METHODS AND APPARATUS TO AVO D MOBI LE STATI ON TRANSM SSI ON OF DUPLI CATE
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into the detail ed description hereof. FIELD OF THE DI SCLOSURE [ 0003] Thi s

di sclosure rel ates generally to nobile station transm ssion 15processing
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5 CROSS-REFERENCE TO RELATED APPLICATION
[0001]  This application claims the benefit of and priority to United States
Patent Application No. 12/551,161 filed August 31, 2009 under the title METHODS
AND APPARATUS TO AVOID MOBILE STATION TRANSMISSION OF
DUPLICATE EVENT-BASED AND POLLED ACKNOWLEDGMENTS.
10 [0002]  The content of the above patent application is hereby expressly

incorporated by reference into the detailed description hereof.

FIELD OF THE DISCLOSURE
[0003]  This disclosure relates generally to mobile station transmission
15 processing and, more particularly, to methods and apparatus to avoid mobile station

transmission of duplicate event-based and polled acknowledgments.

BACKGROUND
[0004] Many communications systems employ automatic repeat request
20 (ARQ) techniques that allow a transmitter to confirm that data transmissions have been
received successfully by an intended receiver. A typical ARQ technique involves the
receiver responding to the transmitter with acknowledgment information for each

received data block, with the acknowledgment information identifying the data block
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20(ARQ techniques that allow a transmtter to confirmthat data
transm ssi ons have been received successfully by an intended receiver. A
typi cal ARQ20uahes2que i nvol ves the recei ver respondi ng POTida0tve@n®si tter
wi th acknowl edgnent information for each received data block, with the
acknow edgnent information identifying the data bl ock bei ng acknow edged.
The acknow edgnent information may include a positive acknow edgnent
(referred to herein as an "ACK") indicating that reception of the data

bl ock was successful, a negative acknow edgnent (referred to herein as a
"NACK") indicating that reception of the data bl ock was unsuccessful, as

well as i Qéﬁﬁ%ﬁ%%g@gﬁg{ &e%ég}w%(ag%}{‘é 1@%9%5&%@@9 gr({)crﬁ?&ei ao&s%tl:v%r exanpl e, in

an enhance genera ervi mruni'catl on system a

recei ver can acknow edge recei pt of radiq |link .control (RLC). data bl ocks
Lot ng. R RaSReor eel S0Reth aner LKD) materSe ! Feed it ebEk conerot ).
such as an EGPRS packet downlink ACK/ NACK ( PDAN) contr ol ness%ge or a
packet uplPFhranEKCRATI cergaivt agkasylgdemenofigons] toherdie agasHASIK A

bi di rectional conmunications system such as an EGPRS system the |atency
associ at mdicaiinhthastengpteapdrlat éntcblotk olas messagel tas vednd aag krhewl edgnent

i nformati on can be reduced (w thout significantly decreasing the bandw dth

avai | bl @pﬁr@ﬁrimﬁ@nbwwa?meﬁﬁhmmyn.i PG tginp i, FLlG enhakiawegeangket

information with data blocks to be transmtted in the opposite direction.

For exa ‘ e . tl iy f ast
L S R N I o

know ed Nt t t [ i th RLC/ MAC bl ock
e G Pul 8 0R B R ECRERE AR TS M B, St e
of a p|gg¥-backed ACKI NACK (PAN) field. EGPRS nobile stations can support
two typeSids PRRRUPY aseed sPrEoD  miskeryan KgPRe pagsiifowplinlodEFeN A Based FANR

Additionally, EGPRS nobile stations are able to respond to polls
(PDAN) control message or a packet uplink ACK/NACK control message.

10 [0005]  In the case of a bidirectional communications system, such as an
EGPRS system, the latency associated with using separate control messages to send
acknowledgment information can be reduced (without significantly decreasing the
bandwidth available for data transmission) by including such acknowledgment
information with data blocks to be transmitted in the opposite direction. For example,

15 EGPRS supports such latency reduction through its fast ACK/NACK reporting (FANR)
procedure. The FANR procedure allows acknowledgment information to be piggy-
backed with an RLC/MAC data block subsequently sent from a receiving unit to a
transmitting unit through use of a piggy-backed ACK/NACK (PAN) field. EGPRS
mobile stations can support two types of FANR procedures, namely, polled FANR and

20 event-based FANR. Additionally, EGPRS mobile stations are able to respond to polls
requesting acknowledgment information to be sent using PDAN control messages instead

of PAN fields. In some scenarios, a conventional EGPRS mobile station will send
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requesti ng acknow edgnent information to be sent using PDAN contr ol

nmessages instead of PAN fields. In sonme scenarios, a conventional EGPRS
nobi | e stwii2on/o2ed2k send dupli cate acknow edgnent i nf oPgmidAaniogemesat ed by
these different acknow edgnent procedures. BRI EF DESCRI PTI ON OF THE

DRAW NGS 5[ 0006] FIG 1 is a bl ock diagram of an exanple EGPRS communi cati on
system capabl e of supporting the nethods and apparatus descri bed herein.
[0007] FIG 2 is a block diagram of an exanple nobile station inplenmenting
dupl i cate acknow edgnment avoi dance according to the nethods and apparat us
described herein that may be used in the exanple EGPRS comruni cati on system

11 st r o TG e any A e B SR O L RO R B T

exanpl e EGPRS conmmuni cation systemof FIG 1. [0009]FIG 4 depicts an
exanpl e WES¥EYE sequence diagramillustrating a first exanpl e
dupl i cate acknow edgnent avoi dance procedure inplenented by the exanple 15
EGPRS communi cation systemof FIG 1. [0010]FIG 5 depicts an exanple
nmessage sequence diagramillustrating a

BRIEF DESCRIPTION OF THE DRAWINGS

5 [0006] FIG. 11is a block diagram of an example EGPRS communication
system capable of supporting the methods and apparatus described herein.

[0007]  FIG. 2 is a block diagram of an example mobile station implementing
duplicate acknowledgment avoidance according to the methods and apparatus described
herein that may be used in the example EGPRS communication system of FIG. 1.

10 [0008] FIG. 3 depicts an example message sequence diagram illustrating
conventional acknowledgment processing implemented by the example EGPRS
communication system of FIG. 1.

[0009] FIG. 4 depicts an example message sequence diagram illustrating a first
example duplicate acknowledgment avoidance procedure implemented by the example

15 EGPRS communication system of FIG. 1.

[0010] FIG. 5 depicts an example message sequence diagram illustrating a
second example duplicate acknowledgment avoidance procedure implemented by the
example EGPRS communication system of FIG. 1.

[0011] FIGS. 6A-B collectively illustrate a flowchart representative of an

20 example process that may be performed to implement duplicate acknowledgment

avoidance in the example mobile station of FIG. 2.



second exanpl e duplicate acknow edgnent avoi dance procedure inplenented by
t he exanpl e EGPRS conmuni cati on systemof FIG 1. [0011]FIGS. 6A-B

col | ecti webyoitldzeseerate a fl owchart representative of aRCZETAAEMNOII®S pr Oocess
that may be performed to inplenent duplicate acknow edgnent avoi dance in

t he exanple nobile station of FIG 2. WO 2011/022822PCT/ CA2010/ 001308
[0012]FIG 7 is a flowhart representative of an exanple process for

eval uati ng acknow edgnent omi ssion criteria that nmay be used to inpl enent

t he exanpl e process of FIGS. 6A-B or the exanple nobile station of FIG 2,
or both. [0013]FIG 8 is a block diagram of an exanple processing system

that may Sst ﬁ@%é?]”gl ﬁf&?%%%f%%%ﬂ% fe ?&%@aﬁ% @d%ﬁljﬁlegé}%gésk‘ g ons used to

i npl enent so of € processes 0 or both, to

i npl ement t he ex I bile station of FIG 2, the ex | e EGPRS
comuni c%‘t“ﬁ‘@ﬁ‘“% 9@%&‘?{?%4{&0“@&3@15?108rCf’tSf‘6’caHbat&%yA‘Pq_ 7 &%@ﬂ? FRIERE example
10[ 0014] Met hods and apparatus to avoid nobile station transm ssion of
dupl i cat Broggse of B%%éﬂ*%nﬂtbb@ﬂ@@“%@@hd%ﬁé@@%@ﬁﬁ@l3r@ﬂﬁﬁ%closed herein. A
first exanple duplicate acknow edgnent avoi dance techni que disclosed herein
i nvol ves an epdid) e FKiobidl ie adl@kidiapripeiofign exanfiplgpreedssing gstrdch dyenty based
acknow edgnent information (e.g., acknow edgnent information generated
proacd i vab dn@ ck&R@Y éx il €RAERi B8 rddUSHE NBtructions used to implement some or all

of the processes of FIGS. 6A-B or 7, or both, to implement the example mobile station of

FIG. 2, the example EGPRS communication system of FIG. 1, or both.

DETAILED DESCRIPTION

10 [0014] Methods and apparatus to avoid mobile station transmission of
duplicate event-based and polled acknowledgments are disclosed herein. A first example
duplicate acknowledgment avoidance technique disclosed herein involves an example
mobile station being configured to send event-based acknowledgment information (e.g.,
acknowledgment information generated proactively to report unreported missing

15 downlink data blocks). The technique then involves the mobile station classifying a
downlink (DL) data block as unreported (e.g., when the mobile station initially
determines that the DL data block is missing). The technique also involves the mobile
station receiving a poll from a network requesting the mobile station to send polled
acknowledgment information (e.g., acknowledgment information sent in response to the

20 poll from the network) during a period (e.g., such as a radio block period). Furthermore,
this technique involves the mobile station refraining from sending during the period

event-based acknowledgment information for the DL data block classified as unreported.
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15downl i nk data bl ocks). The technique then involves the nobile station
classifying a downlink (DL) data bl ock as unreported (e.g., when the nobile
station iwpDtoald2gs2det ermi nes that the DL data bl ock is mCT&iArgio/00TI0E

techni que al so involves the nobile station receiving a poll froma network
requesting the nobile station to send pol |l ed acknow edgnent i nformation
(e.g., acknow edgnent information sent in response to the 20poll fromthe
network) during a period (e.g., such as a radio block period). Furthernore,
this techni que involves the nobile station refraining fromsending during

t he period event-based acknomﬂedgnent information for the DL data bl ock

classified a5 0435 P Peond Q.01 d%&?%%PET@%@C%%%&%ﬁQ&e& JMRhLD @

second exanpl | icate ac avol echn

her ei n, n ex | e nobile stat.i n |ncl aP an eve b S d a nomdedgnent
processo S‘EIBSa Hate eé@@ﬁf TB%@ AR AB @Pré’ﬁ?m OYat'ampiock
classified as unreported. The nobile station |nplenent|ng this techni que

al so i ncPiggessogopendrag csarkrow ehgreledepeodess Bl daa bleple flaselights ed

acknow edgnent information in response to a poll received froma networKk.
Fur t her mmreportede Tio mdbeéle staabn amplenphenertd tghriiduesal tceioblndepuepolied] udes an
acknow edgnent transmi ssion unit to refrain fromsendi ng the event-based
acknon eggBRtedobar frotdsast tdehdige pbRedRKhOR MRt iR rdalib e Rglaew edgnent

information is also to be sent during the period.
to a poll received from a network. Furthermore, the mobile station implementing this
technique includes an acknowledgment transmission unit to refrain from sending the
event-based acknowledgment information during the period when the polled
acknowledgment information is also to be sent during the period.

10 [0016]  As described in greater detail below, in a particular example
implementation of either of the preceding techniques, the mobile station and the network
may support EGPRS FANR, which includes a polled FANR procedure and an event-
based FANR procedure. In such an example EGPRS implementation, the network may
poll the mobile station to respond with acknowledgment information for DL data blocks

15 previously sent by the network to the mobile station. The DL acknowledgment
information may take the form of a reported bitmap (RB) field including a set of
acknowledgment bits, with each bit providing an ACK or NACK indication for a
respective received data block being acknowledged by the RB.

[0017]  In an EGPRS implementation conforming to third generation
20 partnership project (3GPP) Release 7, the network may implement the poll by setting bits

in a combined EGPRS supplementary/polling (CES/P) field included with a DL data

block sent to the mobile station. The bits in the CES/P field are set to indicate whether
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10[ 0016] As described in greater detail below, in a particular exanple

i npl ementation of either of the preceding techniques, the nobile station
and t he neOworko2eseg support EGPRS FANR, whi ch includes aCpalA2en)/oprdeR
procedure and an event-based FANR procedure. In such an exanpl e EGPRS

i npl enentation, the network may poll the nobile station to respond with
acknow edgnent information for DL data bl ocks 15 previously sent by the
network to the nobile station. The DL acknow edgnent information may take
the formof a reported bitmap (RB) field including a set of acknow edgnent
bits, with each bit providing an ACK or NACK i ndication for a respective

recei ved, daja a@ng&fedggeﬂgn@%}qg% g@lg DYy ggp/il\?%% eHer%d%ngt (3GPP)

i rrpl ementt at1on con atl on art

Ropre. culselSnP RN i T ety ot 535 O@M’\é@dﬁ 1&%&&9%[?0&&{' ol oae e

sent to the nobile station. The bits in the CES/P field are set to indicate
whet her natyerkppr sigldM Bdgrenk mpsirgs: e @BS/Pdicldedsealisy bptisgé i digae PAN
field generated using the polled FANR procedure and sent with an uplink
(UL) dat durbigoekichleslio bledk paiod the nréilverakipn sltowd eesporfdDAh dentotlell nmessage.

The CES/P field can also be used to indicate during which radi o bl ock

peri od t henowhidbgicatiatdrentishoul d respond with the poll ed 5acknow edgnent
information. [0018] Additionally or alternatively, the nobile station in

such an exanpjogy Rﬁdhi‘i‘ﬂ%hﬂ{}F&ta%hﬁﬂvéfgythpg]o%ﬁmg&?ﬁls taﬁ% &]ﬁﬁl\é"ork to use

t he event - base ANR proce re to proattively sen ment

e T R
gener al | IY* Eprer((:)(t:e%?Jret tc()) prrgzg)c%rvglyasggd gLsa%LrT(gwlBIJgrggr}tafnf?)lrrgacti(osn regardless of
whether a poll is received from the network. In fact, if the event-based FANR procedure
10 is enabled, the mobile station is generally expected to report any missing DL data blocks
at the earliest opportunity using a PAN field sent with an UL data block destined for the
network. For example, the mobile station is able to determine whether DL data blocks
transmitted by the network are missing (e.g., not received, received out-of-order, received
with errors, etc.) by decoding a block sequence number (BSN) transmitted with each data
15 block. The mobile station classifies missing data blocks as either UNREPORTED or
REPORTED. A missing data block is classified as UNREPORTED when the missing
data block has been initially detected and its acknowledgment status has not yet been
reported to the network. The missing data block is then classified as REPORTED when
its acknowledgment status is reported to the network in any manner (e.g., via a polled
20 PAN, an event-based PAN, a PDAN control message, etc.). If event-based FANR is

enabled, the mobile station is generally required to report DL acknowledgment

information (e.g., such as in the form of an RB field) via PAN fields generated by the
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at the earliest opportunity using a PAN field sent with an UL data bl ock
destined for the network. For exanple, the nobile station is able to

det er m newotretinees2Dl. dat a bl ocks transmitted by the netwOTICA20®/001®81 ng
(e.g., not received, received out-of-order, received with errors, etc.) by
decodi ng a bl ock sequence nunber (BSN) transmtted with each data 15bl ock.
The nobile station classifies mssing data bl ocks as either UNREPORTED or
REPORTED. A missing data block is classified as UNREPORTED when the m ssing
data bl ock has been initially detected and its acknow edgnent status has
not yet been reported to the network. The mi ssing data block is then

cl assifi | I : 1O t S I to the
net wor k ?%m§§§ﬁﬁannerE%%Q%ﬁ?a@?§§§§%§ﬁ$§%ﬁg%ﬁgkﬁ%ééﬁ&%$?ﬁ%ﬁﬁggéﬁﬂ%AN, a
PDAN control nessage, etc.). |f event-based FANR | , the nmobile
Ctati on TESGRTERE 1 PEtemEate SRERGHE < Pe ek o WNBE SRRt or rat § on

(e.g., such as in the formof an RB field) via PAN fields generated by the
event - baBedhePANR, Pregeridiased Bl Rsie grablpd. theagglpidd dited lw[eoaaﬁgt%mé k8 desti ned
for the network while any m ssing DL data bl ocks are classified as
UNREPORT&DNt-Baset PéNmpertingfa pventdardASREPORNRD susmadbledatatbhekninbinge st ati on
is required to send an event-based PAN reporting a particul ar UNREPORTED

m ssing e sé@ind ridlioekock weiivd fdtfoen S@e OnstkRebO ibhhlek (Repdraeiidabl awiang the

bl ock period in which the particular DL data block was initially detected

as m ssipgi [QOT AR A8IEIH Redsdifle gr eater detail bel ow, nobile stations
supporting the EGPRS FANR feature along with the exanple duplicate

acknow edgnen i dance t. %gni u Sdg scribed herein.exhibit . substantial
penor i ts over WBEUentt arar Do e ol TarTARE il uidiS b B ent | onal
EGPRS nmobile station conformng to 3GPP Rel ease 7 with event-based FANR
enabl ed EGPReJINYRI@H s alpneevighthe syaaplePaRiGRerekany ladeesnimyoplangat a bl ocks
are classified as UNREPORTED regardl ess of whether the acknow edgment
st at us ofechiews deigBieddein ekt Hibsekgallich¢litabge dopvangiporltraebiltur i ng t he
sane radi o bl ock period by a polled PAN or a PDAN control nessage sent in
r esponsesthwons. For example, a conventional EGPRS mobile station conforming to 3GPP
Release 7 with event-based FANR enabled typically sends an event-based PAN when any
missing DL data blocks are classified as UNREPORTED regardless of whether the
acknowledgment status of these missing DL data blocks will also be reported during the
same radio block period by a polled PAN or a PDAN control message sent in response to
15 anetwork poll. Such conventional operation can result in redundant acknowledgment
information being sent to the network during the same radio block period, thereby
wasting precious bits/bandwidth that could otherwise be used for UL data transmission.
[0020]  Unlike such conventional implementations, an EGPRS mobile station
supporting the example duplicate acknowledgment avoidance techniques described
20 herein can refrain from sending an event-based PAN (or an event-based PDAN control

message generated when there is no UL data to send with the event-based PAN) to report

any missing DL data blocks being classified as UNREPORTED if the mobile station
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15a network poll. Such conventional operation can result in redundant
acknow edgnent information being sent to the network during the sanme radio
bl ock perwoapittdres2eby wasti ng preci ous bits/bandw dt h tirat/@aolodoctoBer wi se
be used for UL data transm ssion. [0020] Unlike such conventi onal

i npl enentations, an EGPRS nobile station supporting the exanple duplicate
acknow edgnent avoi dance techni ques described 20 herein can refrain from
sendi ng an event-based PAN (or an event-based PDAN control nessage
generated when there is no UL data to send with the event-based PAN) to
report any mssing DL data bl ocks being classified as UNREPORTED if the

nobile s J et 1 t hat of . m ssi ng
A T e S A I e g ol S
has a substantial |ikelihood of also being tinely r rte a.poll ed PAN
or o PoARTERHEPSTec s BsgeRBaHF e T Seps e Bl AERROEE M Bl ¢ he

t echni ques described herein to refrain fromsending the duplicate 5

acknow ed@arierqretdprarpbed PARtonadtP ANtavsobaesagoelpadsise et event - based
PAN frees val uabl e bits/bandw dth that can be used to send nore UL RLC/ MAC
data or motivetk prdl. ULsift G MAGndptaderoribed labeis ttd yeflaen fom sandihg shehdupheate er r or
correction coding rate, such as corresponding to a EGPRS | ower nodul ati on

and cpdi agns&harRehNERIhatibithahivbulMakive bEd @X¥aERU®ydHPEiGabsecaphew edgnent
avoi dance techni ques descri bed 10herein are able to inprove UL spectral

effici enﬁ‘é(esax%l&@[@nﬂ{sﬁﬂna@id@}?ﬂlﬁg%i H%rlﬂled to send more UL RLC/MAC data or

existing UL RLC/MAC data more robustly (e.g., with a higher error correction coding
rate, such as corresponding to a EGPRS lower modulation and coding scheme (MCS)).
In this way, the example duplicate acknowledgment avoidance techniques described

10 herein are able to improve UL spectral efficiency as compared to conventional
acknowledgment processing techniques.

[0021]  Turning to the figures, a block diagram of an example EGPRS
communication system 100 capable of supporting the duplicate acknowledgment
avoidance techniques described herein is illustrated in FIG. 1. The EGPRS system 100

15 includes an example mobile station 105 in communication with an example network
element 110. The mobile station 105 may be implemented by any type of mobile station
or user endpoint equipment, such as a mobile telephone device, a fixed telephone device,
a personal digital assistant (PDA), etc. The network element 110 may be implemented by
any type of network communication device, such as a base station system, a radio access

20 network, etc. As described in greater detail below, the mobile station 105 implements
duplicate acknowledgment avoidance as described herein to refrain from sending

duplicate DL acknowledgment information generated via an event-based FANR
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acknow edgnent processing techniques. [0021] Turning to the figures, a block
di agram of an exanple EGPRS comruni cati on system 100 capabl e of supporting
t he dupl iwet2etizcksowl edgnent avoi dance techni ques descr iPb@aA2erodionos s
illustrated in FIG 1. The EGPRS system 100 15i ncl udes an exanpl e nobile
station 105 in comuni cation with an exanple network el ement 110. The
nobi |l e station 105 may be inplenented by any type of nobile station or user
endpoi nt equi pnent, such as a nobil e tel ephone device, a fixed tel ephone
device, a personal digital assistant (PDA), etc. The network el ement 110
may be inplenented by any type of network conmunication device, such as a

base stati i K, etc,. i Il n greater
dotai i RSy AR LR S ARER B mIE AL |PhEumPR T Laghent
avoi dance .as d rji.ped herein to.refrain froms [ uplicate DL

e kol BRI DRkl Ghrogii i S e ok B AU PRI doedur e
when the acknow edgnent information is also to be tinely reported or has a
subst ant PRAN ¢qaéiol mep@gofenaisgspaisalp 2 neteiok papoplikanghioalysosonplily FANR
procedure or a PDAN control nessage sent in response to a network poll.

