬁﬁe%§'n€§§§befhﬁ @%@“?r& THEISS APt StHat | venpecitiogual $ty
of servigeparnkt er ssebcihtedecondir adio brearier doimet Ceadirte a new:)
channel wddcalton Ay acknowgdgement of the receipt of a first received
RLC bl ock fronlﬁﬁe second rag€o bearer is transmtted 10 to the
transmitter. In the presently preferred, but not limting, GPRS enbodinent,
the radim beasefondenidsy psowr&her abl yheantained withi et 440
.identifi%51%EF| bits, ﬁndbthe presence of the lgﬁgiﬁ%ﬁ%gg gFﬁ?ﬁﬁ1i§?
wi thin the PRI BPES i s"PAli cat™d by 082y PFBLosd caFépw(PIJTBFL. to
simultaneously exist. However, for several reasons this
25 approach is not optimum.

OBJECTS AND ADVANTAGES OF THE INVENTION:

It is a first object and advantage of this invention to

30 provide a method and apparatus for multiplexing a plurality of
data connections, in a flexible manner, into one Radio Link
Control (RLC) Temporary Block Flow (TBF).



-A further step of the nethod is executed upon an occurrence of a change
fromthe second radio bearer to the first or to 20 another radio dkdrg€p ban:,
transmitting the radio bearer identity of the first radio bearer or the
ot her radi o bearer to the receiver in another subsequent Radi o Link Control
"(RLC) block of the same TBF. The receiver may then performa step of

acknow edgi ng the recei pt of the another subsequent Radio Link 25 Control
(RLC) block by transmitting a Packet Uplink Ack nmessage or a Packet

Downl i nk Ack nessage fromthe receiver to the transmtter. Note should thus
be made of the fact that the teachings of 30 this invention apply as well
to the downkinknoshéhosphetn the dewnhipkedigreatdian itheghapnels aldacation
procedur e goes not differ framthe current_allocatjon procedure. However,

t he change“th PgaFSrbééjr%é]rtlitéeﬁr FerEpis dadowPaalell GEPRgea gesouigesEp
204 Packetudewnl i nk Acknowl edgenent nmessage fromthe nobile station to the
net wor k. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 The above set forth and ot her
features of the invention are nade nore apparent in the ensuing Detailed
Descr? ptSUNMARY 1GR ‘ en read in conjunction wth the attached
Drawi ngs, wherein: 10 Fig. 1 is a sinplified block diagram of

t el ecommuni cations systemthat is suitable for practicing this invention;
Fig. 2 iltust?a?edind c8hveRt6RaPrePRS™ I3 THI X HEOPE | ACHpItEe 15 iwlsdrse GWM

'ui/rr a GPlR&_ I\/Itmie! iilyvé@ﬂa@elmterf@égméa ﬁ:;g- _n?é*diﬂdsjléStEﬁg_esa@szPﬂﬁ/@éﬂ iti91na'
mul ti pl exi ng pr.inciple; Fig. is a logjcal bloc i agram depi cti ng

t he napp?%‘goroiané% r’ﬁﬁttrh &F@a%@e %W i Ye4Ernt o the same Tenporary
Bl ockO Flow (TBF) at a transmtter; Fig. 5 is a logical block diagram

depi cti t d i i o] radi o rers from.the sane Tenpqrary
Bl ock FP%SW ?’%EF) , £é5 ggﬁﬁsggadgl%&ﬁé«;’ar 2?1 i Hgﬁg tetyhe( RESd) , CRRNEC T BT v ;

identified using the Network Service Access ‘Point Identifier

(NSAPI), that also identifies a radio access bearer. In the
previous releases of GPRS (pre-Release '00), a connection is
15 identified by NSAPI and a Logical Link Control (LLC) protocol
SAPI. However, in UMTS, and thus in GPRS Release '00, the LLC
protocol is no longer used. As such, either the NSAPI or the
UMTS radio bearer needs to be associated with a GPRS RLC TBF
in order to identify a data connection in the radio interface.
20
This invention provides a method and apparatus for
multiplexing a plurality of radic bearers onto one TBF by
utilizing radio bearer identities in the GPRS radic interface.
This method and apparatus alsc provide the benefit of enabling

25 a rapid channel allocation request to occur.

The method unambiguously maps the Network Service Access Point
Identifier (NSAPIL), and thus the quality of service
parameters, to radic bearer identities, and uses a radio
30 bearer identity only once for one mobile station. That is, the
same numeric value of the radio bearer identity is not
assocliated with two NSAPIs in the same mobile station. In this

method, a radic bearer identity is carried in the Radio Link

6




.Fig. 6 shows a nethod of using radio bearer identities to nake fast? Qa8¥Fth
channel resource requests; and 30 Figs. 7A-7E depict formats for varioug <7
uplink RLC data bl ocks. DETAI LED DESCRI PTION OF THE INVENTION 9 ~ 4 Ef'
2~ak In order to inprove the nultiplexing capabilities of the GPRS Radi o
‘Link Control (RLC), Media Access Control (MAC) |ayer, the Network Service
Access Point ldentifier (NSAPI) nust be 5 able to be identified within a
RLC bl ock. As such, the NSAPI is associated with the radi o bearer identity.
This association is perforned using a radi o resource control protocol

