, e3e8i ddedf FBgl h6hT8i kv< AUTOVATI C REPEAT REQUEST PROTOCOL FI ELD @ THE

I NVENTI ONL oy \\\\m\\%&nt invention relates to reliable data comunications. In
one 5 ﬁ{ \\\ anple, the invention relates automatic repeat request
(ARQ t'¥pe eghani sms used to increase the reliability of co ' j ONS.
In this exanpl e context, the invention may be used to inpr OVWMMM
efficiency of such ARQ based communi cati ons. BACKGROUND AND HE
| NVENTI ON Dat a packet conmunications are typically "best effort" 'fHetket

delivery to systens. Best effor Alq@ﬁépﬁﬁdiéqﬂﬁ#‘?ﬁ?ﬁgor_ear nest attenpt to
[ [ I scard

deliver the packets, i.e., it does not em capriciously. I|ndeed,
data packet services are typically called unreliable because the delivery
is not guaranteed, i.e., packets may be | ost, duplicated, delayed, or

o+

del i vered out of order. Neve:g&i ﬁﬁf" @xNﬁm@mni cations applications
a g

require or at least 15 20 be ree of reliability. One
way of increasing the reliability of transmssion is for two conmunication

i h w ed know i f and wh
parti cul ar meesage MAPaE EYLRERTEea EORBEFR fThefRAlon o et ve
and/ or negaticMBr acknpw, BRGIPEtnWeldls Btk Tes&h Qésll[uk(@t £§A§Q9@@ger eliability

is typically referred to as automatic repeat reque

speci f 5 caleghardshs apshiotihercasethd selitbilay wh communicatioes én des exdihpler@aeixyer
replies by sending back to the transmtter a positive acknow edgnment if a
data unit thesinpemiparmgy pesesd/edmprovie§jaeiiidencyiof sitleafihasads sent if a data
unit is not properly received, i.e., a data unit received with errors (or
at | east F%’Bprﬁgﬁ?%%?‘ors to correct efficiently) and a data unit sinply not
received. In the negative acknow edgnent (R S R T 4
situation, the receiver then sends a request to the transmtter to
retransmt the datBAWKGRODND WNB SUMMARFOFTHEINVENTION concern then
is when should a decrsion be nade to refransmt a data unit. One approach
is to use an ARQtimer to determne when to retransmt a data unit, (e.g.,
a protocol data unibita paBkétaotrirfhiodtiont A d/pitElly Meeét BFoST padled dulwiyt he
data unit is transmtted. If the tiner expires before receiving a positive
acknowb edgysteths. Bbw effartadaliviety mskesanosamdst sitdmypine delavesthe packetsThe., tr awback

T ARk e B STl
to ti Lk do kel ' L€, t
coul d r ealsrlay Sl B ptert b Blnntvsb Yo AL PRI B ESRE

addi ti onalelhidre oPad]iReeM oebt Gder.t he acknow edgnment woul d have been
recei ved, thereby avoiding an unnecessary retransm ssion request and the

retransm ssion of the data unit. Thus, a tinme-out value that is too snall

| eads to undesired Nevarthedass.imamydas cemmcioaBonApPhicslsosrequiBdphatieaste t 5
conmuni caj i ons .r esour ces ich cap he a particular problemin. ..

commur ca _4?%% fropa £ gRealen %?sofrrsﬁ?bﬁf_cyor{ﬁwvw% BReagipg el obandwi dt h
s auite Lhpidedon Med e oLnsh, Nantn s W0 dalEs 8y YAhG L frtgh to too

| arge, |arge and unnecessary defays in retransntssion reques are

gener at edmeSiHGh sdehaViendi t it Wheh $pacslommeisige BiSRehintistdpfe@ughput of the
communi cati onS systém 2o The probl emof selectfing the right tinme-out val ue
i s furt hesuacessphliyc alkalusenofs petitne andier megatiee admawleadgenants it physi cal
commruni cati ons channel can vary. In sone systens |like the third generation
cel | ul ar feATaBpRBSEONS) IREaRsetIBRRDIBHT is ty picaliygefeyrgite oy aWpmae FeRass IeQURE dat a

i . .e. Q. di g f - - Whi .b h
o der 1o (AROI MEESetaR i Gt FidelBli g AT R ¥ar e iy
wel | 25 b?e_pfuegtby QBXHIRS bB&@tosﬂH@rutangrﬁfttePEglﬁﬁtid@gl@kn'b@/tl&%m&??@ﬁ@%@%ﬁtﬁs it is

quite difficu to assign the correct value to achieve an optinmumtine out
under var propgrigirécpiv®l ancegative acknowledgment is sent if a data unit is not properly

received, i.e., a data unit received with errors (or at least too many errors to correct

efficiently) and a data unit simply not recetved. In the negative acknowledgment



| .~/ . .. ~~1t is an object of the present invention to providé& A“: s
reliable as well as efficient data communications. It is an object of the
present invention to provide reliable as well as efficient data

comuni cations under a variety of conditions. It is another object of the
present invention to provide a nechanismto efficiently determ ne when one
or nore data units should have been received. It is yet another object to
provi de an automatic retransmt request (ARQ procedure that optimally
adapts to different conmmunication conditjions, and in particular, different
channel transm ssion rates. io The presént invention avoids the drawbacks
with a sinple tinmer approach and neets the objectives described above by
permtting a communication unit to determine both efficiently and

accur at el sitnahen, thaecarivarohen statiaa vequest ®hbelrdnbeitice ceremmdsmindes daa waits et y
of conditions. In particular, the present invention conpensates for
transm ssthehwers iy Prepralyfgeeivedyi ng transni ssion rates. Wiile exanpl es of
the 15 invention are disclosed below generally in an ARQ type environment,

t he invention has gader _application .t G ni cation i tuati.on where
 Fecel ver  requost o T ameaaBe i p el R e SO ER sF R B TkbtER U, "
data uni tgir el pBréachOFTBHNCRI ARD BREVREMREIKiAE wiRd 18 eaeRnFOMAALGAL | ONS
nodes, the first node receives a sequence of data units transmtted from

t he secon@.godprotddod d2m vnit).sin patioulair,ahe tines muyde datet whae shetdaad uging or
nore of the transmtted data units was either not received at all or was
er r oneoustrgnspaed. vEdhe fimer expisgsrhpferedyeel g arpasyitvemsdaowirsdgmeandke dateequest
to the second node to.retransnmit.the one or nore data units not received or

er r oneoustt SEBMAHFAX TPENSINUSH+ timer is started when the retransmission

request is sent. The retransmt timer accounts for the delay tinme period
required for the 2Heh@BRK With SEMPEE ARD) figRe s theirseqemnd  gda: «f Qf Hehe
second node to process the request ~ -Tt~~" ~~" 'l 4 and start
transm t tARQ tifier toetie &etatnelatiavding.t ¥, thatichef@nt viahe: ikisestborsefatlaherARQed dat a
unit to reach the first node. Wien the tiner indicates that the delay tine
peri o i dimerewill ldkelp timeeutilgo sardy.ti¢d. beBye an asknawisdgment equld rapapnebly be
determnation is de whether all of the data.units. reguested t.o

retrans mWEﬁeﬁé%g%E%ﬁl‘ﬁﬁog’éPWf MeEdsJhypPmg "f’&l‘H%"%]é{né? ﬁ‘i‘qﬁg?ef“o‘i‘ﬁmfer‘?glg'&?at es
that the i 8 L &k LARsLp d and
properly arrcggg\?%fggghegg%fo 3@9&%{69"5%?'}%5@5’ t aeE%?. éﬁa{lﬁghg? eér’gslg‘]agﬁd, if the

r equest ede@mesntifsi oR Fequdst aduhé terdnomissisest thegaiatied Tisuspatinieesivadek or i s
erroneously received) the abovedescribed procedure is repeated. to '

Pr ef er ablthat is kdcssmalingads to wndesiredireftangnitaagersty anduietianstiissivandBad waste he
request for retransm ssion framthe fi rst.nﬁ)de to the second node. The

count’§r {COMNRRICHIUSIESBITGES RRIER 588 De @ PATUHAr DI RlE® HOTINURICRHSof t he

timer. T : i L ag.er : k ich a
number o THE el M6 FotRRRGHoR HRterhlthe RAWIATY BluciRs " Cne
exanmpl e qhe sthePhand, iNBeltihEbYEYaliiSiset QY NArea] lapdSaridPurinead®Baryl dk18R igxanpl e
enbodi ment, the counter is increnented after each tinme interval with the
nunber ofretdatsmisrion sequgsts ashgeiedatbdy Sudtedelaysadtimately dlow dgwh s eff¢ative
interval. For_ exanple, if tw data units are currently transmtted per tine
i nt erval ,mwsh%@%?@ CORMUREGABRBHESE™MY two. \When the count val ue reaches

t he nunber of data units requested to be retransmtted, this is a good tine
for the fast conmuss ] . I : A ' .
requeésat ed to be reltTrh g%tsfénﬁ% edg%ﬁgsﬁeﬂ%ggeﬁﬁ%ﬁ g%g?%ﬁ%gefsv%ghg%&?@a alif|:?)io]|nnt in
tine, thegsemeGRed ait Al PatdBf the phiyoidhedivenieaesns Gahasisdtintvagfl Rysontee
second comuni cations node and received by the first comuni cati ons node.
As expl aispstdmalbidee ehe thied ganession detlukntélephomayyitemadhat i fegeouisk wasetyladyed i n
any request . for transm ssion of data units. By accounting for, the round
trip 25 geTvasesothe/data et may ChangecYary T af-§- BHEY Tafio gamenwhichyRaebe t hen

Feasonabil 1 Bel 08B FRSRRAAY cheRing? g Qe folihe M PR AR et o
and pgssinRltyo [§izedr88 shdit SorCRHEY Bia RHELISESnseQuETIBNYUSS quite difficult to assign

the correct value to achieve an optimum time out under varying circumstances.



