19 DEC 2006 APPARATUS, AND ASSCCI ATED METHOD, FOR FACI LI TATI NG4 ¢ nip 200
RETRANSM SSI ON OF DATA PACKETS I N A PACKET RADI O COVMUNI CATI ON S’YéfEM %@T
UTI LI ZES A FEEDBACK 5 ACKNOALEDGVENT SCHEME The present invention relates
generally to a radi o comruni cation system such as 10 an |S-2000-conpli ant
cel lul ar communi cation system that conmunicates franme- formatted, or other
packet-formatted, data pursuant to a hybrid ARQ (HRAQ,6 or other,
acknow edgnent feedback and retransm ssion schenme. Mre particularly, the
present invention relates to apparatus, and an associ ated nethod, by which
to coordinate padiRARATUSaAND ASSOGI AN KD MBeHOIK TeoRadgnANtr A€Rdback and
packet formatting RIEHRABSMISSION O DATA PACKMTI A phe R&F1d avers of
the radi o conmuni c@OMMENBCATIONEY STESEPHAT DYENIF RO ﬁa'éﬁﬁ r&{v\h' "
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particularly relates to apparﬁmﬁqowﬁgﬁ@MEﬁq&}@
better to control generation of negative acknow edgnent requests when data

frames are retransmtted at data rates lower than at initial data
transm ssion rates. Coordi nati on between the logical layers is provided to

permt earlier 206t 1sm.ssion,. when necessary, of a data franme. \Wen an
i ndi cation of faill tégsg‘?%md%ﬁ:?ﬁé?li‘/‘e%gﬂﬁf@é{ﬁ%aF?‘ﬁ%OﬁT@lU&@@%@t wgiey sgch as

| ower - | ogi ca| an.indication of the failed delivery is provided to a
high-Iog?ca?mﬁgg%ﬁﬁgﬁﬂpyﬁgCB@?Q*P@FF%H§%¥§§Y%ﬁndbﬁh%wmm%ﬂmm¢ﬂﬁwmmle-Iayer

f eedback acknow edgnents are qbviated. And, when retransm ssion of the

data frame CUSHHELAY Ofer padickrraatiod, dareursyatiad hdybde ARQ (R AGY G atiegn | S
less likely to be 25 generated nerely due to the reduced rate of

ret r ansni ssiggfosfledement fedbdckane retitbenissibnpitemen Mdekcipariu 20RQ:gel | ul ar
communi cation systemthat provides for reverse- |ink 1xEV-DV communication
services, | mprot@UchxmuRppatingRad ah sBeRi dedhodel Wifich b 5888t packet

retransmissions when the acknowledgment feedback and packet formatting schemes are

15 carried out at multiple logical layers of the radio communication system. The present
mvention also more particularly relates to apparatus, and an associatéd method, by which

~ better to control generation of negative acknowled gment requests when data frames are
retransmitted at data rates lower than at initial data transmission rates.
Coordination between the logical layers is provided to permit earlier

20 retransmission, when necessary, of a data frame. When an indication of faiture 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 conlumences.
Muitiple-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

25 generated merely due to the reduced rate of retransmission of the data frame. When
implemented in a CDMA-2000 celiular communication system that provides for reverse-

link 1xEV-DV communication services, improved communications are provided. Better



control of comunication when segnented franes are retransnitted] fisit{ 2006
provi ded, and inproved coordi nati on between RLP and H ARQ retransm ssi ons
is provided. BACKGROUND OF THE | NVENTION 5 Many aspects of nobdern society
requi re the communication of data pursuant to the effectuation of

conmmuni cation services. And, the need to communicate data shall |Iikely
conti nue and perhaps increase as advancenents in comuni cation technol ogi es
perm t additional types of communication services to be effectuated. Data
i s communi c&PREEPI B compuBicanocwhenstEnanicd fragyes temetrdsooneii ipe@tdeainandl 0
systemincludes, at a mninum a set of communication stations including a
first conmmimpoatd orpréinatiomienacsh RLE eabH oA RQITeKMIseMsI @8 iStdlien. The
comuni cation stations are interconnected by way of a comunication
channel. Data is originated at a first of the comunication stations,
referred to as a sending station. The data is sent by the sending station

upon the comunication changgbylcdr %WHFVfﬁ%I\}\QEﬁII‘ébEfSt a second of the
a

15 communi cation stations, referred to as recelvin ation. The

receiving stati omgde data .communi cated thereto and operates to
recover ?he i nf or nat#’gﬁ}ae?tsé%?ﬁ%g%’? SP?\%%&SWHM © PAIPYEE R fgaéﬂ“ﬁﬁl@ﬁ@t emis
a communi cahi %?f s%st emthat utilizes radio channel s upon which to

comunj cat e’ at 5° Bat WeEr P HE HGHAT APEKET ofnd ihg ResAde cammunicaigidatachalinel s
are formed t{p(}n radio |inks defined upon a radio air interface. Wre line
20 communi c&FTHROUPYE 8Rd peThapsdaFressa g Advanganeds i donxeuhication.techaoliiee | i ne,
connection between the communi cation stations upon which to form

communi cat i RiMgradHmne! typestofapmmupiatipn sdamigeoh biehéfecianmuni cati on of data

t her ebet ween. Radi o comruni cati on systens provi de various advant ages that

sonetimes favor Dihés corusenioned by 0y 08P endRgichisiesystene & BRMMNEALLPN
systens. The physical 2 19 DEC 2696 infrastructure of a radi o comuni cation
syst em 16f orsysrsi atlodes, kSa G@Kf0A, b Yel @l B htibS SiStions including a first
communication station and a second communication station. The communication stations
are mierconnected by way of a communication channel. Data is ori ginated at a first of the
communication stations, referred to as a sending station. The data is sent by the sending
station upon the communication channel to be delivered to at least a second of the
15 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
20 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



6

costly to install than that of a corresponding wire |ine comunjcati.on
system Initial deploynent costs of a radi o conmunication systgélﬁiu Z
therefore, are generally less than those of corresponding wireline
conmuni cation systens. Additionally, and significantly, 5 a radio
comuni cati on system can be inplenmented as a nobil e comruni cati on system
In a nobile communi cati on system comunication nobility is provided. That
is, one or nore of the comunication stations of a nobile communication
system i s nobitkdrushac nbt radid cuntreahitaicopssiai 0 idtancfit X8R rARSELISDy 1A

cel lul ar communi cation systemis a type of nobile radi o comiuni cation

system o tdvatly hainsial oeied ofh 0birépbalih e haNAl BB, B YORKS Of
various cellular comunication systens ﬁave been depl oyed Y6 encorpass

many popul atdRgicpaichi @R& ¥h radi %oﬂﬂ{mafiﬁll‘? gfsl?é?l? rlhé‘fm%?eg”g}‘q”%ﬁ@t ' 205, Al

provi ded by way of the networks of cel conmuni 3hr ough

the use of nphi.lg ' LS, radio comunications are effectuated
during operati on 8?‘% g&gg lei{ggée Jéodjﬁ?%ﬂﬁcﬁté‘%"i fteays femPsaibe pud sgnificartiaor k

part of the j(ofs) ioc@i cat i.op] sg}?%em and a nobile station to effectuate a
communi cati 6n service, MFHaN I &t SBeEpied ag heopid canmpnicgimmsystemt i on
systemis defined.by the. placenment of fixed-site base transceiver
stations. THR2BXOHCEPRRuRERYER SYen.iconanakesion debility isprovided. afiest &, €8s or
referred to as a _cell, and the aggregated areas of the cells defined 20 by
t he cover ag@df ehdiespmmiunicgtion kefidymsd atmebi Boeimmunictiah sghen oaebiRemdde) i ne
the area enconpassed by the system The network part of the cellular
communi cat i &mitsgde eperalicgoat aifivell pdsisogontrol entities and entities
permtting connection with other communication networks, such as PSTN s

(publ i c- swit ched A detiubp boRienReE MR Ra ¢ hpaskek; net.wor ks) ,
such as the Internet. 3 i DEC 2006 }Jg b | g@lﬁfati o%ﬁ%)gﬁﬁﬁ%gn abSnsyS%gm

comuni ¢t etaha acHeNad éibﬂ@@ﬁﬂm@e@&ﬁﬁa&. t’ﬁ]etli%?works of various cellular

cohnnunication systems have been deployed to encompass many populated portions of
the world. Telephonic communications are provided by way of the networks of cellnlar
communication systems through the use of mobile stations. That is, radio
communications are effectuated during operation of the cellular communication system
15  between a netwcz;%c _p.art of the communication system and a mobile station fo effectuate a
conmmunication service.
The area encompassed by the cellular cormmunication system is defined by the.
' #Iacement of fixed-site base transceiver stations. The base transceiver stations each
define a coverage area, referred to as a cell, and the aggregaled areas of the cells defined
20 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 permiiting connection with other communication
networks, such as PSTNs (public-switched, telephonic networks) or PDNs (packet data

networks}), such as the Internet,



base transceiver station positioned in closest proximty to the Me%@
station. Viz., the nobile station communicates with the base t SCei 5
station that defines the cell in which the nobile station is positioned. 5
Successi ve generations of cellular comunication systens have been

devel oped and depl oyed. New generation systens are being depl oyed and

ot hers are under developnent. Certain of the new generation systens are
referred to as being third- generation (3G systens. In general, these
systenms are predigaiobile sitidreagien ubed@rdomtponicat Pk ebnBsReheairas wigt hen
schenes. In a packet communication schene, data that is to 10 be

comuni cat ethakStriREdTREtsefioh Pb&iHPAGKA P80 Grd:R 1P A-HE hudtRle HBlibe d viAlfe | S

comuni cated in the formof a series of data packets to effectuate the

conmuni cat i gRuafe st iR JRbANRLES MAH b Bﬁ@ﬂé@;ﬁ%& b PRaS8IAHS Bic SR

addi ti onal systens, sonetines eferre successor-generation systens,

are al so predi.cated at, |l east.in part.upon packet-based, e.g.,
frarre-formt‘%@%fﬁlgé?ﬁﬁ]ﬁisgﬁg@Pbsrpo\é@Wg 's. 15 The operating paraneters are of
an exenplary third generation comunjcation systemis set forth in an
operating speci f iSCSESSENC BRYEI08g of 6otidar cRamiRtion st e bgn developed
specification. The operating paraneters set forth in the CDVA 2000

oper ati ng %@@Pﬂlphﬁfi%@Wﬁ%ﬁ’iﬂu@ssw*@ms@éﬁ:b@emg ¢rpdend dad atherarenndsat i on
services. Further operating paraneters related to high speed data
communi cat i clevdepmtde Eehave! theeevbearmr2Dnpyommt gatrefintd ipavdiaethirer t he
ef fectuati on of high speed data communi cation services in the CDVA 2000
system A | xENerBlibrd@() soaemsninorbtel) (sabeiemd 86 pradaERldet leaBl B\Wadepod he
operating paraneters pursuant to which high speed data comuni cati on

services capabigtBhdchiRi@tatibn SARIHAC I 2Packbl bnin R of Q0RO HH M4 3 40N

system 4 1 DEC 2006 Hi gh speed data comruni cation services are effectuated

in eithep dig@GhhBMicatedSs farhubd) t%gﬁzrk@@%d E‘n%r ;acl%e?-f&lﬂg?t% g§eaSL 211 ON as vel |

as, also, by a nobilTe station to net wor r

communicated in the form of a series of data packets to effectuate the communication of
the data pursuant to a conuﬁunication service. And, additional systems, sometimes
referred to as successor-generation systems, are also predicated at least in part upon
packet-based, e.g., frame-formatted, communication schemes.