bet ween the network and the nobile station. 10 Referring to Fig. 4, for
each radi rer re.q n C i Q. 1. nage | f tions,
such asqgée}gl;%r)r%(%lt at(lREGE,G; ?Oelaozcslg % aﬁ%‘t ac%%ﬁé\?\]ne%g%tengﬁt % ?%@?Q%gy re %t% eHd to
t he radiol®Bear@BF)TheaMAC 42e¥s pricvd déd wiahca REREEP| ek$ ngciamead ond

el ement {iER)qdd th@to nubiiol exasnddedi Hherentodadi ghdbeas ens nent oihgsane
TBF. In the transmitter 1, or sending side, the nulti El exing FE 14 adds a

radi o bediBteTidentd fieatTvht {RB-$1)STo" 8a8h "REGLBFBER S0Pt 6 TRE 394 RLC

bl ocks ofbema TBF. até onkyepoerradhd bear efud Bieyr benkkyvibeusequiilemethe

RB-id isxfonltél_added to the first RLC of tl)g.e }gF The 20_rmul t%].ipl exi n% FE 14
es U &

3 C ProvodsP CHtH UniPfs8 ~FPDUs FEdCt Per et THM D BEAFETs

mul tiple
ont o t he JiBR idependi ngpror vickie pri ani tRe6 efc ke ratliemebeareessoge  faben

eneral | j t.he e f i trd e t r.adi o
gear er s.%ﬁ gig&g}g}v\én}git%nﬁh%. t%%%asgn?égi%gtzj ://éét%ﬁd%acif tjI'(lLé-% ipda?ékaer%%f'at%'l

respective Packet Data Convergence Protocol (PDCP) units 18, |IP core

protar ol 20 meRadiio Regourse,Gontd olr(RRG)  uAlt 022y andra Radio & nk oy
‘Control for, control plane (RLC-C) unit 29. At the receiver 2, or ‘receivVving
side, dépi-cted R FP§. S iheB0 Idi f £6FEht RE&di 82bBarerechre demilti pibéxed

by a demddiirpliexj ngr Radi ordd nkriGontdol  boi kc28mpuskRgdt henr acgiregd riradi o
bearer identjties ( i.ds).. The RB-id can.be.define si.ng Packet .Fl.ow
dont 1 1SR o o iy AT edbnce! b TEhSSr RAFgoT0 10y JoESraEsRth
bear er itdérst iftiy gy rie ddndiecatted GSRAg RehedPE '[9%di cator (PlI) bit. The RB
identg ty f} deti r adi erf K d ssogi at.ed
Wi t kriw If a @RJ&BM?% fetfss Eﬁgééﬁles%%@}(% t efﬁl_rhca%%%gﬁ%ﬁgﬁgkg%e dl%ﬁcc??uéfétcrauser
pl ane pafteldstul tilplexers bmeERe30 assdmse st haterrl RIEC BEstketdRLRvn t he

TBF bel aig tli@1tha ey evi pusriadip beareididabewasrisdesiid | 66e byrcipe BB d.
In the %CJ-EPR% g@ie treg L dio bearer identi "tgy can %I.sotbe dCF.fl ngd usi ng
packet FIGWA dehtt f IGPE( PER) B71S Gip ndOr 2 first  radic 'bearer,Va
step of transmitting the first radio bearer identity to a
20 receiver in at least one first Radio Link Control (RLC) block
of a Temporary Bleock Flow (TBF); upon an occurrence of a
change from the first radio bearer to a second radio bearer,
transmitting the second radio bearer identity to the receiver
in at least one subsequent Radio Link Control (RLC) block of
2% the same TRF; and, at the receiver, sequentially
demultiplexing the plurality of radic bearers from the cne
Temporary Block Flow (TBF) by first detecting the presence of

the radic bearer identities in received RLC blocks.

30° An initial step of the method maps a Network Service Access
Point Identifier {NSAPI}, and thus quality of service

parameters, to the radic bearer identities.



-10 presence of the radio bearer identity may be indicated using t@e;Pézl
Indicator (Pl) bit. Figs. 7A-7E depict various uplink RLC data bl dck oEP 2004
formats showi ng | ocations of PFlI and Pl bit fields. A simlar scheme 15 for
coding RBid in the dowlink my be enployed. In Figs. 7C, 7D and 7E the
“abbreviation "MCS' stands for Mdul ati on and Codi ng Schene. Since there is
an RLC entity for each radio bearer the 20 acknow edgenent nessages are

al so nodified fromthose originally defined in GPRS '97. A radio bearer to
whi ch a particul ar acknowl edgenent is associ ated may be defined using an
Extension Bits information el ement i n a Packet Downl i nk Ack/ Nack nessage
and in aAP%r%é UpI | nk A%k/ Ngc% nessage. 315 6 illustrates a nethod
showi ng ‘how"Fadre bearer 't aentiti es usJé CEHY Thke Fast SPREREE dHrannel
r esour cereeuesis. tike SteepnA a:afdlrcstbﬁﬁebl aclenics tgentnd nif @BElltp toh‘l s
case the,RLG hlo r o] r h fol 1 aw ng_

