;edeli (HETTGP6 WO 991 41918l mm Ay 00125 *@00002* 1 METHOD FOR

VARI ABLE BLOCK SCHEDULI NG | MEMKERTHMMIEH AN UPLI NK STATE FLAGJuly 2002CKET
DATA COVMUNI CATI ON SYSTEM 5 BACKERRGIUND The present invention rel ates
generally to packet data conmuni cation systens and, nore particularly, to a
met hod and A$hWM4aks for dmmﬁm“mwmmm[n ssion resource al IPGESEDAI2510 The
grow h of comrercial conmu ens and) in particular, the

expl osive growth of cellul ar ragietel ephone systens, have conpell ed system
designers to search for ways to increase system capacity w thout reducing
comuni cation quality beyond consuner tol erance thresholds. At the sane

ti me usage of nobile conmuni cati on equi pmant for transm ssion of data

rat her than 1S speech has becone increasingly popul ar by consuners. The
possibility to send and receive electronic mail and to use a web browser to
obtain worl d-w de- METHODSEOR VARTABLLE BLOCK! SCHEDEING INPICATEONt hat wi | |
be nore and nore used i n Wy SNISELINKSYATERLL0 INVS PACKETS a response to

this, communication system degAgRFSMMENFCATIONWSTEN efficiently
transfer data information to and from 20 nobile users. There are

fundanmental differences between requirenents for data conmunication and

e.g., speech communication. For exanple, delay requirenents are higher for

speech, which i i service, and the error requirenents are higher
PeBKGROUMTT

for data comrun e the delay constraints are 25 | ower. The use

of packet data prot OTI gresendlinGéntion eclitey genérdily &lpackdt dhitalcommanicgonon of data
than circuit switched protocols, starts to find its way intqo cellular

communi cati on s§Steawsnd mmeredarticalatly cte 3 ethosh andjapparatys fo5dynantig) cel | ul ar

systens as wel | .systens is presently being standardi zed.
11 July 2002 mu%@,@%@fée%ﬁ,@%@%m% Today, GSM systens provide a
circuit swil®ched dat Bhesgrowthoef comiriendial commiugicationcsystems antde ircpantiendar, thet h
external data neti/orks. T efCilitﬁUit .switﬁhed ata.service ids sed for both
circuit switchefFPASNArpwihof sellylar radigiclepiong systems. DAy SOMPEUG ST, nake
packet sw t cheddebadnersao REaEH fodwapytoTidrease bystedi Ephcityawithonemdiagget swi t ched
data service called GPRS (CGeneral Packet Radio Services) is introduced as a
part of GSM GPresnpmication|qyglity beyopd cpnspmerfolcsanse thegsholdni Abthespmetimg | p
or virtual il Chije 6%@5&'{@&&%@4{%&?@ { fAPEandthidiorPaRAR thinBiththn
connectionless protocols (e. g. , IP)"as well as a connection-oriented

prot ocol (X525) spe€rtehasfbecdme inchessingipepular bj conspmeise tThe \wossiHilisy telsend 10
comuni cati on profocal ils tt hat a Sj qgl e traglgrni ssitonb&esou:(ﬂc_eidlgavpbbe shar ed
between a numbeP HYECTILG FIECtIORH fRall dnd ¥ s 4 WEH DIWSEr tg Obtalll WUG-WIGe WD,
system a ti nmeshéressdd fr_queady distdsegur REryiceathat will keanord @ndiinbtd wedlinoy sever al
nobi | e users for reception and transm ssion of dgqt]a. The shared

transmi ssion re¥dgleseCqmmynication sysins: s A ReERATSG OIS CORMUMEANRLIYSEMr syst em

both for downl i BksigiRel deRich B Ways td GiSiBhSiraRfr dieh Riolnfation fodMdSRy | ce and
parts of the GSMinfrastructuré wll be ‘used. Those parts of the GSM

communi cat 28n sywbiderusers descri bed i n European Tel ecommuni cation Standard

Institute (ETSI) doc nt ETS 30 4. Whi i ncor t ref erence
herein. 20 An advant gg%eS’feEﬁ"ma%ggtﬂgﬁYlgfﬁrcgce%gg‘:?%?“ oAt g’%’“{ngsttggg%yi n cel lul ar
systens i s the gbmhuhigation sht RO spedth@bmeahizationt €Fdr lefaifpte,sielagns and at the
same time achieve a flexibility and efficient uti]izat i_onmg{tht he radio

f requency bandwreuHeBeRts a‘te%g_}}e’éﬁlrép‘?eﬁlﬁsé’f’l?i%ié.a r?ﬂém@osﬁﬁ’écﬁt &Y i s
desi gned for Soy&Rrbfibhs E}el Higret Rir dHRRbANuBREonVEIIE 1R dRaf ShRtrHB R art S
al l owed to occupy nore than one transm ssion resource 25" simultaneously.
25 lower. The use of packet data protocols, which are more suitable for transmission
of data than circuit switched protocols, starts to find its way into cellular
communication systems. Packet service integration in both GSM cellular systems

as well as DAMPS cellular systems is presently being standardized.



An overview of the GPRS network architecture is illustrated in Figure 1.

I nformati on packets from external networks 122, 124 w || eﬂt"e’r“'!ﬁgo@RS
network at a GGSN (Gateway GPRS Service Node) 120. The packet is then
routed from 11 July 2002 WD 99/41918 PG'T/ SE99100125 3 the GGSN via a
backbone netW®P¥4191818 to a SGSN (Serving GPRS Support NoREF/SENMI25t hat i s
serving the area in which the addressed GPRS nobile resides. Fromthe SGSN
t he packets are routed to the correct BSS (Base Station Systen), in a

dedi cated GPRS transm ssion. A GPRS register, 115, will hold all GPRS 5
subscription data. The GPRS register may, or may not, be integrated with
the HLR (Hone Location Register) 114 of tipe GSM system Subscriber data may
be interchanged between the SGSN and the MSC to ensure service interaction,
such as restricted roamng. Figure 2 illustrates packet transformation flow

for a GPRS system Tibgayl &SMs g@éeﬁ'@ pRovidefd dircoie sWitéHee dath Berbice, Whitiéante al .
"A Proposal for Multi-Slot MAC Layer Qperation for Packet Data Channel |n

GSM', | CUPC, 199eefl todmtergonnept witipexterpal dafainetyorks. | Hecinsw awitheddats ef er ence
herein. The Pac%&t«&ems%@ &fb%mf&&ﬁhofﬂc(hﬂg& ﬁ‘? n@ﬁk&g&%hea%% are mapped

onto one or nore | ogical |nk contr contai ning an
i nformation 15 tomindnicatidnr dfvemilegdeiet §Wwikthedidala eorimenieatioh ewke effiqiemnee ( FCS) .

