;e3e TR-@VT U2 ~ N ~ w zooz -'1ARQ PROTOCOL W TH PACKET- BASED RER | ARy ;%02
LEVEL ‘SETTI NG The present invention relates to a conmunica n on device a
met hod for data unit based comruni cation, where 5 inplenentations of at

| east a first and second comruni cation protocol are used, and PDUs

(Protoccl Data Units) of a third, upper |ayer protocol are segnented into

PDUs of the AR PROTOCEY! WIAYEPACKBOBASER RELDGPEITVEEVERYGITHRG are

sent over a physical connection in accordance with the first 10 protocol,
whi ch provides adjustable reliability levels for the |ower |ayer PDUs. As
IS knovvninrthe art %f co nicatif) otocols are sets of rules with

: n =
whi ch two pRIHEE S ted BRARGRCRAT ST T ST F o TS RN AP WslF VL Fo2nd
i'mpl enent atnadim®ddffoar plratocol tabadaew quoimtrsi ddtatorexclange data units are

al so reterr, t eers. For,the r ' th resent speci.fication,
t he ter%n dat lueﬁl%llet%stc‘_ilr *prst 8§oftdg?%£€n%3t %&Danvﬁeﬁp‘croe err TBUPRE M te
dat a carri earogpeocilf iaed byed, ganverPPiot Gowmitodal matab@nidtsedoffhat tR0rdwi t h

respect to differ p diffe t. .t er.ng ar S for the PDUs. Fox
exanple, th Piat alggltr?lrt égégg%g ?‘ﬂét eSIer%fe"fer}’gregteol::%o (PIG‘DIE‘té gj(r%e t?ng arred’to as
packets, wHeweas lefyerdaratandis afd tthessoilimwearo-lpdient PpUst ecel s¢PPP) are -
referred tQuas bf gipss cALoSHEL L@ laco /dBERS wiRACKELS cebe. fall under

25 the &eneral ter ata unit. Furthernore, the _concept o ering

di fferkht pretecsits rhighserowides fslins tadder dieddabd 1ikYs lé@ﬁiépfoﬂata
units of omr@epneieeohapgse ephedded into data units of another protocol 30
when being sent,and are extracted when being received The term "enbeddi ng"
refers to both the possibility of encapsulation as well as segnentation
concept of alsayer kRgwei {f efgatafy e0Cmung cAcdondi BgotecbhisSagonsand, data
uni ts of ong grgtocol are enbedded i.nto data units of another grptocol when
bei ng sent “AngUaFe BXFRAREE Wih POiNtG FELelf¥EdangRedata units in a

t er nf' ebeddefigticaf eag. t Dudoinp Identeatibhis| bty aobreneapsubat twd peldtsas
segnentatiggatF

Lg. 2 shows_a generi.c stﬁck,rarrldth igure introduces a 35
nunber of teérms gﬁ%?n%?l%(\gtb% 3& &5 efanpl &S Sﬁﬁegogoeﬁﬁl Bﬁ%’f%‘rs’u"ﬁur poses
. ___ the fokhewngpdescof pthomreEratsspekificatien; ~thé~fterm data unit

or protocol data unit (PDU) will refer to the finite data

carrier specified by a given protocol. It may be noted that

20 'with respect to different protocols, différent terms are used

for the PDUs. For example, the data units of the internet

protocol (IP) are referred to as packets, whereas the data

units of the point-to-point protocol (PPP)} are referred to as

frames. All such terms, i.e. frames, packets etc. fall under

25 the general term data unit.

Furthermore, the concept of layering different protocols is
also well-known. According to this concept, data units of one
protocol are embedded into data units of another protocol

30 when being sent, and are extracted when being received. The
term "embedding" refers.to both the possibility of

encapsulation as well as segmentation.

Fig. 2 shows a generic stack, and the figure introduces a
35 number of terms that will be used as examples and for

explaratory purposes in the following description. The stack
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2 shown in Fig. 2 shows five layers. Naturally, the nunmber of |ayers can be
| arger. L3 refers to a network | ayer protocol, e.g. the Internet pi?r@tk;gd;al;nq,
IP. L4 refers to a protocol above 40 the network |ayer, e.g. the

transm ssion control protocol TCP. L4 is also to be seen as representing
all protocols that may |ie above. L2 Frane refers to a |link |ayer protocol
whi ch enbeds or franmes L3 PDUs, for eRanple the point to point protocol

PPP, which is typically used for circuit-switched 45 data in systens
operating in accordance with the GSM (gl obal system for nobile

communi cat $ePY? stankied d.2 Gleels éxaﬁpiégemml@%ﬂl@ (1% drimbgmiefcont rol ;
defined i ngyardarsh GaMiQ4ALY). usedefors GRRS (el 1Backet, RadieiSer vi ce;
defined in standard GSM 03.69) or WCDI\/Aq(WI de band codé division 50

mul tiple atc®ss)’® P TARAG ePEPSOEBL all i nid IHG/&T It Ge &IF AHREC e &R &g nent
L2 Fr armef PhLs ddﬁvfbrﬂﬂﬁ]dy@r,L% é%ﬁ?%%ﬂ@nﬂm|m@h$@ﬂ PileFrilc repeat
request i Qn, ARQ an asis of these omat i c repeat
request (X%%' ﬁé‘lan]*ss taﬁféf‘to e °fr oEBL 0T ° s‘lﬁ?prﬁsteéltggga%nﬁtﬁo&orcé’ Fafrdfitssi on
55 of PDUsnamdeire pibecet.eii Ifedmeoneféronn abdamy éayefr airoltacaRQwpriehocol
are the radi.o |ink QL 9CO used for CII‘C tsw t.ched data in GSM the
radio |i nkené%en({ FolF profngco#L§ %@f Td Efoam Ih Hotlﬁlé %E’CIB ﬂgdl o Link
Contr ol Prmtadmzdo)l red Mhrch CE)I\/Aypﬁfhlll]y n.erkelr iotrocarphym—csahtlcaysdr

I h
Phe bagi s 0ty e oParRPL el astterhe®) RaShorbsorsre tegBhet ©
under st op(}?}eﬁé:@ FfIOG'[ @@bhlehaomm'armqﬁ@nrde saandeyglt O‘t&be65ediafnpéeent
rel 1abi I bioiel ¢S e ¢ ﬁBalggﬁnfmsao%r%ﬁ L&eé'i%g B SEXARRLASGEl the L1

pr ot ocol are FEC protocol s (forward error contr of power.contro
prot ocol s,0%rb%d &6eEi Aati 6RROf %%ﬂ?\ralF(ﬁaCé(ﬁénﬁﬁélodﬁﬁrWéﬁt' gef ARedPDUs can

be prot ectied Wiat-var ¥ERIoSt EENGLH icHhor ik dceEEAR EORLT akvagdhar With 70
varying transm ssion ower Further possibilities for adjusting the

t r ansAP ssi™H el |eal§iclcie§§ -wWhE oPROree B5d sudedai hdPi daxerryPeptesabi Abat are

changi ng tde sRgRadicngof @6bRE pols -intwCsmallet L2 ANbNPDUs4and 3 in COMVA
or WCDri A, the interleaving depth, the nodul ati on or the antenna

di versi t y I"RICFRBES @BnRBpPRAGHe JGRGAT FRILREE7EURFEIoRn ARR: ARr tRscription

i s not neeessaryf khesByLReaR@tEmld. h@htbﬁ@tLa Eéﬁ@tpf@&;@é@l: K.&R@ptl onal ,
i ossi bl'e that the roto e directl

ausouIdaIsghgg {’ ar
segnent ed HPPSh&EPES AR BFOEOTU | SHRFCR ﬁt Fl ?‘é OIB% ho BB-EAREPSTFAYRA into
L2 Frase prfottdvs| uddea pﬂeﬁstemmmlcpnduheohé PEpsmcbes Wk | ahalve ArRgener al

adopti on mfor ecidin Qnther bi ylee t hat |s 0 be set
for each %%%2%62 tg?eF% nglnl§m]ﬁ1 5| ca %%%/elfls%% prot HEor'S %r ovi de
di fferent Sald(tphedndn'eehan e$M¥nsthee r@sdlbhélsbtton'gr@l phetoebl abR1Cry | evel

may depe“%s%%utgﬁﬁ? Q¥RLTL¥q0fnd fl&o?hy(ﬁ gb Liﬁ'fé @ ré!‘f"}?PoE'@%@lP“&%\g%sr EB

bei ng sent an arrangefrent can er or
90 prot ocdls Hn@D¥Ret ocol s running on top of L3 are sensitive to

60
L1l refers to a physical layer protocol or a combination of
physical layer protocols that can operate on the basis of
single or plural L2 ARQ PDUs. The Ll protocol is to be
understood as a protocol that can provide at least two

65 different reliability levels for the transmission of L2_ARQ
PDUs. Examples of the L1 protocol are FEC protocols (forward
error control) or power .control protocols, or a combination
of both. For example, different L2 ARQ PDUs can be protected
Wwith varying strength of forward error control and/or with

70 varying transmission power. Further possibilities for
adjusting the transmission reliability, which may be used

individually or combined, are changing the spreading factor



a delay per data unit and can performbadly or even fail if the delay per
data unit exceeds certain bounds. The problemis that when the L3 pr ot bddl 2
is running over L2 Frane/L2 ARQ or on L2 ARQdirectly, the L2 ARQ protocol ~
can introduce an 95 additional delay per L3 PDU, due to the retransm ssion

of L2 ARQ PDUs. This additional delay is basically unbounded and can cause
consi derable problens. This will be explained in connection with the

di agr am showChMA Fbxy. Ww-3cDMAQ0 ther 1hherfebl om ndepiipl antad inarju liatt iwinl lorbe
assuned t rame Pl re being, se e pr.ot ocol , but

. as alregt%e %nf?%ﬁae a eorvsg,t%’i'tEfsggaﬁgﬁgﬁ%fyp%%siﬁoﬁ?& tL pr ot ocol
PDUs dPe dirtectd yflbeirgr segmenpédon7i5net qne@assdwvs one L2 Franme PDU, and
this higher layer PDU is segnented into a given nunber of L2 ARQ data

