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sharing the available system resources. Examples of such multiple-access systems
include Code Division Multiple Access (CDMA) systems, Time Division Multiple
Access (TDMA) systems, Frequency Division Multiple Access (FDMA) systems,
Orthogonal Frequency Division Multiple Access (OFDMA) systems, and so on.
[0004] A wireless communication system utilizes a physical layer that transmits
data using a coding and modulation scheme selected to achieve a target packet error rate
(PER) and latency. The PER may be limited by the coding and modulation scheme
selected. Additionally, the PER may be limited by the performance of the feedback at
the physical layer. For example, a physical layer negative acknowledgement (NAK) for
a packet may be incorrectly decoded as a positive acknowledgement (ACK) 2% of the
time, resulting in 2% of the packets being incorrectly acknowledged. The target PER
may not be sufficiently low for some applications. For example, a physical layer
designed to support voice packets at a PER of 1% and a latency of 40 millisecond (ms)
may not efficiently support an HTTP browsing application or an FTP download, either
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acknow edgnment ( NAK) - basesSiUMMARK nechani sm wher eas
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RLP may utilize a negative acknowledgment (NAK)-based feedback mechanism
whereas the RL RLP may utilize an acknowledgment (ACK)-based feedback
mechanism. The NAK-based FL RLP may transmit each RLP frame once, starting in
sequential order, and may retransmit RLP frames out of sequence when they are not
received correctly. The ACK-based RL RLP may transmit RLP frames in sequential
order, one frame at a time until the frame is received correctly or the maximum number
of transmissions has been attempted for the frame. The asymmetric RLP designs take
advantage of different characteristics for the forward and reverse links to improve
performance, as described below.

[0008] For the NAK-based FL. RLP, an access point may set a retransmit timer
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|G 5 shows data transm ssion with a NAK-based RLP.
[0012] FIG. 2 shows an exemplary protocol stack.

[0013] FIG. 3 shows a block diagram of an access point and a user terminal.

[0014] FIG. 4 shows an exemplary RLP frame format.

[0015] FIG. 5 shows data transmission with a NAK-based RLP.

[0016] FIG. 6 shows the content of a re-assembly buffer at the user terminal.

[0017]  FIGS. 7 and 8 show processes performed by a forward link transmitter (FL
TX) RLP entity for data transmission on the forward link.

[0018] FIGS. 9 and 10 show processes performed by a forward link receiver (FL
RX) RLP entity for data reception oﬂ the forward link.

[0019] FIG. 11 shows data transmission with an ACK-based RLP.

[0020] FIG. 12 shows a process performed by a reverse link transmitter (RL TX)

RLP entity for data transmission on the reverse link.
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(UT) may be fixed or mobile and may also be called a mobile station, a user equipment
(UE), a wireless device, a handset, or some other terminology. Each user terminal may
communicate with one or multiple access points on the forward link and/or reverse link
at any given moment. The forward link refers to the communication link from the
access points to the user terminals, and the reverse link refers to the communication link
from the user terminals to the access points. The access points further communicate
with an operation and management (O&M) center 130 via a data network 120 (e.g., the
Internet). O&M center 130 performs a number of functions such as, for example,
authentication and authorization of the user terminals, accounting, billing, and so on.

[0025] FIG. 2 shows an exemplary protocol stack 200 that may be used by wireless
network 100. Protocol stack 200 includes higher layers 210 that implement an Internet
Protocol (IP) layer, an RLP layer 220, a Medium Access Control (MAC) layer 230, and
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carry multiple (whole or partial) data packets. The RLP layer may send both packet
data frames and control data frames. An RLP PDU may contain RLP frames from one
or multiple RLP flows. Additionally, an RLP PDU may contain RLP frames from
multiple users, referred to as a multi-user RLP PDU. For simplicity, the processing by
the MAC and physical layers is not described below unless pertinent to the present
disclosure. The RLP frames may be considered as the data being transmitted over the

air.
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retransmission of the missing data. A retransmit timer 322 facilitates retransmission of
the last RLP frame to flush out the buffer. A NAK timer 372 facilitates retransmission
of NAKs. These timers are described below.

[0031] For reverse link data transmission, at user terminal 150x, a buffer 378
receives and stores data packets from higher layer applications. An RL TX RLP entity
380 performs RLP processing on the data packets in buffer 378 and provides RLP
PDUs. A MAC/PHY TX processor 382 performs reverse link MAC and physical layer
processing on the RLP PDUs from entity 380 and provides a stream of data samples. A
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[0035] In an embodiment, the FL RLP and RL RLP are different in design and are
asymmetric. The asymmetric RLP designs may be quantified by different feedback
mechanisms used for the FL. RLP and RL RLP, different data transmission mechanisms
used for the forward and reverse links, and so on. The asymmetric RLP designs take
advantage of certain characteristics of the forward and reverse links to improve
performance, as described below.

[0036] FIG. 4 shows an exemplary RLP frame format that may be used for both the
forward and reverse links. For each link, the TX RLP entity provides an RLP PDU 410



PHY ACKs are sent via the forward link to user

term nal 150x and provided to RL TX RLP entity 380,
wohb@hormsti ates retransm ssion og franes not PeETRISY®E014850

correctly. The FL RLP and RL RLP are described in

detail below 1In general, ACK and/or NAK feedback may

& SRAtsIAY(of Iasch%&snﬁﬁ@orﬁ@feraaw& vhiKddte edl sk txﬁﬁétmtted RLP

al so be sent by the physical layer. If the PHY ACK/ NA

ﬁ’&l&l BaR leamiss oae @ veultiple LR &ramss 430 fer omm@mmpﬁ@IQEEP ﬂows and

AR AL Aok e PRl 3, BSRE SRR . e
axpCi wiylday Bidghelcettespbhdifg RIMARDIBYiz €ori dach Qlitit mhykbb d&ermined
signal, and vice versa. The transm ssion_of

passdipncyeriogs factass fsleﬁhwa tlee Aot &f Egsgurces ﬁi&@aﬁeé Tt &t transmission
[ b [ .
éﬁngri%tcpggma g\ggees pol n?ﬁ % l?}%ﬁ%]se grs& Ztﬁjnco;)(gﬁg %@giﬁ baulation
selsqpectsed €byythe Mﬁrremtyslaxmaﬁdsso?,&i he REPPBYUGiz mpaypchaage from slot
codes. and data used eyécongtl El lLers_ 350 and 390
At

2 $105 BB TPy ooz b BibRth thecangmifter and gegefver (e-g., via
@g,&@lﬁga G Rhm pw birBleSre 9 id BK nﬂEcﬁﬁ%% BBl 2880 %Béttempt to

t he”’forward User term Ox may transm
tdhe)cbamltmdtt aypathesee foom reuktlbispt of zovbamtipns of sillowed oding and

PRSP At A P LD R bty T (CRGHE iy T vatid

tmmmp@iwgs%gelaéad for reverse link data transm ssion
fromuser termnal 150x to access point 110x. [0035

[003h endvoen ﬁ@h@dmtenta epth RLP Gpme R20Anfudgsea Hedder prtha payload.

he SRS LB s SRR for R RAPYNIRL 655 Bbfribed in Table 1

e fp&?lo‘é&@aﬂ&@ dafadfor fHéGZ{lEIL ﬁBhiB andnBRheRbmbodiirleh et RLP frame
data transm ssion nechani sns used for the forward and
medydpelade a HREer. and so on. The asymmetric RLP designs

t ake advantage of certain char acteristics of the

forward and reverse ’%’f% Ig)i\é%ogﬁgnformamce as
| G

descri bed bel ow. [00 ovvs an exerrpl ary RLP

=

'r

i £ o
H-afe_Toftaty trat—ay be—used—for—both—the—fForward——atd

reveFi®dd| i nkis. For each |ink, tHhReSERPHOP entity

PT QY4 K" %!dgl}tﬁﬁpf%% ﬂp%%ﬁbgggaa@g& by ﬂﬁsLRLP frame.

transmssl o er /a whlc

t r afyiNtmed. S%lqﬁer&@hiuﬁﬂ)@r foathd fst dateunit imthe Dagl fel®RL P

. o . ,
paddthdi o7 [BAGFEER A UPoCHEN R Bt FoFRr ke RABPDU.
paylQagdif or [thidicas e lenbioMhcTRAYHQAd and the

det eMatned | Contains the data payload for the RLP frame.

[0038] The Flow Num field indicates the identifier for the RLP flow being carried
by the RLP frame. Each RLP flow is assigned a unique flow number. The RLP flow
number allows the TX RLP entity to multiplex different multiple RLP flows onto the
same RLP PDU and further allows the RX RLP entity to demultiplex the RLP flows
from the RLP PDU. Each flow may be associated with a different QoS and define
different RLP parameters. For example, each flow may define a different maximum
number of retransmissions; ACK and NAK, NAK only, or no feedback; and so on.

[0039] In one embodiment, for each link, each octet or byte of data in each packet

data stream may be assigned a sequence number. In another embodiment, each frame




based on various factors such as the amount of

resources allocated for data transm ssion in the
wouosemnto2s| ot , the spectral efficigency achi evedChypsdve/ 014850

codi ng and nodul ati on schenme used for the current

slot, and so on. The RLP PDU size may change from sl ot

tfaEhdhssipibd b SefiPO n@mb&VhER tHE fafeaikeiiaP ik, HAL clarity in the

transmtter and receiver (e.g., via signaling). For

deBensing degeripdioni a/d¢ta ppkds ysed gcxée@énbmgﬂ ectety adi@nena packet, or some

S y e . b Ayl L s.froma .
SU P L BB s YRGB hubein
nfofl ehali pavikets diarseeamngd indepeaday aifithe seglisnckanambetac kor all other

(CRC) to determne_if a valid RLP PDU was recejved.
[ReOkeH] ditaasireambiodi bRt SequgRes mumber spHowsodoy rfckueieledgment and

HERABRI A0 6 AON 1 nie iR EadAOARRL: B dlcll, PHI¥IRLLAe number fals
Teilig alrangbef eyl gad 1Gartckes, Waha nhfiibet B€ btk séd &ethe sequence
Li anot her enbodi nent, each RLP frame maé i ncl ude a

fougitiesr Th sdgjuence nunilieEinE stante fildor frgoef 6038} 1THenRymeps around to 0
Num field indicates the identifjer for the RLP flo .
e sgnates; cEeo S Rutfnla Rt hitieypgc b, gfghe frst data uni
aRfiidd1e theeDMR RUELS thORTPUTERRY, . The RLP flow nunmber

allows the TX RLP entity to nultiplex different

09401 p| eThe M ledvickhindicates vdhether RupthpOBLENGame milldpllow in the

RLR et i [.tipl t | ows .
AL, BB ES o R MG, S SR s e
RIF 6aees, thaSthe MF ded fisld foi édcarRan il (Baep R @icSlastFULP frame)
exanpl e, each flow may define a_ different naxi

rghBeips Gt gothes iR Game gl follow e RAR PWK%%TR’[B And field for
NRe E]a%F Iﬁ?%‘:ﬁémé BehiSReOCthat hg gﬁ%l b ARG AUROR tq}ée Phngth field

eac each octet or te of data in each pac
dadieated the dengthagf the Datssfigihed a sequence nunber. In

er ' each.franmemy be assigned a L
3@@‘{}3nc e_%ﬂ%ﬁggﬁn%ﬁ & VERRbl¢ ?%%T’iag?%chﬁage {pcfagh sippput this size is
%ndlvh By bothithe thRbhM B8q A&IEEE Rir QR beld %ﬁ'xﬁnéﬁ]b& the receiver as
used to describe an octet, a frame, a packet, or” sone
alebatbedaboverf THaRd.R PR insy assp onatoedudiiplh RLE éguwesc ®adding is

PR & PRI AP b L iR e oRCR BB i T he Pading

Held RtdeprmRRAKSLthe 81z8s 61 IPRNP frahlt8 cERRMYIGRe RIUPIEDU and the size
all ows for acknow edgnent and retransm ssion of each

A the Elhlif’ PDlh Véé@lﬂis satskained by &;%Mﬁé%\mquade sequence
| thi tg 3l 1, j :
HEPA o, G- 4 i, S Soepits Yo B i and P PDU. S Varions

other formats may also be used for the RLP frame and RLP PDU, and this is within the

scope of the invention.