bl ocks ?SSt ep % @%egﬁé ?g§begr e‘?g% dS%??’E‘% |£sLa%%) %n% %gecfech nISLw

bl ock frdmidrot hed lpaditéobearar Ha§ﬁe§qU|Ur}'«Eldl’tko Bessenne(st efttﬁ%)agﬂ n (exder
to avpi dsgydral éam@tl oguwatﬁﬂ@ acknankedgenent s, d e rt@é %eﬁckeewl gdges

the change 11 2~~4 in the radio bearer. In the quality of
service tp‘%ﬁra?ﬁ‘éltt&esr ofAPa%W%aBé‘a‘?%Yf 1dr eT988iikid Ao ?%Eﬂﬁ%‘ﬁ% {agemecrasnel

al | ocat i, thenceeaoRackeidipl idala rASSI gmeat;trreﬁéag@réorél ey t @Hh@esender
t hat the radl QC bear er _has Qeen 5 succegsfully chan | f a new channel

al | ocat ibh not r eqli r 86 PHERIPRESAEt wBFk~ FRS( e’g%c%jc%tovﬁ ddes SHRE i r st
recei vectd%l_e@vtezlcbmd rhdmctkhefmrw rtedli e beaderafiadbeabear es 2)yanksmidtep E an

RLC oaééj ];]{h%mtr%?{es(ﬁllg%%he r2 is transmtted, and no RB-id is required to

‘be |ncI adio 10 bearer is again changed (to radio
bearer 1), and this tinme the network confirns the change by i medi ately

acknow eidﬁ'ﬂ]ﬁa thes Jdristty necaioad BLG b Ofe;tstf ELQH&E@Q?O BeaseLnboRREER!T NY

to Fig, |, there|S|IIustratedaS|an| di agram of an
embodi rréﬁte of 241 r BEELE TcoNRGRIEAY ofS s;‘?éfteéﬁr@blé’w tcé’l@ltéllpéﬁi piaéhidi ng
this i n\g'.en:tldeﬁn f1dat ﬂd&(ﬂtlicf&%ra pPoral it of embi lehest giieeBsck00: ¢ T\ﬁae

nobi I ion VBs) ar own i.n F| 19 ne belng de at

and t Gﬁt %E%Eerﬁ enltl Y50 ShBHE a%%%x\éﬁn%fagﬂ%ﬁet%rk”b%e%gtt

havi ng, LtSGmgeﬁarP@Ie,Inail@?RSrStj]B@d)r biNede (GSN) 30 for connecting to a

t el econmuni cati ons network, such as the Public Packet Data Network or PDN,

at | east one base station controller (BSC) 40, and a plurality of base
t r anscelv &N GHER BES) B0 Metod rlehsF¥BCHRCR PRPNarE BFCHEWANFAKCZS

directien baahg@hwsjc@zal tBad dagical ralannebsatert hes nebid erstatians kGO in
acc rdancetgﬁt edet erm ned 618 i nt erfac standard. A rgvers or uplink
ni CAGOT “pat %o ATy friohh t hE S et ¥at i OH 106°FD°t hESREEFor k

oper at oridenttiicly conveys tﬁmbsteraldugl fetaceacoessheequeasts aadior akbirer 30
i nol udi I
i ncl udi g% ttgl% R.Cd q]aytear hlocks, L AGHH, y@@;&tﬁﬂ tgdtfgeLtSQCEtﬂgaoterﬁteg na

preferr ut not limting,
i lock of the same TBF. The receiver may then perform a step of

acknowledging the receipt of the another subsequent Radio Link
25 Control (RLC) block by transmitting a Packet Uplink Ack
message or a Packet Downlink Ack message from the receiver to

the transmitter.

Note should thus be made of the fact that the teachings of
30 this invention apply as well to the downlink, although in the
downlink direction the channel allocation procedure does not
differ <from the current allocation procedure. However, the

change in radic bearer is preferably acknowledged using a

8



-4 v~~ ~u~~r teachings, the air interface standard can conformto %nn%
standard that enabl es packet data transnissions to occur with theénbbbtR 2004
stations 100, such as Internet 70 access and web page downl oads. In the
presently preferred enbodi ment of this 5 invention the air interface
“standard is a Tine Division Miltiple Access (TDMA) air interface that
supports the enhanced GPRS capabilities disclosed herein. The network
operator may al so include a Message Service Center 10 (MSC) 60 that

recei ves and forwards nessages for the nobile stations 100, although any
wi rel ess nessagi ng techni que that is capable of using packet data can be
used. O BeektypesohMRESaGidl SEloHGEE Y | Su e y

