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WD 2004/ 054181 PCT/ GB2003/ 005205 A METHOD OF AND
APPARATUS FOR ADAPTI VE CONTROL OF DATA BUFFERING I N A

WO2A0FRANSM TTER BACKGROUND OF THE | NVENTI ONPGT/6B2003/005205
Field of the Invention The present invention relates
generally to a nmethod of and apparatus for

AYMEWIGD'GIGA@@ APPATEA TOSYOR ADAPTIVELONIROD GF DATA
od of and apparatus for adaf}t ive control of data

buf f eri ng i nBYRFERING 1Ny DAfHe TRANOMIEAERappar at us
are well suited 10 for use in the GPRS standard but
are not limted to such an application. I1I.

Descri ption ofpA ORGRROEBNSHIOATHENS VENEION packet
radio system (GPRS) is a packet data based

comuni cation systemthat has been devel oped for GSM

th.the aimof 15 providing networks built
Ir}‘ee'}m’fﬁﬁ% a tloﬁ with a way to handl e hi gher data

s peedte aftesepaciehiicirdlalee Geaarang abi D nethddPRS andmppirstas for
be used in time division nultiple acce

trgesRiE ingsdata. $he sryventiqn alsqrelgiesdadanethgd BE e za)é)méltlzs for adaptive
c{&xgtfdg%' £l QNRlFreAk tag[ﬂtnglln';t r. B e d%d(a%@ra‘t’ﬂsra‘?é =8 suited

services It en es the introducti of pack
fawisé orhiha G PRhstaddat i ate witdinctedlto hdh)an dppBca@PRS
standard is now well defined and is currently 20 being
depl oyed in existing GSM based nobil e networks, in

P58 ri Qmpgpmquel@emtfor GSM operators to neet the

growm ng demand for wrel ess packet data services. The
GPRSTi;talgdrmrd detketesadio| eyiteral (GPRR) conta opackel Glata based

AR R0, B SA PR B i o

TJdeh@ﬁéﬁQJrl\sJ tudl 1 O gt datd Wth apyQviodradiserigtiee @sta speeds and
necessary to maintain a 25 ciphered data |ink between

pedist nmitehisd cpﬁ@ecggquPﬁ%cqndéq%l%ﬁ ugedyip time digisiongnilsgle fecess
t I
Wen tﬁmwg& n@g 1‘5% nIt Q§ 1ht%m§’e%b Eﬁﬂ' ida thﬁ\s§t%ﬂﬁa§§§% third

ves g serviced b
gdnérﬁte:rre@G)SG&”ihsls mtaesxtvsctasrigermbmsebd: lrrmducslcmecbfqaxsbﬁ sartdhing

pagremet Prical ibr bre BRRE) il et SRl BRRE Pl Gegprenty

tRRY de Qyé@ﬁ@&n&%mfﬂ)aﬂﬁ MbbileonddRbikk - il drdiared Yrovtdeldway for
protocol data units (PDUs) between the nobile station

GNB)openatprs teemed the gr gwngsnmé o Wirpleskepag St sgrydces.
POl Nyt QpRBILG %ﬂ%fu%%' RN Rk BARKPLSLES BT DRCPHYides

tot
a logical link between a mobile statlon (MS) and a serving GPRS' support node

(SGSN). The logical link control (LLC) provides services necessary to maintain a
ciphered data link between the MS and the SGSN. The logical link is maintained as
the MS moves between cells serviced by the same SGSN. When the MS moves to a
cell being serviced by a different SGSN the existing connection is released and a new
logical link connection is established.

The logical link control (LLC) provides for acknowledged and
unacknowledged point-to-point-delivery of LLC protocol data units (PDU_S) between
the mobile station (MS) and the serving GPRS support node (SGSN) and point to
multipoint delivery of packets from the SGSN to the MS. The LLC layer also
provides for detecting errors from corrupted PDUs by checking a frame check

sequence (FCS) in the LLC frame format. The FCS contains the value of a cyclic
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provi des for detecting errors fromcorrupted PDUs by
checking a franme check sequence (FCS) in the LLC

wo e@amsf18r mat . The FCS contains the val ue of aPClHGBR®3/005205
WD 2004/ 054181 PCT/ GB2003/ 005205 2 redundancy check
(CRC) calculation performed over a header and

réeduhdimopthark (OR€)dalculatioa pélrfamfe:d der atheedackd onfoedged fields
m)de of transfer

th L uest transm ssion
iyt a tfFanes ¢ éheoPCHé%"‘g ‘t&g WHPEhO ﬁraa&frzho% ﬁéﬂéﬂi‘y Hgguest
rthnsRREBn JF RRETURRSs of Bl RPTWhibRUATacRAAVRAX Fer Has not been
i ntended to operate over services derived froma w de
recaivieet y of sub-networks and data |inks. GPRS supports

C anspavR oy b R are Bt R o el O SR i B gfrom o

Wit akeng of Qui-ha@wbHansidedarP finky. WEEDku 480érhB nétRBE Jayer

are carried out transparently by GPRS network
peoip¢ols providing gyaecdk rtmmpzusnOWhéarsaﬂgrsmf vy Bemge fdhrdtnctions

O Rr ot ofele SNDCP vides o)
RGBT Ay e RO D bl B B eyt i Blgfh ety by
ARRSfet W6t Eiaks A Tyer oNNePad lfhe|831©LN?e&{vbM< Beperib@dCHBMnce
the network layer and above the LLC |ayer. It

Petoec ($DARD trrdyidssi thip prPiogak HavORicAy FRORYRACKY Br ényariety of
n%%r Lﬁenb E{%c%llst %e%@?%qi $EALaY Sh28 dep ‘ﬂ?é P\L.tlv\%h\ layer

o0 be transmtted
afd | abbyel mxdd_mya)teheltiﬂidaﬁﬁns 'ﬁhﬂtlpia)tlaoloﬁﬁ dahenomik@ from different

segnented by the LLC | ayer to maxi nu h LLC
SPWﬁﬁ%‘se}OFETH@é@t%_‘Eé?W s? lglé@?ﬂéml éidfaﬂ@aferr adi o
i nk paandor Y rbdRhfitte ARt ﬁrsp eﬁ!’d B&ameoSND@P The data is then

control / medi um access contr ol MAC) contr ol
sbgroakes!, bywhe dA.CGalagerf tormatimenh lf:mgtb HMCofrkme@fT h‘esrsuLLC frames are

SRS A 8oR e B 58, RO meciom

26edRabduiol YRE.OrMAW) tdopiré! bldéksimpiidhears tfairhafd ih® Blaskseofafour
common transnission medium It interfaces directl y

swpaepsi vettives PRt op ke sampyrhysicignarngd uplink (e.g. nobile
st at g0 rh@lu{lrﬂ &c r(\./drﬁ]l%l %ﬁ% E@?P?ow&@d&&%ﬁr@ fo:%l%%ltlple

MAC |"ayer ays e role tor
rhobiletseionpluy stiaceah comsounr tasmassomgmedinpeti mgerfaces directly with

T AN N A T A -

Rt FASN)Zese dahe faQeDBla§e e e of abakddd HaBirgS the limited
given hi‘gher priority user data, but both are

phybitdl pesoxesds @mongtcnmpetm&mmsigmﬁomﬁm dowmlink; e MXC layer
Jén?ﬁ\,/l]nv}g ‘#%”H@r@? Ss%gge F%llgll% oﬁ%ct:cae § rtﬁgr?gtse Em %mg)rrllta zeslcfatact%%e sent.
Signaling data is given higher priority user data, but both are multiplexed onto the
transmission medium by the MAC layer.