[0043] In an embodiment, the reliability of the RLP for each link is configurable by
selecting the maximum number of retransmission attempts allowed for each data unit of
data. The reliability (and thus the maximum number of retransmissions) may be
determined by the quality of service (QoS), the application type, and so on. Among all
RLP flows being sent, RLP frames may be selected for transmission in accordance with

the QoS or some other priority scheme for these RLP flows.



nunber. The sequence nunbering starts fromO0O, goes to
2L - 1, then waps around to O and continues. The Seq
wolamsfoorl2sl carri es the sequence Rgnber of the PCTAIS2005/014850
data unit carried in the Data field of the RLP frane.
[0040] The MF Ind field indicates whether another RLP

framesw e RLP PDU, where the "M"
st an_d%' fwé%kg

If the RLP PDU carri es

pI R frane .t he l.q.f .
|k &t S bty St i B pEFREP now ity
EMAKD[%E@FL RIP. f Tie&ceds goirdt @bdnntially ﬁrmnﬁdsmmﬂamam 2,3, 4,
the MF Ind field for the last RLP frame indicates_that
fiangon eFheruspr feraingl vceives BLP diameste 2128A gt ¢orreelly gnd does not send
i ndi h I
PN S B8, hEnGL N19L b hRtd Fiehd redo R p g Froceives
IRUIP frdthes 5 TbREctlys dktaotwhdr RIIPofrdme Hés tisimppind emdaadNAK for all of

receiver, or can be de erm ne t he .recei a .

&1@5@%"?‘ wals dbavesingrREPRIrEmpE, ﬂ’agﬂyl dE5HYnG s VAR e fficgss point
[

neea(Ij] %ﬁyg‘iP i?@'ﬁg 4nc&’ce g 1%5 r@(ﬁuﬁ'ﬂo @fbggﬁglo ﬁﬁ%chbciulmg delays)

Radl cheng:oﬁnmied ) $ranlmm RiiPh&ainks/7,tH and isc ©8. dfheaisbr fRir@inal receives

rried he RLP PDU

f d
B0 Fas b romectiioLals e rsg gy To AL RLE Tishs Ha% T as the new
'ﬂL@ ﬁﬂm%hp%c%nﬂﬁrﬁ/arﬁ@e%}&ctﬁyo rdeReR fiaf® PAREmB B and 7 are

DU. Varidus other formats nmay al'so be used for the
Ehﬁsmg,amd sands RINARDOr aimef thiidata smw inHnissingRR dysencgf4 and 7.

t i nventi.on enbo !

Alfroud Rot o8 intaCRE P R R TR retalipit RIE fames 4 and 7
ol %&Nm Ghd DEARTEfGE MheFewahey. O ah6thenRmbodiiedt the maximum
attenpts a Iovved for each data unit of data.

The
mebabDf rmnqmlﬁaonmwsl,tané thexeosiyer RiPowHl enly send a NAK for RLP

tr %X gf,zermned by the quality of
sial%e ?ﬁ@§?ﬁt)f’ he a%p I'cat’ion type, and so on. Anpng
o045y P FI@V&sHowisthe s@nént oRkRadserabybufizy 3De atsthb aed;redmmal after
for transm ssion i n_accordance V\Atha[nB QS_or so

a@mrlorppf BEP tipmech e RbPiggmesHe de3:1R: 6 00 Siiave bepreggived comectly,

[
P ISl Ry A8 g, o
Befg fEbﬁVﬁbGﬁS(Sf mumceseﬂhbrﬂamaalsléyamd arvscrmlssmg_ Bnd represent two
framgs 1, 2, 5 and 6. use \LES
SbiAeF e el Eapr RN o) 4t B nerL e o be
r these frames. The user termnal fails to

recelve RLP frame 4, receives
[0046] In general, a NAK-based RLP typically has less feedback than an ACK-based

RLP, since most RLP frames are likely to be received correctly and no feedback is
needed for these correctly received frames. The transmitter typically does not know if
or when data is received for the NAK-based RLP. The receiver can only detect holes or
missing data on a flow whenever later data is received correctly on that flow. Several
timers may be used to facilitate data transmission with the NAK-based RLP, as

described below.

A. Transmitter RLP

[0047] The FL. TX RLP entity at the access point may maintain the items listed in
Table 2 for each RLP flow to facilitate data transmission on the forward link.



RLP frame 5 correctly, detects that RLP frame 4 is

m ssing, and sends a NAK for all of the data units in
wonewing2RLP frame 4. Upon receivijng this NAK, PC@s2005/014850

access point retransmts RLP frane 4 after RLP franme 6

(due to processing and schedul i ng del ays) and then

continues to transEd ReRwk@IRK TrandhitiaGlae0 on. The
user termnal receives RLP frame 6 correctly, fails to

eceivgtthe retragnsmtted REP fTa D I as.wel —as the
new RLB%MPane 7. [recej ves RLP fram? T Pect | v,
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1, and the recei Velonrlihy ﬂ‘fe'chrr&ﬁ'd‘éta%ﬁ@ﬁet%e Kehtnd fhd most
fT‘r%%lﬁﬁ eBﬁFﬁﬂe ad qgje%-ﬁ)atg EQH&% a‘fre e?xt (dp38 4 trdrfsfRittdd buffer

shows t cont ent re- assenbl 74 at the
user termnal .'-lff pptlnn of Qljlfrnrm 2} BLP

franes u? g, CdntainglalBRRAfennies ¢t hewcheea NAK’d by the
Jg%a@%‘*qs?"nﬁ fﬁ'r h&aimm adtriot S?btﬁbtrﬁasﬁﬁﬂtfﬁﬂ recei ved

\lh

[T 1T STYUCTTILT allu AL T ||a|||:a gﬁcum VCU

qiliraAimeaguence. |FIMer pedde Totranpait plaigte mdicag caig that theke 1s no more

represent two "hdldetrtoisand-he recei ved data stream RLP

[gw gjsg%ss%rd g%grrl{; Ie %dl@ﬁg%@% nun&%gﬁglrra?mpl S1C la}fte%@% fPr gach RLP
f

%k than _an E@T@ebased RLP, since nmpst RLP frarres

are likely to be received correctly and no feedback is

TR FErA0aTedr (R Gt nRE Eate it 4l g fRER-Bdrasmited and
b @Bndi@dred hE al\i%niea%@ thhaEekeﬂb%ﬂrele c@héf@ [th& 28 Qfdnds for the
defect holes or mssing data on a whenever | ater

dtamrd finkcibei“Tad staods éu*ttraynsmntttqrhatd fhleO‘\M” @vﬂ@rfar next. The L-bit

|tate d ta

\XPIE‘ rl?s ﬁgc?%& }}tﬁg@gr tgr{;fdgpfa Rt tagg%l},epg é r nﬁ\xt hSW' data unit that

haanstbdeharanBhittedd08f dhe dMBoditnediX th-BPat@ Rinitt Mrea&ctétb @nd FTX(N) is
accessé§0|nt may maintain the |tens listed in Table 2

raval da Neqwenpe fNquoAﬂaﬁmtmt Qneeatigns and compmisons or¢ Berformed on
he forward |nk Tabl d Link Transmitter
e STOE NG PP BaifRGe ERE S GG A scgber S, the
ts&ﬁfen&aﬁmﬂl%r hese rﬁﬂg%rb?rg Li €8 sAML1 _1 are considered to be greater than
S, and the sequence numbers in the range of S—2"" to S—1 are considered to be
smaller than S. Half of the total range is thus considered to be greater than S, and the
other half of the total range is considered to be smaller than S.
[0049] Three “logical” buffers are used for storing data with different states. The
packet buffer stores incoming data packets from the higher layers. The transmitted
buffer stores data packets that have been transmitted and which may be retransmitted
later. The retransmission buffer stores RLP frames to be retransmitted. Data is
logically moved among the buffers as described below. These buffers may be
implemented with one or more “physical” buffers.
[0050] The retransmission count structure contains an entry for each RLP data unit

that is being transmitted or has been transmitted. The entry for each RLP data unit



may be considered as a pointer to the packet buffer,

where the "F' stands for the forward |link, the "Tx"
webtersie7ker transmtter, and the {)N' stands foPCH@%2005/014850

The L-bit variable Sequence Nunber i ndi cates the

sequence nunber the next new data unit that has not
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greater than S, and the_sequence numbers in the ran
geset. As pngihepexample, the Béﬁsqraalémé%ert%asb@wewqt@nsmﬁa 263 unit that
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|pmclcanhssntﬁreecleddedbman’nhrhéateﬂdyan S. [0049] Three

A0F7 & ot NAK DoSeR L A straianit See f P o ets e lest data in
RECKEES. WM thd st D81t Ak titee Tiert Bésrl%éhttﬂaﬁéimtted then

buf?aer stores data packets that have been transmtted
eth@RIuBntalnsma‘ser bets marttranssuti tirherd If ao grore ?Eata is recelved from the higher
retrans buffer stores

It ST rfan gt s BES 4T, et AR B Coyggtransmit all or

bieti Sf B8 LAEREP BaRe REAIDY thENRELeRHINAEIOSIIRY WiRther the last RLP
I npl enented with one or nore "physical" buffers.