Servi ces and. one under currently de\?ﬁnopmant ﬁgﬁgggﬁomwgg l\/lr}ltlr'?ﬁlr rre@?%ﬁl%
Messagi ng-Ser9iick® (MVB) "CWHRF i n i mage nessages, video nessages, audio
nmessages, text nessages, executables and the |ike, and conbi nations

t her eof,%%%eﬁ,f re ié ﬁﬁg g ggtwork and a nobile station. 20 The
nobile s -ym—é%l—&;ﬁ icrocontrol unit (MCU) |20 having
an ouPput coupled to an input of a display 140 and an input coupled to an
out put ofp ar r a 6 T il tation, 10Q nay . he

consi der edét E\%}gg@a S%atgdﬁéf%}?rg Po?jeﬁhegpkﬁo%gtélﬁfg% aosf a%%l VS e e piiohe or
a per som3R9IO5MEERANGRPEEESE. 1Thd Niplinsu rat Penaldedc delse ralpsd obe cdonttes ned
W thin argeest Din noesh e-that ; h sc6ARNLEL €8 Hdyy;] }Hﬁ? vige. For
exanpl e, }t}he nobi |l e station 10 cou?d be cont alitmng W ti&nﬁ%%&oﬁ%&s’
simlar Type bt  card or nodule that is installed during use within a
porthbl e data processor, 30 such as a | aptop or notebook conputer, or even
‘a conputer_that | arabl e. he .user. The MCU | 20 is assumed to include
or be coﬁﬁlp?'ed%t oigo\r%g tg;lllﬁl%?igyeé~%lo .q{~~d4—§~9536? 8 el SF BN i SR iRl g a
read- onl ¥ Hearoryh ROV fwirtatler ifvg anroperat hag: ipt ogramnesomel | as a
random access nmenory (RAM for tenporarily storing required data,

scrat chpad nenor recei ved packet data, packet data to be transmtted, S
and the H%%e.2 Ng%%%?%\%‘ée,s rendvabtet 8p Ve LnGPRShow)t igdme e gprpovirdeigh las,

vel 115 t hSlM@uoring drs exdinliey uplLfarded Hublig, 1and Mbile Network
(PLMN) |ist and other subscriberrelated informtion. The ROMis assuned,
for the purposes of this invention, to store a program enabling the MCU 120
to 10 ex¥cut & tiHe sdftatarse ar auhivees,i drayle s e dn ot et ishd asiifeds 1.

i npl ement the transm ssion and reception of packet data in accordance with
‘the teachings herein, as well as to provide a suitable user interface (Ul),
via di spl*@y | 40 ignd2 képgddaiohlagit hdaagsem aAbphoughgnatheshowpping or

mi craphend rapd eseaken rar g,d5 typicably R qvi dad f of sna@alrhé‘g.fe?n%ousgzr to
conduct voi ce calls in a conventional manner. The nobil e station 06l so
cont ai n& é)cjﬁ ngLIOé“séT?gét i%6n 2t h&ESA¢EGdes a digital signal processor (DSP)
| 80, or equivalent 20 high speed processor, as well as a wreless

transcei onpri.s of transmtier 200 and a.recejver 220, both of

‘whi ch arF\éL%éoﬁspllesd % ?% l%aalt etfgra]loac DT R oMFEACEAPFo b PR CFTPHE indevidine
oper at ot Packetadiat ddararanfsmint ttetk ansine eTeinpedathr sughkt e cant@nrg 240,

in agerordance Migtih b@%r%%aﬁHEHQ§t§5(R%L?d}, at a receiver;

Fig. 6 shows a method of using radio bearer identities to make

fast packet channel resource requests; and

30 Figs. 7A-7E depict formats for various uplink RLC data blocks.

DETAILED DESCRIPTION OF THE INVENTION




-Based on the foregoing description, it can be appreciated that the, i nventor
has provided a nethod and apparatus for nmultiplexing a plurality of I &difo 2004
bearers onto one TBF by 30 utilizing the radio bearer identities (RB ids)
in the GPRS radio interface. The di scl osed nethod and apparatus al so

“provide the benefit of enabling a rapid channel allocation request to
occur. 14 ~ ~ ~~~'" ~t?0~" 0 Those skilled in the art nay derive various
nodi fications to these techni ques, when guided by the teachings herein. For
exanple, it may be desirable to include the RB-id in nmultiple 5 RLC bl ocks
until the receiving end either acknow edges, or sends a channel allocation.
This techni qgue can be enployed to inprove the overall reliability when

changingdfadég bearers. Thus, ghile t he i nvention has been particularly
shown and L0°HESTr FRed™Ri-PRCr E8Fe S it RSt 1T etk RbbHH st sOf heheoBERSt

will be (Rwibrst bodkbyarttasd skilded tedike Attetbatcosharges (uacf ornm,and
details b t herei.n,_ W t hout departing .fromthe s e_and spirit of