15 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

20  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.



Exi sting versions of the operating specification define the co ireat i B
systemin terns of logical layers, including an RLP (Radi o Li nk*Pfotoco

| ogical layer and an 5 MAC (Medium Access Control) |ayer or sub-Ilayer.
RLP-formatted data packets, or franes, are forned at the RLP | ayer, and
MAC | ayer formatting is perfornmed at the MAC |layer. Both layers utilize a
f eedback acknow edgnent schene used to determ ne whether to retransmt a
data frane. The RLP layer utilizes a NAIL-based retransm ssion schene and
t he MAC | ayefightspadaat comemppinRonservasee arckdicaidiet iimaighdrgirettiva, tpgnathing
specification defines a reverse Packet Data channel (R-PDCH). Two

di f f erent tymﬁWOﬁﬁmﬁﬁaasmﬂﬁkmUMBnaswebe&nmmrﬁﬂaﬁﬂbﬂhhﬁﬁ@ﬁﬁﬂM@hﬁu&M&ﬁ&t
aut ononmous transmi ssion is defined. In autononobus transm ssion, an "al ways
on" data connectExiflingMeniidml dfYhEapttdiaklspetifidabioR BNAAaE coMRBickig: FRRK] €
station operates pursuant to autononous transm ssion, the nobile sStation

i s perni ttednt@mRIBYNS’lRdRlRdtls & B Rb% LAk P81l ﬁgﬁtﬁa%”ed

data rate. Schedul ed transm ssion i's al so defin

transm ssi o [ th ase t.ion, term nes when the
nobi | e sfs at %ﬁ@@%ﬁ%@%ﬁ@ﬁoﬁgﬁgﬁ ¥ Sg?j)aﬁ'&tﬁ]tt’i?ﬁwatﬁﬁggé@ Pcksts Phe

aut ononous ransm ssi on, he pe data rate. In_addition to the
comuni cat i oh™ 01> F&l %‘{;@Ity% %ﬁ%&aﬁe’f’ ?‘é@‘ﬁ@@?@?ﬂéﬁlgg 1s peripemed athgMAC
mlli secondsl, to_i nprove the del ay performance of 20 conmunications, hybrid
ARQ (H ARQ 'Pegdbstilayds uliliz atepdhark goimeplqdgmentscbpme upsdir detsrmingddcthet he
frame error rate due to power control inaccuracies. For instance, any tine
i n whi ch t hdoagianFwitsdata fgame. sTheoR LB layenitdizee a G basdderetrashiidsnatRénhon i s
autononmously permtted to transmt at data rates up to a data rate, e.g.,

9.6 kbps, spaditlfdddWiayemgiltzbeacHlAR@behsmepr ocedur es. For schedul ed
transm ssion, the 51 9 DEC 2606 nopbile station requests perm ssion to

transm tip and thesddgdomartl, thabperhi@sPPREEMInefnd) Plersk PEAINIDIY Aol €
assignment. The nobile station is then permtted to transmt the
(R-PDCH). Two different types of transmissions are permitied on this channel. First,
autonomous transmission is defined. In autoniomous transmission, an “always on” data
comnection, minimallyl controlled, is provided. When the mobile station operates pursuant
to autonomous transmission, the mobile station is permitted to communicate data at a data
15 rate up to a predetermined data rate. Scheduled transmission is also defined. In
scheduled transmigsion, the network part, e.g., the base station, determines when the
mobile station is permitted fo transnit at next higher rates from the autonomous
transmission, up to the peak data rate. In addition to the communiéation of relatively
short frame lengths, e.g., five or ten milliseconds, to improve the delay performance of
20  communications, hybrid ARQ (H-ARQ) feedback is also utilized for the reversé 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, e.g.,

9.6 kbps, specified during the call set-up procedures. For scheduled transmission, the



data during a permitted duration and at a pernitted data rate. Bdtth3EL 7008
aut ononous and schedul ed transm ssi on uses the sane type of H ARQ 5
f eedback acknow edgnent nechani sm The H ARQ schene exhibits the attributes
of nrultiple ARQ "channels" and synchronous acknow edgnent. Retransm ssions
of an encoder packet is performed up to a sel ected nunber of
retransm ssions. Wth the use of reverse |ink H ARQ procedures, a
symretri c H ARQ nmechanismis provided at the MAC sub-layer between the
mobi | e st at | BRPBNHatiPRerdaBets parmissoeity RANSIiA bh@ thetfetwd1R ph rGOHRANL,SALT ON

. MES O h@th patt r&p Rh!
system One problemw th the existing conmuni cati on schene set forth in the .
exi sting vegmitpomobfdingherapasiphirgt. SRRGhéhiRat : ' feedb
acknow edgnents during retransm ssion of dggzgggé%ﬁ%%gé%rﬁﬁ%ér)té)n%ag.smﬁﬁﬁe

RLP-f or mat t edhtd datite ap@hiindd dlﬁgﬁ(g,emdcdp%ﬁgé 84,10, non-segnented format a
di

hi gh data rate and then retransmtte segrmentéd format a | ower data

rate. Wien retranggtaief oM ata rate, a base transceiver
station formng a recel vionéugst a 4|Ci(§éF{1}ﬁlrrlrff ght o Prgioedees 'gef?tgm bpe o6H-4BA very of

the data d ' aused jts retransmssion at a |low data rate
even thr gjug#%?%g{;ﬁ?e gg}rll%(f%‘%e F@ﬁ%s% heH-DRQ sehemesxbibifs tmgptiributes of

Addi tionally u}(fmf élg t‘hg rru{ tiple layers of feedback acknow edgnents,
excessive JOVEPIE Q0 Ghumels; ppd gishropenscasinemiledamentt Retrbendhacs of an
acknow edgnents_at the nultiple layers. The nultiple-Ilayer feedback is
dupl i cati ve “BRALHSH isipcsprpediptorgsratd@smbhf ofremanRsts GRUNIDE RLOYF ded
by which better to provide control over the retransm ssion of data

pur suant t o FeffrEdkikdiM/RIQ pesredires dbgain SGOEER MR 4RSS F Q)
advant ageous. 6 16 DEC 2606 It is in light of ﬁius be;ckglr%uﬁgjeflﬁfglre%f‘pon

related to ret-tpnshitsstioteoiobddisttib afd tHRIGKEL1ROITHLEAL PR SYSt em that
the significant inprovenents of the present invention

10 communication system.

One problem with the existing communication scheme set forth in the existing
version of the operating specification pertains to feedback acknowledgments during
retransmission of data packets or frames. An RLP-formatted frame might first be
comumunicated in non-segmented form at a high data rate and then retransmitted in

15 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 cansed by its retransmission at a low data rate even throngh the
retransmission of the data frame is ongoing,

Additionally, due to the multij)le layers of feedback acknowledgments, excessive
20  air resources are used o communicaﬁe 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 betier to provide conirol over th‘e

retransmission of data pursuant to an acknowledgment feedback scheme would therefore

be advantageous.



have evol ved. SUMMARY OF THE | NVENTI ON The present inventi on, ac%%g%gqgﬁﬁ
advant ageousl y provi des apparatus, and an associ ated nethod, for S
facilitating communication of packet data in a radio conmunication system
such as an | S-2000-conpliant, cellular comrunication system
Frame-formatted, or other packet-formatted data i s conmuni cated pursuant to
an HARQ | o or other, acknow edgnent and retransm ssi on schene. Through
operation of an epbodinent. of tQ&% resent invention, a manner is provided
by which to coord ﬁ%ltnefgﬁ{]%f S Pag ROTPAon e ip setearmitibe of deatn a

f eedback andzpﬁcket formatti ng schenes are carried out at nultiple |ogical
l.ayers of thRFCSPLEGIEIENHHEN P& Bist Sy sieaificanisngireventehisad dic mpenaiivarionf an
enbodi ment of the present invention, a manner is provided by which better
to control g@ﬁ@ﬁ&%ﬁ@% of negative acknow edgnent requests when data franes
are retransmtted at data rates are lower than at initial data transm ssion
rates. In one aspect of the present invention, coordination between the

| ogical layers is 20 provided, and earlier retransm ssion, when necessary,

- of data iss pernitted. Wen amsuimdigat berraf; iNenifoRf delivery of a data
frame is detected at a lower logical layer, a nessage is fornmed thereat,

form ng an indi caty Qf ¢ 7 fal | V&er The,message is rovided to a
hi gher | ogi cal | ayeeﬁﬂ? ei\il/tedlh{;&g%% %cﬁ%déh%;}é\é?\e FERT %%ﬁoﬁﬁg%mﬁaﬁ‘%e@‘i Fhe
need ot herw : Lh | h ise multiple | ayer feedback acknow edgnents
is obviatedfggx%ﬂ%g%#%gégbg%ﬁﬁgﬁ%gﬁgwﬂ%@%%h?lﬁﬁ%FhﬁdﬁPégéﬁﬁthvention
failed deli Ve-}X%i ndi.cat | gé)ns are less |likely to be generated when the
retransm ssi‘OR OPEHPR SYSE, SpehasARd S 3008 wg e Hpetdcqbisiar somnhigetionssystns ay

when non-se%msnt d data is first transmtted and then retransmtted in
rame-formatted, or other packet-formatted data is communicated pursuant to an H-ARQ,

[v)
=

10 or other, acknowledgment and retransmission scheme.