Al t houghstatmdry ! (Grendrmbinkevsk atehent L0baramthsoned meFior K tel EGBRS sgdéndoe
illustrated in FIG 1, the EGPRS system 100 5can support any nunber of

nobi | s¢atduppsit 1Pnaniskr e ik selienenissani Htwork elenjdd®2@joThe nobil e station
105 of FIG 1 includes an exanple RLC/ MAC transmitter 115 and an exanpl e

RLC/ MAC r ecei 20 1S QBN ipie] Y i GPuR @ﬂg@ 125.
Simlarly, thgm%% mo?ﬁggﬁgw%ﬁt 11% oiﬁﬁﬁzgll |n%%ﬂ§é§n§%I§§gnp e RLC/ MAC

communi B TVER o8 a8 o5 BN ER R SHAA A0 THE AT MRETE FURG S8l 15

included in the nobile station 105 sends UL RLC and MAC i nformatjon
wi r el essiOANANENIR A2 oy aipylalyathedsyork stenjegt 1 HRENG: drindlpdesinexanalepl e
antenna 140 by the RLC/ MAC receiver 135 included in the network el enent
110. As RLCMMAWGatragniierABGand an ehemple RRICEVE rdvecei hfpeadt i on transnitted
by the RLC MAC transmtter 115 to the RLC/ MAC receiver 135

10 communicatively coupled to an antenna 140. The RLC/MAC transmitter 115 included in

the mobile station 105 sends UL RLC and MAC information wirelessly via the example
antenna 125 for reception via the example antenna 140 by the RLC/MAC receiver 135
included in the network element 110. As illustrated in FIG. 1, the UL RLC and MAC
information transmitted by the RLC/MAC transmitter 115 to the RLC/MAC receiver 135
15 includes UL RLC/MAC control messages 145 (e.g., such as EGPRS PDAN control
messages 145 discussed in greater detail below) transmitted via corresponding UL
physical control channels 150, or UL RLC/MAC data blocks 155 transmitted via
corresponding UL physical data channels 160. Although FIG. 1 depicts transmission of
only one UL RLC/MAC data block 155, depending on a particular operating scenario,
20 one or more UL RLC/MAC data blocks 155 may be transmitted via the appropriate UL
physical data channel 160. Additionally, an RLC/MAC header (not shown) including,

for example, the BSN(s) of the one or more UL RLC/MAC data blocks 155 may also be
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15 includes UL RLC/ MAC control messages 145 (e.g., such as EGPRS PDAN
control nessages 145 discussed in greater detail below) transmtted via
corr espormipregri22g2lysi cal control channel s 150, or UL RPCTNACow&ba3oBl ocks
155 transmtted via correspondi ng UL physical data channels 160. Although
FIG 1 depicts transm ssion of only one UL RLC/ MAC data bl ock 155,

dependi ng on a particul ar operating scenario, 20 one or nore UL RLC/ MAC
data bl ocks 155 nmay be transmtted via the appropriate UL physical data
channel 160. Additionally, an RLC MAC header (not shown) including, for
exanple, the BSN(s) of the one or nore UL RLC/ MAC data bl ocks 155 may al so

be tran t a

Furt her n%%ﬂeS%g%j égqtﬁplgn %Ogﬁﬁ?g L{‘%L%@kge%&“ Be c?dﬁts Flragg ljﬁﬁ)ré ﬂ?‘al | bel ow
may be trans ' he .one or nore LC/ VA data bI :

[0023] Re?@ww&%w&f*ﬁ@edlm WL ETIE PRSP0 IEF Gifed 1 n 5
the network el enent 110 sends DL RLC and MAC infornmation wirelessly via the
ant enna 914001cd/L Ré&eptAodatgblocknéSant enna 125 by the exanpl e RLC/ MAC
receiver 120 included in the nobile station 105. As illustrated in FIG 1,

the DL RLC an@ORAC i Refermmatdgom wrid6s i the BIMYI AheaRb@dNCOtinadndad int er 130
to the RLC/ MAC receiver 120 includes DL RLC/ MAC control nessages 165 (e.g.,

such ;s packeforkplehitht ACKENAIST qaNt Lad MANBSSASR PN leds 128 Mict dn@hn¥ i @
correspondi ng DL physical control channels 170, or DL RLC/ MAC dat a bl ocks

175 tran i hough
FIG 1 dg{)q 1t(?:rg&te a(%lsﬁ‘lggge?%ﬁé?% 1@91)5%5@2%%3@?%& at@go Ilc?géﬁ(%% Ependl ng

oot PEALH Q“%eﬂi%”a%'s‘ﬁ?sfﬁﬁ%ﬁﬁﬁ?@%ﬂ%@“@ﬂﬁ% Priso o

Addi ti onal I y, an 15 RLC/ MAC header (not showné i ncl udi ng, for exa | e, the
BSN(s) offansHutteshly be Ry M A trpenivac! dhiedhpREEKY Af?@?wa%r W ipclydesPlepsy p
field described in greater detail below, nmay also be transmtted with the
one or nBLe/MARiDINADeskates iSdels sadtbas Rukethiphin AS K/ (Gptcowrdl PAN fiel d
190 described in greater detail below may be transmtted with the one or
nmor el(DL MeCAMAQ cdatranddhiaek siakébresponding DL physical control channels 170, or DL
RLC/MAC data blocks 175 transmitted via corresponding DL physical data channels
180. Although FIG. 1 depicts transmission of only one DL RLC/MAC data block 175
depending on a particular operating scenario, one or more DL RLC/MAC data blocks 175
may be transmitted via the appropriate DL physical data channel 180. Additionally, an
15  RLC/MAC header (not shown) including, for example, the BSN(s) of the one or more DL
RLC/MAC data blocks 175, as well as a CES/P field described in greater detail below,
may also be transmitted with the one or more DL RLC/MAC data blocks 175.
Furthermore, an optional PAN field 190 described in greater detail below may be
transmitted with the one or more DL RLC/MAC data blocks 175.
20 [0024] The EGPRS system 100 implements various ARQ techniques to

confirm that a transmitted RLC/MAC data block is received successfully by its intended

recipient. Accordingly, to acknowledge DL transmissions, one of the UL RLC/MAC
-10 -



20[ 0024] The EGPRS system 100 i npl ements various ARQ techniques to confirm
that a transmtted RLC/ MAC data block is received successfully by its

i nt ended wochpiees22 Accordi ngly, to acknow edge DL tran®eraN20nd01308e of
the UL RLC/ MAC control nessages 145 capabl e of being sent by the nobile
station's RLC/MAC transmtter 115 is an EGPRS PDAN control nessage 145
provi ding ACK indications for DL RLC/ MAC data bl ocks 175 received
successfully by the nobile station's RLC/ MAC receiver 120. Additionally,

t he EGPRS PDAN control nessage 145 sent by the nmobile 5 station's RLC MAC
transmtter 115 provides NACK indications for DL RLC/ MAC data bl ocks 175

not recelyed) ﬁa%&%g%si;ié:(éﬁ #éé!gggéﬂg&%{rt 'bﬁ tt?etr%ﬂ}i?e”étﬁio%'*scﬁﬂ’@%ﬂ%e eiver 120.

[ 0025] Si m | ar ansm ssi ons, one 0 DL RLC/ MAC

control nessages 165 c I bei ng sent by the network .elenment’' s RLC/ MAC
Cans ¢ FEPTTES S aerb GERRe RN ARG LAorT ol e SR BBt i ng
ACK 10i ndi cations for UL RLC/ MAC data bl ocks 155 received successfully by

t he net weHRI Bidhtdag RpdsNEC recstveil vagcesdslly mydietnenlgl stapiontsHELGAGREL  upl i nk
ACK/ NACK control nessage 165 sent by the network el enent's RLC MAC

t ransm t teeeivdi3IR O0p rAaddi s INAGKEGRIR SCAID Adinnfrol mesagd GG dathe doleks 155

not received successfully by the network el enent's RLC/ MAC recei ver 135.

15[ 0026] dihgorECRRE /Mt €M shiiferal 15 pro v B OKSintietisrANR DERIUT/BIAQ dafaovi de

acknow edgrment information with reduced |atency. Wthout FANR all
blocks 175 not received successfully by the mobile station’s RLC/MAC receiver 120.
[0025] Similarly, to acknowledge UL transmissions, one of the DL RLC/MAC
control messages 165 capable of being sent by the network element’s RLC/MAC
transmitter 130 is a packet uplink ACK/NACK control message 165 providing ACK

10 indications for UL RLC/MAC data blocks 155 received successfully by the network
element’s RLC/MAC receiver 135. Additionally, the packet uplink ACK/NACK control
message 165 sent by the network element’s RLC/MAC transmitter 130 provides NACK
indications for UL RLC/MAC data blocks 155 not received successfully by the network
element’s RLC/MAC receiver 135.

15 [0026] The EGPRS system 100 also implements the FANR feature to provide
acknowledgment information with reduced latency. Without FANR, all
acknowledgements of received RLC/MAC data blocks would need to be sent using
control messages, such as EGPRS PDAN control messages 145, packet uplink
ACK/NACK control messages 165, etc. Such control messages do not include any RLC

20 data, although they may include other RLC/MAC control information besides

acknowledgement information. The disadvantage of using only control messages to send

acknowledgment information is that such an approach can be quite inefficient,

-11 -



acknow edgenents of received RLC/ MAC data bl ocks woul d need to be sent
using control nessages, such as EGPRS PDAN control nessages 145, packet
upl i nk AGKONAGK2es22t r 0l nMessages 165, etc. Such control PEEASQEBNOHBOS Not

i nclude any RLC 20 data, although they may include other RLC/ MAC control

i nformati on besi des acknow edgenent information. The di sadvantage of using
only control nessages to send acknow edgnent information is that such an
approach can be quite inefficient, particularly when acknow edgenent

i nformation needs to be sent quickly (e.g. in order to allow fast
retransm ssions of erroneously received blocks) or when the status of very

few bl oc ndw dt. raps, s). In
such sceﬁ%trllaggqfﬂ%gn Q&no ?éd%&q acl%ﬁ%vr\ﬁg d(S @Iﬁééeg%lvt(}j&f %mnﬁlad% (E?'Ig'a[l] 0?‘2“5?16& ual l'y
useful is ve smal | gyaredtoSthe cﬁi@ of an RLC/ MAC contr ol
message. 4O P?Ha‘f“éﬂﬁ‘d |05t€gHB§PUS YHECERN p@lﬁf ar wheft ths WL R n6t Sdgnent

i nformation to be transmtted in a PAN field included with the transm ssion
of an RLEoNE@egdt @ tsiipdikated (p-g-He low pbastwidihdgnangione. dn syghgeenarios, the
acknow edgnent information for reception of the DL RLC/ MAC data bl ocks 175
i s i ncl udeduritf arknoly | &RPARh in&lrohad&SthGals sotunkf esafelds veryheradicongsaredno UL PAN
185) transmtted with the correspondi ng UL RLC/ MAC data bl ock 155.

Simlarl e Ca@gww&gﬁlgmmMAmE@ﬁfmme@{h for reception of the UL RLC MAC dat a
bl ocks 155 is included in a DL PAN fleld 190 (also referred to herein as a

DL PAN 190) t t @ block 175.
As specified g@ﬁ?ﬁe E%geg{sy%{%ngg thFA?ﬁg%%ﬁ}r%%ll\l%S%%M%néﬁ es an RB field

i di t of know t ACK
RACK i ndlEdprgR ?@%arﬁﬁg%%ﬂﬂﬁ'%@f‘w&@mg@df{wa%‘%@ BieR B flg™ e know edged
by the RB. The UL PAN 185 al so includes a short starting sequence nunber
( Shor t SSRE-CAP4T & blockhbr BInwtrachexpiplgal 811 bekknays ding to the

first data block included in the set of DL data bl ocks covered by the RB
field ThéorulatiPakrIespfian bhte DInBLGAES Gd2eblgknhi iy infludddidew(IBON fi el d
to indicate whether the ShortSSN field indicates the
10 PAN field 185 (also referred to herein as an UL PAN 185) transmitted with the
corresponding UL RLC/MAC data block 155. Similarly, acknowledgment information
for reception of the UL RLC/MAC data blocks 155 is included in a DL PAN field 190
(also referred to herein as a DL PAN 190) transmitted with the corresponding DL
RLC/MAC data block 175. As specified by the EGPRS standards, the UL PAN 185
15 includes an RB field providing a set of acknowledgment bits, with each bit providing an
ACK or NACK indication for a respective received DL data block being acknowledged
by the RB. The UL PAN 185 also includes a short starting sequence number (ShortSSN)
related to the BSN of the DL data block corresponding to the first data block included in
the set of DL data blocks covered by the RB field. The UL PAN 185 further includes a
20 beginning of window (BOW) field to indicate whether the ShortSSN field indicates the

identity of the DL data block corresponding to the beginning of the receive window

maintained by the receiver providing the acknowledgment information.
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identity of the DL data bl ock corresponding to the beginning of the receive
w ndow mai nt ai ned by the receiver providing the acknow edgnent i nformation.
[ 0028] Asweperi2esed by the EGPRS st andards, the DL PAN Pe@/@aniogopdosy

SSN- based encodi ng or time-based coding. In the case of SSN based encodi ng,
the DL PAN 190 includes an RB field, a ShortSSN field and a BOWNfield as
descri bed above for the UL PAN 185. In the case of tine-based encoding, the
DL PAN 190 includes the RB 5field, with the particular UL data bl ocks being
acknow edged determ ned based on the tinme the DL PAN 190 is sent. [0029]To
support FANR, the nobile station 105 of FIG 1 inplenents both the polled

P06 e uagg e ol B PN BLARESHE ISP Al LA T cace

7 as nentione an e opera wor k

10el enen 0 polls the nobile station 105 to i.de ackno gnent

o or et PN TEHEEHESGR BT gserbstsany e st SEB NS P TR ML dar &

bl ock 155 (e.%_, to allow transmtted DL bl ocks NACK ed by the nobile

st ati on PONoE®UGusladasyanrieg fighis pSheelyN ficldyver gBASY Geldds Wysarived pepveddr FANR
procedure in response to a network poll, an UL PANis referred to herein as
a pol | edthPAN. PAThEYD, laflicerase ofmphetbhseg ehbodiagshe BEI XN PO idvdudok tidaRB bl ocks
inits transmt w ndow, the network el enent 110 polls the nobile station

105 t prieMi @rh Ble ﬁitlfd”luq)AM[ﬂQgﬁfﬁlblock@fa@ﬁ?ﬁélir@médge@d&@ﬁﬁih&ﬂ BadeEBRIhPDAN
control nessage 145 to confirm successful receipt of the DL data bl ocks.

o e Ve L sarRihe sLaCon 105 13 polTed 0 B on e Tt on 10
has no UL RLC{OI}{% d%g support FANR, the mobile station 105 of FIG. 1 implements both
the polled FANR procedure and the event-based FANR procedure specified in 3GPP
Release 7 as mentioned above. In an example polled FANR operation, the network
10 element 110 polls the mobile station 105 to provide DL acknowledgment information in
the UL PAN 185 accompanying a subsequent UL RLC/MAC data block 155 (e.g., to
allow transmitted DL blocks NACK’ed by the mobile station to be quickly
retransmitted). (When generated by the polled FANR procedure in response to a network
poll, an UL PAN is referred to herein as a polled PAN.) Then, after completing
15 transmission of the DL data blocks in its transmit window, the network element 110 polls
the mobile station 105 to provide DL acknowledgment information in a separate EGPRS
PDAN control message 145 to confirm successful receipt of the DL data blocks.
Furthermore, when the mobile station 105 is polled to provide DL acknowledgment
information in a polled PAN 185, but the mobile station 105 has no UL RLC/MAC data
20 blocks 155 to send, the mobile station 105 can respond to the poll with a PDAN control

message 145 instead of the polled PAN 185, thereby providing early confirmation of the

DL data blocks and allowing the network element 110 to advance its transmit window.
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20 bl ocks 155 to send, the nobile station 105 can respond to the poll wth
a PDAN control nessage 145 instead of the polled PAN 185, thereby providing
ear|ly conwproatdazes22of the DL data bl ocks and al | ow ng t ReTra2owvlo138 enent
110 to advance its transmt w ndow. WO 2011/022822PCT/ CA2010/ 001308

[ 0030] As nentioned above, the network el enent 110 can inplenment its polls
for DL acknow edgnent information by setting bits in CES/P fields included
with DL RLC/ MAC data bl ocks 175 sent to the nobile station 105. For
exanpl e, the network el enment 110 can configure the CES/P fields of one or
nore DL RLC/ MAC data bl ocks 5175 to indicate that the DL acknow edgnent

| nformati on i mdbeAQEnoﬁ LGRS b %hegﬁét{ﬁﬁ& df @h‘ %ﬁ?o%ﬁ%{gﬁgﬁg?éﬁ st he

pol | ed FANR procedure and sent W | 'oc Por the

network el Al ter atlve , the ‘. e 110 can_configure
he cesy B flletad st GRSl erame s BreiRand st it R cat o t nat
the DL acknow edgnent |nfornat|on is to be provided via an EGPRS PDAN

cont rol RBCAdSEadpea hlgsks rivesenitovibe wokilepanen 100 usxangls. s @ctwnek CES/ P

fields to indicate during which radio block period after transm ssion of
t he assodemtad 16rmen oonfimre thRlCHRY/PATNAR o aha obmookDL K18 "/MyveC mietaitleckst at i on
105 is to respond with the requested polled PAN 185 or EGPRS PDAN control

nessage L#Ho ih@Cad g dicthpaatdoyleddh@niBBbientishad iote pkOadédphepnts t he
event - based 15FANR procedure to proactively send DL acknow edgnent

| nf or mat p @Ry lrs%%hﬁlaf%%l%s{?igrtﬂ\@?ﬂl%‘arlﬁlg\q?zﬁlrécehﬁ're LGS S HiPOLIAE lﬂ@ék"‘m k

el emrent 110. particu statlon 105 |s able to determ ne

O R R O R T Y
re}:)rblo[ Z Sge(%fﬁiggwbt e %%%919![“1& S gf E&Nortrg(?rgsl)nﬂ %QtL%gMVXé gatg%for(]:kg %Satoblln(?l((::gte %h7a? The
the DL acknowledgment information is to be provided via an EGPRS PDAN control
10 message 145. The network element 110 can also use the CES/P fields to indicate during

which radio block period after transmission of the associated one or more DL RLC/MAC
data blocks 175 the mobile station 105 is to respond with the requested polled PAN 185
or EGPRS PDAN control message 145.
[0031]  Additionally, the mobile station 105 implements the event-based
15 FANR procedure to proactively send DL acknowledgment information regardless of
whether a poll is received from the network element 110. In particular, the mobile station
105 1s able to determine whether DL RLC/MAC data blocks 175 transmitted by the
network element 110 are missing (e.g., not received, received out-of-order, received with
errors, etc.) by decoding a BSN transmitted with each data block 175. The mobile station
20 105 maintains a receive state array, V(N), to track the status of DL RLC/MAC data

blocks 175, with each element in the receive state array V(N) associated with a respective

DL RLC/MAC data block 175. For example, when a DL RLC/MAC data block 175 is
-14 -



20105 maintains a receive state array, V(N), to track the status of DL

RLC/ MAC data bl ocks 175, with each elenment in the receive state array V(N)
associ at edowntimn2as2zespecti ve DL RLC/ MAC data bl ock 175. PEorCA2amola®s when a
DL RLC/ MAC data block 175 is received successfully, the nobile station 105
classifies the state of the DL RLC/ MAC data bl ock 175 as RECEI VED by
setting the elenent in the receive state array V(N) associated wth the DL
RLC/ MAC data block 175 to a value representative of the RECEIVED state. A
m ssing DL RLC/ MAC data block 175 is classified by the nobile 5 station 105
as having a state of either UNREPORTED or REPORTED by setting the el enent

inther Lve. t r N..,.& k L he m ssi C/ MAC data
bl ock 178 gevey Ehar Lo AP Akl b s Rk A e or a

val ue represen Lve_of REPORTED state. [0032] For exanpl he nobil e
station E%%%@Fggﬁ £ Egcgtlﬂﬁ?ﬁyn“ﬁﬁﬁﬁ Uy PR | @%‘&%QV%F%@@%?%( UNREPORTED
when the mssing data block is initially detected as mssing and its
acknow edfgpified stitdtthe DhaRLGAMAGatatplagk hﬁpf@rat\@éuetr@mteﬁ@ltﬁéfte the el enent 110.
The m ssing DL RLC/ MAC data block 175 is then classified as REPORTED when

t he nobi RECEITMEDomtd.058 mispog D RLE/MAKnbwd ddgnmemt isstatitsd by thcheomét wor k

el emrent 110 (e.g., via an UL PAN 185, a PDAN control nessage 145, etc.). If

events bagggoANRsigvikpenaht 8deitHeheNTORORTED ) IRIPCROBED rbga@ﬁihg@{ey reports
DL acknow edgnent information while any DL RLC/ MAC data bl ocks 175 are

cl assi fi«%gm@ﬁ‘[ ih’!ﬁ%ﬁ%@@&a@e%ﬁg?%fﬂ%@&ﬁt tﬁhﬁtb@%i@s)fn%ﬁ)@RLgﬁMRthﬁﬁa DL

acknow edgnent infornmation ng reported via an UL PAN 185 generated by

bl ocks 18 AL Irates DAEn G ohce fone b N 3R PR g ed 20

proactively by the event-based FANR procedure, an UL PANis referred to
herei n a&PEneHyeys s REPPRNBD @aker al Iy, the nobile station 105 operates

to send such an event-based PAN 185 reporting a particul ar UNREPORTED
m ssi ng DL RLIOBRIC dEereexbmplsk the mobile station 105 classifies a missing DL RLC/MAC

10 data block 175 as UNREPORTED when the missing data block is initially detected as
missing and its acknowledgment status has not yet been reported to the network element
110. The missing DL RLC/MAC data block 175 is then classified as REPORTED when
the mobile station 105 reports its acknowledgment status to the network element 110
(e.g., via an UL PAN 185, a PDAN control message 145, etc.). If event-based FANR is

15 enabled, the mobile station 105 proactively reports DL acknowledgment information
while any DL RLC/MAC data blocks 175 are classified as UNREPORTED in the receive
state array V(N), with the DL acknowledgment information being reported via an UL
PAN 185 generated by the event-based FANR procedure and sent with associated UL
RLC/MAC data blocks 155 destined for the network element 110. (When generated

20 proactively by the event-based FANR procedure, an UL PAN is referred to herein as an
event-based PAN.) Generally, the mobile station 105 operates to send such an event-

based PAN 185 reporting a particular UNREPORTED missing DL RLC/MAC data block
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175 during the second radi o bl ock period follow ng the block period in
whi ch the particular DL data block was initially detected as m ssing.