An LLC fra IS _map uralit 1.0 |i d abocks(RLCdata
D ocke) 243 bodhancis Slief ol it fahedrRATbEnera Mot R R SRR ol 4
and bl ock CheCku&ﬁﬁUéHdCa@ a(ﬂiﬁ%XGSMN GPRS&RIIEwowlﬁﬁq;aéu%té\ﬁﬁ:hé&cel ver to check
for errors in the information field. A block, as is recognized by those

skilled in the &pmmunisatione.gntR pradrtua) sireuitswitehed epmmynigation.\FPRS Wik
re-transmttabl g, Y)Ftrb H{‘E‘ong c&m&l@és%?&@&‘fsdgéeﬂ??hf@l 9&5§onﬂ£§m£ %gf:ﬁt@i mapped

onto physical |a em onera
mapped onto fourprmoxroﬂr(ax 2511r(hie$fﬂxemdvmmgssawnm a padkgt switchetedaf?sSM physi cal

channel . bl ock header i ncl ink State Fla S field to
cUpport "t hdB2s. AgEHRES iRl SoBu e iR o oS A DS | s used
in a packet dat %eﬁ\}ééﬁlﬂﬂhmb& ofhbe?yy Thidst ifthe ¥dsB Of ©.f.,r2968M cBlareystbhpin a
nunber of nobil e users, dynam c_ al | ocation of shared transm ssi on

resources in t hamesiof prka Taﬂﬁéﬁ%@"dcﬁ%r&if Gan be ytiized busqvergl mpbile usprsdol ng f or
coding of ei ght (dibigf £RltraiShssbRbERita Mt Shared franitlidbiond0oultR iPRafkped S 4

by the network side of the cellular system both for downlink and uplink

15 transmissions.

GPRS is a GSM service and parts of the GSM infrastructure will be used.
Those parts of the GSM communication system are described in European
Telecommunication Standard Institute (ETSI) document ETS 300 574 which is
incorporated by reference herein.

20 An advantage of introducing a packet data protocol in cellular systems is
the ability to support high data rate transmissions and at the same time achieve a
flexibility and efficient utilization of the radio frequency bandwidth over the radio
interface. The concept of GPRS is designed for so-called “multislot operations”
where a single user is allowed to occupy more than one transmission resource

25 simultaneously.

An overview of the GPRS network architecture is illustrated in Figure 1.
Information packets from external networks 122, 124 will enter the GPRS network

at a GGSN (Gateway GPRS Service Node) 120. The packet is then routed from



PCT/ SE99/ 00125 are used to multiplex the uplink traffic. The USF is

i ncluded in the beginning of each radio block transmtted Th Julye2Q92n| i nk,
i.e., interleaved with downlink traffic to a specific nobile user. Since
the USF is transmtted in every radio block in the downlink) all nobiles
that use th¥QBMIHBc al | ocati on nethod and share a cert ai RCTHSENPM2Ss| on
resource nust, therefore, always listen to the downlink channel to

determ ne whether the USF indicates free uplink transm ssion for any of the
nmobiles. If a nobile user is indicated by a USF, transm ssion in the uplink
is allowed in the next uplink radio block. This technique is illustrated in
Figure 3, where USF=R indicates that nobdle 1 (M51) may use the foll ow ng
four bursts 10 to transmt in the uplink. In the case of multislot
assignnment, when a nobile is assigned nore than one tineslot in each TDVA
frame, nore thaghe GGSNRLiG albackbone1Betwbik, 1182 sBGEN @Seaiving GPREGuppokDVA f r anes,
however, every élﬂé\ﬁ? e RLC block is always interleaved over four bursts on

one physical chbfdRl J16, that is sprvifg-the,area ywhich the addrgsspd GPBS mabilp gesules f the
USF=R2, this i nfiapheScsiathe P&Ettk %ﬁoﬁé@ﬁ? théﬁ?:xﬁ’&gBﬁ Bdst StaficH ﬁﬁ\f& g four

bursts to transmt 1 n the upfi ~The val ue enotes a Packet ndom
Access Channel MmRREGdptediGIRRS transmission.byx GPRS register el Ids wilbhald all GiPRSat e upl i nk

transm ssions. A.drawba Lt h above-described protocal . b nmes
apparont vinbn RSB Aar e ERS sPRSERR 5 il i RE MR PR R e case
cel lul ar syst enHRR FlapedidcitioaRbghtel) Tli4aTthe GSigayaém S SabsefibdrAdiaGndyaeour ces.
The i npl enentatjon of antenna arrays can allow for nore efficjent

transm ssi on anBterehagad bshvesn theRrSN andfhe MSC tojeqsuse peruice migsagtions b ener gy
can be direct ed,d QUALIES r ‘tain receiver in antenna |obes. This
significantly litmts the overall interference level in cellular systens and
transnitted out put pdigene 2ritlystiates gackecwanefdrmatibn flow foed GRRScystemi ThxGis

directions,frome. g..4,a,base.stati.on transmtter. L.t s . reat, | nportance
for incr ea%és i 415 %{yiqeﬁcrﬁﬁ‘adf%ﬁu rinagt) tgf% LQpopal fr Mﬁl&t%%%éﬁaalﬂﬁ ive
antennas be uti bpeagorfot PadkenDaty ChdiiR] i GSM”, IOV, €996, violl2 | ji3. 572876, 0 t he

per f or mance gai n_achi eved bé i npl emrent i ng adaptive antennas if, for 11
July 2002 WO 99Whith iginperperaied by gefersnceshegsipl e, downlink traffic directed

to a specific nobil erpSptkdiswhich &fe're@ned fiofh the RehONE 200 4t ﬁxaﬁﬁed‘iﬂwﬂ i nk
control signaling intended for other users. One exanple is the

above- ment i onedonsSi morgdogicsi ok ¢cantioLidd L) iframgsndi2i edataining amindarmatien t o a