units. Two of these L2 ARQ data units are marked as a and b, respectively,
for the purfpdsry die sndtacerthatplthnat? ofirame RIS ¢Ndiicatond liomal,zag NO V

~~~Z . 4 Ridh) B%H1416d- 5308 PP Pash@ O3 oL dNSTBRAl QR edalidkerdd0 1. e.
a given length, just as 'the L2-P. data unit has a given |l ength or

transni ssiIPREINERE b tisowd_PAROFPHOtaEP L 4 He: Yo idd tpPSBPEmM can occur .
If theol2 ARQERALE Y tindch@as Feake pedtsmsimddwd udiften the nunber 11S of
L2 ARQ data units that needs To be sent is increased by one, and
correspondi ngly the transmi ssion of the L2 Frame PDU is del ayed by the

transm ssicoingilay, atheong bZoARR>Uabal Umdve HowmeIrall hidobReoh? ARQ data

unit marked as h, which Jies. at the end of, the L2 Fra P has to be

retransm ﬂeéant]‘r?é‘h gfz‘o dteﬁilélﬁﬁl pn d’érl‘%lyreiltf@tqlﬁéké’ml%’i%gn tgéjtt hg £9 Bfane
PDU by t hesatouind tagaddqh T2maRORFPDY . obi fherdik ARQuWmydrvsithe naued trip time
RTT ogsa Iary basi c asses . bet.ween the sending of a

; Al ( |
i pofoe%{%g’tslﬁ é’f@?’qﬁiﬁyggggﬁ}d‘%ﬂ% a:)Je]oaﬁt,l% hFTHET 888 pf - By Fﬁ‘é sendi ng

data unit
peer of t Isetadkyow feddreme 112561 hesg agerdlhata v aefpands ohhahet heayi venotat a

unit was recei at_ .t t her _end. er iVvi . L2 ARQ RTT is
ypi car Ty HECoHae: LRaR PRer 9 b i ah% BTy ABRSr eaay
mentioned, this delay can cause significant 130 problens in higher |ayers.

Anot her pr hergncgr}r%%gfneggw%ﬁf as\é%ehe i elr? ARR-BEEE K2Many 1.3

w ndow based fl ow cont , ow control "i's well-known in the
art affl b&Jictadol smaads Prhaecehe FUIVIEBDCHIPr GIf LS ageoRphFshiedei ko

accordancg Wehh 2 fdef iiaed QHIPELnOfc£PRREGW Y Ba00LeLE BheRi 81l hat IS
referred t-0 as &4 send wi ndow, where the all owed nunber of unacknow edged

dat a uni t $hies del@n @grt dagai anserrrsfatiogentais: RerrAsSr dEher PHAPE®Atrol i s

such that iish tha@ V@RnS€hee830bréadd@unid $unRikQ 208k, 18 F4BmEer.p aamp nunber
of data units follow ng,a gi ven data unit g)gy be sent out, eyen Though the
HERC oF8C pe&h™

safe recept % LLafQy BhYa WU thHAEG atRREAFRGEYed® but
thi s psnbedddf ivnackaewkedged tatEpunidue its lthe redrbashbessemdop ndow. As

ib;gady ni@&k&ﬁf%@U%hl%hggngggitigaa 'Jéi%@pqg bgsggngQtUntgndeg 5%@10 v
can cause considerable problems. This will be explained in

connection with the diagram shown in Fig. 3.

100 For the following explanation, it will be assumed that
L2 Frame PDUs are being segmented by the L2 _ARQ protocol, but
as already mentioned above, it is equally well possible that
L3 protocol PDUs are directly being segmented.

105 Fig. 3a shows one L2 Frame PDU, and this higher layer PDU is
segmented into a given number of L2_ARQ data units. Two of
these L2 _ARQ data units are marked as a and b, respectively,

for the purpose of a later explanation. As also indicated in



s 145 e.g. TCP/IP Illustrates, Vol, |, The Protocols, by W Richzr

St evens, Addi son-Wesley Longman, Ins. 1999. A further explanatio § MOV 2agp.
therefore not necessary. In an L2 ARQ peer that uses w ndow based fl ow
control, the 150 sender cannot send any new L2 ARQ PDUs when the send
buffer is exhausted with back-1ogged copies of L2 ARQ PDUs that have

al ready been sent but not acknow edge#l by the receiving L2 ARQ peer. This
will briefly be explained in connection with Fig. 9. This figure shows a
consecutive series of PDUs 155 to be sent, fourteen in this exanple.

Accor di ngF1%- wihdodwdaskd Farsy RE3hthast 2 t%é’elneittfaéﬁalEPDUM}ieéﬁyt he send

W ndew SW . avhi £hy i wers AWMy @S, GRITY i n;%et he-BRYS a4th0uhQc AR¥ES Lfven

accordance with the PDLis that were sent and acknowl edged. In the exanple
of Fig. 9Bk OF tlor ¥ efsléht- and 160 acknow edged, so that PDU 4
constitutes the left end of the send wi ndow. For the purpose of the present
expllnatlonltvmll be assuned . th t.he f the send window |s

const ant .25 SEEEITHE deft wihddws ¢ mleﬁngaﬁfBE?a@n‘ém PGCeBenl sthavi ng

two part g2 reElaatd deri PR-1:d hat thave theesmsentdputhant tacknambetged (4

d ini P t h d
LT L B R TR R RN S R s i
WI ndow kurte whareh cb?r&d@\@dl@iglyetthtmeemasemus(sionooI[OtheAthBi:dam@fPlee send

W ndow A r fO||OWI a O, &S o] de DU (4
in the giia CTCCJ)% c?qu e sen SR ndow ha§ E\jor lgeen éggtl‘goﬁé‘g ?ta Sr% tgan not
be 175 adlavemMegdged. ths :L?cd\m@]l@émemlrtf nagkadkadswh edgiveal Imst:ma ol dest
POU i's regel weth Jfhe et e hiegad w Boove SVUNLLL 008, MEYE, TO the

right. As long as there are |n ‘t he send wi ndow t ave not yet been

sent20t hithisadiiddl Idelddedheott reagsd sgiepl efs thasla Beame ngPYfbpDuse
conti nuesrmg;;g t' 1p18tqﬂé1](RQ‘T)tQ@ @WSLQ“ARBGI%QQ %M%M%Pﬁﬁn sent,

then the 2 c v 2002 6 further transm ssion of is conpletely
bl ocked atslmeoﬁé"Tagftr@el@|yaeéstlspbes|l§aﬂaéy 56%6%%@@&1“.%58%@%@&?% r _dow

is stall athheerused bcandaeh wmLe bQ thecrighty 55 a §&E§ﬁ€’rﬁ ;, the
above descrijbed del'ay caused by Z2 P. RQ retransm ssions in e order of the

round tridnd ithe FeFeIPH PY% hdes&RBMPAIBREENAT | BRG FoKRewWledgment
declwaseehetsfya@@gltmtt cg;mll@gn@ar&hb@ ehet Bevindependent + claé msecgélxtéuda pr esgnt
applicati IS own fra ment EP.A 0 7 6 7 764 descri bes
pr obl ens a%n?&ﬁn?@?‘@df Whg’]fyo rEeEFrléf?ngoP?%Etl@h Elrﬁ%&fk gRZL%Bt%ds t hat

ar e used tiypidaidyeasichg lbhagrsnicaanhotheel.2abROi Tyan gt ss Y@t edelmge.
specifically has the object of suppressing the for-,aard error ca:rection
encodi ng operation to a mninmum in order to conserve resources w thout
sacrifi cifsg atlheat:lyan@mtsisinenl,rehﬁabidbilay cin ocadee shombfiderst it is

sug te SSi signals into different categories,

depgﬁgl ngrtg%lt%hg Elh é é?lggr ané’teg%t signal, and then perform ng for war d
error correction tar the one category, but not for the other. axe exanple

|5 the USGohdnG BN O, LRELLT ARSTLLE Bhs SkARAL @ 3 £TAEHAN for using

forward error cofrection or P-A 0 790 713 an iI've power
control &%¢scydnrAgvsblasee L£dpwneBREECE adlbndgeTeged sf]l@‘rbvﬁpntlfrfél descri bed

techni qugeaaNlhBRE RAWRHLCARLT @hqaBd st Ok VAL dnEar ST t1COF Iacd | rwontrol .
I ndi VI dual trangmtter/receiver pairs may adapt] veI% det ~~m ne t he m ni num
f

powk?> anofdtRar d SePcsPredrFBEE of PEE]EF?%HC? WG] | uper
aual i ty- eff- &@h\éb@@tﬁ%SbE@_lemfssorl Bigecendance y\u@rﬁecspﬁmefs Ca earémdl nment, a

first porLion 02 AeTe9he L118083980m L8 S idin SO ad S SENE AR e 1 st
is limited to said send window. In other words, flow control
is such that in a given.series of data units to be sent, a
140 certain number of data units following a given data unit may
be sent out, even though the safe receipt of said given data
unit has not yet been acknowledged, but this number of
unacknowledged data units is limited to the send window. As

already mentioned, this concept is well-known in the art, see



2 ~r,~o0 |~ 2002 6a signal portion. Then the first encoded signal Egxgorti on
is transmitted with a first power |evel. Next, parameter data is O n0?
whérein the paraneter data is representative of one or nore characteristics
of a received signal portion having been received by the receiver, the
recei ved signal portion having been based on the transmtted first encoded
signal portion. A second code and a second power |level is then determ ned
basediah thegreD@A/.Hr ]p]aln&rmiaefecdat\aql arnd, &rseconet qorltd orbyofd trRacsiagdal is
encoded WI the S d co ener ate a seco caod n portion.
Finally, e ‘éeercl:so’n ncoo eg"eeSl Mal oﬁlcgrn}aﬁjdn l|§‘scct ;‘129”95:{:“ ?1 efgj SEht%h t he second
power IeveéxplanatSLdrheLsob]keao:tef@fra e tpressEsanw.enti on to sol ve the above
menti oned probl enms and provide a conmuni cati on device and nethod of the

af orenenti oned kind that can reduce the delay caused by the L2 ARQ | ayer
retransm s&m ons. LZTHRD aisjegctthiag sslesed indawrdaged désovarmdiariedshdescri bed
N thed ndepeirlenta Al Bend\GROr IR0 1120 AFlP SRS alerl RYRNLIAR, piRep, havi ng

i mpl enentations of first protocCol that Specifies different reliability

| evel s forisettians teouyidh des&cdnddsocsddies werle FRE $EESnERpE ol DI

speci fies spORN HdM i tPBYE b ta aldkinih diigalieby ayer fletiegsal, a
capability is introduced for setting the reli agl lity | evel of second

prot ocol (2 PRRPEBUs THiifSt didrt Wlﬁél‘lys&eoﬁ&p ra&ln(?@ollnPSB%?nBéFbﬁ@l ng to a

defined dayscistriuct W e T¢QRt &u@um@ SHeRsS C At seicattavel selrd eARQF daya units.
2 9 n~-~v 2002 6b In the follown thetermng{:% ysed in th
i nt r ddfct i h BA 199 e TOULILSER, 18ndTRe SXBOPL CdedCH éfillf)‘ﬁ it HAPEQNT h

i ncor por at&kdmtheo@Q&em pthen 1efftt kad NPt 4onofl mhihisenvay intite

t i t b th nt ch f tt
Phe: ol i abii (Y Iy ar, SBolR CRoGE™RE? R0 MR FBRBS o010t BRERFSSH on |~

power, forawmrakdancer withr bkl 8BDUss phaadivegef sehor andneekhealtedgedepl,

Todul at] OLer AUARAH ¥RSNbY Bhe 1080l s BLOGCLREN DAY dgsi T

conbi nati on. Actor to a erre i ment, the
def i A&d daacacrmtwl@dg@lde (sontcaanl ﬁ@Usécgndsrbn@veeel tP@UéEIfS end @ﬁl the

pr ot ocol ng\g@s 188 mepted,Lpha S8¢0knz B 8%@89' eﬁgﬁnathsn ppe L2

Frame or inthe a ove ternt nol ogy. |s 220 e present

i nvent i on Wirldvitdeesshmedaphbt| chy dfngéht Pﬁgtbﬁesﬁmdr g napl isy | evel
dlfferentlé/rfsqanltz ARQ PDUs with respect to their position in one L2-Frane
(or L3) PDU. In other words, the data units of the L2 P~Q protocol that
bel ong to one L2 _Frane PDU can have their reliability |level 22S set in

depeq@gncengp s%@ecwfmaow QE@E&Eeﬁaﬂzebét b@ﬁekellbeséaﬁt akhabvihg t4o ARQ PDUs
are in one L2 Frane PDU and rel ati 8 o, the £>6| atloﬁg %]F‘ between t hese L2
0

ARQ PDUs Wt sredpBet Yt 616RE BRb ehé atoBgVELPPRPSSE feRPt the data
uni ts of t&&rﬁﬁﬂ@.ﬂ@eﬂr quoeel 6} hafdbehengememmagdanasumnt thé gendird

protocol (re to,as L2 Frane L3 above).are id fied, d the data
units of g”ﬁé"dg %ﬂ’d BP&EBc AP Pﬁﬁ?rgéf‘Sﬁgwt‘gée%ﬁgV FR™ 58 8r$va§7ﬂa?vée$hen
classifiedd meo sahtl baghuswotHelf erer ih- that egodi espdand B85 ¢hhahly the

capaqlllt |s R vi ded, of segt g g |ability | evel for these data
uni t$0f £ &8 néfeg BESBoF Blf ér ﬁt y for di fferent categori es.

A stall of the send window may occur in the following
situation. As long as the oldest PDU (4 in the example) of
the send window has not been sent correctly, it can not be
175 acknowledged. As a consequence, if no acknowledgment for the
oldest PDU is received, the left end of the send window SW
will not move to the right. As long as there are PDUs in the
send window that have not yet been sent, this basically does
not cause problems, as a sending of PDUs continues. But if
180 all of the PDUs in the send window have been sent, then the



According to a preferred version of this e:abodinment, it is 240 po s#@ e.to
sol ve the above probl em described in connection with Fig. 3, na |9 vV ¢ 482
categories are defined, where the first relates to the L2 ARQ data units

bel onging to the front part of a L2 Frane or L3 data unit, and a second
category is defined that relates to the L2-ARQ data units that cone 245
towards the end, and it is possible to increase the reliability |evel
(e.g..increased sending power or inproved forward error correction) of the
data units that cone towards the end, the detrinmental effect resulting Trom
the situation described in connection wth Fig. 3 can be avoi ded, because
250 the increased level of reliability for such L2 ARQ data unit such as b
(see Fig. 3b), avoid the retrans:”ission of such ~ ~r~~v 200 g L2 ARQ

data unit sp that _the, delay c hy the retransnj ssion of .L2 ARQ PDUs
is pref er§3F§8?55€‘f?%?’&hs?30°’¥tféfa}iﬁ}allSLfoﬁPw?fﬁmﬁ%%ﬁ%é%ﬁ 3%nd not
det er m nethéYyol8es258DU U Chdt i KnicieglEeOLdeNOthd sl Remduhefier red

enbodi ment e defined data structure is not one PDU of the protocol that

t ;
lies i _rmeﬁt%%&? Rovese he- yRTARQTpREVECEP, theit T+8hondbPBU of 260 prot ocol
that |ieschbhgbghiente 9 thE MR ded B9 pkd Bglgygca@sefrh%{gfﬁl?\l% as in the
previ ous enbodinent, the reliability level of” L2 ARQ P that are
associ at edewransmhes igns din tihe I4deBUCEsthet rowgherrithdrimehaayewakléf t he

precedin TAB%F P Thi s i.ent i al nt ageous in the
event 26%}#%a t e‘gﬁd%ﬁ%dsﬂ%%gﬂ:t&ra ~ceiﬁ Ié%g?%go&ﬁlbér/uﬁ}%n\{%ﬁ one L3 PDU. An
exanple of this is the so-called IP fragnentation of TCP packets. Then it
is e.~ possible tq set the reliability leyel of thqse L2 A ~tQ PDUs that
bel ong t o' thePFS tF t r‘ﬂ’?eﬁ’ﬁédéﬁa Btathe ¢4 HRSR& than for the
RPDUs 270 hebongiiithd o d hedid Srod 308BRER: PECRI i1k tag@nother preferred
enbodi nent,” the defined data structure containing L2 ARQ data units is the
send wi ndow used for w ndow based gl ow control. Then, the problem of 275

stall ed wind i ) hdow based fl ow, r l.ved,- ly by
differ en\t%lgtzf?\r,l\% L& weé;tg efcﬁa%eﬁDﬂgoPﬁ%%{agar%cgq?y%%ge%&ﬁ:é%nirﬁg%gﬁdt he send
w ndow ( c¢xtesr Ritisjeanichrt osedibhat matkotiowanals diwe wyedl (Braunger PDUs),