[ftmm]s mpsging.e ff @nﬁm&mt@h REBuamly sendg @tmon: ohthgilagt fegme, then it
nltchsy the gésé E}%ﬁb&l%fp g ntte:e téxbn?'fjs c? eNﬁ{ @?a ! e&ietect the

whiséih@ egianiag pbhﬁ)nrti;mlikf:‘fralﬁé ahd PIYBERt a&e@mnﬁ@tom hs¥ndinkR portion
data unit. In_another enbadi nent, a retransm_ssion

@b e REP frranq instepd of the wholp fameds ua‘eallryrfeonereéﬂelﬁmt sigge most RLP
TR SRl P, B Sob Y S TRAAY Y BB Ml Gcives e

rretkamnsssimsofahs lasVREB franedt bit@i®notsreédiléd t‘hé ladt ﬁHJIRErE?me or the last
r et r%nsm %{SI on counter is reset. As

tSﬁ\éer URLY frapnshitherethe pag tenpiagicap éﬁeaf?é]ﬁélg For tﬁ%f%P Rrlptt fow RLP
aval ﬁsré%?e i tnh%ﬁg advhk fop ﬁ{e @%&ﬁglﬂf dhts vilts lSn‘n.lllarly, an ACK-

uffer, assocl at ed pac
foasednREP exayewssd exdretramsenit tumr toateserslythe [d@GST ho ALK as recelved before

RLP, a retransm.t ti is used to res
TR R i e, ol DS Ranit oper TR Re 5910 [ calaptiyesvalue as
l&gctnyeabgjaevthree buffers has been transm tted, then
the RLP transnmitter sets a retransmt tiner. If no
803%2] dat BEIGs7 slevesi a/eiv diagran hta hiogessr7 ODzWEfDlEmG!HQV ﬂuh &L TX RLP

egf ygtﬁ c{h iﬂt n grllncz)pda'{aeéans}nl?s%{]ont olﬂlllethg1 Stwatd 101%( E) th€ 3Ltr terminal is
scheduled. The FL. TX RLP entity forms an RLP PDU with one or more RLP frames
containing signaling, new data, and/or retransmitted data for one or more RLP flows
(block 712). The RLP PDU size is determined by a MAC channel assignment for the
slot. The RLP PDU is filled with data based on the QoS of the different RLP flows and
the priority order for each RLP flow, as described above. The RLP PDU may contain

one or multiple RLP frames, for example, one new RLP frame, one retransmitted RLP
frame, one new RLP frame plus one or more retransmitted RLP frames, multiple new
RLP frames, multiple retransmitted RLP frames, and so on. The retransmitted RLP

frame for each hole at the receiver has its own header and can be identified by the user



portion of the last RLP frane to allow the user

termnal to detect whether the last RLP frane is
woiesing2s| f the transmtter RLP@nly sends a pOTAUS2I05/014850

of the last franme, then it sends the |last portion of

the frame, since in this case the receiver RLP can
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VR P DR PRl 0 e BB o0 eEiod SRS v o
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descri bed above. The RLP PDU may contain one or
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o8 R R dof S epli Mo ARURH i) 1 EetRiniRispign count
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élbugly72pdat es the state for each RLP flow being sent

'[Boéoj]‘ € FIG. 8 shows a flow diagram of a process 800 performed by the FL. TX RLP

entity for data transmission on the forward link. The FL TX RLP entity waits for a

NAK or a timer expiry event (block 810). If a NAK was received, as determined in
block 812, then the FL TX RLP entity (1) places each NAK’d RLP data unit in the
retransmission buffer if the RLP data unit still exists in the transmitted buffer or (2)
ignores the NAK’d RLP data unit otherwise (block 814). The FL TX RLP entity may
perform a reset for a NAK’d RLP data unit with a sequence number that is greater than
the current FTx(N), since the requested data is either too old or has not been

transmitted.



RLP PDU. For simplicity, the follow ng description
assunes that only one RLP flow is being sent in the
webkehbi2s[ 0054] | f the RLP PDU cgnt ai ns an RLPCTMUanms/014850

with new data (i.e., data transmtted for the first
tinme), as determined in block 714, then the FL TX RLP
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e hXtRlP entity setRilpe whransmit §ricpte 41 adapEvey Y@ue Rewpehd as described

£y (olosd 20 i i ™ R uBer i s timer has
RlLEad3Mbdeh ed, Mignetive FLSTKIELR Bhiity updafeh the Rirbmmsib iRt Mlock 822).
count structure for_each data unit in

th
A% ladk $4% @ntatsor if a N AKD I8 ot peppived i biack784 2 FL TX RLP
. h.retr i t it
Sty derhifec e BRIBARIAORME HhCOIRE B $" The FL TX
RILE emityriflasties pub thefpaickdt hudfek if iR6 yet@nsmitoings basiekpired (block 826)

retransmtted RLP data unit with | ess than the nmaxi num

] fo blagk S Hi o STi&hs from the retransni ssion

gmfstsgr tPhd Rerah&AR SHLdE hsBi td RirabBhR Gl Jﬁ%ordoﬁl d¥fe last RLP
LP PDU does not contain any retransmtted data, then

tirsene-L ThiiX tiRlePiseset wheneier e thtaediudferRdte tehiptiad land B&re is no data to

SO S ciony el SR e B A PR s aRged fom G6 higher layers
tf 3RS ToSfisht Githek Nkphr@s WeHetl hlil N o THRHER o-P(tlﬁllngﬁ gi)li,]?t Yrame is

waits for a NAK or a tinmer expiry event (bloc
rétransngitednses that gl vesd terminaleqanr detergung whbther kheglpgt RLP frame is
t hen t FL_TX .RLP entit 1 | aces .each K. d P .

B Sind, P ey gy e e Rer 18 i el b, picn may
Waicbmphielilas ®flowiss i N the transmtted buffer .or (2)

ignores the NAK' d RLP data unit otherw se (bl ock 814).

The FL TX RLP entity nay performa reset for a NAK d
R@:@ﬁ%ﬁu&)'@&’h—g)t&ngg(d@)nun‘oer that is greater Eq
than the current FTx(N), since the requested data is

éldher too old or has not been transnitted.[0057]

After block 814, the FL TX RLP entity determ nes

Wizt hérn) st Mep@)i-s4,am) data left to transmt in any &4q(1b)

the three buffers (block 816). If the answer is 'Yes',

t hen, t.he

U

pkt(n)=(1_hp).Dpkt(n_1)+hp.IErrpkt(n)I ° a‘nd Eq
(Ic)
RTO,,(n)=A4,,(n)+k,-D, 1) , Eq (1d)

where M ,,(n) is an inter-arrival time (IAT) for data packet n, which is the difference

between the arrival times of packet n —1 and packet » at the RLP;

A,,(n) is an average of the inter-arrival times up to packet n;
Err,,(n) is a difference between the IAT for packet n and the average IAT;

D, (n) is a mean deviation of the inter-arrival times up to packet ;



FL TX RLP entity returns to bl ock 810. O herw se, the

FL TX RLP entity determ nes whether the retransmt
woiomrooles been set (bl ock 818). qf the answer PCE/USDS/014850

then the FL TX RLP entity sets the retransmt tiner to

an adaptive val ue conputed as descri bed bel ow (bl ock

820) apht Qﬁﬁ il & srhisibh Ae R Owhich NS T he SRiaptive (/5_})@(6 for the

retransm#A t1 mer has al ready beer set, then the FL
RLP entity 8SiniddEad@et ransmt tiner (block 822).
After bl ocﬁ&gg , alnd ’a?rgo if a NAK was not received in
bl ock £12,, tink kFre TonsRin®s esotlite yordpate the adeptiveefizer t he
retransmt tinmer has expired (block 824). The FL TX

L P entit h £ 1 . hufcf ' . e
by RbhP: 0B Sr Bt oA Aol U wheked Bl times e
c6mBte@ haSekllorP tvA® infin®e imptde $¢spdbhice (TEDM RSN Thé icBBMtarts ¢, and
used to retransnmit all or a portion of the last RLP

i afBermIfl the bidBAt IfBvE@EInBRES S Hilfeh8mb RbRRar) b average and
afe enptied and there isS no data to send and i's

td'eVi%fiﬁllﬁj,é"ﬁég)r%&F\)aé . PndCoNs@itsanBAcKS: a$,%.g('.,le%g‘r=\0‘?ﬁ25, h,=0.25,

romthe ers. If the réetransm't

SHPIH €54 tﬂ%ﬁ&i&lg'% & ()P (188l b3 Rk A Bich RFdata packet

IS rétransmitte t the ‘user ter can

el £6m e Higer ikiRrd, 30l &uBtibd UB iy PeS&Infted Whlhkver th
g%ogi nent , theg{re(ret?%rﬁs’rrit f%%llﬂmér ?ggsetyto an ad%ptiveVer °
vettansmitvimerhs sehy be conputed as follows: Apkt(n) =(l-g

- kt - - Mpk | kt .
EWJ P { )E&J]agﬁﬂzse‘{ gl$ c’oxl\l%&%e(s I(tg% aﬁﬂ%ﬁ'e Evﬁﬁ?eztglrff e 5&:) X A ]tt tlﬁner as a
funciofi VY thd Edride arddthedn deviifbnBsr thé phcldT Mkt arkivil KAt the FL
(n) +kp -Dpkt (n) Eqg (1d) where Mpkt {n) is an

IR RLPar The/packef mﬁér( VRl times noiagt, an ﬁa@k@ a funcfijen @ viagous factors

the difference between.the arri i S C -.

0 paBhE B YRS tad oAl M LREschl |G i, the
iOritynbLtheaisel Yehirial @8l 4600 Thacldeptive; vdhie fkder(vVeditRisél on the
i fference between the | AT for ?acket n and the

alagistiggeof] thy intepririvehiimes for the slatagpaskeisiresrivyd bnthe RLP and thus
'aﬁ%petg ’cc?%fﬁ"c%on‘d&tﬁ?. Uit %W@&lu?l%ﬁ% be Gt érﬁal?er than a timeout
re C I S al ue

ransmi ssi on tineout, e adaptive v
fvaluetfbea higheslager grotocsipe.g., arftansmission Control Protocol (TCP), so that a

timeout by the higher layer protocol can be avoided.

B. Receiver RLP

[0060] The FL. RX RLP entity at the user terminal may maintain the items listed in
Table 3 for each RLP flow to facilitate data reception on the forward link.

Table 3 — Forward Link Receiver State

Item Description
Indicates the sequence number of the next data unit of new
FRx(N) d .
ata expected to arrive.
FRx Indicates the sequence number of the first missing data unit of
M) data in the reassembly buffer.
Reassembly Structure Tracks the status of each data unit and indicates whether it is

received or not.

Retransmission Count | Indicates the number of NAKSs sent for each missing data unit




gp , hp , and kp are constants used to conpute the
adaptive value. In equation set (1), the average and
woress/odees ati on of the packet intgy-arrival ti FES/US2@S5/014850
conput ed based on two infinite inpulse response (IIR)
filters. The const ants g and hp determ ne the anount

PonEeag 10 T - S jn FORaLehbA sHIcT CONSTan o) Tor_ e

Nerage A ravai aj'| on roaonnect Tho
agt—arro Feah G101 CSP ectt V\.,l : 1<

%‘% ez may be s’élmeagsedetogetranggn’r:angtlr_pgbmlﬁ pr for@ai@ilata to the
an p Equat | lngbker(léy®)ys. (1b), and (lc) may be

conputed T or each New data packKet recetved from1thne

hi gher | ayers, and equation (Id) nay be conputed

vibe6idv er Théecasseimbdy stradture itraeks the staats.of[e@€lb&dta bait ahd any be used

set, (1 tes the da al for e retransnit
{*p f}eﬁ% %@f mgsife At hates ﬁ’té* b hole d@ & blogk Qﬁ%‘ Of BARre, fqHiguous data
QfmtE et BRIt bl Rkeidbd bﬁ‘tadavE SORSnA miters Earﬁé tﬁ&ﬁ’ that of at least

The packet inter-arrival times may, in turn,
foma dlataoml‘&ﬁlreaéa’ resaved.afady bols uwly span hm)admn‘germf dtataeJmts e.g., one

A, mbfiolo NE 5P o il R, BRAE debebdifg o8 Ghe resutts of

QRe dﬂ_tﬁftraﬁéiﬁi%%ioﬁ%n&%@ﬁlshﬁssﬂﬁr | VIRdrdnaaaisgbn thént structure contains
statistics of the inter-arrival tines for the data

packEY Jor each holednighe xepssembly drvgture: uggggatm for each hrad¢ fridicates the
i ool
51%2 %'e} Bflq ua?r%a%?&% #‘06 :fhz}f % ﬁgﬁl%l i é@%ﬁf@%bsegﬁk {\I‘KKS has been

8efit- andathd hasdiy Sfh Gstilondt l’réden%flotheﬁ the ¥ @K RLPentifA4ssAmes that
ti meout bﬁ t he hi gher, IayerFtprot ocol can be avoi ded.
r

ihis ptaae WiB o e frarspitedripad forvwaxdRels Iéﬁ@.ttwtcathet pext bole in the
BRSO R 1B ARG s WSpblie | RheflohilyT A £ Fox rur

fonaynforetatdi this.dafbain) & the-fert hele dn thekeakeadily uffer to the higher layer

iqtaate 0061] The reassenbly structure tracks the status
Yunit and nay be used to detect for

ng] ng ¢at prokxhale &tltf%eﬁﬂs@m ShendVeP GKaeRf DG &’Jt%cted the

re conti guous data unfts that have not been receilve
kNAKHanH SPHeS rmpredmtﬁdlmne.d manbérerf RIbR fratizathawd bedn received since

gﬁegﬁt B Lo LR LSSl Ve Fa o MO8 MY et if the
Myl RIXPREP Félnﬁt}f fe%Bi%s a qataamawith@ segléhck rﬁmer JRARAFhPOthe next
on the results of the data transni ssi on and

reapeciersdats snidn TheMNAK dimerrindicaiss vier do sendsanother INAK and may be

SV R PorfRabely prch NI R B HEY R RUP entity

RhdTR®Ss 1ﬁ>forrh’é?tliiﬁ1 Rk bB adles HEME réRseriBlgktri@hR, ekf, thd®quence number
maxi mum nunber of NAKs has been
of the first data unit in the hole and the size of the hole. Whenever a new NAK is sent,

the FL RX RLP entity updates the entries in the retransmission count structure for all
NAK’d holes and resets the NAK timer.