specific usgr. RLff i r ' di Jt s
then 5 irrpggsi bﬁghtgkg‘%gg%?#g?@ aﬁ?é f{?’rg‘ae;l%g‘g')rﬁ(itts?l h‘g“iaég?aé?' éﬁté“i‘g/ﬁ ogbsnl y one
or a few directimapsed dnto 4 pluility dfandiy lidk tith dlocks (RE.Codutpblocks)2 B, kachiofnt power
control algorithmfor transm ssion irected t re._than one nobil e user.
ne ot her dr avvb&’é‘lf'["\ﬂmthﬁi_eta‘:}@% Z%'g)’ﬁ?f&%'é}? %Fgo @ﬁ@l"flﬁﬁ?ﬁc)‘ PEBERi ity of

i ntroduci ng ”eW(H@ﬁybvﬁfchQ&; bOtised §l tha r&tefvadiothlkFoKE TR irfl@YMrbidatiohamel y,
the 10 newest developnent in GSM suggests usage of a new higher |evel

nmodul ation for fGigldr A bloek agdsodeaeaited by thesk skilieddn Wei acth ist the pmallest papiofease t he
user data te te i ner.al I

advant ageozg toﬂ@g)aéll%?gﬁ@ % {rpét{éa:ﬂyg/&qn%ﬁ? i%%‘frletﬁe ?ﬂglc l‘gﬁﬁ?'ogﬁ%ﬁ%{;ib%b&?ﬁrg exi sting
and the new nodairthetr mapped ointoephsisival lldyek radivsiockdt & 0 GPRStshsterh) onigkkadig gain. I n
the current proi)ocol , 1t is nlctzt feasible in the 15 sjtuati oniilvvner,e one
GPRS nobi | e st aPiogh1siraanpeth prte fqus Giormal bpgsts senffonsequtively onyqne (M physigal 1 adi o
bl ock that usescffagelexi sting nodul ation. One possibility to overcone this

drawback is to use a fixed all oqati on nedi um access net hod, where the
initial setup signal Theblogkiteddes paatudey ambiplink$tate Flagr @JSE) Fiekidel supportithensnmi t on

i 1 bl exi A3 1 noT et pBLE gh SRR Puclsh b8 iy PR Ueh

al l ocation of t ciinaérts ailéw nulipexingesf radio blocks from a number of mobile users, i.e.,

dynamic allocation of shared transmission resources in the uplink. The USF

contains 3 information bits allowing for coding of eight different USF states which



SUMVARY It is an object of the present invention to increase efficiency in
a packet 25 data communi cation system enpl oying a dynamc Ad

al | ocati on method by introducing additional flexibility in multiplexing of
uplink transm ssion resources. By using an USF in the downlink to indicate
t hat a nobi IWOP¥18Bhedul ed to transnmit an arbitrary nunmberPQITSEQeE2Scut i ve
radi o bl ocks on a physical channel, the nobile 11 J a |y 2002 WD 99141918
PCT/ SE99/ 00125 6 does not have to listen for the USF during a nunber of
foll owi ng downlink bl ocks, a nunber based on the indication given in the
channel assignnent nessage to that particular nobile station. The

determ nation of what a reception of a USF4indicates to the nobile 5
station using an uplink assignment is specified in the initial signaling
when assigning a transm ssion resource, i. e. , a physical channel. In a

TDMA system a pmf@hﬁltoﬁﬂﬁmﬁl théBlinRratfid. | TRSUSE is maudwhﬁufélbeg LEB?”B,
several tineslots may be all ocated, but there will be different F val ues

assi gned for evesagh radicchjeaketcansinitied limthe dawhlitk, iray igerleaned vish dowmlinkat e t he
same numnber of G ut b
Furt hernore, one gﬁ‘g{é’a%%?ﬁgmﬁg’bﬁ&ﬁ&m§%8‘%ﬁw edrlg%fl &R?"ﬁfﬁgbi&f?

uplink radi o bl dakhd dowisiak sl mobiles thatlidelthe @yamitsatlosatids pedtddrgd stiaré he

i ndi vi dual channel assignnents. By scheduling transm ssion of an arbitrary
number of c&sepqﬁftﬁ%r%mw%owt‘awge mpit, therefosk. alwaysdisten & g dgwnlinkyy si cal
channel | there i RFfkrile vholRP ieqsi>lickiSs itk bfenkiioh fHakyg ¢ hat
15 transm ssion, before the last uplink radio block scheduled. As a result,
t he transm ssi orpfithe mphkilegolid innhilecuser isdndieated byl USkyiranfmissiepin theuplinkennas

and power contraol rith fici nd..an _agver al |
interference dec? 3@%‘2‘%&5 mﬁ“&@?ﬁlng%%({dgi’%ﬂ Bﬁﬁ'ﬁ%"@g‘&ﬁiﬁ gwsgie%&dﬁ‘%é’e W NGS
The above obj ect\shmdlSFedtltﬁhmat@s‘ thathRotpleaSME1) may axd the followlidg foer tapste
appar ent frg&’nthe fol | ow ng du§(§:r| ption of the preferred errbodl nents with

t

reference t t heloAt3aYRM FHAF MBIk Jfithgcase ofrayluslpt aspiprpend, whena mebileds es o
GPRS network ar Cﬂb&ﬂ‘é&td&&%,th&%n@tﬂi&lﬁt  cali P51k e, Andt? e lonk RECHTARST ON
flow and information nmapping i n an exenpl ary packet data communi cati on
systeny Figure 3may begansmitted @nnygmrmmgA|Mes,angerumemm1¢Mlg@q on
mul ti pl exi ng; Fi

illustrates upl |%%l‘i yg%"st%n%ggﬁd\c@ge? w%@fﬁﬁg%@ﬁ%&&%%&gq °x t%ﬁé I'ndi cati ng
transm ssion of Tirsn, aebidig toddgue B) ke USKFgRL ethis mdld:atmtthaltrmmlelpl(MlSR)
transni ssi op mul ti pl exj perfornmed by a USF in {i rapsnussi on of
nore than o up@?’ﬁksertg‘?j?og°ﬂp’8cfﬂur%‘ﬁ%¥@tﬁ“§‘ﬂ’rté% Bp g@ﬁ‘i l\"ugtrate an
exenpl ary traffigendlel HPhéi@PRAMoM ARektnatAdl PRAOH) Whichlid ¥8d By Blegiapiecor di ng
to the present invention. DETAILED DESCRI PTI ON The invention will now be
described with rl@gﬁéeﬂnltlﬁeaplmkﬂsnm%m where 10 a dynami c resource