Fur t her nowe,2onees2ehe nobil e station 105 generates evenPchazedioDo1308
acknow edgnment information to be provided in the event-based PAN 185, but
t he nobile station 105 has no UL RLC/ MAC data bl ocks 155 5to send, the
nobi |l e station 105 can send the event-based DL acknow edgnent i nformation
via a PDAN control nessage 145 instead of the event-based PAN 185.

[ 0033] The nobile station 105 al so i nplenents one or nore of the duplicate
acknow edgnent avoi dance techni ques described herein to refrain from

sendi ng W&%&%&E %g@g@g&"@ﬁg@ﬁ%“&d foﬂfy\?[rg‘%}aéh Bfr%gﬁggr%c%e\%&‘ﬁ thel Ne

event - based onse to a poll fromthe

network el e 0. .As nent.i oned abov a.conv onal E RS nobi | e
Station YR aﬁ?ﬁﬁé@&é@ckaw%é%ﬁﬁyﬂa@@a BARIOE, e e S BORRPRBHS r o

nmessage instead of the event-based PAN) when any m ssing DL data bl ocks are
cl assi f i €etiens! UNRBPGRTED: HdysrddP gskrstviodndie inforeatinakn o eigieerin tt at us of
these m ssing DL data blocks will also be reported during the sane radio

bl ock peeveadbdssthPAN P, bedthPAMbile seatiBDANS banta UL RiESAME deertiloiks 158sponse
to a network poll. In contrast, the nobile station 105 avoi ds sendi ng such

dupl izat @ seeknpnwvhedgesation NIPEMBEACHe cabntlRA&! DLACRRIBeEdh&dNst ances, by
not sendi ng an event-based PAN 185 (or an event-based PDAN control nessage

145 i nst ' '
deternln@gq?ﬁg€ﬁpﬁg§§§§nomﬁEﬁgﬁ%ﬁ%kéggiﬂé%%%Bﬁﬁgg%hkég%%$ggqg§§nlSS|ng DL

dats Locks | ek oohL oL RRLI B R BB AN AR Bl PR, comtr©
110. V\Dac%g%\]&{e%érzngr%tzal:;ggagézggﬁ{lgl?e%?zig?crlbed herein to refrain from sending duplicate
DL acknowledgment information generated via the event-based FANR procedure and
10 generated in response to a poll from the network element 110. As mentioned above, a
conventional EGPRS mobile station typically sends an event-based PAN (or event-based
PDAN control message instead of the event-based PAN) when any missing DL data
blocks are classified as UNREPORTED regardless of whether the acknowledgment status
of these missing DL data blocks will also be reported during the same radio block period
15 by apolled PAN or a PDAN control message sent in response to a network poll. In
contrast, the mobile station 105 avoids sending such duplicate acknowledgment
information, at least in some circumstances, by not sending an event-based PAN 185 (or
an event-based PDAN control message 145 instead of the event-based PAN 185) if the
mobile station 105 determines that the acknowledgment status of the UNREPORTED

20 missing DL data blocks is to be timely reported by a polled PAN 185 or a PDAN control

message 145 sent in response to a poll received from the network element 110.
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[0034]In a first exanple, the nobile station 105 refrains from sendi ng such
an event -based PAN 185 so long as a polled PAN 185 or a PDAN control
nmessage 1w 2081/2e82be sent by the nobile station 105 dur iPag/GArelogamesr adi o
bl ock period as the event-based PAN 185 woul d have been sent. In a second
exanple, the nobile station 105 eval uates 5one or nore acknow edgnent

om ssion criteria to determ ne whether to refrain from sendi ng an
event - based PAN 185 that duplicates acknow edgnent information to be sent
by a polled PAN 185 or a PDAN control nessage 145 in the same radi o bl ock
period. An exanple inplenentation of duplicate acknomﬂedgnent avoi dance in

the mobile Stﬁ%z?jao %5 héia‘ xglgbil@stgtltl(% 165, AR n@ dl%%%e?ﬁf?l sllgPhd ﬁaat er

detail bel ow. i cate ackno nent a

met hods and |sclosed h i ed | the co ext of t he
Copre. oy P REE P By e g tﬁh@?@ﬁféﬁ%ﬁﬁ Sl %d%ﬁ? be

readily adapted for use in an cqnnunication systemin mhlch acknow edgnent
i nf or mat boyenEAntisenghitiatiod lﬁgtdhrlpg decemgendio \bil kpgried enthe waegedaprdocedur e
and also in response to a poll requesting 15acknow edgnent i nformation.

Fur t her nBAY, 1& | wddd glvet heen exambl e sevehd eskianpindhappailasusodi 8Tt adedesher ei n
are described fromthe perspective of inplenentation by the nobile station

105, 3 n gnCarmbibiaciaidvand Gy&i eMidsibniiteih bhitei® el ettt RrakiDBo@an pol | the
network el enent 110 for acknow edgnent information, the disclosed exanple

met hods and;ap| B@v@ﬁt%s&ﬁﬂ%fb %SStQat% ll@é%%%&gd%ﬁeﬁthﬁfo%ﬁtmﬁ% el %gent . 110

due the 20sy try of MAC t ansnltters receivers included in
the mobi {)ea pol(’fletdl PAN j](%g ot n %I&Aﬁ C(r)]r?ttro meigsziegleel% rfrtl th]é saie radio block period.

An example implementation of duplicate acknowledgment avoidance in the mobile
station 105 is illustrated in FIG. 2 and discussed in greater detail below.

10 [0035]  Although the duplicate acknowledgment avoidance methods and
apparatus disclosed herein are described in the context of the EGPRS system 100 of FIG.
1, these example methods and apparatus can be readily adapted for use in any
communication system in which acknowledgment information can be provided both
proactively via an event-based procedure and also in response to a poll requesting

15 acknowledgment information. Furthermore, although the example methods and
apparatus disclosed herein are described from the perspective of implementation by the
mobile station 105, in a communication system in which the mobile station 105 can poll
the network element 110 for acknowledgment information, the disclosed example
methods and apparatus could also be implemented by the network element 110 due the

20 symmetry of the RLC/MAC transmitters and receivers included in the mobile station 105

and the network element 110.
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WO 2011/ 022822PCT/ CA2010/ 001308 [ 0036] A bl ock di agram of an exanpl e

i npl enentation of the nobile station 105 included in the EGPRS system 100
of FIG Iwp=oitdzeseerated in FIG 2. In particular, FlG PRTidA208{008108S
exanpl e i npl enentations of the nobile station's RLC MAC transmtter 115 and
the nobile station's RLC/ MAC receiver 120. In the illustrated exanpl e of
FIG 52, and with reference to FIG 1, the nobile station's RLC MAC
receiver 120 includes a polling decoder 205 to decode polling nessages
received froma network el enent (e.g., such as the network el enent 110)
requesting that the nobile station 105 provi de acknow edgnment status for DL

data bl ocks ( S )

transmtted b@ﬂg ?I}é n}éfoh V\%%kdﬁ%gm%lleff?e%% lggfe%e:aezﬁr;%ﬁf) %g}ﬁ m%@ﬁ@‘%ﬁ pol | ed
FANR feature, the. decode 20 code ei.ved oI | - f or- PAN
ressage. AhotupEelPrs R SoRe TbtaCe i fon ol "pﬁe@“w?diﬂg Bflar.

acknow edgnent information in a polled PAN field 215 (e.g., correspondi ng
to the 2 Il pgragsxampleo mpaayansgiont ofde angdlilsskasiop 3RIEEMAC winenitgs t he UL
RLC/ MAC data bl ocks 155) to be transmitted to the network. As anot her
exanpl e, 1thandpbt hiobge detode RIZUBI AR yecdeentzt). Ibahe gloeiratedexpabile HOFKPDAN
nmessage 225 requesting that the nobile station 105 provide such

ackno egdgimnit RfQERES BTG 1N i HERiar Akt nERBE/NMRAN 60T 100 inBs&age 230
(e.g., corresponding to the EGPRS PDAN control nessage 145). In an exanple

8! ererkal skl SRR RSSas AR AN g ghfia P, Tossaoe
tescr b Bl 2 e e e S B
DL data zlijclk?lg\i;/lsedggr%égt status fo? DL dzgta blocks (e.g., such as the DL RLC/MAC data block
175) previously transmitted by the network. For example, to implement the EGPRS
10 polled FANR feature, the polling decoder 205 may decode a received poll-for-PAN
message 210 requesting that the mobile station 105 provide such acknowledgment
information in a polled PAN field 215 (e.g., corresponding to the PAN field 185)
accompanying UL data blocks 220 (e.g., such as the UL RLC/MAC data blocks 155) to
be transmitted to the network. As another example, the polling decoder 205 may decode
15 areceived poll-for-PDAN message 225 requesting that the mobile station 105 provide
such acknowledgment information in a separate EGPRS PDAN control message 230
(e.g., corresponding to the EGPRS PDAN control message 145). In an example
implementation, the poll-for-PAN message 210 and the poll-for-PDAN message 225 are
implemented by the CES/P fields included with DL data blocks, as described above.
20 [0037] The RLC/MAC receiver 120 of FIG. 2 also includes a receive state

array 235 to track the status of a set (e.g., a sequence) of DL data blocks (e.g., such as the

DL RLC/MAC data blocks 175) sent to the mobile station 105 by the network. As
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DL RLC/ MAC data bl ocks 175) sent to the nobile station 105 by the network.
As descri bed above, each el enent of the receive state array 235 (al so
referred wo 2061/02¢882 herein and in the figures) is associParan2oioidol13s
respective DL data block in the set of DL data bl ocks sent to the nobile
station 105 by the network. An elenent of the receive state array 235 can
take on a value representative of at |east one of the following states: a 5
RECEI VED state, an UNREPORTED state and a REPORTED state. A particular

el ement of the receive state array 235 is set to RECEI VED when the DL data
bl ock associated with the array elenment is received successfully by the

nobile s I . partic h~el an eive state
array 23@5%%11516)%21@]%% ?%I%pglgﬁ%&o%ﬁ&ﬁ?ggﬁ%{evﬁ%g 2t3§é%g§%g%r?%dt%g‘§&f ata bl ock
is expected to be received fromthe. 10net work .g., based on t ki ng BSNs
Do uaedh S PTG Har 2B o) B RED Aarpr gy el e e B and
acknow edgnment information (e.g., such as a NACK) has not yet been reported
to the nédtgblokks spRi © Be B1pbHE sefion h@dS predeingeveakat'e cdenes) 0P 8B reeciyhéficset to
REPORTED when the acknow edgnment information (e.g., such as a NACK) for the
associ at athydIsiangakolondatadudilepokentstiwulisie paanink pf rhregoldeshgtsamté¢sher net wor k.

15 [0038] The nobile station's RLC/ MAC transmtter 115 of FIG 2 includes a

pol I exl arkooW EDG IR tan RIIOREBORTEZAN Atk Andd b RIFEIRTED 81avedA pakicung messages
decoded by the polling decoder 205 and to generate appropriate polled

r esponsege &R ik 19:9%1% EtQ{eEa%\%ﬁ??é&Q% RECEIVEB&ARAGH: BY dalleniBAl 1 1 ng

decoder 205, the polled acknow edgnent processor 240 eval uates the status

i nformat ] on .mai ntai ped by the receive state ray, 235 20a rates
appr opr 1 Sracitet S BE e S RS S RuE bR SR RO 810, Poan
control nessage 230 to be sent in response to the network's poll. For
exanpl e, CORET REPULRHY RIS ehthe g wsdyr aan 2 dalp 15RBY 831do DL pol | ed
acknow edgnent

UNREPORTED when the associated DL data block is expected to be received from the

10 network (e.g., based on tracking BSNs included with DL data blocks) but is initially
detected as missing and acknowledgment information (e.g., such as a NACK) has not yet
been reported to the network. This element of the receive state array 235 is then set to
REPORTED when the acknowledgment information (e.g., such as a NACK) for the
associated missing DL data block is subsequently reported to the network.

15 [0038] The mobile station’s RLC/MAC transmitter 115 of FIG. 2 includes a
polled acknowledgment processor 240 to process received polling messages decoded by
the polling decoder 205 and to generate appropriate polled responses. When a poll-for-
PDAN message 225 is decoded by the polling decoder 205, the polled acknowledgment
processor 240 evaluates the status information maintained by the receive state array 235

20 and generates appropriate DL polled acknowledgment information for inclusion in a
PDAN control message 230 to be sent in response to the network’s poll. For example,

the polled acknowledgment processor 240 may generate DL polled acknowledgment
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information in the formof an ACK/NACK field that reports ACKs for all DL
dat a bl ocks whose associ ated el enents of the receive state array 235 are
set to RBEARVED22822d NACKs for all DL data bl ocks whosePrasgoehaimwtogl ement s
of the receive state array 235 are set to UNREPORTED or REPORTED. |In an
EGPRS i npl enentation, the 5 ACK/ NACK reported bitmap for both polled PAN
and PDAN responses starts at the BSN equal to V(Q +1, where V(Q denotes
the | owest BSN not yet received and, thus, indicates the start of the
nobile station's received wi ndow. Additionally, the polled acknow edgnment
processor 240 schedul es the generated PDAN control nessage 230 for

transm s b U, ra r i e h d

por | -1 or TR b D g 2t PR RSP o (BT A s SRy 9*%‘ e éa&&%?oégiage 210
IS decode by t n oder . 205, the | ed ac processor
ba0 1 n e e e ot} eaﬁcewwéﬁ@m?ﬁeeeeﬁe AR

pr ocedure. In such an exanple, the polled acknomﬁedgnent processor 240

eval uat eNACHes for all Y daw blogkst Waese masostaiddrdemeys phide T8 eaesiieastai®d ar r ay
235 and generates appropriate DL polled acknow edgnent information for

i ncl usi omeiser ta PORERARPEN @IRERORBEDs dntin iBGRRSSpgrigeerttatianh éienet wor k' s pol |
For exanple, the polled acknow edgment processor 240 may generate DL polled

acknoM edgweRAAKFPOREL bidhap fortbdeh femPAN and RBAN fkgbrfey sthiiCdtisd on in the
pol | ed PAN 215. As descri bed above, the RB field includes a set of

acknowl efgeitialth hIQ. Mhe‘?@?k%)z%n%teh R NI GTBON 80 ALK et g, for

respectlve receiv NACK I ndi ca a respective

RB.,.
therer di<d ey B8 PEBURSHP NG Rent ryahOfoAungnily i S onerat o
t he approprlate SSN and BCNVfleIds for inclusion in the polled PAN 215.
Addi t i on#kngwledgmepigirpesssdcikohesilsrihn eopepissidon z&otr%rﬁeﬁa$f‘e%3%%

generated pol | ed
transmission during an UL radio block period indicated by the decoded poll-for-PDAN

10 message 225.

[0039] However, when a poll-for-PAN message 210 is decoded by the polling
decoder 205, the polled acknowledgment processor 240 in an example implementation
implements the EGPRS polled FANR procedure. In such an example, the polled
acknowledgment processor 240 evaluates the status information maintained by the

15 receive state array 235 and generates appropriate DL polled acknowledgment information
for inclusion in a polled PAN 215 to be sent in response to the network’s poll. For
example, the polled acknowledgment processor 240 may generate DL polled
acknowledgment information in the form of an RB field for inclusion in the polled PAN
215. As described above, the RB field includes a set of acknowledgment bits, with each

20 bit providing an ACK indication for a respective received DL data block and a NACK
indication for a respective missing DL data block being acknowledged by the RB. Along

with generating the RB field, the polled acknowledgment processor 240 may also
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PAN 215 for transm ssion during an UL radi o bl ock period indicated by the
decoded pol | -for-PAN nessage 210. 5[ 0040] The RLC/ MAC transmtter 115 of

FI G 2 fuwoheriizes2kudes an event- based acknow edgnent pCoOARAI8W00LHN8 t O
proactively send DL acknow edgnent information regardl ess of whether a pol
(e.g., such as a poll-for-PAN nessage 210 or a poll-for-PDAN nessage 225)
is received fromthe network. In an exanple inplenentation, the event-based
acknow edgnent processor 245 inplenents the EGPRS 10 event-based FANR
procedure. In such an exanple, the event-based acknow edgnent processor 245
automatical ly processes the receive state array 235 after it is updated at

the end I I i . eterm er any DL
dat a bl oSy BEPR B N R R R i A ERTIARARR S el ed i n
the nobil e statjon 105, the evept-based acknow edgnen rocessor, 245

bt onact iy eyl bl S B R Sl R e R B SRS T ecei ve
state array 235 and generates appropriate DL event-based acknow edgnent

i nf or mat PO 31arfor wignsogisem duingrindyle rdiphloek pripd mgmaied by the ¢gespdekpondi ng to
the PAN field 185) acconpanying UL data bl ocks 255 (e.g., such as the UL

RLC/ MAC pdt-forit A8 kesdfgdb 2100 be transmtted to the network. Alternatively,
t he event - based acknow edgnent processor 245 can generate the appropriate

DL event - base030] ackROM eddmENtarsii@ras i@ FIE OF furthet S iudBs dlle\@Rt-
event - based PDAN control nessage 258 if the nobile station 105 has no UL

502, O3 M AR G0 0008, g0gt) o e

gnent processor 240, the

t - based acknow t 245 - d
acknonl CUGRRECT Rk Aer o EIEERESE L &1 o an B P e Engr G LERaR 1 n « e
event - based PAN 250 (or the event-based PDAN control nessage 258), with

each bi t PIhfarHd) R Bespes\aZal Bgeeehy Adrom Hifi ReAYPn In gp exaplgépect i ve recei ved
DL data block and a NACK indication for a respective mssing DL data bl ock
bei ng acimgwhedgied, by avhe-RBed Akong ladighisngemessatt Hg inipdenRBLS the EPRe
event - based acknow edgnment processor 245 may al so generate the appropriate
Shor 1(ESN-vand bBEMVHAINR geocbdure hcdudhiagprRximplende evantbahaisetndANdgment

processor 245 automatically processes the receive state array 235 after it is updated at the

end of a preceding DL radio block period to determine whether any DL data blocks are

classified as UNREPORTED. If event-based FANR is enabled in the mobile station 105,

the event-based acknowledgment processor 245 automatically evaluates the status

15 information maintained by the receive state array 235 and generates appropriate DL

event-based acknowledgment information for inclusion in an event-based PAN 250 (e.g.,

corresponding to the PAN field 185) accompanying UL data blocks 255 (e.g., such as the

UL RLC/MAC data blocks 155) to be transmitted to the network. Alternatively, the

event-based acknowledgment processor 245 can generate the appropriate DL event-based

20 acknowledgment information for inclusion in an event-based PDAN control message 258

if the mobile station 1035 has no UL data block 255 to send.
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250 (or the event-based PDAN control nessage 258). Additionally, the
event - based 10 acknow edgnent processor 245 schedul es the generated PAN 250
(or the ewonbtinagsed PDAN control nessage 258) for transmrCIgismodoriosg t he
second (or sone other specified) UL radio block period after initially
determning that the receive state array 235 classified at |east one DL
data bl ock as UNREPORTED. [0042] The RLC/ MAC transmtter 115 included in the
nobil e station 105 of 15FIG 2 also includes an acknow edgnment transmni ssion
unit 260 to inplenent duplicate acknow edgnent avoi dance as descri bed
herein. For exanple, for a given uplink radio block period, the

acknow edgnen nsyl SSi upi t. 0 i - ed
acknomﬁedgnenﬁ“%ggcegggiaﬁﬁg’%H%mggéo(gﬁggegt@éﬁﬂ#@gﬁgﬁ¥§%&¥§$ﬁany

event - based PD c?ptrol neaﬁa%e 2?%) to be sent gurin t he gjven uplink
radi o bl BEREPEr10d e SHMY B TLHEANP Yy IR MENRR T edfg it S0F 4 $¥¥Bh uni t
260 obtains fromthe polled acknow edgnent processor 240 any polled

r esponsebassdiatkngy legepnepbinfamapaninths fom pioaNRBJRlG I ikpdedeya thaevent-o be
sent during the given uplink radio block period. If an event-based PAN
field 256as¢cdPARN2¥v@ntherasecbRBARDAONtanalo]l messigges558)thiesclsieinediib &B t 0 be
sent during the given uplink radio block period, the acknow edgnent

transm sgioolidkdrt AREOiniidRl @R h SespuRlieGadesy ATKN Ak @UPRBAL 2aVACHaNce as
foll ows. Although the follow ng description focuses on processing an

oo Lo T LSRR R0 e RO AR MR > o =
with generating the RB field, the event-based acknowledgment processor 245 may also
generate the appropriate ShortSSN and BOW fields for inclusion in the event-based PAN
250 (or the event-based PDAN control message 258). Additionally, the event-based

10 acknowledgment processor 245 schedules the generated PAN 250 (or the event-based
PDAN control message 258) for transmission during the second (or some other specified)
UL radio block period after initially determining that the receive state array 235 classified
at least one DL data block as UNREPORTED.