[0063] The FL TX RLP can retransmit data for an entire hole that has been NAK’d
or only a portion of the NAK’d hole, e.g., if there is insufficient space in the RLP PDU
to resend data for the entire hole. The FL TX RLP entity can also retransmit data for
multiple NAK’d holes as separate retransmitted RLP frames in the same RLP PDU.
Because the access point can retransmit any portion of an RLP frame, the user terminal

keeps track of the status of each data unit instead of each RLP frame.




sent and the mssing data is still not received, then

the FL RX RLP entity assunes that this data will not
woeodsroanesi tted and forwards the gata up to t hecmasoos/014850

hole in the reassenbly buffer to the higher |ayers as

appropriate. Additionally, the FL RX RLP may forward

tjpes4jat aTHE HIORKORIPE ¥htith Procdssstdagh re@se@NRLY fithé,ewhich may
to the higher |ayer based on a |latency. [0062] The FL

FEnRirPoRmer myrestatriunits afacwidibnanddor girprsitied datas Each data unit X

det.ec th rer expir r.ed L n

R B B P uelo B iR Bal U SO bascd,gp () the
NAfuenBs ne@bér, fob theSRXIEd44 BEit irCtheRIP Game s $@dicaséd @cdthe RLP frame
new hole is detected if the FL RX RLP entity receives

heatt g AN ocRIGR SAARICK DR FregHaB REme; han  he
(160851 PRRELS ity HO Wiaaldh? ob brolcbiBo0 daftifios By WRSH. RX RLP
\eatityefoawacte seeivoé RIte| The FERK RIAK catitytintially hpetsAhe Rt data unit
Reisdalaia Yt R i Prrasorsd L FameuBlagk 1) o Wt 1t smallest

funftsdr 1@t ARissibh For IQLP.h?h@PLq{)@%PtFéEﬁt h@t'ﬂ'gﬁﬁest \t}tﬁetﬂ&l &ita unit X is

enever a new NAK is sent, t RLP entity
wpdigtiestetdatn vnit (blesk Pivd) hPataamitaX siriasdipdicatealatet unit if it (1) has a
structure for al K'..d e nd. r.esets the.NA
eiAncs e st el hE Tt HRisER Sy e & o TRROD, or
RPLbAR G e R EBeRBER A et nfis DAY b Pfhiflng cota unit
iand tiend=t Bxpeiotddidata wie hd., FRxQV) erX kK RRxEN) j et ihalkeady $foeed in the
FL TX RLP entity can also retransnt data for nultiple )
Neassembly| badfen s Ié@qﬁamattéi tsed deplicatet dasel umit.then gheelSl RX RLP entity

the s RLP , use t he Cess LNt can

difen Barat X Ot S B phol e S BRI o 00,

tje066] nal IfkeepPanit Xeskiodt dubBcfé dhtdmttf aeaabmsiaé@iBlotk 914, then
i nstead of each RLP frane.[0064] The FL RX RLP entity

pho FEsRESRER @hitifye detprpaigesRvhetheradata i X Hs @eipissingtdatanunit (block
OF - dat.a _uni o) . /

2By il ufit R 8 e S e R0 ? Blugce mmbr petween the

Istquenee uambersnofnthe Mirstwhissing ate et ded diemhexe dxpasalldad unit, i.e.,

(1) the se%lgjence nunber for the first data unit in the

R M aBRx(NDi> @d ssonqt glready stered i thegreprsembly biskigr.( Hydata unit
ot g i et TR RR R it it wbE Figgie ressembty
POt ) s ) i el s i i
dhiseiheiiet nfsung & wattel ety X v RRAM)ooIokaARLE data unit X is
ft{lg %?st (nqsgl(r:llg( d%élzzuiit,%gna%h% IE'TIRtX IRSLPt Q&it?r%ll'vlvaerést data unit X and all
contiguous received data units, up to the next missing data unit, to the higher layers
(block 926). The FL RX RLP entity then removes the forwarded data units from the
reassembly structure and updates FRx(M) to the sequence number of the next missing
data unit (block 928). After block 928 and also if the answer is ‘No’ for block 924, the
FL RX RLP entity determines whether there are any NAKSs outstanding (block 930). If
the answer is ‘No’ for block 930, then the FL. RX RLP entity deactivates the NAK timer
(block 932). After block 932 and also if the answer is “Yes’ for block 930, the FL. RX

RLP entity proceeds to block 960.




unit of transm ssion for RLP. The FL RX RLP entity

determ nes whether data unit X is a duplicate data
wanode/opi2eck 914). Data unit X is dupl i cat e #araSeovsnH14850

if it (1) has a sequence nunber smaller than that of

the first mssing data unit, i.e., X< FRx(M , or (2)

0867 S CHURBOGMINETDRSt DRIWRRNIatNGIS Qﬂéﬂétél‘ﬁﬁnéWﬁm&a{ 930, then the
the i rst mssing data unit ~and the next expected data

Jidi RX RLRB, entlwm@(t th@)qam) unit uts the ngxtreg(@gcyted data unit, i.e.,

AL 20 TFPEML AT Y B i o
Jrsondopdoks, dliitlPhags G4y e Lae i S i
Uyi FRx@4) <ERE@Wi (hdatki 942D Hke Sister ishidio’ forebletk 332 @idRhere are no
entity determ nes whether data unit X is a m ssing

d%\‘ﬁ%ngl Iﬁll'ﬂl'ta ‘PB’FSOE‘Q“@QG) indisated bpniHRxM) s BR¥NY 5 ithay @J&tlﬂa RX RLP

etreelss opfEmRr RBP4 Rkl SR s Seaciing e e layer

QK]%@I@ DET). ARhEwHRY, If ankwer is “TEYoMblotk 2545 ah:(ﬂ‘ﬂew isat %QQ: on® missing

not aiready stored in the reassenbly buff
atatunk, wdich isinskicates kiaFRX(V) « FRxE), thérethe lFIFRXFRJEP entity updates

W storedc, data unjt X in the_ reassenbly buffer
gorss dafpyaited tonthe, asssEbhy uéfﬁli:u%lduﬂﬁdat%nﬂle reassembly

a a un@ﬁkmgj h?v\?tet her lﬁx}lj m ‘ti“hl‘ffg éerdgtt%gjf)ﬁﬁ '9E§ from blocks

ddd and fitg. X |s the first mssing data unit, then the

F f d d
J@‘?ﬁg L‘Eé‘e i dgneh s%a’ﬁfiete@ecut@%%ea rd@mmegétl bipck 940,
dRdrPthid HTE R RLtPhﬁltﬂy QBRImiRY %&Fh%tlfePlde‘akmg‘?@ is o e datfinit, ie.,

RLP entity then renbves the forwarded data units from
thesthee 2% W) <block O60)e Hiibe appsiet é5“Yask (tWn the KINBX RLP entity
sequence numnber of the next m_ssing data unit (bl ock

QE’S?S 2Pt 1) B khegraassepbly byffes, fu t@s athweassqergblymucuue sets

S0 B b RO B AT B X P JOREGR ART ek 952),

INEWREs thet 2 NV hd16hadbeea leR3Rd (tlbaa95¢)eaﬂatth8%<pz%le€eds to block 960.
entity deactivates the NAK timer (block 932)-

oAk o3in Wack 200s he FL (Re RAPsemdity deternviges Whgthelbttlb dtta unit in the
?%c%i a? Iﬁﬂ:hﬁﬁx hgbg bg qlt%rtogesgécf) ;’lg%ges ?%%ﬁﬁ :qo en [tlg l§]Z ]RX RLP

a unl m SsSi

detisT riutsdtd blobk @qz ts.?&ocetsbﬂtb bdxe data it BLBleecheMd RLP frame.
det erm nes whet her data unit i s the next expected

@iherwiss; the procgssingyfos theaecorved lﬂr& frgnetenyanen40) . | f
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oaden tal ﬂtetlﬂ'ghewfhai}(el's i K ahpdeds ﬁﬂssmg Erex(thd FE FERRIIY entlty waits for
bl ock 9 he ans No' faqr block 942 and
&Iﬁeqe : %Qp ott the m1331 \clfeta ang delays sendlrng any new data that arrives out

of sequence to the higher layers until the missing data arrives.

[0071] FIG. 10 shows a flow diagram of a process 1000 performed by the FL RX
RLP entity, e.g., periodically and/or after each received RLP frame. The FL RX RLP
entity determines whether a new hole has been detected (block 1012) and proceeds to
block 1024 if the answer is ‘Yes’. Otherwise, the FL. RX RLP entity determines
whether P RLP frames with later data have been received since the last NAK
transmission (block 1014), whether the NAK timer has expired (block 1016), and/or
whether data with lower priority has been received (block 1018). Later data is data with



m ssing data units, which is indicated by FRx(M =

FRX(N) , then the FL RX RLP entity updates both FRx(M
wanaefeBRxe) and forwards data uniflg X to the hi goeUs2005/014850

| ayers (block 942). O herwise, if answer is 'Yes for

bl ock 942 and there is at | east one mssing data unit,

hfellcd SurhBids 51%9 tHa¥ thRdgdnce bbb f the @ MataN@iffor E]??é earliest
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k 495
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e St B sSE Ry s prg ey Deschi BBl JEF B fepghinal may
tafsobﬁée%h&lﬁf&ﬁlaﬁbﬁ Q8 Stﬁggé}etrﬁ@ﬁﬁssﬂalt 8f biither! NARN®.g., scheduling
received RLP frame. Qtherw se, the processing f or %h

refoshatean mahﬁlrmter@mﬂmﬂebwe[r@umqy For the

TR T8 O 0 LBt B ELBAIEE 1605 kibueh 1018, whih

Gidiatéss tiHt Sthé N@cess Nedint MeostLikRY Bid:’ nettredejventtiet $ast VAK or the
the retransm ssion of the m ssi ng{“gat a and del ays

gelrnsmifteddatih wids dest agtinathen the FERP RLE entiy ql%qa@éwﬁ gvhether the
t

'[rgagg}@ &Mmﬁeﬁﬂ aﬂé}hiséllp{m @gﬁug%tg %?gh?nb% s@ntafro{é h fﬁ°li Shlgck 1020).

pethkansee: ibyY ¢sh dorfllodRX (RIOPthen lthetE/L R RLP ep’ellyl forlvardd toythe higher

and/ or_after each rece d RLP The FL RX_RLP
davery 311 dade awpﬁ@ésemﬁyh feryn g %ﬁ{%hwsgw Wehther theggaximum

YE fj%ﬂr@%ﬂ?é\?\?rgfe ﬁ&ﬁgﬁ)&{&RQZ%EKJp&QgéFR&%ﬁ&CMfI and then

Pentity term nes
mehdﬂ’ toPb]éAkP 0"2|4a|h=blonktlﬂ24 adhe FLARX R Paanditpsmds a NAK requesting

RERRSiRe elh et ot S0 e HER Toorioe Aatb uByo e apexpected
vhel Bigt, dat foMi FRx(MYRS FR&{(19).1 tThhe NAS FOERLF @68iyV@AEn updates the

(bl'ock "1018). Later data i s data wi thsequence nunbers
gcmatsmnsstmunhetr@@qgefﬂt all databanitsgh atlhEAiK d doleggblock 1026) and

l“égtlstthg ﬁrAI{ Emer % an adsaptlve value computed as described below (block 1028). If

none of the conditions in blocks 1012 through 1020 has occurred, then the process

terminates.