41 t.i.l;~~ ,~~~ _; ni Jin transmission rate on the comunication$ /i)'
channel by changing its count value only by the nunber of data units that !
shoul d be received per each tine interval. Thus, nore tine is effectively
provi ded when the transm ssion rate is Lower and Less tine is allowed at

hi gher transmi ssion rates. The end result is an efficient and opti nmum

bal ance between delay (waiting too long to request a retransm ssion when
the requested data units are not properly received) and unnecessary
retransmt requests and retransmi ssions (before the data units have had a
reasonabl e chance to be received). A preferred exanple enbodi nent of the
present invention is disclosed in the context of a w deband code division
mul ti pl e access (WCDMA) radi o communi cations system In this exanple
context, the invenitiipan pejectanfrthepresent imeendnn avpoorade celinblpemtwelbguest

techni que_j npl enented at, a.radio link control (RLC) conmunications protocol

| ayer. TRIKSIGNRGABCHMPYHEHAS; npl enent ed at the RLC Layer both in a mobile
station and in a radi o access network entity using a counter and a tiner.

The counter Storeslltﬁseﬁﬂj' Ectvd?'dﬂ@gﬂ'eé‘%h?ﬂénﬁgnE&E{Mﬁ@%ﬁiaf}fe Aalg ynits to be

retransmtted. is I causes e counter“to start counting after a
time intefficdnt AasO&InheticHid under 4 edria@nsfténdiganest . The invention is
particul arly advantageous in this environment because the data transm ssion
rate over a radio channel may rapidly change on a franeby-franme basis.

BRI EF5 DESCRI PTI ON [is angehapRMAC Frosgat myeriyl wpravidedtmeshaskine s s)
features, ..and adyantages.,of the invention w,l| apparent .fromthe

ol 1 ow G R GHPBRIGHIER SRERT BT oS A AT oot r ated i n

t he acconpanying drawi ngs in which reference characters refer to the sane

parts throughout tfe )VegraBQIﬂﬁér(‘!B'@Hﬁo TABdSER3 BER R e AR il ﬁés?%k'(é to
scal e, enphasis instea el ng dlaceg upon 1l lustrating the principlé&s of
t he i nvepiocedure2hatFipgmallyisglapts b diffeasntebmamancation @aditions, sydinem i n whi ch
the present invention may be enpl oyed, Aij ~i~~l; ~23,,i 1, 1186

Fig. 2 ipardctlapveiffarent ¢hanask transimgsi@y @éasdur es for i npl ementing the present

invention in one exanple enbodinent; Fig. 3 is a function block diagram
illustrating an e | e wi.deband cod i vision.multiple access V\CDI\%\)

radi & comuni cat i éﬂ}%@%rﬁﬁnéﬁqv\fﬂﬁ?r_éa‘f%gs _g}eedg%‘ﬁﬁécé(simﬁﬁ eﬁgvr@%proac

advant agﬁ%ﬁb&m%ﬂ?bw%es%equb%a'aso@e 5 ?&&Iﬁmdo' 4 UShfrRhiddgoR Gxgna! | over

| evel communi cat1 on “pr ot oco ayers that may be enployed in the system
shown i nddtegningd;bobh effictently aad hunehiebnwhémote ok greadata hhitsshiaild bg anot her
exanpl e i npl enentation of the present invention in the context of the

syst em stegoived wnperp vaietyphcomslitiensa Inpagicaleri the pseseat MNgnEespRIBPINSRice X anpl e
g; a?rgfep 7 entgmbql ns\églg a%ﬁgﬁ‘yg:ﬁ& @%yilngﬁ%ngrln% {o%nrqa{els.l %ﬂi‘ieaéiar}gplgsn 8} EI)%I’ specific

15 invention are disclosed below generally in an ARQ-type environment, the invention has

broader application to any communications situation where a receiver requests

transmission of and awaits reception of one or more data units.

During a communication between first and second communications nodes,
the first node receives a sequence of data units transmitted from the second node. The
20  first communications node determines that one or more of the transmitted data units was
either not received at all or was erroneously received (i.e., corrupted). The first node
then sends a request to the second node to retransmit the one or more data units not
received or erroneously received. A retransmit timer is started when the retransmission
request is sent. The retransmit timer accounts for the delay time period required for the

25  retransmit request to reach the second node, for the second node to process the request



Fig. 8 is a diagramillustrating yet another specific exanple of the
present invention. t5 DETAILED DESCRI PTI ON OF THE DRAW NGS i n the’ﬁb“ﬂdhﬁhgl
description, for purposes of explanation and not limtation, specific
details are set forth, such as particul ar enbodi nents, data fl ows,
signaling inplenentations) protocols, tecﬁniques, etc., in order to provide
an understandi ng of the present invention. However, it wll be apparent to
one skilled in 20 the art that the present invention nmay be practiced in

ot her enbodihABMrSwriliatiderdered Jeomdtdagseni&Peed for ehdiftsttdtfansirifte EXATRKR to
whi | e an exanpl e enbodi nent of "the present invention is disclosed in the
cont ext of reaghahe ficaln@depr ot ocol layer) i.e., the link layer, those skilled
inthe art will appreciate that the present invention can be inplenmented in
any appropriate co ni cations protocol or. protocol |ayer. In other

i nstances) detai | eg% hen ﬂf‘?eri‘{‘cﬁ,cams fhat Fhe'f{e SEPE BEFOHE DTV TURTIhn

methods, | @Ea?{eha%?%degﬁmecfoﬁmt&%fdvaﬁlkg%acleité}glirﬁa(?.l%g% e wild %rglltc}fptge Qfads

not to obsCUre thé description o g ‘present I nventron wi unnecessary

detai | . sFi @nitd rddubsted k@b SetPanS TR h BTk PSoreYS tresBivdY. i Ii¢ha/déBgnidafibs St 5
comruni cations unit 12 and a second conmuni cations unit 14. Units of data

(whi ch may indicdtedehas tiestquestadeonvessagre datd wnitsetas bagn cornsmiittéddndrpraperdn, or
bot h) are comrunj cated fromthe first conmunicatjons unit 12 to the second

communi cat Fesssvednne fuhesashon i ke ophithe athekandniidhe reissiedeng pr meore
non-limti exa ni however,

le of a data,u is.aprotocol data unit.( :
larger . snatiedrit gy beferShsaniey st et B e Gitneolfy fetdiia hpove:
appl i cabl e ge 3R RS HRRORTpORIAINI cations unit 14 detects that one or nore
of the data units has elther not been received or has been received

erroneously, it transmts to the first comrunications unit 12 a request to
retrangmt those detPBrfedbbatias timet &. stdtivat emiittancously witle tteesemdihg of the
comuni cations unit 14 does not receive the 15 requested data units by a

certain pofSRUEHHOF GENSIEsSsiAhE_MAAS fiFE Mode i bsseend iadeanha soupiksdealsame
data units. That,certain.point in ti I S r.m ne sing, a .ltwo- st age
process. — FPIAEAR BB B befofk b Pl SEE S ne Eplf: bR BB
conmmuni cat hRBSeddR timel tht¥@ht &urﬁlg%ﬁféﬁtaer{dﬂl%%f HhXBInRehd @8 GRiife8 DEQNtHREe t O
an expected round trip delay for the first conmunications unit 12 to
recei ve anfirqrandessordnedee! Omesihinplecsfisash aaime: ideerbaris klrengrodeaions

communi cations unit 14 to receive the first retransmtted data unit.
Second s af framet Hatan gxaopleempedisnent. e peunteyds incremented Aticteashiine Btemak

unit 14 counts,up t of ,down. froom, t nunper of .P whi ¢ch shoul d
her eaf t or v hESudetOl #E RS B S HRE PR T e AR s e R e
when the cayp & : r e t&gﬁgqué L ntd@se
data uni tspPsE)g%nnél.g’a@E‘ éid&m&m?%%r’rrgﬁgg&an aLLt omat1 c ?let%g}gg’%?h;%au&enstt %)ARQ)
routine (bimekmeftid bhavol "Wasmpteaotst vilueratipsehe nombed off ddtagnits requested
i npl enment ation of the present invention. A receiving conmmunications unit)
such as unta b retfanemitfidg thid js # gewsd vme formtha figsiicosumunigations nade 4o decide : ' |
fme 20 ’w%lerr.her the data units requested to be retransmitted have been properly received. At

that point in time, those requested data units should have been retransmitted by the

second communications node and received by the first communications node.