where the, retransm ssi on of al der EDU?&e. g.,..PDU ~£’rn Fi q. 9) is done with
a hi gher JE0T$27 1% PR H&rdo FEA12Por the TS T8N ssi on of the sane
PDU and/ ospd it d401 y Gl @hePlggeckr ebesapbyeddinglegi & ivariicegase of the
reliability level is a function of the age (i.e. the ol der the higher)

and/ or a FERIFOHPDEIFRG IS0 OPSIRELPBUFAAR BEEH WHand-c59e8Fed®(i . e. each

repeat ed <§osdSid ANHFIQN wri%f%weéaarbfg@ﬂg réld 6&'14&25&%5'5@\5&' than the

previous retransnmission or the first transm sSion). N O_V 200 9 Al so,
W th the ¥R}BERIlidot Hey qudefreitoedoebbdi nkhitls jaudasPeskitil ¢lassify

discrim { n different  par 3 90, L2 F .0or L4 PDU at
the L1 pro %?:Sc ﬂ%,\égfi/ers?L % g'nttre ﬁ?%%gged%%%?qzﬁﬁea ‘e %g%{d%n i Plerent | y.
It beconesh@osiid|Ef thraagimitthelr eigabl| i dyd| evel mdr famntiaigh fpewkhsdt hat are
nore sensitive to delay hirf%her than the reliability |evel OE., ot her parts.
For exanptet®f HePqiedele£ost 8% PRPepSekeeoTY s Pifynot for the other.

An example is the use of the length of the transmittal signal

as a criterion for using forward error correction or not.

From EP~A 0 790 713 an adaptive power control and coding
scheme for mobile radioc systems is knocwn. The described
technique combines power control and forward error correction
control. Individual transmitter/receiver pairs may adaptively
determine the minimum power and forward error correctiocn
required to satisfy specified guality-ocf-service constraints.
In accordance with a specific embodiment, a first portion of

2 signal is encoded with a first code to generate a first



295 coul d be protected nore (transmtted at a higher L1 reliability |level)
than the payload. This decreases the average delay for transnittiﬁ%gtHQVIﬂmg
header (less L2 ARQ retransm ssions) and allows the IP router to nmake the
routing deci sion as soon as possi ble. 300 The inventive concept, which may
be referred to as providing the capability of unequal error protection for
different parts of a defined data structure, presents the follow ng

advant ages: 305 - | ow end-to-end third protocol (L2 _FRAME/ L3) PDU transfer
delay, - low end-to-end third protocol (L2 FR AVE/L3) PDU delay 310 fitter,
- efficient bandwi dth utilization, - |ess buffer space for storing the L2
ARQ PDUs thus reducing 315 the overall systemcost, and - if the schene is
i npl enented at every possible protocol |ayer, the savings due to |ess

buffer spaggnbedpbL-eMBAL STHRY B VAL Yshidibaih thigamerlde ;gakist y of
service perceived by 320 users inproves. A very inportant advantage of the
present | bhvensmidhted vhbh atfioss poter dpiele Alextywdiddagetieanslagk the

rel evant 7. [5G = -2 o] t | ves, i.e. .it .does _nqgt affect
any st andg?aéelgfg’ I ngﬁ%nréekg%%aeéﬁg aeflrgecgél o%t%gréﬁrr(ﬁsﬁé%latilr‘rfﬁl SfeRP&ti ons.
O her feabur msranghaduabéafesiod dhea preseinred riesidlomostilorb@aedagnor e
apparent fromthe follow ng detail ed description of preferred enbodi nents,

whi ch nakBefBf EPEREESH LY hgh%S’f)e‘?“?Jg‘(ﬁ’"e's,tqerl rfy e glonadnapetapn

expl anat oh%vdhggbaBhobatbe Bf eoedte F VaNd 1Y é@%ﬂzi&rco%eﬁ"%‘ﬁ’?nélgene” c
protocol stack] Fig. 3 explain certain problens that can occur in

connect i opowitiihnt hd geeendotode ramderesRCcHibrWar Rigyel2;is34beRi g. 4 shows
an enbodi E e en= jyvent | [ QWS t ransym_ssion_pl ane
an enbod MEAk 8l pbAeHRLESCET LAY SR Olve Sk IS 4 T AN 8288
portion of the signal is encoded with the second code to
generate a second encoded signal portion. Finally, the second
encoded signal portion is transmitted with the second power

level.

It is the object of the present invention to solve the above
mentioned problems and provide a communication device and
method of the aforementioned kind that can reduce the delay

caused by the L2 _ARQ layer retransmissions.

This object is solved by the devices and methods described in

the independent claims.

According to the present invention, when having
implementations of first protocol that specifies different
reliability levels for sending PDUs of a second protocol,
where the second protocol specifies segmentation of PDUs of a
third, higher layer protocol, a capability is introduced for
setting the reliability level of second protocol (L2Z_ARQ)
PDUs differently for second protocol PDUs belonging to a
defined data structure containing such second protocol

(L2_ARQ) data units.



345 Fig. 6 shows the segnentation and transm ssion of an LLC fran%% F& Z
expl ains the inpact of block errors on the LLC Frane 350 transfer gl @V 002
Fig. 8 shows the inpact of the RLC send cai ndow and bl ock errors on the LLC
Frame transfer; and 355 Fig. 9 explains the problemof a stalled send

wi ndow i n wi ndow based fl ow control. ~~1VOV ~~0 Fig. 1 shows an

enbodi nent of the present ' _nvention, in which the defined data structure
containing L2 ARQ PDUs is a data 360 unit of the L3 protocol. This figure
will r.ow be explained. The left side the figure shows a flow d' _agram
whereas the upper right part of the figure contains representations that
serve to better understand steps S1 and S2. 365 In accordance with the
present enbodinent, .t is assunmed that_a comruni cation device inplenents a

first and Beddwd fodhavdingat tdg premépslogE. ¥sed hin prhey i lgus1apuahd@n oned
protocol s |k sa o € ctive h J t V4 ovi des

rul es fox VJ(':l(])ir%t ?% :rl%r%%g't %glﬁs%‘lh\és%%ﬁvgf 8%5%% %%;lg %q%%%vggg{)nd pr ot ocol
across a dginomrponatiechlintonnéet descraptiohi sf fthstimprettocol. @modides at

| east two different relg%ngit l.evel s_for the .transm ssian q; ta units
of the seddhd %lh@t &ESI°E ,lgg&é}:,lOPhgage BnE"PT ot FRASs FuIRY 375
for the segoNindlstOFcaf s@ktangnthse ©tlabhiidy pr&¥srole (£. thodde above
mentioned L2 Franme or L3) into data units of the second protocol, and

addi t i onalahreadly FEadiogeprotofol tERBIRUBEIPRIPIVRY r GEHTHA SHIGF of data
uni ts of e rsreand Prpl-acoh JundgEeBEedEhecs fec LOMIILPNS nddu AR

wor ds, the 380 secord protocol” has thé above mentioned au~omati ¢ repeat
request feat unEeAR@ didveldsetryi ght.habd $tdalofe Foxy.ird,arnhelsseigreeht ati on of
a given PDU of, a third protocol into PDUs of the second protocol is 385
shown. In Qﬁﬁlqphe PDUs of the second protocol that belong to one PDU
of the third protocol are identified. This can be done in any suitable
manner, e.g. by having the inplenmentation of the second protocol determ ne
the start and end of a third protocol PDU (e.g. the stars flag and end 390
flag) when perform ng the segnentation, and then comunicating this
information to the inplenentation of the first protocol, or the

i npl enentation of the first protocol is done in such a way that it nmay
identify said starting and )



2 9 Nf~ V ?20DJ 12 end paint of the data unit ~f the third protocolZ ByNOV 2002
parsing 395 the data units of the third protocol directly. It may be noted
that this is an inportant distinction to known systens, in which | ower

| ayer inplenentations handl e upper |ayer data transparently, i.e. are
oblivious to how the 400 data is structured in the upper |ayer context.
Then, in step S2, the PDUs of the second protocol are classified into

predet er mimeach @i €gotd €5 . pJ0E Sri i aGAIJAi18%8ED| thi ede pihddeiddght hand side
of Fig. 1, 15}/ the depicted 405 arrows. |t sh?ulg be, noted that the

depi cti on 55 1O BES Rt YW | FRRARIOrAEPIWAYYS ant Ht & Ifeani ng t hat

t he order grotwdteh pive cleda wid tseqferith@ sacondepsod qedtacd @Duanged, in
terms of transm ssion,_is changed. r.e ecifically, the order in which
Lhe POUS o 4 ne Roche T grottrdioiarie APFaRgRic] s aged by "t fle

cl asgkbyi rpdat otleat gy drets . i nkheart, i dnn psbepd &3 there=pasoid ihnamchi ng t hat
depends on e or r redet er.m.ned.condi { i QRs. speci fic ndit.ion is
415 gqi ven,segcsn”trh% 'fr;}%)ee?‘elﬁtr? nlvaenrgl%ﬁ é&ﬁsgsgégﬁ%ferlg\%ya fgopre&iZHA% cg&r?gisti on,
but much rdtterrespddie tgensralr eosdegbnofinponei U2 Ngranwe @Eapabil PDY.that the

reliabi ity | f e f econ r i i cordance
with the c%{& eogégr?%rés"?ﬁ;ﬁé% vxﬁl ch atc&ﬁett%%ﬁg \%\grghgl géssq?‘ﬂ edcf%lt%%rgtleghgg. 420
Thi s can belsgen g ared-SF e SPU MBrehspectieballgliabi ldteplsget he
reliabglited emeladin e idh AR Qtiedptyplsc 88t dirffiangnthby chhapathe

€9
reliability level i'n another category. Pn contrast thereto, m_steg S5, the
reliabilipatedie il2_FRQ BRiEp@Fgednl gnefleakerfes ok 23d a61pting Bene in

known 425 oplay siccalt il dhvetlid Bl teeRit 2hegBSy 2 VARG oy &ift@f @ekBdctords L1
above. Therefore, the steps S3, S4 and SS Express the capability that the

present i RPENEHRAOVi des, nanely the capability of 2 ~"~ 0V 202 13
430 setting the reliability level for PDUs of the second protocol that

bel o to_one PDU of the third protocol differently dependi ng on_rul es of
O 8oePR | CA S ARSI - SRa P CearBhb T, ik Be0d H-BLpraT ne o

pr ef err ed thentsibal cfg tdee calzodatanhadinent a tttad r S e colle (abogerdeses i bed
probl em of _an _unbounded ay per third, protocol PD . 9q..L2 FR AVE or L3
PDU) - . Thgssg‘r?&q’bé?ﬁ}'eesosﬁ g‘?s ag)gggl)rgéaylﬂ%éﬁlf ec&’oﬁ%c&% ngﬁﬁlhmﬁ Ures 2
and 3 w | bfbehesedagal pradocedsitantubdiesd antjaigher44@ Bugh 4 shpwsrene L2

FRP~IE P at . ed _into { AV, nber, :

Nat ur al | 5\! h%% L %%%jl%gl(;%a 3‘%&%3‘% ge\%/gﬁl t@%%lo%%g‘r“egé t%%‘)% E?g\ﬁganlg%gls ment ,
two 23% egéined fyorthe axgishiidativonsapeopided defd. sertidnfi ithe A4bighikifoyy is
referred ¢ ral, RProtecti.o j al gory
is referr é%vt%g taf}sbqrt ﬁégl%%pee&agla Bﬁ%%gcgfﬁpﬂ%ﬁ‘\%ﬁv@qP%ﬁg %ggg?g?%ff

Pr ot ect i ofoW fddifesPvg sadefionégsas a consecutive

According to a preferred version of this embodiment, it is

240 possible to solve the above problem described in connection
with Fig. 3, namely if two categories are defined, where the
first relates to the L2 ARQ data units belonging to the front
part of a L2 Frame or L3 data unit, and a second category is
defined that relates to the L2-ARQ data units that come

245 towards the end, and it is possible to increase the
reliability level (e.g..increased sending power or improved
forward error correction) of the data units that come towards
the end, the detrimental effect resulting from the situation
described in connection with Fig. 3 can be avoided, because

250 the increased level of reliability for such L2_ARQ data unit

such as b (see Fig. 3b), avoid the retransmission of such



450 sequence - in terns of the order of ‘transm ssion - of L2 ARQ F;DLJS LS
one L2 FRAME PDU including the |ast (potentially retransmtted) L R@ﬁ DX§02

that will be transmitted for that L2 FRAME PDU. It should be noted that the
SPWcan al so be zero. 455 The Ceneral Protection Wndow GPWis defined as a
consecutive sequence - in terns of the order of transm ssion - of L2 ARQ
PDUs of one L2 FRAME PDU including the first L2 ARQ PDU that wll be
transmtted for that L2 FRAME PDU. The GPWnay al so 460 be zero. The size
of the SPWis initialized to a certain value, e.g. to conprise as nmany L2
ARQ PDUs d<_ddi® Isketier andivbt t e dot nighe teke Ly ARQSRATbLYi fhet her words the

quot i ent oﬁfeémsﬁmsaeq 4651zher 2 1t§mrﬁe§-§b@9 9@5@¥1ctzeetel ggeof the
GPWi s Q? 14 initialized't onplenent the initial SPW

i.e. the sa\FrﬁU@fl tDr?e_PS@V\FéﬂGS‘GWV‘e@P r‘é%}ri’d’nd§“@o“Pﬁedééﬁrﬁl“éflédLQYFRM/E PDU.
The gbze afourhe tGRW mayebe fixed to the initial value. In that case every
retransm ssion of an L2"ARQ PDU from the GPW 470 increases the SPW by one.
Alternatively, the size of the GPWmay increase for every retransm ssion of

an L2 ARstEJaldr@fm@D‘é\buan&@h@r GeFd B Fr dPR B Mahte. tAEt @efihal ga¥amUM
val ue has heen reache the size_ of H}BafGDWre |Paé£ogstant and i nst ead

every ret PATSHtEERoASoFORNORS BARG DU PERNPS? eas®S SPWby one. A
H story WingewibMély absoe deid el ARghipalotosod, cbnsetst one BByuence of L2

l.ud h t t tted L2 A i ti
A FEVE R0 e LBt AXANSTL LS bR AR RO ol §L YRS T 0t
L2 FRAME Gatedeurablly, The 114 threotmooti ausl ieabbdimgnt evehe ofeleaalhlLﬂtﬁRQ PDU i n
the GPWi %._F%%(il 9?%9&1&&%&?&%{%3 Parr%t% £Lag Egé‘pﬁggh &Q&“&f'ﬁ}ﬁ&r that

pr ot ocol . e term general  protec |onaata|on anlsmre ers to
t he mechakids®Ploissetti mighdre thaln dliid |lteyeﬂevél tbﬁapresecaim@ab@_lbﬁt@w ded in

sai d prot I aﬁm deci e V. £ach L2
ARQ PDU i (ﬁ?@penﬁg%té %FB %%osﬂ anl%?na?ﬁéh?%%%%%%l%ﬁ % %,;A?\/E PDU
(or 285 PDUpathihel R4ARY PBU ﬂfr(ﬁqa@ntmsi anteangraothameroened, PRHi shfihrechani sm

can be gi %&%m%@e%‘f%h?é Yi Of ¢ jBYR, - &qﬁeedwgfea%ﬁ@&tépf&ﬂféf +dp pr ot ocol ,
and can e e a nechanismthat sets the relia | evel in dependence

on the qu&lalctk9t5f Then cbhnkttd on ARSSIRARCROt ARt dehte {@M%blaPetﬁbel ng sent.

495 I n acgerdange whbbetihe A.E@/efﬁUso"ch@tSB@%ﬁ %%&@tf%@&a@é ation
mechani smis defined for the SPA:, and reliability level of each L2 ARQ

PDU in theOSPWFstHEC?%QO%ytb@hlls‘l sPﬁé’cPéPhﬁFoFké%‘?l%%raﬁé%t%QV%n nmechani sm