[0073] If there is a variable delay in transmitting a NAK, which is ofien the case,
then the FL. RX RLP entity may set the NAK timer after the NAK is actually sent (as
shown in FIG. 10) instead of when a hole is detected. The FL RX RLP entity may also
start counting the number of RLP frames with later data after the NAK is actually sent.
[0074]  In an embodiment, the NAK timer is set to an adaptive value, which may be

computed as follows:



hol e requested for retransm ssion by the last NAK P

may be set to any val ue dependi ng on the scheduling
wandetwansnm ssi on del ays of the Hg RLP, e.g., PC¥UB2005/014850
Bl ock 1018 is used as another check to see if the NAK

was received by the FL TX RLP entity successfully.
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whet heRTO he(niyeix amradaptivetvelue dbr theNAdQ sies;indn 1 equest s

have been sent for any hole (block 1020). If the

answerg i sh ', %88 'k bt conbtants udéiP, cohipare thb addptivedalie.P

entity Forwards’to the hi gher layers all data in the

nbl f to the first hol.e with f t :
o RERTYR ML B RS SYAR 7t P Eer iF st n YT gt AR adaptive
1QRR)for HRABEARNTIRMLM), aRRR Vit RUPYrand thtdrh@fival tideRafstead of data
to block 1024. In block 1024, the FL RX RLP entit

peckht intenaivebhmest h gquation ek (R)s ieciyersge and mﬁaggwﬁon of the

data f .the.fi t i i t

IR arh A HhpE sl BtpEeh dichidiDatdfol S IR flters. The
Rbn&ehtRLE. andi4 a{y dtieaRine RES baduhh 6f ﬁﬁérﬁ%% oS &ieO4vegspéind mean
structurd for dll data units in all NAK ~d hol es

(d%jlvﬁﬁgn,]ig tieg $8E Sohdtmtd\May IHeRE ad, Q. .,nﬁadflpiiﬂﬁfe}z , =025, and

val ue conputed as descri bed bel ow (bl oc 658).

g@gﬁgg%&ﬁﬁﬂxgsg@g% gﬂgp%d PhRGI6R c@)gxl%terd%lo%h o6 QBRLANASP frame,

( : rocess” tef m nat [0073] If there
o D et oot the

NB87s]i meEquedtioar set H@) Nompites aibe Laslaptives aalue (fas the NAK timer as a
function of the average and mean deviation of the frame inter-arrival times at the FL. RX
RLP. The frame inter-arrival times may, in turn, be dependent on various factors such
as loading on the forward link. The adaptive value for the NAK timer is indicative of
when data for a NAK’d hole should have been received from the access point. The
adaptive value is derived based on the statistics of the inter-arrival times for the RLP
frames received by the FL RX RLP and thus adapts to traffic conditions.

[0076] Referring back to FIG. 3, when FL RX RLP entity 370 detects a hole, it
sends a NAK. Since RL TX RLP entity 380 is not described as a NAK transmitter but
as a data unit transmitter for the reverse link, the NAK is forwarded directly to the

MAC. FL RX RLP entity 370 may also provide the NAK to a signaling application



shown in FIG 10) instead of when a hole is detected.
The FL RX RLP entity may al so start counting the

wounismo7as RLP frames with later giata after t heCNAK2005/014850
actually sent. [0074] i an enbodi nment, the NAK tiner
is set to an adaptive val ue, which nmay be conputed as
ftflinhm‘%‘er”(\mch—(d'mﬂd fthen -Biward (e NARN O el MAQ) . THS signaling
(2a), Errfrm I\/frm(3rrz Ajhn {m , Eq (2b) frn n) =
-app ca)tlonryfn%SPmm}nEiﬁ OEFIFfmhl‘ﬂt{’n) , Eq (2c) RTGFrm
(m =Afim(m +kr Dirm(m , Egq (2d) where M(m is an
inter ?rﬂe\{’@]setifmcgrg) for RLP frame m Afrm(m is

an aver ageo -arrival tinmes up to RLP frane

n ifference be the 1 AT for,
DA She RS ke RS OF Mioyo e shipasighistes or reverse lik
devk@tden: of the inter-arrival times up to RLP frane
m RTOErm (n) is an adaptive vaI ue for the NAK timer;

andqgf f

2oAE 1 Db O AGKISIS A0S RBe B AR i on
is corrpmrmjlmlmmlleXKalararmmemdedfoﬁﬂleR&d&DPJatﬂ val ue

for .t retransmt albeit with RLP frame .

ot 2r " GheraPbsst Poimh et s pser ity @aé&téttransmlsswn on the reverse

| nt er -1ptdn¥ @hn GhibRS schddufieahh s S&t, ififebded N average
and nmean deviation of the inter-arri'val tines for

PR oo oL cRbAFRRC IR FREN PR BRRARID ALR Al piyoical laver

ctbr each rRIgB ﬁgmé oecetvied cattecrtbg eo@bihesrtRM OKY 'fc&tallCmLP frames from all
constants nay be set as

respectjv X .The.
aisql Z@rmmﬁg ccqivesisin the, grqyious shot’ mt@cﬁjglpglgﬁg(ﬁl'({zggssagez ;gjznerates and
AWPfedddC (SRY lgfbl C@ﬁet Sfud & ﬂ?@i‘#\g:ﬁmﬁ&é%’sa e a%@r(?@é@s the ACK

and equation (2dj nmay be conpute
tmessagei @ thetACK ©0a15ie] fgalhtsaynersdnalg.2Jn amniimrtearsboddiment, the ACKs

adaptlve val ue. for. the unction of th

F0E e SIa] ot HOGIER! BHeroRR oo RS T ey cpYdpl channel
tih SR Satiin, t !ﬁﬁ' FeheaBleRl Powd Econfr8™yl/88H - #ldida¥dt, tdn%? channel
may, in furn, be dependent on various factors such

|lassighments rangd lapp«fnﬂpdmltlu 4 CRK. vafhhmamulapadoaa anad centfod |channe1 to all
NAK t t dat
3 Eabl T b8 b ol IR SRR O Cofor chamme

ThRrmstant aféQ)aYt@tidﬂ%dllﬁtodﬁibbétQ deélré efclPBubseeisSipPehddd &%h a CRC
of the inter-arrival tinmes for the RLP franes received

pgluetpad roadgastisepagafaly: ey examples cach subsgtfay be power controlled to
GOREd b 4}3et PER for a given set of user terminals based on their reported channel

conditions. The user terminals can receive the ACKs sent by the access point with high
reliability because of the CRC used for the ACK channel, i.e., the CRC ensures that
there is a very low probability of a NAK being mistaken for an ACK if the ACK
channel is decoded.

[0079] The probability of erroneously detecting an ACK on the ACK channel when
none was sent (i.e., the NAK-to-ACK probability) is sufficiently small, and this error
event may be ignored. In the rare event that an ACK is detected by the user terminal
when none was sent by the access point, and the CRC for the ACK channel passes, then
the access point will have a hole in the received data. This hole results from the access

point failing to receive the RLP frame and the user terminal thinking that the frame was



[0076] Referring back to FIG 3, when FL RX RLP entity

370 detects a hole, it sends a NAK. Since RL TX RLP
wenictop76@80 i s not described as K transm t PeT/uUSRi05/014850

as a data unit transmtter for the reverse |link, the

NAK is forwarded directly to the MAC. FL RX RLP entity
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d ca ui du
¢ ot a8 tspmine] sy phe %ﬁ%ﬁwﬁ S4B g0 et this RLP
the agR@fSasNahm} nﬁe@@sr Adedsd antiARKratp frﬁ‘rﬁe RWeRéived correctly or the
| ayer for each RLP frane received correctly, conbines
t he AGkaxifgm numbeRpfrefrepymeissionsdies de¢n m@wdt erminal s

recei i.n 0 | nt sin .
recEage o PEpESENE P St dhfl R pl i sequentiel order
val 3l1e Dplicie dddstioRss aple and Iﬁe@aﬂaﬂst whérhen AWK is sent by the
nmessage on the ACK channel to all user termnals. In

anot h@pcesarbeial R G for theak&Kaphangal feilsa prditheruseiigrminal assumes
Physi Gak Ak AR reALACRAATRLIARA Mk hddt &Exﬁb%{lft&i’ﬁ;ﬁ Yaphannel

i nformation, for exanple, power con

i ndd.c :lfmesusexaaﬂmnal failatoneteivsai gpsiganicnt toatrailsmp:tpmrtﬁe eeverse link,
with a CRC val ue and broadcast on a control channel to

al | udhsn the peresspaint 1pepives molath and cap sesshedwsautomaficallyy

of ACKs and any control channel information are
BeO%L] ¢ i oEI:,(a 1%%@%@%@@5%&@@&%@@%@ fog one RLP flow with

@E’e"&&e{?a . \ﬁt}u 1 aﬂ@?eg ra3d q\?&ﬁg aft e&% ﬁé ghe%/ %hyswal layer

exarrp , each’ subset "y power contr

deihihe \RI R fitafieg e ThPmRrf te¥mifalgdedeentidilly tohstie Rmefrzmléhal ,22 and 3.
based on their reported channel conditions. The use

LB ACAE PR repdkes BhPfrmesckand o comsgethyandasends ACKs for these

t
b, gty gk eyl 300 S Y A G
|sh0\an weFIG. myop seraa il ACK (vhich NKbb giemgdnis shakpicit BIAK). The

f I
user tgrlr<mlna1 retre?nsmlts ﬁq’agartln%e 3 Iu%oﬁi ?&%Rf?gg the NAK. The user terminal then

transmits RLP frames 4 and 5 upon receiving the ACK for RLP frame 3. The access

point receives RLP frame 4 correctly and sends an ACK, and fails to receive RLP frame
5 and sends a NAK. The user terminal retransmits RLP frame 5 twice until an ACK is

received, and then transmits RLP frame 6.

A. Transmitter RLP

The RL TX RLP entity at the user terminal may maintain the items listed in

[0082] Table 4 for each RLP flow to facilitate data transmission on the reverse link.



