- APPARATUS, AND ASSOCI ATED METHOD, FOR FACI LI TATING RETRANSM SSI ON OF DATA
PACKETS | N A PACKET RADI O COVMMUNI CATI ON SYSTEM THAT UTI LI ZES A FEEDBACK 5
ACKNOWLEDGVENT SCHEME The present invention relates generally to a radio
conmmuni cation system such as 10 an | S-2000-conpliant cellul ar

comruni cati on system that conmmunicates frame- formatted, or other
packet-formatted, data pursuant to a hybrid ARQ (HRAQ, or other,

acknow edgnent feedback and retransm ssion schene. More particularly, the
present invention relates to apparatus, and an associ ated nethod, by which

to coordinate padlPPARAEUSANBID ASEOTIAMIAN MITEHATK 1Yk R aff§Reback and
packet formatting RETRANSMESSION GRSAEA FAEKRrsiN APl e ol avers of

the radi o communi c@OMMIAYREEFION Sy PF AT OY )
particularly relates to appargtgso ﬁ@nﬁgﬁ ﬁ‘ét ,%i ch
pbetter to control generation “g‘? negative ac n?)\c;ﬁ e g t requests when data
frames are retransmitted at data rates lower than at initial data

transm ssion rates. Coordi nati on between the logical layers is provided to

permt earlier 2Q.retransm ssion, when naﬁcessaqrdy, of a data franme. Wen an
i ndi cation of failUPE BF MHANPY BgIcHEensralyiaa Frdipreommupiseisn systemt sigh as

| ower - | ogi cal %aéﬁ% an_indication of the failed delivery is provided to a
hi gh- | odP cal®®EEvHfV-sorapliamt celar commupiatipe systsn,dbatrenmemicataMitaiicpl e- | ayer

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

data frame &Seeiwied. r other papliclefdraatied, dait @prsaartad b gk ARBIR AQYics 8lHcpN | S
less likely to be 25 generated nerely due to the reduced rate of

retransniss admonfedgivendatdbabi aneretidhanissibirpdhenn hvage bﬁ'rtﬁuﬁggﬁh@%%gen? el l'ul ar
comuni cati on systemthat provides for reverse- |ink | xEV- co nication
services, | ipeoN@cROIMY ByRMEDRRd 8h BssBERH HshodBEY Whkch th coordinate 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
invention also more particularly relates to apparatus, and an associated method, by which
~ better to control generation of negative acknowledgment requests when data frames are
retransmitted at data rates lower than at iitial data transmission rates.
Coordination between the logical layess is provided to permit earlier
20 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 retraﬁsmission commences.
Multiple-layer feedback acknowledgments are obviated. And, when retransmi ssion of the
data frame occurs at a reduced data rate, a failed delivery indication is less likely to be
25 generated merely due o the _reduced rate of retransmission of the data frame. When

implemented in a CDMA-2000 cellular communication system that provides for reverse-

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



control of communication when segnented franes are retransmtted is

provi ded, and inproved coordinati on between RLP and H ARQ retransm ssi ons
is provided. BACKGROUND OF THE I NVENTI ON 5 Many aspects of nobdem 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
permt additional types of conmunication services to be effectuated. Data
i's communi capeithlle covpupivatiorcehenirignehicd frafies ki FotrsBAMIABipERLd RN andl 0
systemincludes, at a mninmum a set of comunication stations including a

first commimpeatd crvrdibaiorienasns RS aeOH0A ROk ALI M0 is;ﬁ:%wd%!- 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 comruni cation cha i st a second of the
15 comruni cation stations, @%?gﬁ@%ﬁ?fﬁﬁﬁgmﬁ&bgau on. The
receivin? statio etectst %he data communi cated thereto and operates to
recover the infor LY 3PP CSMPERTN sPHghasaure the poramynisatiorund dast Pomasyst em i s
a communi cati on_systemthat utilizes radi o channels upon which to

communi cat e O BRI KRS FORFRIHHD APTiges- ofnd i esd go cainmunicatti datacshalinel s
are formed upon radio |inks defined upon a radio air interface. Wre |line
20 conmuni CHEﬂMﬁomﬁ endperhapsdoreasa st advaagerness @ domrahicdtio. techdoMileg | i ne,
connection between the communi cati on stations upon which to form

comuni cat i pernghamiditiehsl typatofatemupéatibl tdriige0b veRefec@ARYNI cati on of data

t her ebet ween. Radi o comuni cati on systens provide various advantages t hat

sometinmes favor Dhiaed fonuB@nioMEd bf Afal 88 RONHELRicWidiEsystclf & BBUNEahLON
systens. The physical 2 :

10 system includes, at a minimum, a set of communication stations including a first
communication station and a second communication station. The communication stations
are interconnected 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 communjcatién 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 physicai




infrastructure of a radio communication system for instance, is generally
relatively less costly to install than that of a corresponding wire |ine
comuni cation system Initial deploynment costs of a radio comunication
system therefore, are generally less than those of corresponding wireline
conmmuni cation systens. Additionally, and significantly, 5 a radio
communi cati on system can be inplenented as a nobil e comruni cati on system
In a nobile conmuni cati on system conmunication nobility is provided. That
is, one or mmgpwresture hba pdMmumcetitdvnSystiofos inafange, 1O Rl KQABAINIE Bk ON

A

systemis nobile and not Ilimted to operation at a fixed position _
cel lul ar conmutly waihital ﬂmyisthﬁmfia&oﬂe@ﬁﬂ(ﬁngﬁvimﬁie|c€mhﬁﬁ'ﬁd%ti819_§|5ﬁ\%.cﬁitla?n
e n

system 10 that has achi eved significant |evels of usage. etwor ks of

various cel | dbpRlymeGOPIRNYfGAhHIBRoANILE TR AR 6N ARP Ep%ﬁ%ggiaﬁ%ﬁens‘:@]ﬂ”gass

many popul ated portions of the world. Tel'ephdnic cormnu

provi ded by - 4yl.ar comruni.cati on systens through
Phe Use- of mabr & e 5t PSREhEYne Loty SRR Bufioneln bl spr bt oq
during operatjgn of tlhe‘3 el | ultar co ni.cation s%;]t em 15 between a network
part of the ‘CoOMMINI Cat TS Bt ancane WRigBmied & ampbie sonpmristionsysen.
communi cat i g;g serv%ce. The area enconpassed by the cellular comunication
systemis dePEmedPHsyrorpIncaipn sysiam copricadan sabdity ssprovideds it i one or
stations. The base transceiver stations each define a coverage area,
referred to %eaf theicomnymicatine satopseafatrachikreorsmuficaion sgebrh $s defilned w2@ by
the coverage areas of all of the base transceiver stations together define
the area eduwindds spetatign sthefidyosiionThe network part of the cellul ar
comuni cation systemalso includes control entities and entities

per M L{i ng_ conneat éhlaticbnmtlion OTHIsGATHON mOSISIH SonHifkaflSy ES%T%%
(public-sw tched, tel ephonic networks) or (packet data networks),
such as ibhe thathey &Bloved significant levels of nsage. ‘The networks of various cellular
coinmunication systems have been deployed to encompass many populated portions of
the world. Telephonic communications are provided by way of the networks of cellular
communication systems through the use'of mobile stations. That is, radio
communications are effectuated during operation of the cellular communication system
15 between a network part of the communication system and a mobile station to effectuate a
communication service,

The arca encompassed by the cellular communication system is defined by the.
ﬁlacement 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

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 permitting connection with other communication
networks, such as PSTNs (public-switched, telephonic networks) or PDNs (packet data

networks), such as the Internet,



3 A nobile station, when used to communi cate data, usually comruni cates
with the base transeeiver station positioned in closest proximty to the
nobile station. Viz., the nobile station comunicates with the base
transcei ver station that defines the cell in which the nobile station is
positioned. 5 Successive generations of cellular conmunication systens have
been devel oped and depl oyed. New- generation systens are being depl oyed and
ot hers. are under devel opnent. Certain of the new generation systens are
referred to as beh agbilkistationgenanatd Oohdnicys tgiisudly @aeiidateshigsge
systens are predicated at |least in part upon packet-based comrunication.

schenes. |n g sPaekebiveX Tt iR BECRABR pré}dhfytid e thébile Qakibn PYiz., the
comunicated is formatted into packets and the packet-formatted data is

CoMmuni Cat ed it i A Al B SSI P e BLAFARKELS, I ST SOhAF T he

comuni cation o pur sua a communi catl on servic

addi tional syst . sopetines referred to as successor-generati on systens,
are al so pre%ﬁlﬁgg%dngqlgeséﬁw ¥ RO ¥Edupon  packet - based, e.g.,
frame-formatted, conmunication schenes. 15 The operating paraneters are of

an exenpl®ary t hi riicgespeLengaiasAhtHA crEImuNsAios sysignshave beer ¢evelorah
operating specification referred to as the CDVA 2000 operati ng

speci fi cat i cmd drpleyepeNavigrgephemsmsteassrskaing derloyddrand btheGRIMAURED 0
operating specification provides for packet based data conmuni cation
services. Futevhepmenpte rGdriaigof thanawgtersionalystad atarefingh te ptadngiirg-
communi cati on services have al so been 20 pronul gated to provide for the

ef f ect uat i onpeatralib@(BGRSSEMEI A lRgGRMMINISE 8 dt@Ns SRMYédGSed 4 leabita pMpox 000
system A 1xEV-DV data conmunication schene, for exanple, provides the

operating PafARiase RMERaidhQcidi&Eh Hhh g&ﬁfﬁ&%@g&ﬁmﬁ% L Al is to

services can be effectuated In conjunctio 2000 conmuni cat1 on

SYStem 14 be communicated is formatted into packets and the packet-formatted data is

communicated in the form of a series of data packets o effectuate the communication of
the data pursuant to a comrﬁunication service. And, addiﬁonal 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 comammmication scheme, for example,
provides the operating parameters pursuant to which high speed data communication

services can be effectnated in conjunction with a CDMA 2000 comnnmication system.