The 3peci Ble1509ifgotecthont adaptatdq@enmechani sm serves to mninze the

brobability that an L2 ARQ PDU in the SPWhas to be

According to another preferred embodiment, the defined data
structure containing L2 ARQ data units is the send window
used for window-based flow control. Then, the problem of

275 stalled windows in window-based flow control may be solved,
namely by differentiating between L2 ARQ PDUs that are at the
beginning of the send window (older PDUs) and those that are
towards the end (younger PDUs), where the retransmission of
older PDUs (e.g. PDU ¢ in Fig. 9) is done with a higher

280 reliability level than for the first transmission of the same
PDU and/or than for ycunger PDUs. Preferably the degree of
increase of the reliability level is a function of the age
(i.e. the older the higher) and/or a function of how often
the PDU has been transcitted (i.e. each repeated

285 retransmission receives a higher reliability level than the

previous retransmission or the first transmission).



Z ~~a 0V ~00~ retransmtted, while balancing this against mnimgzing the
requi red transm ssion resources (e.g. transm ssion power). If it ikgdgaﬁeﬂmz
necessary in accordance with a given criterion 505 (see step S3 in Fig. 1),
then this can be achieved by raising #he L1 reliability (er g. raising tie
transm ssi on power and/or inproving the forward error control) |evel for

the L2 ARQ PDUs in the SPP7. Preferably the criterion for _ raising the L1
reliabilidysen viiHer SPW Jeplendst amatie mumsde r5EQ embloZ inRQtPDUS ia t he GPW
that needhd. 30 d &ld ANH Aifitha b AR @i rirfe AhE BUTRY c0f 2h21, 4RO PDUS

fror.. the GPWthat needs to be retransmtted |lies below a predeterm ned
t hr @90l di2 tieaher di4 dHU iaty dhevdll protiRecspheiveradjaast €8 byethe sane

mechani smrassd Milde iGRWArsRe pshaR 88 rrd o1 v1) 1tapd BhasobhgLyhs€ tdhe
reliability level in the SPY; is raised with respect to that of the GPW

(see stepH4 Ghf Oslgabiyl ity 16Medr oGS tatRe Pepéci &Rapr F8cFPHR adapt ati on
m . chani s4Bd1 tiRieS teASR 1SRG HEONEhShS the FailskpRai1tike nelbabskidsnd.evel by
a predeterm ned factor wiith respect to the %eneral gro%ectiog 520
adaptatiéﬁ“ﬁﬁ%héﬁFSﬁﬁaﬂﬁlgvtéﬁﬁh@fv@eﬁgﬁﬁaﬁisﬁpcaﬁl ag6hsi $b° F W neasuring
t he 208nMbheroudfd et padRicEido ms richat raakeaipltaae atnti hitherhist ory w ndow HW
reaches a_ pr.edet.erm ned | ye,. _and then.to decide an the changi ng of the
reliabiliﬁ%;ﬁ%$%ﬁﬁgyé ggféﬁ ES eégfoﬁawﬂﬁagm/ghlﬁhgeﬁggfge%fgg%is nmeasur ed
525 nunberverayst kied agl ferndtrevemity iognshset IPnhsadpky (3ebsi by AkEe

cach L2 PE SR e oo ER PTIPET, AR k' BFuRx " BERE e i i ons

or any otdesrisdomdiatsi sponNasupalkslsybleoere conpli cated nechani sns contai ni ng
furghgr dependencies 530 on specifically defined conditions are possible,
but this |ies outside of the scope of the present invention. Consequently,
it may b&hsotigyenavet gengepsenthiighentlohei sefiorredstei es erir @0l Gimg

speci fi ¢ 1$ReCapRQEGCHIFOinadaRY k- PBr 535, FEERADH SBb - 281 SHG A MEChani sm
may be selected in acCordance wth the requirenments and preferences

associ at &5kt Rfaaspeéined §PFGa§F6HC5HHeprBi—”%%’[’t%rtb?og%b%%n%ch
rather, ad&antabks> t. zooz 16 the above enbodi nent clearly expresses the
basi ¢_concept of the invention, according to which the capability is
proépaed 540 for setting the reliability level in accordance with

cat egori es lichaknareodehar ghned byoebassi {2 NPRAME £53) | PDU hier atxofes:
enbodineg%ﬁ t hese classifying rules relate to the |ocation of a given L2
P. RQ PDU ltaﬁ"respect to the beginning and end of an L2 FRAME (or L3 or L4)
PDU. 545 In this way, the enbodi nent provides a neans for potentially

appl yi ng _specral .protection.tq L2 t i t e of the
sequence bQPShSPHSt oegﬁegﬂingRﬁﬁéggést%ﬁ%fe%éM%{ﬁﬁfn%%?Hﬁgﬂﬂé probl e-;
des8iPbediititeconnecti on with Fig. 3. S50 In the previous enbodir.ents, the
defined data structure was one PDU of the protocol that lies immedi ately
above the L2 ARQ protocol, but the defined structure may equally well be
one PDU of effpcéentobanfdidihesthighekior, g. a protocol 555 referred to as
L4 in Fig. 2. Accordingly the definition of the special protection w ndow
SPW and general protection window GPWis based upon the L4 PDU instead of
the L2 FRANESSr bREfppUSPPEef EPALFOr 48T Bhe he? phiak i BREs eRbodi HAHCd ROt he
rel sabi |l ichy beveh10f st ARQEFPYS LRhat are associated with the 560 erid of
the L4 PDU is sit higher than the I'evel of the preceding L2 ARQ PDUs. This
i s especially advantageous in the event that the L4 PDU is fragnented into

nore thar afethd EBbenk. DsexapPeReRted it éfetfepsds il éeshddddlagment ation
of L4 PD?%yelbe@hgtsg%iggg.dggsggb gséob§g£eplgggéetpgﬁuirements may
be very high and the overall quality of service perceived by

320 users improves.

A very important advantage of the present invention is that

it does not require any modifications of the relevant



S65 reliability level of those L2 ARQ PDUs that belong to the fragments
towards the end of the L4 PDU. In the follow ng, anoti-~er enbodi ngni ﬁ@v' 0
the present invention will be described, in which wi ndow based flo ‘cé t gP“
is 570 enpl oyed, and the defined data structure containing L2 ARQ PDUs is
the send wi ndo~~:. This enbodi nent specifically addresses the above
mentioned problem of a stalled w ndowyhen using w ndow based flow control.
The foll ow ng 2 ~~~~ 20Q?. mdescriptionis simlar to that of the
above enbodi nent, S75 except that the data structur inside of which the
PDUs are di [ j e send 'rg?g@ a.highe PDU. In
this enbogkﬁéﬁ%?ﬂ%hgﬁgﬁ%%EY%?bafi%h ?% oneq&ﬁi%&%§§5e8gpt%t%%%$%?bn in the
send® 4 nddlv. OTFhE sefuiren Foardes stal gl BESEd iPdeaanpebbPem consi st's

in enabling special protection for the retransm ssion of older L2 ~u.,~

data units _in the send wi ndow of the sending L2 A RQ peer, nanely the

capabi | i t §tP8Tpfevtdess t3Rrd dheantagesd odbigha presesl- iaveation gtiehl for PDUs

that needpkeche hetéanspitded andh thal 4410 Aliddheehadhpai 88s &8 19fort he send
wi ndow SW _In other words, the problemof stalled w ndows in w ndowbased

f1 ow cont P6I Phaebee S of Ve R $ efbeifth &dikeg T54CREBACLEC ARRY PDUs that are
at tiwso begigorag, ofintdreigend wi ndow 590 (ol der PDUs) and those that are
towards the end (younger PDUs), where the retransm ssion of ol der PDUs
(e.g. PDU4 in Fig. 9) is done with a higher reliability level than for the
first traRsgil ski on Hfowhers amp llRDd tang/ diatiran bar tjyeupgeser®DUs. | n ot her
words, for a givenng%A%%é%, PDU 9 in Fig.. 9), 595 the reliability |eve

of the first retransmssion’is set higher than the reliability |evel for
the first transmssion, "' the reliability |level for the second

retr m §8L 0N, i S j gh t fi etransm ssion, etc.
Fbmé%gf, ??§i22equ§$%vnae ﬁkgggggbgg%gkgglthéggéfiabiIity | evel is only 600
raised for the first retransm ssion with respect to the first Lransm ssion
and then iNs C far .al | o) r 1 SSi.0ns, Preferably the
degree offgggrgasquih%ﬂglf%?F%%%I%??bﬁgbgltﬁgEaé ugééé%ﬁn%} the age, i.e.
the ol der the PDU, adp@esitglear wiifd, itaki abpPLegol everangriatasdownnist her 60S
words, in the contexty of,,the exanple shown in Fig. 9, the increase in
reliability Ievel for PDU 4 woul d be higher than for PDU 5. '~ ~< n 4
20D24P8 Rn alternative to this can consist in maki ng the degree of 610
increase ftbg. i4 onlghdiet weernbbaifiehst ot r aRENpsesOM: Ak ddtEion, Fig.

5
shows a transmission plane of specific protocols;
345 Fig. 6 shows the segmentation and transmission of an LLC
frame;
Fig. 7 explains the impact of block errors on the LLC
Frame
350 transfer delay;

Fig. 8 shows the impact of the RLC send window and block

errors on the LLC Frame transfer; and

355 Fig. 9 explains the problem of a stalled send window in

window-based flow control.



first retransm ssion, or between consecutive retransm ssions) dependent on
the nunber of PDUs in the send wi ndow that have not yet been sent X g gg 200
side in Fig. 9). It is clear that this nechanismfor adjusting the deg

of increasi'ng the 615 reliability |levgl can be conmbined with the above
mechani snms in any desirable way. In the above enbodi ment, the rules for
classifying the L2 ARQ PDUs not only relate to the position in the
predeterm’Frigd @26hdatsa aat enbbdigefit . @f the seadmwi ndowntibut ahsehicht he

anount of ansni ssi,ons o th.the od| nment
CrOuni ch thE' HAPRAERCHARE ShridfulT ol O FESE AU 0 STES Nere s
no 62&0 r estiitcbifohhktold ppetodol. privieciiquremschadnirsm bkt empyabeediot ed t hat
in the case of the above enbodi nent, in which the defined data structure

containing L2 ARQ PDUs is the send wi ndow, the higher |ayer data units nmay
agai n be BB heahtl edder afispag ehtdyre ishowsag & leshd-rggas., bWbesea%atrhe

However, |t zgﬁ fgyﬁlc'ggiﬂ@'éf POss A Lt C%Q{talmgﬂereu}%,segegels nts in

one syst enj vide a systemin which the felra Ity Teve be
set both @\F?ﬁerb@p?é@ttﬁb wodd 13 trnd UARFhSL |adfeB2data units as wel | as

W t hgggespect 635 to position in the send window. This |eads-to a nore
conplicated system but enhances perfornmance. Now anot her enbodi ment of the
present i FYeRErOFEIRFE Whthiddg iy@Penty sphocH rggs~. Att he aesurrd tdata

struct ur eai SomfuliX$800:0ddA FRAME 1RRldn tidowe va ks tN@Wat Becsh@ssi fi cation
rules are not assocjated with the beginning and end cf the L2- FRAME or L3

PDU, nuchCeBRMetca gt e taddve® 9o &F‘Ff@’ ENtoPghgeRentiekffiecuti ve octets

or bits qﬁréﬂiwccﬂlaé a,unada af2 tAImg L%eEBéwEmmw phet ookt pheds:dihe ranges
eacg'57 orres n 645 consecutiye nunber, in

t er g “of BT eo‘*'f ﬁ‘%a?%rﬁqsrslc(?ﬁ‘trSfllE?gAﬁée BEENSBY 8P LR Y datho WatEgor i es
are specidf ethe whetfand ﬁndm:tcoaaraegosys aSgasencpayed»mtdsbrmm:ﬂlmder of the

L2 FRAME ary 650..P secon cat eg S, 85S9L ted with the
payl oad tH&F OHS THIT rﬁfé’ o gfa g ¢ %n% ‘&n%lﬂ P or all of

t he preVII&kﬂ&hﬁﬂﬂhyﬂﬂﬁualsGEﬁr the transm1551on of data units of the
second protocol. Moreover, the second protccol provides rules
375 for the segmentation of data units of a third protocol (e.qg.
the above mentioned L2_Frame or L3) into data units of the
second protocol, and additionally the secornd protocol
provides for the retransmission of data units of the second
protocol under predetermined conditions. Ir other words, the
380 second protocol has the above mentioned automatic repeat

request feature ARQ.

On the right hand side of Fig. 1, the segmentation of a given
PDU of a third protocol into PDUs of the second protocol is

385 shown. In step S1, the PDUs of the second protocol that
belong to one PDU of the third protocol are identified. This
can be done in any suitable manner, e.g. by having the
implementation of the second protocol determine the start and
end of a third protocol PDU (e.g. the start flag and end

390 flag) when performing the segmentation, and then
communicating this information to the implementation of the
first protocol, or the implementation of the first protocol

is done in such a way that it may identify said starting and



Now, in order to provide a better understanding of the concepts a 2007
enbodi nents di scussed above, a detailed exanple will be described |h ¥%¥n@ -
of specific pre~ocols and GPRS. However, this exanple should not be seen as
restrictive, as 660 the present invention is applicable to any

comuni cation standard and protocol set that provide the features described
in the clainms. For this specific exanHQe, SNDCP ( Subnet wer k Dependent 665
Control Protocol) or network correspond to L3, LLC (Logical Li nk Control)

cor respongdgqt 9o bee FRAMG, e Féla%'v'%%l(tR%f%' Onkl eiﬁlgengfeké% | 1P é\jg{;%cont rol;

specified in standard GSMD4.60) corresponds

(PhysiTal the nfa tayend t R &by ehdancprpager) ébF?@%bbnds to L1. 670 Fig. 5
gi ves a background overview of GPRS. It shows the GPRS transm ssion plane
up to the_network | ayer. Radi o conmuni cati on between the GPRS network and
the nobi | BE SPAY iRfh WS hed ShySi dal 2BndmBRF 2Dt ki F LHREE&RAI FPy. Bet ween

the 675 BoSowBases t&imd,l qrm am%}a$11@w)eramgy&hel 1erhé1ﬁtsla1anblngnawer has
been separated jnto twg distinct sub-I|ayers: %C | ayer and t he  RLC/ MAC

sub | ayer'PPFhel 3MFS At Itéﬁ&FﬁaFBU%lVraﬁs‘Fer?)é%l FEEARE whC LR ehbf L es
are 4@l | edlatd G 4 remsctubieel dat ahkr apséer Logé meesntRLE entities occur in
vari abl e size 6BO RLC bl ocks. 2 ~h" ~1V ?.00? as For efficient
transm ssion on the radio interface, an LLC PDU is segnented into snaller
si ze RLC Dhacksiras tgpiset,edhienPBUg. o6. tHdi seadddwsrostcahsarssi ons to be

per formeq. Al {15 % n|6c| 8*%' ﬁ%lé L Ygba {f {;C?H%%Q'ﬂﬁis s ofe %agt‘e efroneous

RLC bl ocks are co rou a se ani s C bl ocks are
transm tt@demmltlrﬁlrechqm rtit@wrsgze bﬁn@ bi@@kcsf anidy + e rec etivé ndesi deed

Per 1408 cal, Yomends, HXpatabt AGKEANEK: € acknol gcgﬁgol#i 19t agkpow edged)