[0042] The RLC/MAC transmitter 115 included in the mobile station 105 of

15 FIG. 2 also includes an acknowledgment transmission unit 260 to implement duplicate
acknowledgment avoidance as described herein. For example, for a given uplink radio
block period, the acknowledgment transmission unit 260 obtains from the event-based
acknowledgment processor 245 any event-based PAN field 250 (or any event-based
PDAN control message 258) to be sent during the given uplink radio block period.

20 Additionally, the acknowledgment transmission unit 260 obtains from the polled

acknowledgment processor 240 any polled response, such as any polled PAN 215 or

PDAN control message 230, to be sent during the given uplink radio block period. If an
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[0043] I n an exanple inplenentation, if an event-based PAN field 250 is
schedul ed to be sent during the given uplink radio bl ock period, the
acknow edyoenti/egasm ssion unit 260 determ nes whet her PCiEARL10e0€EI8 - based
acknow edgnent 10information to be reported via the event-based PAN field
250 (e.g., reporting one or nore UNREPORTED m ssing DL data bl ocks) w |
remain unreported at the end of the given uplink radio block period if the
event - based PAN field 250 is not sent. To make such a determ nation, the
acknow edgnment transm ssion unit 260 determ nes whether the DL event-based
acknow edgnent information (e.g., RBfield) to be reported via the event-
15based I i I i d ] nQ nt
infornatggﬁkkgsg%ﬁggﬁeyﬁgﬁé§9?gg%gHg§%%F égﬁg?gkﬁggé%ﬁgéggﬁég@%@gggguch as
any polled PAN 215 or PDAN contrql sage ,230, schedul ed to be sent during
Tha b veld MR TP bR e B o DTS “Hai e B BREE T S hot
schedul ed to be sent during the given radio block period, the

acknow edyheit imemetts duplisateuskrovdederaett av pidpecs as hallovrsh eAlough éit - based
20acknow edgnment informati on would remain unreported and, thus, causes the
event - badldwitANIdscrgptcbnZb0useont pracessgngt dnee vbht-lensedh PADESE 240 kndead rélgbgmre nt
information to be sent during the given radi o block period. However, if
such 3 pokliehwias aeRsiptibS isall®appGb@ded B ocdsdinBan 8 edHi-bdwd MIIANRengbven radi o
bl ock period, the acknow edgnent transm ssion unit 260 refrains from
sendi ng {&.Je.e 28 0Cks) the event-based PAN field 250 containing the DL
event - based %c%nomﬁedgnent i nformati on and causes only the polled PAN 215

or PDAN contr@} ssage 230 containing. the DL polled $> gé nment
"nformat i on t BV seRTSaIPPHg e gV acatRIEeR Ber 5a TR some
exanpl es, the acknow edgnent transmission unit 260 also refrains from
sendi ng thedEedin baysaedirmaNhe pixpy uplsrk saglioplpdy pesiedr be gelvayledemanh g
dupl i cate acknow edgnent information is scheduled to be sent during a |later
radi o bl saknpsstdnoehi) 2q00dBaeinines athellwa dte Bbwremsbarsl askngwpledgmentat i ons, t he
acknow edgnent
10 information to be reported via the event-based PAN field 250 (e.g., reporting one or more
UNREPORTED missing DL data blocks) will remain unreported at the end of the given
uplink radio block period if the event-based PAN field 250 is not sent. To make such a
determination, the acknowledgment transmission unit 260 determines whether the DL
event-based acknowledgment information (e.g., RB field) to be reported via the event-
15 based PAN field 250 is also included in any DL polled acknowledgment information
(e.g., RB field) to be reported via a polled response, such as any polled PAN 215 or
PDAN control message 230, scheduled to be sent during the given uplink radio block
period. If such a polled response is not scheduled to be sent during the given radio block
period, the acknowledgment transmission unit 260 determines that the DL event-based
20 acknowledgment information would remain unreported and, thus, causes the event-based

PAN field 250 containing the DL event-based acknowledgment information to be sent

during the given radio block period. However, if such a polled response is also scheduled
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10t ransm ssion unit 260 further eval uates one or nore acknow edgnent

om ssion criteria to determ ne whether to refrain from sendi ng an

event - basw0 2PAN2280 cont ai ni ng event - based acknow edgnmeRrCTiaa2orvmatiosn t hat
is duplicated in polled acknow edgnent information to be sent by a polled
PAN 215 or a PDAN control nessage 230. For exanple, such acknow edgnent

om ssion criteria can further characterize the |ikelihood 150f DL polled
acknow edgnent information duplicating DL event-based acknow edgment

i nformation not being received conpletely by the network by the end of the
gi ven uplink radi o bl ock period if onIy the polled PAN field 215 contai ning

the DL bR 'leady %ﬂg\% ggg(‘?%thd fb ea% &%d%h%}é?}rt&ﬁ SSBIRET 260

|nplenen i ons eve orna Ion to be

sent via n event sed PAN f|eI 250 |s duled to b ent by a
ol | ed r ELBERIE RIS ook b By o ﬁﬁ?@%ﬁ? PBRNIESAIARE message
230) durlng the glven upl i nk radlo bl ock period, the acknow edgnent

t ransmi s&icghbassil eclowey! s infpranasipp and pasedomahe padled P28921 HosRPAN pe -

24- sent if the eval uated acknow edgnent om ssion criteria indicate a
subst ant ¢aitrol ineedagh 8@ cdrhaninglthe DL polled Btknpell¢dztheac lafi@wagdg et sannf or mat i on
(e.g., containing acknow edgment indications reporting one or nore

UNREPORTERi ¥ 188 bivgn RidiélBloak BE@sK Sin Whé ei@ipl £ tHe@CRhMWEIdd BYerithe net wor k.
Conversely, the acknow edgnent transm ssion unit 260 refrains 5from sendi ng

(e.g., @ﬁﬁgéq&mﬁum&{}ﬂs&@% 'ﬁ@% éenalng ROQ Pt g p%\\rﬁem onagi o bl ock

period i ackno gnment odmssion criteria icate a

subst ant | i hoo | ed..acknow information
o i e gt @Rns ABbE s b B smenR s S REE RO O B bl ec)
scheduled to be transmtted V|a the polled response is substantially likely

to be retdingeulalsy radieblogk Refied-) 10[ 0045] Exanpl es of the acknow edgment

om ssion criteria to be eval uated by
[0044] In at least some example implementations, the acknowledgment

10 transmission unit 260 further evaluates one or more acknowledgment omission criteria to
determine whether to refrain from sending an event-based PAN 250 containing event-
based acknowledgment information that is duplicated in polled acknowledgment
information to be sent by a polled PAN 215 or a PDAN control message 230. For
example, such acknowledgment omission criteria can further characterize the likelihood

15 of DL polled acknowledgment information duplicating DL event-based acknowledgment
information not being received completely by the network by the end of the given uplink
radio block period if only the polled PAN field 215 containing the DL polled
acknowledgment information is sent. In such example implementations, although DL
event-based acknowledgment information to be sent via an event-based PAN field 250 is

20 also scheduled to be sent by a polled response (e.g., such as a polled PAN 215 or a
PDAN control message 230) during the given uplink radio block period, the

acknowledgment transmission unit 260 causes the event-based PAN field 250 to still be
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t he acknow edgment transm ssion unit 260 include, but are not limted to:
(1) a channel quality criterion indicating whether an estinmated UL channel
qual ity swDi2eft/egs2a t hreshold; (2) a polled response tyPETAIA20B/000308

i ndi cating whether the DL polled acknow edgnent information is to be
transmtted via a polled PAN 215 or a PDAN control nessage 230; 15(3) a
remai ni ng acknow edgnent anount criterion indicating whether the anount of
remai ni ng acknow edgnent information to be sent exceeds a threshold; (4) a
downl i nk channel assignnment criterion indicating whether the downlink
channel assignnent exceeds a threshold data rate or bandwi dth; (5) a polled

response, i Cfl [ .ndi I: t..the. I .
acknomAeﬁ%ﬁgﬁ@y%ﬁg%Fﬁgc%gﬁx%nlbﬁﬁf%gglﬂgmﬁ@ﬁég@#?&ﬂbﬁggggghéggH%%%%dgnent
information |s.schedul to b ransmtted in the given radi o Qhl ock period
or o 1ar e bk B DGR ar SrsaTeddr & Rk Efiendsodtterit dERaRiedeR Dot
260 may be configured to evaluate any one, any conbination, or all of the
pr ecedi ngdgekosvicruyheare ohmeri GNREPLDRIHI mijsomdel Hate bdockipivel natthe channel
quality criterion indicates that the DL polled acknow edgnent infornmation
has a sutestiaad bathelnekedrkhéodvatelpahe bdinogledeoenvethsbyssidreurbnztOmofrking f  t he
upl i nk channel quality does not neet (e.g., is less than) a specified

t hr eshol goguehdihy (HECHIWSI) e vohi-PRkH PANaGKO QB edigrBMen TN RId@biock MY
becone corrupted during transm ssion, whereas the DL polled acknow edgnent

| nf or mat hé}fbldhﬁﬁleaev%;d%? gagdo@\h?dsgrﬁ%% b{ﬁ?s%n%frité}f‘aj iH@ic&Ql%%PB%%QFhi likOfhob@! | Nk

channel quality neets greater than or equa 0 e specified

st g HED L BT P B STAER Rl B AR ES g i@ =
modul ation and codi ng schenerused to Fransnit t he a;knomﬂedggegﬁaj
i nf or mat ¥&Rowledgment information is duplicated) scheduled to be transmitted via the p

response is substantially likely to be received by the network.

10 [0045] Examples of the acknowledgment omission criteria to be evaluated by
the acknowledgment transmission unit 260 include, but are not limited to: (1) a channel
quality criterion indicating whether an estimated UL channel quality satisfies a threshold;
(2) a polled response type criterion indicating whether the DL polled acknowledgment
information is to be transmitted via a polled PAN 215 or a PDAN control message 230;

15 (3) a remaining acknowledgment amount criterion indicating whether the amount of
remaining acknowledgment information to be sent exceeds a threshold; (4) a downlink
channel assignment criterion indicating whether the downlink channel assignment
exceeds a threshold data rate or bandwidth; (5) a polled response scheduling criterion
indicating whether the DL polled acknowledgment information including the DL event-

20 based acknowledgment information is scheduled to be transmitted in the given radio

block period or a later radio block period; etc. The acknowledgment transmission unit
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[ 0047] The pol |l ed response type criterion can be used to further
characterize the channel quality criterion under the scenario when the
upl i nk chaiorrel/ogeszkity does not neet (e.g., is |ess tharCTidaommeciosi ed
threshold quality. Acknow edgnent information 15 provided by a PAN field
(e.g., such as the polled PAN 215) is typically expected to be |ess
reliable than the acknow edgnent information provided by a packet ACK/ NACK
control nessage (e.g., such as the PDAN control nessage 230). The reduced
reliability of the PAN field generally results fromless error detection
and correction, |ess robust encoding, or both, being enployed for the PAN
field th ro f.ar | -1 | r
probabi |1 y&§§b?%ﬁgg&g%gfgg@éaggPééﬁ%%ﬁgggégﬁﬁyﬁ%fﬁéﬂéﬁgﬂgg%gggﬁIy treated
with caution (e.g., by requiring confirmation via an appropriate packet
ACK/NACK@%%HW&@EgﬁﬂggéﬁﬂOﬁgnﬁggcribed above) to avoid the possibility of
any serious failure arising in case of such a false positive detection.
[ 0048] Due t o 0946} edbieretamgls Hisiahppnel gpalpurriferien dyligastsghatibe P podlad r ol
nmessages, and because PAN fields typically cannot send as mnuch
acknow eddgumewtedsmahanframiagoon bs cobttaolal ikslagdsf nbhecipotdceded bgpgrense type
criterion further indicates that the DL poll ed acknow edgnent i nformation
has & sulahanlifale dplikklchiedq@flinn@beshet MGelr@@eiiyRs Byinf héebigfwor k when t he
DL poll ed acknow edgnent information is to be reported by a polled PAN 215
and the | J J: ) the
specifieg&%hggéﬁgﬁgqﬁh%‘??§h®%£§g§$g%ﬁévﬁﬁﬁgmgﬁPﬁggw?gggﬁgzg&ﬁgge criterion
10 indicates that. the DL. poll ed ackpow ed nt, information has. a
subst ant T4k G b8 e PEART Pha BT ko RplTe! Bl pas o
information is to he reported by a PDAN control message 230, even though
t he upl i HeseREH el qithgingderoriedtit hedwplipl chpnnel quajigsyesihgng he speci fi ed
threshold quality.

greater than or equal to) the specified threshold quality. The uplink channel quality can

10 be determined via any appropriate signal measurements, as well as inferred based on the

modulation and coding scheme used to transmit the acknowledgment information.
[0047]  The polled response type criterion can be used to further characterize

the channel quality criterion under the scenario when the uplink channel quality does not
meet (e.g., is less than) the specified threshold quality. Acknowledgment information

15 provided by a PAN field (e.g., such as the polled PAN 215) is typically expected to be
less reliable than the acknowledgment information provided by a packet ACK/NACK
control message (e.g., such as the PDAN control message 230). The reduced reliability
of the PAN field generally results from less error detection and correction, less robust
encoding, or both, being employed for the PAN field than for a control message.

20 Because of a resulting higher probability of false positive detections, PAN fields are

generally treated with caution (e.g., by requiring confirmation via an appropriate packet

-6 -



[ 0049] Taki ng t he ot her acknow edgnent omi ssion criteria in turn, the

15r emai ni ng acknow edgnent anount criterion indicates that the DL polled
acknow edyoenti/azed2or mat i on duplicating the DL event - bas@edTaxznviloedgrent
information has a substantial |ikelihood of not being received conpletely
by the network by the end of the given radio block period if the amount of
unreported DL acknow edgnent infornmation exceeds a threshold. This is
because all of the DL 20 acknow edgment information (including the
information that woul d have been reported by the event-based PAN 250)

remai ning to be reported may not be fully included in the polled PAN 215 or

PDAN con 0. qur . i ven. radio bl riod. WO
2011/ 02285 S CRo0T] B01366 't BOBET T Ge b o BRbR BRSSP, idfs
criterioF_indigates that‘tag gﬁ‘poLJed acknow edgnent i nformation

dupl i cat {HY S HENEIN Sl SHES L BT ABINE daREMR i nfor mati on has a substantia
|'i kel i hood of not being received conpletely by the network by the end of
the given radﬂ@4§loc?uﬁgﬂméﬂﬁh$aiﬁ@gg@Mm¢ﬁ%&N6W§hﬁéﬁﬂéﬁgvgﬁﬁ@ht exceeds a
5threshol d data rate or bandwi dth. This is because a | arge channel

assi gnmemessapys, yidbaaase R diietds ofpied ynonh@dgneat muelf arkmatviecdpmiehiat cannot be
fully included in the DL polled acknow edgnent information to be reported

by the pridrathibAN &difrodmeRdd, eienidiel réPssrRASpL3Reflol futGet MGicgicy @t r adi 0
bl ock period. [0051] The pol l'ed response scheduling criterion indicates that

DL evef‘tﬂqgﬁ‘ﬁ?golﬂegaa%gﬁ&%‘ﬂeﬁ &ﬁ’i‘ﬁdfo;})rﬂitﬂfn%fsia;%m?%%}ﬁ%i@gfég}g%%@%%h@t' ew%kel I hood of

remai ning unreported at the en a first . perio en this
o T 0ol S RHEE B o PHB Gl BrPReBBh T o o ook
reported by a polled PAN 215 and the uplink channel quality does not meet (e.g., is less
than) the specified threshold quality. Conversely, the polled response type criterion
10 indicates that the DL polled acknowledgment information has a substantial likelihood of
being received by the network when this information is to be reported by a PDAN control
message 230, even though the uplink channel quality does not meet (e.g., is less than) the
specified threshold quality.
[0049]  Taking the other acknowledgment omission criteria in turn, the
15 remaining acknowledgment amount criterion indicates that the DL polled
acknowledgment information duplicating the DL event-based acknowledgment
information has a substantial likelihood of not being received completely by the network
by the end of the given radio block period if the amount of unreported DL
acknowledgment information exceeds a threshold. This is because all of the DL
20 acknowledgment information (including the information that would have been reported
by the event-based PAN 250) remaining to be reported may not be fully included in the

polled PAN 215 or PDAN control message 230 sent during the given radio block period.
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period. This is because the DL event-based acknow edgnent information could
be reported in the earlier first radio block period if the correspondi ng
event - baswo 2PAN2280 15was sent. This polled response sciretidA2n/ootioBeri on
has applicability primarily in systenms in which the acknow edgnent

transm ssion unit 260 can also refrain fromsending the event-based PAN
field 250 if a polled response sendi ng duplicate acknow edgnent information
is scheduled to be sent during a |ater radio bl ock period. [0052] As noted
above, the acknow edgnent transm ssion unit 260 may be 20configured to

eval uate any one, any conbination or all of the precedi ng acknow edgnent

om ssion crit gt F e G LT 1.S81 L.t 260
oy be-cont | S ¢ of PR ARt rohinT « SR SRR R AR PR e oy
event - based cknow edgnment i nfornmation to be sent during a given radio
bl ock pe?ci'iBBW qlegiatiy O%FPBP%“ gyPIcRRNGIOR wdhhayt apkosdr iteria
indicate that there is a substantial |ikelihood that all of the DL polled
acknow edidreration Rsor srbsiaghaldikslihect ofmgt béieg piccrvé sompleidy by dlersih @dgnent
information will not be received conpletely by the network by the end 5of
t he gi veby tplendbf thadiienbhdiolbl@drpeodd ifHbwdyenlink ¢hanhd aadkmowdtedgreent

om ssion criteria evaluated by the acknow edgnent transm ssion unit 260

i ndi cat ethidyabldtdagr @tel & bandwiast. amiik &l bebhkglhilioedhidnar asdighneht hieyild pol | ed
acknow edgnent information duplicating the DL event-based acknow edgnent

Lo P RSt ARl P Il ey gpfgantecaren
event - bagciglogﬁ‘:uggniegtl i(IjlfO%ISII(Z)iti(gI? to Veoriegorrterd nystﬂie %8f.lé)(f1P£I(I qu%lr i’%a/\tﬁ CgI%(Or}OWl edgment
message 230 during the given radio block period.
[0051] The polled response scheduling criterion indicates that DL event-based
10 acknowledgment information has a substantial likelihood of remaining unreported at the
end of a first radio block period when this information is to be included (e.g., duplicated)
in DL polled acknowledgment information to be reported in a later second radio block
period. This is because the DL event-based acknowledgment information could be
reported in the earlier first radio block period if the corresponding event-based PAN 250
15 was sent. This polled response scheduling criterion has applicability primarily in systems
in which the acknowledgment transmission unit 260 can also refrain from sending the
event-based PAN field 250 if a polled response sending duplicate acknowledgment
information is scheduled to be sent during a later radio block period.
[0052]  As noted above, the acknowledgment transmission unit 260 may be
20 configured to evaluate any one, any combination or all of the preceding acknowledgment

omission criteria. For example, the acknowledgment transmission unit 260 may be

configured to cause an event-based PAN field 250 containing the DL event-based
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information. [0053]Additionally or alternatively, the acknow edgnent

transm ssion unit 260 may eval uate different acknow edgnent criteria
dependi ngvopornv/ozkeeher the DL event - based acknow edgnmentPCrafA2noeni3os is to
be sent via an event-based PAN 250 or an 15event-based PDAN control 258.

