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APPARATUS, AND ASSOCI ATEDMETHOD, FOR FACI LI TATI NG

RETRANSM SSI ON OFDATA PACKETSI N A PACKET RADI O
WEONMONBGATI ON SYSTEMIHAT UTI LI ZES A FEEDBACK PCT/US2004/021364

ACKNONWLEDGVENTSCHEME The present invention rel ates

generally to a radi o conmuni cati on system such as an

| S-2000- conpl i ant cel l ul ar communi cati on system that

conmuni cates franeformatted, or other

packet-formatted, data pursuant to a hybrid ARQ

( HRAGPARATES, AND ANSQGIATERME THAB, HOR EAGILITATING

f et r AHSFRANSMISSHONOF NATA BAGKEBTS AN 4 PAGKET RABIO

i nvenCUOMMENICATTON S PAEM THARATTHAZHSsA FFERRBACK

met hod, by whi ch ACKNOWHRD(GMENE SETHEME ansni ssi ons

when t he acknow edgnent feedback and packet formatting

schenes are carried out at nmultiple logical |ayers of

the radi o communi cation system The present invention

al s %ﬂ%r@sgﬂ@fn%bﬁt%r?fgia)(es@%h&%ﬁ? td Qraﬁﬂp@&ﬂhﬂﬁcatﬁﬂldsy@@m, such as

assocli whi ch better to control

AR é;e%%za@r rcérﬁgn%%i‘c?ﬁ% ST SR e
et b P AR R s o SR A, s

earlier retransm SSI on V\,hen necessar of a data
acknewted gmpeifeedbark and rtapynisyion sshemee Mgre particylarly, te present
data franme is detected at a | ower-1|ogical |ayer, an
inverdionatlates tofpganaud, and ed agbetipted methard, py owhicheid coordinate packet
hi gh-1ogical |evel and the data retransm ssion

reG RS QS widi the péleokwidiRmcheReisk 286 hackst fEGARIRIESclRdnges are
obvi ated. And, when retransm ssion of the data frane

ca?ﬁ Skt afhuligl€ (Egg%‘ij 198 f ﬂﬁetﬁdm%oﬁfi‘ﬁﬁrﬁ@atﬁﬁlsyéf&hy The present

catlon I's | I'"kely to be generated nerely due

m]g/?rg%geal{xh BIreﬁ)%rtfc%tiaerhfolfe%iﬁe%ttg Qﬂ%&&sﬁ 585 8.19 faSﬁtDPfoa eqq{ié’[hod by which

conmruni cati on S m t hat provi des [ oLever
better to contro{ generation o? negative a owlecfgmen requests dg{a frames are

retransmitted at data rates lower than at initial data transmission rates.

Coordination between the logical layers is provided to permit earlier
retransmission, when necessary, of a data frame. When an indication of failure of
delivery of a data frame is detected at a lower-logical layer, an indication of the failed
delivery is provided to a high-logical level and the data retransmission commences.
Multiple-layer feedback acknowledgments are obviated. And, when retransmission of the
data frame occurs at a reduced data rate, a failed delivery indication is less likely to be
generated merely due to the reduced rate of retransmission of the data frame. When
implemented in a CDMA-2000 cellular communication system that provides for reverse-

link 1XxEV-DV communication services, improved communications are provided. Better
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| XEV- DV communi cation services, inproved

communi cations are provided. Bettercontrol
wo@bt@snmini cati on when segnented frames are PCT/US2004/021364

retransmtted is provided, and inproved coordi nation

between RLP and H ARQ retransm ssions is provided.

BACKGROUND OF THE | NVENTI ON Many aspects of nodern

society re U|re t e connunl t|on of data. pyr.suant. to
copdl GePEET AR Bméynd socipetifed IS roVideg and
_heed to cpnnunlcate data shaII i kely continue and
impEyvied geordinetian betwesn RdPand SirdR @ retyansmispions isaredded.

technol ogi es permt additional types of comrunication

services to be effectuated. Data is communi cated by

way of a conmmuni cation system A comrunication system

i ncludes, at aBACKGROUNDSOF THEINVENTI@NI on
stations including a first comunication station and a

S €CORELr RPN SBhb&in §$c?5t579 uirbRe G&J%Hﬁ'c%’&ﬂ &¥Yata pursuant to

stations are | nt erconnect éd by V\By of conmuni cat’l on

theC g@&@faltlon Q?I: ﬁn{%aﬁ(% 5@'51%%(5 g, Iié ﬂe%h tc9 I‘,orhllilx cate data shall

omruni cati on s I ons 0 aS a S€
atian. ata.i s sent t he sendin statJon
kg onBie, Mmoot R et o P nierts ThASPER i GHtign tredasics
a second of the communjcation stations, referred to as
pegmit ad@HonaH Gynss of PORMUTICALoRIEYiGPS G bschiertbatediet ect s t he
data conmuni cated thereto and operates to recover the
i nf dPataisi conahurgentedeby wah of @ ofmmanicatidrosystenmudicosmiumication
systemis a conmunication systemthat utilizes radio
systearinelhdesyftamisimatn, b ectad comfivbidationl shHolddahsleding tatast
comruni cation stations. The radi o channels are forned

coﬁﬁﬁﬁnéa@i@h QtakibRkad 888don8 domRRRiAti6RehQorRi The dHndhfifiEfion stations
| i ne conmuni cation systens, in contrast, require

aréamftérécﬁglecfed B ’Wa oba, c%nln'nﬂﬁcaﬂ&ﬁ @ﬂﬁﬁ{ei. q?atg & cyi@gqﬁ‘atécp& a first of the

conmuni cati o ations upon

co%g]mm%% 1@@{5 Hn%?e cgfc'ot %’?gﬁs‘tgﬂ&&ég‘ﬁ R&%‘? @a(%a 1S senpby the sending

communi cati on systens_provide vari ous advantages that
statiopaip P qogypication channel to be delivered to at least a second of the

communication stations, referred to as a receiving station. The receiving station detects
the data communicated thereto and operates to recover the informational content thereof.

A radio communication system is a communication system that utilizes radio
channels upon which to communicate data between the communication stations. The
radio channels are formed upon radio links defined upon a radio air interface. Wire line
communication systems, in contrast, require a fixed, i.e., a wire line, connection between
the communication stations upon which to form communication channels that are
permitting of the communication of data therebetween.

Radio communication systems provide various advantages that sometimes favor

their use over corresponding wire line communication systems. The physical
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their use over corresponding wire |ine conmunication
systens. The physicalinfrastructure of a radio
W@ ooosed3cat i on system for instance, is gener abdTUS2004/021364
relatively less costly to install than that of a
corresponding wire |line comunication system Initial
depl oynent costs of a radi o communi cation system
_therefore, are generally less than those of .
mﬁféih‘rué%‘?)ﬁ%‘i ngq,\ﬁqngpplﬁgatwnwgﬁm@ rpgﬁﬁalgg,slfs &eperally relatively less
Additional ly, and significantly, a radi o _conmunication
costys todnsteh thanghatrof e eorasretdiag vdradis dosrgHealionsasten Initial
system In a nobile comunication system
deployiient cats i radioi dohtnyuriication aystetedthertfae, ars gemerailydess than
nore of the conmunication stations of a nobile
thGRBTERIrEPoh8ing WifdliRB chbSnTRiatien yAenkOtAddifibraBe, 4@ significantly,
operation at a fixed position. A cellular

a 1%8% | oY b Bah Be ?mfglﬁéﬂfénf%g 292 RdbRe rcaﬂlifnﬂnﬁcation system.

ommuni catron systemthat has achi eved significant

| l. f . Th ks. of i . . [ L. ul .
Ingdiakife coea?wu‘iﬁiaﬁv&sgﬁﬁgﬁ%%&8§8§“°d1§%{’%1§1§§“?’g""é‘ﬁe@g s, one or
te ti ft | d.. Tel ephoni .
oG R GBS S 45108 PR BB e HERTBRIcF i MATRbIoRROte and not

cel lul ar comuni cation systens through the use of
limrisds! toeopstasioh ehs fixathpesiis. radi o conmuni cations are
ef fectuated during operation of the cellular
conmAlrekhdll exmmysitaionsyttemdas adypeatfmmotilepadio canfungation system
comruni cati on systemand a nobile station to

thelf a8 GbMa¥ Rl soriAEa iveRIof QBagee IThe tetwolkeofaragidus celiular
enconpassed by the cellular comruni cati on systemis

co%ﬁﬁﬂl@&ioﬁlysygtgﬁs Bh@&@ééﬁ_@tﬁgﬁgeé io?%‘ébliis)ﬁﬁ 1225 opulated portions of

transcel ver stations. ase transcei ver “stati ons
eac djf'n a _coverage. .ar e referr ll%'
g §5°nd eaps PR ERGUEASRe ol B by e Bt o cotutr
coverage areas of all of the base transceiver stations
o FRION G F PR HrAREt e HSe ALBARLS LR By ThHdSg9dbem
The network part of the cellular communication system
comirgunipaiong gesselagtnated) dusing ioppraomptithe seliul prcapnpavmtation sgstem
connection wth other comunication
between a network part of the communication system and a mobile station to effectuate a
communication service.

The area encompassed by the cellular communication system is defined by the.
placement of fixed-site base transceiver stations. The base transceiver stations each
define a coverage area, referred to as a cell, and the aggregated areas of the cells defined
by the coverage areas of all of the base transceiver stations together define the area
encompassed by the system. The network part of the cellular communication system also
includes control entities and entities permitting connection with other communication

networks, such as PSTNs (public-switched, telephonic networks) or PDNs (packet data

networks), such as the Internet.
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net wor ks, such as PSTNs (public-sw tched, tel ephonic
net wor ks) or PDNs (packet data networks), such as the

WO niososr4 A nobi |l e station, when used to comMmuUPCTHSI®04/021364
data, usually conmunicates with the base transceiver
station positioned in closest proximty to the nobile
station. Viz., the nobile station conmunicates with
t he base._ transceiver station that 8efi nes.the cell tin th th
whi ¢hmoRie §EEPRVRIIASPS P GOETBUFALP GpladSUaly cerupfgates with the
generations of cellular comunication systenms have .

babetransdeive] $aa nosiionedinosiessst mevingerie the mebilesiaiiQingViz., the
are being depl oyed and others are under devel opnent.

mé&¥sile satfonaontnineni cates- withn thedksomarsys verstatian ¢hat defingsdhe edll in
as being thirdgeneration (3G systens. In general,

whibE 8R RysilBioAiSpoditshiedat ed at | east in part upon
packet - based communi cation schenes. In a packet

co %&%Ne?@n&ﬁ@mf B8 dRhunidatidd H&eme Wﬁéégtd@deloped

is formatted I nto packets and the packét-formatte
, . od i . .
o HeRloy B0 ¢ SR RERLER Fort s hElR oot i S e Ber
t i cati i ce. ddi ti .
adiglopaist Qi PHbS TPurgprehor el e seetef PR

systens, are also predicated at |east in part upon
goparskion (Haksitems. §n genqralniheseorRismseEe PIeivath pEigett dppart upon
schenmes. The operating paraneters are of an exenplary )
pdckétrihsgbermmmthioati@osthemes dniagrackst sommunication s¢hsimehdata that is to
an operating specification referred to as the CDVA
b2EREmeRestad istermaed iifogatkanandihe pagket-drivageddataiet er s
set forth in the CDVA 2000 operating specification

chRMhided (Pthe RATKEE 2 RARS I 8k PadkRITTY RifE@HALE theS¥nMh@Sation of
Further operating paraneters related to high speed

R
R S BB B SN R AP oo on

packet-based, e.g., frame-formatted, communication schemes.