nmessages. Every nessage acknow e y received
RLC bl ock&ndgr stecgh limdinc abed rbibcWanunded rmmsasmwarrgmmetrb@giﬁm ng of the

send wi ndowie Add] /008! ke BabLtERPCL Sobsat LBl eGiNeldo T eest

erroneously received RLC bl ocks. e acknow edgnment "of outstanding data
resul ts igryangaser is) itgirng of tﬁén@éh-‘éls% Vi Shddvanamfen Maxe t he RLC bl ocks

corr espor&i&é&ﬂ&a@ny—l—@h@@ra&? sHCRESSf WY prteisetdhd headdifea PDU i's
delivered to the hig | ayer. An RLC connection is establ i shed between two

peeft1@nt iRFUL A0 afr@r atrﬁénﬂﬁﬁnéFn Rt oI I &K L EBTH R erfttDoi nt
has a recedtwrfortikat. recei ves RLC bl ocks and a transmitter that transmts
RLC bl ocks. Each end-point's transmtter has a send wi ndow, while each
end-point's receiver has a receive w ndow. The bl ock transm ssion between
two peer TR enn Gitep S FABreons r ol bethdtiray ghhatth esg dridts verndows .oxr

more predetermined conditions. No specific condition is

415 given, as the present invention consists not in a specific
condition, but much rather in the general concept of
providing the capability that the reliability level for the
PDUs of the second protocol is set in accordance with the
categories into which the PDUs were classified in step S2.

420 This can be seen in step S4 and S5. More specifically, in
step S4 the reliability level for PDUs in one category is set
differently than the reliability level in another category.
In contrast thereto, in step S5, the reliability level is set
independently of category, e.g. as it is done in known

425 physical layer implementations, which were referred to as L1l

above.

Therefore, the steps S3, S4 and S5 express the capability

that the present invention provides, namely the capability of



If V(S) denotes the sequence nunber of the next-in-sequence RLC bl gck to be
transmtted, V(A) denotes the bl ock sequence number of the ol dest dat&i0V 2002
bl ock that has not been positively 710 acknow edged by its peer, and n and
k denote the bl ock nunber sequence | epgth and the.w ndow si ze,

respectively, then the send wi ndow may be stalled (no fresh bl ock

transm ssion) when V(S)=(V(A) +k] nodul o n. 715 Two approaches are comonly
usedtth oFEEFiRG thansaltabheiRVClevetksoonPRthe ¢hdile i reridigeiotocl q
f~fl V 2~Jrd?¢ LG, bLogcksphel en L4 tted with
the sane degr e%él?ngrg?e%{?lgoﬁlj?c%ial %%@?%}%Jéng{% , g% %ﬁfélﬁ@g ent bl ocks
in a fIomﬂBP%EQl’e‘énO’ﬂseUHPiFf‘éfe‘ﬁ%ammfaﬂ-‘fm’l aﬁffbaféoiﬂﬁ*rglfjatceﬁsfﬁambrder to
adapt to thgegddioschannel conditions (Link Adaptation LA). 725 The Link
Adaptation LA was referred to generally as the L1 general protection

adapt ati on above. Now the underlying problemw || be described in terns of

GPRSt35Thereqd- 4 Oegiila thes ay ﬁ@éf@rp@@kﬁrs(learg o Lad raB)e 1enbb3A mdh &
i nport ant

a er. The LLC fr havin ne bl ocks retransnmitted nmay be
addi ti onaF}IQ {d%? Nt WRE 13 e e%%l eeci p%‘fgﬁl %ﬁ?n nRrgiscedietRyt i f
t he bl ocklsef remsd thesk o do 1 hepegd i e @rhMEne mMiddIirowf. amel sénkr ame are

received with errors, be r cei ved duri.n th i ni ng., bI ock 735
transm ssTon of - 13 ii@%?%ﬁfgy HEp SPBIRESS %PSFFWB BT SFe 2

retransm 3twedl ] ust LaefetcEragrurbd@' eddied aBtdehisaxalndm@nsm ssion. On the
othefyhand, if the last blocks of an LLC frane have to be retransmtted,
these may cause suppl enentary delay due to waiting for ACK/ NACK even after
the transf&sioreios afng H2 \RRAME U ihedk htht@efrurStememteldaystbhe
delivery @{verhenlﬂﬁﬁﬂ:etof%f DL Y e [ 10, ORLCISL BB Icpw (his Kind
of supplenentary d can-be mnim zeé1 wi ndow 1 s stalled when
V('S) =[ V( A94& ot wied In bQ/\/rFeJrfeilﬂEBfe\sﬁ( ALy éﬁerss eﬂ@oﬂ#@eeltde§MORLC data bl ock
that has sotedasn Hagi Ié&%lsxgl%ie&%%d%@ rwlee@pt edot Rat-skf all the
blocks within a block flow are:transmtted with the sane degree of

pr ot’éet i off {FC A dpt e TsIned ¢ e tA¢ §edRdRReFros¢sditioon¥)ndeKeGPW,

chances~-a{® tHghlcdhatedthe osgnd svadewrid kot Benthe 4p@cshal | ed. Wen the
send window is stalled, no fresh RLC bl ock can be transmtted. The probl em

i's then HowW% S HR Finieovs S -wi ndow f rom bei ng stalled. 2~ o~~~ -
002 22

The Special Protection ﬁindow SPW is defined as a consecutive
450 sequence - in terms of the order of transmission - of L2_ARQ
PDUs of one L2 FRAME PDU including the last (potentially
retransmitted) L2 ARQ PDU that will be transmitted for that
L2_FRAME PDU. It should be noted that the SPW can also be
zero.
455
The General Protection Window GPW is defined as a consecutive
sequence - in terms of the order of transmission - of L2 ARQ
PDUs of one L2 FRAME PDU including the first L2 _ARQ PDU that
will be transmitted for that L2_FRAME PDU. The GPW may also

460 be zero.

The size of the SPW is initialized to a certain value, e.q.

to comprise as many L2 _ARQ PDUs as can be transmitted during

the L2 ARQ RTT (in other words the quotient of the RTT and
465 the L2 _ARQ transmissicn delay). The size of the GPW is



In accordance with the present invention, it is possible to 755 prg} & M
different RLC bl ocks belonging to an LLC frane or within a RLC bl ock¥f 2002
differently. The concept will be explained with the help of two exanpl es
enbodyi ng the present invention. In the first case bl ocks containing data
fromthe end of an LLC frane wll be transmtted with nore protection, 760
and in the second case bl ocks cau5|nq the send window to be stalled are
transnltted with nore protectlon conpéred to the other blocks. It should be
noted that "nore protection” neans nore conpared to the protection

det er i ned A% 518 Jeh Ab0PLRbABRCAESChD Lhee{il SErbASLe | the WBREORI O eCtion
for bl ocks at the end of LLC franme, the present invention suggests to

transnit <dife S6F eRé EPHCEQrEFSPﬁ%dénH‘D ofPan R PruU L FRANEr BDBr of B2t i on

(codi n]gl) tsh%ré bh’fgltlh@EtGPWf ﬁhpeﬁbl QQK@ddt@U§h37ﬂuiteﬁJCIvlwufehe 1Ar ehabi | lkty of
error for these blocks, This, hel uce a packet to
the LLC | &7&F. STREYpFESERPSThVRH Poﬂ?c%rh Tb&g%%e‘%@?l.ié’a‘ t%&} [egh@ | ayers as
wel | 47e. g.indreasks| ehkasPWlbE ManeALuMath‘e@Jey,artemse\LeeabthEefGames per

net wor k- PDU) naserl s.can be tr mited 775 with pLAt.ec ThIS
willk be efpaitREE®RYS gf’er? fgYto°th e er%tsrr% e | %Mus?trgoﬁg() E}Bé }L‘

ACK/ NACK migr itodai sea:dnasndmaxedmﬂm bel\equalkfta:)rftzjwt magdkhupervibds. hem case

(A), an errane b k t i id a
retransm ?jtegg ?ggcglggf eFRg f%? ?ﬁeg?%s ﬂ%gg\lgga%ﬁé QRELC frame
del i very \imtdedayedryhreer@mmkswrhad% cm)rlﬁ%lrpéw tPOUcageGPW) , because t he

| ast, éoclig\ggg%ﬁggrgpﬁ%g ohd case (C), the last two bl ocks were
[

transmtte nore codi ng and no 785 bl ock went erroneous. It nmay be
noted that one nore block was transmtted due to coding overheads. It is

appar ent hhﬁtls%?ﬂ) ALLE6wCHNNL 4 “591§6’dd@191r9é’d?r h@ﬁ%, ﬂsh‘é EBFEsQé‘u”@ v&s
delivered nuch earlier in case (C) than in case (B>. 1~ ~ 1! 2J02 23

790 In th&esLeBRE €askZ_RRQ PRy ol pf bAERY ol &rasﬁl 66E§5@a9§ﬁﬁgL%e¥iP wi ndow

stal i ng POy BBYabgidedussonf rom ¢ fige Windiaw il It rceRaiE508n of
V(S) A%mz]ﬁRdulonthat t he bl ocks at the beginni ng_of ablockflora(lf
rece tAR@r fBF8) URt &S nbhat IR%EIRA ('@ st 1oeh &aw Rt EAER W bl ocks

at the end of the 795 flow. This phenonenon is illustrated in Figure 8,

t (A t The Y d d dtob
Caual 1o Fber bbl BEREPETT otk et (B e BIbch2410 Felel Vet th
'?'Lr O\I;V?] ?nGEBOQSrQétgﬁsm by eche rﬁmthxadlelgrcﬁn‘dcmiotrhedhbtgtion Gie NAGK. swessage.

e whole_fra s_delive i n seven eri error

E§%£t35°t C%WF t? %% qﬁ E%Q§ n %ﬁg§t£€50n

occurred tf8vva I"ow), e was no effect
obset8%d machhaismndeﬁwmlotm 805 necreasies| CI)O,r lsle(tctkngunberr&laafmlmtafre

recei ved w e S; .S C Ao egi ng of the flow
wont erronSug - ERRESLs e R e B D oy

persi st i ﬁlephénbismcﬂemn’h@erorl e agplirpbridddiv d@vigilt Hosr pael, L RO

| ner easi ngpbheneABRALKENSE Sl Al Boa% GRPIAe B 1A RoEpgetBrepart (0. In

part (D) of Fi nunber causing the stall condition is
retransm P?eﬁRg&ﬂE hPRBr &0pribt RY) th%qﬁdsz_%@Qplpr?@ PR d§ends wi HERAFY o

advense. REArSbAEE, I bR HI REKSar 151 NGabe@ nyiveg ah @ bheistyase ways |ikely
to stall the w ndow, they can be transmtted with nore Erotectlon right

from t hei FePPREINEr GRSHRR STRACL BC i 1) RAATRED i RPFaFED(

mechanism that sets the reliability level in dependence on
the quality of the connection over which the data units are
being sent.

495
In accordance with the invention a special protection
adaptation mechanism is defined for the SPW, and the
reliability level of each L2_ARQ PDU in the SPW is decided by
this special protection adaptation mechanism. The special

500 protection adaptation mechanism serves to minimize the

probability that an L2 _ARQ PDU in the SPW has to be



820 Although the present invention was described above in terns gz s,% ific
exanpl es, this serves the purpose of conveying a better understa i 8 Vo 2002
the skilled persor , but is not intended to restrict the scope. Mich
rather, the scope is ? .-?2 1~ 04~1201)2 24 825 defined by the appenaed
clainms, where reference signs are also included for better understanding
and do not restrict the scope. 830 '~~~ ~V?2JQZ -25 dains 1. A
communi cat F6&r@BvRdE trgr YWhtdeuhrtamakd CYrmINRAREr ORI N EBhPIRS| FRE

i npl ement atreens rett @ rhhEmt s8NEn SEEONE CIMNigCatir@AsRE 94 06| pdubely) L2 ARQ) ,
where said first protocol (L1) provides rules for controllin

t he
transnissi éh &f 88F§e9nPF§ BFAEY| th KPP Hebh €131 i) C ?%ﬁ%?%i
physiged cagreeckiep eedlﬁrgygdeﬁ AttHaasteHivocdhf bereatiswdd applity level s
for the transm.ssiop of data unjts of said second Erotocol L2 ARQ, and

sai d second2prPdb8chPe(td ARG D bViHeE 19l §61FoP It LH33H of data
units of apbhbtdana¢bQCQMp£bQ1£§VWﬁé ﬂdﬁwarmterdatacmmmfdﬂxﬁlénﬁxjf&ﬁcond

protocol ( d r the s fa units. of said second
pr ot ocol (kgeﬁ\%‘?‘ﬁgnﬁ&g Sreti %}Pﬁ |§r‘% Sett |eﬁﬁb? agﬁef((:)rrl et ngtsot he
reliahilityalievely bheshidrélisihipitgt dgolthEel SPWf oepéemds toransmd ssindrerand

t f Al to b
ranai 1 odr Ehara, EPYECHT R B Rt HeRaoEaopE MG feen A Bt
units of saxdmséeondfptbeonumbqijbﬁMwaLAﬁ@aPDHél6ngtt?bQ1GRW|Uha$ deeds
structure CL2,ERAE. BOLs Lo g0lLed b oMY og0LALIND R ANIIY,S of sl ¢

second protoco
then the rellablllty level in the SPW is zdjusted by the same

mechanism as in the GPW (see step S5 in Fiz. 1), and

515 otherwise the reliability level in the SPW is raised with
respect to that of the GPW (see step S4 in Fig. 1). In other
words, the special protection adaptation mechanism in this
case simply consists in raising the reliability level by a
predetermined factor with respect to the general protection

520 adaptation mechanism. An alternative mecheanism could consist
‘in measuring the number of retransmissions that take place
until the history window HW reaches a predetermined value,
and then to decide on the changing of the reliability in the
special protection window on the basis of this measured

525 number. Another alternative may consist in simply setting the
reliability level of a given percentage ofthe L2 ARQ PDUs at
the end of each L2 FRAME or L3 PDU higher, regardless of the
number of retransmissions or any other condition. Naturally,
more complicated mechanisms containing further dependencies

530 on specifically defined conditions are possible, but this

lies outside of the scope of the present invention.

Consequently, it may be noted that the present invention is

not restricted to any specific special protection adaptation
535 mechanism, as such a mechanism may be selected in accordance

with the requirements and preferences associated with a

specific situation and protocol or protocois. Much rather,



classifying neans for classifying the data units of said second protocol

(L2 ARQ that belong to said defined data structure (L2 FRAME PDU,') L?’F ﬂpU;GUZ
L4 PDU. SW into at |least two different categories according to v

predeterm ned classification rules, and said reliability setting neans

bei ng capable of setting said reli ab| I ity level differently for the

transm ssi on and/or retransm ssion of !flata units of said second protocol

(L2 ARQ belonging to said defined data structure (L2 FRAME PDU;, L3 PDU; L4

PDU, SW thak %Beecgﬁmim@ﬂt'@i@aldwfe%!mssceastecg&g' i2-cd nigation

device according to claim1, characterized in that sali el iabi| ity levels
provi ded byh€aiBVEREEeD prafeRist>1dIbe Al i st giArsidd Iy tirsamseivssiesn

power s and/ @b rf QE Ve g eF K OTr CONY Ol 1 @Nd/ Qe 1S e ad M J8 0N, saipd/ or
i nterl eaving depth and/ or nodul ati on and/or antenna diversity. 3.

Conmuni cat F6he8RY182 BR2ordfihd e EErdISH PYoci2 ssofariast eilgsd iR that sai d

defhneﬂ dgbaosbr@ﬁ%@m;ﬁ%e(déz Ft%\% R s 4iF R rluéle@léela\&e |t$> %h@atg URI tdof
said thir rotoco or a protocol ove said thir
prot—: . - St T e CRBEa it ESeRats toRaPesianizaa | n