One problem with data transfer is that it can arrive in bursts depending on the
source and/or medium from which it arrives. In one interval of time, several blocks of
data may arrive in quick succession, whereas in the next interval of time only one
block, or even no blocks, may arrive. Plainly, such “bursty” delivery of data is
undesirable because it places overheads in terms of data management on the receiving
entity. Ideally, the data should arrive at a constant rate that is as high as the receiving

entity can competently handle.
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source and/or nediumfromwhich it arrives. In one
interval of tinme, several blocks of data may arrive

WO p0ogl0s4aR1 successi on, whereas in the next intePVHIGBRG03/005205

time only one 30 bl ock, or ®ven no blocks, may arrive.
Plainly, such "bursty"” delivery of data is
undesOnablag ibeghigk ébitstyl dmaeso@ﬂehrdwbaut&ed wolkl b® tefdetermine

dat a. nagenent on the recei ent | dea t he
b EieTRARP S Reh M DESR o A ochPiahy fim'q Skt e gy ufter
RiSeel dABudHRE ShalhtAth aneéiﬁéntt&illgé‘d}htﬁgﬁfpﬁftl@\mof Yot e s¥ice to the
2004/ 054181 PCT/ GB2003/ 005205 3 One way i n which
dastinajiop: “ﬁ’altea(h@o@ﬂpdoabb Vhlé\lnmdedbtv\ﬂiul wotbeittis ldest amisasfactory

h ch. the of data. .
Rl 5ty WG 05 R s M e K P g BhSiogngnere
IRirgd Rirft clidaRSEAMS fllbyed BRhipBHOA S filneWiRh RlAa bR, Most
the source to the destination. Wile this approach

o [the tirgolbuéer yofwdiak sizet wilk be elsss tﬂﬁfaln f@htar@f wdt cshe;refsre be
f [l Vv

7 ﬂ}(glﬁlged: R’ﬁlsqy Jf%ﬁuerg\ég atvna?eo?rés% lgcr%%ﬁl!fga |t§errg€ %r}dse O? .

data arrives followed by a period of tine V\,hen no data

arrives. Most of the tine a buffer of that size wll

be less than fulYUMMARY OFFRE INVENBION
undertfelihieh@ln aibN t% ali8resOfhe GOVSHsc e\ggﬁggelg{ﬁm?{;\l;n&

resources and is therefore undesira
THE | Adenilih©Od Dhe aspeeenf itenineintien ttheradsl pessdddan apparatus for
above-.di ﬁcus%e and rel ated. problens. Accordin

to
BT P B oF BTG TR "B SrSnEng FRRANE B Shgmenting data

ARPadiafriSed, uffetih@iphhd fdrﬂ')gffgﬁﬁathetcﬂlﬁl ARREY BbHSthe segmenting
conpri si ng: segmentl ng means for segmenting data into

Bagny; frangmugng MﬁwerqonQGQﬁ@bmh¢ onffeuing wmenmsgtor Weeluatlata frames
{hgé%ﬁx Forr(?rqhg fins 91 5a;'1T(F ggnstrolltlr{can%zrln t 0 trolling the
ed % e U 5% é

means, ' connec ering nmeans’

Ségtrﬂntirrcanﬁeﬁls tlh:emilf[rbﬂmo in@4ns tHeyS Mirdrice A go triesi vba zﬁameter data
é and controlling nmeans_for controlling t
Rg%iqoﬁ’g“%aﬁsean% el éﬁrtaﬂﬁmlttmsgmﬁwr@rqam%t%w aila@e'@d to

the tRGRIsYEn RAT @R EImedat@ calbfiQR 5”\?@?%%%]@33&2 ind da low

and the transmtting neans pertaining to
waternidle valuaeraspeiding ©f mastmal zﬁﬂanemnaltrmmdnlrmﬂ (hltaefranes to be

h wat.er kva ue an wat ermark va
AR RSB 0 8 i 2R R o ety ompintain the
fiurabee sf ddta b@nebmftﬁegteﬁé betwédiehdhich and Ny WREMharkduds O
control the segnmenting neans to mai ntain the nunber

of daf\erofdingnia anethemaspsetopicthe dnveaten theee i provided 4 mwthod of
| Q J’] of th o
';P%{/sgﬁnt ! %ﬁat%{,ﬁie\érjgﬁllhsoﬁcc gla ste m%ﬁ% &{t% m%? %atlgil fran%etsi uéferm
tat dota tfhaeneseréraivic® rﬁ‘mlffeﬁem gataSﬁ'@ﬂﬂies‘lt irgndaing et dadaframes;
franmes; buffering
recelving parameter datapertaining to the data and to the transmission of data frames;
calculating a high watermark value and a low watermark value corresponding to
maximal and minimal numbers of data frames to be buffered; and maintaining the
number of buffered data frames between the high and low watermark values.
According to a further aspect of the invention.there is provided a data
transmitter in which incoming data for transmission is divided into data blocks and
passed in frame transmission order to a radio link stage via a serial frame buffer
which holds the data until the radio link is able to transmit it, the incoming data

having associated with it various parameters and the radio link stage having allocated
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25 the data frames; receiving buffered data franes;
transmtting the data frames; receiving paraneter data

w@essas418Bng to the data and to the transm ssi oPCDGBA@BA05205

frames; calculating a hightwatermark value and a | ow
wat er mar k val ue corresponding to maxi mal and m ni mal
tounhaicslint redati@es maghSpdrombersbardd esedtesacichnpaiimiepententdy of
the nupber of buffered data franmes betyeen theﬂﬂié'?h )
ates high

CARIH OB TREY PR lE”RF‘a‘I“ISie%fe sgpPlddBrigs HGrotEr Whidlr &
AIRECbuBE: b8t llnch'ﬂdtclaﬁ{rgls S PAQM AR dn dd@tBames through
transmtter In i ncom ng at or‘""transmssmn i's
thlé frade duifertto rdﬁnlalrbﬂhemkmbam@f frqusssedhe bufferatreny instant of time

ssion, order, tqQ,a,radio |ink stage via a serial
g‘i’(ﬁ‘%ﬁ‘?’?eé‘rtheﬁ\ﬂ%lﬂte lqul‘sa HEW €S- until the radio _
'Inkm sh@lalm%n&@o? g §ehtidd, » fldvh @ohtRAOMRIdIBolg afe afiHEHNE the
associated wth it various paraneters and the radio

transmlt siudfpeinpdvialy odl thoddi@daywd 2004FBRA 1@uity. The flow control
2003/0052 5 4 taq,i dio link r urce