The operating parameters are of an exemplary third generation communication
system is set forth in an operating specification referred to as the CDMA 2000 operating
specification. The operating parameters set forth in the CDMA 2000 operating
specification provides for packet based data communication services. Further operating
parameters related to high speed data communication services have also been
promulgated to provide for the effectuation of high speed data communication services in
the CDMA 2000 system. A 1xEV-DV data communication scheme, for example,
provides the operating parameters pursuant to which high speed data communication

services can be effectuated in conjunction with a CDMA 2000 communication system.
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provi des the operating paraneters pursuant to which
hi gh speed data communi cati on services can be
we@Rdosmo43at ed in conjunction with a COVA 2000 PCT/US2004/021364
comuni cation system Hi gh speed data comruni cati on
services are effectuated in either direction, i.e., by
the network part to a nobile station as well as, also,
by a nobile station to the network part, Exjsting,
Hi@é spéedriatagommunieationservigss speeifaciuaiad ip sithardiretiory e., by the
conmuni cation systemin terns of |ogical |ayers,
netwarkpditrig aamobileBtatiBads welliaskalfey, by e sadbjle|stagion 40 theapgbyork part.
and an MAC (Medi um Access Control ) |ayer or
sub-tauels veribhs aihedpeestingaspeci fleationtdefine thefcoampmication system
formed at the RLP |layer, and MAC | ayer formatting is
in?%‘érfégg?%icﬁtla}leﬁe irl¥hfdinh P BRAidlo L aNeEPDtdébl) 1bgi6al Fayer and an

ackriow edgnent schene used to detérm ne

AR M S e BT R B
S 5 R S S b P b i

channel (R-PDCH). Two different types of transm ssi.ons
laygre Both lavems adlisna faedbackipgkneyledgmendischemg W0 A germine whether

transm ssion is defined. In autononous transm ssjon,
toaetrinamites/dato framda The R Mriayarivgitizesd NAKabasgd catranppispiey scheme

is provided. Wien the nobile station operates pursuant
arldGh@M A0 tayetistilizea asd S ARQscheie. nobile station is

permtted to conmuni cate data at a data rate up to a

pr edg&iFhARA HipRr il SpecHida@oH H8Gndsaa BT SBAcREt Data channel
al so defined hi Schedul'ed transm ssi on, the network

(ﬁr%gthge 1o dibBRnPAREs &@ﬂgxgﬁ’ssio‘iiﬁwr}i@xlﬂ%dmeiﬁistcﬁ me]. First,

station Is ermtc to transmt at next I gher

rates fromthe aut us_ transm ssion..up to . eak
e T ahd G & eSS eaE By R data
rel atively short frame |engths, e.qg,, five or, ten
cqwmt}osle%wa@}wentr?}}ﬁdovéﬂ%‘%ée% e‘f\’g?f? ermpeinivestation gperates pursuant
conmuni cations, hybrid ARQ (H ARQ feedback is also
tolautdrionmas transmpisgion, dhemebils station is pewritied tq ¢ranppnigee data at a data
error rate due to power control inaccuracies.
rate up to a predetermined data rate. Scheduled transmission is also defined. In

scheduled transmission, the network part, e.g., the base station, determines when the
mobile station is permitted to transmit at next higher rates from the autonomous
transmission, up to the peak data rate. In addition to the communication of relatively
short frame lengths, e.g., five or ten milliseconds, to improve the delay performance of
communications, hybrid ARQ (H-ARQ) feedback is also utilized for the reverse link to
reduce the frame error rate due to power control inaccuracies.

For instance, any time in which the mobile station is to communicate data, the
mobile station is autonomously permitted to transmit at data rates up to a data rate, €.g.,

9.6 kbps, specified during the call set-up procedures. For scheduled transmission, the
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For instance, any tinme in which the nobile station is
to communi cate data, the nobile station is

wa@uioshospusly permitted to transmt at data r aP@EBFUSIHOL/R1364

a data rate, e.g., 9.6 kbps, specified during the call
set-up procedures. For schedul ed transm ssion,

t henobil e station requests permssion to transmt, and

t he network part responds with a grant, including a

mabyllg stalion GFAMEsTs PermHEsioRlg) transwitaanddhe networe parptasponds axdth a
to transmt the data during a permitted duration and
geant,dnoluding piralg agrignmendt dhe Bwbile statiom rtberspamitted to transmit the
schedul ed transm ssion uses the sane type of H ARQ
dieekibiag k paukitiedidedtjor abd arpwimitssd dafdhatd+ ARQ schene
exhibits the attributes of nultiple ARQ "channel s" and

Sy nc ot AusncsdRAM SEIHABRY traReh{s&08 %&%@%f%ﬁgfe H-ARQ

encoder packet is performed up to a selecte

féeﬁﬁﬁﬂ%ﬁﬁfeeﬁﬁent\pﬂéchaﬁﬁ& E&%}Pﬁe%(gyc%%&%.ele.ﬁg?%tﬁegggbg&es of

procedures, a symetric nismis

ul- ef _between the bile station and the

n@?&%ﬁs@ﬁé? K quustaﬁg?%ﬁﬁg]ﬂqlﬁahﬁgwsgygq%ofan
03] roblemwi th the existing comunjcation schene set
e P R BOEG SR 0 PSP F G oMb Pl reptsaissivgs. With the use of
specification pertains to feedback acknow edgnents
reYGESe gk FEAREhBocedires a symuetric PaARQtsechanifmaspoyided at the MAC
RLP-formatted frame mght first be communicated in
sipolayerdpteedngtie frvbite station midythe taseatranatdvearRthtibh ©Nthe
retransmtted in segnented format a | ower data rate.
cofinnicefisragysteni t ed at the | ower data rate, a base
transceiver station formng a receiving station m ght

i ndi oak BrobldmiithriRe Q)Eist?‘g éoﬁﬁﬁﬂtﬁ@eftioh@gh%?éasae]t g#vﬁhitgglae existing

ti meout caused by Its ransm ssion a

. . Jretransm ssi on of .the data frane
Ve Ebf o b ol b b AR oo bRelb b i Emapla g
f feedbac cknow edgnents, excessive air resources
e SR S PR A Tan T o AL BaTaatied ok ot ghidsebe
at the nultiple
communicated 1n no%—segmented form at a high data rate and then retransmitted in

segmented form at a lower data rate. When retransmitted at the lower data rate, a base
transceiver station forming a receiving station might indicate a failure of delivery of the
data due to timeout caused by its retransmission at a low data rate even through the
retransmission of the data frame is ongoing.

Additionally, due to the multiple layers of feedback acknowledgments, excessive
air resources are used to communicafte the feedback acknowledgments at the multiple
layers. The multiple-layer feedback is duplicative and wasteful of radio resources,

If a manner could be provided by which better to provide control over tﬁe
retransmission of data pursuant to an acknowledgment feedback scheme would therefore

be advantageous.
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| ayers. The multiple-layer feedback is duplicative and

wast eful of radio resources. If a manner coul d be
w@e@gioasdt by whi ch better to provide control OREF/USINE4/021364

retransm ssion of data pursuant to an acknow edgnent

f eedback scheme woul d therefore be advantageous.It is

in light of this background information related to

retransm.ssi of data i agkert . ni cati.on .
systbtin jERt b epgrpidinPrRRP it El Paefitpiggton of data in a
resent invention have evol ved. SUMVARY OF THE . .

PaBWERFPPt‘NWPH@n Bysiae fat F*r?\ﬁé%ﬁlﬁ?ﬁ?? Iro¥eTaeni pl/the present mvention

advant ageousl y provi des apparatus, and an associ at ed
hapyeeidued.f or facilitating comunication of packet data

in a radio communi cation system such as an

| S-2000- conpl i ant, cellul ar conmuni cati on system

Frame-formatted, or other packet-formatted data is

comuni cat ed pur SUMIMATOY OF TTHARMNVENTIOMN! ,
acknow edgnent and retransm ssion schenme. Through

OB S RP R o IS, SRR B, o
AR BP0 PSSR L 5
R o 3UE, S S RSB RS e S

invention, a manner is provided by which better to
Frematfpanatipdnerreiherpackst-fomepiierd dataje keronpaigains Rurspenf de ar H-ARQ,
when data franmes are retransmtted at data rates are
orl otlveey ackhewled gmeemnti and abtrahamisstonsnbemssi on rates. | n one
aspect of the present invention, coordination between
t he Tiaghgabdpdr@itdl of abenibodithdie df thapdesedyihi@ition, a manner is
retransm ssi on, when necessary, of data is permtted.

pr¥0i8Bd BP which to coordinate frame retransmissions when the acknowledgment

feedback and packet formatting schemes are carried out at multiple logical layers of the
radio communication system.

Also through operation of an embodiment of the present invention, a manner is
provided by which better to control generation of negative acknowledgment requests
when data frames are retransmitted at data rates are lower than at initial data transmission
rates.