Through operation of an embodiment of the present invention, a manmner is
provided by 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.

15 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 retraﬁsmitted at data rates are lower than at initial data transmission
rates.

In one aspect of the present invention, coordination between the lo gical layers is

20 provided, and earlier retransmission, when necessary, of data is permitted. When an
indication of failure of delivery of a data frame is detected at 2 lower logical layer, a
message is formed thereat, forming an indication of the failed delivery. The messageﬂis
provided to a higher logical layer level, and the data retransmission commences. The

need otherwise to utilize otherwise multiple layer feedback acknowledgments is obviated.



segmented format a reduced data rate, a failed delivery indicat{@rilis 28§s
likely to be 5 returned nerely due to the |lowered rate at which the data 1s
retransmtted. False indications of failure of delivery of data is |ess
likely to occur, resulting in inproved communication performance as well

as better utilization of radio resources in the comunication system In
an exenplary inplenmentation, inproved conmuni cations in a CDVA-2000, 10
cel lul ar comuni cati on systemthat provides for 1xEV-DV conmuni cation
services are pr &vimlrr aBict effthe presem linwehti o faiedi delivérg indisatiphowicded when
segnented franes are retransmtted. And, inproved coordination between RLP

and H ARQ t fielyiio bs persatedwhat e irelemsmbBaion of asiaed pérRembs PREhRAPEG.AL. a
hi gher | ogical |ayer, such as an RLP (Radio 15 Link Protocol) |ayer and

t hen provi daati@ t@sadyOWBEn h@Oicglentc@X8lais BHE BafsniBld M¥hed Medb UmiAgGESS
Control) sub-layer. MAC, or other, lower level formatting 1s perfornmned,

and a resul L i | .station t cei vi ng
Srat on.  The R A T s n el AP AR BB i e By e
| ayer arg p LSu Q f eedback acknow edgnent schene, in

parti cul ”ﬁr , ?%t%&ﬁ%@#l%%d%g&?(foggﬁ%n@g Zgﬁ’%ﬁh,&g'dg?tﬁéﬁ r@H?r?S&HEe%fF"éﬁ her
successf ul trdag'?n’i Sthij or fallled ff)‘rfiaan_sn‘i ssion are returned to the |ower

| ogi cal | evBIUGRoT Y Rilya chgelsrRt pighita 16 Jise likely de pergr.irraviing in imRessigdnsi ve t o
detection of the jndications by a detector enbodied at the |ower | ogical

| ayer of thEOBBHECA}PIteRorBaIces stelltag detiwspibrapngdneliatsrugensrtat es a
status response nessage. The status response nessage is provided to the

RLP, or ot hevmmuppaionsygieval 8 i DEC 2006 | evel |ayer to indicate quickly
the.receive indications. Wien failed delivery of the data is i ndicated,

the RLP, or ot hek anpmempldrp fhslehehtad@d, 6 SRambRTEARIR 7 8 SIrN ARS@pedur es.
The data is provided again to the lower |ogical |ayer, and the data is
retransm t t ediul® chi@wmicaiion system that provides for 1xEV-DV communication services are
provided. Better control of communication is provided when segmented frames are
retransmitted. And, improved coordination between RLP and H-ARQ transmissions is
provided.
Data formatting is performed at a higher logical layer, such as an RLP (Radio
15 Link Protocol) layer and then provided to a lower logical layer, such as an MAC
{Medium Access Céntrol) 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.
20 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 lo gical

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



receiving station. 5 The receiving station utilizes a retransm s 'r;ogrfngpig%
for timng tinme periods -associated with the delivery of data th reto:

data communi cated by a sending station to the receiving station is

comruni cated in autononous or schedul ed transm ssi on nodes. The

retransm ssion of the data m ght occur at a |ower data rate than the
initial transm ssion of the data. Wien a determ nation is nmade at the
receiving station that data 10 is received in segnmented form indicative of
retransni ssiléte! yontolindierte dughityahe atceive tinticatisgg MRt G RAULE QRS0 AR Y TS er ed
at a resequencing buffer and a resequencing buffer timer is used to

det er mi ne whiedicated, tigoREB orsuibs egpanlogical L SBhHRNO fraldfsdaldo eldiuieﬁ
segnented portion of the data is not detected in the tine perlodcvm i n

which the rEsequanpiorgicauhiare HeBhel PR IM:, indication i
returned to the sending station i s to iogﬁi cg*%’ %rﬁgh%\@%%?ésde% SF\%‘%@J"@Fthe
segment ed peEdel ey Qhiddie data. Accommpdation is thereby made for the

retransm ssion of the data at a | owered data rate. Unnecessary NAK

i ndi cati gns indi ing. failed delivery of the data, assum ng retransm ssion
of the data at ?ﬁ%&%&é‘% T PSonh s %ﬁe“?ﬁ?@ﬁﬁ%wgbw tinyipg e geriods

conmmuni cat i ons ageﬂ] i.gﬁrgméed usage of radio resources is 20 provided.

Ml ti -1 evel FPETEHVEET OR I seabiaie eaienbin ddypmnmsenigatedty bisplding emiins | S
obvi ated. And, erroneous_indications of failed delivery of retransmtted
data is |es®ibe REICVIng gatpiely compnidatedan amtdn@bmesror asip@aled irah8ESE P8 des.
apparatus, and an associated nethod, is provided for a radi o communi cation
system TheThagitingoission o€ theidom might ermuhas 1BweSddha fatddRen 2R06iH.sendi ng
station that sends data to a receiving station. The data is formatted at an

upper | evel trhmgiission dfajedatandvhed 9 daBrmpResrb el .08k -
upper-level data frame is provided to a Iélv:/er-l e?/eF' ?egé{vg%l%t{giégﬁf%%t? The

upper - | evel isdadedvellidBBemhshtdd ol Shdicative of retransmission at a lowered data rate, the
segmented portions are buffered at a resequencing buffer and a resequencing buffer timer
is used to determine when to request subsequent retraﬁsmission of the data. Ifa
segmented poﬂsion of the data is not detected in the time period within which the
resequencing buffer timer times-out, an NAK indication is returned to the sending station
15 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
20 provided. Multi-level transmission of feedback acknowledgments at multiple levels is
obviated. And, erroneous indications of failed delivery of refransmitted data is Jess likely
to occur, |
in these and other aspects, therefore, apparatus, and an associated method, is

- provided for a radio communication system. The radic communication system has a



formatted thereat into at |east one |ower level frame. The | owerfBeVel 2008
| ogi cal layer is 5 operable pursuant to an H ARQ feedback schene.

Ret ransm ssion by the sending station of the upper level data frane is
facilitated if the receiving station fails adequately to receive the at

| east one |l ower |evel frame. An H ARQ detector is enbodied at the | ower

| evel | ogical sub-layer. The H ARQ detector detects H ARQ indications, i.e.
acknow edgenent, returned by the receiving station to the sending station.
An H ARQ 1Gesdiat gstipe $ipo neels gletade areneivigg gatbodi B data it femlatedat-anewppdr-

| ogi cal sub-layer. The response generator is adapted to receive

i ndi cat i onslewd] Isigtat ¢dyepnsd sl en byper-heveHAR@ 8R! Gtk Qpper-1dFhedita AResd at us
response generator generates an H ARQ status response nmessage for delivery

to the uppasmlia¥®lo 4 R &I BRIl subIByFE938USp AL I8 DR ¥ RREkr | evel
| ogi cal |ayer when the H ARQ detector detects an H ARQ I ndication

| ndi cating &Rk diNBerRGRlo AhsfohcTbAL! B0 ARl ARGGUANELY 1dfeal RGN the at

| east one | ower-level frame upper-le "l'ogical Tayer"1s selectably

oper abl e responsive to.recejp f.the .H st,al us r.espans ssage. to

pr ovi de%ag a(?ﬂr%rqbieepﬁﬁ‘baé\t B %egfg%étfgeﬁ?%ﬁgget k{ghﬁqup"&yetﬁc ng’gf“@é‘?a 1on
sub-layer. Also in these, and aqther, aspects, further apparatus, and an
associ at ed Hehmerper fevel dita fageds fagritgtpdbil thapegeivggsatios ﬁftl‘g@ﬁe"é&??@%‘m The
receiving station conprises a 20 retransm ssion tiner. The retransm ssion
timer tinesreeeivs hsat lqaptongdeerd e mraric ifmgH-AR letector ssambodiedia thedower
reception at the receiving station of the at | east one |lower-level frane.
The sendi ndewsd] dgion sskellget.abhy Hi AR O drtactor detedis H-RWR Quindicetists, bne | ower - | evel
frame in segnented portions at a second, reduced data rate. Reception of

the at | easdckefglcligm@ént, detitedd By BBRedelvidd @atkOand RAdRE shlioNSAh$I-ARQ
facilitated. A retransmssion tiner resetter is 10 C 2056 adapted to

recei vepi ndi i f i I i i s of
el NAeHAd feQithse gle&ﬁﬁt%ﬁis éﬁiblo@]fced 2L 8RAKEN 08 15@&1%9%%% gﬁleﬁgﬁh% So

retransm ssion of the |l ower-| eve rane at the second,

The 1t anafil st Al ddpf 1o EREI RlicARMS 82 ab BRI 1M Bl 18 A3 bABREL SS1 on

ti mer when

The H-ARQ) status response generator generates an I—I—ARQ status response message for
delivery to the upper-level logical layer. The message notifies the upper-level logical
layer when the H-ARQ detecior detects an H-ARQ indication indicating that the receiving