t he inveﬁ?%%nsegggng@%rgg%e i%gz?s%l§%ﬁ§chg?e?El FoF mid SPEL 11 " rebRod
for multighlexi 'ty aephideatifyedf wiatliio beaRbfs bdnth.ore Tenpor atMe Bhaglk 1Fl ow
(TBF), comprdsdng steps,ofy | 1.0 transmttin he
first radi o bearer idenff?&@ﬁgaﬁ?%%iﬁ%%%gg% épgﬁégé¥‘o%glﬁaﬁfgoﬁgﬁ&lon
Control (RLAYEHIHTREDT U8 TEnporaadi Bl 5eROFre® (CFBR)rol apdoupon? ahetween

occur r enatedfneawehanged tam hbe;ifikr stakadio bearer to a second radio
bearer, transmtting the second radi o bearer identity to the receiver in at

| east one subsequent Radi o Link Control (RLC) block of the sane TBF. 2. A
met hdd afeferaliagmtly &nd. canprisi ngaam i phdial pehep rof tm@ppPi ng a, Negyer k

Saru e seasy Pount LBROLLT) gt (A ) copptatnus gyalityof sepyiee
segmentation, reassembly and acknowledgements, that are
related to the radio bearer. The MAC 12 is provided with a
multiplexing functional element (FE) 14 that multiplexes

15 different radio bearers onto the same TBF. In the transmitter
1, or sending side, the multiplexing FE 14 adds a radio bearer
identification (RB_id) to each RLC block, or to the first RLC
block of a TBF. If only one radio bearer is currently in use,
then the RB_id is only added to the first RLC of the TBF. The

20 multiplexing FE 14 multiplexes RLC Protocol Data Units (PDUs)
from different radic bearers onto the TBF depending on the
priorities of the radic bearers or, more generally, depending
on the quality of service attributes of the radio bearers.
Also shown in Fig. 4, associated with each RLC 10, are

25 respective Packet Data Convergence Protocol (PDCP) units 18,
1P core prectocols 20, Radio Resource Control (RRC) unit 22,

and a Radio Link Control for control plane (RLC-C) unit 24.

At the receiver 2, or receiving side, depicted in Fig. 5 the
30 different radio bearers are demultiplexed by a demultiplexing
Radio Link Control unit 28§, using the received radic bearer
ldentities (RB_ids). The RB id can be defined using Packet
Flow Identifier (PFI) bits, and the presehce cf the radio

10




.3. Amethod as in claim1, and conprising a further step of transni?tj P 2004
fromthe receiver, in response to receiving the second radi o bearer -
identity, and if quality of service paraneters of the second radi o bearer
require a new channel allocation, a channel assignnent nmessage to the
“transmtter. 4. A nethod as in claiml1, and conprising a further step of
transmtting fromthe receiver, in response to receiving the second radio
bearer identity, and if quality of service paraneters of the second radio
bearer do not 16 2 ~ CEP 2d14 require a new channel allocation) an
acknow edgenent of the receipt of a first received RLC bl ock fromthe
second riaghhpebeasentiby MAafrebBod as i reipR tiheradiQ bgarer
identity is cgntained W t h?ﬁ packet fal&oegv{a?%rlelh?i :‘é\?gr??gFlI)pﬁt;f%g,&an(ﬁ)he
presencé bt - tﬁﬁer i olagé’%rlé?ry dentd yAGE RPN tthife PIi g bsarsrsitgaal Itée by
urs]i ng ? R bhotlcatoraéfbdibidd it @EthRﬁs ihln_i%LaJRSr@ SraMaerelin the .
channe i ni . message ¢ rise acket in si gnnent nessage. 7.
A et hodﬁ%(z IQ%{% éllﬁqc%f fg'ﬁ?t %ﬁ’l—@onﬁ'&siﬂ@?raﬁgﬂ@ PECE v eteMEddureiied |y
demul1i ghlexing3® haspbmeal thytohliadine belareks §1omithehenesFemearary tBl ock
Flow (T bar i e.presence o e radi.o ar i.dentities
in rece?ﬁ)m%wiéglbﬁsc%gﬁg r%lée?hg ag‘s%{gfc %?%ﬁ%le\lﬁebr P%? %B—sltcgp of

mul ti pl exing occurs in a Media Access Control (MAC) layer. 9. A nethod as

in claimd, thrt heprgonpsisi NG $LEP Of bk;%%raniegﬁw’:gﬂc@%ﬁf £ £hapge
radl o

fromthe Sﬁ&oepgﬂ radio bearer to_the first or another earer,

transm t49 e 'Padi% BESFer i bemti tylentiResEir §PEF hditl hear eémcor thise

‘ot her0 r adiasdrear esf t ahtheatieeeintirdm abicheasty eng abdekr ngubgeguentsiRadi o
tLi nk CorghreoIPE_(IRL_,[Qdil%la%%k q%flt)hg&ﬁarre TBF. 10. A nethod as in claim9, "and

further conprising a sté:p acknow edgi ng the receipt of the at |east one

ot her subsequent Radio Link Control (RLC) block by transmtting an 17 ~ ~

~E~ Q4 mcjnovhadgenept nessage. fLom the regeiyer to the transmtter, 11. A
method as 1n claim1, conprising an initral step
showing locations of PFI and PI bit fields. A similar scheme
15 for coding RB_id in the downlink may be employed. In Figs. 7C,

7D and 7E the abbreviation "MCS" stands for Modulation and
Coding Scheme.