For exanpl e, as nentioned above, receiving DL acknow edgnent information
via an event-based PDAN control nessage 258 allows the network el enent 110
to advance its transmt w ndow, whereas the network el enent 110 cannot
advance its transmt window if the DL acknow edgnent information is
received via an event-based PAN 250 (due to the lower reliability of the
event - ba . i e t. LI 1.5S1l on unit
260 my. SOAr ARG o A A o R "
the DL event-hased acknow edgnment jnformation shoul d be s ven if

Gupl car & Bt AN S R h e g B ATt D § dogo e L Bhe Pl ek o
event - based acknow edgnent information is to be sent via the event-based
PDAN contlt of thadspejledz2sBnaradgment Dfoeitjcadlupbikaitial ted Bheyentbibest mati on is to
be reported via a polled PAN 215. [0054] Wil e an exanpl e manner of

i mpl enengdkngwiddemexanfilrmatobivilensttetre @iy b kOh phdtelly Ib@ thd ndiasribieetheichdl ust r at ed
in FIG 2, one or nore of the el enents, processes and/or devices

i1 usy r apedle bivelfufinkra@Rybloek f@MAI NHedyvevet, Vf Wedekdodq@ldhangethissm tt ed,

el imnated and/or inplenented in any other way. Further, the exanple

RLCI MAC L8@08 DA &L Q}é"ﬁxe aElH‘?owﬁ?ng{HrPéél? iRl [RE S ﬁlrdizcégeoth%tﬁngre gxanpl e

pol I'i ng decoder 205, e exanp ceive state array , e exanpl e

|| ed : 40, 10 th | e. -based .
Peknow cdtaneatar BB STEN e B dourpre S B R A e B8R g on uni ¢
260 and/or, nore generally, the exanple nobile station 105 of FIG 2 may be
i npl enenfthéa)lbg‘w%genﬁaraélfn%ﬂ%ﬁné}nff)limmrwl%dmveéwrr@mwrl?attbfbn of

har dwar e, software and/or firmvare. Thus, for exanple, any of the exanple
RLC/ MAC netentiltetasknavii§demprd teaxsinpybion RuC2MAG fraenselirame seiidhie (et heblesdanpl e
pol | i ng decoder 205,
10 the event-based PAN field 250 to avoid transmission of duplicate acknowledgment
information.
[0053]  Additionally or alternatively, the acknowledgment transmission unit
260 may evaluate different acknowledgment criteria depending upon whether the DL
event-based acknowledgment information is to be sent via an event-based PAN 250 or an
15 event-based PDAN control 258. For example, as mentioned above, receiving DL
acknowledgment information via an event-based PDAN control message 258 allows the
network element 110 to advance its transmit window, whereas the network element 110
cannot advance its transmit window if the DL acknowledgment information is received
via an event-based PAN 250 (due to the lower reliability of the event-based PAN 250).
20 Accordingly, the acknowledgment transmission unit 260 may evaluate the polled

response type criterion and then determine that the DL event-based acknowledgment

information should be sent even if duplicate DL polled acknowledgment information is to

-20 .



15 the exanple receive state array 235, the exanple polled acknow edgnent
processor 240, the exanpl e event-based acknow edgnent processor 245, the
exanpl e awRrrow/eeegraent transm ssion unit 260 and/ or, noPETHA2Er0AI0I308 t he
exanpl e nobile station 105 could be inplenented by one or nore circuit(s),
programmabl e processor(s), application specific integrated circuit(s)

(ASI C(s)), programrable |ogic device(s) (PLDs)) and/or field

20pr ogramabl e | ogi ¢ device(s) (FPLD(s)), etc. Wen any of the appended
clainms are read to cover a purely software and/or firmwvare inplenmentation
at | east one of the exanple nobile station 105, the exanple RLC MAC
e et e bD% EXATRLE R Mk ARG R ot Oy SHRRBLERoL | 10

decoder anpl e receive state ar e exanpl e polled

acknow ed ocessor 240, .t he ex | e event - based acknow edgnent
ot o oss ot BDATLFEHE s SRarst 8k dOnPUG ROt EaeR SERBRATHT S ©60 ar e

hereby expressly defined to include a tangi ble nedium such as a nenory,
di gi tal ByvespeEed vie agio8rd PBYD}1S. conpact disk (CD), etc., storing such

software and/or firmvare. Further still, the exanple nobile station 105 of
FIG 2 may ind0ddle oWileranreameplelneamaot of, implocesiae sheanciple thebilcgstiom
addition to, or instead of, those illustrated in FIG 2, and/or may include

nor e 3 hanPHEFIoE 1 daYy b&n iBhidira@ld ihFeGH .| dastor aled oelhe PRMchts, pfoeeRsses and
devi ces. 10[ 0055] Exanpl e nessage sequence di agrans 300, 400 and 500 that

further 5&&(}%&5&&%%?&&%1919@&@& WPRPD b, TRR i fe UALARN el QParba FnffiReg L OF 2, or

both, int comuni cation system 100 are depicted in FIGS. 3, 4 and
5, respe tive% . For.reference, the nessa equence di gp depicts
ccanp o QUMaIS i Bla! o LB DBedar g et Bl BLDOTRGr f or med by
the nobile station 105 instead of the duplicate 15acknow edgnent avoi dance
t echni quéssgudelilgede sermpls R AG éecsbgt A dhapagidseoling deide 58D t hen
depi ct exanpl e duplicate acknow edgnent avoi dance techni ques inplenmented by
t he nobi the estmpleadecel@Siate heneb3s. ithd asmpit palpd atkneedsdgnsmterastssohddbenef i t s
of these techni ques over the conventional acknow edgnent processing
depi 01 edtherxfihplerRsgagecEafienkdgticagiarss 30245 20F 0QbGpId uckiondedgmndnt G 3,
and with reference to FIGS. 1 and 2, the nessage
transmission unit 260 and/or, more generally, the example mobile station 105 of FIG. 2
may be implemented by hardware, software, firmware and/or any combination of
hardware, software and/or firmware. Thus, for example, any of the example RLC/MAC
transmitter 115, the example RLC/MAC receiver 120, the example polling decoder 205,
15 the example receive state array 235, the example polled acknowledgment processor 240,
the example event-based acknowledgment processor 245, the example acknowledgment
transmission unit 260 and/or, more generally, the example mobile station 105 could be
implemented by one or more circuit(s), programmable processor(s), application specific
integrated circuit(s) (ASIC(s)), programmable logic device(s) (PLD(s)) and/or field
20 programmable logic device(s) (FPLD(s)), etc. When any of the appended claims are read

to cover a purely software and/or firmware implementation, at least one of the example

mobile station 105, the example RLC/MAC transmitter 115, the example RLC/MAC
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sequence di agram 300 begins with the nobile station 105 receiving a DL
RLC/ MAC data bl ock 305 sent by the network el enment 110 during tinme slot O
of the Ntworadim2822ock -31 - period. The DL RLC/ MAC datraThiAzelo/@0®8has a
BSN set to 0, and this data block is decoded correctly by the nobile
station 105. Accordingly, the elenent of the receive state array 235
associated wth the received DL RLC/ MAC data bl ock 305 is set to RECElI VED.
5[ 0057] Next, the nobile station 105 receives a DL RLC/ MAC data bl ock 310
sent by the network elenent 110 during tinme slot 1 of the Nth radio bl ock
period. The DL RLC/ MAC data bl ock 310 has a BSN set to 1, and this data

bl ock i d I i ‘ | gl h
R L e e e Ky
RLC/ MAC dat a bl@fﬁ‘é@g&o is. set to RECEéX(ED 10 0058%_bgse?ét, t he nobile

station ¥OHRER BOVHCAEN eyt RRSCRRE A+ b1t R asyBe el t he network

el ement 110 during tinme slot 2 of the Nth radio block period. In the

i || ust r at&gowledapieet pro¢pssticddapdior therraappleRrcknonledgraen tinyeissignsnjts decoded
correctly by the nobile station 105 and includes a CES/P field sending an
acknow egfghanthepbl kxprossdhdefmebitd erchidataitameziile mediine sadkasowhedgryedigitplol |
included with the DL RLC/ MAC data 15bl ock 315 can correspond to a

pol | -5 or ydrANIOiSE A% D3 1Qnacedifeld B, efc:, RPN asis agay A& dnd/dh@mpedt. 1 ncl uded
with the DL RLC/ MAC data bl ock 315 also indicates that the response to the

poll (€. BurheP Y Rk hﬁ@g?ﬁ% ggségmo?@%fd@gmggbgma&%ﬁ g 1s to

thee ;
be sent In radio E?oc perio two r 0 riods after the

poll is received),, 20[0059]I.n.the illustrated ex I 1 bil.e station
005 al soPPrest bR o mus s St e oRoRRTB R b P i B, Gt o
bl ock 315 (which is represented by a Iar_ﬁje "X' through the directed |ine
| abel ed BE5YICluderheE gk HE By Pealsplitr dfisypisd elements. processes and

devices.

10 [0055] Example message sequence diagrams 300, 400 and 500 that further
illustrate operation of the mobile station 105 of FIGS. 1 or 2, or both, in the EGPRS
communication system 100 are depicted in FIGS. 3, 4 and 5, respectively. For reference,
the message sequence diagram 300 depicts example conventional acknowledgment
processing that could be performed by the mobile station 105 instead of the duplicate

15 acknowledgment avoidance techniques described herein. Message sequence diagrams
400 and 500 then depict example duplicate acknowledgment avoidance techniques
implemented by the mobile station 105, thereby illustrating at least some of the benefits
of these techniques over the conventional acknowledgment processing depicted in the
message sequence diagram 300.

20 [0056]  Turning to FIG. 3, and with reference to FIGS. 1 and 2, the message
sequence diagram 300 begins with the mobile station 105 receiving a DL RLC/MAC data

block 305 sent by the network element 110 during time slot O of the Nth radio block
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- 32- does correctly decode the header, which indicates the BSNis set to
2. The nobile station 105 treats the incorrectly decoded DL RLC/ MAC dat a
bl ock 315va=oni@gs2ag. Accordi ngly, the el enent of the recgicaosi@mimsarray
235 associated with the mssing DL RLC/ MAC data block 315 is set to
UNREPORTED, because the acknow edgnent status 5(e.g., NACK) of this block
has not yet been reported to the network el enent 110. [ 0060] The
event - based FANR procedure inplenented by the nobile station 105 causes an
event - based PAN (e.g., such as the event-based PAN 250) to be generated
proactively (e.g., automatically) for inclusion with an UL RLC/ MAC dat a

b' ock 329egfo‘21 B8 (12R gﬁqﬁ({‘é\%‘;g}z&bf&ﬁ 3 \Aﬁh}(\&ﬁé s& SRy 3%&910%& Bk e sl ot O

radi o ock perio I'S"two ra erlods after

det erm ni ng at t orrectly. dec ded DL data bl ock 315 having
snee | st Linnsth iy mopd s didmiiPe AEUTE hdeary ﬁ{‘eE?FeltVﬁe recel ve
state array 235 associated with the m SSi 8 DL RLC/ MAC data bl ock 315 is
set to UNRERCORYED) apshelaiderith haswa\FANR BEEAEdGr data hlorkABhisedt 9y t he nobil e

station 105 autonmatically generates an event-based PAN having an RB field
to 15 reRBCEIVERBONg ot her acknow edgment indications, a NACK for the DL
RLC/ MAC data bl ock 315. In the context of the nessage sequence di agram 300,

the mpbile st@spn 185xd fMelresmERissht©ANVS MdeRRak DACRNOYWIACUMENbIOPK 8¢@SSi Ng
t hat does not avoi d sending duplicate acknow edgnents according to the

techni qQu&si Pg%rﬂe%&k@%n%n91169ﬁﬁ t‘?rﬁ@sloyl"%f %tb?acﬁ%%ﬁdcﬁg)eﬂgé The
aut omat i cal sends the generated "event ase PAN wth t UL 20 RLCI MAC

et udeddt A onA A AREUSIE AR el B @%ﬁ%bia% Bsdfinee to the

poll included with the DL RLC/ MAC data bl ock 315
2011/ 022¢7tedy Praronepioidem [ocrrrely.dhe f:lﬁglem qféh%re@w& S@te ¥Hdi o bl ock

period N+2, the nobile station
235 associated with the received DL RLC/MAC data block 310 is set to RECEIVED.

10 [0058] Next, the mobile station 105 receives a DL RLC/MAC data block 315
sent by the network element 110 during time slot 2 of the Nth radio block period. In the
illustrated example, the header of the DL RLC/MAC data block 315 is decoded correctly
by the mobile station 105 and includes a CES/P field sending an acknowledgment poll to
the mobile station 105. The acknowledgment poll included with the DL RLC/MAC data

15 block 315 can correspond to a poll-for-PAN message 210 or a poll-for-PDAN message
225. The poll included with the DL RLC/MAC data block 315 also indicates that the
response to the poll (e.g., such as a polled PAN 215 or a PDAN control message 230) is
to be sent in radio block period N+2 (e.g., two radio block periods after the poll is
received).

20 [0059]  In the illustrated example, the mobile station 105 also incorrectly
decodes the RLC data portion of the DL RLC/MAC data block 315 (which is represented

by a large “X” through the directed line labeled 315), although the mobile station 105
-32-



105 al so sends a poll ed acknow edgnent response 325 to the network el enent
110. The pol | ed acknow edgnent response 325 can be, for exanple, a polled
PAN 215 swotoiwn2esegponse to a poll-for-PAN nessage 210 ipaglaateth/ooiioB t he DL
RLC/ MAC data bl ock 5315, or a PDAN control message 230 sent in response to
a poll-for-PDAN nessage 225 included with the DL RLC/ MAC data bl ock 315.
Because the poll ed acknow edgnent response 325 is sent in the sanme radio

bl ock period as the UL RLC MAC data bl ock 320 including the event-based
PAN, the network elenent 110 will not have had tinme to respond to the NACK
i ndi cation provided in the event-based PAN for the mssing DL 10 RLC/ MAC

data bl ogk. . t I . i NGl in the
pol | ed agouiteirusggdc E pERler yRF FARNSHATERN } Bl 2™ ERbopDE S oy

RLC/ MAC a bl ock 315, duplicati vent - bas acknaw edgnent

[ of mat {on toR s a1y HEot e B AR e B PR he UL RLGY VAC
data bl ock 320. The nessage sequence di agram 300 then ends. 15[0062]1n an

i npl emrenfagdrdin o Heelamang of hieaapp cRélte agey 23 EoprSated vidvbanusshigded PAN,
such as the event-based PAN 250, has a size of 25 bits. In the exanple

nmessage BeGUdacedad: bigriam 300t ©dMNREGORAIER] bptducatle alentlebasead status
acknow edgnent information in the event-based PAN included with the UL

RLC MAC @at avRCeg ko 320bMas h@sndt yaisdeh $&iceRd @b tRidesvdrR@atent@ull ¢).be bet ter
all ocated to sending nore UL RLCXJ MAC 20dat a or existing RLC/ MAC data nore

robustly (e. g;ﬂﬂgﬁﬂé hzﬂ%’fx%nﬁ%iea & A& P)ocedure im l[f:Plgﬁ%h -BP ehd'BebRO&ac&HAUENCE

di agram 400 o lustrates a first exa upli cate acknow edgnent
he. moss B Cotienasnarag) i aoe Trohiy Beat v g Eee e A e e Hald b ock
305 to receiving the DL RLCI MAC data bl ock 315 is substantially the sane as
for the WOSLhGH Seguwiirtgriyrianinsboionrvidh &g Us REHMACidataddeds 13969 i n
detail above. In the interest of brevity, the details of the operation of
t he nessbyeasediehoehdneiyodnelanentfll@muring time slot 0 of radio block period N+2
10 (i.e., which is two radio block periods after determining that the incorrectly decoded DL
RLC/MAC data block 315 having BSN=2 is a missing block). For example, because the
element of the receive state array 235 associated with the missing DL RLC/MAC data
block 315 is set to UNREPORTED, the event-based FANR procedure implemented by
the mobile station 105 automatically generates an event-based PAN having an RB field to
15 report, among other acknowledgment indications, a NACK for the DL RLC/MAC data
block 315. In the context of the message sequence diagram 300, the mobile station 105
implements conventional acknowledgment processing that does not avoid sending
duplicate acknowledgments according to the techniques described herein. Therefore, the
mobile station 105 automatically sends the generated event-based PAN with the UL
20  RLC/MAC data block 320 without checking whether the acknowledgment information

included in the event-based PAN will also be reported in response to the poll included

with the DL RLC/MAC data block 315.

-33.



5 receiving the DL RLC/ MAC data bl ock 305 to receiving the DL RLC/ MAC dat a
bl ock 315 are not duplicated here. [0064] Turning to FIG 4, and as

descri bedwalouén2psr2connecti on with the nessage sequencePdiragrerw@0Ds aft er
receiving the DL RLC/ MAC data bl ock 315, the nobile station 105 illustrated
in the nmessage sequence di agram 400 has classified the DL 10RLC/ MAC dat a

bl ock 315 as missing (e.g., by setting its associated elenent in the
receive state array 235 to UNREPORTED). The nobile station 105 has al so
been instructed by the network el ement 110 to provide DL polled

acknow edgnent information in radi o bl ock N+2. However, unlike the nessage

sequence di agyg B00rpf, fl G, e LF 1 IOPILGLRLALLAM X08 {0 .L A (ERSATE

sequence di agram 400 generate an n I ncl usi on

with an RLC/ MAC dat a bl ock 420 to be sent_ to the network el t during
Ui ol ol Tttt salse Pl bR e BBrTga RS - Bgashe N genru T aihen 105 Tn

this exanple i npl enments duplicate acknow edgnent avoi dance. ~ [0065]1In
par t i cul Belledgekervipderneis respanse 8P cpade.dobpeakIneDolledh EARDBI T ®nstnat i on 105
determ nes that any DL event-based acknow edgnent information (e.g.,

r epor ti ngsporRE tdNAGKI-f@rP A Nendska RI2TO MAQudtdtvaitibihedk BLEYMiA(adatwblockl have been
reported via an event-based PAN included with the UL RLC/ MAC data bl ock 420

is also 815, beaPERN t&Edl indeside 2Bb s@lih fdpack neWhHenlgaEPID ANHE:IE 220N
conveyed by the polled acknow edgnent response 325. Thus, the nobile

station 0B 4p§ %Ytﬁ%éDU}@L@Md&g&%%vsaﬁg%@%éR %9%%‘({}\{ %Ie@%@%&ﬁfi%{iﬁrﬁ&ﬂg or at

| east sending an event-base 420. In a

avol danch &avsa- 26 Wt BTE Tt T hae st S sl S0 MNP 8 e

all ocated to sending nore UL RLC/ MAC data or existing RLC/ MAC data nore
r obust | yinclidine thepyant-Raed Fetdhi they nefaion clemeislshidd Wég%\éfdé’d§€%ﬁj@nce di agr am
500 of FIG 5 illustrates a second

respond to the NACK indication provided in the event-based PAN for the missing DL

10 RLC/MAC data block 315. Thus, the polled acknowledgment information included in
the polled acknowledgment response 325 will also include a NACK for the DL
RLC/MAC data block 315, duplicating the event-based acknowledgment information
provided by the event-based PAN included with the UL RLC/MAC data block 320. The
message sequence diagram 300 then ends.

15 [0062] In an implementation conforming to 3GPP Release 7 EGPRS, an event-
based PAN, such as the event-based PAN 250, has a size of 25 bits. In the example
message sequence diagram 300, sending the duplicate event-based acknowledgment
information in the event-based PAN included with the UL RLC/MAC data block 320
wastes transmission of bits that could be better allocated to sending more UL RLC/MAC

20 data or existing RLC/MAC data more robustly (e.g., with more coding gain).