15  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

20 retransmission timer. The refransmission timer times a first time period commencing
with at least anticipated reception at the receiving station of the at least one lower-level
&ame. The sending station selectably initially sénds the at least one lower-level frame in
segmented portions at a second, reduced data rate. - Reception of the at least one lower

fevel frame in the segmented portions is facilitated. A retransmission timer resetter is
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level frame is retransmtted in the segnmented portions. 5 A nore g ; J‘eﬁiﬁﬁ
appreci ation of the present invention and the-scope thereof can 1beitv
obtai ned fromthe acconpanying drawi ngs that are briefly sumrari zed bel ow,
the detailed description of the presently preferred enbodi nents of the
invention, and the appended clainms. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 illustrates a functional block diagram of a radi o comrunication
systemin which an enbodi nent of the present invention is operable. Figure
2" i || ust r at e&2pief fyicseire ngipahonsaydetsetiormed opepsion pbieisomraeinéd pdrdonsasti o
comuni cation system shown in Figure 1 and of signaling generated during
pper at i on ofretraigndseonr e divplowontmuel ftaté srths yebednrpdicsdiant rite Pper ati on of an

enbodi ment of the present inventi on. Figure 3 illustrates a nethod flow
di agr am | i stremgnstrieiomeirhadeeiteapasa e ofthererimbiashOfimanwEshadippt  of
the present invention. Figure 4 illustrates a representation of an

exenpl ary rebal fanshi ReReRENindAL fondfidiBlded at an RLP layer and at an
MAC sub-1layer of a sending station operabl'e pursuant to an enbodi nent of

the present invent QR JiMdE Somedihlds es. g representation of an
exenpl ary transnission pa{? éf'{er ?ﬁgﬁéél%géftgxgﬁ%%ﬁw}%%‘g} %ﬁcﬂhﬁ Sqope flpggeof can
conmuni cati @n St shgwn in Figure 1. 11 Figure 6 illustrates a
repr esent at ?’8 N %gafnegﬁeor% ﬁ?%%?gmgéé%‘mﬁs gt s brehly sgmmapzed bsdaw.dbe a dat a
frame pur su%nt 'Itﬁg operation of an enbodi ment of the Fr esent invention.
DETAI LED DESERIEATeskripaqethewyesantly preferred gubediments of didiloventmmani dat i on
system shown generally at 10, 5 provides for the comrmunication of
f r ame- f or nafPRAdedelagpher packet-formatted, data. The conmunication system
fornms a nulti-user comunication system having a plurality of
10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a functional block diagram of a radio communication system in
which an embodiment of the present invention is operable.
Figure 2 illustrates a logical layer representation of porﬁons of the radio
communication system shown in Figure 1 and of signaling generated during operation of
15 the radio communication system pursuant to operation of an embodiment of the present
invention.
F igure 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
20 formatted at an RLP layer and at an MAC sub-layer of a sending station operable
pursuant to an embodiment of the present invention.

Figure 5 illustrates a representation of an exemplary transmission pattern during

exemplary operation of the cbmmu_nication system shown m Figure 1.
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nobil e stations, of which the nobile station is representative. %@J,‘s
communi cated pursuant to effectuation of communication services,!< Vil 2§15
including, for instance, real time VOD (Voice over Internet Protocol)
conmruni cation services. 10 In the exenplary inplenmentation, the radio
comuni cation systemforns a cellular comunication systemthat operates
generally pursuant to the operating protocol set forth in the CDVA 2000
operating specification. The comunication systemis also representative,

however, of ot heFiguypedisiraes ameprteataion osysheiEy cMhbh@idgn Bpéelgﬂl‘éélﬂgﬁ
description shall describe exenplary operation of an enbodi nent “of the
present i nveationnoflbdams FamkgspRehi bpkiafionh FPALIRIEALEAD '

2000- conpl i ant comuni cati on system pi n other 1 np enrg[rql)tflé%%ﬁssefl B8 rent s
of the present invention are anal ogously inplenented in other types of
comuni cation systens. Data is communicated to effectuate conmuni cation
services between a network par PEGARLED BESGRIPIIONON system and nobil e
stations operable in the comunication 20 system Wen data is '
conmuni cat ed by Referig st te Havte I o radiorotivmenistiddi 9stend, Beowakdhekly at 10
comuni cated upon forward Iink channels defined upon a forward |ink 16.

And, wheh pavales rtiee denconiativreet feandbrda@ ol Sthst Bck Aok gégiedé}gtit\@er k
part, the data is comruni cated upon reverse |ink channel s. Je ned upon a
reverse | i néordBunid@idn sybtefn 28082 milE uBS AR R by | a. radio access
network, here shown to include base transceiver lslt]g}frkl%cl)]ﬁgjg‘%l&a\ﬁﬁllr@ﬁyf’ﬁe base
transcei vermstiad diafbnk BFSVhidk tlcins @ V8enhe hase transceiver
stations are positioned at sgi ect%%rﬁ?%%gbg%ﬁges?lﬁ?%‘{fgIliyoq.tﬁ 1S 4QMggUcated

enconpasse ' Lon system and wi thin which comunications
by, and 5 ?%‘J,?%ghprr%tﬁ %?%f%%o%?gxﬁgfoﬁi SELRLFS: BIRAINB IO Msfanpg cealdiare st at i on

of the co | ion system.defines a cell. And, a nobile station
gener al | ym(%&rnﬁﬁﬁfo&cgtoé}gr %%Cfrﬁett QEOGQJSQOWWQW%@F $&8Yice% at i on that defines the
cell in which tt}g nobil e station is positioned. The

10 the exemplary implementation, the radio communication system forms a

cellular communication system that operates generally pursuant o the operating protocol

set forth in the CDMA 2000 operating specification, The communication system is.also......oo....

represeptative, however, of other types of communication systems. While the following
degcription shall describe exemplary operation of an embodiment of the present invention
15 with respect to its implementation in a CDMA 2000-compliant communication sysiem, in
4 other implementations, embodiments of the present invention are analogously |
implemented in other types of coramunication systems. -
Data is communicated to effectuate communication services between a network
part of the communication system and mobile stations operable in the communication
20 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 comumunicated by a mobile station to the network part, the data is

conmmunicated upon reverse link channé_ls. defined upon a reverse link 18.



mobi |l e station 12 and base transceiver station 22 are, in genera% S
representative of any set of communication stations between whi ﬁumf—f-f At
frame-formatted data is comruni cated during 10 a comuni cation session to
ef fectuate a communi cati on service. The CDVA 2000- conpliant conmuni cation
system form ng the conmuni cation system 10 here further provides for
1XEV-DV, high data rate communi cation services, both on the forward |ink
as well as also on the reverse link. Exenplary operation of the
communi cation systimetHomkiiatineedea a rakio gireat mawail, hbe sHBWEL kEinst.at hon, is
conmuni cat eg 15 to the base transceiver station shall be described. In sone
aspects, andFdgeiss spdpas, pbwhicholic fxe M@ﬁﬁeibéﬂﬂﬁatfb%lfﬁq%; 6atd si.nlarly
i npl enent ed&ai The radi o access network of the networ ptégrltgﬂroe?&’?%ge‘n}he
conmuni cat i drssystsetival sions Belpedasnd #a8est Akl ntrol ler 24, or other
control entity. The base station controller co%?dr}]cs)ﬁ}gm\l}%]?qu&ﬂ%arﬁ%’pects of
the radi 0o acnesspREIMVEY e chMRGlHALE ation.pf the base 20 transceiver
'lr?&l 3 c%lﬂ%)]f‘&e) ft%fh%mﬁ]ég‘é“@ﬂla’ccﬁ%?ﬂs@@rﬁlﬁol | er

station 22 to which the controlle

24, in tgrnggl t 28 that fornms a gateway between
R R T R b

the radi o access networ SC5tvet Hation ehtho npmathisaisy st em

and ot her pQgti f th etwork part. Here, the gateway 28 connects the
radi o access{(%tléerﬁ\?\g?r%staoce : Mk%{fﬂéﬁ% satay speetelly POMBR-agsdvifitht bgseswi t ched

13 19 DEC 2# 5 tel ephoni¢c network (PSTN) 34. A correspondent node (CN) 38
i s coupl ed t'8"YHE KB halgletigesibe agltin verich themhibdleswitohegbsine@heRi C
networ k. The gorres_pondent node is representative of any data source or

target that TOGHFEREMRIZ ] brse basoeivesstaiondQ ik, ﬁh@kb&?al?ﬁepre@é{tgﬁv%wgegat ed
during a comuni cation session to effectuate a conmunication 5 servic

with, or byofeommowitationtsatioonbersuahwhish Fame BRIk OBt i bR B
to

originated, for instance, at the correspondent node for conmuni
10 icati ; . .
t he _  communication session to effectuate a communication service.

The CDMA 2000-compliant communication sysfem forming the communication
system 10 here further provides for IxEV-DV, high data rate commnnication services,
both on the forward link as well as also on the reverse link. Exemplary operation of the
commumication system in which data, originated at the mobile .station, 1s communicated

15 to the base transceiver station shall be described. In some aspects, analogous operation
for forward link communication are smmilarly 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
20 transceiver station 22 to which the controller is coupled.
The base station controller 24, in turn, is coupled fo 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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nobile station is routed through the network part of the connu@@p Ekog ,
systemto the base transceiver station, and base transceiver sta ~on 006
transmts the data to the nobile station. And, for instance, data
originated at the nobile station for conmunication to the t o correspondent
node, is sent upon reverse link channels to be detected by the base
transcei ver station and, thereafter, to be routed through the network part
of the conmmunication systemto the correspondent node. As nentioned
previously, {depmuiincatorbiPSTNNBM. A cBredpoaserd WoBHETN) 39isR odp1E1dlMe packet
conmmuni cation service, is frame-formatted, or otherw se packet-fopnatted.
That is to Hbtasaywork hed pESTENiRALd RRPE&LY b die. €hd 8@&4@%&@ fhrQugh the
comuni cation of successive franes of data. And, a fee ack acﬁnomﬁedgnent
schene i s utddrdsz2@6ki [ f [ Vi to indicate at |l.eas

pll S ﬁgmt%ym"‘éi‘l'y‘;:ﬂta S%GRB %gﬁé%ﬂlt ;tllr?aé 2(?1%]5' tgg gltg‘lgltef‘ $purce ({rﬁ]gstagflan P£ ane

when franes of data are not succes ivere

can be retr ] . ring_reverse.|lj.nk communi cations, data is
comuni cat e &%;C?) %‘%{lg]glr%@ldl engggtcf)’blﬂlun%{l%ﬁq‘?s’%? Itk CURBNABEROT 0 a base
transceiyersstatio . Frames of data are sent upon the reverse |ink
channel s t 0SFHE® BY8et PaAdedls siatist.suriyps e mbilgstasiendd. thereat. In the
event that the data franme is not successfully delivered to the base
transcei ver st at P8k origimatqdn firdatanse, abfhetdoerespimidentencal® fohentiabriissgioy wihet he
data franme is returned to the nobile station pursuant to an H ARQ feedback
schene. Becmabie ftafaraistowied ﬁmnhglehdmmmmﬂ@ﬁh@B@QﬁmnﬁQﬁMﬁ%sie%' thy i8S
performed at an RLP (Radi o Link Protocol) layer and at a MAC (Medi um Access