al l ocation nethod is f@% yey, of an
USF transmi ssion in t e ct)’\%%i\vﬂg{he %&4%&%&5@!&@ alril)eﬁamg %llr%}s{tm Ssi on

resource |isten tomsideringShe usesofadapiive antenm drfaps which liricrdasé cellolarigystehn

det er mi ne n uplink transm ssions_are permtted. . .
V\Q&\ gapacQty and efficient usage of scarce a({lo resources. The implementation of

antenna arrays can allow for more efficient transmission and reception of radio
signals, since the transmitted energy can be directed towards a certain receiver in
antenna lobes. This significantly limits the overall interference level in cellular
systems and transmitted output power may be decreased and limited to certain
25 directions from e.g., a base station transmitter.
It is of great importance for increases in capacity of future celtular systems
that such adaptive antennas be utilized efficiently. There are, however, limitations

to the performance gain achieved by implementing adaptive antennas if, for



The uplink dynam c allocation nmethod, according to conventional systens, 15
is based on an USF granularity of one radio block, i.e.) aHiduly200%5F
appearance in a downlink radio block determ nes the uplink reservation for
only one block. This is illustrated in Figure.4, where every downlink radio
bl ock i ncl uMR9%M9IBSF al | ocating the fol |l owi ng uplink bl odcTisEI®00MAshi | e
user. The present invention recognizes that the USF granularity can be
altered 20 per single channel allocation fromone to several consecutive

bl ocks which nmeans that a single appearance of the allocated USF is
interpreted by a nobile station as an allocation of several sequential

radi o bl ocks for uplink transfer. This tecdnique slightly dimnishes the
flexibility of the dynam c allocation nmethod) but provides advantages for

ot her applications. 25 Because the reservation of a plurality of blocks on
the uplink can g ﬁﬁﬁleWﬁ‘iﬁkﬁafﬂctdlﬂe&e@%VﬂbEQEEQiéﬁﬂé oePisAARABEa ¥ P OPer
USF only in the first block in the sequence) le In the rest of the radio
bl ocks an unusedame bugstsfag dowginki Qontrmlasngmimgleundqd for otber userspQngemample her

peT) SE091 00125, 3 e BPF - RABAELRY P vsif neibder Y v BPHINORISA o, oot on

for a nunber of spevificaset.i Diffdrérinbllésafidssbe/debgraphiedly distieand M es theich an
unused USF, .ignagre this for the period defined by the uplink aIIocatlon An
unused USF val uémg%@i%totfé“%téi@%lt@nﬁﬁmﬁd ﬂ&%ﬁlé’c‘ef&hf"ap%%ﬁfé’la 8Vso for
other purposes. dreflions!  if Sifilafly WHelitoBoISTHER IfiSedt DB SRS Uifdriei On the
uplink in certain cases, such ad duri ng certain contr In tion

transni ssi ons. Byrfamsmmmhngl,rededrtom@hlepnefmomlewmecuti ve radi o bl ocks on

other '3 1adi o bl ocks MR PRBRGUCREF e oesiihsd srbocal B8 Thal otybaliyRy "

sinplify the USQm@cfduaiﬁgmbw\iﬁ)dﬁﬁuamfcﬁ RB@aif FAdeySlockéfoa dewalink. EN&hely hmee out of
four radio blocks in the downlink may be sent within |obes dlrected t owar ds

the nobile ¥ at insHestgeyel W%m(ﬁWﬁB&’é‘Ft\‘/W@e abaATY Righerdavel modulatien forh g

al 'ocation exanpls&s il étok)ﬂ'ﬁcﬁ@&ﬁﬁnioﬂs Hhidh ifen San fn@reEéeg:Hé @sc?daté‘?at% theé
illustrated indicating four consecutive radio blocks are allocated to
mobile 1. The alswgratﬂnronghpst inrgéneralt dtiwowid pe na«rlivmtaeecms tesbe at&ejmdrdylyock and 15

provi des that t | for
t he uplink tranrs}rgﬁﬂ{s}éll %F\a% loa{s ug\géﬁ%oe?\‘gég H% kl n @X%‘%'ﬁﬁlkow ng
the radi o bl ock thushbehing theahuninglgainn Ih mermhtﬂltq)rdtocdlmism f@s‘iblerimmed USF
(Un) that indicates, that Mss r cel ving this should not transmt on the

upl i nk. Durlng tS#pations whesenge RSimehe stasipr rmasitaring e USFonathay 0 VS cach
nobile 1 for Up'1h'&5‘e&&ﬁ%iﬁd&&s%ﬂééﬁ’éﬂhgﬁlﬁmhﬁ% purposes, and may instead
be directed, by way of an antenna array transm ssion |obe, to the nobile
receiving in the dowSmemessitiliydo pesrcante thisuiravebaclo isdto insreas fikedl alloeationne as t he
nmobi | e schedul ed [ lln [ uld
Fecogni ze that ot BB Tapendd v P IS serid SRSk S8 Bed O FRR o G
5 \fll\ag Ior ovi ded ¢ elllq;u;dﬂyo waysndf orethawplitk. Therd fethoww%rZEdvalﬂtagmk il e t o
schedul e any. nunber of. consec tlve ra cks in the in e neani ng
of an USF i4 defliaxing adynupic myjfiplexing ’é’ltb‘h‘éﬁq}“gé‘“%lw &1 PP dugreassd W@‘%H‘}/Sl cal
channel to a nmobjjogatidf BF trahshiibnieioRfdeat i ve enbodi ment of the present

i nvention, where the neaning of an USF is the sane for all nobiles in e.qg.