In one aspect of the present invention, coordination between the logical layers is
provided, and earlier retransmission, when necessary, of data is permitted. When an
indication of failure of delivery of a data frame is detected at a lower logical layer, a
message is formed thereat, forming an indication of the failed delivery. The message is
provided to a higher logical layer level, and the data retransmission commences. The

need otherwise to utilize otherwise multiple layer feedback acknowledgments is obviated.
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indication of failure of delivery of a data frane is

detected at a |lower logical |ayer, a nessage is forned
wo b@seat374 f ormi ng an indication of the fail ed BEl/US®OY021364

The nmessage is provided to a higher |ogical |ayer

| evel , and the data retransm ssion conmences. The need

otherwise to utilize otherwise nultiple | ayer feedback

acknow edagnent s i.s obvi ated. | n apagt her..aspect af the

o 63 BAPSTRBRER i MBI FICR LY G RPG Fioh AEH (ERY MHRangpRare loss
.less likely to be generated when_ the retransm ssion of
likght tg heéea%%?eém@& the redrapsraistien ohdats & periggned in spsm%tyg parts.

when non-segnented data is first transmtted and then
Thagisrte sayrivihen donrsegoented date i shirasmattedeanddben tragsmitted in

rate, a failed delivery indication is less likely to
sepactited forned aredwedeyt ddtaeatiepa fdiled detiverethdicatien tlesstiikely to be

the data is retransmtted. Fal se indications of

refuftdduh&eBf duded thedbweRl rat8 adwhithltBS Sath iskBirdhshRitQr Gtilse
resulting in inproved communication perfornmance as

inméﬁon@%f ?aqfu}f%f déth{véf | s s iRy %o b&af QF&%% igtilltngﬁoved

conmuni cation syste n an exenpfary i npleme

i nproved cQq nications.i - 200 el lular .
com BRI CA POy EE & et P rlauopgy radigtpstiyles in the
commyni cation services are provided. Better control of
COEBPHANTRICASYSHMi s provi ded when segnented franes are
retransmtted. And, inproved coordination between RLP
and InapReemplarismpenetiations ipproyedieemmpaicatidng ipra RN ¢.-2000,
is perforned at a higher |ogical |ayer, such as an RLP
celliadcamibiinicativmodysteol that myerdeafod 1kBER¥AD Froowintiededtionaervices are
| ower | ogical |ayer, such as an MAC (Medi um Access

pré&daaéd. oBgtte? dbntk @l com¥aicafién itpievided WHEH sdefiéBied frames are
formatting is perfornmed, and a resultant frame is

re HEMH £ 5 gro@eé eoHingst ﬁétbvgﬁn Rep ﬁ?f-gkgﬂgnsmissions is
station. The communi cations at the MAC, or other,

rl@ég% | evel |ogical |layer are performed pursuant to a
PrYeedback acknow edgnent schene, in particular, an

H ARQ f eedback .sch . . .
Ff%ta ‘ia‘oermatat?ng 1? ger%rrlrened at a higher logical layer, such as an RLP (Radio

Link Protocol) layer and then provided to a lower logical layer, such as an MAC
(Medium Access Control) sub-layer. MAC, or other, lower level formatting is performed,
and a resultant frame is communicated by a sending station to a receiving station. The
communications at the MAC, or other, lower level logical layer are performed pursuant to
a feedback acknowledgment scheme, in particular, an H-ARQ feedback scheme.
H-ARQ indications of either successful transmission or failed transmission are
returned to the lower logical level of the sending station to be detected thereat.
Responsive to detection of the indications by a detector embodied at the lower logical
layer of the sending station, a status response generator generates a status response

message. The status response message is provided to the RLP, or other, upper logical
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H ARQ i ndi cati ons of either successful transm ssion or
failed transm ssion are returned to the | ower |ogical

wo eanslo4s74 t he sending station to be detected tPEr/Es51004/021364
Responsi ve to detection of the indications by a
detector enbodied at the |ower |ogical |ayer of the
sendi ng station, a status response generator generates

a.status respons ssage. .The st at respaon nes e, . .
ety TPl GURRL e Pt oo, Weh TR Gl P o2 it et i
. layer to_indicate quickly the receive indicatjaons.
indpprted. ftag REB, ereathsy aipperplogiqsdlaygt eonmenchg retanagissipp grocedures.

RLP, or other upper, l|ogical |ayer commences
Theglatedn prrivadadagairto teelowes logitablagiert and thedatanis thanstgitiied to the

to the lower |logical layer, and the data is
redeblingstatioii.t ed to the receiving station. The receiving

station utilizes a retransmssion tiner for timng

ti NErReEd ARG SRBACHANARY a\WbttdhshiiRicAtInh b Y iR ingdBh&periods
thereto. The data communi cated by a sending Sstation to

i Wi stat] [ icat in. . .
ol R B 4549 M B A o LA st
he dat.a m ght.occur at a . lower data rate,th t he .
to i ey g PO R« Mine AR oh S Sl Frnsiiomodes.
is made .at the receiving station that data is recejved
ThegetsasmissiaPiiths fata raght Oseyn b a lewerdlaiaatehasthg pugal 5
| onered data rate, the segnmented portions are buffered
tragsmigsion o€ theatatd. niV lsufaf deteramnption ismedr ik regeibingfstation that data
timer is used to determ ne when to request subsequent
is reetivad Andegmiented dbrmi, indickdive of kétraasmagionnt & tbwwoed danraé, the
the data is not detected in the tinme period within

sephbmbd ?Moﬁ@&@%ﬁ’@ﬁd% a Bakbi@incinBRfet AdPSreldtfuenéig Differ timer
Indication is returned to the sending station to

e | . ar b
o 4 bl iAo il Sy SRATROH B i "
t 1,.SSi t.h t . | d t.a. .
sefiiebRUHP) Rt deimr aaf Rufet indpe GHEREtod P i Bhin s

of the datg, .assum ng retransm ssion of the data at. )
resleﬂgechwé?uf? HAR{mes-QHt la.gtl\gAK indication is returned to the sending station

to indicate the failed delivery of the segmented portion of the data. Accommodation is

thereby made for the retransmission of the data at a lowered data rate. Unnecessary NAK
indications indicating failed delivery of the data, assuming retransmission of the data at
the lower transmission rate.

Thereby, improved communications and improved usage of radio resources is
provided. Multi-level transmission of feedback acknowledgments at multiple levels is
obviated. And, erroneous indications of failed delivery of retransmitted data is less likely
to occur.

In these and other aspects, therefore, apparatus, and an associated method, is

provided for a radio communication system. The radio communication system has a
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Ther eby, inproved conmuni cations and i nproved usage of

radi o resources is provided. Multi-level transm ssion
wotoospenhback acknow edgnents at rmul tipl e | evel BCT/8S2004/021364

obvi ated. And, erroneous indications of failed

delivery of retransmtted data is less likely to

occur. In these and other aspects, therefore,

appar at.us, and .an ,associ at ed t ho is pravided.for a
sciihg SetORRNTEAE R 18 SBT B P ks BEHRTHIEIEd ghn hper-

system has asending station that sends data to a .
leyed degical tryes angd ingmen unpst-tRyekdata frapenghe uppestleveh data frame is

upperl evel logical layer and into an upper-1level data
providedto allosveribyye! logimakdubdlayer. fThamppérdeysl deiadiauhne is fiarther

| ower -1 evel |ogical sub-layer. The upper-level data
fofrh@ed thé&redtunifole leaktasneadwedetdidraart Thatlowertleved dsdicad heyer is

| oner | evel frame. The lower |evel |ogical l|layer is

opibi r@uaﬁ\%‘{oséimIAR% fedibhtI RRehe e REASHSHE GBI the sending station

Retransm ssion by the sending station of the ‘upper
vel [ di I.£: ecel.Vi

o nsh ) 40 i LR B L BRSO Dy o
| ower | evel franme. An._H ARQ dete r. i s, eabodi t

CeEUS G AE RSP 5P YA B AT R O ARl R teagadEit e over
detects H ARQ i ndications, i.e. acknow edgenent, .

leyed degierd gulbiayeh eTheeE&l&Qrﬁgt%foa@P@ﬁts%Aﬁ%H%%ng Le.
station. An H ARQ status response generator is

ackndwltigemett, rehiendddwyethe krepgisling siafiandp thagenimgestatiomhdn H-ARQ
response generator is adapted to receive indications

stathis epast igomsatobdenthodiddat heARRediev edbgical sibrdaydr ARG response
status response generator generates an H ARQ status

cdnBRRANS SIIPRISB Y6l R indithtions oY détectidhe mHAB BN theMEARQ detector.
| ogi cal |ayer. The nessage notifies the upper-I|evel

T]%e(n)%%‘/%lg? skﬂﬁeg&?@?géﬂ%ﬁtﬁ; ; age%taﬁﬁ—%ﬁ{(g %ﬁgg%g)gﬂse’fi%?% e for

ifon 1n ng t e receivihg stat
dequately to.receive the | east ane.l ower-| evel .
adfivais WiotonseRl Paird) lapgy g agee o geiE bppdiefye! logica
oper abl e responsive to receipt, of .the H ARQ status ..
layesphsadhe sb@t@c@r&ewrwlg él@fﬂ@tleﬁmcqt@&éhata%q Tgeeiving
frame to the | ower |evel |ogical sub-Ilayer.
station fails adequately to receive the at least one lower-level frame. The upper-level

logical layer is selectably operable responsive to receipt of the H-ARQ status response
message to provide again the upper level data frame to the lower level logical sub-layer.
Also in these, and other, aspects, further apparatus, and an associated method, is
provided for the radio communication system. The receiving station comprises a
retransmission timer. The retransmission timer times a first time period commencing
with at least anticipated reception at the receiving station of the at least one lower-level
frame. The sending station selectably initially sends the at least one lower-level frame in
segmented portions at a second, reduced data rate. Reception of the at least one lower

level frame in the segmented portions is facilitated. A retransmission timer resetter is
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Also in these, and other, aspects, further apparatus,

and an associ ated nethod, is provided for the radio
WE 0ve3cat i on system The receiving station cRPOPUSRE$021364

a retransmission timer. The retransm ssion timer tines

a first time period comencing with at | east

anticipated reception at the receiving station of the
adgépclégqa%tse;@g ﬁﬁ]ll({%fvg{lq | gelﬁafgrrlg @cgq-l’;{]qe ned%%g‘iegttegtplo?tlnons of

| ower -1l evel frame in segnmented portions at a second,
refrangmdssiPrgRftthe lostes-levrb Eape abthe second ereguced dataratsn dheower

| evel frane in the segnented portions is facilitated.
retfansatissamsimesiesaitet cavses resstting eff the sechagmission tinves wdien ¢he lower

i ndi cations of detection of reception of the segnented
lew flain@nS rebfansifited s thesegaented pérfiend. over - | evel frane at

t he second, reduced data rate. The retransm ssion

U1 MBL pf oS %&ﬂ%te%ﬂ?e%ﬁtibﬁ %?Eﬂeiﬁ&eﬁf inb&fioh@hd ARSELSSIEROS can
timer when the |ower level frame is retransmtted In
the.s d ' ] jat i

be sy A R Blrbt o Rl Ui, AERLG R LR, e
oht ai_.ned. f.ro he acc anyi raw ngs at are

Ao PG alifiat 15 S BRTOR eI oA ouBe i Bfogm g the
the presently preferred enbodi nents of the invention,

appendled slimppended cl ai ms. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 illustrates a functional bl ock
di agram of a radi o communi cation systemin which an
enbodi nent of the present invention is operable.

Figure 2 il | BRIERDESGRIPPIONIOF IYHL DRAYWENGS at i on of
portions of the radio comunication system shown in
Fi gutigurd 18N6stRkesS ARG JnADLIBED BiagaB o iHalifd L oRRRIMAEARA system in
of theé radi o comuni cation systém pursuant to
o0 ' ent invention.
w@&?&@é gum eﬁg rtiai{gfégérﬂ%%ﬁggn Hbg’\?\, gfes

I gure [ S a net lagram |isting the

-

et t%‘:{gurg f2 iR gsi 210 gi%fal ltagl?eei“ represen{ation of porfions of the radio
communication system shown in Figure 1 and of signaling generated during operation of
the radio communication system pursuant to operation of an embodiment of the present
invention.