As explained above, the present invention may be advantageously
employed in any request for transmission of data units. By accounting for the round trip
25 delay of request to transmit certain data units, the counter then starts counting expected
data units at a point in time from which it is reasonable to expect that the requested

units will have been transmitted and possibly received. The counter adjusts to changes



g transmtted by a transmtting communications unit such as unit 12 from,.,
Fig. 1 (block 22). The comunications unit 14 deternines that one or nore"’
data units were either not received or were received erroneously (bl ock
24) . Conmuni cations unit 14 then request§ retransm ssion of those one or
nore data units (block 26). At or about the s same tine as the request for
retransm ssion is sent, the second communi cations unit also starts a
retransm ssion timer (block 28). The retransnission tinmer generates an

out put af tartranspisacet ermdmert, conehumnsinns chame! pprchagithat cantoahtesorflpby t he
propagati on del ay of sending the request to transmt and the actual
retransm sWEAHMbET ORAYa ugHE g’@hf’%oﬁl@ e pesEedden gagh wae ipienst-nThwsmaiEcat i ons
units and for .other. conditions/.par ters. ..o The end of .the .retransm

e per e oy VG PG SRR RO TR sy bf e F §Ven e IoiF iy BIISNe
retransm-t oy : LV tic hih i I hQRs unit 14
starts a d%’?gcﬁgﬁéhgfggﬁlp 2?&((%%] ggﬁ eé%fésn'ﬁt’ﬁ%%%gﬁ%éﬁg?ﬁgﬁgﬁpgp ?ﬁnllt count

val ue in theweauddley (wWaitiapacgkaghy reques emeuthdgissipn twhea the tdtjueytal datat hat
corresponds to the nunber of data units which should be received (or

al t er nat i V&Hip apy natpraperterasavedhatd erReceaaryardRamit sequests pnd mernsmigsiongal ue
i s changed,each transmssion . tine interval, e.g., at .the end of a

t r ansni ssiQ?ﬁf?1 ?Q}?ed,%%yméﬁnh%ﬁd@ﬁta @ﬁ%qﬂahleég??@s%chqdefeév?‘ﬁe number of PDUs to
be received for that transm ssion tinme interval based on the current
transm ssion rate (bl gekeriR)ex: A8 clBBARRR o HelorE@UNI KRR £3ABEY ihhe
nunber of data units that were 2o requested to be retransmtted) the
comuni cattheosntaxy df dldiddehed codeedivisiort heltipbaresise@VdaMAymdis t o be
transmt have been properly received fbl ock 34). If so, the comunications
unit 14 cowmpuRsatianssyeemy dnribiy cgamplagantextithe inveakom i caati¢dort asrant 12,
Optional Iy, communications unjt. 14 . may send a positive ack dgnent to
comuni catdEaYmiePeAtTeqy st tth%‘qPE&HBzef’E‘?&‘%a%& r ‘ﬁPr@@KWEOBQ&Sbr operly
received. @ 25 iy t | to
be transmt | s%%%%pﬁyggofgq?geééif/hég%ﬁ %ﬁgﬂé}l%ﬁ{rﬁg&ga gggtn'?]tg %ﬁ}%}g?
reaches t htRpps gRbilatistaionunt ivaladio attss hetwork eniis sty 4 to®iteradid 4 th@er.
counter are reset (block 36), and the procedures beginning at block 26 are
r epeat ed. Thercounter steres a eounit value indicating the ngmbeerbdgth anitppt be retiapsmatedt he

present inyention is ntgw described in the 2ﬁont ext of the universal nobile

tel eco FrRUSSING FPYRIRAT'S) STRT COWAG alleT giline Wierxalassodaled Math e,

connecti on.Qr.i xternal .. ¢ MO . : y be for
exanpl e tﬁg@ﬁ.}grpl[ geqlé\?\nﬁt ?ﬁggﬁlﬁeﬁ?@%ﬁ%ﬁg&l t%raéb%@%l%%sgrh %!rﬁgltlﬁéwér@egr at ed
5 Servi cespebhgelid di¥e twREkis6iloRPMe. ovBr h @116 SR4HnaL k9 rapidly change on a frame-
connectionl ess-oriented, external core network) shown as a cfoud 54, may be
f or exanplby-friwwe basier net. Both core networks are coupled to correspondi ng
service nodes 56. The PSTN | SDN connectionoriented network 52 i s connected
to a connection-oriented service node shown as a nobile swi tching center
(MsC) node 58, that proyhLdes (¢4 j j er Vi the io existing
GSM nodel ) the nobil e sWEERHE H Eﬁ;e? ----- mﬂggr an interface A
to a base station system (BSS} 62 which in turn is connected to a radio

base SN 0% Ovei B LIS Sy Gk CRUIBFAA R IR A
2L . PR APl T DR SRS b SRR AL BB

Net wor k ( WlirAPte Bk thy @tcaanpdhiRAN drateiidsan eviith Deferthe: shaeS4efened thdes one
or nore radio network controllers 26. Each RNC 66 is connected to a

pl ural ity semetpaste tirosgheridhq BEjowe/iawy Tiee drayingshase nPNGebsarilheo SIERAN 64.
Radi o conmuni,cati.ons Jaet.vveep tge baﬁF stati 81”3 68. ?nd bile radio
empbhasis instead being placed upon 1liustrating the principles of the invention.

25 Fig. 1 is a diagram of a communications system in which the present

invention may be employed,;



20 stations (Ms) 70 are by way of a radio interface. Radio accessig.base
on wi deband- COMA (WCDMA) with i ndivi dual radio channel s all ocated’ usihg "™
WCDMA spreadi ng codes. WCDVA provides the wi de bandwi dth for nultinedia
services and other high rate demands as well as robust features like

di versity handoff and RAKE receivers to énsure high quality. 2s The radio
interface shown in Fig. 3 is divided into several protocol layers) with
several lower |level layers illustrated in Fig. 4. In particular, a nobile
station 70 uses thesg,ph o : pcal i i
simlar protocol laylgxrp.s-ﬁ??ﬁgcm&ﬁgﬁﬁnﬁgﬁ%@ﬁ%ﬁﬁ&i lsta(e:{}t(sh?% irlllglrbtﬂ gwa
physi cal | gyendiomiféhdetanie kapotimentd a .., ,~ ~ i,~ c.-~, 10 network
| ayer. The data link layer is split into two sublayers: a radio lint:
control (RLC) layer and a nedium access control (MAC) | ayer. The network
|l ayer is divided in Figi 3iex&mstioniblacs dagramtiHestraiingran prasple Nidgirrdrodnd a -

ervi ces. ofbishEuleatisst NG T RsBra e sE PBFRent REset
foll owing {n%tggﬁég?g%?i%&i@%ﬁ]‘%ﬁ%%ﬁﬁ%w@&tI on encodi ng and decodi ng,

macr odi ver Si )" soft handover execution, error
detection) nultiplexing and denuitiplexing of transport channels, mapping
of transport channelBigofioa plagsine dluscrhamnsdveral ioded lav¢laonamdnication

spr eadi ng/ denodul ati on and despreadi ng of physical channels, frequency and
time io sypistoaohiaygry bat mgpheempdeiteddn thegysisnoshasen igkigadd ot her functi ons.