Control) | alyase 1ramnbilviep$taidr§eﬁkb8&k&mi@fveﬁﬁﬁﬁbr@fraﬁsﬂﬁtsltﬁé’@zfﬁtoatﬁg uloBhyr ned to
the nobile station. The nobile station includes apparatus, shown generally

at 46, thatsifasi Adarasnauckiaol ShBIHTHS MM AaidRER bRANEBYCH 4 of

failed delivery of a data frane to the transcei ver a

appar at s 48yfeSpdhBER AR oLR uBSn [ QB AP End iRkt 80 %L’(eg"tgé L}t/ ith% ase

transceiver station and, thereafter, to be routed through the network part of the
communication system to the correspondent node.
As mentioned previously, communication of data, such as pursuant to a 1IxEV-DV
communication service, is frame-formatted, or otherwirse packei-formatied. That is to
15  say, the communication séfvice is effectuated through the communication of successive
frames of data. And, a feedback acknowledgment scheme is utilized by which feed back
i1s provided to indicate at least when frames of data are not successtully delivered so that
the data frame can be retransmitted.
During reverse link communications, data is communicated by the mobile statjon
20 uponreverse 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 td 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
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that are inplenmented in any desired manner, including, for insta@geggg 2005
al gorithns executable by processing circuitry. In the exenplary

i npl enentation, the apparatus is inplenmented at a MAC (Medi um Access
Control) |ayer positioned beneath an RLP 10 (Radi o Link Protocol) | ogical

| ayer. Here, the apparatus 46 includes an H ARQ detector 52 that operates
to detect H ARQ indications, indicating failed delivery of a

previ ously-sent data frame. Indications of the detection nade by the

det ect or 52 cneemionyilglethetivnaed it--ARQ B (RAMST IR TPODER) [298NG8HaAE ahiRd. The
status response generator, also enbodied at the MAC | ayer together 15 with
the H ARQ deheskeh . ARBEI@INES]) Thikrl ML r o e

i ndicated on the |ine 56, tk?at)rﬁr°slﬂgtrhg\1/%%g%%§§s’tﬁ;kllga%fgqﬁe;%g?mtage lireﬁl&?eéiat e
the failed dgl ety «@fiofhe previously sent frame. Wen delivered to the
RLP | ayer, the RLP-formatted frame is again provided to the MAC | ayer to
be formatted thergat ereafiter retransmtted to the base transceiver
station. Because em%% %‘%ﬁ%‘rm?lg&?foﬁppf’ﬁag’a’ ShAWD ST A0, ablagiitaes quigk at
the 20 gAC | ayer .of the H A indication of failed delivery, the RLP | ayer
more qui ¢kl yeir F’E‘?Sé‘?‘b%fedra&lpé Brcat phipiled dddiyem Pardsiadaane %ﬁéﬁ@. The need
otherwi se to awai.t deliver of an RLP layer, NAK (negative acknow edgnent)
or ot her i ndT&tRGH Stahignc be giepapdtug 46 isdure devinveby fopfed hefibchom! Estities

obvi at ed. I nproved conmuni cations are possible as well as nore efficient
utilizati on tedt aradidemesolincey dbiratatekrtiociiiag fadintaG@mgohaaid on system
15 1 DEC 2006 The base transcei ver station also includes apparatus 46 of an

enbodi ment  ekedutuble by prendsigbiRalth0 Mn tHOEARRRY BhMSmAB gD o £ Bhistibe base
transcei ver station also is forned of functional entities that ‘are

i mpl enent ed iinpleatyitedas hMeS CTMYAR m A@lcﬁs@ ’CJHQ’B}? é%iﬁ%@%%ed BX?@%hQ@{ k1 HS

execut abl e by processing circuitry. The appa operates aring
reverse-hi n'fRQ(ﬁH‘ﬂﬁmP&%c%f}%o%ieaﬁgy%_r0' when feedback indications are
on

returned to the nobile stat to indicate failed delivery of a data
frame. The appar %elﬂa tﬂg &p%%{ra%usvﬁhei?mludes an H-ARQ detector 52 that operates to detect H-
ARQ indications, indicatihg failed delive;ry of a previously-sent data frame. Indicatioﬁs
of the detection made by the detector 52 are provided to an H-ARQ status response
generator 54. The status response generator, also embodied at the MAC layer together
15 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 prbvided
to the MAC layer to be formatted thereat and thereafter refransmitted to the base
transceiver station. Because the RLP layer is notified immediately of the detection at the
20 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 uiilization of radio resources allocated to the radio communication system.
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aretransmtted data frane is transmtted in segnented porti ons.gaggg%d?ﬁﬁj
data rates, reduced relative to a data rate at which the data i‘s’ fi'r
transmtted. A retransm ssion tiner 58 enbodied at the base transceiver
station has associated 1 o therewith a first tineout. The retransm ssion
timer operates to initiate an NAK indication to be returned to the nobile
station when a data frane is not successfully delivered within the tine
period indicated by the first time out period. Wen, as described
previously, retrdndrissiopcivtr dhenddodndtdchpatd 460f 58 GMBHLBRNPON thi ONS,
the retransm ssion is carried out, sonetinmes at a nuch-reduced data rate.

The appar at ysesenichuaeiona The sHQDS 1M embSaibuhf 18 bAR thhale; huf.f
segnented portions of the data when the data is retranseﬁ\%?tglgggﬁé%gfsng

oper ati on offoidt@l FORABERLSAE ; also includes a
retransm ssion timer resette§%6%¥§#ﬁiﬂ1?}§§l§%%§%%§ i%%lrgﬁk ng’m?re@@‘f’?%rr is
coupled to I Malel i uffering at the_buffer of a segnented
portion of éﬁsﬁg{cg’? sdr%ﬁtgﬁg 8%%3“%%%”‘%‘8,% TRETY oo AF eBRarEs £ OPTaES to t he
retransngssidggng'{qugse_?f) cause resetting of the 20 retransm ssion tinmer when
a segnent ed Port i o8 ST FETPEIFEHERT or LR alavhen igedhark indicationpare réefernbdse
transcei ver Iftatl%ff?n to be.stored at the resequencing buffer. And, the

appar atus ATSBORFStipede indieate filed delingrnof 4 data fiamer TRE apprattuopatat edeli 0
time a second time period. If the resequencing buffer tinmer tines out and
a segnent ed 3FefFaEpHicddatthisarmeistemsmittedon sepmtented Rortints 45 wIRESB Atk F¥es,
delivered to the base transceiver station, an indication is provided to a

16 9 DEC 2008lucet chtiveics ian rate queBich gy kol Grst #nkRaicgi Niti ates a
retransm ssion request, indicating the segnmented portion, or portions,

that are to be ratteasmiisiedither sNEhERE& knmd hie 'ﬂgﬂic%fver Shidtd PR Lhat ey he
m ssing segnented portion, or portions, of the data franme nust agal r"i“irﬁle

retransm t t afrdmt DersDASCot! %%Q&Hﬁ%iséfoﬁtt%&? ﬁg%%ﬁﬁ?ﬁﬁ%#%@ﬁﬁﬁﬁﬂ@?@ﬁ%on

ti_rrer i's reset 5 i nappropriate generation TN

}c g:/vle?gdd'?:’ :a%oggnﬁyrse%ikg%q{) g%eerﬂglgizés é{érl]t(iﬁdnu e%ﬁar ('lia?%ﬁgl’?l% qS]S Eost Isggceggﬁll?y ggirviégs?ll%thin
the time period indicated by the first time out period. When, as described previously,
retransmission of the data effectuated in segmented pﬁrtions, the retransmission is carried
out, sometimes at a much—reducgd data rate. The apparatus includes a resequencing

15  buffer 62 that bqffers the segmented portions of the data when the data is retransmitted
during operation of the 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, thé resetter is coupled to the retransmission timer to cause resetting of the

20 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 ﬁmer 66 that operates to time a second time period. ¥f

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

1s not successfully delivered to the base transceiver station, an indication is provided to a
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.through the use of the resequencing buffer tiner and retransm sigo@gge%st
generator, retransm ssion of segnented portions that are succéessfully
delivered to the base transceiver station are not resent. 10 Figure 2
illustrates a representation of the nobile station 12 and base station 22
that forns portions of the radi o comunication system shown in Figure 1.
Two of the logical |ayers, the RLP and MAC | ayers, indicated at 76 and 78,
respectively, are shown. And, the H ARQ detector 52 and the H ARQ status
response ger&YHIEBYSSHA regraastggpngraseraiitthattivitiney e ratmnkingds &QW&, ﬁ}'ﬂ'ﬁdaﬁf%%th eof
t he apparatus 46 are again shown to enbodied at the 1s C I ayer -12 of

the nobi | e stanémed pitigoy @ pdritdrsothad drei6f @ Snsdtad TOMIB Xk Bl L @RLESEeNt s
t he communi cation of HARQ indications, such as fromthe base transceiver

station to tsheonmkit ke \iseink 0fumANMEE porG ST RSk tyeen. Lhe
l ayers of the nobile and baséeglstati%ons ar eBi ndi ég)?é]%fdag@ﬁ?tﬁg%él\é\fwl?& and

conmmuni cat i B RkmREKNE W DRI S e atd acknow edgnent s. bet ween
the |ayers i s indi cat ed fgﬁt he s}gﬁ%ﬁ%&@e‘éﬁé%@g&wmﬁ BPstiEdesy t he

responsesge . b4 s i-ndi . Qy the .segnent_ 86 extendi ng between the
MAC and I%LPqﬁgg%&éa%fgeﬁrgh%gfﬁg‘?g?@{cﬁ%?ﬂs ‘Wem‘gﬂmtgrféﬁ%%féa@@f algiatiemewdy od t o
the RLP Ia)égfr: tge RLP.IaXter starts a subsequent retransm ssion at an
earliest poss Bl 'SUFRYRESsIqrat pgnegkedly dosereth franmphsson Btoges al omwur. psed, - t 0- peer
RLP NAK control frames need not be conmuni cated between the base

transcei ver TSP B ushof hrEspBIsnriag buker wmer andstieadmision heud@nkayer . t he
status of the H- ARQ transm ssion is provided, and the indication, either
of a succesEFRPSHISHAB O seanemicdpoations e ued @dtassudyldelydre@RSHE 580N IS 5
passed up to the RLP layer, i.e., the RLP transmtter. Once the

transm tti njamicfivbastaion @eadivesnt.he transni ssion failure indication, the
RLP | ayer starts the retransm ssion of the failed RLP franmes i medi ately.