Figure 3 illustrates a method flow diagram listing the method of operation of the
method of an embodiment of the present invention.

Figure 4 illustrates a representation of an exemplary relationship between data
formatted at an RLP layer and at an MAC sub-layer of a sending station operable
pursuant to an embodiment of the present in‘}entio;l.

Figure 5 illustrates a representation of an exemplary transmission pattern during

exemplary operation of the communication system shown in Figure 1.

11
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met hod of an enbodi ment of the present invention.
Figure 4 illustrates a representation of an exenplary

wo edoandsmshi p between data formatted at an RLPPCHYS2004/021364
and at an MAC sub-layer of a sending station operable
pursuant to an enbodi nent of the present invention.
Fi gure 5 illustrates a representation of an exerrpl ary

tra ttern durin ar eratlon
e N i Y &OHEP pigfe of sclmented
[ I I ust rates a representation of exenpla
poEiihnon aclata Tame prrseapiimensgatiarafian ﬁglbefhf%?nél af thepregart invention.

pursuant to operation of an enbodi mrent of the present
i nvention. DETAILED DESCRI PTI ON Referring first to

Figure 1, a radio qﬁrf%ﬂ t']@gg fON Sshown
generally at 10, provi ED D feu'l%’grrrmnl cation of

combir AT & Fg%%% Pl cgﬂéﬁhéa?{??é%@%m@%%%ﬁy =10,
i b Gon St o, G thespeakeormatd, data. The

conmuni cat ed pur suant to effectuati on of communi cati on
cogwpiiession sysiemdennmg mpbi-usen sermnwaicatiensystanthaving Pplurality of
(Voi ce over Internet Protocol) conmunication services.

mdnilet strei oax, cnfpviacly thie mpdbélestatiah isomepresdrgativad iData is communicated

comuni cation systemforns a cellular conmunication

pusstshieefeatuadR£s Blodin@RORIoalskividey) iftlading! Br ifdfince, real time
operating protocol set forth in t he 2000

V&P?V@Ide%eﬁﬁ%‘&h&'f‘%@t’obﬁ?coﬁ&%n&@(g’%ﬁ*&hﬁéé' on systemis

al so represent ative, however er types of
description
grqd aE escr ar§¥ﬁéﬁﬁfeg}a¥’h%pt§? |on%np&§ﬁ&g) Sgg Iiﬁfrlnﬁ?
resent invention with res toits
Ce}tl\q!ﬂT g‘?’f’é‘ﬂ’t’%‘?? Hap gygten e%?fog VPHWPWG?&RWP@%% grotocol

stem_ in _other inplepentations, enbodi nents of the
seb Ebém o GRMH 2O wtwe@ﬁg@mp i Tip IcerrERInEcdtipm systdne ks also
types of conmunication systens.
representative, however, of other types of communication systems. While the following

o

description shall describe exemplary operation of an embodiment of the present invention
with respect to its implementation in a CDMA 2000-compliant communication system, in
other implementations, embodiments of the present invention are analogously
implemented in other types of communication systems.

Data is communicated to effectuate communication services between a network
part of the communication system and mobile stations operable in the communication
system. When data is communicated by the network part to a mobile station, the data is
communicated upon forward link channels defined upon a forward link 16. And, when
data is to be communicated by a mobile station to the network part, the data is

communicated upon reverse link channels defined upon a reverse link 18.
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Data i s conmuni cated to effectuate comuni cation

servi ces between a network part of the conmunication
waymsemsand nobil e stations operable in the  PCT/US2004/021364

comuni cation system Wen data is comuni cated by the

network part to a nobile station, the data is

communi cat ed upon forward |ink channel s defined upon a

for dI|n N data is t.o.be co
by gty aptindite o oRR SRR R ol it FRETda T @dbase
connunlcated reverse |ink channel s defined upon
trangQrayes stafiphse 0%8’ he, basgérarsosiyer stafien (REY) 22 ip atzﬂr%ﬁentatwe the
access network, here shown to include base transceiver
bage tanseeiyer shitionh iatgpositionpdelesclacteddecsitions thseughpwiran(aB%s)
22 is representative the base transceiver stations are
enpaapissahieylthatcosmheddatidn sptahj andswithin owbidhodsimmainiedtivas by, and
enconpassed by the communication system and within

to)Min6hil& QB Are PbindiRed DR acheidde trinscaiveRitidh ctiRd émahiBation
permtted Each base transceiver station of the

sygtggi{'&éﬁhgﬂ tan %3( y aggéﬂ?ef stdtfon eg%n@rﬁ 1#!1 corﬁﬂﬂgw@teml tfte base

I on genera mmuni cat

ansce st ation t hat,.def.i th .ce which th
g E St %1&3?% 43 ] i S it letioh & pegopet " Fe
base transcei ver station are, in general,
maa%rsé@@ml&a a3 aSGeI LR StAHIOn 28 e iR BSReFDrcBRCagn g of any set
bet ween which frame-formatted data is communi cat ed _
of gamimpgcatien ietienscheatvenn whish fiometforraditedsiatpds eommunicated during
comruni cation service. The CDVA 2000-conpl i ant
a omunicaini sessigyistedfrrfuatera cognrincatiomyenviazat i on system
10 here further provides for |IxEV-DV, high data rate

CONTEH CRM A D0EREMhSIESE chifininiRRtid e sfed! Radthgl the KoBfunication
wel |l as also on the reverse |ink. enpl ary operation

syéa’c%mt me@@ma%rﬁf FRVIARE FAVSESIDV) ¥R &b @t&m gdt{aﬂtssﬂmes,

the nobile station, is contfrumn cate

bo'ﬂ{ %%%%?@aﬁ% ?’%ﬁtg% {S%;@% %g ? g{) Iog ﬁhef r%? 15, ?@g ;ﬂ%ry operation of the
t | ar | Th di
cogg%mlggugz{ ﬁgts&%?r;ﬁ%fevhfq@ v} g%‘n‘gte {H%dm QWétau%nrlasl clor%mumcated
conmuni cati on system al s i
to the base transceiver station shall be descnbed. In some aspects, analogous operation

for forward link communication are similarly implemented.

The radio access network of the network part of the communication system also
includes a base station controller 24, or other control entity. The base station controller
controls various aspects of the radio access network, including operation of the base
transceiver station 22 to which the controller is coupled.

The base station controller 24, in turn, is coupled to a gateway (GWY) 28 that
forms a gateway between the radio access network of the network part of the
communication system and other portions of the network part. Here, the gateway 28

connects the radio access network to a packet data network (PDN) 32 and public switched
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i ncludes a base station controller 24, or other
control entity. The base station controller controls
wo ansous7aspect s of the radi o access network, PODUSII0NHER1364
operation of the base transceiver station 22 to which
the controller is coupled. The base station controller
24, in turn, is coupled to a gateway (GAY) 28 that

forns a gate tween the radi o ac net wo of
(PRSP OO ot PPt ORRE R B RG Se L rRLias 1 thpupacker

portions of the network part. Here, the gateway 28
daroretwerkeangdpublie svisched delephonia RESWRIK: olhg corresondepdmade is

network (PDN) 32 and public sw tchedtel ephonic network
reffiRSTNLiv8 41 ady daia s@spooderget thatiforfiCille B8mats souxeploe destination of

t he packet data network and public swtched tel ephonic
dabedof@tilnicakbe @ty £5damdRiahtictOfesibs to FRCRRRIY @nhnvieniedtion

any data source or target that forns the ultimte

seRRH 6, Yr bYESLoBAL o sudPians AIBHEkeALE T2 duri ng a

communi cation session to effectuate a conmuni cati on
service wth, .0 i ' .
o 7 itbise oo épanfe B e PSRl et yoSt i Biblifiggion o the
the correspondent npde for comunication t.o the nobile
i iomiS KRS BEPUER LG PN oGS oo Hate o the
communi cati on systemto the base transceiver station, .
bagpigansaeizen ftaiitve and ase FeaiceaT s HINSRIE Hee dakt ip the mobile
nobil e station. And, for instance, data originated at
stdtioa. rioldi fogr isdtanice odatd originatadraithe atabda station o communication to the
correspondent node, is sent upon reverse |link channels
cob@spgpdeainedé a6l sdiy upbierdvase link ah@teisvte be dédttcd by dtchase
thereafter, to be routed through the network part of

trdnQ&i ¢ RIMBh GAd, 1RGNVt B PelrButbd Err6 @S 18S ROV barf 8fie AS
nmenti oned previously, communi cati on of data, such as

previousl et s,
oot o o B, Rl S ormmt ted. That
v RReR G R D PO GO LGy e FMERIG) © 2 1XEV-DY

data. And, a_feedback acknow edgnent schene is i
cogryioatigniservige; sHraeeprmated, or otherwise packet-formatted. That is to

say, the communication service is effectuated through the communication of successive
frames of data. And, a feedback acknowledgment scheme is utilized by which feed back
is provided to indicate at least when frames of data are not successfully delivered so that
the data frame can be retransmitted.