The medi um access control (MAC) | ayer provides unacknow edged transfer of
service data units ( bet ween, peer,. MAC enti.ties. e MAC functions
i ncl ude sel ecting anﬁgﬁiso?bﬁin\gﬁ@PF%ES%%@#QP%%UHE&ngggéﬁxf”?lgﬁasport

' iRVchAbh by 1RABHeD G BRIWERH, daivh i ms.of one

channel dei?ﬁ;é%@fn@ﬁt BBn SRt prdbént
user and between c?atg rovxI/g of is different users, scheduling of control

messages) mul tiplexing and denul tipl exi ng of higher |ayer PDUs) and ot her
functi ems. The RLC pégf ®ismsdiagranoUllisfraneg i epeifinctamplagpitthe pres¢bhventioant |,
rel ease, and mai ntenance of an RLC connection, segnentation and reassenbly

of variable length, higher |ayer P .nto/fromsnall er C ,

concat enati on, errorlplgo E%QW%QP@??%@H ?i%ﬁ%ﬁﬁ@@%%ogggf%ﬁéet
delivery o-fnvhi er. 20 | ayer PDUs, duplicate detection, flow control, and

ot her functioRs. "THE control pl ane part of the network layer in the UTRAN
consists of a radio resource control protocol (RRC). The RRC protocol

handl es the control Eio®al 4 dagaeillistetiiggitanotieefpeatlc eLargple ofakl presaness
bearer control signaling, neasurenment reporting and handover signaling. The
user pl anetnyanttorof t he network | ayer includes the 25 traditional functions
performed by | ayer 3 protocols such as the well known |nternet Protocol
(1P). S. I~ i~

15 DETAILED DESCRIPTION OF THE DRAWINGS

In the following description, for purposes of explanation and not
limitation, specific details are set forth, such as particular embodiments, data flows,
signaling implementations, protocols, techniques, etc., in order to provide an
understanding of the present invention. However, it will be apparent to one skilled in

20  the art that the present invention may be practiced in other embodiments that depart
from these specific details. For example, while an example embodiment of the present
invention is disclosed in the context of a particular protocol layer, i.e., the link layer,
those skilled in the art will appreciate that the present invention can be implemented in

any appropriate communications protocol or protocol layer. In other instances, detailed



~, S Fig. 5 shows a function block diagram of an exanple inpleﬁedtéhdﬁ”ﬁf
the present invention in the RLC | ayer of a UMIS entity such as the nobile
70 or the RLC | ayer of an RNC 66 shown in Fig. 3. In this RLC | ayer
i npl enentation, the overall RLC |ayer operation and various specific RLC
| ayer functions may be supervi sed and generally controlled by the RLC
controller 80. Although specific function bl ocks are shown in Fig. ~) those
functi ons nay be perforned using any suitable hardware andl or software. For
exanpl e) a counter or a tinmer may be inplenented in hardware or in
software. On the transmt side of the communication entity at the RLC
| ayer, higher to | ayer packets are received in a segnentation,

concat ena r h L t are
cegnent ed PSRt n MRS EALRo g RIS, dol e Bl REn AR ERRRIA B

deci ded bt RAIS nSUb @bsduReltie: @e@@@;ﬁﬁod@tm&pi@séﬁrmvmohmeﬁtxﬂ:ﬁelemgd for
communi cation involving a particular nobile station. Once the RLC header is
added to deteil. PDU, they are stored both in a retransmit buffer 86 and in a
t5 transmt buffer 90 via selector 88. The PDUs stored in the transmt
buffer 90 are then %rans tted in _accardance with cont I signals from

the RLC control | er 88 {4l Sltfétqscﬂ/@r'mm faRre sY§iem ]tdlgﬁ VI a the

physi cal est to
ey s aron {HiunkAtbAE R E1Z aKE R U &Jé‘?ﬂﬁ*?’%?m‘%%%eﬁ“*%%%g“ he
RLC cont rﬁhlag@lﬁclﬁ&b QpRtdrolve nkskatt iaforBBiibe, cdatrerinfiiiioaf 6 slh) &re20 the
retransmit buffer 86 for transm ssion via the transm ssion buffer 90. On
the receisensiudeawid from the fmuroraminications upiy 13tto thveseRUT ¢Eymunidaboss ar e
recei ved froma | ogi cal channel fromthe I\/AC sugs%%_gr The recei ved PDUs
are pl acehif h# QV?re%iiwoathépwwamﬁm pec £ PbA datid

wher ot el &2 Bingsl A5G, (PRIUE hARe 0 B RS, szoﬂgp HDy R °4
reassegrbl @fa upftPardl zﬂf@ﬁpﬂlﬁéﬁﬂe PRE&EHS s@mrﬁnotnhﬁﬂmd@ﬁdxmrnMJ @1bdrg t}e&

protocol |ayers. 0; . N | | 2 When the detection and

anal ysi s drieomkm8e afehednt ummthaaemmﬂ rics besrt feeeived ssham@eten regeivateousl| y
received, a retransmt request signal is generate , in the formof a
negat i ve HENISOWSE A MmsMENICIOE forst coramppaicR RS %M?oweeae%ﬁreq@m That
retransmti_1 ree&?t} at d% fort\glarded to the RLC controller 80 . Retransmt
requests g 3 Eﬁ‘l ?ai%} In the transmt buffer 90 over other PDUs waiting
to be transmt using appropriate control signals fromthe RLC controller 80
to the retransmt brHereirte88f i@ cofl esthAunRBliodNshit Nedbdsaiwst medeiviifhker 90.

At or about the same tine that the retransnit request is generated, the

det ect§ orreqmist@;‘n@atygngs lbycaczlcrtaﬁl pistdn ginag, ttssends mﬂnme@smelmUMr (EPC)
timer to The EPC tiner 94 is set with a retransnjt tine correspondi ng
to a ti néh?%%a‘% BHdHfe %toqer&aﬁbvcrlemdlmerisrﬁe&%%@aww HEPAPSSF a

retransm o) n the
{ranom 1100 O TS e sber ld e est ROPRRRFned M RERRF RO Rl Bt o1

i ndi cat esyrihed whlt® a pREdAGSIThEd imféq)ehéd%eéspoﬁamg&blaﬂ%k &tEﬂé&eLtﬂPerela(yEPC)
92 is enabled or started. The EPC'tinmer 94 coul d al so e i npl enented as a

1s count dor te fifst canniimidaiensnunivdl tofecendiand pracess thexpeaisadt taquebtande
before the fast requested PDU to be retransmtted would likely be actually
r ecei ¥ed.forthe ssm@eownwuees ugip 1¢ r%Ffé?ﬁ’e’ﬁtth%Er&f EetEaReMitathdta 9nitPDUs  whi ch
wer e req ste tra mtte or_alte natlv to.decrenent. down to
e nunberEeBRasts Ha it bee HuRpelhirit Meghd iRt i 14 oo
s Tncr eMpbedy EM@hWr&H) RARARY of PSS Whilh shauTd (REEARA ehbedivdce Jrvpd Cal Iy
one radi o“frame; however, the L1 period nmay be nore than one radio frane.

W t hi n anequektdd dma peits axi nodalliratetger whemibe coofitePidshdssthat aumsivdr) drestherThe

i nt eger nunber depends on the size of the PDU and the rate at which the
PDUs ar e requass i retiagsmitthesgedahmstsgg sentt i s possi bl e that after every L1
time period, the 2s transm ssion rate may change. Consequently, the nunber

of P may change Transm ssi.qn_ ra i nfor i on..bi e
Cransitted in par &ee iRt AR 2enBBlald Fobfeta N BRIDt IFal A e usea
by the %tqg%ﬁggfﬂt@sr a@@xzﬁﬂ)lgeﬁcﬁf Fnftheli emérﬁanor’x of the lgres'e'ntz invehtfon. A
transrrussion r for the current L17I penod LC controller then
est i mat esedwiwngaoyrRbhisasdrsulrdt, basheashegnl 4o }agrl rrgcentm ot ogid LI tinme
period. The EPC 92 is increnented (or decrenented) every LI tine period
with the estimted nunber of PDUs, (provided by the RLC controller 80 based
on the nost recently received rate



S information received fromthe MAC | ayer), that should have been; ,; =~ -y
transmitted during the current L | tine period. Wen the EPC 92 r dadhés ' the
nunber of outstanding PDUs requested to be retransmtted, the detection and
anal ysis bl ock 96 detects whether those requested PDUs have in fact been
properly received upon retransm ssion. |I§ so, reception and to processing
of new PDUs continues. However, if one or nore of the PDUs requested to be
retransm tted have not been received correctly as deternm ned by the
detection and analysis block 96, the EPC 92 and the EPC tiner 94 are reset.
| n addi t i oransitied\Dy atraasmiisg COMMUBRAESns LRIt sedit asragubs fiopyFighdt t hese

out st andi P be.retransmtted (again). The EPC tiner 94 is again
otarted. ARIPcRRR)pibE cobTRNE B ah R A Bt rines st nt TRORAA WHEHTE ade
now to Fi g, i gﬁ‘gﬁ i : f our, ,PDUs
havi ng se%ﬁ%lgggglﬁ\gk g?sog?féfﬁ !feEl,gwgar(l %%I Slgqﬁ}%ﬁ?ﬁ'mmu%g?ﬁsr@#em(i €.,
four PDUs théi rdqudsts kétrekmifddsofl thagon? @eoreidabetinitsQblodki 26! 1ANLABshnthe
recei ved. The receiver therefore sends a sel ective acknow edgnent ( SACK)
hack t & tfsemertaneas theaequest (e iransmiksaon BBeRt, thesedord bemnuinications thiedlsoAt

the zo sane tine, the. EPC s s erp, and the EPC tiner is started.
Not e t hat SEAIESHR BHABHILSS oM HRE (ﬁoé%%t {TE‘? TN RS SIIENGRECNCEHFe YR ARG L 1

time peri LB, i r Ltd e s.four re
e B Ot hARAALS el IPG R R A ohD I RS o BER G °T e,
transm ssiseAdingitke feque@ b eanGHitfahaMd Qial PidkdnsRBEsidn. Ut lddPacR8hin9fort 0 one
PDU per L 1 tinme period. 25 The transmtter then receives the SACK nessage

from t he mpeocmissiag tineginelsith cgmnetneations ssitoandafor BOIds chndinidn pafegueast s f or
retransm ssions receive higher priority, and therefore) the transmtter

retransmts PDU 1 dyring,the next L1 tinme ., (~ . i,r; ~("'"~~1i _~".
14 peri®d. Since on&i’eﬁﬁé 0251? qega%wtpplgrgeﬁxpgitcggeé@or{dﬁéo "dvwerthe FiEsts i ssi on

rate duri g oe ol LE PG 9Mn AL ANITELL ST SendBugRl . OfR PDU 8 during

t he next per i er ‘recerving _ _ Piver expires which
enabl es t hgniahniEA0Hs ’init 1\5#[1%&'@ A8atB@xlt cblinkt (RoHEBO0IRGEMES, BRdagSHRNdI Ng