I'n othetowords, Figardl Ruseitea fdpt&hiiod SfthOnloBNYShation 12 and base station 22
that forms portions of the radio communication system shown in Figure 1. Two of the
logical layers, the RLP and MAC layers, indicated at 76 and 78, respectively, are shown.
And, the H-ARQ detector 52 and the H-ARQ status response generator 54, used pursuant
to reverse-link communications, of the apparatus 46 arc again shown to embodied at the

15 MAC layer 78-12 of the mobile station.

Figure 2 also illustrates an arrow 82 that represents the cormmunication 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

20 acknowledgments between the layérs is indicated by the segments 86. The nessage
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 1s delivered to the

RLP layer, the RLP layer starts a subsequent retransmission at an earliest possible time.
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triggered by a negative acknow edgment fromthe base transcei ve_é Séﬁ@'
the RLP receiver, but triggered by an NAK notification forned 25]{}5
transmtting MAC Iayer 78- to 12 directly. At the transmtting side, i.e.,
here, the nobile station, in order for the MACto report the transm ssion
status of the RLP franes, the RLP | ayer indicates the RLP sequence nunbers
for RLP franes passed down to the MAC subl ayer. The MAC subl ayer keeps
track of the RLP sequence nunbers for all of the RLP franes that are 15

encapsul at edtiroitgh this physiicalpekayepecPRUPCI ABaSRIE MRR Ghan B@ﬂ be c-BHﬁﬁurhéatéao
say, the MAC |ayer associates each RLP sequence nunber wt

| nf or mat | on bosuah tiasbdkk ARRcoRRANRG LB moHBRACkEL] D et c. The MAC sub ayer
then indicates the transm ssion status of the RLP franmes back to the RLP

layer, after eitheedaesqihyiBc he f acei or. exhaus ing the
all owabl e retransm ssjon £o co%‘{}ieg’\?éa {taﬁgﬁ%%%ﬁgf‘ﬂms%”ﬁpf g‘ﬁjt
transm ssi o |onfr he MAC | ayer, the RLP |ayer 76 12
starts the Qhe %’?‘%ﬁ@% g Cs'i‘]:lo F(?Pccteﬁ%ﬁftﬁﬁnﬁ@ SPP&%?E "W‘éteﬁa_ylfaﬂ%@/‘éﬂsmmﬁﬂﬂ is

rel eases the ﬂo é’a‘g‘ %ﬁﬁ) successful_frames froma transm ssion buffer

t her eat . > ThiP&SFHER WhLe & Liokyen)-§- tR&LIdraseriigic Pnse tetiensmitiiog BpBdayeum
usage, i.e., nuch less or no nore RLP NAK indications 18 DEC sent over the

radi o air i FeEVealE agsmisgiondaifure ndat ogHbaRLbdayr iaeth flieciermeyhiglon dTehe
transmtti n% station. At the receiving side, i.e., here, the base
Y

t ranscei ver lajled RIdnfratues ingnediatelys dn btmkmroﬁnmmmjﬁtanﬁﬁﬁnzsél&ﬁs%%% er and
H ARQ operations are unchanged. That is to say, 5 nornal

protocol s atriggeaitivechegutivd tkhbw %in@ﬁt&’rorﬂWsc trEIENEF stat [h!%
receiver, i.e., the RLP |l ayer 76-2 when an RLP frane is detecte m ssi ng,

RLP  start Sreaeinbl B HEEEET bPbn WAL il iRk f&lhaéafzhrﬂ?er%?%?aﬁﬂst‘h p&%@‘?@@aﬁgng an

waits for a subsequent rounhd of retransmtte
NAK congg ol 13 ppemyback

At the transmitting side, i.e., here, the mobile station, in order for the MAC to
report the transmission status of the RLP frames, the RLP layer indicates the RLP
. sequence numbers for RLP frames passed down to the MAC sublayer. The MAC
.sublayer keeps track of the RLP sequence numbers for all of the RLP frames that are
15 encapsulated into a physical layer SDU of each H-AR(Q 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, etq. ‘The MAC sublayer then indicates the transmission status
~ ofthe RLP fralhes back to the RLP layer, éfter either receiving an ACK from thé Teceiver
or exhausting the allowable retransmission to complete the H-ARQ activity, With the H-
20 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 nsage, i.e., much less or no more RLP NAK indications
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to the transmtter. Since the transmtter automatically start t\%g DEC
retransm ssion of the 10 failed frame, the retransmtted frane Pl ia‘frg&g@
before the timer expires and NAK control franme is sent fromthe receiver,
| ess or no nore RLP NTAK frames back to the transmtter over the air
interface. The transmtter can be configured to stop sending the NAK
control franme if the air link is good and ACK/ NAK in the HARQ is
reliable. Figure 3 illustrates a nmethod, shown generally at 92,

repr esent at i S8t &er thygadis airrinieshies dhoalspihetiedusips: S8kbhed oMb I hLOY

comuni cation of data franmes to effectuate a comruni cation service. First,
and as i ndi deweditbyg sthgorbl ock 94, all RLP variables are initialized at the
transmtter, i.e., the nobile station for reverse |ink conmunications.

Then, and as i nditght edeRihathe deChsh 6, a deternmination i s made
whet her the transnmitter s 20 act|’-ve.’OtIﬂFmrl\%ﬁ%%n?ﬁ%veﬁﬁtaﬁ‘?’h%ﬁlgirgv‘ftr%ﬂ(léﬁ to the

bl ock 98 andopRemalatiens st er wse,, A he es branch is taken to the
bl ock 102, and the RLP’I aylggkcc %kéé]m}% PB‘?%‘?“FF?E@“%BW&?@ Theitis b t t ed

data, ready hAhat- 1,$8} Q.- Hi ghe riority is given to retransmtted
packets. 19D b g é&mg?%?cr?&q ’gﬁf’%"d‘eﬁ?u&lﬁ@amtl@eﬂ mgnher. t ew®RieP ak ayer

sends fram%etﬁ%ge MAC.|l ayer_ with their associ ated RLP sequence nunbers
(SEQ . For a ‘segneiited-fraths RbinByeRIP22.ayhen aalRIP Hans asdetav BisSRg TN -
sequence nunber g)SELSE\Q associated wth each segnented portion. 5 At the
deci si on bl SRS 166-4eY JEE EPGITHANI BHNDO Wetiteeras rétonWhREBR Finfr BAEKEH ofla L D
H ARQ channel has been acknow edged (ACKED). If so, the yes branch 1's taken

to the bl otYosap8nt renud phetrananised SairenlaGi RS sbdid i 1 Lih R
sequence nunbers and |loop is taken back to the dleg% on ﬁq’g‘({:}kf%%ne%ck

conver sel y, totthetrmoniittan dindesthé &k@mifE0Mid NSRS LSk LOCk eofhe HARQ
1o retransmi ssion count is advanced, indicat egghy ?tgeer% r?%sgyssiwftt en, and
as i ndi oat efdilby frame, the retransmitted frame will arrive before the timer expires and NAK control
frame is sent from the receiver, less or no more RLP NAK frames back to the transmitter
over the air interface. - The transmitter can be configured to stop sending the NAXK control
frame if the air link is good and ACK/NAK in the H-ARQ is reliable.
Figure 3 illustrates a method, shown generally at 92, representative of the

15 transrmssion procedures carried out during communication of data frames io 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

20 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.

19



the decision block 114, a determination is nmade as to whether H-1 EC opos
retransmssion is exhausted. If so, the yes branch is taken to %d%ﬁ
108. If not, the no branch is taken back to the block 104. Operations
continue, as appropriate. Figure 4 illustrates the RLP |layer 76-12 and the
MAC subl ayer 78-12 of the 15 nobile station 12. Here, the procedures that
are carried out by the nethod 92 are represented. The RLP | ayer passes
down to the RLP franmes 116 and 118 to the MAC sublayer 78-12. The

associ at ed sequefben,nuihendicata B iEOLRAS $@M HOWIP 11Re v g
mul ti pl exes both the RLP franes into one phy5| cal chasnne Tg%% Otaf})wl1 EMI ater

is coded foa#ystwan %ﬁzﬁsb%‘ce&f‘ﬁi@ lse J@:ﬁceﬂmﬁ% g%lsllé@y %ri)f a I%%{lge ﬁ%ﬁ?e stE% gﬁ MAC

subl ayer 78 20 notifies the data |nstance

f R er nd, 4... Ther in the RLP
ransmi (t e wﬁﬁ%&ﬁﬁ%ﬁdﬁ‘@ﬂ‘ﬂ*?@éﬁe@% lf%nf’ ¥ %s?q%%aiw ¥ife e
subl ayer, I a initiates a subsequent round of retransm ssion
procedures W|“t Hr\ ng for the NAK control frames fromthe RLP receiver
(the layer 20 1S I%(I%C 2. 006, 76-22, shown in Figure 2). Also, in the MAC
transmitter 78-1 Hiscipiee hieskel06n2 delemintioadpmardaekioofhdiine aRlaFka égtence
nunbers of all _of the data blocks that are nmultiplexed into each physical
| ayer SDU. ArARRchamee! bes base ackmvdndgsd (SOKELHe IBdoathesyel Hranab sedkaPiolie t he
RLP [ayer. Primtives, i.e., requests and responses between the MAC and RLP

| ayers are bBchd0s,ehd tesranBmissiohisteashs ndichicdayiRaR BIRE feficd R mbdrh ¥ I‘E‘dﬂﬁgﬁe
Type Used In Request MAC-Data data, Mbile The RLP delivers an RLP to