a certain cell, it 11 July 2002 WD 99/41918 PCT/ SE99100125 9 nmay al so be’
possible to brow e nunber of bl ocks that a nobile user nmay transmt.
It is al so possi the USF itself may be used to specify the nunber
of consecutive radi o Ibis@alesjettofiie prmﬁsmeme@lto intrease @lficiergy imaapdcﬁa) the USF
may require additional information synbols in order to convey t

appr opri at e2hunifidfa eongpunigagion sysiem ‘E‘Wéoﬂ%ﬁ F‘lé“aHB“eFeSO‘FFf‘g%l’roé%“%N“‘élPﬂﬁl wB
illustrate an exgyphRing afd&ﬁt)ﬁdl ?le)?lbflitlsﬁfn' rﬁﬁltxﬁ!@ﬁ&é 6f ik GrahisbiLREkces
invention where a physical channel i's shared three nobiles. It should be
noted that cont rBy vsingamUSHdn tha dowalink tp endlcawhatcarm@ml@ is sqygdléedsm MEAEsIit | S

" the Towa 1 r anth SeRaRERSEREERANY Ha pidcREoh £ B anit], iRploBl 70

an assi gned physical carrier, e.g. a tlneslot, i ndi cating that transm ssion
inthe uplink is allowed for the follow ng four consecutive radi o bl ock
periods. In GPRS, this corresponds to the following 16 TDVA franmes. The USF
indicating nobile 1 is included in downlink transm ssions to nobile 3. 15
This downlink radio block is broadcast to all nobiles sharing the sane
physi cal channel. Mbile 2 may al so receive the downlink transm ssion and

t he USF which would indicate to nmobile 2 that no resources are allocated
for upllnk transn155|on In the follomnng radlo bIock TDNA franes 8- 11 -an

=]




I 11 July 2002 WD 99/ A1918 PC1'/SE99/00125 10 It should be noted that a
nobi | e user may have additional physical channels, e.g., tilishilpRe02

al l.ocated on the sane or different frequencies, where simlar, but not
necessarily the sane, USF indications apply. Any nunber of consecutive

radi o bl ocksWR)4BE8 | ndi cated by a USF and the nunber is decT/sesgoqes nobile
user basis in the initial signaling. In Figure 6A, tw antenna directions,
or | obes 610 and 612, are depicted. These lobes illustrate that the

downl i nk transm ssion including an unused USF may be directed to the nobile
receiving data in the dowmlink only, i.e., nobile 3 in the exanple

descri bed above. This is possible in a sysgem where adaptive 10 antenna
arrays are inplenented. By limting the transm ssion of signal energy to
certain angle intervals, and perhaps al so power control with respect to
only one (or a f@gwk noDkivk @Slistéh fof heIUSKdutingiatutibbesferolevihgdeknifkcr ease may
be achi eved. Although the invention has been described wth respect to a
GPRS system it Upeks, paumberdesadandhaipdigatinn siven in fiejcharne] apsigamens message t
simlar nodifi Ca{oitﬂﬂgattﬁ the midBhd ko @nsm ssion mul tiplexing may be
performed in other pac et euata sysfems as well, and simlar advantages as

t hose nentioned nmay UEhealehdrmination dfoxtet direvgption df lad]Skindicateto.tsdmnobite not be

considered tp be limted to the describhed e di pent.s, but, defined only b
SheTE O i 15 o st Wi S PR ERRE i TSSBHD S i SRR o ¢ he cor
11 J a |y 2002 Vasi@3fling haBsrhibsifiRiodree, Cle/) a\fakkitaP chdtndl IEANTBNAZYstém A

met hod for transmtting information in a packet sw tched comuni cati on
syst em wher e upl Pyt apRehA1Y Rk 2 timgplet lngnultidot sy stems Seneral dieslois may headi o
bl ocks and a nu ' f.at 4 SU i E r ISSkdn
resource, said %ﬁ%@é’c@n&e}{vﬁg&tﬂfg&g?eps 0 ‘:?cs ?%Sﬁ%ggnf&gfegﬁn%ogﬁ'ég station
of an arbitrary timatiet; whichmaayiop nigly mokimdichta thecsame lnemberd eonsecutivt yadio

transmtted ypon recei pt .of an | i 0 ate Fla USF); tr itting an USF
e downt | AL r RSk FeBimifiong i ot TEGrar ok arpepipos TSR Ry 0 T o
an uplink transmnagh@n differsat MinBeDotupBAl rddibB16dk Pinshasibs 18]dekdt&nt users!
consecutively transmtting, by said nobile station, said nunber of bl ocks

in said uplink tfepsading en #is.indixidval chayaclAssigspentic B sehedplipg trapsgission ofyur t her
conprising the s . ﬁl?m bt . oS & s AR nsm ssi on
of said ar bitrar%/ﬁ%ti}ﬁ agho rg{\;%ﬂs gg‘ggﬁﬁ\?ﬁe% saﬁq'dﬁ’ar |ﬁtrarly F\ltt?lir%%er IS

great er than onephysical ehasiel,ahere liimoseedd (iR mahileiuseti to distem fprt¥SHs dotihgthanobi | e

stati ons ar G pr eyent ed £ Rty AR ik ha bblischihled AR Lif, eansm ssi on

transmission in the downlink can, e.g., by way of adaptive antennas and power
control algorithms, be performed more efficiently and an overall interference

decrease may be achieved.

20 BRIEF DESCRIPTION OF THE DRAWINGS
The above objects and features of the present invention will be more
apparent from the following description of the preferred embodiments with
reference to the accompanying drawings, wherein:
Figure 1 illustrates a GPRS network architecture;
25 Figure 2 illustrates a packet transmission flow and information mapping in
an exemplary packet data communication system;
Figure 3 illustrates an USF flag indicating uplink transmission

multiplexing;



20 3 . The nethod according to claim11, wherein said step of informng
further conprises: broadcasting a value of said arbitrary A&bbr2002 p| ocks
to said nobile stations. 25 4. The nmethod according to claim1l) wherein
said step of informng further conprises: 11 July 2002 WD 99/41918