~ o~ o~

to the retransm ssion of , the 5 EPC is increnented by one. Recall
t hat rat e confitovaied inothe icsuptenisi dhenlgédnbypimcemeatingiupho datomnt agide ithtone
i npl ementati on) may be included in transport f(gr mat | nformation provided by

the MAC | &9EEsPondato theansphnriof dataraits ivineh should he recqivedt(es alkamativgly bl C
PDUs ld b i.ved . h dio f . . 1 ti .
bort od3 1 AEFRMGAE AT st sffdr (4. TRTRyatY AR MaaBEdtach tyrskiBihy eq

to two. A&irﬁ@tﬁer@ﬁ’l‘ﬂ@. .,1at_ttﬁl=?er{aeﬂ'%l ¥&{snfife6KEakhe, Behe ifbbst §Hou§’dléor9558%)1§]t? PDUs

requested to be refransmitted have been properly received. Since b
retransm té det mihiserl of AIUR thbw eecbieed fqarth@ardnymisimi vnad,inteeidh bhdeel on the
transmtter and receiver continue as before the retransm ssions. However,
t her e nmy CBEEB| rammisnen y#eloele3dr nore of the retransmitted t5 PDUs is
either lost or erroneously received. Fig. 7 illustrates an exanpl e of such

a situation. Fig. 74,.s simJldar to Fig. .6 e t.that .the.first.
retransmtted PDU 1‘)\/}%6%%9 d6 o‘B%‘r‘i"&‘“E%aéS? {/eégﬁ ﬁlgn}bgggfggﬁa_ "Né\%i_}ﬁ?é‘f €ess,
at t hgpendsfifestddfo bbe refrAdBniRed, 1RE cohSRinRRkibrs $HOW deRANmBeeMeEaRkNEd, the
EPC is increnented by one. At the end of the next L1 tinme period, PDU
nunber 2 idatapurdgasiby trapesiMenye baardptoper! FRCeivedr(bloekBd) .t Of s thavo. The
determ nation is nade at that point that although PDU I shoul d have been
recei ved Kpmomgnicatians unittlARenlinkgy @Feediye pev drtadmits Arora comgrpTicatione

recei ver sen ot her. sel ective _.ackno dgnment . back .to the transmtter
Fequest | ndfde: dIHTELy SFPBmuBBTTs Wit ) SEubRaoTHYE et dEment 1

retransm ssj - PC. IS il i iiadai

tmer s somehunit ek i Rl Phe ool gl e Hh0e Boert Feppn PR R B e
periodhs Thige bthePBAAdE $f &Y 68 6f the rdquesiedsad unis tovbe PR ndd propery period -
so that PDUs 10 and 11 are both transmtted during the next L1 tine period.
The transmédeiead by the timg #fe: data unik ceunter(reaches tHe dpprompoae ¢egnttyaduss deond
request to retransmt and é en sends the re uggt ed PDU 1 clang with the
next regulFE@FANSBUSSION HlEF ABD HieC WAL 219 refqiARIORE PPy N HBMBIRSETUTCH SELIBBIGY o
that tine, . ier. expired enabling the EPC counter. Wen the next LI
time peri gctjgi(;b?éll?‘r%sc‘i,ré(rzéﬁraggpondi ng to receipt of PDUs 1 and 12, the EPCis

increnented to one. At



S5 that tinme, the detection and analysis block 9b determnes that th.ns ...,
requested PDU 1 shoul d have been, and indeed was, properly received.” " =’
Thereafter, both the transmitter and receiver continue as before the
retransm ssion. There al so nay he situations when the EPC tiner is set to a
value that is too large or too small. Fo? exanple, Fia. 8 illustrates an
exanpl e of a situation where to the EPCtiner is set for too long of a
time-out period. As shown, PDUs | and ? are not properly received. The EPC
timer is started shortly after receipt of PDU 3 when the receiver detects
that PDUs | and 2 wepee ¢xampde apwlidajion ef dievpsesenThnventarisviow descddedirSAEK
nmessage to the transmtter listing PDUs 1 and 2. Be the EPC tiner_is
set with twt?ﬁpﬁ&wm&erﬁ@r{ﬁ@@iﬁte PWE}““E‘F‘F@“%@(SF%W%MS wn ingig. 3.

recei ved bgf : EPC ~5 1] - [ I psyStarted
anyway w tﬁr? I?{%S%u \e%f S:%Ifn%rc Eé{%fggé ggﬁﬂgn?lgégié\ﬁ/%gﬁ) ‘&ﬁ?“éﬁhlhdﬁ aﬁi&& |§2t’1’sr%l nce
is i . Thepdfeekh@Ple REPEPRNS itkRe L THRSHLI It AOSOTHITEN dldvbrihk Inte8a@idved.
The receiver determnes at this point that all requested PDUs have been
proper |y r&areicesigital NeoworkadEDIN). & sipnsbrtativayeoondctiaplessadbnteda¢xtermall t s
in large transm ssjon 20 del ays and unnecessary_ retransni ssion

request s/ re¥e ApYATK s3heMa astadoud adanay P‘?\Eiﬁﬁf‘?@ﬁl%ﬁh@mﬁb Bathngirag

transm ssi ition d. provi des tigalcdi ine if.
expoct ed. dRraom e PRer QRO REe SR BENbIRL G off RErN AT EPfcligray o
a request drenid PAGWolk SEIst@nfedad B ¥BbdrctidBriEMeA L% iR iRt ShEQHMAE aNY
expected data units at a point intinme fromwhich it 1s reasonable to
expect t hahobild switchihe cermepu@dSEfnodd I& thit Ipkovidesecilveanvatched aasiddst &6l ttand
shoul d have been received. Mreover, the counter adapts to varying

condi t 1%nsexisiig GEM wodglothg meebilecvisthisia ceater PBAS £pfsEledAvige anmiethemfde in

the count Lo ON KRS CENEUHAMDER BoBRreti ¢ St eHBid Baver
recei ved dyfdfigde 8aC g'hE'IH‘L%rﬂe'i”cgﬁﬁ’e%honl%r-@rientéd” netwony ?’4 s ccmnlecﬂgdl'to a HhnktdTe | !ss

effectively provided when the transmssion rate is [ower, an ess tine

al | oned atPagkeRididISenssd @PRS) aleas) tailhred ps peeide packendwitchedhgpef or e
efficiently and optimally bal ances delay and retransm t requests and
retransm $€MNaeRs. While the present invention has been described with
respect to a particular 5 enbodinent) those skilled in the art wll

crbodi Hent s descr 1 bEACALPHRSEBL RUPEPALET il WhecriGrRuSd UMTS
enbodi ent v s SoR) ALLQONRESAEIANTE ShEMTUIRNA WSsCiubep 38 1AL as

many nodi fications) variations, equi ent arrangenents

used to i i I i Layention has
been descmggﬂ]%?%?%({e?\gﬁg%%ggjﬁ%g |(§rgér1tt%ﬁf% Aelpe{:sf)%@e%&ggw}ér ot ocol s,
it is to henHesded & PpRrilNRbf bARSRatRTROHE NENLS] & &y Red RNTsiiAtheexanpl es  of
the invention. The invention nmay be generally applied to any context where

dat a uni t IERAN é4uBsdiedoroniuecaticas datwacadhabatetstasione G8 @st onobikemdiat o
determ ne when those data units shoul d have been received. Accordingly, it
i s i nt¥ndetrtions M /0;as¢ By ay et Bdagiointedace it gdippcease isshased onand scope of