B, P SeOiR dansgiop e ot EeNaRt msEfal BEG S Rt Hafierers

tﬁithﬁﬂluefnf:@ BRafidnife deRy tshs¥epaiHiydhfd shRMih&E of @hélthroughput of the

controller which calculates high and |ow buffer

radio elink. tFher estimnie slegendsrem dhes a%weéa%@wrgg s¢ffermeh andy apudti-slot
cfharazir@gst ? gygahten%g]?he{ ﬁ c?w?rfe sthglcﬁazlcﬂél?v ¥ttlﬂ§ f{aw control

er o s tn

rﬁeoﬁhhmﬁnh&hﬁlts b@hmEﬂvalﬁa)fCRLCLlhﬁltsﬁlﬁi buf@e’fmngn(dvelr ak¢ majority of
level s. 1n the practice of the invention, flow control
Rdigetol ds are applied to the transmt buf f eri ng

| evelg,e Qlfbo{(l 4 es Fituggklaﬁégﬂ'urésrbﬁhgg 1 zirE ¥et fEP{ﬁ w1hpﬁ‘!1mculanty

cont rol are set as a function of
inehesnppertded mtaimmahd td,,élhcxpwrthmdwgltqgm theetoé mall btcmmue clearer from

SSBHHHRD o OF RAHPSAHAA Crite o SRR T tyfgvention
A% vyl £ seRengde With tdiGeAssh e c6ghmgn Sehemrzsand
ful ti-sl'ot characteristics. By altering the f1 ow

control threshol ds adaptively, the flow cont roI

mechani sm peﬁﬂlﬁée%&&“g%ﬁ?{ﬂkﬁ\)’ﬂﬁrﬁkﬁgw NG3™

buffering over ty o con I ons. he above
and fingiehdrawingat ures of the i nvent | on are set forth
vvithFﬁartcharlty 15| thea ed cl ai ?n
t ogetth@Hre ﬁw%\a\%ﬂi%}&% Hé‘?sé%‘ a|ta DEEBARRMBEr er
from consideration of the follow ng detailed
descri ption of an enbodi ment of the invention given
bPETAJLED BPESERIETIONOF AN FMBODIDIENT QF JFABANMENTION
drawi;ngs. BRI EF SCRI PT OF THE DRAW NGS %Q L n tgle
dr awi ing now to Figure ' of the accompanying drawings, there is shown a
general packet radio system (GPRS) transmit entity 10 (e.g. a mobile station MS) in
which protocol data units (PDUs) are delivered from a source (not shown) to a logical
link control (LLC) layer 12 to be prepared for transmission. The SNDCP is logically
situated below the network layer and above the LLC layer. Typically the data will be
delivered to the LLC layer 12 from a layer known as the Sub-Network Dependant
Convergence Protocol (SNDCP) which provides support for a variety of network
layer protocols and performs multiplexing of data coming from different sources
before the data is sent to the logical link control (LLC) layer 12.

The data from the SNDCP layer (not shown) is segmented by the LLC layer

12 into maximum length LLC frames, known as logical link protocol data units (LL-
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Figure 1 shows a transmtter for transmtting data
over a radio link. DETAI LED DESCRI PTI ON OF AN
WEMBODSAENT OF THE | NVENTI ON  Turni ng now t o FPQUG82M3/005205
of the acconpanyi ng drawi ngs, there is shown a 25
general packet radio system (GPRS) transmt entity 10
PDE€/sY-The IMPDIR &¢ &idnOiApMED d Fadioviink Ropirat (M) BXCabuffer 14
units (PDUs) are delivered froma source sh V\fi
whereghaycge Belr unfil isguiseshiy 2 REE(leans g pepeess 41 5 the LL-PDUs
e [
nflerha S P AEE FIEO M el 13, MY e [Rrh@Runala fidio blocks
whayere oufyyifoatringmissndatieewidts irbephydedal elemed. t o t he

LLC | 12 f
Depehi%ﬁ%r tg@d Qéﬁ%&yggaﬁzﬁllgF gjl%\é\{.}aas%ft he SUO%N‘?E ﬁppllcatlon to a

)%ﬁ&ﬂgﬂoqfer%ﬁﬁ felof %Qfmﬁdﬁ?&lh@ﬁ ¥h@fneN @tiWaEdrabledyYropagate flow

r ot pertfornms nultiplexing of data com ng
chrtaroctiefs lercknip thodate @sotodadflayess towardsahe dag souree. Flowt ¢aatrol

sty o o e e G S Ao LR L e

le]vgl AL Qe BB in8 BB vhakeemafiame so sd@?@W‘or&Ssdrﬁ@tfﬁé}irocessino
I'ink protocol data units (LL WD 20047 054181

aRETiERE 03proosiEdays m@@sqma mb. Vhilpthgsseing afyeateqmgi may
s?eﬁ%)a}o ig?gl %@pldg K onttglglraélﬁgg% tﬁ!}t t@e%Lg S5 nlerhbeW?)?rpﬁ)tentmlly

transm-t

c@ﬁfﬂ@tﬁﬁw&oﬁ@nde@@@ thit&eb&to‘!ﬂ!&kemxamcbem supplied from
the FI'FO buffer 14, they are formatted

bI ockgs dedirable far @ed%k%ﬁﬁﬁnmﬁ PFGC&HsHA @s‘?f-‘ofﬂ?t“’r 3 ?ﬁeﬁea‘ least two
19]563 'fp ?ﬁ%ﬂgﬁﬁ%g@lat Gl nﬂ@%n ti déanl"tﬁé' g)ufmit@ R 3RIcedN6F radio

pi cal ata ra ta sourcin
ra;ppice QHbctzﬂmﬂt\ma Ehe hydha aaielseycdxnm I(W)apnoalcel ofot ghown), to be

conmuni i on nnel bI t
AR T e B epega bk HR | KB A S B R e -
POYAES H&@ PRk @e?ﬁ’l‘éhﬁ:ﬁt cdrl B Sy @kreating eﬁeh@llzés)faﬁe FIFO