4 Hi gh speed data comunication services are effectuated in either
dirtection, i.e., by the network part to a nobile station as well as, also,
by a nobile station to the network part. Existing versions of the operating
specification define the conmmunication system in terns of |ogical |ayers,
i ncluding an RLP (Radio Link Protocol) |ogical |layer and an 5 MAC ( Medi um
Access Control) layer or sub-layer. RLP-formatted data packets, or franes,
are formed at the RLP layer, and MAC |l ayer formatting is perforned at the
MAC | ayer. lBghlsp¢edydatascommririigation sévedb aieEoleniodired theeditectiohans hydkel t o
determine whether to retransnmt a data frame. The RLP layer utilizes a
NAK- based r eferam&magdd amabithention andell he aMA(hy ayebildidthtidnzie SheumdwbHARR.
schenme. 10 Additionally, the operating specification defines a reverse

Packet Data channglistidgReRi¥ddof ibWpettink @p&iticativP 8 ind E@ﬂ%ﬁ?ﬂ%ﬁidﬁr@st@ﬁﬁ

permtted on this channel. First, autonormus transm ssion is defined. In
aut onorous i, ASAIGY SR 130rs. ALNENS .
controlled, Is prov?ég’(?%]i a&hesn t Id?%ﬁ%%%g@%%@?%ﬂéﬁ%ﬁwa?o

aut ononous t,r, o] st ati d,tao co n| cate
Gata ot 3 dé\{@@@@lra‘el@%ﬁeﬁf@?f L@g%f% Ry 05 e feita b

transmssm is als defln sche transmssmn t he network art:
e.g., the b 1@%’? ﬁ@rfﬁrrpg'é’ rétﬂwlay%@pp@ngg whesiermed #dhadiied to
transmt at next hi gher rates fromthe autononbus transm ssion, up to the
peak data rde¥sr- Petngmrs pbzapteedhack apknamledgmenhscheme useditp delleyming wdhethef r ame

lengths, e.g., five or ten mlliseconds, to inprove the delay performance
of 20 commurip c‘atain@mé,a dajedfirarae. ARG REP N?@ utfileres b 20U -based Ireteanamidsioneschdnor  t he
reverse link to reduce the franme error rate due to power control
i naccur aci esnd oy MAG tagaogilizesyh A H-ER Q@ Bcivdmech the nobile station is to
communi cate data, the nobile station is autononously permtted to transmt
at datajpates up A&idorfAdlahé 8p&Qatis Ghecification defines a reverse Packet Data channel
(R-PDCH). Two different types of transmissions are permitted on this chammel. First,
autonomous transmission is defined. In antonomous fransmission, an “always on” data
connection, minimally controlled, is provided. When the mobile station operates pursuant
to autonomous transmission, the mobile station is permitied to communicate data at a data
15 rate up to a predetermuned 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 o the peak data rate. In addition to the communication of relatively
short frame lengths, ¢.g., five or ten milliseconds, to improve the delay performance of
20  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 avtonomously permitted to transmit at data rates wp to a data rate, e.g.,

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



9.6 kbps, specified during the call set-up procedures. For schedul ed
transm ssion, the 5 nobile station requests perm ssion to transmt, and the
network part responds with a grant, including a rate assignnent. The
nobile station is then permtted to transmt the data during a permtted
duration and at a permtted data rate. Both autononmous and schedul ed
transm ssion uses the sane type of H ARQ 5 feedback acknow edgnent
mechani sm The H ARQ schene exhibits the attributes of multiple ARQ
"channel s" amgbdy stetimorqustasdnsoads MRAImi, BRY BRI S8 @, grncoder
packet is perfornmed up to a sel ected nunber of retransr%ggz?sg’ﬁg&wgﬁ t he
use of revegaet, idikig ARR NREGEHT ©Bhe AoSY, etk ARQ rechani sm.i S
provi ded at the MAC sub-layer bet Weeni3 t%e e%%() elgtse% :égﬂgg(ﬁ@tf%mﬂé’é%
transcei ver gltaky iGed i ion_system One problemw th the
B Serhife &r&?% %grat?%tpfﬂﬁmftﬁ‘ﬁ%%%?'i ng

exi sting communi catlon schene se _ version of the
operating specifi i ertains to. feedback acknow edgnments during
Bb e Aeiout e freh Bt

retransm ssi on of fa pacret & Lanspysspnpseothpaime tvpk o HeARIQy ht
first be5 coam nigated [ n, non-segnmented format a high data rate and then
retransmittedctHot ARy, t g -alhedhetR Qactenreatbibitdtienatidufansm t t ed

at the lower data rate, a base transceiver station formng a receiving
station ni gHPUiRER 2RRe chanmgls” apé syfchtebivaigowledihent. Gatrandiesib Jrieout
caused by its retransmssion at a | ow data rate even through the

retransm ssiSSeaOdsE pedket Bapcdofmedrep iose @hgaidigmbAdei &ir&ﬂ.ﬂliﬁs;{(glsq Yirth FheludE af
es

multiple | ayers of feedback acknow edgnents, excessive air resour

are used t o recmseiinkd#ARQ bméeﬂ&@b,%@ﬁs&ﬂeﬂ_gﬁ%gghgn%ﬁ \Ib%l Q’?)gi%'fita% B’le% e

| ayers. The multiple-layer feedback is duplicative an

resour ces. - bhb-duyePRAREeil O hibUIR BN oR thebhs Rh Al S G0, LR R OVI de control
over e ‘

10 communication system.

One problem with the existing cormgunication scheme set forth in the existing
version of the operating specification pertains to feedbacl{ acknowledgments during
refransmission of data packets or frames. An RLP-formatted frame might first be
comununicated 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
fransceiver 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 ratc even through the
retransmission of the data frame is ongoing.

Additionally, due to the muItii:le layers of feedback acknowledgments, excessive
20  air resources are used fo communica_te 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 fh-e

reiransmission of data pursvant to an acknowled gment feedback scheme would therefore

be advantageous.



retransm ssion of data pursuant to an acknow edgnent feedback schene woul d
therefore be advantageous. 6 It is in light of this-background information
related to retransm ssion of data in a packet comruni cati on systemt hat
the significant inprovements of the present invention have evolved. 5
SUMMARY OF THE | NVENTI ON The present invention, accordingly, advantageously
provi des apparatus, and an associated nmethod, for facilitating

conmmuni cati on of Pack t. data in a radi.o comunication system such as an

| S-2000- conpl i ant" 18&%&‘&@3@1%%%ﬁ#’ﬁfﬁ@éﬁ*ilf@ﬁ]@?@tf@ﬁied tEreiransthissinmof dala ingr

ot her packet-formatted data is comuni cated pursuant to an H-ARQ to or

ot her, acknd\WPEd§aemungadon ssteandat Be signifisektdmprovieou gl tlepeesehi avemibnan
enbodi ment of the present invention, a manner is provided by which to
coordi nat e fhassrevaletd ansmi ssi ons when the acknow edgnment feedback and
packet formatting schenes are carried out at multiple |ogical |layers of the
radi o conmmuni cation system 15 Al so through operation of an enbodi nent of
the present invention, a manner is provided by which better to control

generatign of negative ackno@mmyéﬁmgﬁ‘@mIqata frames are
an at i

retransnmtted at data rates are [ower t nitral” data transm ssi on

rates. I n one as . jnyention, coordinati on between the
| ogi cal layers i ;ﬁi g%ﬁég%ﬁtté{{/\%(rj’gé&%gﬁ%d@gyl F’%‘Fﬂn aéF?lg s F%?ﬁp_awqégnmﬁje@essar Y,
Pram s derserisiigrenod SR ahRg s OhupRatinor bt a8 ins A med ¢ hereat .

frame is detécte

formng an indication of the failed delivery. The nessage is
: communication system, such as an IS-2000-compliant, cellular communication system.

Frame-formatted, or other packet-formatted data is communicated pursuant to an H-ARQ,

10 or other, acknowledgment and retransmission scheme.