[0063] The message sequence diagram 400 of FIG. 4 illustrates a first example

duplicate acknowledgment avoidance technique implemented by the mobile station 105.
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exanpl e duplicate acknow edgnent avoi dance techni que inplenented by the
nobil e station 105. Wth reference to FIGS. 1 and 2, the nessage sequence
di agr am 580 2bagi2ee2210wi th the nobile station 105 recei viPOE/CGN2010/001308
acknow edgnment poll 505 fromthe network el ement 110 requesting DL
acknow edgnent status. The acknow edgnent poll 505 is received by the
nobi |l e station 105 during or before the Nth radi o bl ock period, and

i ndicates that the nobile station 105 is to respond to the poll in radio
bl ock period N+2 or sone |ater radio bl ock period. The acknow edgnent pol
505 can correspond to a poll- 15 for-PAN nessage 210 or a poll-for-PDAN

nmessage ncl uded
weh b CoaH e G efhsiteodsBl REENR Do R st R e TR Rl o e
station i 067] Dur i e the Nt di o bl oc riod, nobi | e
stati on sk 03% rerver Sl 1% Rl fee b@%@daw%m@&f (e epibaeted by
the directed line | abeled 510 20 in FIG 5). Accordin t he el enent of

t he recethganastapescdionaydinggnpd¥oefildGed. wihie laﬂcrm@sn%gtad@baveollaélke 510 i s
set to UNREPORTED, because the acknow edgnent status (e.g., NACK) of this

bl ock hasuaredt oy btevheahe depidy dfatle bpertine efahavorcksage erpotceldiferamA0DHomgh t he
m ssing data bl ock 510 is depicted as being detected after receipt of the

ackno eggemin tRODIL RIOS/MACHIaf bldek 3(FroNededtihy ehedHRTICTBI AL diB®sRKkEevent s
can be reversed provided the acknow edgnent poll 505 is received by the

mobi | e s§afion, ;@ﬁﬂgg£95 ol t sends an event-based PAN in response detecting
t he nlss§ngrbﬁo 510 5?6068]hbxt the nobi |l e station 105 processes the

know ed db he di d
e I'aber oa WOBF! o pPibtba g boBR SRR Bl F B R veviigi%e recte
information to be returned to t he netmork element. 110 via a
acknow eth§ireat seIaeyEss g 00T FSPIVaE t&e@%&k@é\ﬂma%@%gé% t%fzo is sent

by the nobile station 105 to the network elenment 110 in the appropriate
radi o bl oekildgpieen Y HNHRt¢didithamessaphsaduencekrmnnddf mentlapelidd BOBHL As
descri bed above, the polled
10 RLC/MAC data block 315 as missing (e.g., by setting its associated element in the
receive state array 235 to UNREPORTED). The mobile station 105 has also been
instructed by the network element 110 to provide DL polled acknowledgment
information in radio block N+2. However, unlike the message sequence diagram 300 of
FIG. 3, the mobile station 105 in the message sequence diagram 400 does not generate an
15 event-based PAN for inclusion with an UL RLC/MAC data block 420 to be sent to the
network element during time slot 0 of the radio block period N+2 because the mobile
station 105 in this example implements duplicate acknowledgment avoidance.
[0065]  In particular, prior to the start of radio block N+2, the mobile station
105 determines that any DL event-based acknowledgment information (e.g., reporting a
20 NACK for the DL RLC/MAC data block 315) that would have been reported via an

event-based PAN included with the UL RLC/MAC data block 420 is also to be reported

via the DL polled acknowledgment information conveyed by the polled acknowledgment
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acknow edgnent response 520 can be, for exanple, a polled PAN 215 sent in
response to the acknow edgnent poll 505 corresponding to a poll-for-PAN
nmessage, WO 2a11RRA8I2cont rol nmessage 230 sent in responsePCo/(A2e10/001308
acknow edgnent poll 505 corresponding to a poll-for-PDAN nmessage 225. In
the illustrated exanple, the DL polled acknow edgnent 15i nformation
conveyed by the poll ed acknow edgnent response 520 includes the

acknow edgnent status (e.g., NACK) of the m ssing data bl ock 510 because
the el ement of the receive state array 235 associated with the m ssing data
bl ock 510 is set to UNREPORTED. [0069] Additionally, in preparation for

sendi ng %g?o%lse %&'&@J&F ﬁx%trgolmqu?ﬁitoﬁg ggélr) Vgﬂ%k&%véﬂgjﬁgﬁﬁg !ﬁ ﬁgiéd N+2, the

nobile s I on orns even an I cat e 'acknow edgnent

avoi danc rocessin wi th sych processing_ represented the.directed |ine
Mabel o BaByehgaRan det e whdf R SFTeC PR SPVET TR afieRaty NG et
associated with the m ssing data block 510 is set to UNREPORTED, the

event - baklegk FXNRnpy Yl bHE lepse y pnpkanaptagien eyush duplicagy ent - based PAN
proactively (e.g., automatically) for inclusion with the UL RLC/ MAC dat a

bl ock 52&knblelwdyment avsidaged daeet 2T bind igubs UddSIcCiMad daerdbek 42(hdadupl | cat e
acknowl edgnent avoi dance procedure 5i npl enented by the nobile station 105

det ersm ngsalldeated th Sendfienawleadig RRITYMSt@HMS of ExiGting RACHIACT dih@ord ssing dat a
bl ock 510 is also to be reported (or has a substantial |ikelihood of being

reportEdPonMBﬁJ%%.RQi'tﬂ&@r%ﬂﬂ%&%@gmm response 520. As such, the nobile
revent -

station 105 S Its eve ased FANR procedure fromgenerating or at

ther oby 1 mor QURRST T oRk AR ath B ri e O “thal Efact ar R TrEiy (e g by

saving 25 data bits in a 3GPP EGPRS Rel ease 7 inplenmentation).
[ 0070] FI S\WEHAS fleplicaisraskunyladsnient gy oldigsprdngis depisaenteddy thajobde execut ed

station 105. With reference to FIGS. 1 and 2, the message sequence diagram 500 begins
10 with the mobile station 105 receiving an acknowledgment poll 505 from the network
element 110 requesting DL acknowledgment status. The acknowledgment poll 505 is
received by the mobile station 105 during or before the Nth radio block period, and
indicates that the mobile station 105 is to respond to the poll in radio block period N+2 or
some later radio block period. The acknowledgment poll 505 can correspond to a poll-
15 for-PAN message 210 or a poll-for-PDAN message 225 implemented by, for example,
one or more CES/P fields included with DL RLC/MAC data blocks sent by the network
element 110 to the mobile station 105.
[0067]  During or before the Nth radio block period, the mobile station 105 also
detects a missing DL RLC/MAC data block (represented by the directed line labeled 510
20 in FIG. 5). Accordingly, the element of the receive state array 235 associated with the
missing data block 510 is set to UNREPORTED, because the acknowledgment status

(e.g., NACK) of this block has not yet been reported to the network element 110.
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to i nplenent any, sone or all of the exanple EGPRS comruni cati on system
100, the exanple nobile station 105, the exanple RLC/ MAC transmtter 115,

t he exanpwe 206R22MAC recei ver 120, the exanpl e pol | i ngpdeaadero/@0Hs t he
exanpl e receive state array 235, the exanple polled acknow edgnent
processor 240, the exanpl e event-based acknow edgnent processor 245 and the
exanpl e acknow edgnent transm ssion unit 260 are shown in FIGS. 6A-B and 7.
[0071] I n these exanples, the process represented by each flowchart may be
20 inpl enmented by one or nore prograns conprising nmachi ne readabl e
instructions for execution by: (a) a processor, such as the processor 812
shown in l.e. processi ySt.e: j 1 nection
oien el GAhB8ug?B&§érHu&r§;t&? 1%&1991(?% /d%ﬁfél(e%%@ b@fn;i%%fe%%ﬂ 2R %‘é’ lpgofgggl o The
one or nore rans ed in softwar stored on tangi bl e

o um SRR a8 TG TSI B BITE CEARRORICE g ie itk - a
hard drive, a DVD or a nenory associated with the processor 812, but the
entire pPoyidamilsrackroykdsmerimalla05poreetioed by Hsrmeetilessiiion 1P befatti vel y be
executed by a device 5other than the processor 812 and/or enbodied in
firmar eseads dieelenabectd ey wareepdnse detectimyphemessirecblbok ai). appl i cati on
specific integrated circuit (ASIC), a programable |ogic device (PLD), a

fiel d progranfopb$e | RekCideNdR s(dﬁBthslg iceGeetiR dcR@Hveled@héntpoll505 exanpl e,
any one, sonme or all of the exanple EGPRS comuni cation system 100, the

exampl e R 1ien kLA tdRmehlen PR EeRHE p(%eﬁrﬂ@?t?éﬁ@ c dpapfie

exanpl e ecel ver 120, e exanp l'ing

s oPEImyS fiﬂ@%&ifa&%{%%%maﬂsgi o ARSI Rl %@8@8@"@5’3 98 coul d

be i npl enented by any conbi nati on of software, hardware, and/or. firnmare.
Al so, soﬂ@leéracavqwleégm%rw%@é%s Tihg ppleckankagwisg gl reRoRshart s seft FI Gs.
6A-B and 7 may be inplenented manual | y. 15[ 0072] Furt her, although the
exanpl e bwﬁﬁégiébS&ﬁ@ndééﬁrﬂbe@ﬂmmkhkmﬁméiHh@@h@@mﬂOPﬁMEfwﬁObbCk

10 period >N+2 indicated in the acknowledgment poll 505. As described above, the polled
acknowledgment response 520 can be, for example, a polled PAN 215 sent in response to
the acknowledgment poll 505 corresponding to a poll-for-PAN message, or a PDAN
control message 230 sent in response to the acknowledgment poll 505 corresponding to a
poll-for-PDAN message 225. In the illustrated example, the DL polled acknowledgment

15 information conveyed by the polled acknowledgment response 520 includes the
acknowledgment status (e.g., NACK) of the missing data block 510 because the element
of the receive state array 235 associated with the missing data block 510 is set to
UNREPORTED.

[0069]  Additionally, in preparation for sending an UL RLC/MAC data block

20 525 during radio block period N+2, the mobile station 105 performs event-based FANR
and duplicate acknowledgment avoidance processing (with such processing represented

by the directed line labeled 530). Because the element of the receive state array 235
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the flowharts illustrated in FIGS. 6A-B and 7, many ot her techni ques for

i npl ementi ng the exanpl e nethods and apparatus descri bed herein may

al t er nat iwel2g1ie2828ed. For exanple, with reference to tReTidAAII8
illustrated in FIGS. 6A-B and 7, the order of execution of the bl ocks may
be changed, and/or sone of the blocks described may be 20changed,

el i m nat ed, conbi ned and/ or subdivided into nultiple blocks. [0073] An
exanpl e process 600 that nay be executed to inplenent duplicate

acknow edgnent avoi dance in the exanple nobile unit 105 of FIGS. 1 or 2, or
both, is illustrated in FIGS. 6A-B. The process 600 nay be executed at
predet er T AGACh I HENT s B bIBHERI RS BIL AN BPARPEN, uide LANLRLP! OCk
period), ased on an occurrence of”a predeterm ned evént (e.g., such as
detectio a mssin data bl ock), as ba und process, etc., or
oy conbl ASR BRCkREr arC e e S dr i P ek g B R pr ocess 8 600
of FIGS. 6A-B begins execution at bl ock 605 of FIG 6A at which the RLC/ MAC
recei ver automaiially heor pshisien withtheddl R35 /Yo deis bhenk 130. Rlowyovpcugiag &bl ocks
175 received fromthe network el enent 110 during one or nore radi o bl ock
per i od( steclpriquss descrébed hvem, tladiuplibdto ekkrperedphannawhdake pheedwobi | e stati on
105 is to transmt data. Then, at bl ock 610 the polling decoder 205 in the
mobi | £ singlltaenid0by dRGAGER stiion 105 AckRaMeS daMBRtacRIVIsdgRaRsNad (Ekom t he
network el enent 110 during one or nore radio block period(s) prior to a

gi ven 1 agirg o‘?ﬁl‘ﬁe ﬁgst%f'n%ﬂiaiarbléﬂ\’ﬂi £t it 'Bféol BL teBoRLtdr Ay HOmstauibo transmit

data. For exanple, ock 610 the polling decoder 205 can decode a
pol | - f or PAN, nessage 210 aor II-L r-gDA ssage 225 quest | ol l ed DL
Boknow eageice Phgpatrrdro mal bbb ileTraeRanetos. ey Sorafthn,
control proceeds to block 615 at which the RLC/ MAC transmitter 115 in the
nobi | e sPaPiloHAUYS! YerreraihisserAEbaed M dhBivcedyse HevsesnatingPr & lIgi%en radio
bl ock period is to begin. For exanple, at block 615 the RLC MAC transmtter
115 can wsdingrip eyomitdaned PON woith el UL R COM A taip blagk-Sdpi thembpropiesigigng t o
determ ne when to begin transmt processing for the given radi o bl ock
perind. Mh@width utilization and spectral efficiency (e.g., by saving 25 data bits in a 3GPP
EGPRS Release 7 implementation).
[0070]  Flowcharts representative of example processes that may be executed
to implement any, some or all of the example EGPRS communication system 100, the
example mobile station 105, the example RLC/MAC transmitter 115, the example
15 RLC/MAC receiver 120, the example polling decoder 205, the example receive state
array 235, the example polled acknowledgment processor 240, the example event-based
acknowledgment processor 245 and the example acknowledgment transmission unit 260
are shown in FIGS. 6A-B and 7.
[0071]  In these examples, the process represented by each flowchart may be
20 implemented by one or more programs comprising machine readable instructions for

execution by: (a) a processor, such as the processor 812 shown in the example processing

system 800 discussed below in connection with FIG. 8, (b) a controller, and/or (c) any
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20transmt processing is to begin, control proceeds to block 620 at which

t he poll ed acknow edgnment processor 240 in the nobile station 105

det er m nesOwhettes22any pol ling nessages requesting DL polriGxto10/001308
acknow edgnent information to be sent during the given radio bl ock period
wer e decoded at bl ock 610. [0075] Control then proceeds to bl ock 625 at

whi ch the event-based acknow edgnent processor 245 in the nobile station
105 identifies any DL RLC/ MAC 5data bl ocks identified as m ssing during the
decodi ng perfornmed at bl ock 605 and that have not yet been reported to the
network el enent 110. For exanple, at block 625 the event-based

acknow e nt. or .SS 0k 245 | JE t t - ?.F gﬂ %ﬁ ses the
raceive Do JEESEETHERR o R F IR IS ED R A RBERST L ocke.
As descri bed. above, a m S‘Sif&? DL FLC/ AC dat a bl@ég}é)ﬁloa?ﬁmi ted with an
10el ement WA YT IR 251 8t S8 Ay MHELY i%s- s atep PORTED
state when the data block is initially detected as m ssing and has not yet
been repbirt dive.c PHP. aet wenlere peaaated with thypipsessat 8 bl, bukthe 2atifehe
event - based acknow edgnment processor 245 determ nes whether the receive
st at e arpmayra28&r fragraanyndloe pentoss geteof ootlt elttNRERORIEEXst@tidy aldyRO76] Next ,
control proceeds to block 630 at which the event-based
5 other than the processor 812 and/or embodied in firmware or dedicated hardware (e.g.,
implemented by an application specific integrated circuit (ASIC), a programmable logic
device (PLD), a field programmable logic device (FPLD), discrete logic, etc.). For
example, any one, some or all of the example EGPRS communication system 100, the
example mobile station 105, the example RLC/MAC transmitter 115, the example
10 RLC/MAC receiver 120, the example polling decoder 205, the example receive state
array 235, the example polled acknowledgment processor 240, the example event-based
acknowledgment processor 245 could be implemented by any combination of software,
hardware, and/or firmware. Also, some or all of the processes represented by the
flowcharts of FIGS. 6A-B and 7 may be implemented manually.
15 [0072]  Further, although the example processes are described with reference to
the flowcharts illustrated in FIGS. 6A-B and 7, many other techniques for implementing
the example methods and apparatus described herein may alternatively be used. For
example, with reference to the flowcharts illustrated in FIGS. 6A-B and 7, the order of
execution of the blocks may be changed, and/or some of the blocks described may be
20 changed, eliminated, combined and/or subdivided into multiple blocks.

[0073]  Anexample process 600 that may be executed to implement duplicate

acknowledgment avoidance in the example mobile unit 105 of FIGS. 1 or 2, or both, is
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acknow edgnent processor 245 determ nes whet her an event-based PAN 250 is
to be transmtted during the given radi o block period. For exanple, at
bl ock 630wODhet1enes?e- based acknow edgnent processor 245 PODIGATRNI®1308
event - based FANR and det erm nes whet her the processing at bl ock 625
identified any mssing DL data bl ocks whose 20 el enents in the receive
state array 235 are set to the UNREPORTED state. If no such UNREPORTED
m ssing DL data bl ocks were identified at block 625, the event-based
acknow edgnment processor 245 determ nes that no event-based PAN 250 is to
be transmtted during the given radio bl ock period (block 630), and
control pr C f Fl o FIG 6B
t he po||§%%%%§ﬂgvf@%§h§ﬁ§'gﬁ% ggg%fgglgggg%%%éikiét@#@%%8$%¥H§&%V%%essing
at bl ock 620 determ ned tha@ DL.&%LIEd 2a kgomdedgnent i nformation was
request eff- Sy AN BoPIOFP Gt hEL st BrIek SrBbn PasEd G0 R GCTUTHEE Be? sent  duri ng
the given radio block period. If DL polled acknow edgnent information is to
be sent PgA¢tAEINeEC\FINy @ ragh 8s Betedtiongd pinsigsipd D cdat®BIBYK). aphbidirqyndceeds
to block 640 at which the acknow edgnment transm ssion unit 260 in the
acknow eplgneniett.r ansiyi osibdmtionitter&80 Vel sxferemeso th@s. bald/2,pd pedess
acknow edgnent 10information is to be sent and, therefore, no duplicate
acknoM eg@NBIRIGRY OARBEENS SxcB@H Ki18lockARSHIFNG. A et aglcAeMd ROGMAIC
transm ssion unit 260 causes the DL polled acknow edgnent information to be
sent usi - @ﬁﬁ% 1B I N 2 I rrespendi ng
%gelv&of 20‘%14' eg%lé%éﬁgin glg LA aﬁ%\gbL I%EC}’IYIP%HPQIOEI?S P

acknow edgnent po ock 610 s a poll-for-PAN nessage 210, or
a PDAN cont.rol .nmessage 230 if t cor.respondi ng acknow. ed t pol| decoded
Tsar. bl oRR SR TBaT ATy b R IR S sER AEIE BT L PP 8 has no
uplink data to transmt. After the DL_@OIIed acknow edgnent information is
caused td2byen suli blegk peridinguiich dhe mgbilgstation J8p iel@ HERAE W grisAt
information is to be sent (block 635), execution of the exanple process 600
t hen endslock 0078} pREtngrdecedyr £05 bl e m@3l0 sefiofF1 G deades fnyone or nore
UNREPORTED
10 acknowledgment polls received from the network element 110 during one or more radio
block period(s) prior to a given radio block period in which the mobile station 105 is to
transmit data. For example, at block 610 the polling decoder 205 can decode a poll-for-
PAN message 210 or a poll-for-PDAN message 225 requesting polled DL
acknowledgment information from the mobile station 105.
15 [0074]  Then, control proceeds to block 615 at which the RLC/MAC
transmitter 115 in the mobile station 105 determines whether transmit processing for a
given radio block period is to begin. For example, at block 615 the RLC/MAC
transmitter 115 can use any combination of polling or interrupt-driven processing to
determine when to begin transmit processing for the given radio block period. When

20 transmit processing is to begin, control proceeds to block 620 at which the polled

acknowledgment processor 240 in the mobile station 105 determines whether any polling
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20 m ssing DL data bl ocks were identified at bl ock 625, the event-based
acknowl edgnent processor 245 determ nes that an event-based PAN 250 is to
be transmvOted/ades22ng t he given radi o bl ock period (bl o®kT&3210/@Md8cont r ol
proceeds to bl ock 645. At bl ock 645 the polled acknow edgnent processor
240 determ nes whet her the processing at bl ock 620 determ ned that DL
pol | ed acknow edgnent informati on was requested by a poll fromthe network
el enent 110 and is also to be sent during the given radio block period. If
DL polled acknow edgnent information is not to be sent during the given
radi o bl ock 5Speriod (bl ock 645), control proceeds to block 650 of FIG 6B.

ot or m riSe- Phay 23 e Do BR ek PEABENARLEARTF 0 hETAF R B i 0o

det er m nes e ormatron s e sent

and, therefaore, no. duplicate ackno ment avoi dance is required. As such,
t he ackn ‘%Hﬁﬂ%ﬂ?“gr %Eﬁ?%%?@ﬁkﬂﬂﬁggggo causes the DL event-based
acknow edgnent 10information to be sent using, for exanple, an event-based

PAN fi el d 250[00A8}k er Cpnted dhasi pigeastls 91 Wesk Ghoatadhg deesentdresdut i on of the
exanpl e process 600 ends. [ 0080] Returning to bl ock 645 of FIG 6A, if
DL pol | egtkaockiedwmedigmectssorrPiG imetel roobilesstdtonbl®S séattifidsi niynQLIRIeC/HIAEN radi o
bl ock period, control proceeds to block 655 at which the acknow edgnent

transyni sgit®BIoWK ided®ied RPhiTR SR G pbésad LpckRamkaavbledgseNindauai dance
procedure and eval uates any associ ated acknow edgnent omi ssion criteria

b (o = | t led t
ecause (Rl ].Cal ey Peﬁﬁgg?(gﬁ)gtﬂ% g oﬂ@&leféx@g@ﬂ@%%gﬂﬂﬁ& btk 62§ fgdul ed to

be sent 1 n the’ given perio eing processed. In the illustrated
B T EC T NEN RS N EL A
the DL pgrlolcgs(ges the receive state array 235 used to track the status of DL RLC/MAC data
blocks. As described above, a missing DL RLC/MAC data block is associated with an
10 element in the receive state array 235 that is set to the UNREPORTED state when the
data block is initially detected as missing and has not yet been reported to the network
element 110. Thus, at block 625 the event-based acknowledgment processor 245
determines whether the receive state array 235 has any elements set to the
UNREPORTED state.
15 [0076]  Next, control proceeds to block 630 at which the event-based
acknowledgment processor 245 determines whether an event-based PAN 250 is to be
transmitted during the given radio block period. For example, at block 630 the event-
based acknowledgment processor 245 implements event-based FANR and determines
whether the processing at block 625 identified any missing DL data blocks whose
20 elements in the receive state array 235 are set to the UNREPORTED state. If no such