PCTI SE99/ 0WO023419M8 speci fyi ng a val ue of said arbitrary nBGHEEENI2H| ocks
when transm ssion resources are allocated between a nobile station and said
system 5. A nmethod for scheduling uplink transm ssions in a comrunication
5 system where uplink and downlink transm ssions are segnented into radio
bl ocks and a nunber of nobile stations share a single transm ssion
resource, said nethod conprising the steps of: transmtting an indicator in
a downlink transm ssion to a nobile station during setup of a radio
connecti on between said nobile station and a base 10 station; wherein said
| ndi cat or i ndi cat oS pguRMRSuRls PRk RabhAGlch hlIablckiRE ppInk£LSh Bgkon can
transmt consecutively on the transm ssion resource Bon recelpt of a flag
directed to saindicating trensgtissionwf ond 8plgk ratie bleskhod according to claim5

wher ei h i i on. i di . ' i 7.
The et hod accor df nEiets R E Tpliy Bel i ROk EPRES kY RRisEL L
Ti me- Di vi si on  Mdidatifg @adeiain of Mdk\had Whé eplink 264i8 blobk; @t em f or

transmtting informgtion in §-6§2@1ket swi t ched comuni cati on system where
[

upl i nk andddownl i nkFIgEH &M 8 usifafe AegRTBRIABY REEE Sityalign dn B Aseliet dafad a

nunber of mobi {gnsin®ati@N§seRACOIEnSloNBY BedehidiERiiGS! On resource, said system
conprising: 25 neans for informng a nobile station of an arbitrary nunber

of radi o blocks that can be consecutively transmtted upon receipt of an
Uplink State F ( : 2002 WD 99/ 41918 13 PCT/ SE99/ 00125 neans
fox transmtti P@ﬁ@”@ﬁcﬁﬁﬁml nk transm ssion to said nobile station
in order to initiatEhaimverion kil no@edessbenwih repéct tod GPRS sysennvifirer of
radi o bl ocks; and neans for consecutively transmtt] n%" by said nobile

station, 997 8 IRuAIE FeopehplisRdon Metia 1 RpYiScddor PaleiFFiagmablle dsershe syst em
according to chal g8 UVSFHAREmEIOPH thé AwATRRN Mt ubdre SRk bitdds 'E’s‘ﬂévdn”g sai d

consecutive transmssion of sald arbitrary nunber of radi o bl ocks en said
ar bi trary nunbegsourse tistemtosan Yk transmissioatin theadowntink inlgrderdel dgtermigr-when

the. upl i nik of PR FinsERRobf R bPRBEF 216 “The oystem accarding to ol aim
8, wherein said neamlbe flinkidyhamiidaligeation method, according to conventional systems,

15 is based on an USF granularity of one radio block, i.e., a single USF appearance
in a downlink radio block determines the uplink reservation for only one block.
This is illustrated in Figure 4, where every downlink radio block includes an USF
allocating the following uplink block to a mobile user.

The present invention recognizes that the USF granularity can be altered

20 per single channel allocation from one to several consecutive blocks which means
that a single appearance of the allocated USF is interpreted by a mobile station as
an allocation of several sequential radio blocks for uplink transfer. This technique
slightly diminishes the flexibility of the dynamic allocation method, but provides
advantages for other applications.

25 Because the reservation of a plurality of blocks on the uplink can start
anywhere, it is advantageous to broadcast the proper USF only in the first block in
the sequence, while in the rest of the radio blocks an unused value for USF is
transmitted in order to prevent other users from transmitting in the uplink. A



further conprises: 15 neans for broadcasting a value of said arbitrary
nunber of blocks to said nobile stations. 11. The system actlowlyi2§020 cl ai m
8, wherein said neans for informng further conprises: 20 neans for

speci fying a value of said arbitrary nunber of blocks when transm ssion
resour ces aMOW4i¥Y8at ed bet ween a nobil e station and sai d ROTESE01252. A
base station for transmtting data packets conprising: 25 an array antenna
for transmitting said data packets in at |east one of a plurality of
antenna | obes; and 11 J a ly 2002 WD 99141918 14 PCTI SE99100125 neans for
broadcasti ng packets including an Uplink State Flag (USF) in a first set of
said plurality of |Iobes and for transmttigg packets in a second set of
said plurality of |obes directed toward a particular nobile station;
wherein said USF identifies which nobile station can transmt, on the

uplink, a predetsgiie Wifoh GARS B febelPed A BNBEAtiBA AP for AJumPerdzt hod for
scheduling uplink transm ssions in a conmmunication system where uplink and

downl i nk t r ansnicenseeptiyeaadio blogksevillle tpon-ieeeiving fushian gowsed ASF, ignarerthis forof

nobi |l e stations ' SSLON T |
conprising the éﬁ%&ﬁgﬁeﬁ%%m ?@?’%ﬁl lg%ln pl fkﬁﬁﬁgﬁ[egﬁjespliﬁg% S@E;BQI n a
downl i nk transmaysilable dnoa packethialachainet alamfod athempurpests) . f tochavad may to

connecti on het ween i nobi |l e, statiqn a a base statian; erein.said USP
ndi cat es a nuntirp RS foa BaasmiRg oF fs Pk B 5 caset. st disipe certain

t ransm t - consecybhivsl iNfoBRationGranmissioasSSI on resource. 14. The net hod
according to claim 13 further conprising the step of: transmtting, during

a transmission of saily aloeasiag, for example feHrconsscutive nadiablacksiomtnae uplinky| ocks is
O il b 5L OB SR, MGl S B SO =51 7
according to cl anore Iidelytvartbs dovitlink c ditswoutdfieatly simplifynhe weaf aduptive packet
communi cati 1%n Sya%%e%{ﬂt arrays, where at least three out of four radio blocks in the downlink may
be sent within lobes directed towards the mobile station (MS) currently receiving
downlink radio blocks. This allocation example is illustrated in Figure 5. In
Figure 5, an USF is illustrated indicating that four consecutive radio blocks are
allocated to mobile 1. The allocation is indicated only in the first radio block and
15 provides that the next and following three radio blocks are available for the uplink
transmission. The three consecutive downlink blocks, following the radio block
indicating alloc;ation to mobile 1, include an unused USF (Un) that indicates that
MSs receiving this should not transmit on the uplink. During this time the
downlink transmission does not have to reach mobile 1 for uplink transmission
20 multiplexing purposes, and may instead be directed, by way of an antenna array
transmission lobe, to the mobile receiving in the downlink. This may of course
sometimes be the same as the mobile scheduled to transmit in the uplink.
One skilled in the art would recognize that the number of consecutive radio
blocks illustrated in Figure 5 was provided merely by way of example. In fact, it
25 is possible to schedule any number of consecutive radio blocks in the uplink. The
meaning of an USF is defined in the initial signaling and allocation of a physical
channel to a mobile user. In an alternative embodiment of the present invention,

where the meaning of an USF is the same for all mobiles in e.g., a certain cell, it