Through operation of an embodiment of the present invention, a manner 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 manmer 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 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 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.



provided to a higher logical |ayer level, and the data retransm ssion
comences. The need otherwise to utilize otherwise multiple | ayer feedback
acknow edgnents is obviated. 7 In another aspect of the present invention,
failed delivery indications are less likely to be generated when the
retransm ssion of data is perfornmed in segnented parts. That is to say,
when non-segnented data is first transmtted and then retransmtted in
segnented format a reduced data rate, a failed delivery indication is |ess
likely to be 5 réitsmatient aspeckbfthd peestia ibveatibovieilebddlnts, ialiiciiins ird logs data is
retransmtted. False indications of failure of delivery of data is |ess

likely to odiely o begereritbgwihen iHFRE@MEMissRATIARGE bEIHTRAN QLTRRGR @S el |
as better utilization of radio resources in the <comunication system In

an exempl ar SiEABONALE Afh ol ARRSALO RN ARSI o R ADAG, 1 ©

cel lul ar communi cation systemthat provi conmmunt cati on
services arg I ) ol C ni.cati.on .i .0Vvi ded when
segnent ed fr%%rllgin?égrféﬁgra te?r?%&rlllgéﬁl ﬁ?é;% t e’,&ri;%gedi YRR ff’ﬁﬁﬂf)%yffb}f%en RLP
and H ARQ transm, ssi ong i ovided, Data formatting is perfornmed at a

i gher | 5o CAPPATEFD St GE IGHEred i ARG (he ot h R IpPI el Jayer and
then provided.to a | ower Io%i cal |ayer, such as an MAC (Medium Access
Control) subdicgiaps of\aidure of dgliveay of fasqusricssdikely tpoceu reswigng & perbadmed,

and a resultant frame is communi cated by a sending station to a receiving
st ati on. Theomgsmeandrcearfaymencet astwid] k€iterortiliohtier of fadivaesduenelin thegi cal

| ayer are perfornmed pursuant to a feedback acknow edgnent schene, in

parti cul ar; canmbkidiipd seethack schenme. 20 H ARQ i ndi cati ons of either
successful transm ssion or failed transnm ssion are returned to the | ower

logical level of i difoxeaipthrd énpledleh@Bod, mPRvis LoGhRMIASESRE CDMA-2000,
10 cellular communication 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 écheme.
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 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



Responsi ve to detection of the indications by a detector enbodied at the

| oner | ogical |ayer of the sending station, a status response generator -
generates a status response nessage. The status.response message is
provided to the RLP, or other, upper logical 8 level layer to indicate

qui ckly the receive indications. Wien failed delivery of the data is

i ndi cated, the RLP, or other upper, logical |ayer commences retransm ssion
procedures. The data is provided again to the |lower |ogical |ayer, and the
data is ret ra¥dMyer vondisateiqicklydberockivg istiedtionn. Wheil elch @6BVer) BOihs Watiion
utilizes a retransmssion tinmer for timng tine periods associated with

the deliver yndifaictthe RhEy @tather Thgergdih 2t RIFBUHNGAR6: B S ensli .;giafé%.?ég! on
ul e

to the receiving station is conmuni cated I n autononous or sche

transm ssi offhenidass proki®dra@hihad §¥ 1§%E0R g b1 lta?ﬁr, lifle H‘étg\%t reft éF%f ﬁ%a}hl ower

data rate than the Initial transm ssion of e dat a. en a At i on

is made at theivigc@hNdNO Station that data 10 is received in segnmented
form indicative of retransm ssion at a |owered data rate, the segnented

portionsiare buf ker - eseguencing buffer and a resequencing buffer
timer i used tg{?‘g éer%}rlﬁ1 Setgt\%le‘%ﬁ’tzg)s?é BYPISGR SBGT Entinyiag HeysPeriads on of

the data. If _ a -fgl%rr:&le%?gortign of the data is not detected in the tine
peri od wi t hitfo®RIChH © dPRYEy GhfRts thyraier Fhe dath senmunivetsd byt seatindéition
indication is returned to the sending station 1s to indicate the failed
del i very of 19 8 recsts sadois compwnistiadia adtenemowior eoivd iditonsiBsiok heydeby
made for the retransm ssion of the data at a |owered data rate. Unnecessary
NAK i ndi caifherirapsidissianiof thefdaia reightedcuy eryylosfer §he rdaian tasaim Ng
retransm ssion of the data at the |ower transm ssion rate. Thereby,
i mproved cotrmmsniission ofibe dnidl. | WREDY etetSiageoDh n{a@@ihﬁhé?&%ﬁr}égﬁ&aﬁ& ththi'a%a |

i ple

provided. Milti-Ilevel transm ssion of feedback acknow edgnments at nu
| evel s ii® - is received in segmented form, indicative 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 retransmission of the data. Ifa
segmented pprtion of the data is not detected in the time period within which the
resequencing buffer timer times-out, an NAX indication is returmed to the sending station
15 to indicate the failed delivery of the segmented portion of the data. Accommodation is
theieby 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 retransmitied 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



obvi ated. And, erroneous indications of failed delivery of retransmtted
data is less likely to occur. In these and other aspects, therefore,
apparatus, -and an associ ated nethod, is provided for a radi o conmuni cation
system The radi o communi cation systemhas a 9 sending station that sends
data to a receiving station. The data is formatted at an upper- |evel

| ogi cal |ayer and into an upper-level data franme. The upper-I|evel data
frame is provided to a |lower-|evel |ogical sub-layer. The upper-I|evel data
frame is fuwehiigp siafion thatt tads tihereatredenting dbtidredBic datds Fowarted svamlupberanme.

The |l ower level logical layer is 5 operable pursuant to an H ARQ f eedback

schenme. RetkafgogisaiigR: Byd e epstrNeeblial Fame. The hpRerUPREAath GBule islat a
frame is facilitated if the receiving station fails adequately to receive

A I ) . h
the at lea ro?i'a@d t&ﬂ\ﬁ;welr—?%(ggleoflgl.imb—ﬁpi\ﬂ;é’%ggpgﬁll%l Eta'fﬁanm%gg%g at the

| ower | ev ogl cal sub- The H ctor detects HA

| ndi cat | onse it AKANT ASIRY e ob 8L AT f1BS,FSGEl (I TSELAD €O he

sendi ng sta Status response generat or d°at the

| ower -1 evel |ogical sub-I|ayer esponse enerat.or i.s adapted to.
Fote veS: naReEIOREST i AR ALCr I RC SR Rty et BF St ionro
status response generator generates an H ARQ status response nessage for
del i very t oefitheuppspdgvel é%%ramg? Basilitptad Hrthe repelvingstiasige falstadequately foe
upper-1level logical |ayer when the H ARQ detector detects an H ARQ

i ndi cat i on tenelive Hician tpattraie lower Ieed dianien ghrl8-AR Stdetentof & dnsbodakaioph dtegbwet o
receive the at | east one |lower-level franme. The upper-level 1logical |ayer
i s sel ect ableyeldpgicdlie 14yes pOhs HVAR Qadeteearidplecn fH-MRE) HIARM S, At.US response
nmessage to provide again the upper level data frane to the | ower |evel

| ogi cal  subsdkayRledgdh&, lefirkdiSEhe 30l d\@htiorXs MRCIcBdink WatibE! ARRRARE) US,

and an associated nethod, is provided for the radio comunication system
The recgi vi ﬁ&uﬂe‘%&%@ e IO Rt died at the lower-level logical sub-layer. The response

generator is adapted to receive indications of detections made by the H-ARQ detector.
The H-ARQ status response generator generates an H-ARQ status response message for
delivery to the upper-level logical layer. The message notifies the upper-level logical
layer when the H-ARQ detector 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 metbod, 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 énticipated reception at the receiving station of the at least one lower-level
ﬁame. The sending station selectably initially sénds the at least one lower-level frame m
segrnented 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

10



20 retransm ssion tinmer. The retransm ssion timer tinmes a first time period
commencing wth at |least anticipated reception at the receiving station of
the at |east one |lower-level franme. The sending station selectably
initially sends the at |east one lower-level frame in segnented portions
at a second, reduced data rate. Reception of the at |east one |ower |[evel
frame in the segnented portions is facilitated. A retransm ssion timner
resetter is 10 adapted to receive indications of detection of reception of
t he segment édapiet to repRvoindicabensad siicsisoront rofeptine of bweegthaveal pdrtiamsnrat t he
second, reduced data rate. The retransm ssion tinmer resetter causes
resetting ofrettdnemrsstonarigind lowicotevel fiverie atteasdobed, ratvesd ddigygt. Thane is
retransmtted in the segnented portions. 5 A nore conpl ete appreciation of

t he present retranemission tand réRQeSRORES r&s@ﬁﬁ-@(ﬁf tlfeﬁ@tra&ﬁn&hﬁr?ﬁﬂ%ﬁer i fokli%r
acconpanyi ng drawi ngs that are briefly summari zed bel ow, the etarl

descri pti on ikl e BY RE&M M PIHEALL nts of the invention, “and
the appended clains. 10 BFE ?EF DESCF%%%TFE%%%HE DRAW NGS Figure 1

|1 f f d
whi ch ;ﬁgifmﬁd. et OSSR pBC PO pEPIR DS g i o

|IIustrates r resent ati on of portlons of the radio
comuni cat i 8% Et?g} g%"?ﬁ%&ﬁcf If% gkzlw’é‘ﬁﬂthﬁ aig byRAY FHBmgazRshelavd thiur i ng
oper ation o JI éhe radi o, communi cati on system pursuant to operation of an
enbodi ment  GFtetlerbdsseaRtEpy of thepresrnfly prefrrglprab@iingnig of thetiwentioment det | ow
diagramlisting the method of operation of the nmethod of an enbodi ment of
t he present 2PRfRéet ¢lams. Figure 4 illustrates a representation of an
exenpl ary rel ati onshi p between data .