"wat er rks are ically applied against a protocol
buffger4. s buffer Ievel The action of crossing these

wat ef}.ga @c ?I’OEOﬁOIS %ﬁ&? n‘gloggb{c §U';r§ce \}3 c%%l@ag‘érﬂ&ﬁl@“nalm“

act i R BlEtediSg 1 Ayer i h the data°
iNbh@iohhen sRé thiaclg o@fda\l@b@hn’grﬂ(mmyooeﬁbﬁnwttb zhuknawledoement

roUBO ST The VBT el 5 ST AP GGV Y2 fbdgirame's
p%?enga r# l%%é’]ddtﬁl leéﬁpgéil%s tolcfeldysthg%%cﬁ@hl(ﬁ)efaﬂbnt&?@heq{;{@tocol

rocess 16 to be abl€ to "see" at |east two
'][H.LS EHDUswflbbe h‘radmsmsshymxca&s tariferigg e thet past . soThe¢ seed here is to

rmts.the radio 15 resource allocation

g %Fetthﬁ’e“?i?e‘bfltg g@@e@g?eéolﬁt rol (MAC) protocol (not

showhe TtIOC Beotb@1 ReBBHIeah&in{tRE of Nidadchitens, Bgch managed by
LL- PDU, ‘whi I'st transmission of the current LL-

its own lomcal link entity (LLE) (not shown). Each LLE operates to a set of internal
parameters which are required to assume initial default values, but which may
subsequently be re-negotiated at any time, to different values through exchange of
Identity (XID) signaling transactions. One of these parameters is defined by a system
timer known as “T201” (not shown) which defines how long the associated LLE shall
wait for a reply following the transmission of an acknowledgement request before
considering retransmission. Excessive delay in the FIFO buffer 14 could cause

premature expiry and retransmission that would otherwise have been unnecessary,.

This will reduce the throughput of data, which is, of course, undesirable.
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PDU t akes pl ace. This requirenent can be net by
increasing the size of the FIFO buffer 14. The LLC

w@e@iosaBl of t en " pi ggybacks' receive-acknow edpereBR003/005205

signaling 20 information onh the back of data-bearing
frames, together with acknow edgenent request

si gndl mwild.thektferd banppietiactdl thyt e sdicaf@dofwrddio tréseurces for a
conveyance of a franme's potentiall. rge data

PuN Y twasiveand Hledgffféw? oot e?%%¥ﬂ5%p\%“r Wit Grnger pfiePoth
@fn%%@& changmgﬁfa&%haﬁm\{m&'se@&ir{ga»dﬁemmﬁ_irbb/d&ﬁgeefsgmlikely to

ufferinhg in the path, s0 the need here is to reduce
belrsceptabde lpfcausheof i mngngrequiren2BtsThe LLC pr ot ocol

enbodi,es a nunb | ogi cal channel s ach naged b

T i Doy R eReb R e o atedRE e ERREE foftoier
14-ErheRshR@dIRS 18As %nﬁﬁfged% dh@&@bvﬁ@:hnarﬂkaﬁaﬂlﬁ@ttﬁﬁtspr\&md@hsufficient
are required to assune initial default val ues, but

dotl tolsaiely thesndsdeqhihetirgtopel layerielgog Feseiod ig: thenBLEilrer 16 in
o different val ues t.hr h. exchan f.. |ldent |t .
biteBpmeBu R viife HFin Ll A TR A Fu s il g prgnmi

detaydef ipReehtby ta thy Sirededid@ biotsdol Kayem) i@ thE20ILC [apet 12.The
shown) whi ch defines how | ong the associated LLE shall
oafreller did rgcqivgs) Rarameteiodata dranh ehe kb daye si2odndothediL.C transmit

geon el sae! helice neRIMGL By o g FFO

mdfek th.cause premature expiry and retransm ssion that
woul d, ot herwi se have heen necessary,., This wll )
r eduddet Hethe Wam%@?&re eshT %ﬁg'?séﬂef%? tcByFdevant is the
%ﬂl‘iﬁﬁﬁé'sﬁ)kﬁl tﬁnermtag%spﬁﬂgéﬁib%qyt%ggqyewi—’rp fhe GPRE fstandard

therefore be appreciated that the all ocation o
thisdb ther losvostr EXH fetransmissidry tmedhat aakue drost earsebnti LLEe that serve

B R r 0t BB Y SREE P O G0k Agreenay

YRtAih Ak Kise BBy RMAYEDAS Bafandéd McleY(ABM).DENi8GS egirédeh@d by the
because of these changing requirenments. 5 The transmit
legandt \-LLO LowesteF e inokighies bsThin papapsiervallonsy ar fraprgmit delay
0t {iﬁ) lséc%%dsaz]tg'be-r e rfriRldl qlht &5 t ][ih% @aﬁi?&igﬁ)d%érﬁlitczh%%mal
wat er mark val ues that provide sufficient data to

kagth 8LyPDUeo needs aofLLith&kpoeiedgohedtagpiestttakipegr protocol entity,
recei pt, i

, Il.e. the RLC layer .16 in this exanple, and
HETEHBE pegraratptad epboite Ry satina b efe PR Refinshftyga by
4 RatirANRAYh LIdPDAY, wado BERRURATIA fehithshli @saiimg-out.
protocol Tayers, i.e. the LLC layer 12.The 10

cont rigieltensmg delay dimeeis cplavlaied feom thategudtiasm t he LLC
on ¢ hat - oabl G By seS eh 128L P Fow vt er mar ks T or
the FI FO where kis a constant and 0 < k < 0.5.

Another of the parameters of the LLC layer 12 considered to be relevant is the
largest protocol data unit (PDU) size that may be transmitted. In the GPRS standard
this is the highest N201-I maximal length acknowledged mode Layer 3 Protocol Data
Unit (L3-PDU) size, from the set of LLEs which serve LLC SAPIs 3,5,9 and 11, and
which are currently operating in the Asynchronous Balanced Mode (ABM). This
parameter determines the size of the largest acknowledged mode LL-PDU which may
be passed to the RL.C layer for transmission and is represented by the legend “LL.C
Highest N201-I" in Figure 1. Also of interest from the LLC layer 12 is the size of the

largest unacknowledged mode LL-PDU which may be passed to the RLC layer for



10

15

30

buffer 14. One of the paranmeters of the LLC | ayer 12
considered to be relevant is the retransm ssion tiner

WO bat/0fe8nost susceptible to transmt del ay. |PCT/B82003/005205

GPRS standard - 15 this is the | owest T201
retransm ssion tine-out value froma set of LLEs that

gefivissiohC IPahy i GRR $\ceriardPaiints kitke RidhbiteNg0 (-BARakimal length
5, 9 and 11 and which are currently operating in the

resrhenienesdsmedn kAddeU nirteol ABWLESTH; & r@rqsérﬁﬁ%@n&hédec’end
bﬂLé'ﬂ{?oheLtq@TﬁﬂdU” hLSohuest T201" in Figure 1. This
a

anet er fransmt delay tine" (in seconds)
to beThéeet phruneeds eiﬂhbls thes sizée (it oveets)ecfuiheddrgest pEADU to be
a 20 length LL-P to convey an LLC
@RWB’W é‘égﬁ’éﬁ‘éﬁ'ﬁe 88iGEStEi§a peer protocol entity,

and f gﬂ%eRWmW PLE@%ax%ﬂtd' %WBM%: KBLYsid f Bcaize or

ackno dgement, agai n conveye a maxi mal “'ength
LL- POU,C highhaN20pr 8 relt i &1 Ti26® heedararxsm EGSS sine.