is the clgj. T B I o e I i PO TP I.1S DIS
71 ST RRRCEATR (REBMan itk it Sl i At ng 6D
comui ucatshGdidd dhdds STCTM ACHHINIRE BRIWRABDaRGHRIh SRSB4 H8vREERN Of :
sending a request to the second node requesting transnussion of one or nore
dat a ~ unidtlser lglarae demandsunstverl] af tobnstdedtiuree like diveedsi gsisocioéft &dl RAKIE t he
transm ssion request; and detenmuntng, based on a val ue output by the
counter, WREHVP (e pRsU¥ebigBsualityone or .
25 The radio interface shown in Fig. 3 is divided into several protocol layers,
with several lower level layers illustrated in Fig. 4. In particular, a mobile station 70

uses these protocol layers to orchestrate communication with similar protocol layers in

the UTRAN 64. Both protocol stacks include: a physical layer, a data link layer. and a



nore data units has been received. 2. The nethod in claim1, wherein before
the sending step the nethod further 10 conprises: receiv>ng data ‘Unit'$ 70y
transnutted fromthe second conmuni cati ons node, and determmmg that one or
nore of the transrnttted data units was not recened Or was inproperly
recei ved, wherein the sending step includes requesting retransm ssion of
one or nore data 15 units not recened or inproperly received, and wherein
the counter is started after a tinme period associated with the

retransm ssion request. 3. The nethod in claim2, wherein if the requested
one or snore data units is not recemed ofVis | nproperly recened, repeating
the sending, starting, and deternummg 20 steps. 4. The nmethod mclaiml1,
further conpnsng: providing a counter controller to establish the rine

period. 5.nefh6rkTRYdIOMHerdaed BhkAer WhMi€inio bR seBldpérer aGadibkl ®htrbp @
timer, the nethod further conprising: ?S starting the tinmer when the
request i {R&€Htlayesndd saneding adeesscamntrob (MA)Hayar. iTihietneaborkahyrr iatlividedoaf or e
the ending of the tiner. (; o1, o~ fi 1 1. 1-1% G The nethod in
claim 5, -g[@ﬁ@ﬁéWPW@FP%ﬁ‘émffi’lri%l%nerléf&é%@éﬂm@)Pﬁ’%”ﬁ@rnl%ﬁPWO&G&’M er counts

to provide an esttmate of a nunber of data amts that should have been
5ol o0 0% LS SSEORSPy g pbBkeP Bh: e afe>—o
5 interface using wideband CDMA performs the following functions: forward error
correction encoding and decoding, macrodiversity distribution/combining, soft
handover execution, error detection, multiplexing and demultiplexing of transport
channels, mapping of transport channels onto physical channels, modulation and

spreading/demodulation and despreading of physical channels, frequency and time

10 synchronization, power control, RF processing, and other functions.

The medium access control (MAC) layer provides unacknowledged
transfer of service data units (SDUs) between peer MAC entities. The MAC functions
include selecting an appropriate transport format for each transport channel depending
on data rate, priority handling between data flows of one user and between data flows of

15  different users, scheduling of control messages, multiplexing and demultiplexing of
higher layer PDUSs, and other functions. The RLC performs various functions including
the establishment, release, and maintenance of an RLC connection, segmentation and
reassembly of variable length, higher layer PDUs into/from smaller RLC PDUs,
concatenation, error correction by retransmission (ARQ), in sequence delivery of higher

20 layer PDUs, duplicate detection, flow control, and other functions.

The control plane part of the network layer in the UTRAN consists of a
radio resource control protocol (RRC). The RRC protocol handles the control signaling
over the radio interface, e.g., radio access bearer control signaling, measurement
reporting and handover signaling. The user plane part of the network layer includes the

25 traditional functions performed by layer 3 protocols such as the well known Internet

Protocol (IP).



5 time period etpnes, the counter then beg ns counting f1'0111 the;u: -,
requested PDLT. 8. The nethod in claim4, wherein the counter control'leris
anot her counter counting tine intervals in order to estinate the tine
period . 9. The nethod mclaim1, further conprising: changing the count v
aloe after a tine interval expires during which a nunber of 10 data units
may be transmtted. 10. The nethod in claim9, wherein the count value is
incremented after each tinme internal until the count val ue equals the
nunber of data units that should hav a ldeen received fromthe second node.
11. The method in claim 10, wherein if the one or nore data units is not 15
receivred or is inproperly received E~~hen the count val ue equals the

nunber of data uni t hat shoul d .hay en received fromthe second node,
e pod Turt hor Egrmosas Megios Hock AEr ! 9B e g TS Ggaet g

t hat the t: | C H’]eéj [ Ll . | be
retransmtﬁ‘?ggjﬁgérﬁgﬂ ?éls[g)?ltlﬁrﬁg@ Hﬁ‘? fgi%rn(%fglrl;g ande@E%SPﬁg@‘?’ él){ %%%ﬁ@eéﬁg?ter t he
set tine ReCi|fkroXh RASC 66 3howhan Fed. PO dnithis RIaT My8r implemehiatbAghki me

i nterval corresponds to a frame on a communi cati ons channel between the
first andvesdbRiCdeyenopertioncms vaodes spetHic Rh€ laptr{odctiansghayi m 1?2, wherein

the une intervyal, caqorresponds to plural 25 franes. 1~1. The nethod in claim
1?2, wHer SHRCTVHED ABHBERT! Y PomEoldbinbe P}?ISCSO?%@?EG @hﬁﬁaugaﬁaefﬂﬁe time

I nt i : .o, f . . L . e~ ~
| or e rifindtichithe BB 98 4t Pt ke SnchReChiel bR e sty uni 5 15
transm t tsgfaite hariwdrB nd/ot B6Ftl e For=RAmple, a counter or a timer may be

implemented in hardware or in software.

On the transmit side of the communication entity at the RLC layer, higher
10 layer packets are received in a segmentation, concatenation, and add RLC header
block 82. The higher layer packets are segmented and/or concatenated to PDUs of
fixed length. The PDU length is decided when a particular radio access network service
1s established for communication involving a particular mobile station. Once the RLC
header is added to each PDU, they are stored both in a retransmit buffer 86 and in a
15  transmit buffer 90 via selector 88. The PDUs stored in the transmit buffer 90 are then
transmitted in accordance with flow control signals from the RLC controller 80 to the
lower MAC layer for transmission via the physical layer to the receiver over the radio
interface. When a request to retransmit one or more PDUs is received, (e.g., ACK,
NACK, or SACK), the RLC controller 80 controls selector 88 to select PDUs stored in

20 the retransmit buffer 86 for transmission via the transmission buffer 90.

On the receive side of the communication entity at the RLC layer, PDUs
are received from a logical channel from the MAC sublayer. The received PDUs are
placed in a receive buffer 98 and then processed by a detection and analysis block 96.
Block 96 forwards properly received PDUs to block 84 where the RLC headers are

25  removed from the PDUs, and the PDUs are reassembled into higher layer packets which

then delivered to higher protocol layers.



1 G The nethod In claim9, wherein the count ~~alue Is changed eagh ni-ne,
InterCal ~Clth 1 nlllllber of data unltS that Should have been = *% ol
transmitted during that tine Interval. 17. The method in claim1l, wherein
the tinme penod corresponds to a round trip delay related to sending
information to the first conmunications node and receiving I nformation bath
fromthe f rst conmmunications node. 18. For use In a radi o comrunications
s~~stem where protocol data units (PDUs) 10 are comruni cated between a
transmtter and a receiver over a radioxcomulications channel, where data
units are sent during specified channel tine intervals, a nethod of
nmonitoring a COM Il uLll Catl On between the transmtter and the receiver,
conprising the steps of: (a) detecting that a PDU translinltted by the
transmtter to theQVb@bﬂWék“%W@nﬁG@a& Yﬁﬁ@b@h%ﬁ¢%%%$?@Hﬂ$§ﬂﬂﬁéﬂﬁﬁﬁel~Ter

(b) sendi n a _nessa omthe recei ~er.to the trqeinsmtter regufeqsg_ﬁng t hat

the PDU BESS Iaproaﬁgrﬁﬂw Teceiveg] SfetmanSimiteoneshuRrelos Srne-aoreratt B8 ui ¢ h
di
sendi ng th'Fm &nve(?c)kg%wléé%&gl(g & §e<Pécn'vQ‘Ab1&g6DvE1§d%Oéﬁt (%Ac

predet erm ne has startin unt er

changi ng Thay ?éttﬁsinﬁt fefgesPRI Foraunted o &fd IQLC&on&SIIexSSIPCIRfeu@.dsmﬂdb
Lntel-~--al elpires; and determ ning, based on a val ue output bS- the

esti mat Sdedzawlgm:p'rugén thw;enmit buffer &éqwm 110 Fvamr@frqurmem ;xsmclwf |
receive ~ e Io C after the n spec ie
radi o tuﬁBP’forﬁr@feQOﬂH Fsvgé él“? M‘é’q&@@ {mgxgrreqrgnsgﬁéﬁgﬁar igéé}é"d on a
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nest speC| |ed val’. t; r~,. -2020. The Illethdd 111
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| ndl caung t hat theArt@ﬂuB@ﬁtaﬁeBQHeﬁfﬂeCﬂahﬂtﬁehémsﬁu[heqmes@ﬁ@g»@fekated riggei ved by
the receiver, and if the requested PDLT has not been properl << recel ~-ed at

the rc. cdbigetion arg enalysig bisakp?6 41k stafty an estimathé PR hoenten(ERG) timen $4.
~heieln Ln (rfs(gonse tQ a chadage In a.transm ssi oa 5 rate, different nunbers
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EPC timer 94 indicates that the retransmit time is over, an estimated PDU counter
(EPC) 92 is enabled or started. The EPC timer 94 could also be implemented as a
15 counter which counts the number of radio frames expected to elapse before the first

requested PDU to be retransmitted would likely be actually received.