11 July 2002 WD 991 41918 15 PCT/ SE99/ 00125 16. The net hod accordin

cl ai m 13 wherein the conmuni cation systemis a Tine-DivisidhdJui) 2002 e
Access (TDMA) system 17. The nethod according to claim 13 wherein said
base station conprises an adaptive antenna array. 18. A system for

schedul i ng WQI9%/41818 r ansm ssions in a conmuni cati on syst enpgirsrog/oops i nk and
downlink transm ssions are segnented into radi o bl ocks, said system
conprising: a single transm ssion resource which is shared by a nunber of
nobil e stations; and neans for transmtting an Uplink State Plag (USF) in a
downlink transmi ssion to a nobile station during a setup of a connection
bet ween sai d nobile station and a base station; wherein said USF indicates
a nunber of radio blocks that the nobile Station can transmt consecutively
on the transm ssion resource. 19. The system according to cI ai m 18 wherei n

t he conmuni cat i AP | '
radi o bl ocks m%ﬁyé@@ﬁ?%ﬁ%ﬂ%&;@é&g?%e% %é%&?ims&gér@g&agém an ong at Ieast
one Unused USF fraxsmiitndik isadléormssiﬂslathaombdl‘smrsbifInmy&kafsethDSpa:li@ the munsher ed from

transmtting on | ink of the transm ssion resource. stem
according to cl ﬁf‘iﬂni u g’t"ﬁ’&‘{cﬁ% to RS rHrARSRILSY. W“gli'létsg‘l‘ﬁ“iog t&e@% Ypacket
communi cati on sveahﬁsrhddzéonam?or&m&neﬁ@sﬁ% Qﬂdeﬂtot&naé hppRopAed Rintbek Ne
comuni cation 7 systemis a Tine-Division Miultiple Access ( DI\/A) system

11 July 2002 WWOM@Q&%@W@W%EQQI 00125 22 The system according to

claim18 wherein th Q ri ses tive antenpa ay. 23.
A method for tr ansm ETHG Rdrs SBalirl RogrPap, o hanfiod SRl &' hé

br oadcasti ng dairesemank@nsn whebk ucbhplsgcaanhddpéllm kha&daﬁyethﬁeagobﬁlh!SF)t shouldibé i r st
set of a plural |0ttey nna ttin ata packets.in a

ant ng trans
second set of <% dl t a[t l(J:crma o?§1§nallflg Eaﬁ%genal g out o?‘rherplgure si eq 1s not necessary for a

proper understandmg of the invention.

10 As indicated in the TDMA frame scheme of Figure 6B, a mobile 1 receives
an USF (R1) on an assigned physical carrier, e.g. a timeslot, indicating that
transmission in the uplink is allowed for the following four consecutive radio
block periods. In GPRS, this corresponds to the following 16 TDMA frames.
The USF indicating mobile 1 is included in downlink transmissions to mobile 3.

15 This downlink radio block is broadcast to all mobiles sharing the same physical
channel. Mobile 2 may also receive the downlink transmission and the USF
which would indicate to mobile 2 that no resources are allocated for uplink
transmission. In the following radio block, TDMA frames 8-11, an uplink
transmission from mobile 1 occurs, while the downlink transmission to mobile 3 is

20 continued. In this downlink radio block, it is possible to only transmit to mobile
3, since mobile 1 already knows that four consecutive blocks are allocated in the
uplink. An unused USF (Un) is then interleaved in the downlink to prevent other
mobiles from transmitting in the uplink. During the last scheduled uplink radio
block, TDMA frames 19-22, the downlink transmission must again be broadcast

25 to all users to make sure that mobile 2, which is indicated in the USF, (R2), as
well as other users, receive the wplink allocation of yet another number of

consecutive blocks. Then, the above-described course of events occur again.



| obes directed toward a particular nobile station; wherein said USF

i dentifies which nobile station can transmit, on the uplinKk]1 Jaly 2002
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Although the invention has been described with respect to a GPRS system,

it will be understood by a person skilled in the art that similar modifications to

15 uplink transmission multiplexing may be performed in other packet data systems
as well, and similar advantages as those mentioned may be achieved.
Accordingly, the invention.should not be considered to be limited to the described
embodiments, but defined only by the following claims which are intended to

embrace all equivalents thereof.



10%65& ()-j dErS4 3 s103 4@ 0% () - &3T109%G& ()-1 , 10%E& () - 3+10%3&' () -
) 109638 ()-1 (Z10%% ()-\_=!Z109%&' ()-!Z10%e& ()-"10%& ()- 116l8Iy 8002 0G
710958 () - L610%3& ()-kTdE =!'F 10%v& ()-3 &10%r& ()-10%r& ()-F 310%& ()-3
| 10%m& ()-3 f10%& ()-O dE _=!, -10%m& ()-F MLO%r& ()-F 10%m& ()-s@
10%0&' () - 100YR9PAHI9E8 [ 10%& ()- BIldE =!'Y |.z10%& ()-Y PCT/SE99/00125
, 1098 () - 3+10%& () - F $f 10%& () - S#10%& ()-F ! ml0%& ()-1:'rdE:/ 10m 10m
710%r& ()-1 " 610%r& ()-Y 410%m& ()-&3 10%r& ()- 110%m& ()-Y 010%v& ()-xY:/
10nF109B& ()- F 109B& ()- F", S109B& ()-F s109B& ()- SF109B& ()-"109B&' () -
10mVZdE: / 10m

11

WHAT 1S CLAIMED IS:

1. A method for transmitting information in a packet switched
communication system where uplink and downlink transmissions are segmented
5 into radio blocks and a number of mobile stations share a single transmission
resource, said method comprising the steps of:
informing a mobile station of an arbitrary number of radio blocks
that can be consecutively transmitted upon receipt of an Uplink State Flag (USF);
transmitting an USF in a downlink transmission to said mobile
10 station in order to initiate an uplink transmission of said arbitrary number of radio
blocks; and
consecutively transmitting, by said mobile station, said number of

blocks in said uplink transmission.

15 2. The method according to claim 1 further comprising the step of:
transmitting, during said consecutive transmission of said arbitrary
number of radio blocks when said arbitrary number is greater than one, at least
one Unused USF for indicating that other mobile stations are prevented from

transmitting on the uplink of the transmission resource.