time-out. Th ansm is.calculated fro

the. ciieiBR LG PARGH ¢S Farkperdihaizt if Batbprabye kin LLC
25 where KidfsmtieRRetaRtaRd 0 < k < 0.5. Anot her of

the paraneters of the LLC |ayer 12 considered to be

rel evant i thetheC Whifigewt hqaden sigolis thet sizeisf tan( woumbsiedel L.C
t hat may beftlran“s)mftatmeadan n the GPRS standard this is

t he hi ghes{ REGHOT L% AR | engt h acknow edged node

Layer Pr tHe ¥ sif¥@isahe did of thé-BamObheck ségJenEé omt he
set of LLEs whi ch serve LLC SAPIs 3, 5, and 11, and

30 whid ParEcksy frept thy Ride ket kg aierrlsthuseas | he AFs bl coding
B APEPS) QRSN i Btery PRGHRL e ARb AL WhaskiBfed by the
Ma&(ba&m&:dl (xmttshmvﬂ_crhisagaerrmétemstuserh&ndamme &mhxzesof an RLC
e | egend LC, Hi SJ N201-1" |
EacE PR bSVp@h ot s Fridetted Py olhe (HENAL (FRPE! S Moigure 1.
v\zﬁica‘% waﬁesoform&easskaécgeg ueym%ﬂp@s pdgega, m\%%ﬁ fbito U

may be passed to the RLC | ayer for
2004/@@1411@&@@113/l@@@@bmdmsg@spawoaﬂpammts@amadl n the

GPRS d t i N2§b1

I engt(z novhvil’i(:{@('z dgcl%éa %Bﬁ Si z%cq%tfpaghngLLEs
It i chscEch sstmmeez:j RIVC tddéo blegepddloadl= %5 bltt@fr.e@toam U’
in Figure 1 These paraneters enabl e_the size

oct et gdipg Seheaney "allﬂé%fad&blm%y@)oaﬂe' 505°‘H@t£é‘b’?ﬁaﬁed as
bei nngfeh&cggn@gﬁﬁﬁh?& & hedst fll'olrrptﬂy APestayd29d ! e hnfber of

maxi ma eader size + S| ze, “or
assigned transmission slots within each eight- s]ot GSM frame for the current radio

resource allocation, as assigned by the MAC protocol (not shown). This parameter is
used to estimate the rate at which RLC radio blocks will be transmitted over the radio
link and is represented by the legend “Assigned # Tx Slots™ in Figure 1.

This parameter allows the ‘RLC Transmit Rate’ (octets per second) to be
estimated from the equation:

RLC transmit rate = radio block payload * assigned number of transmit slots
GSM Frame Interval * 4

Once these values have been calculated, the number of octets for the high
watermark is determined as being the lesser of either:
(RLC Transmit Rate * Transmit Delay) - Largest LL-PDU (1 if result < 0)

or
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LLC hi ghest N201-U + LLC Ul franme header size + FCS
size. where: the LLC maximal |IS frane header size is
wo bh@4pBal size of an LLC infornation servi PEr/GBa09a/005205
10 the LLC U frane header &ize is the size of an
unnunbered LLC information frane, and the FCS size is
the @i Zzpa@bsitiiePDIgeE! check sequence Tvvo par ameters
fromthe RLC | ayer 16 are al so used first is h
codl he nyetveref @esss %éﬁ@rﬁ%‘t’u%ﬁemr‘t‘ﬁéh%P?‘Sﬂ?mF%&oB‘ the
ed i rwce @U\% M= Pﬁ%@ﬁ@hﬁﬁﬁd‘ Py the 15 MAC
?J ocol not shown) IS paraneter is used to
w@heteelnsmnensnmmsdﬁ& lok lan RLC radi o bl ock payl oad and

represented b | egend " As ned
I1S gﬁl‘gﬁf’“m@’:‘é\‘u E?SP?lej YHEesa Ui g eé%"ﬂ%“ﬁ?‘ﬁ? gnat %ﬁ‘%}&&g‘ 18¢
%tl r@ f(ﬁ'SR]f@ltJ) PNRin @S’i’llﬂgofsﬁh@zﬁ@ ko IR-EDIRdbPefficient

pay = 20 octet payload; Coding Schene 2,
eresadtce rkahkbnm:inumayﬂuqm;es; B0 det @ftedp@yp@ééfﬂmzmwef?g LLC

trﬁﬁ%ﬁ%ﬁy WQR&%EEIZSI?%S h OCé ??:gﬁ‘l uTat%gs g@#ﬁ%&@g&’%@&q&:ments
uﬁ dréfle 1955)51‘1 ‘a gh&b&e&ﬂﬂdloﬁﬁr arret er Of interest from
e RLC’l ayer f is the nunber of assjigned

t r anﬁﬂns@cro fprsf}P(@mB‘evﬁhFIﬁ@ll*P"éa% RUGMGIFE YalUBY: GSM f r ane

for t radlo regop §&e@l | ocation, as

assi g I\/AC proto 6 f tgt shown). This

par a used to e§ REt® the rate at which RLC
radi o BWS%tk be t r anSriFEPg over the radio Iink
and |§UFT!§>6F@%BWP§H“§W% he Iegend 'Assigned # Tx Slots"
in Fi §odimgSchamgs paranetdr allows the "RLC Transmit
Rat e' k(octets per second) 0% be estimted fromthe
equat hon: RLC transmit raté = radi o bl ock payl oad *
assi gned nunber of transmt slots 30 GSM Frane
Interval * 4 Once these v s_have been cal cul at ed,

t he @W%Par@fletﬁ&st‘%‘ﬁlsgweo‘ihe?ﬂﬁ’mpgﬁs Wit er mark is

deter e LegsRictOfbeidsBehding Bfeme 1 is used
Tr ansﬁr?f(?%a@&og@#?%ﬁéﬁt Del ay) ( Largest LL-PDU (1 |f)
result < O) or WO 2004/ 054181 PCT/ GB2003/ 005205 8 (2

©oLangest G rae! = (20% 1)/ (4¥0.0046)
= 1086 octets/second

transmit delay=5 * 0.4
=2 seconds

largest LL-PDU = greater of 1543 or 506
= 1543 octets

high watermark = lesser of 629 or 3085
= 629 octets

low watermark =629 * 0.5
=314 octets

In contrast, the following parameters:

Highest N201-I: 1503 octets
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The nunber of octets for the ow watermark is then
determ ned fromthe equation: |ow watermark = high

wowrdoensask * h where his a constant and 0 < h BCHGB003/005205

The watermark threshol d values thus determ ned achi eve
a conprom se between the desire for RLC to retain

Vi si bi Highgstdf20atU | east t wS0Qbet@DUs for efficient

radi o res&ume®l:r eal | ocat i 9Reqamaposes, and the need to

const r Aumbd T ratieSIbisC 4t ransmit delay restrictions
exi st. cddife 5Q1a0i ng cal cyl ations satisfy these

requi rements under the jjority of applicable

condi ty.ons. 10 Consi der, %r exanpl e, the follow ng
par anmet’er val ues: Hi ghest'™"N201-1: 1503 octets Hi ghest
N201- U 500 octets Lowest T201l: 5 seconds Nunber of

Tr ansil g8k teTolldwadifgsSchene: 1 k: 0.4 h: 0.5
These paraneters will give the following results: RLC

r adi o RbICos#tiopénckaaglload 20 20 ettets (baveasesedngdichgms ¢ reused)
1 is used) 15 RLC data transmt rate = (20* 1) /
(4*0.0046) = 1086 octets/second transmt delay = 5 *

0. 4 =REGE@eORGsmitdQtel ar gestaokls) PRASOD0gbpat er of 1543
or 506 = 1543 octets hi ghgwpt &idi@tdcomd! esser of 629
or 3085 25 = 629 octets |low watermark = 629 * 0.5 =
314 octets 30 In contrast, the foll ow ng paraneters:

H ghegt 0&aly = 3303, octets
= 2 seconds

largest LL-PDU = greater of 1543 or 506
= 1543 octets

high watermark = lesser of 7151 or 3085
= 3085 octets

low watermark =3085*0.5
= 1542 octets.

The above two example illustrate how the watermarks will change as the
parameters of interest change over time. The watermark controller 18 (see Figure 1) is
arranged to calculate the watermark values and to send control signals to the LLC
layer 12 and the RLC layer 16. The calculated watermark values are used to define
respective value bands 21 and 22. Bands are used to reduce the frequency at which
operating conditions change.

When the amount of data in the FIFO buffer 16 is within the band 21
corresponding to the high watermark, a signal represented by the legend “LLC Tx
Suspend” in Figure 1 is generated and sent to the LLC layer 12. The LLC Tx Suspend
signal causes the LC layer to suspend delivery of LL-PDUs to the buffer 14. When the
amount of data in the FIFO buffer 16 is within the band 22 corresponding to the low

watermark, a signal represented by the legend “LLC Tx Resume” in Figure 1 is
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WO 2004/ 054181 PCT/ GB2003/ 005205 9 Hi ghest N201-U 500
octets Lowest T20 1: 5 seconds Nunber of Transmt
wek@uss4141 Codi ng Schenme: 1 k: 0.4 h: 0.5 w | PCTGB2003/005205
the following results: RLC1padi o bl ock payload = 20
octets (because coding schene | is used) 5 RLC data
demansdiand rsahtetothd POC Wyer/12( I h‘e(LLC[C)Z[G)Re—Bu#ﬁéh'{onal causes the L.C

LSS FI Sy 3l 5°SE08 s
grte%§dmyghle"@$e%ﬁm?{rﬂ€1 Txllﬁﬁﬁtgg éééggnzéééh@leu%glﬁge r 12 The RLC

85 octets | ow watermark = octets.
12gerThbemlableaotreadloextamgsorrces Lol mateedaoiy avhidablairetheeukfsr 14
¥yh% chaqgﬁaas the paraneters of interest change over

f termark controller 18 (see Figure 1) is

ar r ange cbmr&aﬂn@momselré hplivat@ iERFdasal pere AR vER of 8RR LC
contr ol g&na s to the LLC layer 12 and the RLC | ayer

lager iTeGERScertiaY- eEaAﬂwrwarrRl thatshekls aare seisasda tfonaliohi afeboth

ctlv a bands. 21 and u
re%gﬁge tﬁ%mrrggﬁené§n§W°mﬁm”ﬁm%?% @béré? %:C%oﬁaP¥P%née”¥
subapdisility\ied drhestBnmeldf e thdughput dtheheFHlafi0 bhﬂff’ﬂie &Qimate
is within the band 21 correspondln% to the hig

deaewt parthe awiged reding siheasand dauliylat khaglgasiss "lﬁx@ltqrwg the
2y g(fn@r%yﬂr%l?glc% H%ﬁzl‘_:}zefgsthg OGS @Jn?r%l g'i%gh ﬁx?é?lli gérﬁ]{g %@&Hnﬁevels

uspend cause
of BRIt trama s uisyfeenid g deér themwoﬁnfty bf_edﬂlalﬂﬁantso the buffer 14.

vhen Tth?seforegoing method is primarily applicable to GPRS mobile stations, where
the close physical proximity of the LLC, RLC and MAC protocol layers make the
practical realization easier, but it is also applicable to other GPRS entities, and indeed,
to other packet data based communication systems.

Having thus described the invention by reference to the embodiment shown in
the drawing it is to be well understood that the embodiment in question is by way of
example only and that modifications and variations such as will occur to those
possessed of appropriate knowledge and skills may be made without departure from
the spirit and scope of the invention as set forth in the appended claims and

equivalents thereof.
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30 anobunt of data in the FIFO buffer 16 is within the
band 22 corresponding to the low waternmark, a signal

w0 egmmsanst ed by the | egend "LLC Tx Resune" i n PFCTGB2003/005205

is WD 2004/ 054181 PCT/ GB2008/ 005205 10 generated and
sent to the LLC |l ayer 12. The LLC Tx Resune signal
caus€ . AMMSLC layer to restart delivery of LL-PDUs to
the buffer 14. If the buffer 14 eppties, a signal
r epr dsent 6@ BYIEWS IrdENGIERY t?ﬁg%ﬁ?ﬁ“{/dmﬁ %Onéfg'ﬁ "& o
the RLE %6 mehRs fof BEerrting a8 htol dtd fifflesabl € to

real 'otate Fesources until nore data is available in
t he buffeeng hdansFof mufferingnisndaxs fromes Fomihe sggmepfing means;

threshol ds.are applied tq .the transmt _ buffer]

| everanynif e coriedih 15 CeRERE ey FhegT gip frames
1B 4R fof RARSIRIY hedl@a fhe?gn@ function of both

rel evant internal LLC operating paraneters that

i nf | wenicalling ameamist fod edomyrollisgs depsagmanting meig, & controlling

estimate of the throughput radi.o Link. T

S FRre R e ter o iac L e St HleheiyBing fiEans apd the

tFiMbhiti Rkasheanhey iostheGita B &l theriangmiskien dfldata frames, to
control threshol ds adaptively, the flow coptrol .