that a f| rahdaeddaosea)orict _GRregoryo @3 Ar BRW pae specified, where said

cl assgj_,;) cation rules are such that said first cat egory (GPW conprises zero
data Units or a consecutive nunber of data units, in terns of order of
transm ssi @n, this say st&reormhbmdakrmntl p(rbzrlélla@) a means for yoBeaially

one. dat 2 uRPELEH SR B el R TRRARE. PEYR uks 4R e tbRa S O
cat egory (Sﬁ’@\)otdmﬁlmslezmeob@dtoalgunm $¢oopng &8nETBEMEI P@Umumberebi/ dat a

. . . >
units, In éﬂﬂfnﬁu‘g%ta g otoﬁgﬂs'a g%EQBedOfmsé%agg%F%?Bg 9:&‘8,0%9{; (42 ARQ

|nclud|ng th ast it of said second pro onging to
said ife data unit of said third protocol (L2 FRAME; L3). 5. Conmunication

devi ce acconding cﬁx%ﬁd’i‘ismeﬂibo@iﬁ%%@ser lt%@ddbelhaat dﬁﬁbdsE§hb€9kE' &Jé(s setting
to set i f redeterm ned condition is net,

nmeans i s arran
reliabili t?/n?elg%li o tt}’r?epéé’ttécﬁﬁl toass 1§8Fdl§@§6hatééb’egbpye(SW\I such t hat

their transm g Prd@doali buky taer essinabdsphystaak ﬁQ?néathDy' we i gher
than the transm ssion reliab |I|t§ for the data units of said first category
c

(GPW. 6. Zontmitdit iddh 2de¥réecadcbharndied REGRRTE, ©cHar &cPEPFRERL i n t hat
sai dSHSEdEf@fé&f\an tePnrRAi tigoani gigel ateﬂicterﬁhﬁgmmbﬁ‘é akrdataigniss of said

first Cate@h S ec1 %@%&ecgggntglg ow ggﬁngght&ggeral protection

window GPW is based upon the L4 PDU instead of the L2 FRAME
or L3 PDU. Preferably, as in the previous embodiments, the
reliability level of L2 _ARQ PDUs that are associated with the

560 end of the L4 PDU is set higher than the level of the
preceding L2 ARQ PDUs. This is especially advantageous in the
event that the L4 PDU is fragmented into more than one L3
PDU. An example of this is the so-called IP fragmentation of
L4 PDUs. Then it is e.g. possible to set higher the

565 reliability level of those L2 ARQ PDUs that belong to the
fragments towards the end of the L4 PDU.

In the following, another embodiment of the present invention
will be described, in which window-based flow control is

570 employed, and the defined data structure containing L2 ARQ
PDUs is the send window. This embodiment specifically
addresses the above mentioned problem of a stalled window

when using window-based flow control. The following



7. Communi cation device according to claim3, characterized in thatg mvd 2
classification rules are related to different ranges of consecuti Ve etzgﬂ-
or bits of said one data unit of said third protocol (L2 FRAVE, L3), said
ranges each corresponding to a consecutive nunber of data units, in terns
of order of transm ssion, of said second protocol (L2 ARQ . 8.

Communi cati on device according to claim7, characterized @z ~ ~~ ~ v zooz
-28 in thafieéﬁrll%%?nalﬁi?é‘!‘lgﬁﬁ e sttt dthegabp ver mbpeERenEd, where

sai d 19 st eGabgeOf Nat StRESQSL AL £ Ytk & N Nerdeyr ohisdl dhenepdat aranit of
the third gr,ot ocol (L2-FRAME; L3) and said second cat egory i s associ ated
with the payfbaBeiiaard dhetat z2eRmitingo RO Motd 2pRdebEs| 1Yt FRAVE:

L3). 9. Conmmunication device according to claim8, characterized in that
said reliabili tg setting neans is arranged tq set, tge rel i,ag]i lity |evel of
the data URRtSDLF SEPRATTFRY: CHRBGOIY DG AR CReFPRer YR SerRprt
reliabilityoaptessismi dn ptiysi €ahd comeet.i ahe Sohiughen tbadhéhetdXadsm ssi on
reliag%iolit%/ fgr the data upits of said.secqn \qateqary. }0. C‘é)rmuni cation
devi €& YaccdFaf ng B0 R | BF WA Br e S Wt 4t §2edon PﬁétlasaPﬁo &com?
protocol (f2rARQ mspecadsmbssiotovE keskEd f2owrQonlietel uattoer i nighd csewi ch a
defined n f g0 cut i tet r.hits._i e S . WM w (SW
and the 11 oaem b O e B A et Pl ey S e Fp B LrL B 1Y
unacknow erigedided athat t shoflbarel igdddrid yprlevedoh s( ERtARGh¢xs famiRIEES t o

sai d send w ndayy . gajd %%Wﬁ%gf Skt BaE 21 ERAVEAD o o Y L4

PDU, SW is said send wn sald classification ru elate to
the P8Si tioh the t3rndenthdenddiv (SG ) and/ or the nunber of retransmi ssions
of a given data unit of said second protocol (L2 ARQ.

In other words, the problem of stalled windows in window-
based flow control may be solved by differentiating between
L2 _ARQ PDUs that are at the beginning of the send window

590 (older PDUs) and those that are towards the end (younger
PDUs), where the retransmission of older PDUs (e.g. PDU 4 in
Fig. 9) is done with a higher reliability level than for the
first transmission of the same PDU and/or than for younger
PDUs. In other words, for a given PDU (e.g. PDU 4 in Fig. 9),

595 the reliability level of the first retransmission is set
higher than the reliability level for the first transmission,

- the reliability level for the second retransmission is set

higher than for the first retransmission, etc. However, it is
equally well possible that the reliability level is only

600 raised for the first retransmission with respect to the first
transmission, and then remains constant for all following
retransmissions. Preferably the degree of increase of the
reliability level is a function of the age, i.e. the older
the PDU, the higher the.reliabilty level increaase. In other

605 words, in the context of the example shown in Fig. 9, the
increase in reliability level for PDU 4 would be higher than

for PDU 5.



2 ~~ ~" ~ 1~ 20~ -29 11. Conmuni cation device according to claim 10,
characterized in that said reliability setting neans is arranged tqQ set the
reliability level. for successive retransm ssions of a given data uni t NBYic2002
that the transmission reliability across said physical connection is higher
for a given retransm ssion of said given data unit than for the previous
first transm ssion or retransm ssion of said given data unit. 12. A

communi cation nethod for data unit biSed communication usi ng

i npl ementations of a first and second comuni cati on protocol, where said

first p;G&DQ%&e&b%k&ﬂ%OWbdeﬁﬁéutgﬁAF@ﬁsQ@ﬂtI@lﬂéM?xihﬁefHé@&@ésston ofddata
uni of .sai d second protoco across si.cal, connectjon an
progigesﬁﬂFqﬁiﬂﬁ @ﬁbl&iPPgVeﬁétWEFEE%P?i%§rT%3%¥¥¥WBFSﬁHE ?Pgng ssion of
dat a uni tferaft saitdaneaasdiphpt 6cobe (beARYnssaitd vwecandapeni 860bnél2 ARQ
provides yules for the segnmentation_of data .units of .a.thi r ot ocol
(L2-FRAN€%pf§FeP SHdEFS ﬂHFQ%ro?gs%ﬁ Ss%%o1555F3Fg5%Pdff2£g@£5h%ﬁﬁ for the
ret ransnmnegi gretobedat acuni t{sight saide stwondy prot.odal iEL21ARE) thatonpri si ng
t he steps; i dentifvin ) _th . dat ni of i nd protocol (L2
ARQ) t hat B8 BRG TS AR hal BFATE: Bt L SRR o oLt L
PDUS1BW redaediidiity devalunansbefcomh the@coid: priwt eédbole (hechRQ sms

cl assi fyijng 6921 eLhefAata,4pits of said second protocol (L2 ARQ that
bel ong to sal é‘gta Structufe (L2 FR AVE PDU; L3 PDU; L4 PDU, SW into at

| east two different zZ ~~0V ~n~z -30categories according to

predet er fnnedechagehl biBbLOR:A L] eohe ach & R diNNGskheyeapapht i Ly ARS, S4,
S5) of setting said reliability |evel for the transm Ssion and/or
ret r ansnit®¥SoROdi PRéFeRELLE ofO dblhe RAFI ST dnitheseEsAat pFBivrdl (L2 ARQ

bel ongi n@ata sdrdcdata siructine {drd RRAMRWBDULUE3 aPBY; t& 4 RDUms ¢ t hat

were classified into different categories. 13. Comruni cati on met hod
accor di ng*t 5eEFarariosienaratt®re 28 in that said reliability |evels
provi ded by said first protocol (LI) are distinguished by at transm ssion

power ang/or fo rd error, control and/or spreadin ctor_and/ o
interleagfnaaae% R SAGEP oY Hodutars é%ﬂﬁ?ﬁ:%hfgﬁﬁg gﬁ%e gf15ed data
structure was a higher layer data unit, there is no

625 restriction to a specific protection mechanism.

It may be noted that in the case of the above embodiment, in
which the defined data structure containing L2 ARQ PDUs is
the send window, the higher layer data units may again be
630 handled transparently, i.e. as a continuous bit stream.
However, it is equally well possible to corbine the above
embodiments in one system, i.e. to provide a system in which
the reliability level may be set both with respect to
position in higher layer data units as well as with respect
635 to position in the send window. This leads to a more

complicated system, but enhances performance.

Now another embodiment of the present invention will be
described, in which again the defined data structure is an L3
640 or L2_FRAME PDU. However, now the classification rules are
not associated with the beginning and end cf the L2_ FRAME or
L3 PDU, much rather they are related to different ranges of
consecutive octets or bits of the data unit of the L2 FRAME

or L3 protocol, where the ranges each correspond to a



14. Communi cation nethod according to claim12 or 13, characterized in that
said defined data structure (L2 FRAVE PDU; L3 PDU, L4 PDU, SW is azda,t,g, 200
unit of said third protocol (L2*"FRAME;, L3) or of a protocol (L4) above' }zli ¢002
third protocol. 15. Communication nmethgd according to claim 14,

characterized in that a first and a second category (GPW SPW are

specified, where said classification rules are such that said first

categtty (GPWkecompresesmzerp tat e tis tof arrdercafsecuhswe saiubher o6f data
units, in %J%rﬂ?Qog grder of transm ssion, of said second protocol (L2 ARQ,

i ncl udi ng e II‘SP data unit of said second protocol (L2 ARQ belonging to
one data unit of said third protocol (L2 FRAME, L3), and said second

cat egory ( BRUCONPY! SERo ZE e A A IS e 21035 Wnbill 531 gopsecut i ve

nunber of data units, In terns of order of transm ssion, of sard second
prot ocol (E2tARGYYi hel assaglatrd |wisth ddtea hepideropfsahe bacbRiMBrot debl (L2

ARQ ongi sgih d one, dat j f; i hi P C (i!"'%f fgﬁl\/E; L3).
16. C%aregmniggg?i %ﬁdng%%od acr%r%%gg}jc{ro}pélszi%%@fglbg%grgg%@r?llzleé I ft at said
in the rel FABrePfy setting step, if a predeternined condition is met, the
reliability level of the data units of said second category (SPW is set
such that their transmssion reliability acrqgss, said physical connection is

hi gher t hahthetTReHSIRTSTHY Bdiscabiel coPPLardt NatRa®Re urF tal bfokdihg fir st

category (5PWiodd . erByaAaL.i on nmet hod according to claim 16,
char%%t erized in that said predeterm ned condition is related to the nunber

of d&°2 units of said first category (GPW that need to be retransmtted.
18. Commumi®at i i omid0d cageoeidideg at beckakmidder staidicierdzathd n that said

classification rules are.rel.ated tq.different, ranges pf cansecutive octets
or bits of WP Ghe teg‘bt?ﬁlf"eélgssﬁilacflﬁﬁ? pPoYocot éﬁﬂw@,"aﬂ@iﬁ said
ranges eaoti brbeesiEodiibgdt dna teonsecit spechiliiberrafoaddisa am GPRSI.N t er ns

of order qf vg&p&sm’ s_Li on 8'% a'g o] tocal . .
. xaflbi1d 8§§°8 otocgl {42
Cormuni cat'i on met'hod AcCor. ng %ooc?al migﬂs c%ar acterize J'|Cr11:jit fat ®8t | east
a fik§0 artthey pyesemt invention is applicable’ to any communication
standard and protocol set that provide the features described

in the claims.

"For this specific example, SNDCP (Subnetwork Dependent

665 Control Protocol) or network cbrrespond to L3, LLC (Logical
Link Control) corresponds to L2 FRAME, RLC/MAC (Radio Link
Control/Medium Access Control; specified in standard
GSM04.60) corresponds to L2 _ARQ, and PLL/RFL (Physical Link
Layer/ Radio Frequency Layer) corresponds to Ll.

670
Fig. 5 gives a background overview of GPRS. It shows the GPRS
transmission plane up to the network layer. Radio
communication between the GPRS network and the mobile station
MS covers physical and data link functionality. Between the

675 BSS (Base Station Subsystem) and the MS, the data link layer
has been separated into two distinct sub-layers: the LLC
layer and the RLC/MAC sub layers. The variable length PDUs
transferred between two LLC entities are called LLC frames.
The data transfer between RLC entities occur in variable size

680 RLC blocks.



category are specified, where said first category is associated vjbh er
header of said one data unit of the third protocol (L2_FRAVME, L3) an’& adl§2
second cat egory 2 1~ f~? V 2002 -32 is associated with the payl oad of
said one data unit of the third protocol (L2 FRAME; L3). 20. Communi cati on
met hod according to claim 19, characterized in that in said reliability
setting step the reliability | evel of20the data units of said first category
is set such that their transm ssion reliability across said physical
connection is higher than the transmssion reliability for the data units
of said second category. 21. Communi cation nethod according to claim12 or
13, charagber kzed-idnt hatasah itk SEEONGh prtod acod i ¢ Lih ARG asped s i1eg pbU

wi ndow based fl ow contraol according to ' ef i ned, nunher, of .
consecut i v& BRYBRRLY W1d TR et n%ldzeaggaccrsbe]ﬁoac W ridow TBWShd ™t Fé %1 ow

control i%.perferaerbwictethatsihes addowed rinberf ofmathackndd eédged dat a
uni t f id second protocol (L2 A is limted to sai i_ndow, said
dof i 58 dRERCEC TR I g%&f%'ﬁd@?ﬁ? %?E‘L%deﬁ[ﬁin%wds ?@S&Yf Cg‘gnd

wi ndow ( S¥fe amttselbdlt@esifdicat ionlaaliese dQtredhanism pddia bdoecks t he