20
3. The method according to claim 1, wherein said step of informing
further comprises:
broadcasting a value of said arbitrary number of blocks to said
mobile stations.
25

4. The method according to claim 1, wherein said step of informing

further comprises:
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specifying a value of said arbitrary number of blocks when

transmission resources are allocated between a mobile station and said system.

5. A method for scheduling uplink transmissions in a communication
5 system where uplink and downlink transmissions are segmented into radio blocks
and a number of mobile stations share a single transmission resource, said method
comprising the steps of:
transmitting an indicator in a downlink transmission to a mobile
station during setup of a radio connection between said mobile station and a base
10 station;
wherein said indicator indicates a number of radio blocks that the
mobile station can transmit consecutively on the transmission resource upon

receipt of a flag directed to said mobile station.

15 6. The method according to claim 5 wherein the communication

system is a radio packet communication system.

7. The method according to claim 5 wherein the communication

system is a Time-Division Multiple Access (TDMA) system.

20
8. A system for transmitting information in a packet switched
communication system where uplink and downlink transmissions are segmented
into radio blocks and a number of mobile stations share a single transmission
resource, said system comprising:
25 means for informing a mobile station of an arbitrary number of

radio blocks that can be consecutively transmitted upon receipt of an Uplink State
Flag (USPE);



10% h& ()-Y+ 10% h& ()-)*c*d*e*f*u**P+_= 10!, 10%0& ()-#!p

109D ()-#"10% ()- 10 h 10 h 10 h 810% h& ()- s610% h&! ()113.4(ny.2/omona_:
10't,, g 109%HGHGE' ()-!,,g 10%t& ()-13+10%& ()-!, 10% | & ()-#!V,

109%& () -#! N, 10%&'$ -#0T11111111r S4 10Y 10%08 () - FZ10%0&' () -"109%0& ()- 10
10 101,,g 10¥@%HVID g 109& ()- 112K222$3dEr S4 10Y 101z  PCT/SE99/00125

10908 () -f 10%0&' () -s10%0&' () - 10%08 ()-sY

10908 ()-"! S10%08 () - $3] 3r 334_44dEr S4 10Y 1010%0&' () -, 10908 () -

10908 () - s10%0&' () - s10%0&' () - &@LO%O&' () - 445r 556L6dEr S4 10Y

103( 10908’ () - &10%0&' () - $109%0&' () -y# 10%0& ()-s! 10%& ()- S

10908 () - L6668T888dEr S4 10Y 10s6 13

10908 () - 410%08' () - L310%08 () -, 10%0&' () - Y+S

1098 () -s) @LO% () - 8F9GIOHII 9V9s9: % ~\: 10! S 10%|&'() f1S 10%| & ()-f!~S

109R22& ()-f"10%4| & () - 10%&9@0@9%9 n USF% iaswmﬁ@&éﬁfssmn&%a
10%t| 4] & ()-!> 10%& ()-!Q 10% | & ()-! 10%J& () S 10%4| & (

10%)J& () - f ABBBBMEhiRGtaion i ordelltynmmqelan uplinlyraneaissipn of aald ar ltrary number
LO%& ()-2" 10%E {3 Q1i& @ @ @10 @@ 10%

means for consecutively transmitting, by said mobile station, said

5 number of blocks in said uplink transmission.

9. The system according to claim 8 further comprising means for
transmitting, during said consecutive transmission of said arbitrary number of
radio blocks when said arbitrary number is greater than one, at least one Unused

10 USEF for indicating that other mobile stations are prevented from transmitting on

the uplink of the transmission resource.

10.  The system according to claim 8, wherein said means for informing
further comprises:
15 means for broadcasting a value of said arbitrary number of blocks

to said mobile stations.

11.  The system according to claim 8, wherein said means for informing
further comprises:
20 means for specifying a value of said arbitrary number of blocks
when transmission resources are allocated between a mobile station and said

system.

12. A base station for transmitting data packets comprising:
25 an array antenna for transmitting said data packets in at least one of

a plurality of antenna lobes; and
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(USF) in a first set of said plurality of lobes and for transmitting packets in a

second set of said plurality of lobes directed toward a particular mobile station;

wherein said USF identifies which mobile station can transmit, on the uplink, a

predetermined, consecutive number of blocks.

13. A method for scheduling uplink transmissions in a communication
system where uplink and downlink transmissions are segmented into radio blocks
and a number of mobile stations share a single transmission resource, said method
comprising the steps of:

transmitting an Uplink State Flag (USF) in a downlink transmission
to a mobile station during setup of a radio connection between said mobile station
and a base station;

wherein said USF indicates a number of radio blocks that the

mobile station can transmit-consecutively on the transmission resource.

14. The method according to claim 13 further comprising the step of:
transmitting, during a transmission of said number of radio blocks
when said number of blocks is greater than one, at least one Unused USF for
indicating that transmission on the uplink of the transmission resource is not

permitted.

15. The method according to claim 13 wherein the communication

system is a radio packet communication system.
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16. The method according to claim 13 wherein the communication

system is a Time-Division Multiple Access (TDMA) system.

17. The method according to claim 13 wherein said base station

comprises an adaptive antenna array.

18. A system for scheduling uplink transmissions in a communication
system where uplink and downlink transmissions are segmented into radio blocks,
said system comprising:

a single transmission resource which is shared by a number of
mobile stations; and

means for transmitting an Uplink State Flag (USF) in a downlink
transmission to a mobile station during a setup of a connection between said
mobile station and a base station,;

wherein said USF indicates a number of radio blocks that the mobile

station can transmit consecutively on the transmission resource.

19. The system according to claim 18 wherein the communication
transmitting, during a transmission of said number of radio blocks when said
number of radio blocks is greater than one, at least one Unused USF for
indicating that other mobile stations are prevented from transmitting on an uplink

of the transmission resource.

20. The system according to claim 18 wherein the communication

system is a radio packet communication system.

21. The system according to claim 18 wherein the communication

system is a Time-Division Multiple Access (TDMA) system.
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broadcasting data packets mcludmg an Uplmk rtgttte llji‘}/avg\b%sii) in
a first set of a plurality of antenna lobes; and

transmitting data packets in a second set of said plurality of antenna
lobes directed toward a particular mobile station; !
wherein said USF identifies which mobile station can transmit, on the uplink, a

predetermined, consecutive number of blocks.