UNREPORTED missing DL data blocks were identified at block 625, the event-based

acknowledgment processor 245 determines that no event-based PAN 250 is to be
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20acknow edgment information is to be sent in the sanme radi o bl ock period
regardl ess of whether the event-based and poll ed acknow edgnent infornmation
are schedwbedirn242e sent in different time slots of thePcadiAotwoocdosperi od.
In other words, although the DL polled acknow edgnent information may be
schedul ed to be sent during a different tinme slot of the given radi o bl ock
period than the tinme slot during which the DL poll ed acknow edgnent
information is to be sent, control can proceed to block 655 so |ong as both
t he event-based and poll ed acknow edgnment information are scheduled to be
sent in 5the sane radio block period. In general, the duplicate

acknow edgnmn I . C re | t bl frains from
e S i R S S O FE O D ST A
acknomde@»neg%%igéﬁg tion if such acknow edgnment information is to al so be
timely r g&# 0 Iggolled PAN 215 or PDAN control message 230 carrying
pol | ed acknow edgnent information. An exanple procedure for 10i npl enenting
t he processi n@ﬂa?] bl eRloels 835 ef FIG. 68 ehetrodied acknogledzpmentpigeac e in

greater detail below [0081]After the duplicate acknow edgnent avoi dance
pr ocedur éctainiidsoelke s Sheopdseing sy blookv2@Hetpmocekdst Db polleck 660 at whi ch
t he acknow edgnent transm ssion unit 260 determ nes whet her the event-based

ackna eglgBitedombar iiBlrnaios ¢heddheded By zbgoll Bbhans Akt clemeUpIO Hat ed by
t he poll ed acknow edgnent information to be reported and, thus, can be

omtted.:.l ‘ . N{e 1t i led to be
transnit?égb%gﬁnggﬁ@%ggggﬁgggﬁggﬁﬁ%ggg?Ecgﬁ??%ﬁﬂ%f%%ggggﬁ?gg | ock 665 at
whi ch t he acknomied%

acknomdeﬁ@%ﬁﬁpoPﬁﬁ8r%§?%éh%ﬁg qégzéﬁ%dﬁ%H%ﬂggggﬁ%gﬁgﬁsggi&BﬁﬁﬁegLPKﬁl}Fgld
215 11t Qr%cgecc)ig Eoe gl%?l? géll(? gt which the acknowledgment transmission unit 260 in the
acknowledgment transmission unit 260 determines that only polled acknowledgment
10 information is to be sent and, therefore, no duplicate acknowledgment avoidance is
required. As such, the acknowledgment transmission unit 260 causes the DL polled
acknowledgment information to be sent using, for example, a polled PAN field 215 if the
corresponding acknowledgment poll decoded at block 610 was a poll-for-PAN message
210, or a PDAN control message 230 if the corresponding acknowledgment poll decoded
15 atblock 610 was a poll-for-PDAN message 225 or the mobile station has no uplink data
to transmit. After the DL polled acknowledgment information is caused to be sent at
block 640, or if no DL polled acknowledgment information is to be sent (block 635),
execution of the example process 600 then ends.
[0078] Returning to block 630 of FIG. 6A, if one or more UNREPORTED
20 missing DL data blocks were identified at block 625, the event-based acknowledgment

processor 245 determines that an event-based PAN 250 is to be transmitted during the

given radio block period (block 630), and control proceeds to block 645. At block 645
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20 acknow edgnment poll decoded at bl ock 610 was a poll-for-PAN nessage 210,
or a PDAN control nessage 230 if the correspondi ng acknow edgnent pol
decoded awvohlbook2820 was a poll-for-PDAN nmessage 225. ACrarA2btv@oDios pol | ed
acknow edgrment information is caused to be sent at bl ock 665, execution of
t he exanpl e process 600 ends. [0082] However, if the event-based

acknow edgnent information scheduled to be transmtted cannot be omtted
because it is not duplicative or there is a substantial 5likelihood it
woul d remai n unreported if not sent (block 660), control proceeds to bl ock
670 at which the acknow edgnent transm ssion unit 260 causes the DL

event - baged ACKNAWL RAGIEAL: hALALIBLOON I iRe ek, Rl NG gl yaaup! e an

event - bas rol” then procee 0 whi ch t he

acknow e nt tr m Ssi 0 nit 260 causes the DL poll ed acknowl edgnent
o or e ¢ o LB S Ger et M BaRaranTorogen Ba® PR EnG Db 1t he
corresponding acknow edgnent pol | decoded at block 610 was a pol | -for-PAN
message 220, thypetyoppprmeint Oind pedsapebersat duringlibe giger exkypblgringeriod.

acknow edgnent poll decoded at bl ock 610 was a pol|-for-PDAN nessage 225.
Af t er t h¥E DL peltknehh@dgdenentiinfoanmiin ismoi ® teaustetiring thegisentadat blbélocks 670
and 675, execution of the exanple process 600 ends. 15[ 0083] An exanpl e

pr oceglur gerfRFbloRk bam), esmidl ptdieedupibl LatBoat Frevdedgnent avoi dance
processi ng and associ at ed acknow edgnent om ssion criteria evaluation at

bl ock 655 of fo&y) 6Ax} 610%%5’(%{ RiE¢B Hle':a'cgh%\x?led%?i’sqérg rt]%girﬁ{s%ﬁ‘ﬁaft%ﬁ 1G5, 1

and 2, the exanple procedure 655 of FIG egl r a condition that an

oo P 30 PR PSR AL T on '
br Ocesseg)bre?grg, r?oI (tiuq)?ircatg ac‘:)lgrllolwelgdgFr)nAg}llt avoidance is required. As such, the
acknowledgment transmission unit 260 causes the DL event-based acknowledgment
10 information to be sent using, for example, an event-based PAN field 250. After
processing at block 650 completes, execution of the example process 600 ends.
[0080] Returning to block 645 of FIG. 6A, if DL polled acknowledgment
information is to be sent during the given radio block period, control proceeds to block
655 at which the acknowledgment transmission unit 260 implements a duplicate
15 acknowledgment avoidance procedure and evaluates any associated acknowledgment
omission criteria because duplicate event-based and polled acknowledgments are
scheduled to be sent in the given radio block period being processed. In the illustrated
example, the acknowledgment transmission unit 260 is able to refrain from sending the
duplicate DL event-based acknowledgment information so long as the DL polled
20 acknowledgment information is to be sent in the same radio block period regardless of

whether the event-based and polled acknowledgment information are scheduled to be

sent in different time slots of the radio block period. In other words, although the DL
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215 or a PDAN control nessage 230 carrying DL polled acknow edgnent
information is also scheduled to be transmtted during the given period.
Wt h thatwOrronvnae822t he procedure 655 of FIG 7 begi ns eretutazor/@i3obl ock
705 at which the acknow edgnment transm ssion unit 260 in the nobile station
105 determ nes whet her eval uation of any acknow edgnent om ssion criteria
is enabled. If acknow edgnent omi ssion criteria evaluation is not enabl ed
(bl ock 705), control proceeds to block 710 at which the 5acknow edgnent
transm ssion unit 260 defaults to indicating that the DL event-based
acknow edgnent information to be carried by the event-based PAN 250 can be

omtted [ Lya i i cknpo .hformati on
A e e D e S S
and all aof t DL pol l ed acknow ed nt information i bstantially Iikely
fo be 1 et vdli Byl ReibBoas Rt BIE e o e et b A PHEexanp! ¢
procedure 655 then ends. [0084] However, if acknow edgnent om ssion criteria
eval uat i iknpwledamsnidatqrarbexistoby sertoimnig] capriveesd o blockhpPdT ko P18 agt  whi ch

t he acknow edgnment transm ssion unit 260 evaluates a channel quality

crit eri obothndi oahi-gedvhat paiedankestledghed itdbrodiamreed sdidbled yo Isatansini es a
threshold. If the estimated UL channel quality does not satisfy (e.g., is

15not5 gr gatsemhe kRBObREK perial. ThaknébE tenRBplititedoind et f\li@gke 715) , _
control proceeds to block 720 at which the acknow edgnent transm ssion unit

260 | : - Clel j ipdi i [ -4 he DL
eva H%E&\;ﬁ;wr% EhEled ?12198%@5%%%111?21‘0&&2&{@21%'(Q.%!,%‘f’égk!‘)_gm‘m%ﬁ%‘ﬁsecﬁ €

pol I ed ackno nment 1nformation Is smtted via a p ed PAN 215
or a PD rol _nessa 230. I f e DL . IIeFak‘nva d t information
s To ber tRanbrrry e SrERE arp el BaRn A e R o T D9ty SR deme b
proceeds. to bl ock 725 at which the acknow edgnent transm ssion unit 260
i ndi cat eSIRREIOR frgoplsodediinely swEed bk Adwlledigeht | M CrBRotBesBEecar r i ed
by the event-based PAN 250 cannot be onitted because there is a substanti al
| i kel i hoot) ¢arrywigd polled acknowledgment information. An example procedure for
10 implementing the processing at block 655 is illustrated in FIG. 7 and described in greater
detail below.
[0081]  After the duplicate acknowledgment avoidance procedure of block 655
completes, control proceeds to block 660 at which the acknowledgment transmission unit
260 determines whether the event-based acknowledgment information scheduled to be
15 transmitted is duplicated by the polled acknowledgment information to be reported and,
thus, can be omitted. If the event-based acknowledgment information scheduled to be
transmitted can be omitted (block 660), control proceeds to block 665 at which the
acknowledgment transmission unit 260 causes only the DL polled acknowledgment
information to be sent using, for example, polled PAN field 215 if the corresponding

20 acknowledgment poll decoded at block 610 was a poll-for-PAN message 210, or a PDAN

control message 230 if the corresponding acknowledgment poll decoded at block 610 was

- 44 -



not be received by the network elenent 110 if the event-based PAN 250 is
not sent and only the DL polled acknow edgnent information is sent by
ei t her t hwopollees2PAN 215 or the PDAN control nessage 2B0T/(Azemwios of the
exanpl e procedure 655 then ends. [0085]1f, however, the DL polled

acknow edgnent information is to be S5transmtted via the PDAN contr ol
nmessage 230 (block 720), or if the estimated UL channel quality does
satisfy (e.g., is greater than or equal to) the specified threshold (bl ock
715), control proceeds to block 730 at which the acknow edgment

transm ssion unit 260 eval uates a renaining acknow edgnent amount criterion

i ndi cati t tion to be
sent exc%%!’%ef-‘?ﬁregﬂ%%%é% e B B R e o B e Ton o
be sent (characterize Qr _exa t he |ffer en t he highest
BSN-of a6 Dl Ser GE SIS CEBUTIATY: S B F BwR00 BEN of al I bl ocks
not yet recelved successfully) exceeds the specified threshold (block 730),
control proced¥82t o Hpweker7ishagrssiebaspe pelinoniedamegeméonsean sdsdeled onever
if the remaining acknow edgnent information to be sent does not exceed t he
speci fi etk tatshreshaindot(tel @uikied B&)ausco i nwlduplicceedsthbr ibhoohstatdial [ 0086] At
bl ock 735, the acknow edgnent transm ssion unit 260 eval uates a downli nk

chanrel  RSSIhgBIMRRFodd Fn@iih Qivep&EidCiRhbN@nIBRICREG0T, kEnEaWibdebls ©hasurel
aSS|gnnent exceeds a threshold data rate or bandw dth. [f the downlink

channel Qﬂg@ﬂﬁqe%éﬁ%%aidgn%t #RRGLLi6H kil @@@&J% g@blcé&eﬁﬁ%ed control

proceeds to 725 20whose operation IS escrl above. However, if the
A g R e R N
250. Control then proceeds to block 675 at which the acknowledgment transmission unit
260 causes the DL polled acknowledgment information to be sent using, for example,
10 polled PAN field 215 if the corresponding acknowledgment poll decoded at block 610
was a poll-for-PAN message 210, or a PDAN control message 230 if the corresponding
acknowledgment poll decoded at block 610 was a poll-for-PDAN message 225. After the
DL acknowledgment information is caused to be sent at blocks 670 and 675, execution of
the example process 600 ends.
15 [0083]  An example procedure 655 to implement the duplicate
acknowledgment avoidance processing and associated acknowledgment omission criteria
evaluation at block 655 of FIG. 6A is illustrated in FIG. 7. With reference to FIGS. 1 and
2, the example procedure 655 of FIG. 7 begins under a condition that an event-based
PAN 250 carrying DL event-based acknowledgment information is scheduled to be
20 transmitted during a given radio block period being processed, and either a polled PAN
215 or a PDAN control message 230 carrying DL polled acknowledgment information is

also scheduled to be transmitted during the given period. With that in mind, the
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[ 0087] At bl ock 740, the acknow edgnent transm ssion unit 260 eval uates a
pol | ed response scheduling criterion indicating whether the DL polled
acknow edyoenti/azed2or mati on i s scheduled to be transm tt @dTiaa20tvogEosen
radi o bl ock period during which the DL event-based acknow edgnent
information is scheduled to be transmtted, or a 5later radi o bl ock period.
The poll ed response scheduling criterion has applicability primarily in
systens in which the acknow edgnment transm ssion unit 260 can al so refrains
fromsending the DL event-based acknow edgnent information if a polled
response sendi ng duplicate acknow edgnment information is scheduled to be

sent dur] i 4 . Y r.adi | peri od.

i1 the. o oRrEA BT GaPEAL AR A BrbeR RSB R bRt it
transmtted duﬁiqgf at er ragjo‘bloc gﬁgiod bl ock 74q&,_coqtrol pr oceeds
to bl ockT#BIRHESE b R hOROPLC Hady RV .Wlﬁg%ﬁé%ﬁr a4y A'RBY DL pol | ed
acknow edgnent information is scheduled to be transmtted during the sane
radi o bl oy menigynissien plteay éngnabled e df akRoslkHaaeRferRission OfitgEe i on (bl ock
740), control proceeds to block 710 whose operation is described above.

15[ 0088] Asilisiiowms nan ekblEed ®dlodkri/lan ceraoipirecdedplogsteck atld @mwhidnye some or al |
of the criterion represented by bl ocks 715, 720, 730, 735 and 740 may be

eval uat egtkhowtabeeni gsieidnamitine dkauey enfndhasediracka i edamied
information to be carried by the event-based PAN 250 can be omtted because

it is du%kggﬁﬁégéﬁggg%&ﬁﬁgiﬁ? RURSLAN @ hl i&&iébﬁ?@?&& 2‘3@ic%9b{]8m{etded by the

DL polle ment ormation to be carr 20 by either the polled

oA 215 Bl O R BRSBTS PSR PERSEL S
'l errenft:i?h%r ithrf]: p%llg(? %né ICSa(Eri th PIS)yAsl\tI ((:a(gPltr%cl) nmfecs)srarge 390, and all of the DL polled
acknowledgment information is substantially likely to be received by the network
10 element 110. Execution of the example procedure 655 then ends.
[0084] However, if acknowledgment omission criteria evaluation is enabled
(block 705), control proceeds to block 715 at which the acknowledgment transmission
unit 260 evaluates a channel quality criterion indicating whether an estimated UL channel
quality satisfies a threshold. If the estimated UL channel quality does not satisfy (e.g., is
15 not greater than or equal to) the specified threshold (block 715), control proceeds to block
720 at which the acknowledgment transmission unit 260 evaluates a polled response type
criterion indicating whether the DL polled acknowledgment information is to be
transmitted via a polled PAN 215 or a PDAN control message 230. If the DL polled
acknowledgment information is to be transmitted via the polled PAN 215 (block 720),
20 control proceeds to block 725 at which the acknowledgment transmission unit 260

indicates that the DL event-based acknowledgment information to be carried by the

event-based PAN 250 cannot be omitted because there is a substantial likelihood it will
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to 3GPP EGPRS Rel ease system by appropriately nodi fying 3GPP Techni cal
Specification (TS) 44.060, V7.17.0 (May 2009), which is hereby incorporated
by referanmoeoim2eg2s entirety. An exanple nodification t®C3EARIDBHIBHSO60 to
support the duplicate acknow edgnent avoi dance techni ques descri bed herein
is to replace the 5existing second paragraph of section 9.1.14.3 with the
followng text: [0090]"If the RLC endpoint receiver is the nobile station,
event - based FANR i s enabled for this tenporary block flow (TBF) and the
nobil e station has at | east one assigned TBF in the uplink direction, the
nobil e station shall insert one PAN field in an EGPRS RLC/ MAC bl ock for

data tr ?@@fb%rrec{elil\%ﬂ%m tbé S&%N%H{ élQI%Fl?t 1%“?& e@%h%a@éaoﬁKsz%b' ?90&9%‘1 Ofpdl haL

upl i nk 'écei Ve stai V(' N)
UNREPORTE ser e i n UNREPO?TED i f e PAN was
A et RS SR N ST R it f’éﬁ@ﬁfﬁt%d

during the radlo bl ock period in response to a poll (either for a PAN, for

an EGPRShpPREKEY cormlinpayre saCRP NAGK crgesalghe exrmpplp progad EGORSURACKET DOWNLI NK
15 ACK/ NACK TYPE 2 nmessage). The nobile station nmay continue to insert PAN
fields in subdégdkent FHERRScRIE NMAGotad acknbedddgnseninférmatihe isstarve radi o bl ock
period as long as there exists one or nore elenents in the receive state

arrays V(Mnswheseyis it BDAN INREROREER 330 @R BLGor & ths edinkli@riLdi agr am of
an exanpl e processing systen1800 capabl e 20of inplenenting the apparatus

and net haﬂﬁn@l'q%ﬁh ds DRIA) reB{e?%ﬁ%r@ Yo%ttﬁ ﬁ@ﬁhe‘&%ﬁ‘re@ﬁ?ﬂ& espond to,

for exanple e statlo cessi ng p orn1 networ k el ement

(block 715), control proceeds to block 730 at which the acknowledgment transmission
unit 260 evaluates a remaining acknowledgment amount criterion indicating whether the
amount of remaining acknowledgment information to be sent exceeds a threshold. If the

10 remaining acknowledgment information to be sent (characterized, for example, by the
difference between the highest BSN of all blocks received successfully and the lowest
BSN of all blocks not yet received successfully) exceeds the specified threshold (block
730), control proceeds to block 725 whose operation is described above. However, if the
remaining acknowledgment information to be sent does not exceed the specified

15 threshold (block 730), control proceeds to block 735.

[0086]  Atblock 735, the acknowledgment transmission unit 260 evaluates a
downlink channel assignment criterion indicating whether the downlink channel
assignment exceeds a threshold data rate or bandwidth. If the downlink channel
assignment exceeds the specified threshold (block 735), control proceeds to block 725

20 whose operation is described above. However, if the downlink channel assignment does

not exceed the specified threshold (block 735), control proceeds to block 740.
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processing platform a server, a personal conputer, a personal digital

assi stant (PDA), an Internet appliance, a nobile phone, or any other type
of conputwogodézesze. [ 0092] The system 800 of the iPOTICGA2D1060830B] €

i ncludes a processor 812 such as a general purpose progranmmbl e processor,
an enbedded processor, a microcontroller, 5 etc. The processor 812 includes
a local nenory 814, and executes coded instructions 816 present in the

| ocal menory 814 and/or in another nenory device. The processor 812 may
execut e, anong ot her things, machi ne readable instructions to inplenent the
processes represented in FIGS. 6A-B or 7, or both. The processor 812 may be

7
any type of p Si ni c re. r oQr fromthe
nrel Ur) Cent 108Dt 1) REBP I 40 T RS B e S BB AR B AR B Pl 1)
famly of m.croprocessors, the Intel (r) Itani un famly of

ot or otelBuGH NS SR Bk ieRoar ks kot Bt T Bl PP ks sisdenis one o
more m crocontrollers fromthe ARMr) famly of mcrocontrollers, the

Pl C(r) fafrmpatiop isyicBeddeshiorhs|tragpyitiedtig thegrivitpiagivdlodt esiod gpgae sdeshs from
other famlies are al so appropriate. 15[0093] The processor 812 is in
conmmuni ctitildnewint-hased rekmowiedmnant imfotnudiongs schedblad id i menonyedddBa and a
non-vol atile menory 820 via a bus 822. The volatile nmenory 818 nay be

i mpl eyrentaed rialo Sloak iperidRa Mg NeE e&poMRIeRNIu(iIRRAMerioPHAC hiPlaMiFtyDy nam ¢
Random Access annry ( SDRAM) , Dyngﬁic Random Access anﬂﬁgl(DRgsg, RANMVBUS

Dynami c mn: ‘ (=Y o MO of random
n@‘?ﬁr&?@ly dfg‘g?ﬁ%{.ﬁs Br{ﬁ\[e)ﬂ@( tl{erF@ﬂgérﬁ traﬂ%lzs(%lgﬂ'g%}ﬂ %EO .tcélrpfqg@

access non- v e nenory 8 e i npl enented by
T e AL
shown). WD 2011/ 022822PCT/ CA2010/ 001308 [ 0094] The conputer 800 al so
i ncl udesteaPPISAPEIHECEIPAFRIE g tnogded emgnb Ifpingitio] despd el to Tenhgiinge:
i npl enented by any type of interface standard, such as an Ethernet
radio block period later than the given radio block period. If the DL polled
10 acknowledgment information is scheduled to be transmitted during a later radio block
period (block 740), control proceeds to block 725 whose operation is described above.
However, if the DL polled acknowledgment information is scheduled to be transmitted
during the same radio block period as the DL event-based acknowledgment information
(block 740), control proceeds to block 710 whose operation is described above.
15 [0088]  As shown in FIG. 7, in an example implementation, any, some or all of
the criterion represented by blocks 715, 720, 730, 735 and 740 may be evaluated to
determine whether the DL event-based acknowledgment information to be carried by the
event-based PAN 250 can be omitted because it is duplicative and has a substantial
likelihood of being reported by the DL polled acknowledgment information to be carried
20 by either the polled PAN 215 or the PDAN control message 230.