[0079] The probability of erroneously detecting an ACK
on the ACK channel when none was sent (i.e., the
WOLKO6100703€K probability) is suffgagiently smal |l pCamg2005/014850
this error event may be ignored. In the rare event

that an ACK is detected by the user term nal when none
was sent by the access point, and the CRC for the ACK
channel passes, then the access point will have a hole
in the received data. This hole results fromthe
access point failing to receive the RLP franme and the
user termnal thinking that the frane wasreceived
correctly because of the nis-detected ACK. This hole

results in one quLRELN & kQRiscddhi@TRAGKALE Stale hi gher
Iayers may then attenpt a recovery i f needed. [0080]

+H—tthe—access point—STheduUles t1ra ﬁ]SSIDn on the

revers&teM nk. thén the access poi PSRRI when to
agy RLP frames Iﬁcﬁ@iﬁsttﬁ@néi&%ﬁtat&ﬁtrﬂf@@{a to‘ﬁ@ %lﬁﬁéiﬁﬂtteBLP

ﬁ chedul e t he | Isbeatessherfirs Hath gnitrie thesaneronsRL B famerbeing
& odi nent , tlpeeIRL RLP has the follow ng

AR TS A S R T

many tines as ne¢d@8SIesl the RLP frame is received

Retansssgoredow. ® RGEEESS point receives RL frames,
and thus data pad s— 1A sequential order

correctly or the %?Sbﬁbﬂ‘ih@ﬂ%ﬁérd}fmh%{s%ﬁ% Pb@.'l&thé‘%urrent
ke

Dupl i cate detection is si rrpl e and needed onl y when an
t he
(a1 SR 1@onb§ tEGE SiefR) B p phckees K00 lrrdrhiG e rr T
REPeéﬂt fen dath af@@sssioneor dgt rebesadimkt t Bok Eit@hbltﬁmmcs following
. If the user termnal _fails to recejv
d@ﬁcnpmwsumewhah@ﬂy e0eRLE fovye actiFfar L &3@@@? %EBEYrHu“ahZGS
Fg‘é@\ﬂ gl%irgq’x@ %ﬁﬁds cfiftthck GREHbRF BF S iR '@H Gt kY be sent (block

at a transm ssion on the reverse
h211R. fWherener tRE Bsdrltermindltif sdlhéulé&ltﬁal’ahi@uaﬂmlm@, therRL TX RLP
si cal

PRy EREASATERTP HId Mo 8 GHore & e SRR gpp gl data andior
i)ﬁﬁ(@’? [ﬁtﬁ%@% b ﬂ‘Tﬁ ﬂ(alc%kaf?q 43- ThBRIAC PBYF siPO i Hietermined by a

ecel ves nd 2 correctly and sends ACKs
MACtchasel ﬁssngzmscnt Tﬂ“ée RIcTZSRDBentityf then ypdages REeN)dased on the

B SRR S b EFR ol B2 U e B 8 st i i
Rfm" PISUItis NOKved dbYeedu §§Aloblema) alrhé R BRI &ntiR) Rlsb frditiElizes the
upon receiving the The user term nal then

thnsrmssmn Ropnf foaireesh datarimitsheins pent derethgi firgt time 13@@@ RLP PDU
(bciockRH:i Sf). ?‘HERE T)I I&iPaen%?f then forwards the RLP PDU to the MAC layer for

transmission and waits for a response from the access point (block 1220).
[0084] The RL TX RLP entity determines whether an ACK or NAK was received
for the RLP PDU just sent (block 1222). If an ACK was received, then the RL TX RLP

entity advances the current data unit pointer forward by setting RTx(C)=RTx(N)
(block 1224) and proceeds to block 1240. If a NAK was received, then the RL TX RLP
entity moves the next data unit pointer backward by setting RTx(N) =RTx(C) (block

1228) and increments the retransmit count for each data unit that was NAK’d (block
1230). The RL TX RLP entity then determines whether the maximum number of



poi nt receives RLP frame 4 correctly and sends an ACK,

and fails to receive RLP frane 5 and sends a NAK. The
waeaere/srsi nal retransmts RLP frﬁrre 5 tw ce uBRCTiuS2005/014850

ACK is received, and then transmts RLP frame 6. A.

Transmitter RLP The RL TX RLP entity at the user

E%éﬂsﬂl@51 lﬂa@‘ﬁéeﬂtr@édhe& If8y dn P%ﬁﬁ dritS bRk 11232008 8e dRRESIs “Yes’,

each RLP flow to facilitate data transm ssi on on
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SIlre duine Ginfl dlie otk aerhﬁmgmt Sailednto rb&&vd‘iﬂaemmﬂbxﬁ niié &ctess point.
forns an RLP PDU one or more RLP fr

dB ARy CAsent th%mﬁ“@r 1% aNOd forblogk 143 fadt ala%a%ersltlaqli 13> the RL TX

g B2y P SR Wi

upiebttior sheRT is(prebdeseth sendt Hhe Rt TXSREP rétnrrishte bRIcR 12DW to wait for

sp that poi.nts to.the next data u to be sent, ,
e 6F soREmIBlE ATk AR 5, T BT lotle. S0y 5 Yes' and
TagnifdtesTtte BB tBRhis¥ioflodRriREL T @l | zes the

retransm ssion count for each data unit being sent for

the first tine in the RLP PDU (bl ock 1218). The RL TX

RLP ent i By Reeeivef Blvlhar ds the RLP PDU to the NAC | ayer

for transm ssion and waits for a response fromth

d008s pOhnRL(BKIE flztzta)at theprsgass PPR TREY RGP ﬂéf‘ntt?ftl@hﬂed in

th
SR S BBt ATt PR crifpilate .t he
recei ved, then the RL TX RLP entity advances the

current data uni tTabde Hit-e Refersevhindk Rocewet Biateg RTx(C) =
RTX(N) (bl ock 1224) and proceeds to block 1240. If a

NAK was tuﬁcei ved, then the RL TX Rl}f ?H]Bﬁ&i’ noves t_he

rd h\/ se PTx (I\I\
R o

(bl ock 1228ndeatts thecsequannt sumber crfether X daﬂa unit expected
IIIC r(L I/\ r(Lr' CIII.I I.y t IICII UCI. cl III LALSS) VVIIQI. IIUI l.II

each d taawittfet that was NAK' d (bI ock 1230).
R0 g f | BEFETISRFIENS O sadkpiaianandaadingies Whpther it
any data unit (bljo¥ss reogygd onrott he answer is ' Yes',

then the RL TX RLP entity deliberately creates a hole
in the data stream skips the remai nder of the | ast

dﬁwarewcmbb’ staisture as gsesketoskaspt treckod(INrtialndptRpagkefs fop the higher
layers andsis not needed for RLP NAKs.

[0086]  FIG. 13 shows a flow diagram of a process 1300 performed by the RL RX
RLP entity for data reception on the reverse link. The RL RX RLP entity initializes
RRx(N) (block 1312). The RL RX RLP entity then determines whether an RLP frame
was received (block 1314). The physical layer processes each MAC PDU and, if the
MAC PDU is decoded correctly, forwards the RLP frame(s) carried in the MAC PDU to
the RL RX RLP entity and sends an ACK for the MAC PDU. If the answer is “Yes’ for
block 1314, then the RL. RX RLP entity sets RRx(N) to the next expected data unit
(block 1316) and forwards the RLP frame to the higher layers (block 1318). In another
embodiment, the RLP may buffer the frames and only send completed packets to the



packet boundary that occurs after the |ast val ue of

RTx(C) (block 1234). Alternatively, the RL TX RLP
wenvistop7arey advance RTx(C) to RTxEN), and not PCT/US2005/014850

necessarily to the next packet boundary, since it is

possi bl e that the access point did actually receive

higher R§érs L, THeaREP derdsdnitled) fRIpacREE1 MBkhe tttvef & hest for block

to recei ve the ACK fromthe access point. In_any case,
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RR&(Ne rerhdiay ¢he samn®aad datupdited senthe ddxe FELP Bankdl Bat is received
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k
SN nE M glos 3¢ anddgd 8, the Rl RER I entily, dgjgrmings whether there
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is ¥idre dARfhl BLAE UG |90 (FhE RI RRORLE ¥ty SRAD W16k 1314 10

welt o5 timonet REY frranenifathe ddseer ief¥ed’ i fot dtboknl3PAbimel ferminates
‘@%?Yach RLP flow to facilitate data reception on the
8% link. Table 5 -Reverse Link Receiver State The

[0983F ©Mf theShdeh driinfal i £il1&PEkcb e ﬁ@mltrdﬁ%eq&cﬁadhtam@él ie., the
data packets for the higher layers and is not needed

freme PZIL&B mepeved FQOBEY, PitGhe 1Bes teowinah did pet diiteqyrthisy thien dhe user

G Do SRt b (oG BB e s e e Mty REP and R RX
RIDPIwill bdotd &f syhesanBRanNegdiR|s9aK ifldhé Fh&h@ RRlP R¥mBLiF received

entity then determnm nes whether an RLP frane was

suseessipdly. (hHihe drricoRLP framaneptainsalew dajerther e &sRX RLP stores

S s AR ST BRI 0 e

the RL RX RLP entity and sends an ACK for the MAC PDU.
I f thg REPHandoffYes' for block 1314, then the RL RX
RLP entity sets RRX(N) to the next expected data unit
doBSLK 31 6h FANRT P HMEEE Fronh Seddbd pdihPRBrolfRcddl Eﬂt@h% FL T
fayg}r:s (bl ock 1318). In anot h%r eIr)Tblodl mgn o %o © X
Ry staié fray belsméfermd $roanakccesd gomte@a do acoeps pqnatin a’ﬁkﬁls TX RLP

e o8 e Bl ot i dalgoth [l HEFCRRTES it U Bt vt been

#Eknlifed. NA RSP Jiht ANRathifhs &b 'M'thé‘j n@ndpfitel Sfey ?or a fixed
the assignnment to transmt on t reverse link or th

n@méls@f op rftexibasiedoin; ¢ase Ivﬁ(NmeMnthe deatsy stomeﬁeln ttam(ulfﬁe The
]tt:l!,]r F?s'rﬁ% tﬂn@? atsﬁgg S oﬂxt'f? lﬁjt%‘rél'i\? 66 é’lEgle%ﬁir te 'a'a‘rl@n%?th reset

recel ved correc
fohdefRilt RXudsldn &NFL Mmmrﬁbfﬂ IEfis i&m&:ﬁ’lﬁ;é f6$ TEP-based application,

the retransmit timer is a function of packet round trip time (RTT) and congestion

o::h

_ﬁ

window size, both of which may be different for different access points. After handoff,
access point B acts as the RLP source, except for retransmission requests for data that
was not transferred. These requests may be handled via communication with access
point A. There is no packet loss due to RLP as transmission occurs uninterrupted. This
handoff design reduces backhaul communication between the two access points while
maintaining the FL. TX RLP state. This design typically does not require excessive
backhaul communication since the entire state is not copied from access point A and a
majority of the state is expected to be in the transmitted buffer.