casehiten p shigler sermrio prajigapnd @y lavs WastmRfte Yapugnegiysponding  to
buf.f erj | OF &p[ng ' : [ ino
%ﬁ”@é‘o‘!“ﬁ%“ﬁéﬁﬂo@qﬁ?%f?%‘% i|’ffu§;lgsapp | %ngﬁﬁéel?%noa;%?b?germ" means,

arahb lcentsdlahé @egmenting rmeeant he nodiosim (hhysindel of daetei frdrngs in the
of the LLC, RLC and MAC rg{oqol | ayers make the 15

srrabetives) thedugh anddPy vl &magy valpek it is al so

applicable to other GPRS entities, and indeed, to

ot her packet data based communi cati on systens. Having
t hus 2escrArmegpardties asnsleimeddn chapmr bfvelies¢io dhe eortrpdling means is

enbodj nent. shown,in ,the draw At LS.
R P nErob 2 s ob SaftRe HeRite, s P yARAMENC value and o
18%v bafX 8NALEsAR1NdiAL thetl BRtwat@eHatk edliésons and vari ations

such as will occur to those 20 possessed of
appropriate know edge and skills may be nade w t hout

deparztt'ur e ‘%lagﬂar;%tﬁkeassaiaﬁﬁ igr}:q?iﬁp@,p\@hé?éintthg cM¥fRRd RRans is
as set for e appended clainms and equival ents
drheebio. geWEraR0H 4dspErtll 8 gnPETY BB2098¢1005 208 ns Whedltis MBnber of

1. An apparat for trapnsmtti.ng, data, the apparatus
CEHPRPES ‘ﬂg}:‘e b@gﬁ\%ﬁ?‘?aﬁéj‘%ﬁgﬁshlggpa@gnenti ng data into
data franes;

4. An apparatus as claimed in claim 2 or 3, wherein the controlling means

is arranged to generate a resume signal for the segmenting means when the number of

data frames in the buffering means is in the low band.

5. An apparatus as claimed in any preceding claim, wherein the
controlling means is operable to control the transmitting means, the controlling means
being arranged to generate a buffer empty signal for the transmitting means when the

buffering means contains no data.

6. An apparatus as claimed in any preceding claim, wherein the
segmenting means is arranged to transfer to the controlling means parameter data

pertaining to time-out value of a retransmission timer susceptible to delay.



10

15

28]
(W)

30

buffering nmeans for buffering the data franes fromthe
segnmenting neans; 5 transmtting neans, connected to
w0 b@4losfiBeri ng neans to receive data franes tPEr/eBe@i005205
for transmtting the data flzanes; and controlling
means for controlling the segnenting neans, the
controlling neans being arranged to recei ve paraneter
data fromthe segmentijng rrear\s- algd he. ransrri@.ti n .
meand- per {B2APHUS @S €lanerhiraclamy O YERE PF 4NEHP ‘§gd1%eans 15
ar(‘)r]:lnégﬁ‘ttfg1 chicRIRS, thal‘?i(nl'iQ dQ]%(IgC(Hh@B§ AultbGmMeaimBhlit valdiey a
and®a Tow wat ermark val ue corréspondi'ng to nmaxi nmal
caisthnmi ni mal nunbers of data frames to be buffered in
the buffering neans, and to control the segnenting
means to maintain the nunber of data franmes in the
stor g bet ween,shg,di ghcpfded OW WaY epraBidingy AlaiRs . whéreid. the
An apparatus as clainmed in claim™, wherein the
sepmdniiog Iniqags e amsnded todranafegda the caetfelies andang pakawesr data

of val ues_includin he hi ter k_Vva .

PG BEG OF A teds MEEai: TREY B qaephar iy te
transiifle@pparatus as clainmed in claim?2, wherein the
controlling neans is 20 arranged to generate a

suspend signal for the segnenting neans when the

nunber of , data fr ] . f ' I8 :
the Ft g HaiapigsAT ikl i Elb S SR JREmdoR e igeans is
Pangd WWbEE@hE thd@zeofthe Rirbdsnframe drusn thedargest alngeidameothat may

generate a resune signal_ for the segnenting neans when
bepassads ipae tranrsmissoHRENSHPEHBEMIFYhe buf feri ng neans

is in the |low band. 5. An apparatus as clainmed in any
preceding claim wherein the controlling neans is

oper aiol e tAm emnrated at febnitedris ndlaim Ag whesais  datsh rames may be

control ling means  being arranged,to.genergte f
BB S RAPOT G Srhnd PRHHPELTRG: s JACK g ofgg Heans
1?'&&5@%&1 RY cABARS (kOB bNtheNaredaitfiamas e capipar Gftths lagest data
C

'aied in any preceding claim wherein the .
femruarinat | mgy nsapassed tar Fhen GRasTRission ameFner farotrppsgnission in  the
controllin a tai ni o
e e
&and ©drapan sii¥sidh Oihe 4 ddkhoRGHEEBRMAS/ 005205 12 7. An
apparatus as clained in claim6, wherein the
controlling neans is arranged to calculate a transnit

del ay, {f i mey by Akl RlcYdiR@d iD8lafh T8 \Phereid M i@arfDhi@ing means is
z?r?agsgzdagt transmit data according to an allocated coding scheme and a number of
allocated transmission slots and to transfer to the controlling means parameter data
pertaining to the coding scheme, and the controlling means is arranged to calculate a

transmit rate from the allocated coding scheme and the number of allocated

transmission slots.

12.  An apparatus as claimed in claim 11, wherein the controlling means is
arranged to calculate the high watermark value from the calculated size of the largest

frame and the calculated transmit rate.
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5 8. An apparatus as clained in any preceding claim
wherein the segnmenting neans is arranged to transfer

wo ooolopti8ont rol | i ng means paraneter data pertBCTHGB0BO05205

the size of the largest datld franme that may be
transmtted by the transmtter. 10 9. An apparatus as

cl ai nBd i Anclappam®s whedainad t ine aopnpnemdlmg1961mn§/hﬁ@ln the
arr ed to cal cul t.h the

bR feeirsig Butrasa s cnrdng el whial Y ey e the
LiERASEISSk QRueeans for transmission. 15 10. An

apparatus as claimed in claim9, wherein data franes

may be transmtted in acknow edged and unacknow edged

nodes, roI n a gggs to
cal cuf® at e t%gg g%’?sr?lhm%ldgﬁg@étm E%c?rgeor %%e greater
of tfheoﬁqé\{tgﬁsiatzdlatcadatifrmthat may be passed to the

transm ssi on means for transmission in the
ackndwifietne therdsthel TR  t he | argest data frame that may

be pagsed { sion 20 neans for
transrr%éeéépﬁﬁugfgg?E[etagﬁagﬂﬁhow edged node. 11. An