During reverse link communications, data is communicated by the mobile station
upon reverse link channels to a base transceiver station. Frames of data are sent upon the
reverse link channels to the base transceiver station to be detected thereat. In the event
that the data frame is not successfully delivered to the base transceiver station, an
indication of the failure of the delivery of the data frame is returned to the mobile station

pursuant to an H-ARQ feedback scheme. Because formatting and feedback

14
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Is provided to indicate at |east when franmes of data
are not successfully delivered so that the data frane
w@avshessret ransmtted. During reverse |ink PCT/US2004/021364
comuni cations, data is communi cated by the nobile
station upon reverse |ink channels to a base
transcei ver station. Franes of data are sent upon the
reverse link channels to the base transceiver stati %
converitionaldy isetiarmedatcaRLE équmL@ké’ﬁ@tOMblayfewdoﬁé@MX
frame is not successfully delivered to the base
(Mediuts decessiCamitral)ilayer, mnltiptedieedbiatkn fafeacthef thaldyersairofeturned to
the delivery of the data frane is returned to the
th&BlIblie sietigd.i on pursuant to an H ARQ feedback schene.
Because formatting and feedbackconventionally is

pe r éﬁ{f{\%gbl?é st&ibn@hﬁu@ﬁaéf)bgraﬁs ého%aéeﬁ@ﬁh} a’t 0 @hat Fndllitafes quick

di um Access Control) layer, nultiple
dbhack
SRS b A PO F R o

shown genera at 46, cilitates [ .
g U RO arpaa%‘*ﬁ% Fere St B oy ?@%ﬂéﬁopelewﬂes
of a data frame to_the_ base transceivyer statign. The
thatpse raplementsd i amedasirsh BiADE oIS RId Mg, fas dnsbance Aleqrithms
entities that are inplenented in any desired manner,
exienathbidibygprodessing cistuainy.eln thb goerpl s mpkeseaitatisnethgapparatus is
processing circuitry. In the exenplary inplenentation,
intplemanedsitad MAC MediphmeAgeiedomttol plapd@otifilededibendaihemRLP
ntrol) |ayer posi ti oned beneath an RLP (Radi o Link

(f@aﬁ)t |p)fotl)9(g c @1{. Here, the apparatus 46
i nclu es an ector 52 that operates to

det egLIARD) ?B%g{??hé ngﬁauc%e’s plelsa ﬁ:ﬁ(@ etb@bi ?ﬂthgféﬂexﬁéé’to etect H-

a previ ous| Ications o
tetlonrra ecto 92 are r oV tQ
AR Rl Bkl B TR B P BRI Bbication
response generator, also_enbodi ed th |
of b deiReionmede BHBeERHO 36 FETTBI e bl O ds pamonse
to generate a nmessage, here indicated on the
generator 54. The status response generator, also embodied at the MAC layer together

with the H-ARQ detector, operates, in turn, to generate a message, here indicated on the
line 56, that is provided to the RLP layer to indicate the failed delivery of the previously
sent frame. When delivered to the RLP layer, the RLP-formatted frame is again provided
to the MAC layer to be formatted thereat and thereafter retransmitted to the base
transceiver station. Because the RLP layer is notified immediately of the detection at the
MAC layer of the H-ARQ indication of failed delivery, the RLP layer more quickly
initiates retransmission of an RLP-formatted frame. The need otherwise to await delivery
of an RLP layer, NAK (negative acknowledgment) or other indication indicative of failed
delivery of the frame is obviated. Improved communications are possible as well as more

efficient utilization of radio resources allocated to the radio communication system.
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line 56, that is provided to the RLP layer to indicate

the failed delivery of the previously sent frame. Wen
waledoswesed to the RLP [ ayer, the RLP-fornattedPdT/EHI®04/621364

again provided to the MAC |l ayer to be formatted

thereat and thereafter retransmtted to the base

transcei ver station. Because the RLP layer is notified

[ i ate the detecti.o t t he yer of the
ALK R TR SO g AT APt G pemp@ment of the
more quickly initiates retransm ssion of ar_1 _ .
prﬁ@mflmm@pt ﬁae PPRavRIUS 46 embedigd ot the pajedeanserivanatation also is
delivery of an RLP layer, NAK (negative
formesdrd\fvedignelranfities thot 4re impledicottliin any detired maneeroblso, for
failed delivery of the frame is obviated. Inproved

ingtarE) by 1asritans eRe@itsSBY PloteRmghichitgs THe ppahius 46 %ﬁérates
utilization of radio resources allocated to the radio

duFRE T REG Ak BN EMoh B QRSS! %h&(‘fe%@éa‘éﬁ ncﬁézﬁfo'n@ Qre%&&ed to

i ncl udes apparatus 46 of an enbodi nent of the present

thét DY étgt'?on t-gqﬁdlgﬂg ?a{lﬁ%ilﬁ%hf} FQ %Qf&%’afr@er s fap%%rg fus detects when

ransceil ver s orne

entiti are | in.a esired man ,
a st 4ot {ﬂaﬁe%ﬁ%lﬁ?%aﬁmﬁ@e@ﬁ%%avwredw ata ates
1rec{q)-]‘é‘oces& n circuitry. The apparatus 46 erates during

Sbrelaiveiin R damierit BAhOhe Atla icBi resmiieh f sedback
indications are returned to the nobile station to
i ndifcretrensnaissien tithek 5§ empoditd at tabaseftramseriveFistation has associated
apparatus detects when a retransmtted data franme is

thdrewitls irifidt ¢ithdont. SEignetrheshigie tidesoiateeduaieidtedat MAK indication
rates, reduced relative to a data rate at which the

to Qé‘l’feﬁ‘um& {o the indbild R&fbh Ween aataStdnd R %ﬁﬁc@&sfdll%elﬁéed within
enbodi ed at the base transceiver stati on

theaérﬁg g&%c?ﬁdfcgf%ﬁ %‘9" tﬁ@ ﬁiast Ehfe%tut f)%rfg?do g descnkﬂkprevmusly,

nsm ssion trme 0 Ini
ndlcatlo t 0 dtot |l e station when, a

ref o Pion e i daﬁ%?ff%%%aé%cﬁlgfsaw a%w@@% oY is carred

time peri od |nd| cated by the first tinme out period.
oufpfRRetiges Feduphyied oiaks. yTherapparaivs ancdudes @ refequensing

data effectuated in segnented portions, the
buffer ¢2erufEirotheisseroented pertions of thedate whes tla data is retransmitted

much-reduced data rate. The apparatus includes a
durieg epgrati ¢fghe communication system. The apparatus also includes a
retransmission timer resetter 64. The retransmission timer resetter is coupled to receive
indications of buffering at the buffer of a segmented portion of a retransmitted data frame.
And, the resetter is coupled to the retransmission timer to cause resetting of the
retransmission timer when a segmented portion of the retransmitted data is delivered to
the base transceiver station to be stored at the resequencing buffer. And, the apparatus
also includes a resequencing buffer timer 66 that operates to time a second time period. If

the resequencing buffer timer times out and a segmented portion of the retransmitted data

is not successfully delivered to the base transceiver station, an indication is provided to a
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buffer 62 that buffers the segnmented portions of the

data when the data is retransmtted during operation
w@Rooshes3conmuni cati on system The appar at us al BOT/US2004/021364

includes a retransnmission tinmer resetter 64. The

retransm ssion timer resetter is coupled to receive

i ndi cations of buffering at the buffer of a segnented

portion of a retransmitted data frame. And, the = |
refyansassion fequeshegiietaion 7 thalgnitistes 18NS B SIPYTeaRsgst, dpglicating the

cause resetting of the retransm ssion tinmer when a
sesmouted pextiopoortiootionsf thehare tebe ratranémitted tajadicateso the mobile

delivered to the base transceiver station to be stored
stedontthe theaBaingregmentbdipbreion, okpdrtidns cofah d4ta fitameahssd again be

i ncludes a resequencing buffer tinmer 66 that operates:

retgél}sﬁiﬂ@d ® tREERRrahid¥reP §talifd - BédaubdBe rQPRAGMRBON Mhner is reset
uffer timer tinmes out and a segnented portion of the

in rl:i)tr(g %%%#%?a%oﬂ%&i]ﬁlﬁi %ati%ﬂgﬁﬁ?c%{i %i‘a)ﬂe %lefiye?g Sflde{tg, merely
e hasest ranscel ver st a 'on, an 1 ndication I
provided to aretransm ssion request. generator 72 that
e SUHPREISSIOR 3t P EHERROLCIOH T LIS SicTate dRes ey 9By And.
segnented portion, or portions, that are to be
thyasgh fhesaee of the respaperpiesbulier imes andpptsangmissign regyiestggperator,
the m ssing segnented portion, or portions, of the
regtaitsaissieme segsentad apriiope thab anesnesessfukb delyerddeto theslease
transcei ver station. Because the retransm ssion tiner
trdnScei@setativh appiodpesent. e generati on of NAK i ndi cati ons
indicating failed delivery of data, nerely due to

r et rPeRISHLAMt@ 2 RpPBEHAHEN O RYROBHE §thRRS T2 S BRe b@tion 22
does not occur. And, through the use of the

th%tgﬁgﬁ%&?%ﬁbﬁ‘s%ﬂﬂé {&fo Edﬂﬁ%m@?ﬁ’%rfe sg&n%ﬁ{‘%fgwg%ﬁrlt | £9YE9 of the

retransm ssion o ns that

ar e .success I jvered.tp th se anscei.ver

toB PSS SReRhb i SEAG ISR e O e R B TR RRSGHVERD, are shovn
representation of the nobile station 12 and base

Aud. 44 BrABQ delestor3g g %H{A%%taé\fsl TepRonse gtsrator 54, used pursuant
conmuni cation systemshown in Figure 1. Two of the

tolrexgirssalin¥ eoparngnicatinms Ryfitheapparahie 4Ggre pgainisheive i eabedied at the
76 and 78, respectively, are shown. And, the H ARQ

Maal heti0T8- 52 ofithd nidbilelstafiR) St at us response gener at or
54, used pursuant

Figure 2 also illustrates an arrow 82 that represents the communication of H-ARQ

indications, such as from the base transceiver station to the mobile station. And,
communication of data between the layers of the mobile and base stations are indicated
by the arrows 84, and communication of acknowledgments and negative
acknowledgments between the layers is indicated by the segments 86. The message
generated by the response generator 54 is indicated by the segment 86 extending between
the MAC and RLP layers of the mobile station. When the message is delivered to the

RLP layer, the RLP layer starts a subsequent retransmission at an earliest possible time.
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to reverse-link comunications, of the apparatus 46
are again shown to enbodied at the MAC | ayer 78-12 of
W b@soofsrd e station. Figure 2 also illustrat esP@nuszono01364
82 that represents the communication of H ARQ
i ndi cati ons, such as fromthe base transceiver station
to the nobile station. comruni cati on of data

bet ween the | ayers of t base stati
Thwhaa%swewowemm@%g\#f WA iobpe corfiunicated
acknow edgnents and negative acknow edgnents between
betwieen| thy/base tiagsqeiti station any the mobile giatials 86. The
nessage generated by the response generator 54 is
i ndilasttat) abthe MACdeyprethe s@tisef theidi ARQ benswssion ieprividided, and
and RLP |l ayers of the nobile station. Wen the nessage
thé ﬁldijc%hbﬂ Qiter 6k $udCesRulPtrh@nEEsiont SearRixBalAdRy filed ifadsmission is
su sequent retransm ssion at an earliest possible

patsée'aqxlp-lg k : ti;ﬂ’e? iRPMART P ranBEBEr. L OnRARE trRhdthi RLP layer

ames nee ’not be conmuni cat ed between t
nsceiver . st at.i
re?eﬁgeségﬁf%m&s{nlesh%n f\e}iare] 1g81 at F]helﬁrﬂPaS/ ?R% tﬁ% %ﬁ@lssmn of the
mssion is i cation,.eithe
el BB oniss dnmea i, %%ﬂg? %orsf:qﬁﬁkﬂﬁﬁsweaﬁswaw lfalger
transmssion is E%Syied up to the RLP layer, i.e.,
triggered by A@egativerackaydledgment dioantheibess HgSFEIFEN Siafion, the RLP
receives the transmssion failure indication, the RLP
retayar buttaggesed bean BiAkansificsion ﬁomfedtah‘éleﬁaihbmﬂtimMAC layer 78-

frames inmediately. In other words, the RLP

17 @tde@tpsm ssion is no longer triggered by a negative
acknow edgnent fromthe base transceiver station, the