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a functional biock diagram of a radio communication system m

which an embodiment of the present invention is oiaerable.
Figure 2 illustrates a logical layer represen%'ation of porﬁons of the radio
communication system shown in Figure 1 and of signaling generated during operation of

15 tl_ae radio communication system pursuant to operation of an embodiment of the present

invention.

N

Eigure 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 in\}entio‘zll.
Figure 5 illustrates a representation of an exermplary transmission pattem during

exemplary operation of the communication system shown in Figure 1.

11



20 formatted at an RLP | ayer and at an MAC sub-layer of a sending station
operabl e pursuant to an enbodi nent of the present invention. Figure 5
illustrates a representation of an exenplary transm ssion pattern during
exenpl ary -operation of the comunication systemshown in Figure 1. 11
Figure 6 illustrates a representation of exenplary conmunication of
segnented portions of a data franme pursuant to operation of an enbodi nent
of the present invention. DETAILED DESCRI PTION Referring first to Figure
1, a radi o comuHigvat b dinssypiss enpprsftavutiog efiercaldlyryabmbfhinicaHoR bAMLARStfiOr t he
comuni cation of frame-formatted, or other packet-formatted, data. The

comuni cat i port®ysbdLmidia fimespuittiaht toUperatie® BPMNEGBS AR j
plurality of nobile stations, of V\hu)i%gh t he nobile Ist%ﬁ%&%&ﬁy}n@&ﬁﬂm

representative. Data is communi cated pursuant to effectuation of

communi cati on services, includi ni for instance, real tinme Vol P (Voice
over Internet Protocol) communi SETARERDESCRIPHON n t he exenpl ary

i npl enentation, the radio communication systemfornms a cellular

comuni cat i on syReEminsmbest spBigatecs agedie caiynivatisusystent, shove gapeiligtat ng,
protocol set forth in the CDVA 2000 operating specification. The
communi cat i pievles ferfhé sominsicatiepobant-dlrinvaed, o WEiEpackef foRh e, hupeshof
communi cation systems. Wiile the followi ng description shall describe

exenpl ary opmmathioni@f sygtenefhed i mRiti-eér dohsmbPhesBAtk vt ihQ |
respect to its inplementation in a CDMAI\r ZOOO-éorrplﬁi gn%%@%ﬁﬁpﬁ?m’gtﬁ?

system | n mobileliafidhRl SIRHICAORSHICHRRN TR Sefhuibd SR SoSAl, LAVRH | on are
Yy .

anal ogously inplenmented in other types o onmuni catt on"sys tais
of T he. communy AaF el Bl O AL E R BBt R i arvhopiies tme T
communi cat i 9kp (voice over Internet Protocol) communication services.
10 In the exemplary implementation, the radio c'onnnuxﬁcation system forms a
cellular communication system that operates generally pursuant to the operating protocol
set forth in the CDMA 2000 operating specification. The communication system is also
representative, however, of other types of communication systems. While the following
description shall describe exemplary operation of an embodiment of the present invention
15 with respect to its implementation in a CDMA 2000-compliant communication syste-m,. in
( R other implementations, embodiments of the pres;nt mvention are analogously
implemented in other types of communication systems,
Data is communicated to effectnate 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 t§ a mobile station, the data is
communicated upon forward link channels defined wpon a forward link 16. And, when
data is to be commmnicated by a mobile station to the network part, the data is

commmunicated upon reverse link chanmels defined upon a reverse link 18.




20 system Wen data is communicated by the network part to a nobile
station, the data is communi cated upon forward |ink channels defined upon a
forward link 16. And, when data is to be comunicated by a nobile station
to the network part, the data is conmmuni cated upon reverse |ink channels
defined upon a reverse link 18. 12 The network part includes a radi o access
network, here shown to include base transceiver stations, of which the
base transceiver station (BTS) 22 is representative. the base transceiver
stations are posithedsbdorkipagendedesd ridic atdeonsettvbriQ ARG wRR RERAe base
enconpassed by the communication system and w thin which conmuni cations

by, and 5 t drangceivshistatiosy, af ivbivh alichape frihdob 98k stk 8 iver station
RS ARSI, O

of the communication systemdefines a cell. An n
general |y cdmmunusatiea stitiofls blapokiassed 4 LAPSES EGHoRtALLYN that defines the
cell in which the mobile stati g)n is positi one%zﬁ6 néttﬁr%é}quia%?%ﬁ’i on 12 and

communi cat i on- StBeon bersneuriceleh SERE Bng yiE VEER asmrisco Rkt cd
during 10 a§onmym | I to effectuate a communi cation service.
The CDMA 2000- conp h%g%%&(%ﬁﬁ%ﬁlll@% |E81ﬁh é%t@ﬁ?@b‘f%ﬁﬁ@oﬂ ¢icthe opmuminatioron

system 10 h riher ovides for |IxEV-DV, high data rate comuni cation-
servi ces, %b’{ol$%ra§ﬁﬁ?ff’?ea ‘T%i)lr \ﬂ%da Wﬁﬁe Haleesqnerpdlysbnonmivatdevittehe bae | i nk.

Exenpl ary oper ation of the communication systemin which data, originated
at the nobi FEMSPHET Yaton Gaidshnenthe eelbiat viiScls teondbike shaisg id fRNERREVERe St ati on
shal |l be described. In sone aspects, anal ogous operation for forward |ink

conmuni cat i BIPPHF 8tatiemi? and Yast: hphseriwert seation Diteare, a8 oncRACRS R ORI d a§§( sdihe
network part of the communication systemalso includes a base statfon

control | er 9#comgnunjtdiam staiohs bdtwedt whith ﬂﬂﬁﬁ-ﬂ%ﬁﬁﬁteﬁta%{ai i @Drﬁ%lgl%]%oéelg S‘QP% i on

controls various aspects of the radi o access networ I nC
of the Bhseacommunication session to effectuate a communication service.

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

15 to the base transceiver station shall be described. 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

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

13



20 transceiver station 22 to which the controller is coupled. The base
station controller 24, in turn, is coupled to a gateway (GAY) 28 that

forms a gateway between the radi o access network of the network part of the
comuni cati on system and ot her portions of the network part. Here, the
gateway 28 connects the radio access network to a packet data network
(PDN) 32 and public switched { 13 tel ephonic network (PSTN) 34. A
correspondent node (CN) 38 is coupled to the packet data network and

public swi t ¢tieghohlrephaRi(BSTIE} B0r K. cofionasit @sROATM S RREBIES to the packet
representative of any data source or target that fornms the ultimte source

or desti nat idefa refwork ah@pSHIENHcRA! REpHbNL Bgm%r}‘éoﬁﬁ@-‘éﬂr?%ﬂngd}gf]g@iig nto

ef fectuate a communication 5 service with, or by, a no on, such as

R e R LNt

node for conmuni cati on e“station 1sr 8t wor k

part of the i cat i systemto th base trapnscei ver station, and base
transcei ver dé@gp}lﬁgi ﬁmf%rage(r%s% HP%% atCHIémBﬁ]ECé‘%PB S?Sﬁlgn&‘b%i[}?‘:éuatg fi gPTBRNICARED  f or

i nstance, data. ori.gi nag ed at .the nobile station for comunication to the 10
cor r espohde it ViFsdal: Pisbis @mpohilsSintion, ek as thepgobilssiierd2t o be det ected by
the base transceiver station and, thereafter, to be routed through the
network part of Pak orizinatdafardestarsesytdheenriaspanidentoanie dspmnaanticniones thas
menti oned previously, conmunication of data, such as pursuant to a | XEV-DV
comuni cat i owbdestuiiaeis rowed thaomhfthe metvogidparosf the bemmuaRapas kptert @7 @Bt t ed.
That is to 15 say, the communi cation service is effectuated through the

comuni cat i bascafanSeD@LSENHE and baRBtnelcidabRtio ehsnatsRERA¢K 1R W edgment
schenme is utilized by which feed back is provided to indicate at |east
when frames s@iior a5, 36GnfRlceSHRE 85 sinel %t A8 rhotRk 8118 R b 1B hmunication to the
10 correspondent node, is sent upon reverse link channels to be detected by the base
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 1XEV-DV
communication service, is frame-formatted, or otherwise packet-formatted. That is to
15 say, the communicafion sérvice 1s 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
20 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. Tn the event
that the data frame is not successfully delivered té the base transceiver station, an

indication of the failure of the delivery of the data frame is returned to the mobile station

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

14



the data frame can be retransmtted. During reverse |ink comrunications,
data is communi cated by the nobile station 20 upon reverse |link channels
to a base transceiver station. Franmes of data are sent upon the reverse

i nk 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 franme is returned to the nobile station pursuant to an H ARQ feedback
- schene. Becawseerftionatht tsipagfoanel iteaddaciRaid ok Penbiodialdranit at PRIAOr med at

an RLP (Radio Link Protocol) layer and at a MAC (Medium Access Control)