[0089]  For an RL RLP handoff, the RL. RLP state is reset to the initial state at the

user terminal and the new access point B. The user terminal sends data from the



Is nore data to receive (block 1320). The RL RX RLP

entity returns to block 1314 to wait for the next RLP
wonewmor2st he answer is 'Yes' for,bl ock 1320 aRdT/US2005/014850

term nates otherw se. [0087] If % e user termnal

fails to decode an ACK on the ACK channel, i.e., the
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SpHtSURRY b hefelich 66 Al BRESRBE fholoarddp DpeiRf o Sereted circuits
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transferred hese requests may handl
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ldetigae totpatfotrittheffGighs Aedchibed Wereing of@bdihﬁhﬁﬂdiﬁh&ﬂé@f FL

TX RLP state. This design typically does not require

d0B si vBoma srfiware emiﬁmmteém, dhe éxaﬁsemeh andfegeiver RLP entities

5 o R ERAE A Pl BRRoBEE ruftuBHE g SBRRS b perform

e fierctiohO@BBibddoherain. RTheRkdfivhae doldds, mhpde Rl;orRLEh atraérory unit
is reset to the initial ate af the uyser term nal and
{718 FSIY IBYS P ArO2an F%gr 5}@@{ exespieh Dy 2 BRSO S, controller

1350k @b@g eﬂi&ﬁé@%t&ﬂ@y L {Iﬁ]ggltn gl]%& B HR prockB&r Ok gxternal to

access int A S any partia
the processor, in which case it can be communicatively coupled to the processor via .

various means as is known in the art.

[0094] Headings are included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts described
therein under, and these concepts may have applicability in other sections throughout
the entire specification.

'[0095] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not



packets that it has received. Up to one packet is
resent in a RL RLP handoff. [0090] For clarity,
wepemwith7es NAK- based FL RLP and AGK based RL RLPCHA®e005/014850
been descri bed above. The NAK-based FL RLP may al so be
used for the reverse link, and ACK-based RL RLP may be
ePQB b MehifeRr Y RCb bt bt St Kibin Rt B 16 B¥ 8E@Rded the widest
eedback channel). [0091] The RLPs descri bed
Isepml consistpnibwitly thegprinoiplasanil ogelipatutes disclosedhhancioat i on
net wor ks i ncl udi ng COVA, TDVA, FDMA, and OFDVA
networ ks. These RLPs nmay be used for single-carrier
6rul t WHATTISSCLAEVWMD kSx. Multiple carriers may be
provi ded by orthogonal frequency division nultiplexing
(OFDM or sone ot her construct. [0092] The RLP designs
descri bed herein may be inplenented by vari ous neans.
For exanple, the transmtter and receiver RLP entities
may be inplenented in hardware, software, or a
conbi nation thereof. For a hardware inplenentation,
the RLP entities nmay be inplenented within one or nore
application specific integrated circuits (ASICs),
di gital signal processors (DSPs), digital signa
processi ng devices (DSPDs), programrmabl e |ogic devices
(PLDs), field programabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,
m croprocessors, other electronic units designed to
performthe functions described herein, or a
conbi nation thereof. [0093] For a software
i npl enentation, the transmtter and receiver RLP
entities may be inplemented with nodules (e.g.,
procedures, functions, and so on) that performthe
functions described herein. The software codes nay be
stored in a nenory unit (e.g., menory unit 352 or 392
in FIG 3) and executed by a processor (e.gqg.
controller 350 or 390). The nenory unit may be
i npl emented within the processor or external to the
processor, in which case it can be communi catively
coupled to the processor via . various nmeans as is
known in the art. [0094] Headi ngs are included herein
for reference and to aid in locating certain sections.
These headi ngs are not intended to limt the scope of
t he concepts described therein under, and these
concepts may have applicability in other sections
t hroughout the entire specification.



[ 0095] The previous description of the disclosed

enbodi nents is provided to enable any person skill ed
wonodee7@st to make or use the pngsent inventi BAT/US2005/014850
Various nodifications to these enbodi nents will be
readily apparent to those skilled in the art, and the
generic principles definedciieApys may be applied to

ot her enbodi nents wi thout departing fromthe spirit or
scope of the invention. Thus, the present invention is
notintended to be LLimted tqg the enbodi pents shown .
her ei &- but A methgd gEexchapging date fpa GPrgaEwIcagRgystem, comprising:

consi Y Iqncial . .

i sol Suiihiptle fud RscBaRin gl ey BRERAEL ol BRGERTRIED via o st

Bnketddod of exchanging data in a comuni cation system

conprising: transmtting data in a dance wth. .

T ot gt SRR RN PROFES Mk PICCORGRLE Vi ¢roep il feperein the
elnd atRLPE a@@%xgﬁﬁ% Wh MhRreSEERAG ReBib4bR Mechanisms,

g@%on Fgﬁﬁ} wherein the first and gecond RLPs are CRATISIS

diffarerettdeiadransisk@uaenethffiens o bbthedback nechani sns,

different data transm ssion nmechani snms, or both. 2.

The nmethod of claim1, further conprising: receiving

negat hye ackaaIRACITRIS: I{ NAtR) chapridihe {1 ansn tted

data; and sendi ng acknow edgnent s s) for the

recei vesdivirg regaive aukaowiadgments (N&Kes) farthe frepspntted data; and

conpri sifg: kecejuin nmen ) for the
transﬁ?#ggﬂm%gyg#%ﬁ%%ngZ%ggggﬁggﬁﬁ?%%gégb %omﬂedgnents
(NAKs) for the received data. 4. The nethod of claim
1, wherein the transmtting data conprises

transditti Age aeehpdsrt clamgy Iy duther Gomprigaga f r ames once
and i . ' raer Y e and
retr aggc%wt?f%q %qg‘tﬂéﬁfé dg]?l e@@éﬁ%ﬁ%ﬁ%?ﬁ%ﬁ%ﬁ%@%&%o gd in
er r or sindidgweegatieeackinoyledginehty (NAKSsY e thetdoeitedflatel ai m
1, wherein the transmtting data conprises
transmtting a plurality of data frames in a

sequent i al 74k dfkno léiﬁtla}vxfl{ef’eﬁ&?géttraﬁsﬁﬁ B Hth chmbliges
data franme i s decoded correctly by a receiving entity
or a mmxsmittingeachef a plurslityof dats Srapres ones atskinra sequatiedorder to a

for.the data frane.
receiving entity, and

retransmitting out of sequence data frames decoded in error by the receiving

entity.

5. The method of claim 1, wherein the transmitting data comprises
transmitting a plurality of data frames in a sequential order, one data frame at a
time until the data frame is decoded correctly by a receiving entity or a maximum

number of transmissions has been reached for the data frame.

6. An apparatus in a communication system, comprising:

a first entity operative to transmit data in accordance with a first Radio Link
Protocol (RLP) via a first link; and

a second entity operative to receive data in accordance with a second RLP via a
second link, wherein the first and second RLPs are asymmetric and have different

feedback mechanisms, different data transmission mechanisms, or both.



6. An apparatus in a conmunication system conprising:
a first entity operative to transmt data in
weacowrdanse W th a first Radio Lijek Protocol (RCPUSX108/014850
a first link; and a second entity operative to receive
data in accordance with a second RLP via a second
link, wherein the first and second RLPs are asymetric
and have di fferent feedback mechani sns, different data
t r ansi ssi direepparaius offslaimr6, vderei theThiwst egps i oprative to receive

PeBus crntioTeitot ane <] dah e Snerglied] 48y i gh8rein the second
ehifyS§bpdraivetatsand aldowledeichts (ACKSP £k RB&iVEY ddts.

operative to send acknow edgnents (ACKs) for the
recei ved data. 8. The apparatus of claim6, wherein

the figrst g?l '&g%feght%s QP Efafth IV %h%l%gf 3 '}ﬁgf' e%t'ﬁgﬁ[blpgfati@e to transmit

plurality ranes onc¢e and I'na seq

eactesf 4 plumnlityeefdavd frgmesdrice)and ftla kayuestid @apdiitd a esckivirig entity and
sequence, data frames decoded in error by the receivin
ExFetgapsmig outrefsequenge data dragyes deeadgd i erjgrydhe racaiying udify.
entity is operative to transmt a plurality of data

frames in a sequential order, one data frane at a tine

until 9% he datapparame of slate ©pwberetothe du$tl eptityyisaperative to transmit

recei yj n nti.ty ot a maxi pum nunber .of transm SSions
RaEralbEst Al RS uh SCHSnHE AT, QR dat drameyat & tme undl the data

FARRS 18 B dRA cor&HITHy a MB&VRIgEntiRforTd MskinRA hidbdrf transmissions
operative to tranSm't data via a forward |ink, and

e kden redebed for drodadmframg. i s operative to receive data
via a reverse link. 11. The apparatus of claim®6,
wherein the first entity is operative to transnit data

Vi a a1pevermse abpdikitus aNelaith @ Ghbreidie ﬁﬁcaﬂﬁqeiawf%ﬁatiivé to transmit
operative to receive data via a forward |ink. 12. An

dptearae derwand Hinkamshvhicseinitimhsesord epfity doeparativerig reseivendata via a
fQerd @S tting data in accordance with a first Radio

LK Flrotocol (RLP) via a first link; and neans for
receiving data in accordance with a second RLP via a

second link, wherein the first and second RLPs are )
asymmitr i c THRAPPRIYES of flnin Enivheistiniibs dutstipptifyzisiopasgtive to transmit

G4 0 TSN O FECREDIATR o ek v

forward link.

12.  An apparatus in a communication system, comprising:

means for transmitting data in accordance with a first Radio Link Protocol
(RLP) via a first link; and

means for receiving data in accordance with a second RLP via a second link,
wherein the first and second RLPs are asymmetric and have different feedback

mechanisms, different data transmission mechanisms, or both.

13.  The apparatus of claim 12, further comprising:
means for receiving negative acknowledgments (NAKs) for the transmitted data;
and

means for transmitting acknowledgments (ACKs) for the received data.



means for receiving negative acknow edgnents (NAKs)

for the transmtted data; and neans for transmtting
wacksmotresgnent s (ACKs) for the pﬁpeived dat a. RAT/USb®5/014850

apparatus of claim 12, wherein the neans for

transmtting data conprises neans for transmtting

each aqi a pindr #lpatatusObs ¢alid {2, 2FRSe@NAR MBshs' for transmitting data

sequential order by a receiving entity, and neans for

memmaﬁ§nltt|ng out of sequence data franmes decoded in

ol g RS R R hedlr Wiprtty o e BRRE B at in sequentia

opdgR by Se8ceidag entit9f addr ansmi tting a plurality of data
franmes in sequential order, one data frane at a tine

unti | TReqas der mtrepsmitingsouRf segurnes rda@cfrmye%ﬂecadﬁ%m Ay by the
?mﬁg% g,r ansm ssi ons has been reached for the data
rane. ‘A processor readable nedia for storing

instructions operable in a wreless device to: direct
transm_ssi gn of data | ccordance with fir

Li nk POt o %m?eefum P&Wh?rﬁr;@ than@e@}s@attransmmmg data
@gﬁlgﬁggson of data in accor dance with a second RLP via

cond |ink, wherein the first and second RLPs are

asynmeteans femigansenigingiaf pleradity of d%d@kesrﬁncﬂequ&ﬁatprder one data

erent dat S|on chani sns, . or both..
TEpHo BinBRlrDF RGPUERC i QB hfGARELY PoA ‘Bt nuimber of
%ﬁﬁﬁis&bﬁsﬂhasﬂ{eéﬁ‘féﬁbﬁéd‘ fB8iedaf frdn@ccordance with a
first Radio Link Protocol (RLP) via a forward |ink;

and receiving data in accordance wth a second RLP via

are se ljin wherei n,the.fi.rst and second RLP
ovendby £ A e P NG TR RS 1St wireless
ditietent data transm ssi on nechani sns, or both. 18

The nethod of claim 17, wherein the transmtti ng data
in acdBeeldrmsmigsion of datarin aeordanpe Fathns firstRadio Link Protocol (RLP)

via a first link; and

direct reception of data in accordance with a second RLP via a second link,
wherein the first and second RLPs are asymmetric and have different feedback

mechanisms, different data transmission mechanisms, or both.

