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pr esent atjeRfice di¥EEomiBGRicAtibDs, with such adaptation providing mixed results.” Thus, futire wired
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20 The Internet, Iotrancts, Wide Area Networks, and Local Area Networks are all packet
switched networks. In such packet switched networks, all communications to be transmitted
from a source to a destination are packetized prior to transmission and reassembled upon
receipt. These networks are capable of servicing both data communications and Voice Over
Internet Protocol (VOIP) communications. Because of the requirement of interoperability

25  between the equipment of differing vendors, varjous interworking standards have been
developed for packet switched networks. Many operating standards of this type are based upon
hierarchical protocol systems, e.g., the Industry Standards Organization (ISO) seven layer Open
Systems Interconnect (O8]) model, the TCP/IP model, etc. The OSI model includes, from
lowest protocol layer to highest protocol layer, (1) the physical layer, (2) the data link layer, (3)

30  the network layer, (4) the transport layer, (5) the session layer, (6) the presentation layer, and (7)
the application layer. A corresponding TCP/IP reference model includes (1) the physical layer,
(2) the network interface layer, (3) the Internet layer, (4) the transport layer, and (5) the

application layer. Networked devices, e.g. computer terminals, wireless network mobile
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ARQ operations are different than the ARQ operations described above since the base station
25  does not serve as an end point to the serviced communication. However, existing ARQ schemes
require significant overhead and heretofore have not provided required robustness without
incurring significant additional overhead and without oftentimes resulting in unneeded

retransmissions.
In an article by M.C. Chuah, B.T. Doshi, S. Dravida, and R.P. Ejzak, and S. Nanda,

30 entitled “Performance Comparison of Two Retransmission Protocols for CDMA”, the authors
describe multiple transmission protocol operations. A first retransmission protocol operates
between a serving base station/switch and a mobile station via a wireless link and a second
retransmission protocol operates between an anchor base station/switch and the mobile station
via the wireless link and a land line. In such case, the first retransmission protocol operates at

35  the link layer while the second retransmission protocol operates at the TCP layer. Because TCP
layer retransmission operations were designed for wired links they provide minimal benefit for
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packet dzﬁﬁnwmsly&hmughpamammomnf e physical W&fr fragmesg The g¢r9 ﬂ"c"é’raﬁé d"r{Bbase
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station, to a physical layer where they are inserted into a physical layer frame. The physical

layer frame of the transmitter then transmits the physical layer frame to a receiver, €.g., mobile

station or base station across a wireless link. If the receiving physical layer receives the

25  physical layer frame error free, the receiving physical layer sends a positive acknowledgement

to the transmitting physical layer across the wireless link. However, if the receiving physical

layer does not receive the physical layer frame error free, the receiving physical layer sends a

negative acknowledgment to the transmitting physical layer across the wireless link.

At the time of transmission of the physical layer frame, the transmitting physical layer

30  waits for a delay period and then awaits the acknowledgement. If a negative: acknowledgment

or no acknowledgement is received, the transmitting physical layer initiates error recovery

operation by attempting N retransmissions of the physical layer frame.
At the receiver, a link layer protocol receives packet data units from the physical layer,
each of which is identified by a unique sequence number. When the link layer receives a packet
3
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operations of a base station, n tation, or operations
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Descri pti gioRinetdrswidgsihRdschA better understanding of the present invention

can be obtained when the followi ng .detailed descripti r ed
embodlSrent s Elﬁasid’ér%cfyftﬁmcg‘ﬂ%ﬁcflﬁ‘(%&%gtﬁw ’e':’(f\l #@%I%&H% rasﬂgn'gégi%{kn
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is a bl ock di aBiGan®i 18| ﬁsﬁF’%ﬁ #@“’E‘hé Eﬂgﬁng&}@t‘[ g?\‘%nl %erco%tg%l on O{égriig
conponent Ltk NsidRRN upord &S Bae! Shii@N a8 ar mwhitebitdtiens sawpiding de corfifsing
to a fi rs?ﬂlﬁﬁé%(?%rrent g?o,t he present invention; 20 FIG 3A is a block
di agr am i éthbokimentiod ghe preseeigpventialier conponents resi ding upon a network

| %r r ”tCt “][ CpRePMPRNEN biRRE dRigrat MRRirkiihgSihetOSINlagercamiiongnts aesiding mpon a
enbo nt o . .
network infrastructure component and/or a mobile station according to a second embodiment of

the present invention; :
FIG. 3B is a block diagram illustrating the manner in which Radio Link Protocol packet

data units may be packaged into a physical layer frame;
25 FIG. 4 is 2 logic diagram illustrating transmit side physical layer operations according to

the present invention;
FIG. 5 is a logic diagram illustrating receive side physical layer operations according to

the present invention;
FIG. 6 is a logic diagram illustrating transmit side link layer operations according to the