The EPC 92 may be set to increment up to the number of PDUs which
were requested to be transmitted, or alternatively, to decrement down to the number of
PDUs requested to be transmitted. In this example, the EPC 92 is incremented every

20  physical layer (L.1) time period which is typically one radio frame; however, the L1
period may be more than one radio frame. Within an L1 time period, an integer number
of PDUs is transmitted. The integer number depends on the size of the PDU and the

rate at which the PDUs are transmitted.

In the UMTS 59, it is possible that after every L1 time period, the
25 transmission rate may change. Consequently, the number of PDUs may change as well.
Transmission rate information bits may be transmitted in parallel with the data PDUs

from the MAC layer and are used by the RLC controller 80 to determine the



10 the time period e~plres, the counter then begins counting fromiyhg : -
requested PDU. 24. The nethod in claim 18, wherein the timer nonitor is’
anot her counter counting tine intet-~Tals in order to estinate the
predeternvned tine period. 25. For use in a comuni cations system a

col nmul ucatl ons unit conprising: a receiver for receiving data units over a
col nmuni catl ons channel from another 15 communicattons unit; a transmtter
uanslnitttng a request to the other com nuntcauons unit to transnut a
nunber of data units to the communicatigRs unit; a counter haVillg a count
val ue indicating the nunber of data units to be transnutted; and 20 a une
noni tor causing the counter to begin counting after a tine intelLVal
associated ~~~Ith the uansmt request expires, wherein the comrunications
unit uses tEnemessigmrateon detarigat bi wuprepeitist hBre RuGisontrollerahemestithates have

been transmtted t hen properl ~~ recei ved. 2G e. conmunj catt nit
"ot ai m g aer BPDsaion ik Beenrert G B aiat B4 Sbepenot ohiAr e 481 ons
channel in

R P b i e P

frane. ~ e co nicattons uni

wher ei n d@png éﬁro«;f&aw thé RATEcorfbllen BOBASed SR M rébdh Ay Weielved TRy be
transmtted and wherein the integer nunber of data anmts per channel frane

mav- disf f emfofroatiah fekeived froahtherd AT fageBsthalhoulhkavedreen iacsitedsduningdhé n
claim 27, ~i~heremthe nunber of data units transnmted during a channel
frame van€¥TeRidehdM§edPt- a Sl 2e O the data unit and a data ant

transm ssion rate. 29. The communications unit in claim?25, wherein the

time intemal associ ged iebl N AN HmbEWISsERERIPERR Rqhdsi to

required to send the transmft Trequest
be retransmitted, the detection and analysis block 96 detects whether those requested

PDUs have in fact been properly recetved upon retransmission. If so, reception and

10 processing of new PDUs continues. However, if one or more of the PDUs requested to
be retransmitted have not been received correctly as determined by the detection and
analysis block 96, the EPC 92 and the EPC timer 94 are reset. In addition, a new
retransmission request is sent requesting that these outstanding PDUs be retransmitted

(again). The EPC timer 94 is again started, and the process described above is repeated.

15 Reference is made now to Fig. 6 showing a specific example. The
transmitter sends four PDUs having sequence numbers 0, 1, 2, and 3 at a higher
transmission rate (i.e., four PDUs per L1 frame). PDUs 1 and 2 are either lost or
erroneously received. The receiver therefore sends a selective acknowledgment
(SACK) back to the transmitter requesting that PDUs 1 and 2 be retransmitted. At the

20 same time, the EPC is set to zero, and the EPC timer is started. Note that each arrow
from the transmitter to the receiver represents an L1 time period. In the next L1 time
period, the transmitter sends four more data PDUs corresponding to sequence
numbers 4, 5, 6, and 7. Thereafter, the transmission rate is decreased from four PDUs

per L1 time period to one PDU per L1 time period.

25 The transmitter then receives the SACK message from the receiver
requesting retransmission of PDUs 1 and 2. Requests for retransmissions receive higher

priority, and therefore, the transmitter retransmits PDU 1 during the next L1 time



ot her communications unit and for the communications ant to receive & 76}

transnutted data 10 unit 30. The conmunications unit in claim?25, ~~~herein
t he conmuni cation unit is a nobile station having a radio |ink control
(I'tLC protocol |ayer that Includes the time nonitor and the counter. 31.
The conmuni cations unit in claim?25, wherein the comunication unit Is a 15
radi o network controller in a radio access network having a radio |ink
control (RLC) protocol |ayer that includes the tiner and the counter. 32.
The conmuni cations unit in claim?25, whgrein the communications systemls a
radi o communi cati ons system and the comruni cations unit is a nobile
station. 33. The communicattons unit tn claim25, wherein the

comuni cati qn ystem 20 | radi o conmuni cati ons s~~stem.and the
cormmuni catpf”aﬁé quﬂq ang E@iblsﬁ@t%?%”ﬁ%‘éat% loYRBUARTTRISHON Rate (dHTIAg 25,

sher el | op@ SHHERLAG TR kAot SEPLAd D SRephiPR LR BELLAY Bt s, (e

PDU count & gi ns coun rom A reques

clai m 25, puhed einfitet el HAE PDTPBI Eh@ [EAC 8t eﬁﬁlr&ﬁwﬁkﬁren‘&@l‘ég'fiﬂéméf'cﬂﬁn[er
i nt eniral s tn order to estimate the time intei-~al. met hod for

oper at i ng Véhédn ths eI nimelfdriddiddCatslddireSpainding t@ dmpetramsngnssxb& of PEQRE 1 0the:
ri ' -22L0C1H" | ~' I}@g at the fist comnun |cations unit data units

trahsnfttgé’cbits 1Bcre@eBied RYRR®uNi cati ons unit over a communi cations channel :

requesting the second Oon?lllt In1Cat 10f1S Unit tO tLaliSIIIIt One O illoTe

communi cat i ons. uni t XerUHORNRY BETRRER BRkvieaTh Roff B B uibmette
recel ~-ed mﬁ&kﬂe@lmn%{m%aa@maw fokarRpeR IfarmAQhFRARABH PG/ EQ by et MATS M t
layer. That transport format information indicates how many RLC PDUs should be
received in each radio frame. During the next L1 time period, the retransmitted PDU 2
10  is recetved, and the EPC is incremented to two. At this count , the receiver checks to
determine if all of the PDUs requested to be retransmitted have been properly received.

Since both retransmitted PDUs 1 and 2 have been properly received, both the

transmitter and receiver continue as before the retransmissions.

However, there may be situations when one or more of the retransmitted
15 PDUs is either lost or erroneously received. Fig. 7 illustrates an example of such a
situation. Fig. 7 is similar to Fig. 6 except that the first retransmitted PDU 1 is not
properly received by the receiver. Nevertheless, at the end of the L1 time period when
PDU 1 should have been received, the EPC is incremented by one. At the end of the
next L1 time period, PDU number 2 is properly received, and the EPC increments to
20 two. The determination is made at that point that although PDU 1 should have been
received by this time, it was improperly received. As a result, the receiver sends
another selective acknowledgment back to the transmitter requesting retransmission of

PDU 1.