RLP X eReiM4BEmittaY silld, i 89! ﬁéf‘edth@fncﬁﬁ‘le N oR Ghiokd & 361 108 MAC to
fornmed at the transmttl ng’ MAC | ayer 78- 12 directly.

re@%%ﬂéﬁxa&l‘éﬁﬁg&t tt ?ﬁLP m‘éﬁs t%@ REp 1%19% 1ﬁr&igétlzsethe RLP

n or repor
seliie BPRBCRH é@% k: HRed Ao @%%Ela?%ri AT
su%ﬁl;gre lgeegg )c,rvgckt c? f ’&12 eRLI\PQ(é:q&e%gle ggnel{)érs -Egrealll\épf\(%he RLP frames that are
encapsulated into a physical layer SDU of each H-ARQ channel. That is to say, the MAC
layer associates each RLP sequence number with H-ARQ information, such as H-ARQ
channel ID, subpacket ID, etc. The MAC sublayer then indicates the transmission status
of the RLP frames back to the RLP layer, after either receiving an ACK from the receiver
or exhausting the allowable retransmission to complete the H-ARQ activity. With the H-
ARQ transmission status indication from the MAC layer, the RLP layer 76-12 starts the
retransmission for the failed frames. The RLP layer also releases the memory of the

successful frames from a transmission buffer thereat. This increases not only the

efficiency of the radio spectrum usage, i.e., much less or no more RLP NAK indications
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subl ayer keeps track of the RLP sequence nunbers for

all of the RLP frames that are encapsulated into a
w@bysioesl4 | ayer SDU of each H ARQ channel. ThaPCT/8551004/021364

say, the MAC | ayer associ ates each RLP sequence nunber

with HARQ i nformati on, such as H ARQ channel 1D,

subpacket 1D, etc. The MAC subl ayer then indicates the

transpi ssij.on. status of the RLP franmes back .the P
SORLEYF the 34i8 AirdpieHace. PRLAFR, iR SUaHERAKTeRIoRY eHiciqnaY of ey

or exhausting the allowable retransm ssion to conplete
trapprRitipgsie)iet i vity. Wth the HARQ transmi ssion status

indication fromthe MAC | ayer, the RLP | ayer 76-12

st arAtshe teseivistg ades ies bementhe baset thanséeaivdrethtion amasg révhse link

RLP | ayer also releases the nmenory of the successful
cofrmutcatibhg MheaMA@Isst S8l BATRQ foberatibiedre ahchahBéd That is to say,

i ncreases not only the efficiency of the radio

noPRSICHTARD USERIANAK -tRotocd s 61 daftfedl dit iRadTRé:R BlaRndAowever, at
i ndi cati onssent over the radio air interface, but also

t r thipi RN

tog REPrEie R R n ERER M 712 SR nP RLP Mo d RUBLLl ibing, RLP
t ran [ j [ verse link. . . .

sty ab A Ye DEEC TR B PeyE Finkh i vraipisrien timepfud wpigs ora
unchanged. That is .to, say, normal H ARQ ACK/ NAK

sujeghentt spundplacieansiitien Hane data Prioe tsngdie aokikeqontrol frame back
However, at the RLP receiver, i.e., the RLP | ayer

to TG teasmikern Sinee RhdPrinsamideri aytogeatisell p sfartithesietrgnsnibsgion of the
starts a DELAY _DETECTI ON W NDOW ti nmer or

fall&l frans the ftansrhitted fragredvilicdrtiee beforeahs tiseeppgiret andNAK control
of retransmtted frane data before sending an NAK

fran@dsseht Fora iR leasitier! Rsd ftnd hoRIME NRAK frehB§ Badk the transmitter
transmtter automatically start the retransm ssion o

;
Ovtggﬁlgr'ag'l it ﬁ?fa@éf. afife tr&rﬁﬁxit"t&tcﬁﬁlgé Wg?gecf o0, Whiihe HdN R control

e tiner expires an ntrol “frane®is se

from.t he receiver, | 0 . L, franmes back
s e i E bR pnd B A §y PR R AR isoghenieg
transmtter can be c%nfi ured to stop _sending the NAK
conthigyregrilipgirates & methgdyshpwgenaralbn P 2a rprogeiiatipget the
the HARQ is reliable.
transmission procedures carried out during communication of data frames to effectuate a

communication service.

First, and as indicated by the block 94, all RLP variables are initialized at the
transmitter, i.e., the mobile station for reverse link communications. Then, and as
indicated by the decision block 96, a determination is made whether the transmitter is
active. Ifnot, the no branch is taken to the block 98 and operations stop. Otherwise, the
yes branch is taken to the block 102, and the RLP layer checks for data, either new or
retransmitted data, ready for transmission. Higher priority is given to retransmitted

packets.
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Figure 3 illustrates a nmethod, shown generally at 92,
representative of the transm ssion procedures carried

W@ eiosdesrsrg communi cati on of data frames to ef PEDUSHDE021364
a comuni cation service. First, and as indicated by
the block 94, all RLP variables are initialized at the
transmtter, i.e., the nobile station for reverse |ink

co ni catj ons,, Thep, a s, i.ndi cated by the deci sion
b1 o PGB i s ioel Hnths T @R scpfiaiames (3 the MAC
transmtter is active. If not, the no branch is taken
layes Withdheir awrcigpdRdeP snguenceingmberst (SEPQ) OF prea sgerentedifiame, the
yes branch is taken to the block 102, and the RLP
RIlElpger al$repdssesfdmwndategment selqeence emmber (Se SEQ) assotiated with each
data, ready for transm ssion. Higher priority is given
segraented pawtion) tt ed packets. Then, and as indicated by the
bl ock 104, the RLP |l ayer sends frames to the MAC | ayer
it NN A BIo6R Y 66l S AekerRRORR SR Syl palif in the

a segnented frame, the RLP |l ayer also passes

AT SPSRSE IR P SR O, B Shpl 60 o

detecrm nati on is. made as.to whether a packet in the
blqefAR et GBS0 R ReiEE Jath [UHBREaSpRca Jurgsys and loop
. the yes branch is taken to the block 108, and the
is faketh 8 fthadesisianlogls99.ndi cated with RLP sequence
nunbers and | oop is taken back to the decision block
96. If, tonuselpribehybrantieisiakdorfeone bhel dectsadodriodk 106, tHedI-ARQ
deci sion block 106, the H ARQ retransm ssion count is
retedtheisgivgl, couitis adveded)indibtedb Pl bldok: 112 aMen,aid a8 $ndicated by
i ndi cated by the decision block 114, a determ nation

thd declsiFv188k | 21, WhRtR G inao AR ARS 4530 WHefRE BPAR®) retransmission is
he 1}) |n%) csk

exhausted. |If 'so, the yes branch 1s taken to

ex‘_ [ t.ed.qugfe erg%he a’eg %I‘QJB{I ?%1 t%%é}noitﬁe lt)l%ck,l? TOE? a]ffgo{, ?het Ipoebrg.ll‘lé:ilciié taken

I ons con . as appropria

back to the block 104. Operations continue, as appropriate.

Figure 4 illustrates the RLP layer 76-12 and the MAC sublayer 78-12 of the
mobile station 12. Here, the procedures that are carried out by the method 92 are
represented. The RLP layer passes down to the RLP frames 116 and 118 to the MAC
sublayer 78-12. The associated sequence numbers are also passed down. The MAC
sublayer multiplexes both the RLP frames into one physical channel SDU that later is
coded for transmission. After the physical layer ARQ procedure, the MAC sublayer 78
notifies the data instance (SR_ID = 1), the fransmission status of RLP frames with
éequence numbers 3 and 4.

Thereby, in the RLP transmitter, i.e., the RLP layer 76-12 with the feedback from
the MAC sublayer, the RLP layer initiates a subsequent round of retransmission

procedures without waiting for the NAK control frames from the RLP receiver (the layer
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Figure 4 illustrates the RLP | ayer 76-12 and the MAC

subl ayer 78-12 of the nobile station 12. Here, the
w@e@sedires that are carried out by the net hodP@RUS2084/021364

represented. The RLP | ayer passes down to the RLP

frames 116 and 118 to the MAC subl ayer 78-12. The

associ at ed sequence nunbers are al so passed down. The

61\% Ub| a‘{ﬁ‘&ﬂl}?n‘gjr)t ' exe«%ﬁi&é& ettFarflli%glﬁ Pag oﬁf ¥ LI/IEL layer needs to

transm ssion. After the_ physi cal er  ARQ procedur e, )

op BaNReS BB, A6RITEC ROMDFIS % 4 RE st WInGE AN arq BRbDLsed into
1), the transm ssion status of RLP franes with

easleqh&smz‘é layenBeUs A3 therendiof thértramsnyissiom thehsaty B passed up to the
transmtter, i.e., the RLP layer 76-12 with the

RIP m%ﬂlﬁﬁm tijag réddests uidd figponsed Bdwtithe AYRC and RLP layers are
initiates a subsequent round of retransm ssion

asFbGedures w thout waiting.for the NAK control frames
fromthe RLP receiver (the |ayer76-22, shown in Figure

y%g; smpiter 78-1 e MAC | ayer
%g%ﬁlﬁ glq(eepgtrac FEEe?:fqen%_ llé;’equeng\(jet‘%shurrbers of all
t he data bl ocks that are r’?ﬁ pl exed i nto each
ysi cal At the e of the transm SSI on
th%ﬂés tst atlY}é ataagg%ta up to Mfg’ﬂRLP | ayide Rig dghvers,aaRLP to the
i.e., requests angytesponsestfghueen MRC\EH198%0 8P
| ayers are as follows: Primtive Prinitive Paraneters
Primtive Notes Tyge Used | BaRequest MQtiplexal it shysical layer
Mobi | e The RLP delivers an R to the St ati
and MAC subl ayer to°Be seq, 5%38’& rrultlsﬁléj%ad srﬂnOIeEPﬁameor
physical layer s seq Station SDU; Dat a segmat thérEoff 51268 the
or a segnent thereof, size is the

>—

size data in bits; seq is the
sequence no. of the RLP frame
containing data; s_seq is the

segment sequence number if the

RLP frame is a segmented
frame.
Request MAC-Data  ack_or_nak, Mobile Indicates the transmission
seq s_seq Station and  status of the RLP frame
Base transmitted on F-PDCH or R-
Station ESCH; ack_or_nak is set to
NAK to indicate the failed

transmission. seq is the
sequence number of the RLP
frame acked or naked; s_seq is
the segment sequence no. if the
RLP frame is a segmented

frame,
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size data in bits; seq is the sequence no. of the RLP
frame containing data; s _seq is the segnent sequence
woenobee437d the RLP frame is a segnented franme. PGREUS®E4/021364
MAC- Dat a ack__or _nak, Mbile Indicates the
transm ssion seq s_seq Station and status of the RLP
frame Base transmtted on F-PDCH or RStation ESCH,
ack_or nak is set to NAK to indicate the failed
transm ssion, seq is the sequence nunber of the RLP
frame acked or naked; s_seq is the segnment sequence
no. Higure ﬁellmxatersraaﬁnreseataalogeﬁwem&eaﬂﬁﬁx%m glgveing scheduled
illustrates a representation, shown generally at 122,
and lamwhmgoss:ﬂnwnﬁmwewtdmdngop@aﬁmac@hb 224110 norpmlmieahim
during operation of the radi o communicati on system
sy§BRWRoWH i Figufeel. IPadkerded tra@hdsdidapsitsdh SmighapdcRétitta traffic
in which packet data traffic is, generally, bursty, is

is, SoRMy Fﬁh%qfr QSRR e B ﬁlain\eealechewerea & he? SHRRA R Yon-

onsegrrente form If a large frane is transmtted
Ghael i B e ARSI i o

ane_at the_ sane .. o .
segmented 1as lost and e mobile station is unable to retransmit the RLP frame at the same

data rate due to the base station load or rate request delay, the retransmitted RLP frame
can be transmitted in a segmented at autonomous mode. In the Figure, the blocks 124
represent autonomous transmissions at a low data rate, and the blocks 126 represent
scheduled transmissions at a high data rate.