IS| ze, Stati dralandaNG thelbiayes bloek bs. seq, Base nul tipl exed into physi caI
ayer
/ If, conversely, the no branch is taken from the decision block 106, the H-ARQ
10 retransmission count is advanced, indicated by the block 112. Then, and as indicated by
the decision block 114, a determination is made as to whether H-ARQ retransmission is
. exhausted. If 5o, the yes branch is taken to the block 108, If not, the no branch is taken
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
15 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
20 notifies the data instance (SR_ID = 1), the tfanémission status of RLP frames with
E;equence 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 recetver (the layer
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s_seq Station SDU, Data is an RLP frame or a segnent thereof, siz@@i@ﬁghg%
size data in bits; seq is the sequence no. of the RLP frame containing
data; s _seq is the segnent sequence nunber if the RLP frame is a
segnented. franme. Request MAC-Data ack_or_nak, Mobile Indicates the

transm ssion seq s_seq Station and status of the RLP frane Base
transmtted on F-PDCH or R- Station ESCH, ack or nak is set to NAK to
indicate the failed transmssion. seq is the sequence number of the RLP
frame acked Ok shem nsF}geq: A)s Altd)an he YR8 SAHRPEE | PGhe MAL @ag,er REB, {Or ane
is a segnented frame. 21 i 9 DEC 2006 Figure 5 illustrates a

represent at ilemp tradiovithg BT @bhhcahuhBs oSNPWF AY 156 BeMKL 84, and_aut ononmous
transm ssion patterns during operation of the ragtlﬁo cg%nﬁrl%?rgé]i“? exeéjﬂgioem
shown in Fi gueleptsicRAGkE S8t A bl ARSHrgsd erps J.n which packet data
traffic 5 is, generally, bursty, is sf?\}gév\tng%}lsﬁl?%}oflrtgﬁﬁé rePEF] WRetedle i n

ei ther segnment r : en or | f a large Pframe is transmtted
at a hi ghg dat afefrdlé‘?é P?ﬂsﬁ(}ﬁg% F(g.dge%ﬁ%sfrt]s_ an@responses bet‘.ﬂ?eenﬁémc and RLP layers are

5  as follows:

Prmitive  Primitive Parameters  Primitive Notes

Type Used In

Request ~ MAC-Data data, Mobile The RLP delivers an RLP to the
size, Stationand  MAC sublayer 1o be
seq, Base multiplexed into physical layer
S_seq Station SDU; Data is an RLP frame or

a segment 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

RILP frame is a segmented
frame.
Request MAC-Data  ack_or nak, Mobile Indicates the transmission
seq s_seq Stationand  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 séquence no. if the
RLP frame is a segmented

frame.
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frame at the sane data rate due to the base station 1oad or rat

delay, the retransmtted RLP frane can be transmitted in a segnented at
aut onormous node. In the Figure, the blocks 124 10 represent autononous
transm ssions at a low 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, transnmtted at a peak data rate (1.2 Mps) with a 10 nms frane

| ength, but retransmtted at an autononous node, e.g. 192 bits per encoder
packet, sixty-four retransnissions woul d be required to retransmt the 15

t ed dat |
segmented data blb @as@ é‘sf%dl%{m_feggggtg@”ever @ﬁ@ﬁﬁlg}(&?lﬁnglfo%lﬂgs&eﬁ

i ncl udes the inp u anne that
consi sts of hetlnforrrgrtlon bltsm t he frarreﬁﬂ * Y d’ldl cat or. btltS and
tail bits. AW ANIPIRES SRS ERPAUCEY S IaB PP ﬁi’yra 9 HRIRIBC s m ¢
timer set at a rqund trip tinme plus a factor for praqcessing dela i od.

| f the roun®st ﬁwa@llamlge 1583?1@ date tgnsmssion PAETSgD Which H"fll‘i’éetr‘f'é%éi é
timer is 250 ms. 20 But, the tinme required to transmt the sixty-four
segnent d fisagamsraliyt prrsty1is shewi.r BRR fraprees grendolized @n erhier Tugnwnedwsaent he RLP
receiver to request a third round of RLP transm ssions while the

t ransm t t ersdgmested|fbrne.ofduatee Ry Pafrang ivarinaditted tat ahipfridesirate (fchedilbd nomecond
round of RLP transmission. 22 19 DEC 2005 An effective retransm ssion

schene is reguichRd ivbeNaMane MaBilE Shii@ERnbEIeth fetramit ihe RIPGMEAL adhewand 0 an
air resource limt. Fi gure 6 illustrates a representat| on of retransm ssion

of data in %af%%é‘ﬁl‘?éjto tH@EisleQﬁﬁoﬁmjid%g?z{t@}&\ﬁ%&t%tﬂa&hﬁe ARBAGALHUS R Biine

enbodi nent the present invention limt unnecessary RLP NAK

duri ng. *e9neRed RR(LATR LALLA0PH AR oR3, T0fe bR AL A0 bff% b lig4Fi oure

illustrates ' franes re resequencl n t'om
ortion of t he Figure |IIustrates fr s 134 recei resequenci n
Euf fer. 10 represent%u{ OTIOMOUS Transmissions a ra:ﬂleow &ata rate, antheq)loéis%Zg represent quen g

scheduled transmissions at a high data rate.

segmented is lost and the nobile station is unable to retransmt tg1 ~RLB,,,
Baedits

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
15  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 timaer is 250 ms.
20 But, the time required to transmit the sixty-four segmented frames with a 10 ms frame
Iength is 640 ms. This causes the RLP receiver to request a thivd round of R1LP
transmissions while the transmitter is still conducting a segmented retransmission for the

second round of RLP transmission.
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Wen a segnent of the retransmtted frame is received, an RLP r?geéger nhhe
RLP |ayer 76-22 shown in Figure 2, -should stop the retransm ssfdn %é@k
for the missing RLP 10 frame and start a resequencing buffer, which is
used to resequence all segnmented franes for the mssing frame. Note that a
frame is segnented franme when a segnented data frame format is used. The
NAK procedure for the subrequesencing buffer is started and is sim.lar to
that of the RLP resequencing buffer. In Figure 6, the RLP frane nunber 3,
so, an NAK is semn ffctivhemetnianemigdsinens refeiral ehtiecr Bt Fansidnitedifnge
expires, segnented 15 subpacket 3-1 arrives. The subpacket 3-1is a
segnent ed f raggnishich dGe GEQ 4it Rl6urcé §@gNENt Sequence nunber) is set to zero.
The receiver starts a subresequencing buffer to wait for the rest of the

segnents. The segiRit & il%ls?rat@:ﬁa%)%sﬁm%g%n oﬁfeﬂaﬁsﬁﬁ%(gf @paa'ta H §m%fl:|:_%cl( S_SEQ=

80), etc. all arrive. But, the segnent 3-3 fails to arrive (S_ 40) upon
t he expirationof 44 | i A receiver the
decl ares thg n¥§s?%g&%%§g§%ﬁgﬁ%ﬁ%%gﬁgﬁﬁgg%ﬁﬁg J%%%gtﬁeﬁﬁ?mg6ﬂ¥?%Pngyane is
sent out .to _request .retransm Ssi r .this. se t. Thereby a manner is
ot ovi ded® by "IToR ! FRER R HEOR A driia bogine it Bl dufiany e vppmRgigee. Toe
i ndi cations. 23 19 C 2005 The preferred descriptions are of the preferred
exanpl es f of®n Pt FhgpuhElustrafcehtmeTecdidl ataessapgwing buffis andithent i on
shoul d not necessarily be limted by this description. The scope of the
present i nv&atensmortonddthaldguisyllpdirates dtameail A reseedst a sidreiSubRGEngB8Fer. | n
the clains: 1. Apparatus for a radi o comruni cati on system having a sendi ng
station that sefdsndategmettnd thtntearafiomitted fragte & reagived) pe RilPeretiviOGic AP
| ayer and into an upper-|evel data '
layer 76-22 shown in Figure 2, should stop the retransmission timer for the missing RLP
10 frame and start a resequencing buffer, which is vsed to resequence all segmented frames
for the missing frame. Note that a frame is segmented frame when a segmentied data
 frame format is used. The NAK procedure for the subrequesencing buffer is started and
is similar to that of the RLP resequencing buffer. In Figure 6, the RLP frame number 3,
so, an NAK is sent for the retransmission. Before the retransmit timer expires, segmented
15  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
20 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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frame, and the upper-level data frane provided to a Iomer-levelﬁ@o [Eaéﬁm
subl ayer, the upper- level data franme further -formatted thereat

| east one | ower-level frame, the |ower-level |ogical |ayer operable
pursuant to an H ARQ feedback schene, said apparatus for facilitating
retransm ssion by the sending station of the upper-level data frame if the
the at |east one lower-level franme fails to be adequately received, said
apparatus conprising: an H ARQ detector embodied at the |ower-Ievel |ogical

subl ayer, said HThsRerigoeédewsripfion aebfbt prfertdAR@mphdifeahiphiserial wned to
the sending station; and an H ARQ status response generat or enbodi ed at the

Iomer-level1h0QMOahmdsh$hﬁmebfﬂk1hh£m§ﬁﬁdmngm§&é&ggﬂﬂﬁﬁghﬁﬁéﬁkgﬁﬁ%f receive
i ndi cati ons of detections made by said H ARQ detector, said st at us

response genee@ipdonf Qheg@b@rﬁﬁﬂdﬂe@ﬁt%éﬁ&%@é IE ﬁﬁ'l%%n 328 e for
delivery to the upper-level logical |ayer to not| ng

| ogi cal | ayer of the sending station when said H-AR detector detects an
HARQ g QQindication indicating that the at | east one | ower-level frane
fails to be adequately received, the upper--level |ogical |ayer selectably
operabl e responsive to receipt of the H ARQ status response nessage to
provi de again the upper-level data frame to the | ower-Ievel |ogical

subl ayer. 2. The apparatus of claim1l wherein the radi o conmuni cation
system further conprises a receiving station to which the sending station
sends the data, said apparatus further conprising a retransm ssion tiner
enbodi ed at the receiving station, the retransmssion tinmer for timng a
first tinme period commencing with detecting reception at the receiving
station of the at |east one | ower-|level frane, wherein the sending station
selectably initially sends the at | east one | ower-|level franme in segnented
portions at a second, reduced data rate, and a retransm ssion tiner
resetter adapted to receive indications of detection of reception of the
segnented portions of retransm ssion of the |ower-level frane at the
second, reduced data rate, said retransmssion tiner resetter for causing
resetting of the retransm ssion tiner when the lower-level franme is
retransmitted in the segnented portions.
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3. The apparatus of claim2 wherein said receiving station furthaer,
conprisegpa resequenci ng buffer, said resequencing buffer for bﬁﬁ}gﬁﬁ%gmm
the segmented portions of the |ower-level frame when delivered to the
receiving station. 25 19 6d C 2006 4. The apparatus of claim 3 wherein the
receiving station further conprises a resequencing buffer timer, said
resequenci ng buffer timer for timng a second tine period comrencing with
detection of reception of a segnmented portion of the |ower-level frane