At this second request for retransmission, the EPC counter is initialized to
25 zero, and the EPC timer is again started. PDU 9 is received at the end of the next L1
time period. The transmission rate is increased to two PDUs per L1 time period so that

PDUs 10 and 11 are both transmitted during the next L1 time period. The transmitter
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request and foi a current transmission rate over the communications’:
channel . 37. The nethod in claim36, wherein the delay is conpensated for
using a timer and the current transn-usslon rate is conpensated for using a
counter. 10 38. The nethod In claim 37, wherein when the tinmer indicates
that a predeternuned tinme period corresponding to the delay. has expired,

t he counter begins counting to deternvnéSwhen the requested one or nore
data units should be received by the first communications unit. 39. The
method In claim38, wherein if the requested one or nore data units are 1 ~

not received.when the counter reaches a parttcul ar count he met hod
Further cSpieacts CeBREPID=E pafPangh Brd BGh sE By FRUCURL B olohE
communi caty;pe Yokt reﬁﬁl@r POUE 1 MREARE ek &) an?qu_?eriMEl.e rl%wﬁ\‘}é?ej E’ﬂSéfbx‘é%Q{
count val ue correspofiids to a nunbef of data units drat s ouléll ave been
recei ved hiynd e EPC simeerpited emdbliogsheiBPC. codied 1WhEhehemetdd fime glefibdh 36,
wherein the second comunications unit is requested to retransmt one or
nor e dat aCeHrs.orgspensling rostecephoilPEtl andsl 2.thetEPC is incremented to one. At

? - - 0
oS Bih e, i detedtich and anhlysts Blodk 96 Aidmihes ke (RN Py A A3 A

Tng) xenisodbhedl cakeslenleal cal aalhad) catheal eakbeslcabathe shghfial 2l cal

meee i Sahdrackive) dmtirut (asbeforEthe tenantaitYiod, ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] cal] ca
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10  the EPC timer is set for 100 long of a time-out period. As shown, PDUs 1 and 2 are not
properly received. The EPC timer is started shortly after receipt of PDU 3 when the
receiver detects that PDUs 1 and 2 were not properly received. The receiver sends a
SACK message to the transmitter listing PDUs 1 and 2. Because the EPC timer is set
with too large of a time-out value, the retransmitted PDU 1 is received before the EPC

15 timer expires. Consequently, the EPC is started anyway with the number of requested
PDUs received--which in this instance is 1. The EPC then increments to 2 when
retransmitted PDU 2 is received. The receiver determines at this point that all requested

PDUs have been properly received.

In contrast to a simple time-out approach that results in large transmission
20 delays and unnecessary retransmission requests/retransmissions, the present invention
adapts to changing transmission conditions and provides an optimal time to determine if
expected data units have arrived. By accounting for the round trip delay of a request to
transmit certain data units, the counter starts counting expected data units at a point in
time from which it is reasonable to expect that all of the requested units will have been
25  transmitted and should have been received. Moreover, the counter adapts to varying
conditions such as too long or too short an EPC timer value and changes in transmission
rate on the communications channel. For the latter situation, the count value is changed

by the number of data units that should be received during each time interval. More
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3! 109%&' (mhodifications, variations, and equivalent arrangements may also be used to implement
109% ()-!sl 10%& () - Qghi ] ~~ @ #3F. @ 10% ()-10%& ()-L' 109% ()- 10 10
103F. $10%&h¢ ynv@ntion. Therefore, while the present invention has been described in relation to
10 embodiments in the context of ARQ protocols, it is to be understood that these
embodiments are non-limiting examples of the invention. The invention may be
generally applied to any context where data units are requested to be transmitted and the
requestor needs to determine when those data units should have been received.
Accordingly, it is intended that the invention be limited only by the spirit and scope of

15 the claims appended hereto.
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communicating with a second communications node, comprising the steps of:
sending a request to the second node requesting transmission of one or more dara
units,
starung a counter after a time persod associated with the transmission request; and
detexmining, based on a value output by the counter, whether the requested one or

more data units has been received.

2. The method in claim 1, wherein before the sending step the method further
comprises:

recetving data units transmitted from the second communications node, and

determining that one or more of the transmutted data units was not recerved or was
impropetrly received,

wherein the sending step includes requesting retransmission of one or more data
units not recerved or impropetly received, and

wherein the counter 1s started after a time period associated with the retransmission

request.

3. The method in claim 2, wherein if the requested one or more data units 1s
not recetved or 1s improperly recerved, repeating the sending, starting, and deternuning

steps.

4. The method in claim 1, further comprising:

providing a counter controller to establish the time period.

5. The method 1n claim 4, wherein the counter controller is a timer, the
method further comprising:
starting the imer when the request is sent, and

setting the counter with an imtial value at or before the ending of the umer.

O)-1#y° $: $10%& ()-y!#y $: $109%& () - y$109%& ()-! $109& {2 17000
10 10
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5  ume pettod expnes, the counter then begins counung from the requested PDU.

8. The method 1n claim 4, wherein the counter controller is another counter

counting time ntervals in order to esumate the time petiod .

9. The method 1n claim 1, further comprising:
changing the count value after a time interval expires during which a number of

10 data units may be transmutted.

10. The method 1n claim 9, wherein the count value is incremented after each
time 1nterval untl the count value equals the number of data units that should have been

recewved from the second node.

11. The method in claim 10, wherein if the one or more data units is not
15 received or 1s improperly recetved when the count value equals the number of data units
that should have been received from the second node, the method further comprises:
setting the time period again;
requesting that the one or more dara units not recetved or improperly recerved be
retransmitted;
20 resetting the counter; and

statung the counter after the set time period expires.

12. The method in claim 9, wherein the ume wterval corresponds to a frame on

a commurucations channel becween the first and second communications nodes.

-

13. The method in claum 12, wherem the ume 1aterval corresponds to plural

frames.

|88}
(823

14, The method 1n claim 12, wherein the communications channel is a radio

channel and the ame interval 1s 2 radio frame on the order of 10 milliseconds.
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17. The method in claim 1, wherein the time period corresponds to a round trip
delay related to sending information to the first communications node and tecetving

mmformation back from the first communications node.

18.  For use 1n a radio communications system where protocol data units (PDUs)
10 are communicated between a transmitter and a recetver over a radio communications
channel, where data units are sent during specified channel time intervals, a method of
monitoring a communication between the transmitter and the recerver, comprising the
steps of:
() detecting that a PDU transmutted by the transmutter to the receiver was not
15  propetly received by the receiver;
(b) sending a message from the receiver to the transmitter requesting that the
PDU be retransnutted;
(c) starung a time monitor in cooperation with sending the message;
(d) after the ttme monittot indicates that a predetermined time period has
20  elapsed, starting a PDU counter;
(e) changing a value in the PDU counter after a next specified radio ume
interval expires; and
€3 determining, based on a value output by the estmated PDU counter,

whether the requested PDU has been properly recerved.

25 19. The method 1n claim 18, wherein after the next speatfied radio time interval,
the value in the PDU counter 1s changed based on a number of PDUs that should have

been delivered to the receiver during that next specified radio tme interval.
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message transmitted on a radio link control (RLC) communications protocol layer.

23, The method 1n claim 18, wherein if the requested PDU 1s received before

10 the time period expires, the counter then begins counting from the 1equested PDU.

24, The method in claim 18, wherein the ttmer monitor is another counter

counung time mtervals in order to estumate the predetermined time period.

25.  Foruse 1n a communications system, a commurnications ufit comprising:
a recetver for recetving data units over a communications channel from another
15  communications unit;
a transmitter wansmitting a request to the other communications unit to transmit a
number of data units to the communications unic;
a counter having a count value indicatung the number of data units to be
transmitted; and
20 a time monitor causing the counter to begin counting after a tume mterval
assoctated with the transmit request expires,
wherein the communications unit uses the count value to determine whether

number of data units have been transmitted and then properly received.

26. The communications unitt 1n claim 25, wherein data wnits are communicated
25  over a communications channel in channe! frames and the counter is incremented after a

channel frame.
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29, The communications unit 1n claim 25, wherein the tume interval associated
with the transmit request estimates a time required to send the transmit request to the
other communications unit and for the communications unit to recewve a transmitted data

10 unit

30. The communications unit in claim 25, wherein the communication unit 1s a
mobile station having a radio hink control (RLC) protocol layer that includes the ume

monttor and the counter.

31. The communications unit in claim 25, wherein the communication unit is a
15 radio network controller in a radio access network having a radio link control (RLC)

protocol layer that includes the timer and the counter.

32, The communications untt 1 claim 25, wherein the communications system

1s a radio communications system and the communicattons unit is a mobile station.

33. The communications unit in claim 25, wherein the communications system

20 1s a radio communications system and the communications unit is a radio network node.

34, The method in claim 25, wherein 1f a requested PDU 1s recetved before the

ume period expires, the PDU counter then begins counting from the requested PDU.

35, The method 1n claim 25, wherein the timer monttor issanother counter

counting ume intervals 1n order to estimate the ume interval.
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36. A method for operating a first communications unit, comprising the steps

of:
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5 determining at the fiist communications unit when the requested one o1 more data

units should be recerved ncluding compensating for a delay corresponding to the transmit

request and for a current transmission rate over the communications channel.

37. The method 1n claim 36, wherein the delay is compensated for using a tmer

and the current transmission rate is compensated {or using a counter.

10 38. The method 1n claim 37, wherein when the timet indicates that a
predetermuned time petiod corresponding to the delay. has expired, the counter begins
counting to determine when the tequested one or more data units should be recerved by

the first communications unit.

39, The method mn claum 38, wherein 1f the requested one or more data unuts are
15 not recetved when the counter reaches a patticular count value, the method fuither
comprises:

sending a fetransmut request to the second communications unit.

40.  The method in claim 39, wherein the particular count value corresponds to a

number of data units that should have been received by the first communications unit.

20 41, The method 1n claim 36, wherein the second communications unit is

requested to r1etransmit one ot more data units to the first communications unit.