send wi ndow_ (Sw)_and/.or, t moer, tls ] 5S) Y¥ ' data unit
of said sgggngr%ﬁ%?%g:%d( h;%b)é .dgégn%"rllaj%s(r:gati on ?eﬁso%%c\éggdi ng to

cl ai m 21, rehaiaoiers izt pearitduitca ey redridehiiamppyagve AFgNASKccessi ve

retransm ?§EQH§wPédgaec93Vq-ﬁtd_aatcﬁirwultedg%c?)ame%é@hetﬁa@déﬁ/ tHCKYRACRS| ON
reliability across Ssald physical connection is higher for a given
ret réMmi Bsporge acigowlasigeszgdZd -@grectly received RLC blocks up to

an indicated block number thus moving the beginning of the
send window. Additionally, a bitmap is used to selectively
request erroneously received RLC blocks. The acknowledgment
of outstanding data results in further sliding of the send
695 window. When all the RLC blocks corresponding to an LLC PDU
are successfully received, the LLC PDU is delivered to the

higher layer.

An RLC connection is established between two peer entities

700 for the transmission of RLC blocks. Each RLC end-point has a
receiver that receives RLC blocks and a transmitter that
transmits RLC blocks. Each end-point's transmitter has a send
window, while each end-point's receiver has a receive window.
The block transmission between two peer RLC entities is

705 controlled through these two windows.

If V(S) denotes the sequence number of the next-in-sequence
RLC block to be transmitted, V(A) denotes the block sequence
number of the oldest data block that has not been positively
710 acknowledged by its peer, and n and k denote the block number
sequence length and the .window size, respectively, then the
send window may be stalled (no fresh block transmission) when

V(S)={V(A)+k]lmodulo n.

715 Two approaches are commonly used in order to transmit the RLC

blocks on the radio intexface:



of said given data unit than for the previous first transm ssion or
retransm ssion of said given data unit. 23. A communication deviged figry dghn
unit based conmunication, conprising inplenmentations of a first and second
conmmuni cation protocol (L1, L2 ARQ, ®here said first protocol (L1)
provides rules for controlling the transm ssion of data units of said
second protocol (L2 ARQ across a physical connection and provides at | east
two different reliability IeveI S for the transm ssion of data units of said

second prot ( C t I d rul es
for the segqrr{tgzL lloocnksgg qnﬁl %ﬁ Bﬂghﬁ?@ &?%t%g @L@eﬂ%&%h %g into
data unit sagfe smqrﬁewnmr}@rt@tcm;gh (chAmg)r@m ¢o¢. t heancet r ansm ssi on of
data,ygits of said second protocol (L2 ARQ , and reliability setting nmeans

for setting the reliability level of said first protocol (LI) for the
t r ansni ssi-oh et endt kdeokisssdinon dfodabhoehi $3n 9SS ad of fsaedid prot ocol (L2

AR Lo DedhAntmidd Sl CRRAAG! %té@df,mogé@lsseéyaaaomschforraaheSS'fy' ng

the data units o sai d secon rot oco into at | east first and a
second cat@ganel seinditligssi f(Wﬁb Bfia@t@ﬂ/@h a unit of said second
protocol (L2 ARQ being done on the basis of information contained in the
data unit of said third protocol (L2 FRAME: L3) of which sal d gl ven dat a
unit 78f sdih¢ éé@&né\dﬁp&a&é@l" LRovwargreferzedd nerally. as-fthe Ll 700z -34

sai d reldeaidailt ypretklitienmaanptheiog swpebl e of setting said reliability
| evel differently for the transm ssion and/or retransm ssion of data units
of said second protocol (L2 ARQ belonging to said first category than for
the transmcssithe amdeel yiagr ﬁasmlsmi \ombfbe:latteasamiiliesi o.fn geirdssecond

pr ot ocol beI n in 0,S econd ¢ gor nlcatlon
devi ce ac((:c'(l'jp%‘gA a| m gﬁd Sﬁg?ﬁcfe"?. 4 aa Eltt sal C'(?\Ifa SFtythg neans
i s capabl eamflmpeadhalmg oneaoetapL eThe edle? ef mhnesd h‘a‘\elmm siomet héodlksa units of
saldthlrd r ot ocol e t nits of
sai d secon 598 ocglt(glfaLﬂa R%l; g(l)t\ii\???%ﬂf‘% s%éjtaé}eﬁdﬁlﬂa%fﬁg §§ P%d pr ot ocol
is segrrentr@dtra%mmsaomnttcawonO'ded'iUeaiaciofortdllmg)ltO@k@l diranguitted

char act er 4o peh Eahni Ayl ﬂ ghg%&dpé SAIh thid & Q! AGQl rLLes FRAVE: L)

conpri se a section ere cont ai ns
pr ot ocol Miéiﬁkt e yiong / fNéF:H and PRer et Rl dé@‘cltfigbﬁhr?afe@éﬁfléf‘ﬁ ]Bh%c%r mor e

pr ot @§9| itdeRishf ¥isA9nf bel d513s8R6i At afk Wdd Wt & ilneduaf bREek §P! Sad hat
are of %é@(rjs hi gher than said third praotocol (L2 FRAVE; L3) that may be

encapsula riepragisgighed UHFE Bft%’él%lrtqﬁﬁ%eprt@teoéélﬁ(lbéolz ME; L3), and
sai d predet@n¥nied ibhel 88 thatother hand, if the last blocks of an LLC

frame have to be retransmitted, these may cause supplementary
delay due to waiting for ACK/NACK even after the transmission

/40 of the very last block. This further delays the delivery of
the packet to the LLC layer. The problem then is how this

kind of supplementary delay can be minimized.

The send window is stalled when V(S)=[V(A)+k]modulo n, where

745 V(A) refers to the oldest RLC data block that has not been
positively acknowledged. It is noted that if all the blocks
within a block flow are- transmitted with the same degree of
protection (or adapted only to the radio channel conditions),
the chances are higher that the send window will then be

750 stalled. When the send window is stalled, no fresh RLC block
can be transmitted. The problem is then how to avoid the send

window from being stalled.



cl assifying neans may read conprise at |east one of said protocol

identifying field in said header and the one or mare protocol identifying
fields contained in said payl oad section. 2. ~? ~ 0 V 2002 -35 262 SANOV 2002
comuni cati on device according to claim24 or 25, characterized in that ’
said data units of said third protocol (L2 _FRAME~ L3) conprise one or nore
quality of service fields that are agsociated with respective protocols,

and said predetermned fields that the classifying neans may read conpri se

at |l east one of said quality of service fields. 27. A communication device
according to one of clains 23 to 26, characterized in that said first

cat egory gﬁptains data un sai d secondIFrotocol (L2 Al that are

it f )
Segnont 5 o GRCRZAANEE BT CRaFie t REFEEDT ot 0L 142 PRAVE HOBS it to
encafstl atperadaica tihiet di6feaeht r8LC hiv bheks | aybrnqurat doolan TAR) fidwte or

speci fies y.etransngssi 0 ta unpis_of P fir i gher. Jl,ayer protocol
(TCP) undé'{&tglrlgldgpgiﬁ‘i ﬁgﬁc{éoﬁ |‘f’i%hg%e%enratf i?jrhséecczo;nﬁ Cogc[ S"glolrly%ceont ai ns
data uni t expflajaed wétbntherivebrodf (Lo ARQUples e ddgrerittse giredaras units

of said tiedpshocsh, (he FRAME L phatcencansulate dala wlids ol @
second hi gher layer protoco _ 3 that does not specify retransm ssion of
dat a uni t £ngf ofapd BBEohdame ghiell | gy efrgiratiddsid WibDP) mox® pxcdemhieincat i on

devi e@paC%%diiﬂgahe cbab iy 2das Eht ;{sierda@idgp ttﬁéatserngi habiddut ¥ S8kl i ng

nmeans is arranged to set the reliability level of said data units of said

second pr Gttgddrd( ape ARGNTML B d veiddb P eatRefordfF Hiogh&ompRaIe e the

reliabiliftneevehotks. AR sifusRikk difteditiH Omotdl $roeeeRd RMOhReels (L2
ARQ in said first category. , .
. AA Ay. AGTPYCARPRRYARI ALR ez pre e ol iony defesmangd Ry ABR. Aff . AQU
.As?. Anf YaAgBr2tia?. AS[ @. AFUL. A" . A, . AFAyl . A{, . A A3. A3. A A A AnKvw a4577[ $'
+,/@%égC}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aJcaJca] ca]cal ca]ca]ca] ca]ca]ca]calcalc a! Q wx ETWXgr

In the first case, i.e. more protection for blocks at the end

of an LLC frame, the present invention suggests to transmit
some of the blocks at the end of an LLC PDU with more
protection (coding) than the rest of the blocks, thus
770 reducing the probability of error for these blocks. This

helps reduce the delay to deliver a packet to the LLC layer.
The present invention can be generalized to other layers as
well, e.g. the whole last LLC frame (when there are several
LLC frames per network-PDU) in a series can be transmitted

775 with more protection.

This will be explained by referring to the example
illustrated in Fig. 7. The ACK/NACK period is considered to
be equal to four block periods. In case (&), an erroneous

780 block at the beginning of the LLC frame was retransmitted
immediately after the last block. In case (B), LLC frame
delivery was delayed three block periods compared to case
(A), because the last block went erroneous. In case (C), the
last two blocks were transmitted with more coding and no

785 Dblock went erroneous. It may be noted that one more block was
transmitted due to coding overheads. It 1s apparent that even
after counting coding overheads, the LLC frame was delivered

much earlier in case (C) than in case (B).



% KLP] _cehkn}xrngb\Wc aUlc aJc aUc aJc aUc

a] ca] ca] ca] ca] ca] ca] C: a] C: a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ra) ﬁ@]\!c%ﬂz
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[ ca] ca] ca] ca

ca] cal ca] (r;% F}é\ié\%{\k ca] @} én} ca% rafuq]sc]é{] ]551? f%%]aiélaﬁaé 6(!‘]ca] ca! hKNERbf
R/ 3qL_qt $| nﬁghcniﬁ]lqica] ca]chanda]fda)]ca]l(fa]feav}*caqicval]@a]eca]ocm] ca]r(%t]rr@ac]eca] calc
2] cal.ca] ca %S% B €8 CEr e 0 CApElERE B8 T o R “’*ﬁz 1822} cal
a] ca]’®¥ cajtavf ThlS phenomenon is 1ill ustrate in Figure 8, part

r8Jy"3j D: mt\fﬁ “KQa,ZM& Cr?ﬂlﬁpa]ﬁf'é] %@d/‘&ﬁlﬁa e8] @l fsa]aa%]oc@o%]la@lr%a] %] cal ca] ¢

a)J ca] ca] ca ca caj ca ca] ca] ca] ca] ca] ca] ca]ca! 1Bv: sm , DCe, & M c}xsnid_Z]]]
cal]ca]calc ?c%‘]l‘é%] kY Wa &I ( &FEAPEa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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b at 7DD GURTAGh: 7] [THeATUaT G Pe AP CArEay E Cf CaFRaTEs) Eafcal cal cal cal of &
] E)?)] csa)]ftc?] ﬁ@&gﬁlzﬂiﬂi@@e]dlaﬂnﬁréﬂdi&]tQa]yCéa]:ﬁﬁ] tied Cﬁl]zm]i! ECK/NACK m]essage] (a] ]
* XSNi a c ca a]ca]c(a]ca]c
a] ca]qca] ca %]%}a(%]]c%]%]aﬁ ]ch % % ‘lc ?{]7?%73 #]1 F)-%%kfﬁ%& () -
#10%h&' ()theé #bOSE6 & djurded 3:6%=_r&s( )hé 8éz®cﬂ/odnf& tHe rrlmmez [(slerlRa:e%

& F, R10% y& ( 710%h& 7109%h&: ().- #10% _h& () - ! #109%&
KEMDR) A St oA (2htrs, i s SR TS B i T PARavHABRRE: () 1 eb@10%
& ()-F, RL0% & ()-P] _B nzX6SH=! k&$10%& ()- !&P109%KK& ()- !&$109%& () -

!&$1%%%k'kﬁﬁ(éasé$géwﬁﬂ%ﬁGEk!g%%g%&i%fgﬂdxﬁ}iéycieceived with errors.

Since the block number 1 in the beginning of the flow went

erroneous, the send window is stalled. The stall condition

ﬁay persist if the block number 1 is again received with

errors, thus increasing the frame transfer delay as depicted
810 in Fig. 8, part (C).

In part (D) of Fig. 8, block number 1 causing the stall
condition is retransmitted with more protection, thus helping

the send window to advance.

815
Since the blocks in the beginning of a flow are more likely
to stall the window, they can be transmitted with more
protection right from their first transmission, as
illustrated in part (E).

820

Although the present invention was described above in terms
of specific examples, this serves the purpose of conveying a
better understanding to the skilled person, but is not

intended to restrict the scope. Much rather, the scope is
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Claims

1. A communication device for data unit based

communication, comprising

implementations of a first and second communication
protocol (L1, L2_ARQ), where said first protocol (L1)
provides rules for controlling the transmission of data
units of said second protocol (L2 _ARQ) across a physical
connection and provides at least two different
reliability levels for the transmission of data units of
said second protocol (LZ2_ARQ), and said second protocol
(L2_ARQ) provides rules for the segmentation of data
units of a third protocol (L2 _FRAME; L3) into data units
of said second protocol (L2_ARQ) and for the
retransmission of data units of said second protocol

(L2_ARQ), and

reliability setting means for setting the reliability
level of said first protocol (L1l) for the transmission
and retransmission of a given data unit of said second

protocol (L2_ARQ) to be transmitted,
characterized by

identifying means for identifying those data units of
said second protocol (L2_ARQ) that belong to a defined
data structure (L2 _FRAME PDU; L3 PDU; L4 PDU; SW)

containing data units of said second protocol (L2_ARQ),
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classifying means for classifying the data units of said
second protocol (L2_ARQ) that belong to said defined
data structure (L2_FRAME PDU; L3 PDU; L4 PDU; SW) into
at least two different categories according to

predetermined classification rules, and

said reliability setting means being capable of setting
said reliability level differently for the transmission
and/or retransmission of data units of said second
protocol (L2_ARQ) belonging to said defined data
structure (L2 _FRAME PDU; L3 PDU; L4 PDU; SW) that were

classified into different categories.

Communication device according to claim 1, characterized
in that said reliability levels provided by said first
protocol (L1l) are distinguished by transmission power