30  present invention; .
FIG. 7 is a logic diagram illustrating receive side link layer operations according to the

present invention;
FIG. 8 is a data flow diagram illustrating operation according to a first aspect of the

present invention;



the present invention; FIG 3B is a block diagramillustrat i"ng the manner
in which Radio Link Protocol packet data units may be package@ 0i $EPo2)g4
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| ogic diagramiTldstrating rec cal layer operations according
to the ppresaninventicention; FIG 6 'is a logic diagramillustrating transmt
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construct(;% LOLdopg to the present invention; and FIG 12 is a block
di agram i us{ra"lthl ng a nobile station constructed according to the present

i nvention. 10 Detail ed Description of the Drawings FIG | is a system

di agrgm illustrating a port b%&[iﬂfllﬂs dod! Fh@;ﬁhﬁgssl network constructed
n cellular wmre

according to the present invention. The ] ess network includes
a wirel ess ndRIGork is raf systeny Wiagrane illostrating e pertion jafna relular, wareless @etyarki on

106. The cellular wreless n t [ 10
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enbodi nent of fhe present_inveption, .the network.infrastrtuctur J

o oui { - SUsERth EIentRg T Do R oin, RGmpapife Ynou  Fodeiiioh B Xfeung
standards. The wireless network infrastructure 102 couples to the Internet 114 and also to the
Public Switched Telephone Network (PSTN} 110. In one embodiment of the present invention,
the network infrastructure 102 is circuit switched, couples directly to the PSTN 110, and-

20  couples to the Intemet 114 via a gateway (G/W) 112. In another embodiment of the present

invention, the network infrastructure is packet switched, couples directly to the Internet 114,

and couples to the PSTN via an interworking function IWF) 108.
A conventional voice terminal 120 couples to the PSTN 110. A VoIP terminal 122 and

a personal computer 124 coupie to the Internet 114. Mobile stations 116, 118, 126, 128, 130,

25 132, 134, and 136 wirelessly couple to the wireless network via wireless links with the base

| stations 104 and 106. As illustrated, mobile stations may include cellular telephones 116 and
118, laptop computers 126 and 134, desktop computers 128 and 136, and data terminals 130 and
132. However, the wireless network supports communications with other types of mobile
stations as well.

30 Each of the base stations 104 and 106 services a cell/set of sectors within which it |
supports wireless communications. Wireless links that include both forward link components
and reverse link components support wireless communications between the base stations and
their serviced mobile stations. These wireless links support both data communications and
multimedia communications, such as VoIP. The teachings of the present invention may be

35  applied equally to any type of packetized communication.
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terminal that participates in a communication session with the mobile station.

25 The protocol layer operations of FIG. 2 are compliant with one of a number of various

| standards, e.g., 1XEV, HSDPA, or another various standards. These standards will typically
include both layer 1 and layer 2 components. While Jayer 1 is typically referred to as the
physical layer, layer 2 is referred to using various terms, the particular term, e.g., Radio Link
Protocol (RLP), etc., used dependent upon the standard. The teachings of the present invention

30 may be applied to any operating standard in which layer 1 and layer 2 both support ARQ
operations. '

The teachings of the present invention may be applied to various ARQ operations. For
example, some ARQ operations employ a “stop-and-wait” (SAW) methodology in which
packets are recovered in order. However, some other ARQ operations do not recover packets in

35  order, ¢.g., Motorola’s dual channel SAW, I1XEV-DO’s 4 channel SAW, Lucent’s asynchronous