Layer, multi@igideadbasiContbDaRaGhnahltRbhA%Elos ehe i H&%@%&H@hﬂl‘f@h@o
sho ally at

nobil e station. The nobile station includes apparatus, gener
46, that fagjlij8liesaGid ck 5 retransm ssion of data in the event of failed
delivery of a data franme to the base transceiver station. The apparatus 46

is here shown to A of . tional entities that are joplenented in
any desired nannerl?] % r{xﬁ%ﬁﬁ%}nﬁa ! #H(;((rfesiaﬁg?rﬁtl"}%é%m‘é{? 58???1&3& 4ge§‘é%‘§€‘hﬁt§ PRek
processing circuitry. In the exenplary.inplenmentatjon, the apparatus is

i npl ement’ed rﬁ‘tmﬁnﬂﬁﬁé’n(‘?@@fadﬁ"ntﬁ"c%‘@%c’%ﬂ?@n‘&ll}’e’{y&fér‘iaﬁ’d@ﬁ“ﬁ“? @ﬁb@lgﬁéneat h an
RLP to (Radio Link Protocol) |logical |ayer. Here, the apparatus 46 includes
an H ARQ det'B@sssives statipmyt Thpapnaradss 40ts dercsbewnito IRorinpdipCamidms] entitigs cat i ng
failed delivery of a previously-sent data frane. Indications of the

det ect i on ndbial atpy/inphenededot oty Birar mapregundeding, dorinsthARYssHithiss r esponse
generator 54. The status response generator, also enbodied at the MAC | ayer

t oget her 15 ewkdutatidiey probRSimbadieaitor ,In tadhainRuy infplbmMEmatido t k@b i
message, here indicated on the line 56, that is provided to the RLP | ayer
to indicat e ilBRuicaicdee a ABACRIIh AlcB&s PRI ¥SkYpositioned beneath an RLP
10 (Radio Link Protocol) logical layer.
Here, the apparatus 46 includes an H-ARQ detector 52 that operates to detect H-
ARQ indications, indicatiﬁg failed delivery of a previously-sent data frame. Indjcatioﬁs
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 tumn, to generate a message, here indicated on the
line 56, that is provided to the RUP layer to indicate the failed delivery of the previously
sent frame. When delivered to the RLP layer, the RLP-formatted frame is again pﬁwided
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
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 utilization of radio resources allocated to the radio communication system.

15



sent frame. When delivered to the RLP layer, the RLP-formatted frane is
again provided to the MAC layer to be formatted thereat and thereafter
retransmtted to the base transceiver station. Because the RLP layer is
notified i Mmediately of the detection at the 20 MAC | ayer of the H ARQ
indication of failed delivery, the RLP layer nore quickly initiates
retransm ssion of an RLP-formatted franme. The need otherwi se to await
delivery of an RLP layer, NAK (negative acknow edgnent) or ot her

i ndi cation i ndi caftievesetrafsabivedstatibeldissahstus appatu aﬁ%fa?eﬂmf&iﬁ{eﬁ%ﬂhe
| mproved comruni cations are possible as well ‘as nore efficient utilization

of radi o resewcasavaltionc %@@Fﬁe@aﬁxﬁ‘% Eﬁ%&le&ﬁ’c‘}gygés%%hg%ﬁée}( 3t n?-t; a]%(?ismg base

transcei ver station also includes apparatus an enbodi e

present i nveRihQIbs SR ; ﬁg@@ ied.at the base transceiyver
station also is formed o é’?ﬁtﬁ%@fiﬁ%g ngﬁeﬁtie%l R es’é?cgniaﬂ?ﬂr f¥d in any
desired man I i_nst by al gorithns executabl e by processing
circuitry. [}ﬁéetané:g’p%%gélg egﬁ%x?ag)ﬁe:@y B%H‘Ci?ﬁ‘i%ﬁgirf"é‘%r dBe pppaatsy Adroparalas i ons

to contrql \quenﬁfeedbgck i ndi cations are returned to the nobile station to
i ndi cat e°f aif'BYS FRAFFTEHF OPraumeatians fogeptrolHkendspibecls indicibvrcars retvand ta
retransmtted data frane is transmtted in segnented portions at reduced
data rates, by @abiledatial taindieate filad dalivery af das faliec The hppaatua ditscid ivhed
transmtted. Aretransmssion tinmer 58 enbodi ed at the base transceiver
station has aastosinateaidiatd Qarnb ér teankinitted ih begdientddRBtidns af RQILE&T §ADSdsSSi on
timer operates to initiate an NAK indication to be returned to the nobile

st ati on whemeducetbictative 3Te data riett WHIRE AfSdad] I YirslalnMalied Wi thin the tine
period indicated by the first tinme out period. Wen, as described

previously, retRREFMETEI6h et 1€ f L0 ment ed portions,
the retransmission is carried eout?ﬁg%ﬂn%ﬁt#e%ﬁ%?hggsﬁﬁ%’ P&%‘&T@éﬁ a&%f’é*‘?tdat e.

The appapat wsrdonal é"ﬂ%? %i eeﬁlgg ﬁgl%mz?@ﬁsé%agﬁ'tgr i%i)el}g %‘gﬁé%t%g ;JfégIrASK ;'[nt]iiecation

segnented portions o

to be returned to the mobile station when a data frame is not successtully delivered within
the time period indicated by the first time out peridd. When, as described previously, |
retransmission of the data effectuated in segmented p.ort:ions, the retransmission is carried
out, sometimes at a much—reduc‘_ed data rate. The apparatus includes a resequencing

15  buffer 62 that bqffers the segmented portions of the data when the data is retransﬁﬁtted
during operation of the communication system. The apparatus also includes a
refransmission 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 operzites to time a second time period. If
the resequencing buffer timer times out and a segmented portion of the retransmitted data

18 not successfully delivered to the base transceiver station, an indication is provided to a

16



during operation of the communication system The apparatus al so includes a
retransm ssion timer resetter 64. The retransm ssion tinmer resetter is
coupled to receive indications of buffering at the buffer of a segnented
portion of a retransmtted data frame. And, the resetter is coupled to the
retransm ssion tinmer to cause resetting of the 20 retransm ssion tiner when
a segnented portion of the retransmtted data is delivered to the base
transcei ver station to be stored at the resequencing buffer. And, the

appar atus dFis@smgladesuast gesetueidhaignition erettinmissioh réduast, PEREBAEMCT O
time a second tinme period. If the resequencing buffer tinmer tines out and

a segnent ed spgmentedpatioh/ i@ poetfidnd 80 4ré RbcdetrghsmliBed WOlinSLGE &5GE &ﬁéJbgle
delivered to the be transceiver station, an indication is provided to a 16

retransm ssiseiioh @6H €5 mBEne rs@éﬁéntgdzp(ﬁ'ﬂ?ﬁ{, ok B&nrtiioﬁé,%f 112 dafl ﬁ%&% . gtsa!crcolﬁl Obeb e

request, indicating the segnented portion, or portions, are

retransmtt [Malp: : i i t hat the.m ssing segnent ed
porti on, or@gé%??%@@g%@?ﬁ%gngggt%gﬁ%?%&n@nhﬁe? Lda%g‘i‘ eﬁgnsnP%?%tﬁg?ﬁ’fg’f@Btgt o the

base transcej t1on. ..Bec the retransmssion tiner is reset 5

i nappr op?Jq i a?ﬁe%géoﬁz]%getéeg%a i Rﬁﬁi&’éﬁg%‘f@&ﬁ%&?m&fl dliv eyl of da@emienedr y of
data, nerely gue to retransm ssion at a_markedly | owered transm ssion rate
does not ocgﬂ?.oWHBI,]S]’W?’I?%WFW@&%@”@F@Fﬁ@mlé%@qmeﬁgomﬁlerAmd,mar and
retransm ssion request generator, retransm ssion of segmented portions
that are sud¥eugiiepye @gﬂhfﬁv@ﬁwn@l@gﬂ)hﬁemg andreinesetissen sqiaki @neRlR, Not
resent. to Figure 2 illustrates a representation of the nobile station 12
and base st #ttappmizgion off a¢gnfient svigpopibertsitieat arefuct dysfuligde By @IMBURS BALI On Ssystem
shown in Figure 1. Two of the |logical layers, the RLP and MAC | ayers,

i ndi cat ed atraifgevedstditon sreapeetdnyel y, are shown. And, the H ARQ detector
52 and the H ARQ status response generator 54, used pursuant to

reverseddink conmpik€ihitttes QfeprdEnidRRREBhY hobfle HafofPRh SROWRHL D
enmbodi ed at the _ ‘
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 I—I»ARQ status response generator 54, used pursuant
to reverse-link communications, of the apparatus 46 are again showﬁ to embodied at the
15 MAC layer 78-12 of the mobile station.