when retrémbethhimsd. 5. The apparatus of claim4 wherein the second tine
period tinmed by said resequencing buffer tinmer is of a time substantially
corresponding to the first time period timed by the retransm ssion tinmer.
6. The appar at s of Appaatns Br akdiceiommemchtigegysenthadhg & hadeegadnited porti ons

has associgl &iatg, et haRe PRINT er—ilqulqg | iéa\il ary rrllg i \,t\‘,(r)]gt{ eﬂ Qr—fexh G agCe Vi ng
Tof" 1i ¢

station further’ conprises a m ssI ng-sSegment - det ect or r-rrdentifying
whi ch, i f frame andthg mpprer-deyehbita fraprsprotiddd te d ldver-havidogient utdiykr, tenpptrand
buf f er ed %ﬂ/eltdgﬁ fiafne %Q'HSPE)IHPQIEQ H%te\:%}}in%z& rl-'ea%trz)%e [osf UGS R)l\';\rei— (felt | Mes
out. 7. The apparatus of clalm ereln the recelving sta Ion urt her
conpr i seslogicalidgicr oppsablespsirantte gl tRQ &ndbask svheme apideppasusfocei ve o
i ndi cat i ops;iefind tetlFhidhiQkh the:. i hutfer esaid.retransm ssion
roquost - onearrg it 17 g SRRRFOE Pk el Bl AR B TS one ve
to tim ngleagypnedpwerHeval deme triln i tegrdbyafebr reeainebd s tdepparams afnprising! east one
missing segment by SAHCAID Skt REGREN HAbRELBLel 1ica I ARAGLGLUS Of claim
7 wherein the NAK retransm ssion request ~conprises m'ssing frame
i ndi cat i oABQdeteeter fabfldtedips HabRIQ imticationsritggied o th seeding Satichhandappar at us of
claim | wherein the, Quato Latleol Rl £abuLBbANE: o FOTRIL- 558 lfC (Medium
Access Control) Iay%r anézﬁﬁérgﬂ% sé%@'ﬁ@A éiéb@br and Bits

sublayer of the sending station and adapted to receive indications of detections made 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 at least one lower-level frame fails to be adequately received, the upper-

levél logical layer 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 sublayer.

2. The apparatus of claim | wherein the radio communication system further
comprises a receiving station to which the sending station sends the data, said apparatus
further comprising a retransmission timer embodied at the receiving station, the
retransmission timer for timing a first time period commencing with detecting reception at
the receiving station of the at least one lower-level frame, wherein the sending station
selectably initially sends the at least one lower-level frame in segmented portions at a
second, reduced data rate, and a retransmission timer resetter adapted to receive indications
of detection of reception of the segmented portions of retransmission of the lower-level
frame at the second, reduced data rate, said retransmission timer resetter for causing
resetting of the retransmission timer when the lower-level frame is retransmitted in the

segmented portions.
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.
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said H ARQ status response | ayer are enbodi ed at the MAC | ayer. %C& ]:g:e
apparatus of claiml| wherein the upper-level |ogical |ayer conpri %Qé: n 2006
RLP (Radi o Link Protocol) |ayer and wherein the H ARQ status response
nessage is delivered by said H ARQ status response generator to the RLP

| ayer. 11. The apparatus of claim| wherein the H ARQ status response
nmessage is further generated to indicate successful reception of the at

| east one |l ower-level frame. 26 19 DEC 2005 12. The apparatus of claiml

wherein the H ARQ St afparas POIMR IWRIESEE thelréteivitgrstatidie fikthéd BmpMdet B Whi ch
upper -1l evel data frgrre_that, t he H-ARQPi di_catlions,receiv d by .said H ARQ
det ect or SFEuecigduEFrdtnersaid resarenrips Ut SmgH OF 1R X RABPEPHIUhe

upper - | evelmiakmg WidRtefin e thckioh bLa segRpREd pANE oftedbeal lededfifhic CONpPri ses a
frame sequence nunber and wherein the H ARQ status response nessage

i ncl udes WA TREERYEn of the frame sequence nunber. 14. The apparatus of
claim 13 wherein the upper level data frane conprises an RLP (Radio Link
Protocol) frang and erein the frane sequence. nunber co ises an RLP
sequence nunbgg'. 15T Wpﬁ%rta'i‘féﬂp%‘mé‘o‘?ﬁﬁﬁ‘ﬂ? 8‘5137‘:1‘?5‘1?“?‘}9 B Oéf&'i“gai%ﬁﬂ‘ini cation
syst em haykda@erkingbarfed tihger ok itioi stibbedntisiBn@dseshahding ® ke firaieMerigd st at i on,

the data forpatted at an upper-level |ogical |layer and into an upper-|evel
dat a fran@?e‘gﬁ’ﬁi‘?ﬁé‘aﬁﬁb@rﬁmm&?& data frame provided to a |ower-|evel

| ogi cal subl ayer, the upper-level data frane further formatted thereat into
at |east one |ower-]evel fr . the lower-level |qogical |ayer.operable
pursuant to an®H A e%@@ﬂ*ﬂ&@ﬁﬁ%‘@ﬁe‘ﬁ&f"‘%sﬁ"ﬁ S”?%Fﬂ'b‘%ﬁ’?aos?grfl%‘? yqoftﬁ’P ng

ret r ansm i@s b@ocibigd iR wak 8 digh@nsitladtifienandfwHetfeth the pio€iving eidn faliea frame if the
receiving station fails adeﬁuat ele% 1,0 recei ge t.Ee at | ea%s‘% one | ower-1evel
frame, saldPRErRdHSESETErtdgecardPridentfyne ypichHEany oot 9% gi cal

subl ayer , falttdARQavea b adliverad adetiubfere@ dt the resequencing buffer when the resequencing

buffer times out.

7. The apparatus of claim 6 wherein the receiving station further comprises a
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 fo 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 Idgical 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. '

10. The apparatus of claim 1 wherein the upper-level logical layer comprises an
RLP (Radio Link Protocol) layer and wherein the H-ARQ status response message is

delivered by said H-ARQ status response generator to the RLP layer.

I1. The apparatus of claim 1 wherein the H-ARQ status response message is

further generated to indicate successful reception of the at least one lower-level frame.
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by the receiving station to the sending station; generating an H ARQ st atus
response nessage for delivery to the upper- IeveI | ogi-cal | ayer ﬁQ;@@Rjﬁmgﬁ
the upper-level |ogical layer of detection during said operation

detecting an H ARQ indication indicating that the receiving statlon fails
adequately to receive the at |east one |lower-level frame; and delivering
the H ARQ status response nessage to the upper-level |ogical |ayer. 16.
The net hod of claim 15 further conprising the operation, responsive to
delivery of the H ARQ status response nessage during said operation of

del i vering, of , Pro d|n I ta frane to the

| ower - | evel | obfcal %?télgg%cla?mq W*}%ﬁ?‘h@’a }*g%(ﬁ{?(?%ﬂﬁﬁ‘?se‘%{lsi” AgSP# a radio
comuni cafuirtber lmﬁmlhavhlag;@er-lavel dat® fii€hA0e H- S0 tHdhgtisdsabdepad b at senfls
data to a_t tation e data formatted at an upper-I|evel |ogica

| ayer and’ |mﬁ[t§gR\§1d%%c%°éFr aSSOb'Ia{ gata frame, and the upper-Ilevel data frane
provided to a |lower-Ilevel |ogical subl ayer t he upper-1level data frane

further formatied t reatatlusn(t)fo ower: | evel r-1evel

| ogi cal | ayer gﬁera eap;ﬁrsuan#“?o §%wﬁfﬂﬁ&fm% ﬁﬂ%gﬁmﬁ@?ﬁgﬁgwmﬁ @crece|V|ng
station cnq:mptr -hewl hgical layer semprests afiend squdane tiinter andtwiereld $6 H-ARQr ansmi ssi on
timer for irst.t one when a.m ssi ng upper-| evel
frane is Jés'ipgs@gnsg at sag?"llemfru ggsel \'/[lldrllcgagcs’ T A oﬁam%\%@f‘e@fﬂmﬂ’% "sendi ng station
selectably initially sends at |east one upper-level frane at a first data
rate and retrapsm t [ C ted ops of the at |east one
upper -l evel f ?@rre a eﬁpéaé%:{gsno almgﬁ(‘:}"zﬁg&a QUnpggleve é"’é"f R YAl e

facilit atRIpft(Rraévémh Ryptoodi) frives sdgrierinate fant seqmalc@ﬁ_unﬁH&Eccaﬁprismt one

upper -l evglp § l,d nethod conprising: detecting reception at the
receiving staﬂlon 0 retransnission of the upper-

15. 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-ARQ
feedback scheme, said method for facilitating retransmission by the sending station of the
upper-level data frame if the receiving station fails adequately to receive the at least one
lower-level frame, said method comprising:

detecting, at the lower-level logical sublayer, H-ARQ indications returned
by the receiving station to the sending station;

generating an H-ARQ status response message for delivery to the upper-
level logical layer to notify the upper-level logical layer of detection during said operation
of detecting an H-ARQ indication indicating that the receiving station fails adequately to
receive the at least onel loWer—lgvel frame; and

delivering the H-ARQ status response message to the upper-level logical

layer.
16. The method of claim 15 further comprising the operation, responsive to
delivery of the H-ARQ status response message during said operation of delivering, of

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

17. A method of communicating in a radio communication system having a
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| evel data frame at the second, reduced data rate; resetting the first
retransm ssion tinmer when the at | east one upper-level frame is

retransmtted in the segnented portions; buffering the segnentedgggg%ngé
of the at |east one upper-level frame when delivered to the rec€ivi 16

station; and timng a separate time period comrencing for each segnented
portion of the at |east one upper-level frame when the segnented portion

is detected missing during the retransm ssion. 28
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 one
lower-level frame, the lower-level logical layer operable pursuant to an H-ARQ feedback
scheme, the receiving station comprising a first retransmission timer, the first retransmission
timer for timing a first time period commencing when a missing upper-level frame is
detected at the receiving station, wherein the sending station selectably initially sends at
least 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, said 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;

resetting the first retransmission timer when the at least one upper-level
frame is retransmitted in the segmented portions;

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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