FIG 2 is a block diagramill ustrati ng the Cpen Systens |nterconnection
(Csl') conponents residing upon a base station and/or a nobil & BSef tpp
according to a first enbodiment of the present invention. As shown, the

nobi |l e station supports all seven | SO, 20 protocol |ayers. The base station
my al S0 Bioeprntal R édwdansy, ugONprteioNEP (Nopesomplets, Ranstire), jamong (athezseadhee of

FIG 2, the_base er and link [ayer in
servi ci ngf® %Fh%qﬁﬁfecé{e&% %%%ééﬁp]?%%r%ﬁegpﬁg@%né%%d wired ter mynal
In this operathgg iliuseard ioFIG.Me ldyast aad éﬁymlnoﬁbotbltl;e meblhby%atlm the passket s
bet ween the mobil e st at and d _termn t

conmruni catatioR @&?P%“Wd’gl ﬁdtaﬁ‘é’rmq @egfe{iﬂtélhv 'rliﬁé pro dc P?ﬁclﬁ&s%
oper alsi org)_ph nfddihca&:@rmqw Dafidludis TaiLZahEnmﬂJfﬁaﬁmnﬂsrmmdlﬁedadams reports

i |1 Cypithemiagbn ol Paskes BEIPA Heh ARLLEPRPEE S<BSHREHER TR RAgE, 1

Is typi Caﬂrkaen{aﬁsfbr%ﬂcﬂ lid YatalPackeP By G2 anh&:)(@:rwnlh aeire Adicatioefodayed. tia
usi ng vari ous ternmnms he particul ar term q Radj o ‘gh Kk Protoc I ngLP)
etc., usacadmendeith pda-khaodification dayerfiom b aethiniig

[ nvent I 0 Whild ty @[glqtg,gqrcl gﬁu%g,h If@,—ytgé dataand
| ayer 2 Bﬁ?ﬁ%’ggﬁﬂgq{‘ﬂ%m%‘%&él onsn é}?g?i?hl ngs of the present
i nvenoi orbleoky. ﬂ)‘besampemdnsmll\k&rdcm@ ed\fanthepwith refesence tgJ0s. ‘b?anpl e, some ARQ

operations e y tl éﬁ% are
recovered innglrlg ﬁﬁg\ﬂeo@g‘?pgla ll er R}gg erg*é?ons do not r‘%%%%a
packet s ifobife @atbay an&o:guponl\bphmﬂm oﬁ neitwairk difrastredture Apnponemts aqoording) to a
channel SAW Lucen ono SEP I ,
and -Nor t éfeapd I\E@bo‘i'ﬁlfﬂ gfcée[gulﬁ'c?ng{r&é) azrf%g‘gno e@smﬂ%’ teag’g&ngs of
tth p[ es ?B{(?pbﬁeﬁgligcmdea?mh;enieo PmngcothPp Ilngse3($ﬁetgﬁ?nm+tm§om$ pWOl fPPP) layer .
illustrated in a 0 i an
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i ndi cation toﬂ%héagrsae{x 0fslcc:gf)hr)gance %‘tr? th?eLz ﬁ%%dl f | on | a}/er 2
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be described further herein, the principles of the present invention may be applied when one or
}5 more separate RLP instances share a physical layer for their transmission.

Each of the RLP packet data units includes a RLP header and a RLP payload. Each of
the RLP packet data units is uniquely identified, with packet data unit sequence number.
According to the present invention, the ARQ operations of the RLP layer use these sequence
numbers.

30 ' FIG. 4is a logic diagram illustrating transmit side physical layer operations according to
the present invention. The operations shown in FIG. 4 will be repeated for each packet data unit
received by the physical layer from the link layer. Operation commences wherein the physical
layer receives at least one packet data unit from the link layer (step 402). Upon receipt of the
packet data units from the link layer, the physical layer packages the packet data unit(s) into a