Since there is an RLC entity for each radio Dbearer the

20 acknowledgement messages are also modified from those
originally defined in GPRS '97. A radic bearer to which a
particular acknowledgement is associated may be defined using
an Extension Bits information element in a Packet Downlink
Ack/Nack message and in a Packet Uplink Ack/Nack message.

25
Fig. & illustrates a method showing how radic bearer
identities can be used tc make fast packet channel rescurce
requests. At Step A a first RLC block is sent in a TBF. In
this case the RLC block belongs to radio bearer 1. In the

30 following RLC blocks (Step B) the radio bearer identity is not
included, until an RLC block from another radioc bearer is
required to be sent (Step C). In order to avoid a malfunction

in the acknowledgements, the network acknowledges the change

11



-of establishing a Tenporary Bl ock Flow (TBF) between a nobile statipp ggg ?gﬁlf
networ k operator; and a further step of for a first radio bearer of the
nobil e station, transmitting the first radio bearer identity to a receiver
of the network operator in at |east one Radio Link Control (RLC) block of

“‘t he established Tenporary Block Flow (TBF). 12. A nethod as in claim 11,
and further conprising a step of upon an occurrence of a change fromthe
first radio bearer to a second radio bearer, transmtting the second radio
bearer identity to the receiver in a subsequent Radio Link Control (RLC)

bl ock of the same TBF. 13. Apparatus for transmtting packet data,

conpri si a | ti er | tipl exi a-pl i f.radi o bearers onto
one Tenp(r)lrg]ar ;:rl%l oggldgéowb '%’%E ; a!rtlﬂ f%lrctg%er Dgo[r%r%i shﬁa?ngr. 8%fi rstVF&8i o
bearer, &AFHERSE tPAnHdE Ngeahrr f i sereadioseat et o demgiityet @ anew

recei ver cofarhie packeiaidalm i Redte | 8aSts OREr RAGIQ nki Nk ﬂéﬂt(ﬁ%g%aBEOCk
of a Tenpor said unit being responsive to an

%r. BI ogk Fl t?vw (TBF), (
occur r enC€TGF THSchafige HFomSERESE r S atadit beat@?1d o reavebndi#adi been
beares, forcesalfsiilyt i ogatded second a adicw beargindidentiiby-atq ohheisecghver

inat le sub ent. Radi o Link Control (RL bl.ock of the same TBF.
18 2 ~%%§B?3§84 1%58%3%%%[”&&?%% & TR, a\ﬁl?éll‘:’é’ilﬁdgeﬁet WwWFk BEF¥Tce
Access Paorrelvddnfiifi &dofCKSAPLN, tard nieluseaiiod i hez10fr SeravdLe pasaaet 2y S,
are mapped e the radipg-bearer i tities, 15, ratus_as_in_claim1l3,
wherei n sai d reEeE,cei ver chrr%_?[iogé{s fg% emi Cﬁopl%‘e)(ae]fétpﬁgtl? sé?%%%%hg??/‘g’ t%ng
recei pt Bf SEi.dt¢ adifo Brarbred démt i be esifotudedul tpl 8kepg RLENL! ocksidr om

the 1BF, bandeturthapacanBrhsLBg gtgnﬁchdi&f%@ﬂq)tp Fhd e&?ispttﬂﬁet{}?
second radio bearer identity, and if quality of service paraneters o T he

second r 3dr8°harEr e rid'a nkdreRamiel 1BNPEiat o, AdnsEdRdigigda Ehannel
assi gnneht reessagei tedt ReC tis basio £ @i . r48i oApparatus. as in claim 13,
wherein said receiver conprises a denultiplexer that is responsive to a
recei pt of said radio bearer identities for denultiplexing RLC blocks from
t he TBF, Rafdrfimghép domprilki nghareniits, ikbponsivedt e a imeddifiteddfbtdhex
second radier-bearer Jdenthlys ' ual i S ' paraneters of the
second rgdig bear er 6{do %%Et)&?}ém%??ebg %e\?\‘/é‘l%%é%%% goﬁgglg)t]‘l%%ﬁlof%sr Sé)ésn%‘?rﬁg to
the transm tstljéfta%eacﬁﬁﬁw%%%@ﬁ{n%ftflﬁé r eCeeptiof, a tfiatst inedeideed RLC
bl ock fromtheisecemd kaslio: beaseiond 7.1 dPPAmAUTASi 1 ckakm,13, wherein
the radio geaﬁe‘rﬁ i dlenntﬁ)% i $ contained within packet flow identifier' (PFl)
bits in the RICdat'd bitek, tand Wherdh Chegr dehcadret hldSF adidddoedrer

i dentit yoWhehi HSttHe PElg.bitsailsosignadd ednbyeusihmps @y PRk thoaaikc asms {7
bit.-38. at S A im1l5, ei hannel assignme nmessage
conp%[i;se%ﬁgﬂgg’abkg%{)%pl ‘%%@Agés’i gnlénen(%\pﬁn%ssgé%g%f% . &R%EA#@'S%U Aenég Al E%%
CACAA, L RDGREING AJ, 2 AR lagomm@ni Al 95 GBOwork, such as the Public

| nj wr nhcpMdead capsad cajsalsal calcal sat cal gal cadheal calgal 6algal cal gal sl cal