and/or forward error control and/or spreading factor
and/or interleaving depth and/or modulation and/or

antenna diversity.

Communication device according to claim 1 or 2,
characterized in that said defined data structure
(L2_FRAME PDU; L3 PDU; L4 PDU; SW) is a data unit of
said third protocol (L2 _FRAME; L3) or of a protocol (L4)

above said third protccol.

Communication device according to claim 3, characterized
in that a first and a second category (GPW, SPW) are
specified, where said classification rules are such that
said first category (GPW) comprises zero data units or a
consecutive number of data units, in terms of order of

transmission, of said second protocol (L2 ARQ),

109
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sald second protocol (LZ_ARQ) belonging to said one data
unit of said third protocol (L2 FRAME; L3).

5. Communication device according to claim 4, characterized
in that said reliability setting means is arranged to
set, if a predetermined condition is met, the
reliability level of the data units of said second
category (SPW) such that their transmission reliability
across said physical connection is higher than the
transmission reliability for the data units of said

first category (GEW).

6. Communication device according to claim 5, characterized
in that said predetermined condition is related to the
number of data units of said first category (GPW) that

need to be retransmitted.

7. Communication device according to claim 3, characterized
in that said classification rules are related to
different ranges of consecutive octets or bits of said
one data unit of said third protocol (L2_FRAME; L3),
said ranges each corresponding to a consecutive number
of data units, in terms of order of transmission, of

said second protocol (LZ_ARQ) .

8. Communication device according to claim 7, characterized
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9. Communication device according to claim 8, characterized
in that said reliability setting means is arranged to
set the reliability level of the data units of said
first category such that their transmission reliability
across said physical connection is higher than the
transmission reliability for the data units of said

second category.

10. Communication device according to claim 1 or 2,

characterized in that

said second protocol (L2 ARQ) specifies window-based
flow control according to which a defined number of
consecutive octets or bits is used as a send window (SW)
and the flow control is performed such that the allowed

number of unacknowledged data units of said second

protocol (L2 _ARQ) is limited to said send window,

said defined data structure (L2_FRAME PDU; L3 PDU; L4
PDU; SW) is said send window (SW), and

said classification rules relate to the position in the
send window {8W) and/or the number of retransmissions of

a given data unit of said second protocol (L2 _ARQ).
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arranged to set the reliability level for successive
retransmissions of a given data unit such that the
transmission reliability across said physical connection
is higher for a given retransmission of said given data
unit than for the previous first transmission or

retransmission of said given data unit.

12. A communication method for data unit based communication
using implementations of a first and second
communication protocol, where said first protocol (L1)
provides rules for controlling the transmission of data
units of said second protocol (L2 ARQ) across a physical
connection and provides at least two different
reliability levels for the transmission of data units of
said second protocol (L2 _ARQ), said second protocol
(L2_ARQ) provides rules for the segmentation of data
units of a third protocol (L2-FRAME; L3) into data units
of said second protocol (L2_ARQ) and for the
retransmission of data units of said second protocol

(L2_ARQ),
comprising the steps:

identifying (S1) those data units of said second
protocol (L2 _ARQ) that belong to a defined data
structure (L2 FRAME PDU; L3 PDU; L4 PDU; SW) containing
data units of said second protocol (L2 _ARQ),

classifying (S2) the data units of said second protocol
(L2_ARQ) that belong to said data structure (L2_FRAME
PDU; L3 PDU; L4 PDU; SW) into at least two different
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providing the capability (S3, S4, S5) of setting said
reliability level for the transmission and/or
retransmission differently for data units of said second
protocol (LZ_ARQ) belonging to said data structure
(LZ_FRAME PDU; L3 PDU; L4 PDU; SW) that were classified

into different categories.

13. Communication method according to claim 12,
characterized in that said reliability levels provided
by said first protocol (Ll) are distinguished by at
transmission power and/or forward error control and/or
spreading factor and/or interleaving depth and/or

modulation and/or antenna diversity.

14. Communication method according to claim 12 or 13,
characterized in that said defined data structure
(L2_FRAME PDU; L3 PDU; L4 PDU; SW) is a data unit of
said third protocol (L2_FRAME; L3) or of a protocol (L4)

above said third protocol.

15. Communication method according to claim 14,
characterized in that a first and a second category
(GPW, SPW) are specified, where said classification
rules are such that said first category (GPW) comprises
zero data units or a consecutive number of data units,
in terms of order of transmission, of said sscond
protocol (L2_ARQ), including the first data unit of said
second protocol (L2_ARQ) belonging to one data unit of
said third protocol (L2 _FRAME; L3), and said second

category (SPW) comprises zero data units or a
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18.

19.

the last data unit of said second protocol (L2_ARQ)
belonging to said one data unit of said third protocol

(L2_FRBME; L3).

Communication method according to claim 15,
characterized in that said in the reliability setting
step, if a predetermined condition is met, the
reliability level of the data units of said second
category (SPW) is set such that their transmission
reliability across said physical connection is higher
than the transmission reliability for the data units of

said first category (GPW).

Communication method according to claim 16,
characterized in that said predetermined condition is
related to the number of data units of said first
category (GPW) that need to be retransmitted.

Communication method according-to claim 14,
characterized in that said classification rules are
related to different ranges of consecutive octets or
bits of said one data unit of said third protocol
(L2_FRAME; L3), said ranges each corresponding to a
consecutive number of data units, in terms of order of

transmission, of said second protocol (L2 ARQ).

Communication method according to claim 18,
characterized in that at least a first and a second
category are specified, where said first category is
associated with the header of said one data unit of the

third protocol (L2_FRAME; L3) and said second category
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is associated with the payload of said one data unit of

the third protocol (L2_FRAME; L3).

20. Communication method according to claim 19,
characterized in that in said reliability setting step
the reliability level of the data units of said first
category is set such that their transmission reliability
across said physical connection is higher than the
transmission reliability for the data units of said

second category.

21. Communication method according to claim 12 or 13,

characterized in that

said second protocol (L2 ARQ) specifies window-based
flow control according to which a defined number of
consecutive octets or bits is defined as a send window
(SW) and the flow control is performed such that the
allowed number of unacknowledged data units of said

second protocol (L2 ARQ) is limited to said send window,

said defined data structure (L2 _FRAME PDU; L3 PDU; L4
PDU; SW) is said send window (SW), and

said classification rules relate to the position in the
send window (Sw, and/or the number of retransmissions of

a given data unit of said second protocol (L2_ARQ).

22. Communication method according to claim 21,
characterized in that the reliability level for
successive retransmissions of a given data unit is set
such that the transmission reliability across said

physical connection is higher for a given retransmission
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of said glven data unit 'than for the previous first

transmission or retransmission of said given data unit.

23. A communication device for data unit based

communication, comprising

implementations of a first and second communication
protocol (L1, L2_ARQ), where said first protocol (L1)
provides rules for controlling the transmission of data
units of said second protocel (L2_ARQ) across a physical
connection and provides at least two different
reliability levels for the transmission of data units of
said second protocol (L2_ARQ), and said second protocol
(L2_ARQ) provides rules for the segmentation of data
units of a third protocol (L2_FRAME; L3) into data units
of said second protocol (L2 ARQ) and for the
retransmission of data units of said second protocol

(L2_ARQ), and

reliability setting means for setting the reliability
level of said first protocol (Ll) for the transmission
and retransmission of data units of said second protocol

(L2_ARQ) to be transmitted,

characterized by

classifying means for classifying the data units of said
second protocol (L2_ARQ) into at least a first and a
second category, saild classifying of a given data unit
of said second protocol (L2 ARQ) being done on the basis
of information contained in the data unit of said third
protocol (L2 FRAME; L3) of which said given data unit of
said second protocol (L2_ARQ) is a segment,
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said reliability setting means being capable of setting

said reliability level differently for the transmission

and/or retransmission of data units of said second

protocol (L2_ARQ) belonging to said first category than

for the transmission and/or retransmission of data units

of said second protocol (L2_ARQ) belonging to said

second category.

24. A communication device according to claim 23,
characterized in that said classifying means is capable
of reading one or more predetermined fields in the data
units of said third protocol (L2_FRAME; L3) to thereby
classify the data units of said second protocol (L2_ARQ)
into which a data unit of said third protocol is

segmented.

25. A communication device according to claim 24,
characterized in that said data units of said thirxd
protocol (L2 FRAME; L3) comprise a header and a payload
section, where the header contains a protocol
identifying field and the payload section may contain
one or more protocol identifying fields associated with
data units of protocols that are of layers higher than
said third protocol (L2 _FRAME; L3) that may be
encapsulated in said data unit of said third protocol
(L2_FRAME; L3), and said predetermined fields that the
classifying means may read comprise at least one of said
protocol identifying field in said header and the one or
more protocol identifying fields contained in said

payload section.
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27.

28.

characterized in that said data units of said third
protocol (L2 _FRAME; L3) comprise one or more quality of
service fields that are associated with respective
protocols, and said predetermined fields that the
classifying means may read comprise at least one of said

quality of service fields.

A communication device according to one of claims 23 to
26, characterized in that said first category contains
data units of said second protocol (L2_ARQ) that are
segments of data units of said third protocol (L2_FRAME;
L3) that encapsulate data units of a first higher layer
protocol (TCP) that specifies retransmission of data
units of said first higher layer protocol (TCP) under
predetermined conditions, and said second category
contains data units of said second protocol (L2_ARQ)
that are segments of data units of said third protocol
(L2_FRAME; L3) that encapsulate data units of a second
higher layer protocol (UDP) that does not specify
retransmission of data units of said second higher layer

protocol (UDP).

A communication device according to claim 27,
characterized in that reliability setting means is
arranged to set the reliability level of said data units
of said second protocol (L2_ARQ) in said second category
higher than the reliability level (L2_ARQ) of said data
units of said second protocol (L2_ARQ) in said first

category.