For instance, an RLP frame is, for example, transmitted at a peak data rate (1.2
Mbps) with a 10 ms frame length, but retransmitted at an autonomous mode, e.g. 192 bits
per encoder packet, sixty-four retransmissions would be required to retransmit the
segmented data block. An encoder packet subsequent to encoding also includes the input
bits on the forward/reverse packet data channel that consists of the information bits, the
frame quality indicator bits, and tail bits. This forms a physical layer SDU. Normally,
the RLP transmit timer set at a round trip time plus a factor for processing delay period.
If the round trip delay is 150 ms and a factor is 100 ms, the retransmit timer is 250 ms.
But, the time required to transmit the sixty-four segmented frames with a 10 ms frame
length is 640 ms. This causes the RLP receiver to request a third round of RLP
transmissions while the transmitter is still conducting a segmented retransmission for the

second round of RLP transmission.
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data rate due to the base station |oad or rate request
delay, the retransmtted RLP frane can be transmtted
w0 pos/oesghent ed at aut ononobus node. I n the Fi geeBEUS1006021364
bl ocks 124 represent autononous transm ssions at a | ow
data rate, and the bl ocks 126 represent schedul ed
transm ssions at a high data rate. For instance, an
RLP frane is, for exanple, transmitted at a peak dat
r at eAp effctivggstrangmission scheme Istegueed agmerer tbmetransmltted frame
retransmtted at an autononous node, e.g. 192 bits per
iseegroeieed gactken airsiesauyed lpuit. r et r ansmi ssi ons woul d be
required to retransmt the segnmented data bl ock. An
enc opi@iirefmidigetrated b fepepsenmthtidroofrarantintigsial sfadataninl sagiasnted
the input bits on the forward/reverse packet data

pHSRE otpeﬁafuoﬁ QP Hiedppardfusiofan bﬁb@aﬁmaht QPthQ bteSentlif@ntion by
frarre qual ity indicator bits, and tail bits. This

wﬁ%ﬁ@?h@ntﬁg@éé‘sﬂ% gﬁlﬁAﬁq{m :ég@%@laﬁ%d @q‘rdﬁlﬁ? 1};e¥r5ﬁ§?1§1§§1$ns The

us a tactor

r ocessi el a eri,o If the round tri

o pHiPafate feuth WBSTLS moreeta Y depschifhelo sk Epg e
250 ms., But, the tine required to transmt the

baffor portign of thediiawe ddustiptendemss {34 secetyedgt 3 ?@n@%lﬁ@%g buffer.
is 640 ns. This causes the RLP receiver to request a

t hi r Wheo arsdgmoéntRif the retrasamitied Game whickeveden Ridhvopsiverethe RLP
is still conducting a segnented retransm ssion for the

lagactozl showntindfigiie R, siroaltsstors tieaatranmedsietimnereor the missing RLP
retransm ssion schene is required whenever the

frhRE aﬁ@amttatreééqﬁéﬁmg s SURBR itk UL rdb@uaicadll segmented frames
resource limt. Figure 6 illustrates a representation

fo?ftherrﬁ smg%,fg;ﬁéu@&e Afat d2afhe i6 sCURRUR EM%&I& 9 ?é%rﬁé}ﬁied data

he apparatus o diment o

R AL A ) o

s e s Q6 Mg traraieno B iFe 190y R PyibF RIS COPS fgber 3
Figure illustrates franes 134 recel ved at a
scs @b NASS éosenh &irtlee tetrensspission. Before the retransmit timer expires, segmented
subpacket 3-1 arrives. The subpacket 3-1 is a segmented frame with S_SEQ field
(segment sequence number) is set to zero. The receiver starts a subresequencing buffer to
wait for the rest of the segments. The segments 3-2 (S_SEQ = 20), 3-4 (S_SEQ=60), and
3-5 (S_SEQ= 80), etc. all arrive. But, the segment 3-3 fails to arrive (S_SEQ=40) upon
the expiration of the delay detection window. The RLP receiver then declares the missing
segment 3-3 to be lost and an NAK control frame is sent out to request retransmission for
this segment.

Thereby a manner is provided by which to reduce the generation of unnecessary

RLP NAK indications.
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When a segnent of the retransmitted frame is received,

an RLP receiver, the RLP |ayer 76-22 shown in Figure
WQ2008howrd stop the retransmi ssion timer for tPEI/US2004/021364

m ssing RLP frame and start a resequencing buffer,

which is used to resequence all segnented frames for

the mssing frane. Note that a franme is segnented

frang when a.segnented data fr ormat is used. The
A roeEare PSP L 2t DgwediRed S les B HRGmed il the
. started and is simlar to that of the RLP_resequencing
inyptiory and|the pgopg oé the, inyensiopshoyld aptnesessialy by lingged byrthis
NAK is sent for the retransm ssion. Before the
desaintians fibe scopemd thoqpesant invertiprein defingiiypthe fadiovdng claims.
arrives. The subpacket 3-1 is a segnented frane with
S SEQ field (segnent sequence nunber) is set to zero.
The receiver starts a subresequencing buffer to wait
for the rest of the segnents. The segnents 3-2 (S_SEQ
= 20), 3-4 (S_SEQ@60), and 3-5 (S SEQ= 80), etc. al
arrive. But, the segnent 3-3 fails to arrive
(S_SEQ=40) upon the expiration of the delay detection
wi ndow. The RLP receiver then declares the m ssing
segnent 3-3 to be lost and an NAK control franme is
sent out to request retransm ssion for this segnent.
Thereby a manner is provided by which to reduce the
generation of unnecessary RLP NAK i ndi cations. The
preferred descriptions are of the preferred exanpl es
for inplenenting the invention, and the scope of the
i nvention should not necessarily be limted by this
description. The scope of the present invention is
defined by the following clainms.In the clains: 1. In a
radi o communi cation system having a sending station
that sends data to a receiving station, the data
formatted at an upper-level logical layer and into an
upperl evel data frame, and the upper-level data frane
provided to a | ower-1level |ogical sublayer, the
upper-level data frane further formatted thereat into
at | east one | ower-1evel
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frame, the lower-|evel |ogical |ayer operable pursuant
to an H ARQ feedback schene, an inprovenent of
wappavessss for facilitating retransm ssion by BEEUS2004/021364
sending station of the upper-level data frane if the
receiving station fails adequately to receive the at
| east one | ower-|evel frane, said apparatus
[ C‘g\ﬁéil sing: an H ARQ detector enbodied at the
AMEy el | ogi cal subl ayer, said HARQ detector for
detectin H-ARQ i ndi cations returned by the receiving
stati-on %@ yRdiocoRENHYcalioasysem hakigs asenipgelation thassends data
response generator enbodied at the | ower-1level |ogical
toswbteaving stafion,ike data dirmpttsd at anouppanttveldagiceldaya and @b ae upper-
i ndi cati ons of detections nmade by said H ARQ detector,
lesaliddtaHraRQand deuppeekpeinie. fane prividedfton l@‘iﬁﬁé%lllé@caﬂn
H ARQ st atus response nessage for delivery to the

sudRREY, tHeQMpbr-1e96l dod frin@Y BiriHcP fo1Rfatiby tHeRRt HRG S IE%Y @he lower-level

l'ogi ¢al l'ayer of the sending station when said
L RSB TR D 1Y A&@@;fge%eéaf chome,
ity L LG @Prai‘ﬁﬁe fre&%as‘éﬁe; S e se%dl%statwn of the

recelpt of th status response responsive t

uppgk-lsivpk dads frelﬁe 1%%@6%%& itiondalyereguatelyda greetvs the at least one
provide again the upper-level data frame to the

lowemksvel fearn¢, shidgippatiatus goinpyising?2. I n the radio
comruni cation systemof claim1l, wherein the receiving
station carfitAR@sletectoe tmbndipi asthe lowdrrievel 1ddi€al sublayer, said H-
retransmssion timer for timng a first tine period

ARQNERIREIr Por ddtddting ¢1-AR(D RHdlidaBeNehPReddy thB 8edeRSSE Mhitth to the
station of the at | east one | ower-1level frame, wherein