Figure 2 also illustrates an arrow 82_ that represents the communication of H-ARQ
indications, such as from the hése transceiver station to thé 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 1ayérs is ndicated 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 lziyer, the RLP layer statts a subsequent retransmission at an earliest possible time.
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15 MAC | ayer 78-12 of the nobile station. Figure 2 also illustrates an
arrow 82 that represents the conmunicati on of H ARQ indications, such as
fromthe base transceiver station to the nobile station. And,

comuni cation of data between the |ayers of the nobile and base stations
are indicated by the arrows 84, and conmuni cation of acknow edgnents and
negati ve 20 acknow edgnents between the layers is indicated by the segnents
86. The nessage generated by the response generator 54 is indicated by the

segment 86 &tremntithy opekviepeeit vepddPRTRNAARLBiralRiS:seed S BBInSunsdald on.
When the nessage is delivered to the RLP layer, the RLP |layer starts a

subsequent kRN ek GandbivaNstfiddd hfiSthe RROAE Blfod | ™. 17 Through this
oper ation, peer-to-peer RLP NAK control franmes need not be communi cated

bet the b t at o L
DeLveen {he base s ok Bk U A0 LD A0 bR
1t on, gl By SRS i PRBL ne E) i

Owcethetrans tt|n | ayer receives the transm ssion failure

i ndi cation, P???& ?érl’ 18y & 14> Mg R feransautisrs Onen thsfirankmitting RLB dayRt P
frames i mTEdI at el In other words, the RLP retransm ssion is no | onger
triggered byecéivﬁ%é‘@ttraﬁémﬁéwﬁé%w@@lgri’etrﬂthﬁrfbﬁRﬂﬁda&imsem ttenseaisvassicgtathon,
the RLP receiver, but triggered by an NAK notification forned at the

transmitti n@ihﬂ@ﬂmﬁmeﬁﬁamﬂﬂatﬁ@ dh oéek WordsAthetlIEP fefradiibdida RGobsier 1 €.,
here, the nobile station, in order for the MACto report the transm SSI on

status of t ipgteR HyrausRativd AenfRdsaisr ﬁbxﬁdh&@és@ﬁaﬁé&&v@—ﬁau efiiqlge nunbers
for RLP franes passed down to the MAC subl ayer. The ubl'ayer keeps

track of the:cByE, 5eaKBRERIBY fﬁﬁ%ﬁ[{fn%ﬁéédon%nﬁé&t ety sf'i‘f‘%%g WRE 186675
10 12 directly. |
At the transmitting side, i.c., 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-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, éﬂer either receiving an ACK from th(-;‘. receiver
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 staxts the
retransmission for the failed frames. The i{LP 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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15 encapsul ated into a physical |ayer SDU of each H ARQ channel. That is to
say, the MAC |ayer associ ates each RLP sequence nunmber with H ARQ

i nformation, such as H ARQ channel ID, subpacket ID, etc. The MAC subl ayer
then indicates the transm ssion status of the RLP franmes back to the RLP

| ayer, after either receiving an ACK fromthe receiver or exhausting the
al | owabl e retransm ssion to conplete the HARQ activity. Wth the H 20 ARQ
transm ssion status indication fromthe MAC | ayer, the RLP |ayer 76-12
starts the Seeitovanibriake oin ierfatehbuf alid thd trowipa. mEA6HRURCLAKESF 1@l SO

rel eases the nmenory of the successful franmes froma transm ssion buffer
thereat. Thitsnimicrrgasaonnot only the efficiency of the radio spectrum
usage, i.e., nmuch less or no nore RLP NAK indications 18 sent over the

radio air interfagene Rediviaksfid he, hé}é,QHQB%‘éttra%@We}’%tgfj%{ Shency, of L he
e, 1.6., ;

transmitting station. At the receiving si e Has¥

HARD oper a1 o e e 0 A G B onS S et AR HORAK

H ARQ oper ati ons are uhchanged.

protocol s a a1 i radi tional manner. However, at the RLP
recei ver? i %@ﬁgﬁ%&w ?@?‘é‘?l,ls Wk &5 owh iptadisiepalimanger. ddeververrias si ng,

RLP startsthaS%El,_AY--DETECTI ON-WNDOWtinmer or retransm ssion tiner and
waits for a““susEGtiEr LrothtdRlof laver Ferddnhenad RiPafrend at detdoetioniesisgmdimg an

NAK control frame back to the transmtter. Since the transmtter

aut omat i cal st RECAThDEBECIHIN YENOIO Witinbdrer idraherhlssin indfBad 5 for a

retransmtted frame wll arrive before the tinmer expires and NAK control

frame is seftbs¢quemivhied oBrcausniticl damealatatRfoTe E@dRlo K KS Joﬁﬂﬁ‘lsfé?ﬁecﬁ%c o the
transmtter over the air interface. The transmitter can be configured to

tSL ce)p |-|.S i gg :'mé;p tlrlzlleiaﬂ:ﬁz:ﬁéa.&o B2l the ihadRitef akdiBatRhlly bbAknd So3003:804, AV NAK i n
10 failed 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 transmitier can be configured to stop sending the NAX 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 transmission procedures carried out during communication of data frames to effectuaie a
communication service. -

First, and as indicated by thc 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. If not, 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
refransmitted data, ready fqr transmission. Higher priority is given to retransmitted

packets.
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"Figure 3 illustrates a nmethod, shown generally at 92, representative of the
15 transm ssion procedures carried out during conmuni cation of data framnes
to effectuate a conmunication service. First, and as indicated by the

bl ock 94, all RLP variables are initialized at the transmtter, i.e., the
nobil e station for reverse |link comunications. Then, and as indicated by
the decision block 96, a determination is made whether the transmtter is
20 active. If not, the no branch is taken to the block 98 and operations

stop. Ot herwi se, Thiig ani@SidaicaRAhyiiSe 61BIET04 @rd REP a@%&i?%@?%tﬁa@%&bp

| ayer checks for data, either newor retransmtted data, read

transni ssi ofuycH BN efeiskQhdid mig t ed Then,
and as i ndi cated by K heSéb%rl ‘{R%gigd“\éﬁ&@%ﬁf%%seﬁ]aéw gf’%rﬂ“?ﬁg

|l ayer with gl | RLP se nce nunbers For .a se nented
frane, the %ﬁﬁgyegélg?%a sgg(ﬁ)as E%g‘ﬂ%ﬁfu %C@dwgmef@ Pimgsbvith 0BEQ)
associ at ed V\éth ﬁﬁ’ segnented portion. 5 At the deci SI on bl ock 106, a

det er mi nat i O 189 8&“‘5‘5 to whether a packet in the H ARQ channel has been
acknow edged (ACKED). If so, the yes branch is taken to the block 108, and
t he traﬁ§n155|onAéﬁﬁﬁﬁéwF@iﬂ%@ﬂ@éi%@ﬁmmnhﬁﬁmﬁssmdaem@eﬂmmmbaqad&mdam@op is

taken back to the decision block 96. If, conversely, the no branch is taken

from t he deBrARQehiiust kasipgn ablhem&bd@@@mmmt TS Sl GfhneR le”lLTakéﬁSto the
advanced, indicated by the block 112. Then, and as i ndicated by th

deci si on bl do&k 1084 andrttabeat@Emissiah lsﬁﬂlsh§mﬂﬁﬂﬁedaeﬁtﬁ RLPQ@@J&% dlo
retransm ssion is exhausted. If so, the yes branch i en to fhe BP ock

108. | f notis tdkdar baek BraO8E:disH bigkess. back to the bl ock 104. Operations
continue, as appropriate.

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 so, 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 &aﬁsmission sfatus 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

15 nobile station 12. Here, the procedures that are carried out by the

nmet hod 92 are represented. The RLP | ayer passes down to the RLP frames 116

and 118 to the MAC sublayer 78-12. The associ ated sequence nunbers are

al so passed down. The MAC sublayer nultiplexes both the RLP frames into

one physical channel SDU that later is coded for transm ssion. After the

physi cal | ayer ARQ procedure, the MAC sublayer 78 20 notifies the data

i nstance ( SROH2 shayy int Figuteransiidos &i o MA gtitsssafieRu Ibrtﬁg@?A@nlg o ggp(gnce

nunbers 3 and 4. Thereby, in the RLP transnmitter, i.e., the | ayer 76-12

with the feddbankelfsfane RUPGeMAG:SHh

subsequent round of retransmalﬂggl on %%gggghgggg\%%aﬁg%?%ﬂaaP%ﬂl?%llﬁx?dlfgtq\lAK

control frangsh fiyeat Bee Rt T ] 76- sho in Figure
PRIt Rge %%e Dgttﬁke[ﬁin%ﬁsél thglﬁtaﬁégéﬁlgasf‘ uﬂ(@éﬁet rack

2). Also, in the MAC transmtter

of the RLP f of .the data bl oc that are multipl exed
into each gﬁymg&rl ayer%S b% Teﬂfleslt%aélderﬁ??‘)l}fest%‘?@’?ef‘é Midls ighRLY fayesstaae us
is passe? ugﬁlh@the RLP layer. Primtives, i.e., requests and responses
bet ween the °3fd RLP | ayers are 5 as foI lows: Primtive Primtive
Paranmeters Pri mt| ve_Not es Ty Used I n Request MAC-Data data, Mbile The
RLP del i vergnﬁﬁ ¥4 p PG  sjBasameerst i dhinaiite MAC Botekayer to be seq, Base
mul ti pl exed ‘¥Rt o physical layer s_seq S$fstlifon SDU; Data is an RLP frame or
a segnent thereof, size is the