[0089]  As yet another example, the duplicate acknowledgment avoidance

techniques described herein can be implemented in a communication system conforming
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interface, a universal serial bus (USB), and/or a third generation

i nput/output (3@ 0) interface. 5[0095] One or nore input devices 826 are
connect edwoaotine282at erf ace circuit 824. The input devi ceCI)CAR2B/00€3081t a
user to enter data and conmands into the processor 812. The input device(s)
can be inplenented by, for exanple, a keyboard, a nouse, a touchscreen, a
track-pad, a trackball, an isopoint and/or a voice recognition system

10[ 0096] One or nore out put devices 828 are al so connected to the interface
circuit 824. The output devices 828 can be inplenented, for exanple, by

di splay devices (e.g., a liquid crystal display, a cathode ray tube display

(CRD)), 3@%9%@&{&9&%/ LN S RERNBNen RS HILeLBP ey 824, thus,

typi cal I'y Tncl udes a car ace circuit 824

Card to PETIEIaR O S Rrngy o7 tE LR ‘@%?%Pﬁﬁfe%ogﬁ{aﬁ%?@g 12 & notuor k-

(e.g., an Ethernet connection, a dkgltal subscriber line (DSL), a telephone
line, comkirancednlsentirgtyeehn gnaample alodpivsrien XGRS d4HOR40 AHPPECPRS- conpl i ant
system etc.). [0098] The conputer 800 al so includes one or nore nass
st or age digliceesicB80vI20fmant at@damyg tsdhiquas desanteddatran iBoanpheasthof such nmass
storage devices 830 include floppy disk drives, hard drive disks, conpact
di sk Hri yasimndcsidgiaraptesrsatidn®. dilsR WiBMB): felldwias text:
[0090] “If the RLC endpoint receiver is the mobile station, event-based FANR
is enabled for this temporary block flow (TBF) and the mobile station has at least one
assigned TBF in the uplink direction, the mobile station shall insert one PAN field in an
EGPRS RLC/MAC block for data transfer transmitted during a given radio block period
10 for that uplink TBF if the state of any element in the receive state array V(N) is
UNREPORTED and would otherwise remain UNREPORTED if no event-based PAN
was transmitted, taking into account any ACK/NACK information transmitted during the
radio block period in response to a poll (either for a PAN, for an EGPRS PACKET
DOWNLINK ACK/NACK message, or for an EGPRS PACKET DOWNLINK
15  ACK/NACK TYPE 2 message). The mobile station may continue to insert PAN fields in
subsequent EGPRS RLC/MAC data blocks sent in the same radio block period as long as
there exists one or more elements in the receive state array V(IN) whose state is
UNREPORTED.”
[0091] FIG. 81s a block diagram of an example processing system 800 capable

20 of implementing the apparatus and methods disclosed herein. The processing system 800

can correspond to, for example, a mobile station processing platform, a network element
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The mass storage device 830 nmay store the receive state array V(N) 235.
Alternatively, the volatile nenory 818 may store the receive state array
V(N) 235.wpQ0tgp2e2an alternative to inplenenting the nmeChah0BvIdl30s

appar at us described herein in a systemsuch as the device of FIG 8, the
met hods and or apparatus 5descri bed herein may be enbedded in a structure
such as a processor and/or an ASIC (application specific integrated
circuit). [00100] Finally, although certain exanple nethods, apparatus and
articles of manufacture have been described herein, the scope of coverage
of this patent is not limted thereto. On the contrary, this patent covers

| h i thi
e Zeonl B PRERARES S0P ELE rSRROMTRL LB L TR 1
equi val e | s: A nmet hod for a.nobile station

S l's O
o T oL ey a0t P B s N S PP BT PR i *t e ot hod

conpri si ng: cIaSS|fy|ng a downlink data bl ock as unreported;
[0092] ~ The system 800 of the instant example includes a processor 812 such as

a general purpose programmable processor, an embedded processor, a microcontroller,

5 etc. The processor 812 includes a local memory 814, and executes coded instructions
816 present in the local memory 814 and/or in another memory device. The processor
812 may execute, among other things, machine readable instructions to implement the
processes represented in FIGS. 6A-B or 7, or both. The processor 812 may be any type
of processing unit, such as one or more microprocessors from the Intel® Centrino®

10 family of microprocessors, the Intel® Pentium® family of microprocessors, the Intel®
Itanium® family of microprocessors, and/or the Intel® XScale® family of processors,
one or more microcontrollers from the ARM® family of microcontrollers, the PIC®
family of microcontrollers, etc. Of course, other processors from other families are also
appropriate.

15 [0093] The processor 812 is in communication with a main memory including
a volatile memory 818 and a non-volatile memory 820 via a bus 822. The volatile
memory 818 may be implemented by Static Random Access Memory (SRAM),
Synchronous Dynamic Random Access Memory (SDRAM), Dynamic Random Access
Memory (DRAM), RAMBUS Dynamic Random Access Memory (RDRAM) and/or any

20 other type of random access memory device. The non-volatile memory 820 may be
implemented by flash memory and/or any other desired type of memory device. Access

to the main memory 818, 820 is typically controlled by a memory controller (not shown).
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5receiving a poll froma network requesting the nobile station to send
pol | ed acknow edgnent information during a period; and refraining
from sendwvogodumesrg t he peri od event - based acknow edgremrCTiaa2oromatiosn f or
the downlink data block classified as unreported. 102. A nmethod as defi ned
inclaiml further conprising sending the polled acknow edgnment i nformation
during the period. 3. A nethod as defined in claiml further conprising
sendi ng during the period the event-based acknow edgnent information for
t he downl i nk data bl ock when 15an acknow edgnment om ssion criterion

i ndi cates the polled acknow edgnent information is substantially likely to

0L P ot VoRTPh L sh be he AEGE, RRa g etk it
Bcknol oI G GITGRETE SLHGARE PG ERT REN TRt HbEPEREl ved
conpletely by the network when an estimted uplink channel quality is |ess
than a tHteEkelauniymep! serdil Gus €858 hapd/phethysl deaeratiek How/ edgne ABIPhf or mat i on
is bsubstantially likely to be received conpletely by the network when the
est i mat eohtanfpce.nk channel quality is greater than or equal to the threshol d.
5 [0095] One or more input devices 826 are connected to the interface circuit
824. The input device(s) 826 permit a user to enter data and commands into the
processor 812. The input device(s) can be implemented by, for example, a keyboard, a
mouse, a touchscreen, a track-pad, a trackball, an isopoint and/or a voice recognition
system.
10 [0096] One or more output devices 828 are also connected to the interface
circuit 824. The output devices 828 can be implemented, for example, by display devices
(e.g., a liquid crystal display, a cathode ray tube display (CRT)), by a printer and/or by
speakers. The interface circuit 824, thus, typically includes a graphics driver card.
[0097] The interface circuit 824 also includes a communication device such as
15 amodem or network interface card to facilitate exchange of data with external computers
via a network (e.g., an Ethernet connection, a digital subscriber line (DSL), a telephone
line, coaxial cable, a cellular telephone system such as an EGPRS-compliant system,
etc.).
[0098] The computer 800 also includes one or more mass storage devices 830

20 for storing software and data. Examples of such mass storage devices 830 include floppy

disk drives, hard drive disks, compact disk drives and digital versatile disk (DVD) drives.
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5. A nmethod as defined in claim3 wherein the acknow edgnment om ssion
criterion indicates that the polled acknow edgnent information is

subst ant ivDI2911G2ke2by t 0 10not be received conpl et el y byPChaAzetivorioswhen an
estimated uplink channel quality is |less than a threshold and the polled
acknow edgnent information conprises a piggybacked ACK/ NACK (PAN) field to
be sent by the nobile station according to an enhanced general packet radio
service (EGPRS) polled fast ACK/ NACK reporting (FANR) procedure, and
wherein the acknow edgnent omi ssion criterion indicates that 15 the polled
acknow edgnent information is substantially likely to be received

conpl ete At e i1 i nel ity is

ar oat or T Hsa G REI AR S IR AR BTUBE SR Yo A b
infornationgQ riseségg ACK/INACK field to be §§§§§@¥ the nobile station in
an EGPRST& CRUBRt TG M EREJRS OO SE 1Y 2 1 CA2010/ 001308

6. A nmethod as defined in claim3 wherein the acknow edgnent om ssion
criterion indi0®8%ks thae alitieaths!tp édplalenond egneshedsianflor gRRATEHS | s
substantially likely to not be received conpletely by the network when a
remai ni ndesanoaditeraf ime kysoah egdgnenbe daviar ofdtlGoR, the nsdnrds ksd gr gghertust han or
equal to a threshold, and indicates that the polled 5acknow edgnent

i nf orsrat §Q6rib&! Kds haticanhbediékial dstiuetupes Ucace h\vestccBh@beiy ABIC t he _
networ k when the remaini ng anount of acknow edgnent information to send is

| ess thap, theibheshe!l Qieorated circufry. A Method as defined in claim3 wherein
t he ackng@ké dneﬁﬁ oﬁ%séﬁg%elgg?ﬁgérion i ndi cates that the polled

acknow edgnent i pformation s substanti al |l ikely to not be .recejved

corp et el by AR PR b F i el e Yad QS P e §l ot e

than or equal to a threshold, and.indicates that the polled acknow edgnent

i nf or mat MeRURGUEfIsye Spgn daseybadiheeqiy theysqore pheiees o SipPEERIy 1Yy t he

net wor k when t he downl i nk channel assignnment is |ess than the threshold.
limited thereto. On the contrary, this patent covers all methods, apparatus and articles of

10 manufacture fairly falling within the scope of the appended claims either literally or

under the doctrine of equivalents.
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15 8. A nethod as defined in claim1l wherein the event-based

acknow edgnent information conprises a PANfield to be sent by the nobile
station awoapdimes2eo0 an EGPRS event - based FANR pr ocedur @CorCA2n0ACKI0BIACK
field to be sent by the nobile station in an EGPRS ACK/ NACK contr ol

message. 20 WD 2011/ 022822PCT/ CA2010/ 001308 9. A nethod as defined
in claiml wherein the polled acknow edgnent information conprises at | east
one of a PAN field to be sent by the nobile station according to an EGPRS
pol | ed FANR procedure or an ACK/NACK field to be sent by the nobile station
in an EGPRS ACK/ NACK control nessage. 5 10. A method as defined in
claim1l W}l%[ ‘i@lm e%sl§.i fying the downlink data bl ock as unreported conprises
setting an el'enent of a receive state array to an unreported state, the

el ement correspondin 0,the dgwnlink data bl ock. 1011. A tangible article
of manuf acturg' stof\irﬁﬁh%éﬁiaﬁ’é&?m@asﬂaé’ﬂpéo? : Eot“ieB‘igV%“lbéW% when execut ed,
cause a machine to: configure the machine to send event-based

acknow edfdentedementiptrmghon, dhawsihpg camgewngi nk dat a bl ock as unreported;
receiving a poll froma network requesting the nmachine to send polled
15acknow edgndngsifiymfeordretrliok ddurtilogk @& ymerpoodd: and refrain from

sendi ng during the period the event-based acknow edgnent information for
the downlink gagi@indlQekl b asichi @d réficuniaReiddde shiofd @Agipblial articl e of
manuf acture as defined in claim1l erein the

acknowledgment information during a period; and
refraining from sending during the period event-based acknowledgment

information for the downlink data block classified as unreported.

10 2. A method as defined in claim 1 further comprising sending the polled

acknowledgment information during the period.

3. A method as defined in claim 1 further comprising sending during the
period the event-based acknowledgment information for the downlink data block when
15 an acknowledgment omission criterion indicates the polled acknowledgment information

is substantially likely to not be received completely by the network during the period.
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20machi ne readabl e i nstructi ons, when executed, further cause the machi ne
to send the polled acknow edgnent information during the period. WO

2011/ 022820RCTi/22€2010/ 001308 13. A tangible arti ece/@20meoufoact ur e
as defined in claim11l wherein the machi ne readabl e instructions, when
executed, further cause the machine to: eval uate an acknow edgnent

om ssion criterion indicating whether the polled acknow edgnent information
is substantially likely to not be received conpletely by the 5network
during the period; and send during the period the event-based

acknow edgnent information for the downlink data bl ock when the

acknow edgmeny - om ﬁ%&ﬁ?cg 1‘ @e?ﬁ%}e@éﬁ %/191;% %F]qt%?eti)ﬁ fig a@EAéxﬁgd@gérﬂrﬂp l%migsﬁjoq{mm

information i s substan 0 no e receive y by the

network during. the period. 10 4. A tangible article of manufacture
as defi n‘ér&e%‘g@fjh‘iaﬁg fhat \?J}?é?oi‘?ﬂ a‘flﬂ@wé?/jé%‘?i‘?“bé{‘sf‘ér&%é‘&ﬁ ﬁ%wbé‘é‘aﬂﬁg‘rﬁmi%f Brmati on
conprises a first piggy-backed ACK/ NACK (PAN) field to be sent by the

machi ne BRdSreehgdiconiretdi harnkerrtyerkeybin peskertadamilisk sbancbeualiIBEPRS)
event - based fast ACK/ NACK reporting (FANR) procedure or a first 15 ACK/ NACK
field tolebethgenathrbsholdendracidans tha tige palledtacEERRE] G MAGKh@@0tis 0l nessage,
and wherein the polled acknow edgnent information conprises at |east one of

a secpndsBAinfialgl gkl ProaR Seditedonifl@cRBENhO BetdeeohdenthetearRieEGHRS pol | ed
FANR procedure or a second ACK/INACK field to be sent by the machine in a

second EGRRR AGIWACK 5P tHaRor BESE 89e 20eshold.

5. A method as defined in claim 3 wherein the acknowledgment omission
criterion indicates that the polled acknowledgment information is substantially likely to
10 not be received completely by the network when an estimated uplink channel quality is
less than a threshold and the polled acknowledgment information comprises a piggy-
backed ACK/NACK (PAN) field to be sent by the mobile station according to an
enhanced general packet radio service (EGPRS) polled fast ACK/NACK reporting
(FANR) procedure, and wherein the acknowledgment omission criterion indicates that
15 the polled acknowledgment information is substantially likely to be received completely
by the network when the estimated uplink channel quality is greater than or equal to the
threshold, or the polled acknowledgment information comprises an ACK/NACK field to

be sent by the mobile station in an EGPRS ACK/NACK control message.
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WD 2011/ 022822PCT/ CA2010/ 001308 15. A nobile station conprising: an
event - based acknow edgnent processor to generate event-based acknow edgnent
i nf or mat iwo 2bawo2a82downl i nk data bl ock cl assified as unr epdrtseadio/miiesl | ed
acknow edgnent processor to generate polled acknow edgnent 5information in
response to a poll received froma network; and an acknow edgnent
transm ssion unit to refrain fromsendi ng the event-based acknow edgnent

i nformation during the period when the polled acknow edgnment information is
al so to be sent during the period. 1016. A nobile station an defined in

cl aim 15 wherein the acknow edgnent transm ssion unit is to send the
event - based agkno A nf i ring..t i .1.he pol |l ed
acknomﬁedgnen?’in?%ﬁ%% ﬁgﬁ*?%“%%ﬂF@%ﬁg%q@%ﬁ?gﬁﬁp§%§§{%§£%%?%ﬁ%&“ﬁ} t he
pol | ed acknowl edgnent i nforpmation i 0 be.sent during the period and the
ol | o aCkAGW BAGABn (! ArorHay oo dedidiedt imvaer b8 inatet ATy Biantr a

| i kel i hood of not being 15received conpletely by the network during the
peri od. NWbHeZerr1yedZo8P b@mm@wgtkl\gg@ a remaining gmowted prkovdedanmanh as
defined in claim16 wherein the acknow edgnent transm ssion unit is to

det er m naafdérhation hesepdlid gdatacthnow eggirend thirevholdnatd iodich@s thait selhpstlant | a

| i keli hood of not being received conpletely by the network when an

est i nat egtkupividakmehainnghaGo@lsistiisthiiial |9 Siketyname @edehre@%b@&pf&elﬁa?i tiiche
acknow edgnment transm ssion unit 5is to determne that the polled

acknow eﬁ'&%fkt Whéﬂ( @& %}Bé{iﬁirﬁg h!iﬂﬁ)uﬁt éﬂi&ﬁﬁ&%h Erheﬂtiiﬁi%hhgt?&pto send is less than

the threshold.

7. A method as defined in claim 3 wherein the acknowledgment omission
10 criterion indicates that the polled acknowledgment information is substantially likely to
not be received completely by the network when a downlink channel assignment is
greater than or equal to a threshold, and indicates that the polled acknowledgment
information is substantially likely to be received completely by the network when the

downlink channel assignment is less than the threshold.

15
8. A method as defined in claim 1 wherein the event-based acknowledgment
information comprises a PAN field to be sent by the mobile station according to an
EGPRS event-based FANR procedure or an ACK/NACK field to be sent by the mobile
station in an EGPRS ACK/NACK control message.
20
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of being received conpletely by the network when the estimted uplink
channel quality is greater than or equal to the threshol d. 18. A
nobi | e stwi2on/@gs2def i ned in claim 16 wherein t he acknowrCednrei001308
10transm ssion unit is to determ ne that the polled acknow edgnent
information has a substantial |ikelihood of not being received conpletely
by the network when an estimated uplink channel quality is less than a

t hreshol d and the polled acknow edgnent information generated by the polled
acknow edgnent processor conprises a piggybacked ACK/ NACK (PAN) field to be
sent by the nobile station according to an 15 enhanced general packet radio

acknow edgment. ¢ andinaf Breit ML PRk TRe SOt T BRERARNE, = the
acknow edgnent. i nformati o has a sulggg Fgltgl al i k%l i hood of being received
conpl et eﬁngofwtlf’ﬁé‘)fﬁgﬁl?ﬁérak GHERe Phd Ifgie ge oplt PHRCRaN R A ial i ty i s
greater than or equal to the threshold, or the polled acknow edgnent

i nf or mat isArdEneratEgPRy pohed BoNRadoagugckigwh e qK fpdeekswnt Bonmpri ses
an ACK/NACK field to be sent by the nobile station in an EGPRS ACK/ NACK
control tessdgle.stavitn 2041 EGPRS22CKMN ABROLDrODh8G38219. A nobil e station as
defined in claim 16 wherein the acknow edgnent transm ssion unit is to
deteryni ne that the polled acknow edgnent information has a substanti al

| i kel i hood of not being received conpletely by the network when a renaining

amount of - ackpew eﬁQﬂé’tE&d WP QRint © wifRdh El%ss%gﬁ?gttﬁé d{;xgﬁ‘li 10 £qual to a

t hreshol d, 5and t he acknow edgnent transm ssion uni eterm ne that

t he pol |l gd acknow edgnent .i nf ormati on ha substantial likelihoo f being
Fooer ved R Sry Hy TR P BBk E oo FERRE AP bR bRPOed

acknow edgnent information to send is | ess than the threshold. 1020. A

nobi | e st'&€i BA clsgegeeqrrsaondingiodhaasnkitetds hlockhe acknow edgment

10 11. A tangible article of manufacture storing machine readable instructions
which, when executed, cause a machine to:
configure the machine to send event-based acknowledgment information;
classify a downlink data block as unreported;
receiving a poll from a network requesting the machine to send polled
15  acknowledgment information during a period; and
refrain from sending during the period the event-based acknowledgment

information for the downlink data block classified as unreported.

12. A tangible article of manufacture as defined in claim 11 wherein the
20  machine readable instructions, when executed, further cause the machine to send the

polled acknowledgment information during the period.
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transm ssion unit is to determ ne that the polled acknow edgnent
I nformati on has a substantial |ikelihood of not being received conpletely
by the neveankvozkseea a downl i nk channel assignnent is gr@eaTarA2otvamni1®s equal
to a threshold, and the acknow edgnent transm ssion unit is to determ ne
t hat the polled acknow edgnent information has a 15substantial |ikelihood
of being received conpletely by the network when the downlink channel
assignment is |ess than the threshol d.
13. A tangible article of manufacture as defined in claim 11 wherein the
machine readable instructions, when executed, further cause the machine to:
evaluate an acknowledgment omission criterion indicating whether the polled
acknowledgment information is substantially likely to not be received completely by the
5 network during the period; and
send during the period the event-based acknowledgment information for the
downlink data block when the acknowledgment omission criterion indicates the polled
acknowledgment information is substantially likely to not be received completely by the
network during the period.
10
14. A tangible article of manufacture as defined in claim 11 wherein the
event-based acknowledgment information comprises a first piggy-backed ACK/NACK
(PAN) field to be sent by the machine according to an enhanced general packet radio
service (EGPRS) event-based fast ACK/NACK reporting (FANR) procedure or a first
15 ACK/NACK field to be sent by the machine in a first EGPRS ACK/NACK control
message, and wherein the polled acknowledgment information comprises at least one of a
second PAN field to be sent by the machine according to an EGPRS polled FANR
procedure or a second ACK/NACK field to be sent by the machine in a second EGPRS

ACK/NACK control message

20
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15. A mobile station comprising:

an event-based acknowledgment processor to generate event-based
acknowledgment information for a downlink data block classified as unreported;

a polled acknowledgment processor to generate polled acknowledgment
information in response to a poll received from a network; and

an acknowledgment transmission unit to refrain from sending the event-based
acknowledgment information during the period when the polled acknowledgment

information is also to be sent during the period.

16. A mobile station an defined in claim 15 wherein the acknowledgment
transmission unit is to send the event-based acknowledgment information during the
period when the polled acknowledgment information is not to be sent during the period,
or the polled acknowledgment information is to be sent during the period and the polled
acknowledgment information is determined to have a substantial likelihood of not being

received completely by the network during the period.
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17. A mobile station as defined in claim 16 wherein the acknowledgment
transmission unit is to determine that the polled acknowledgment information has a
substantial likelihood of not being received completely by the network when an estimated
uplink channel quality is less than a threshold, and the acknowledgment transmission unit
is to determine that the polled acknowledgment information has a substantial likelihood
of being received completely by the network when the estimated uplink channel quality is

greater than or equal to the threshold.

18. A mobile station as defined in claim 16 wherein the acknowledgment
transmission unit is to determine that the polled acknowledgment information has a
substantial likelihood of not being received completely by the network when an estimated
uplink channel quality is less than a threshold and the polled acknowledgment
information generated by the polled acknowledgment processor comprises a piggy-
backed ACK/NACK (PAN) field to be sent by the mobile station according to an
enhanced general packet radio service (EGPRS) polled fast ACK/NACK reporting
(FANR) procedure, and the acknowledgment transmission unit is to determine that the
polled acknowledgment information has a substantial likelihood of being received
completely by the network when the estimated uplink channel quality is greater than or
equal to the threshold, or the polled acknowledgment information generated by the polled
acknowledgment processor comprises an ACK/NACK field to be sent by the mobile

station in an EGPRS ACK/NACK control message.
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19. A mobile station as defined in claim 16 wherein the acknowledgment
transmission unit is to determine that the polled acknowledgment information has a
substantial likelihood of not being received completely by the network when a remaining
amount of acknowledgment information to send is greater than or equal to a threshold,
and the acknowledgment transmission unit is to determine that the polled
acknowledgment information has a substantial likelihood of being received completely
by the network when the remaining amount of acknowledgment information to send is

less than the threshold.

20. A mobile station as defined in claim 16 wherein the acknowledgment
transmission unit is to determine that the polled acknowledgment information has a
substantial likelihood of not being received completely by the network when a downlink
channel assignment is greater than or equal to a threshold, and the acknowledgment
transmission unit is to determine that the polled acknowledgment information has a
substantial likelihood of being received completely by the network when the downlink

channel assignment is less than the threshold.
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