35  physical layer frame (step 404). Then, the physical layer transmits the physical layer frame
across the wireless link to a receiver across a wireless link (step 406). Note that in another
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P05 ¢ acermider tat econst fpteh RS HIGH jsufd BhoelhhE il SRS0NIR dof196% 1! 1
SEP 2004&%@,@3&ﬁt&1 Wrsh_cﬁbaae,ltmml t;stlaﬁcm trasmits llshesphmcal' {aydr frame lndweitet
dat t e packaged. i nt.o i ple a .
or T nci I 6 w0 asRRBIEGERER Ao higymaiale siiof 4503 3t @8 mobf Stasiont BdkeBwIchaEs
dfeparti nglezphymél Ip@egtﬁ@ﬁe_ vwak tn;,mnﬁﬁg&efﬂityddr(mmulz)_mrtliem-aasqgﬁtsidbphjrm l;ygmrpl e
of use o e present jnvention, operation is su e et we a hase
st at2®bn maa&%@@%‘ﬂ Gﬁpféél) P@ip“?“%‘ﬁao étpeﬁngﬁél ggg'e}’ﬁfd I °W1§n
such as xyh%giﬁca 1§n,§f FicBRks 4 Bbsifie dkfowlkdgridi ($p A10) Ppeatiaf farhie pardedat

n e e

i nventio t odied in the base station 104 and/or the nobile
st ati on p@Gicaklayerfrapoifomalete cularly in FIG 2 and described with

reference t hepe‘ft (gggahoe hdkBoWRAErh &t iPiec@veal gt L8 tifileSwt Icohditlom 6¢ctirs(stapé #12 or
reference to FI'Gs.” 4-10, . the base st ti‘gﬂ é04 I s._gonsi dered the

transni t #14), tadransmit sigs; physical Jeyep fons o 38t @'& pipfgat transmission of the
25  physical layer frame was the Nth transmission atiempt (step 416). According to the present

invention, the transmit side physical layer will attempt N transmissions of any physical layer
frame before it ceases its ARQ operations. Thus, if the current transmission of physical layer
frame by the transmit side physical layer is not the Nth transmission of the physical layer frame,
operation proceeds to step 410 where the transmit side physical layer retransmits the physical
30  layer frame across the wireless link. Then, operation returns to step 408 where the transmit side
physical layer waits for an acknowledgment of receipt from the receiving physical layer. If a
positive acknowledgment is received at step 410, or N transmissions of the physical layer frame
are unsuccessful as determined at step 416, operation for the particular physical layer frame

ends.
35 FIG. 5 is a logic diagram illustrating receive side physical layer operations according to
the present invention. The receive side physical layer operations wait for physical layer frames
8
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he St sPae (s en the recei ve side physical | ayer
recei veSuaedtI@hﬂdicamla goad'e&ceﬂvcthplwstaﬂﬁwif@mq@ﬁéhﬂY ‘ﬁ%@abﬂiﬁf@dPW jCAts 2
(step 504), it. d te r £t I@yﬁg faStofiRers® a
good phyg’P@ ‘[‘W"m %%%%50%1%11% eter nat | onnl s _based upon a
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25  ACK bit is punctured into the reverse pilot channel and extracted at the transmit side. Another
\ potential implementation is to use the reverse dedicated control channel (R-DCCH) to carry this
one bit ACK information.
FIG. 6 is a logic diagram illustrating transmit side link layer operations according to the
present invention. As shown in FIG. 6, the transmit side link layer remains in an idle state until
30 one of a number of particular events occurs (step 602). Of course, additional events may occur
to cause the receive side link layer to operate and perform a variety of operations. Only
operations relative to the present invention are described herein with reference to FIG. 6.
In a first operation, the transmit side link layer receives data from an upper layer. For
example, as was shown in FIG. 2, the link layer may receive data from any of the higher layers
35 in the protocol stack. Further as was particularly shown in FIG. 3A, the transmit side link layer
may receive data from the IP/PPP layers. Upon receipt of data from an upper layer, the transmit
9
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FIG 6. St operation, the transmt side_|link |ayer recej %‘es dat a

fron2@n wupgséng drayrencouspacketdatapmits to the phasical fayghfor Fetrapsmisgon tsieg 20k | ayer
may receive d O 'Mhﬁu iccki ¥ GRS iniSfybs oleiof Rorlg BUBE K
Furt her as vva?kga’;r Esl JCT]u arcfJ S OWI’ISB'Ihn -| Gf 3A, the %,r ansmt side | ignk, ayer
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upper | agtea{e’uniip]?ark&ﬂﬁsdp&aﬁogs Ghrrice @961702). However, as was also the case with FIG.
6, the receive side link layer will perform operations in addition to those described with
25  reference to FIG. 7. Further, as previously discussed, any wireless device may implement the
) teachings of the present invention both on the transmit side and the receive side. Thus, the