Request MAC-Data  data, Mobile The RLP delivers an RLP to the
size, Stationand ~ MAC sublayer to be
seq, Base multiplexed into physical layer
5 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

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-
Staﬁoﬁ ESCH; ack_or_nak is set to
NAK to indicate the failed

transmission. seq is the

- sequence mumber 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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size data in bits; seq is the sequence no. of the RLP frane containing
data; s seq is the segnent sequence nunber if the RLP frane is a
segnmented franme. Request MAC-Data ack_or_nak, Mdbile Indicates the
transmi ssjon 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

I ndicate the failed transmssion. seq is the sequence nunber of the RLP
frame acked or naked; s _seq is the segnent sequence no. if the RLP frane
is a segnmented frame. 21 Figure 5 illustrates a representati on, shown
generally at 122, show ng schedul ed and autononous transm ssion patterns

during operation_of t radi o communi.cat .0 hﬁ[m ' i )
Packet data trazg 1?815:1@1#1] Stﬁ%‘%staelfe rses?nﬁéu iy 8%0'%6161%%12{&?3?6‘ ‘rsa(#‘?ling Sg%lrdgl,ea
generally, bursty, is shown. .RLP franes. are delivered in either segnented
oF non- & eqHEkARTOMSR PR PEPYIER B PEGRE D f R Gie FRRARIATON gh dat a
rate (schedul ed) non- segnented is |ost and the nobile station is unable to
retransmt $hsEnRsipwiyigfasye 1+ Rackehfga transmission pattems in which packet data trafiic

5 is, generally, bursty, is shown. RLP frames are delivered in either segmented or non-
segmented form. Ifa large RLP frame is transmitted at a high data rate (scheduled) non-
segmented is lost and the mobile station is vnable 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 antonomous mode. In the Figure, the blocks 124

10 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 ata peak data rate (1.2
Mbps) with a 10 II"lS frame length, but retransmitted at an aﬁtonomous mode, e.g. 192 bils -
per encoder packet, sixty-four retransmissions would be required fo retransmit the
- 15  segmented data block. An encoder packet subsequent to encoding also inciudes 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 sef 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.

20 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 thivd 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 in a segnented at autononous
node. In the Figure, the blocks 124 10 represent autononous transm ssions
at a lowdata rate, and the bl ocks 126 represent schedul ed transm ssions
at a high data rate. For instance, an RLP franme is, for exanple,
transmtted at a peak data rate (1.2 Mops) with a 10 ns frane | ength, but
retransmtted at an autononous node, e.g. 192 bits per encoder packet,

si xty-four retranrsnfEsiionstanuhdsibe sche ity eduital whincaastlk rettaemited Sagrent ed
data bl ock. An encoder packet subsequent to encoding al so includes the

input bitsiogaphReaichaower 4 fiemesrsee pagket data channel that consists of the
information bits, the frame quality indicator bits, and tail bits. This

forms a physical @ayep iz%uateb'@&%@kéaﬁaﬁoﬁ Bﬁeﬁgﬁn}im&%maté M&%@%ﬁﬂeaat a

round trip time plus a tfactor f processing del ay period. the round

trip delay iS.: . a f I ] etransmt, tiner is 250
ms. 20 But, pt73 ﬁéoi? ?lﬁr?%o}?eg%hoﬁroefgﬁ ﬁ% Egﬁ%a%az%sib%gp%g&g? B 9}“ S Fesgxétgl%eﬁﬁga Ib?’ rames
with a 10 ns fr . length is Thi s cause e RLP receiver ta
Fequest 8 ¢ RIS P arereny KRG SO oAl Rt P e ons B ||
conducting a segnented retransm ssion for the second round of RLP

transm ssi ofoP pItigmokthe Epgure BlusEpliea HanRes$raYedH it prednengrgionffas@ndihenever
the retransmtted frane is segnented due to an air resource |limt. Figure
6 il ustr at ésttempepicasditihealigor 18hstrastsiromsyil34 rapivefl atlateb-raseqegongbeier.
portions and operation of the apparatus of an enbodi nent of the present

invention by S wWhdn 4 @ghicni df thoreaassiacy P iNAKeided, ian RISe@oBRES the RUP
fkame retransm ssions. The top portion of the Figure illustrates frames

received at 18cf 2602 d8RG ROTiBubkie Ehcﬂmﬂstb%&e rBPdrlsAI3SRAY thih o fhelnWSsifi Bpe
illustrates frames 134 recelved at a sub-resequencing buffer.
10 frame and start a resequencing buffer, which is used to resequence all segmented frames
for the missing frame. Note that a frame is segmented frame when a segmented 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,
s0, an NAK is sent for the retransmission. Before the retransmit timer expires, segmented
15 subpacket 3-1 arrtves. The subpacket 3-1 is a segmented frame with S_SEQ field
(segment sequénce 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 (S5_SEQ= 80}, etc. all arrive. But, the segment 3-3 fails to arive (S_SEQ=40) upon
the expiration of the delay detection window. The RLP recetver 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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When a segnent of the retransmtted frame is received, an RLP receiver, the
RLP |ayer 76-22 shown in Figure 2, should stop the retransm ssion tiner
for the mssing RLP 10 franme and start a resequencing buffer, which is
used to resequence all segnmented franes for the mssing frame. Note that a
frane is segnented frane when a segnented data franme format is used. The
NAK procedure for the subrequesencing buffer is started and is simlar to
that of the RLP resequencing buffer. In Figure 6, the RLP frane nunber 3,
so, an NAK is senfhefpoefetrbé desetipdnsnirsst tha prdfafdar e@;aﬁlgﬁs E’(ﬁ*lﬂ@[&ﬁ@ﬂhng ker
expires, segnented 15 subpacket 3-1 arrives. The subpacket 3-1 is a
segnent ed fnaw&mmnmhdﬁuﬁﬁﬁpébeﬂﬁ1m&§ﬁ&ﬂﬁﬁhkﬁ%ﬁ%@&%Qﬂﬁ%?@ﬁﬁﬂm&§¥ % to zero.
or es

The receiver starts a subresequencing buffer to walt t he of the
segnments. Thrs BEN Be 3= ﬁ?& 0 -5 (S_SEQ=
80), etc. all Cg??. ve. Buto%eg Sén%giy?tlg ? &&m%&?gl%eﬁoyg 40) upon
the expiration of the delay detectlon wi ndow. The RLP receiver then
declares the m ssing 20 segnent 3-3 to be |l ost and an NAK control frane is
sent out to request retransm ssion for this segnent. Thereby a manner is
provi ded by which to reduce the generation of unnecessary RLP NAK

i ndi cations. 23 The preferred descriptions are of the preferred exanpl es
for inplenmenting the invention, and the scope of the invention should not
necessarily be limted by this description. The scope of the present
invention is defined by the followng clains. 24 In the clains | . A nethod
for transmtting radi o communi cation, conprising the steps of: receiving
an upper-level data frame from an upper level for transm ssion to a
reci pi ent;
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formatting the upper-level data franme into at | east one | ower-level frane
in accordance w'th a retransm ssion schene; transmtting the at |east one
| ower-level franme to the recipient; determning that the at |east one

| ower -1 evel frame was not adequately received; generating a status
indication for notifying the upper level that delivery of the at |east one
| oner -1 evel franme was unsuccessful; and delivering the status indication to
t he upper level. 2. The nethod of cIa|n11 wherein determning that the at
| east one lower-level ! frame wah ihetcl@iigquatel y recei ved conprises
receiving a failed delivery indication~in accordance wth the

retransm ssion schene. 3. The nethod of claim11, further conprising:
receiving a portion of the upper-level data frame resent by the upper

| evel ; and retransnitting | ower -1 evel data franes corresponding to the
resent rtion of the dat.a frane.to the recipi The

ethod DB ol o s A REmPERR s g S somiURicE et SO RS 6f || cast

one | ower - | a¥gdivihg alepp@tlevdlidal fkhd ﬂ@@)ﬁn"i@%eﬂ@$&%ﬁ§§ﬂskﬂls$é} toBh@CIBT%BPOd
of claim3, wherein the data rate of the retransm ssion is |ower than 'the

data rate of fpreatting theavpnerdevshilatsifismeinte peleast onsalowentryel Hwee- m@v@rd@ta:uea

frame tq, The nethod of claim1, wherein the
retransm%@?ﬁ%ﬁghﬂk%ﬁ%g%he%ﬁ ses a hybrid automatic repeat request (H ARQ

f eedback schemsmihmgﬂe amabmle%weﬂ-lawnﬂame/\ﬂ@ah@td@@m steps are perforned
by a Medi um Access Control (MAC) layer in a nobile station, the MAC
| ayer conpri eP?QmH“'Fg hget @é%td}neé?l‘ﬂerale}@l frres Wi @dequetidy sseiyetier at or |

and wherei n LREURRES slaR¥GhdiEAMN oS ESiFidedfE Bppdr W ePhRt 888RVery of the at least one

lower-level frame was unsuccessful; and

delivering the status indication to the upper level.