appar@dnegitfifg tHealatiEfehrhds; cl ai m 10, wherein the
transmtting means is arranged to transmt dat
accorBFRGNE BUETEHT IiBRAeBA At ShaRG g T ispigp Of data
Fr% el located transmi ssion slots and to transfer to
etontrol i ng neans paraneter data 25 pertaining to
t he C@wumngmhemewawmmmﬂmmcamﬁmdbm wgiempak yalug corresponding
arran d to .cal cul ate nsm fromthe
iﬁ &4¢ &y “El@ﬁgrﬁé’fg fﬂj%a%ﬁf%?d)ﬁpﬁocat ed
t r ansml%éﬁmo $hePh8mbdrof Mfea&pamatmﬁn@swtv&m high and low
claim 11, whérein the controlling nmeans is 30
a/meamgbmaltl@s cal cul ate the high watermark val ue from
the cal cul ated size of the largest frane and the
calculated transmt rate. WO 2004/ 054181
PCT/ GBR003X GthRdibas didindedl inAaiaippg rfatthes G.a)mprisalgrwmung a high
any precedi ng cl aj wherein th controlli
heridenh yalues @C@QI“@GF%}“éht“f%ﬂF‘éW tReinky ‘&’Wv‘?;ﬂnag)fdé‘%ss inciiding
{iqu\;, WARRhktVaRies hi gh wat ermark value. 5 14. A net hod
transmtting data, the method conprising:
segnenting data into data franes;

16. A method as claimed in claim 15, further comprising generating a
suspend signal for the segmenting when the number of buffered data frames is in the

high band.

17. A method as claimed in claim 15 or 16, further comprising generating
a resume signal for the segmenting when the number of buffered data frames is in the

low band.

18. A method as claimed in any of claims 14 to 17, further comprising
generating a buffer empty signal for the transmitting when there are no buffered data

frames.
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buffering the data franmes; receiving buffered data

frames; transmtting the data franmes; 10 receiving
w@aroaoetier data pertaining to the data and to PEEGB2003/005205

transm ssion of data framd$; cal culating a high

wat ermark val ue and a | ow watermark val ue

cor r e9ponch A@thddoagm@lxintedl inamg & ¢lhins! 1mmmer Eurdnfer daﬂnp\risino
frames to be buffered; and mai ntaining er of
qaisfEngd t@a@@“ﬂﬁ@ﬁé@%@f ReEplying “Hﬁ%o‘é‘n‘ﬁl Lf‘“'o i%mnsm‘SS‘O"

tm%r%p]g@lgt%lg?d& fS’b rﬁtagpt hod as clainmed in claim 14,

. er- conprisin |n|ng a high band of val ues
i ncluding the high maternark val ue and a | ow band of

val ues incl udin the | ow wat e rk I . 20 16, A

met hod- as /’emfh?goas ‘W“E]eg B2 OFFITG X‘? t‘ggﬁ'p‘fvﬁ?eﬁbdm frames
ﬁy rﬂoﬁ‘g“&l m%H%gﬁﬂgdo%u%alunﬁmocvté@o@@mw i EOmAIRBA further
e nu of buf

ed data frames is in the hi gh
mﬂmslng&alﬁilamc it bizel ofishec lapganetraing thitahay bs tgnsmaled by the

further copprisin n ti t,h
SHSTRT PhgPORERE L o Ber o rpEath il 3o rravBleegR e
édﬁn@ﬂ@doeldOWOQ@thd 8. lafyeBetiRNadirafe Ghal iRd Ben tr@ﬂstm@t%d in the
claims 14 to 17, further conprising 30 generating a

lbLatﬁltr@WI@gpdwosiﬂgnal - for the transnmtting when there

are no buffered data franes. WO 2004/ 054181

PCT/ GB2003/ 005205 14 19. A nethod as clained in any

of clai.ms A4meod8as fclirbxrin ol i 20, nghereal dataaiis ngmsmitted
transmt delay tine by multiplying a tipe-out val ue, of
%Fcp@tnrgéﬁ§mal§%qaéﬁﬁi Coﬁiﬂﬁéﬁh%%@ﬁ RRRer 10f alﬁ%qa&?i tB}PSE“SS‘O“ slots,

;Etlgr}?etdﬂ;la furth 12901'1'1@15512% g.lrlﬁﬁloc‘!l ahagd: ke 3 fe mcﬁhﬁﬁ coding

Wher el angés may be transmtted in
mkmonﬁcﬂﬂgadmambfmhlaczkﬂbmmsdgmbnrﬂhnes t he net hod
further conprising calculating the size of the
| argest frame that may be transnmitted by the

transgi ttex nashddR GLifRl &f ciafim thevileadig ed hidavantdrirafevalue is
that may be transmtted in the
calculated from the calculated size of the largest frame and the calculated transmit

rate.

23. A method as claimed in any of claims 14 to 22, wherein low

watermark value is calculated as a fraction of the high watermark value.

24. A data transmitter in which incoming data for transmission is divided
into data blocks and passed in frame transmission order to a radio link stage via a
serial frame buffer which holds the data until the radio link is able to transmit it, the
incoming data having associated with it various parameters and the radio link stage
having allocated to it radio link resources which parameters and resources change
independently of each other from time to time and are supplied to a controller which
calculates high and low buffer levels therefrom and controls the passing of the data
frames through the frame buffer to maintain the number of frames in the buffer at any

instant of time at a level between the calculated high and low levels.
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acknowl edged node and the |argest data frame that my
be transmtted in the 10 unacknow edged node. 21. A
woretohost18s cl ai med in claim?20, wherein data iBCT/GB2003/005205
transmtted according to df allocated codi ng schene
and a nunber of allocated transm ssion slots, the
met ho¥P- f urAthelppeisr Psimethedl supsniially ast dessshed hesaie with
15 schene and t he nunber of
Je e?ocaib %]gtaécé)n i lgggﬁa“ﬁﬁ@% 22. A nethod as cl ai ned
in claim?21, mhereln t he hlgh wat ermark value is
calculated fromthe cal cul ated size of the |argest
frame and the calculated transmt rate. 20 23. A
nmethod as clainmed in any of clains 14 to 22, wherein
low watermark value is calculated as a fraction of
the high watermark value. 24. A data transmtter in
whi ch incom ng data for transmission is divided 25
into data bl ocks and passed in franme transn ssion
order to a radio link stage via a serial frame buffer
whi ch holds the data until the radio link is able to
transmt it, the incom ng data having associated with
it various paranmeters and the radio |link stage having
allocated to it radio link resources which paraneters
and resources change independently of each other from
time to time and are supplied to a controller which 30
cal cul ates high and | ow buffer | evels therefrom and
controls the passing of the data franmes through the
frame buffer to maintain the nunber of franes in the
buffer at any instant of tine at a | evel between the
cal cul ated high and I ow | evel s. WD 2004/ 054181
PCT/ GB2003/ 005205 15 25. An apparatus or nethod
substantially as described herein wwth reference to
t he acconpanyi ng drawings. 5 10