G WO OB OIBY o (ar 140k yb-yj e VFa) €8] da va] cal el cal ¢

a stations (BTS)} 5C that transmit 1in a forward or downlink

25 direction both physical and logical channels to the mobile
stations 100 in accordance with a predetermined air interface
standard. A reverse or uplink communication path alsc exists
from the mobile station 100 to the network operator, which
conveys mobile originated access requests and traffic,

30 including the RLC data blocks in accordance with the teachings
herein.

In a preferred, but not limiting, embodiment of these

12



~U] cMa] ca] ca] caV] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]pca] 6@ ]_.Jc al
011*1\ 31 4677728T8V8999: @ : ; ; <<b<g<u< wir 2004
>DB} CCEEF. H1H~yt 0j e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

U] cna] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca .

"Ul c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 1HIJ! ILPQEQRTWAK[ g] """~ zaaaaaabbcf den
ftff|wnmhc”Y]c]ca]ca]ca]ca]ca]calca]ca]ca]c”a]lca]calcalca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal fggXhhRiiiikkkkd JI'l mmqg! q. ggsuvww}
x| wrmhc”Y] c] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cay{"<! #60/&0%’uPu&' ()-! @%0%rumué& () - Of

0% ! . I ?
}1 ([)9/| 208;&(()%5%%6&&%() lt*hf]o/i%éf/wu Eé)c % }féio /{639184\% 152896 GRUEPTT- Oi &bk ut ue
' () - D109% & qg1d 580tk Giﬁ@i@8$m%e¢) data 0uPanp)i 8#109P& L) OCCD- Wil U

10- u° 9s 19 y&oblié"/@%tg&nl@ 162, {s%i;gé/s@ 10uBsE) - '7#362&{@9(3/§§&'a§121 Mreb
;ﬁgi;?gg%ﬁ%(§ﬁﬁﬁ Kg 12§g§1%%e presentl§)pggferred embodiment of this

10P" 95 100MR& () £ drt &vaﬂeowaz:& ()i cfnOQ9 | &H{AndAn9d 004 | & ()7 akd Y7 wSQM on
Multiple Access (TDMA) air interface that supports the

enhanced GPRS capabilities disclcesed herein.

The network operator may also include a Message Service Center
10  (MSC) 60 that receives and forwards messages for the mobile
stations 100, although any wireless messaging technique that
is capable of using packet data can be used. Other types of
messaging service may include Supplementary Data Services and
one under currently development and known as Multimedia
15 Messaging Service (MMS) , wherein 1mage messages, video
messages, audio messages, text messages, executables and the
like, and combinations thereof, can be transferred between a

network and a mobile station.

20 The mobile station 100 typically includes a microcontrol unit
(MCU} 13120 having an output coupled to an input of a display
140 and an input coupled to an output of a keyboard or keypad
160. The mobile station 100 may be considered to be a handheld
radiotelephone, such as a cellular telephone or a persocnal
25 communicator. The mobile station 100 could alsoc be contained
within a card or module that 1is connected during use to
another device. For example, the mobile station 10 could be
contained within a PCMCIA or similar type of card or module
that 1s installed during use within a portable data processor,
30 such as a laptop or notebook computer, or even a computer that

is wearable by the user.

The MCU 120 is assumed to include or be coupled to some type
13
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storing an operating program, as well as a random access
memory (RAM) for temporarily storing reguired data, scratchpad
memory, received packet data, packet data to be transmitted,
5 and the like. A separate, removable SIM (not shown) can be
provided as well, the SIM storing, for example, a preferred
Public Land Mobile Network (PLMN} list and other subscriber-
related information. The ROM is assumed, for the purposes of
this invention, to store a program enabling the MCU 120 to
10 execute the software routines, layers and protocols required
to implement the transmission and reception of packet data in
accordance with the teachings herein, as well as to provide a
suitable user interface (UI), wvia display 140 and keypad 160,
with a user. Although not shown, a microphone and speaker are
15 typically provided for enabling the user to conduct voice

calls in a conventional manner.

The mobile station 100 also contains a wireless section that
includes a digital signal processor (DSP} 180, or equivalent
20 high speed processor, as well as a wireless transceiver
comprised of a transmitter 200 and a receiver 220, both of
which are coupled to an antenna 240 for communication with the
network operator. Packet data is transmitted and received
through the antenna 240, in accordance with the teachings

25 herein.

Based on the foregoing description, 1t can be appreciated that
the inventor has provided a method and apparatus for
nultiplexing a plurality of radio bearers onto one TBF by
30 utilizing the radio bearer identities (RB ids) in the GPRS
radio interface. The disclosed methed and apparatus also
provide the benefit of enabling a rapid channel allocation

regquest fo occcur.