2. ] The method of claim 1, wherein determining that the at least one lower-level
frame was not adequately received comprises receiving a failed delivery indication in accordance

with the retransmission scheme.

3. The method of claim 1, further comprising:
receiving a portion of the upper-level data frame resent by the upper level; and
retransmitting lower-level data frames corresponding to the resent portion of the upper-

level data frame to the recipient.

4. The method of claim 3, wherein the resent portion corresponds to the at least one

lower-level frame for which delivery was unsuccessful.

5. The method of claim 3, wherein the data rate of the retransmission is lower than

the data rate of the initial transmission of the at least one lower-level data frame to the recipient,

6. The method of claim 1, wherein the retransmission scheme comprises a hybrid

automatic repeat request (H-ARQ) feedback scheme.
7. _ The method of claim 1, wherein the steps are performed by a Medium Access
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(RLP) layer in the nobile station. 8 The nethod of claim7, wherein the
recei ved upper-|level data frame conprises an RLP sequence nunber, and
generating the status response nmessage conprises enbeddi ng data
corresponding to the RLP sequence nunber into the status response nessage.
9. A radio communi cation apparatus, conprising: an upper |evel configured
to send data to a recipient via a lower level; and a |ower |evel conprising
a detector and a status response generator, wherein the lower |evel is
configured to receive a fornmatted data frame fromthe upper |evel, reformt
the formatted data frane into at | east one |ower-level frame in accordance
With a retransm ssion schene, transmt the at |east one |ower-level frane
to the rébnpob@ACYH Myer i amobllattatitig thd MAs@ dycoommprisisy a HOXRIQ ddtensr salse Hot

adequat el i ved t he reC| ent, .generate WI h the status response
gener at ofdyRaééfag’fﬁjgesP‘?%“Fc%‘fPS‘iawfro? 418‘{1’{376% s vRRST leysh srmpaves atfh‘if’ I prpgqopl
of the fg R]}p}[ﬂg@,g@g@mf,glmatm unsuccessful, and deliver the status

i ndi cator to the upper level. 10. The appar atus of claim 9, wherein

determining that the at |east one |ower-level frane was not adequately

recei ved by the re ie Sesrecelvin I|v i ndi cation
in accor dance wit hﬂ"g?e&é’flr ﬂarwls&vﬂ’r‘?mé’&m?rfggwfiJ “PPﬁé?%}’ﬁﬁﬁﬁta SOOI RPH Y,
wherei n R icoulicel Rivder,i éldf%ﬂ’ Eﬁﬁhg i@y rr@éj!)()h% meés‘ﬁg@bUﬁpﬁs&%n%egﬂm%fdaH‘e
formatted data frame resent by the upper level; and retransmttin

| ower - | ef@iresPPRdtRg tclbe Rddhisauensg nugbehiaty e shtuspesponsmmessaghe f or mat ted
data frane to the recipient.

9. A radio communication apparatus, comprising:
an upper level configured to send data to a recipient via a lower level; and
a lower level comprising a detector and a status response generator, wherein the lower
level is configured to
receive a formatted data frame from the upper level,
reformat the formatted data frame into at least one lower-level frame in
accordance with a retransmission scheme,
transmit the at least one lower-level frame to the recipient;
determine that the at least one lower-level frame was not adequately received by
the recipient, 7
generate with the status response generator a status indicator for notifying the
upper level that delivery of the formatted data frame was unsuccessful, and

deliver the status indicator to the upper level.

10. The apparatus of claim 9, wherein determining that the at least one lower-level
frame was not adequately received by the recipient comprises receiving a failed delivery

indication in accordance with the retransmission scheme.

11. The apparatus of claim 9, wherein the lower level is further configured to:
receive a portion of the formatted data frame resent by the upper level; and
retransmitting lower-level frames corresponding to the resent portion of the formatted

data frame to the recipient.
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26 12. The apparatus of claim 11, wherein the resent portion corresponds to
at least one |lower-level frame for which delivery was unsuccessful. 13.
The apparatus of claim1l, wherein a data transnmission rate associated with
the retransmission is |lower than a data transm ssion rate associated with
the initial transmssion of the at |east one |ower-|level frame to the

reci pient.. 14. The apparatus of claim9, wherein the retransm ssion schene
conprises a hybrid automatic repeat request (H ARQ feedback schene, the
detector conprises a H ARQ detector, and the status response generator
conprises a H ARQ status response generator. 15. The apparatus of claim9,
wherein the | ower |evel conprises a Medium Access Control (MAC) layer in a
nobi | e stldtion. 16Th&¥kppappanétiabndfl, eheicin ths, resshep@iion thaeipppes td #viedst one

conprises._a radi,q |i ot ocal RLP) |ayer in the nobile station. 17. The
appar at ui"‘% r-Igy%W&?r%gﬁ%{%ﬁWrﬁ g é‘ilc\?gﬁmlor matted data frame conprises
an RLP sequence nunber, and wherein the lower level is further configured

to embed data corresponding to the RLP sequence nunber into the status
responseldessage. T8¢ apparads of ctimuhi, vehterdn aadata trabasission ngie iasioniptedawith the

bl ur a1 So o s FA0 AL & el G656 ol MeSoiR RSl B el Rifnisrignef o
aut omat i therae peat oredaweslevéHrAM o thé eedhaak schene; a retransnission tiner

configured to neasure a period of tine between the arrival of two
sequential franmes in the plurality of received | ower-level data franes; and

a retranggi ssion r (o | |V i ndi_cation .t hat
The. 1ot Fnan soi onr ipor4EE6F b o7 QREIBHE S e oG R Rnde OMEF R il
conf i gur adometigespertatequest (H-ARQ) feedback scheme, the detector comprises a H-ARQ detector,

and the status response generator comprises a H-ARQ status response generator.

15. The apparatus of claim 9, wherein the lower level comprises a Medium Access

Control (MAC) layer in a mobile station.

16. The apparatus of claim 15, wherein the upper level comprises a radio link protocol

(RLP) layer in the mobile station.

17. The apparatus of claim 16, wherein the received formatted data frame comprises
an RLP sequence number, and wherein the lower level is further configured to embed data

. corresponding to the RLP sequence number into the status response message.

18. ' A radio communication apparatus, comprising:

a resequencing buffer configured to receive from a sender and store a plurality of lower-
level data frames formatted in accordance with a hybrid automatic repeat request (H-ARQ)
feedback scheme;

a retransmission timer configured to measure a period of time between the arrival of two
sequential frames in the plurality of received lower-level data frames; and

a retransmission request generator configured to receive an indication that the
retransmission timer has reached a predetermined timeout period, and configured to generate a
negative acknowledgement (NAK) message for transmission to the sender indicating that at least

one lower-level data frame was not received by the apparatus.
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negati ve acknow edgenent (NAK) nessage for transmi ssion to the sender
indicating that at |least onre |lower-|level data frame was not received by

t he apparatus. 27 19. The apparatus of claim 18, wherein the NAK nessage
conprises a retransm ssion request including an identifier associated with
at |l east one |ower-level data franme that was not received by the
apparatus: 20. The apparatus of claim 18, wherein at |east one of the
plurality of |lower-level data frames is transmtted fromthe sender as a
plurality of segnented franme portions, and wherein the apparatus further
conprises: a sub-resequencing buffer configured to receive and store a
plurality of segnented frame portions corresponding to a |ower-|evel data
frame; and a resequencing buffer timer configured to nmeasure a period of

ti me betyeen the rival of wo sequential segnented franme portions in_the
plurality’of segne %%PPPP&%"%B?‘N iﬂswheéﬁp ﬁlafslﬁg#dmﬁﬁa%CQrﬁErlffeéﬂérstméwsm

data frapRuedincildify ARRALARLLS 2ok \mglg Qt 184685 fe! leEp-FevI%ﬁ B HRMeSHRCHas not

request generator 1S further configur to generate a nmessage
subsequergceitvod bpthetappimatpsout of the resequencing buffer tinmer, the NAK
message indicating to the sender that a segnented frane portion was not
received. 22. The apparatus of claim 20, wherein the resequencing buffer

timer is2gonfi gur ethe HpaRehsAUT MInfID RS Satat bRS T e Purh By ISR r-Tevel ld88:S
t han an expected data receiving rate associated with the rétransm ssion
timer. 28ames is transmitted from the sender as a plurality of segmented frame portions, and wherein the
apparatus further comprises:
a sub-resequencing buffer configured to receive and store a plurality of segmented frame
portions corresponding to a lower-level data frame; and
a resequencing buffer timer configured to measure a period of time between the arrival of
two sequential segmented frame portions in the plurality of segmented frame portions

corresponding to the lower-level data frame.

21. " The apparatus of claim 20, wherein the retransmission request generator is further
configured to generate a NAK message subsequent to the timing out of the resequencing buffer
timer, the NAK message indicating to the sender that a segmented frame portion was not

received.
22. . The apparatus of claim 20, wherein the resequencing buffer timer is configured

based on an expected data receiving rate that is less than an expected data receiving rate

associated with the retransmission timer.
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