17. A method of exchanging data in a communication system, comprising:

transmitting data in accordance with a first Radio Link Protocol (RLP) via a
forward link; and

receiving data in accordance with a second RLP via a reverse link, wherein the
first and second RLPs are asymmetric and have different feedback mechanisms,

different data transmission mechanisms, or both.

18.  The method of claim 17, wherein the transmitting data in accordance
with the first RLP comprises

transmitting each of a plurality of data frames once and in a sequential order to a
receiving entity, and

retransmitting out of sequence data frames decoded in error by the receiving

entity.



transmtting each of a plurality of data franes once

and in a sequential order to a receiving entity, and
woebtteanznzst ti ng out of sequence dgta franmes deeou@s2008/014850

error by the receiving entity.19. The nethod of claim

17, wherein the receiving data in accordance with the

second RLP conprises receiving a plurality of data

frames on L]g\% reverse link_in a sequential order, one

data fiPame He methpgrel glamadd, whergia tharreeniving datgfin accordance with

ttﬁ@&gm@ﬁprggm?ﬁ§esbeen reached for the data frame. 20.

The method of alm 17, further conprising: receiving

a negatdevange phoslity of detatfrafidAiéh theeuvesseiling in a sequential order, one

retransm ssi.on of m ssing data; and retransmtting the

SFledFaRe AR HTeRIess goREEMUE! PUBbF AT fEmPHESIAK hapbeeriseched for

e edamec! ai m 17, further conprising: setting a

timer when there is no nore data to transmt; and

retransmtting a portion of last transmtted data upon

expirahi on-of the tiner.. he nethod of claim 17,

furt hgp' conﬁ?%ﬁ%oéfo%}t%fﬁﬁ&ﬁr GATRRS B sed on

stat i sédefingdfa nBEFvedsdknyedpiidRS (NAK)IA K@t Sinsmissi
recei ved byg)t he %i rst RLP fer om hi gher )I a;@?gﬁ&settl %ndwsmn of

gugsingdata; gnfhe conput ed val ue when there is no nore
dat _ 1 transmtti a.portjo | ast
tr an P el e Gt PERTRarse Fhefe b Nade ' The

met hod of claim 17, further conprising: sending an

acknowl edgnent (ACK) for each data frane decoded
corre?‘%'l y ﬁ“ﬁem@@@é@mnﬁzpﬁmharw@nmr se link. 24.
The ngiihipd HE% : | ndi ng .t he ACK
conpri ses %engfgvgbt eéﬁﬁ\ﬁg%&gagtfagﬁg?ﬁr%L’ca%gnnel

havi nipt@nsmitting opartioh of lastofansmitesdeiatsuptet &pirhtih ffith@fmer.
ACK if none was sent. 25. The nmethod of claim17,
further conprising: scheduling transm ssion of data on

the reyer seht idlhodd?€laim 17, further comprising:
computing a value based on statistics of inter-arrival times for data packets
received by the first RLP from higher layers;

setting a timer to the computed value when there is no more data to transmit; and

retransmitting a portion of last transmitted data upon expiration of the timer.

23.  The method of claim 17, further comprising:
sending an acknowledgment (ACK) for each data frame decoded correctly by
the second RLP via the reverse link.

24.  The method of claim 23, wherein the sending the ACK comprises
sending the ACK on a signaling channel having a low probability of erroneous

detection of an ACK if none was sent.

25.  The method of claim 17, further comprising:
scheduling transmission of data on the reverse link; and
scheduling retransmission of the data if not received within a predetermined

amount of time after scheduling the transmission of the data.



scheduling retransm ssion of the data if not received

Wi thin a predeterm ned anount of tine after scheduling
woheostooansn ssi on of the data. 26.35A met hod of PCT/US2005/014850

exchangi ng data in a conmuni cation system conpri sing:

receiving data in accordance with a first Radi o Link

Protocol (RLP) via a forward link; and transmtting

data in accordance with a second RLP via a reverse

li nk, 2@her &} method afiexehanging dgtadn s¢omupaicetion Sysjemetonpsising:

d h f J hani .
and hayedhd IGLER! oL RSRRENAPSNARL SR, Gl HhERLI0RLD) via o
dbiand Bbk; ander ei n t he receiving data in accor dance

with the first RLP conprises for each of a plurality

of datEnFPHiRg datadp @PQHT%'NP athya second S Vig areverse link, wherein
ti-al

FRAMEA Lol cBOPRIE o6 BB oo NG PR Omctanicns,

|defsrentatatn thansmissicemedbianigmeyardwoth. 28. The net hod of

claim 26, wherein the transmtting data in accordance

wWith the second RLP conprises transmtting a plurality

of dabg fr @Hésmétﬁo@oﬁ BEHE Db @’hel‘éfnd@lé 're&‘i‘\ﬁng aha 1f1ra@EB°r ance with

at atinme until the data frane i s decoded correctl

dhe fseRILPegmpnisést y or a maxi num nunber of

transrd ssi eached for the data frane. 29.

The ng{’rh‘:@a 8?a3ﬁ]5‘iﬂﬁ?' tf‘%ﬁ”f”ﬁ%r conpri sing: detecting

m ssing datr@emngaﬂﬁafa& fBAh SR JefeRitMPSkdBYiftARsrhited bnce, and

RLP; and sending a n@gﬁatlve acknow edgnment (NAK) to

request reteeetigng thsidsfr Game Rt ofi ssguange ifacansgottedratdeast one due
aim 29, further conprising: sending

%h%qm%;\ﬁ%rlf a predeterm ned nunber of data franes

are received wthout receiving a retransm ssion of the
m ssi n% dat a request ed for retransm ssion. 31. The

met hod®of dibgimethod of §laime20, hgspinsiha jrangitting gaf in accordance
tifEhe y&gﬂdﬁ@d&%&sﬁg NAK; and sendi ng anot her NAK

upon expiration o e timer.32. The nethod of claim
31, f umhéeittigaphirditp@f data frames in a sequential order, one data frame at a

time until the data frame is decoded correctly by a receiving entity or a maximum

number of transmissions has been reached for the data frame.

29.  The method of claim 26, further comprising:
detecting missing data in a data stream received by the first RLP; and
sending a negative acknowledgment (NAK) to request retransmission of the

missing data.

30.  The method of claim 29, further comprising:
sending another NAK if a predetermined number of data frames are received

without receiving a retransmission of the missing data requested for retransmission.

31.  The method of claim 29, further comprising:
setting a timer upon sending the NAK; and

sending another NAK upon expiration of the timer.



conmputing a val ue based on statistics of inter-arrival
times for data franes received by the first RLP, and
woheremor2she timer is set to the gpnputed val uBCT@82005/014850
The method of claim 29, further conprising: sending
another NAK if data with |ower priority is received

prior 320 t MEhetheBbd6f a3 I, Ferdasic Pﬁ@ih
retransm ssion. 34. The met hod of cl ai m 26, further

conpr iCOMpYLng dc ¥alye fhgsesh om skaistirs af Aeter-aixek finfes rfoe dlata. frames
I

S8R T S RIT, WAl S BRF e 5B BOEAREE PREE

each data frarre for which an ACK was not received. 35.

The thod wherei n the receiving the ACK

for ggc"h C tﬁ?flnﬂéi Haedd: duther COBRESBENpr i ses

recei ..

br obabrTe Qﬁ%tﬂge VAT B AEICNRE pROFS kgl Bhoftd ¥'missing

Wtk requestedI6r refkansmiboch.of transnitting data in a

conmuni cati on system conprising: transmtting data in
accordance with a Radio Link Protocol (RLP) via a

comuniycat imeR théthéd oifk%ﬁlciﬂ 'i"lﬂﬂ{é?c&ﬁf)ﬁmﬂg-t ato
transmt,; conputing a val ué based oh statistics of

dat a g@aﬂoeng aneay@wladgyentr(é\@KPfcfrr@awhrdam] damleatyansatitted by the

ti to the.c uted.va
PRI eld S Rk BER s Sty Mansi ¢t ed
d at a w@emsextfhg 8hdhQiatOfrarh® SoriwHiBK an ACK Whendtebdeprdof
claim 36, wherein conputing the value for the timer

corrprl ses determ ni ng an average and a nmean devi ation

| niygr - ar"Ierr Vﬂﬂegh%g”(ﬁtfafglﬁ ?izf“ewﬂééﬁ iR C}%%%%] eﬁme' Zﬁﬁg( for each

by thé " RLP ayers,
\airelyf decodduadatd frehe baapdsesn t he average and the mean
devi ation.of .the inter-arrjval tines.38. The nethod of

cl ai meEIViRRhee) GK dénb tighaeetdhanieh having 8 Ay prebability of erroneous

detection of an ACK if none was sent.

36. A method of transmitting data in a communication system, comprising:

transmitting data in accordance with a Radio Link Protocol (RLP) via a
communication link;

detecting no more data to transmit;

computing a value based on statistics of data packets received by the RLP from
higher layers;

setting a timer to the computed value; and

retransmitting a portion of previously transmitted data upon expiration of the

timer.

37.  The method of claim 36, wherein computing the value for the timer
comprises

determining an average and a mean deviation of inter-arrival times for the data
packets received by the RLP from the higher layers, and

computing the value for the timer based on the average and the mean deviation

of the inter-arrival times.



limting the value to be smaller than a tineout val ue
for a higher layer protocol transmtting the data. 39.

waé 20mtoonds of recei ving data i n a 3onmuni cat i onPEYAISEIUH/014850
conprising: receiving data frames in accordance with a
Radi o Link Protocol (RLP) via a comunication |ink;
det ecti ng m ssing data in a data streamrecei ved by

t he P via_,the co ni.c on link;, sending NAK t o

req ue?t‘3 r et #‘Sl%‘?ﬁ‘%g%l?l%‘f éb FACTRI Serpppt H’&ttge V%BWPIPFGS

a val ll'i?mﬁﬁ%ﬁg: PhucSlode! thdlfed tih o fifestA A" B Righer layer protocol
received by the RLP; setting a tiner to the co uteg
vrahsmittingfie detadi ng anot her NAK upon expiration of the

NAK timer. 40. The nethod of claim 39, wherein the
computing the val ue conprises determ ning an aver age

and a3gean Adﬁl‘éth@H'o@fbc@fvm a@:{ n@dédrﬂtﬁhmbéﬂﬂfx%yﬁt@ﬁl E&Bprising:
data frames received RLP, and conputing the

val ue resgtang dhtatﬁl‘@n%ﬁv@r werd@n@r: wiith arRadiodbinkRotwGob(RLP) via a
\Aﬁ ﬂc%%ﬁrfml\c’al times. 41. The method of claim 39,
rern e sendi ng the NAK conprises sending the NAK

i f | edstebid maissiBygi dati MUED AataOfstrefh I ARSINES ShyPthe RLP via the

requests .has been sent for the m ssing data.
communication li

sending a NAK to request retransmission of the missing data;
computing a value based on statistics of the data frames received by the RLP;
setting a timer to the computed value; and

sending another NAK upon expiration of the NAX timer.

40.  The method of claim 39, wherein the computing the value comprises

determining an average and a mean deviation of inter-arrival times for the data
frames received by the RLP, and

computing the value based on the average and the mean deviation of the inter-

arrival times.

41.  The method of claim 39, wherein the sending the NAK comprises
sending the NAK if less than a maximum number of retransmission requests has

been sent for the missing data.