14
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Those skilled in the art may derive various modifications to
these techniques, when gquided by the teachings herein. Ffor
example, 1t may be desirable to include the RB_id in multiple
5 RLC blocks until the receiving end either acknowledges, or
sends a channel allocation. This technique can be employed to

improve the overall reliability when changing radio bearers.

Thus, while the invention has been particularly shown and
10 described with respect to preferred embodiments thereof, it
will be understood by those skilled in the art that changes in
form and details may be made therein without departing from

the scope and spirit of the invention.

15
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td oné mporary Block Flow (TBF),

10!t 10!!
steps of:

comprising

for a first radio bearer, transmitting the first radio

bearer identity to a receiver in at least one Radio

Link Control (RLC) block of a Temporary Block Flow

(TBF); and

upon an occurrence of a change from the first rvadio

bearer ‘to a second radio bearer, transmitting the

second radio bearer identity to the receiver in at

least one subsequent Radio Link Control {RLC) block of

the same TBF.

2. A method as in claim 1, and comprising an initial

step of mapping a Network Seérvice Access Point Identifier

(NSAPI), and thus quality of service parameters, f£o the

radio bearer identities.

3. A method as in claim 1, and comprisging a further

step of transmitting from the receiver, in response to

receiving the second radioc bearer identity, and if quality

of service parameters of the second radio bearer require a

new channel allocation, a channel assignment message to the

Cransmitter.

4. A method as in claim 1, and comprising a further

step of transmitting from the receiver, in response to

receiving the second radio bearer identity, and if quality

of service parameters of the second radioc bearer do not

16
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identity is contained within packet flow identifier (PFI)
bits, and the presence of the radio bearer identity within

the PFI bits is signalled by using a PFI Indicator (PI} bit.

6. A method as in c¢laim 3, wherein the channel

assignment message comprises a Packet Uplink Assignment

message.
7. A method as in claim 1, further comprising:

at. the receiver, seqguentially demultiplexing the
-plurality of radio bearers from the one Temporary Block
Flow (TBF) by first detecting the presence of the radio

bearer identities in received RLC blocks.

8. A method as in claim 1, wherein the step of

multiplexing occurs in a Media Access Control (MAC) layer.

5. A method as in claim 1, further comprising a step
of:

upon an occurrence of a change from the second radio
bearer to the first or another radio bearer,
transmitting the radio bearer identity of the first
radio bearer or the other radio bearer to the receiver
in at least one other subsequent Radio Link Control
(RLC) block of the same TBF.

10. A method as in claim 9, and further comprising a
step of acknowledging the receipt of the at least one other
subsequent Radio Link Control (RLC) block by transmitting an

17
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1li. A method as in claim 1, comprising an initial step
of:

establishing a Temporary Block Flow (TBF) between a
mobile station and a network operator; and a further

step of

for a first radio bearer of the mobile station,
Lransmitting the first radio bearer identity to a
receiver of the network operator in at least one Radio
Link Control (RLC) block of the established Temporary
Block Flow (TBF).

12. A method as in claim 11, and further comprising a
step of:

upon an occurrence of a change from the first radio
bearer to a second radio bearer, transmitting the
second radio bearer identity to the receiver in a
subsequent Radio Link Control (RLC) block of the same
TBF.

13. Apparatus for transmitting packet data, comprising
a multiplexer for multiplexing a plurality of radio bearers
onto one Temporary Block Flow (TBF), and further comprising,
for a first radio bearer, a unit for transmitting the first
radio bearer identity to a receiver of the packet data in at
least one Radio Link Control (RLC) block of a Temporary
Block Flow (TBF), said unit being responsive to an
occurrence of a change from-the first radio bearer to a
second radio bearer, for transmittiﬁg the second radio
bearer identity to the receiver in at least one subsequent
Radio Link Control (RLC) block of the same TBF.
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said radio bearer identities for demultiplexing RLC blocks
from the TBF, and further comprising a unit, responsive to
a receipt of the second radio bearer identity, and if
quality of service parameters of the second radio bearer
require a new channel allocation, for sendipg a channel

assignment message to the transmitter.

l6. Apparatus as in claim 13, wherein said receiver
comprises a demultiplexer that is responsive to a receipt of
said radio bearer identities for demultiplexing RLC blocks
from the TBF, and further comprising a unit, responsive to
a receipt of the second radio bearer identity, and if
quality of service parameters of the second radio bearer do
not require a new channel allocation, for sending to the
Lransmitter an acknowledgement of the receipt of a first

received RLC block from the second radic bearer.

17. Apparatus as in claim 13, wherein the radio bearer
identity is contained within packet flow identifier  (PFI)
bits in the RLC data block, and wherein the presence of the
radio bearer identity within the PFI bits is signalled by
using a PFI Indicator {(PI) bit.

18. Apparatus as in claim 15, wherein the channel

assignment message comprises a Packet Uplink Assignment

message.
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