SGFL@iﬁ%%faﬁgle?ldSt ation selectably initially sends the at
easSt one wer -l evel franme in segnented portions at a

d, t ' f .
pecond. T GHOBSORLR ke e BRI BB B
su%{?y%qhqefﬁ e sélgﬁ%tséagg)g | ngrl e qegl}?]egngd{cghgr?seofsd% egt?gtgsergade by

said H-ARQ detector, said H-ARQ status response generator for generating an H-ARQ

status response message for delivery to the upper-level logical layer to notify the upper-

level logical layer of the sending station when said H-ARQ detector detects an H-ARQ

indication indicating that the receiving station fails adequately to receive the at least one
lower-level frame, the upper-level logical layer selectably operable responsive to receipt
of the H-ARQ status response responsive to receipt of the H-ARQ status response

message to provide again the upper-level data frame to the lower-level logical sublayer.
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a retransmssion tinmer resetter adapted to receive
i ndi cations of detection of reception of the segnented

wW@eisioot3z4 of retransm ssion of the | ower-I| evel PET/HI®OH021364

t he second, reduced data rate, said retransm ssion
timer resetter for causing resetting of the

retransm ssion tinmer when the |lower-level frane is
retransmtted in the segnented portions. 3. The
apparatus of claim2 wherein said receiving station
further CcRNRSi9RSconmBEAURANTEERE diddier, viRidn the receiving
resequenci ng buffer for buffering the segnented

st%f%ﬁté.oﬁ@ﬁs&f a fendRNEbA k@‘éﬁ[ltlﬁé FeRARsi§On HRlel ¥ rti;‘fﬂn%ﬁ first time

e recelrving station. 4. e apparatus of claim

e
oo S e 5988 e S SRR AR e

| oner -l evel frame when retransmtted.5. The apparatus
lowfer-taval fiame ithwagaicatediportions sh#isecrne pdided dateirptgrrpjnprovement
sai d resequencing buffer tinmer is of a tine
ofapbatantionthk yeceingstpivordion facildatingretéption of ithesat heasi @w lower-
timed by the retransmssion tinmer. 6. The apparatus of
16413t M Hinhe s@ineneAPdreQ G R appardiliecoagiship: ed portions

has associated therewith a segnment identifier and

wher ei Nt DELAGRISVIDA Gintth Asb@ bbb &Y re6QIPdR@G0Rs of detection
m ssi ng- segnent detector for identifying which, if

of?rﬁ%ép%i(sdg ggﬁ%&%%?‘@%a b8ﬂl§)n£ Qf Ileﬁgngrﬁgéa@ gfr‘ ﬁg\g&&ghéée\f %raﬁf% at the

e‘resequenci ng ent
resequenci buffer. tines .out. .7. The apparat.us of .
scepa, v BRI i TR PSR TOBFIF (R Riling resetting of the
conprises a retransm ssion request generator adapted
refrgnsnaissipny Emien whem thedpweigkevel; framegyis sefrangmitiqddn the segmented

resequenci ng buffer, said retransm ssion request
pagtoey. at or for generating an NAK

3. The apparatus of claim 2 wherein said receiving station further comprises
a resequencing buffer, said resequencing buffer for buffering the segmented portions of

the lower-level frame when delivered to the receiving station.

4. The apparatus of claim 3 wherein the receiving station further comprises a
resequencing buffer timer, said resequencing buffer timer for timing a second time period
commencing with detection of reception of a segmented portion of the lower-level frame

when retransmitted.
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retransm ssion request responsive to timng out of the
resequenci ng buffer and detection of at |east one
wor@siomg7segnent by said m ssing segnent det eCPOF/USRIN4/021364
The apparatus of claim7 wherein the NAK
retransm ssion request conprises mssing frane
i ndi cations detectable by said retransm ssion tiner.
9. The apparatus of claim1 wherein the |ower-|evel .
| ogical slis apperatusefstaimeswhergindhg sasand Himgpeded timed by said
Control) layer and wherein said H ARQ detector and .
reScjuehdih QP timbards ofsiine sebstayielly eoreespoixting tectha first e period
MAC | ayer. 10. The apparatus of claim 1l wherein the
tiHOPBY tHe@¥@dnshR@idhaiméayer conprises an RLP (Radio Link
Protocol) layer and wherein the H ARQ status response
nmessage is delivered by said H ARQ status response
generator to the RLP layer. 11. The apparatus of claim
Iwherein the H A t:us j :
gen eé‘ ate d’h?eoaplp ﬁfﬁgé(gacﬁt@?atlﬁlaﬁ &'ﬁ%gﬂﬂ%% ?%ﬁ'??g‘g §{ fgté is%#ﬁéd?&{ portions
successfully received t.he | east one,l ower| eyel
hop s et R S IGTSHeE A Whero op BN iog ather
status response nessage further identjfies wth which
capmpises h avssingisaement detectemfar ideptifyipgaydch i ppy segpented portions
recei ved by said H ARQ detector are associated 13. The
faflppar latve dead delivara dhd bufferedian titelreseqperwing oifesr whan ghe
frame fornmed by the upper-|evel |ogical |ayer
reggqﬁgﬁéiﬁgguﬂeﬁﬁrﬁm\ﬁ_equence nunber and wherein the
H ARQ status response nessage i ncludes an indication
of the franme sequence nunber. 14. The apparat us of
claim 13 wherein the upper |evel data franme conprises

an ;er‘.P ( R?ﬂé gc)%tl’c\%%ﬁ%gfr SLACE {V}xelfe{r?ﬁ{@ r%‘églifég;&{it%ﬂg}tﬂgr comprises a

franme sequen er conpri ses an quenc

nunber .. P -
retransmission request generator adapted to receive indications of timing out of the

resequencing buffer, said retransmission request generator for generating an NAK
retransmission request responsive to timing out of the resequencing buffer and detection

of at least one missing segment by said missing segment detector.

8. The apparatus of claim 7 wherein the NAK retransmission request

comprises missing frame indications detectable by said retransmission timer.

9. The apparatus of claim 1 wherein the lower-level logical sublayer
comprises a MAC (Medium Access Control) layer and wherein said H-ARQ detector and

said H-ARQ status response layer are embodied at the MAC layer.

v
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15. In a nethod of comunicating in a radio
comruni cati on system having a sending station that
waeendsodat a to a receiving station, the data fpPCTEHS1004021364
at an upper-level logical layer and into an
upper -1l evel data frane, and the upper-level data frane
provided to a |l ower-1level |ogical sublayer, the
upper -1 evel data frane further formatted {rere f into .
at [Oast THecPporRls o slAln 1 ¥asrein BewPhos Rl logisa] layer comprises
| ogi cal layer operable pursuant to_an HARQ feedback .
ansRbk (Radia hinkRyptogelidaer efid whersinibe HrQRQ siatis raspensa gnessage is
retransm ssion by the sending station of the
delippred bly exidH-ARQ sfatusmespofiset geacratwreo therRLBtagti.on fail s
adequately to receive the at | east one | ower-|evel
frame, said nethod conprising: detecting, at the
| ower -1 evel 1ogical bl ayer, H \PAI cations :
ot unea T st Bastiitng Shieiife A RN 2 Ffnpse message s
station; generating an H ARQ status response nessage
fuiber gsaPahy idicateial (leepiees SRR e ITeReR o dbs yleast
t he upper-Ilevel |ogical |ayer of detection during said
ompdewert-legel ftfmelet ect i ng an H ARQ i ndi cati on indicating
that the receiving station fails adequately to receive
the at | east one |ower-level frame; and delivering the

g Bt e SRR R ATRR RGeling AARRREIG: Sfionse message
fugtﬁgrp 1{1&%&%% é)%igte \M]gi%ﬁ rélgé%—ﬁg%el rﬂg’égﬁ%&g&i tgugtrtﬁjg qug Vi%ﬁ%aggns received

operati on of delivering, of providing again the
byugaibH- AR Qedetegtarare asspeiated t he | ower - evel | ogical

subl ayer. 17. In a nmethod of comunicating in a radio

communi cati on system having a sending station that

de. dat 4 >
Senap; da ’f‘hé %é)\%realﬁ'%ccﬁiCYAI%QI%S\R'%EIHQ}}%&}IH%F%ﬁd&Q R 6 5hed by

at an upper ogl c ayer an

PG dete reier | B PR f St ol P R it ¥-ara
u

pper -1 evel data fr(?rre further formatted thereat (into
es an

status response message mclu indication of the frame sequence number.

14.  The apparatus of claim 13 wherein the upper level data frame comprises an
RLP (Radio Link Protocol) frame and wherein the frame sequence number comprises an
RLP

sequence number.

15.  In a method of communicating in a radio communication system having a
sending station that sends data to a receiving station, the data formatted at an upper-level
logical layer and into an upper-level data frame, and the upper-level data frame provided
to a lower-level logical sublayer, the upper-level data frame further formatted thereat into

at least one lower-level frame, the lower-level logical layer operable pursuant to an H-
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one |ower-level frame, the |ower-1level |ogical |ayer
oper abl e pursuant to an H ARQ feedback schene, the

WO e@siond3nyg station conprises a first retransn BST/US2004/021364
timer, the first retransmssion tinmer for timng a
first time period comrenci ng when a m ssing upperlevel
frame is detected at the receiving station, wherein

sendi ng station selectaplyinitially.sends at | east

o aRfdeafat Sheder ot fowaverensof  FiefhodiPn ot iR g tanstmission by the
retransmts, if necessary, segnmented portions of the

7 sending gigtien ghthe yppairley el fr the regeiving stgion fails adagnately to
data rate, an inprovenent of a nethod for facilitating

8  recadcetht ableasifont hevedgvnad Mitaptt, srod trietnd comprisimgat | east
one upper-level frame, said nmethod conprising:

9 det ect i ngletedciap]t the latvet-heerlogiealubiayer, 8- ARIQ @bications returned
retransm ssion of the upperlevel data frame at the

10 bytRE AREvidLAMIAGoIRS @nlidkQiatidld resetting the first
retransmssion tinmer whén the at | east one upper-|evel

frame is ] { b+

e et nfEeRE Eh HAR Rl sSERTRN Sk RS 108 o b upper-
operations of: hufferingt s.e nt e ortions, of the .

el PEHE e hbar s Plng SRR 6L ARG arRip B spia bberation
receiving_station; and timng a separate tine period

13 ofdsieriingeahl-ABR indicptiancigdicatingthabihe repsivang stpfionfails adegpately to
one upper-1level frame when the segnented portion is

14 rechevectbe etilepstone hewettlevel dramegandet r ansmi ssi on.

15 delivering the H-ARQ status response message to the upper-level logical
16 layer.
1 16.  The method of claim 15 further comprising the operation, responsive to

2 delivery of the H-ARQ status response message during said operation of delivering, of

3 providing again the upper-level data frame to the lower-level logical sublayer.

1 17.  In amethod of communicating in a radio communication system having a
2 sending station that sends data to a receiving station, the data formatted at an upper-level

3 logical layer and into an upper-level data frame, and the upper-level data frame provided

4 to alower-level logical sublayer, the upper-level data frame further formatted thereat into
5  one lower-level frame, the lower-level logical layer operable pursuant to an H-ARQ

6 feedback scheme, the receiving station comprises a first retransmission timer, the first

7  retransmission timer for timing a first time period commencing when a missing upper-

8 level frame is detected at the receiving station, wherein the sending station selectably
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initially sends at ieast one upper-level frame at a first data rate and retransmits, if
necessary, segmented portions of the at least one upper-level frame at a second, reduced
data rate, an improvement of a method for facilitating reception of the segmented portions
of the at least one upper-level frame, said method comprising:

detecting reception at the receiving station of retransmission of the upper-
level data frame at the second, reduced data rate; and

resetting the first retransmission timer when the at least one upper-level

frame is retransmitted in the segmented portions.

18.  The method of claim 17 further comprising the operations of:
buffering the segmented portions of the at least one upper-level frame
when delivered to the receiving station; and
timing a separate time period commencing for each segmented portion of
the at least one upper-level frame when the segmented portion is detected missing during

the retransmission.
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