description of operations of FIG. 4, 5, 6, and 7 may all be implemented on a single wircless

device.
The receive side link layer receives packet data units from its corresponding physical
* 30 layer. In such case, the receive side link layer considers one packet data unit at a time that it
- receives from the physical layer (step 704). Upon the receipt of a packet data unit, the receive
side link layer determines whether any packet data units have been lost (step 706). Because the
receive side link layer keeps a history of the sequence numbers of packet data units it receives,
it detects the loss of a packet data unit by a gap or discontinuity in the sequence numbers of the
35  packet data units it receives from the physical layer. The receive side link layer may detect a
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transmt side Tt ayer wll pass the, _Zfﬁ m'szi or.sgirlr1 n ﬁ]ﬁR@ﬁ!ﬁ%&
dat a1§ni treceive sideclipk Jayer sgnds aﬁﬁxﬁ%ﬁh"rmyﬁla dpyec ‘?r(r}%‘“f@{ S %ﬁ%%y I is a
| ogi c di m i st ' | ' ttierfanbrait @ide dink layer anwandescribliday t o
the pr eiﬁk?ﬂm\%wﬁ@ﬁ; @ gﬁ?)%y?ﬁﬁlb:‘lﬂg ;, receive side link |ayer
operati Orgﬁg%l]s@ndaslldbesd:rmcemadcmdmslbt ate until particular operations
comrence ( te&-‘l&{gg?iﬁ l_%\ﬂﬁFv djﬁé?ﬂqajﬁuﬁllaﬁﬁg bp@atiiisacididy fol £first @spechef the

| PET T or

recei ve side yaer Wi m operations in _addition tg those ..
descr i begyakhthindéntiont eFihdeshowsRhaphysical-layehaRQ mechanisy 6%&’?@%&%%@???%%‘5,
any wireless devi ' dN@derShnd that e opemation sRAGL Bon
oS e i i LAVl b S asigadenind it ecn

£ e’ recelve side. Thus, the .description of

oper at i 0Ongsigfplydrie exmple thit, mayrte perfoagedAcrorgiagito e FIRSFRIARVIHOY singl e

wirel ess device. The peceiye_si Is r &4 Sk bkt atfdnsmitRides
fromits correﬁmaﬁﬁsﬁ%}%ﬁﬁ ﬁg@%hllgﬁ%g#%asﬁ%ﬁ ca%g, ‘H}? {:Eéei ve. side
li nk | ayep4Gonetive sidenNopahitaihysicsldayaniframes ase npinlabelpdang the 1apels PIAYISEL, om

t he physical layer (step 704). Upon t CELPLE SHysiRalPRGdrrarild | 2the édeivet he
recei ve mwfvxlﬁw@ﬁ"%g H@M%ﬁgﬁy Joket gégta units have been

0 e BBt dose st TS AU
of & pacieskaenedgammt A6y 4 s oot Bl hRukt] BPRRLMERRe SIELEEEE S por s O
the Upon transmission of physical layer frame 1, the transmit side physical layer inthates a
delay period indicated as T-ACK. At the conclusion of this delay period T-ACK, the transmit
side physical layer expects to receive an acknowledgment for physical layer frame 1. The
30 transmit side physical layer expects to receive an acknowledgment within a window T-WIN at

the conclusion of T-ACK. Both T-ACK and T-WIN are selected based upon the inherent delay
transmission of the ACK

in transmission to the receive side, processing by the receive side, and

from the receive side to the transmit side.

The transmission, receipt, ACK generation, and ACK transmission process is not

but instead occurs over time. Components of delay in the ACK process include an

35 immediate, |
7 frame from the transmit side to the receive

inherent delay in transmission of the physical layer
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35 packet data units it receives fromthe physical |ayer. The receive side
link |ayer may detect a 10 3 0 SEP 2004 single | ost packet da?@ SLEpimmor
mul tiple lost packet data units when consi deri ng the recei pt of any

" particul ar packet a unit t he Y Ekerminin cted
at step FU6, reesipt ?’g H]@'skcia]d y?r%inq %}F%g%( rf[‘5:ulf 5lrd g e pagﬁh&ggﬁtg& %h?ﬁéﬁ

its rese dis @F bad'ﬂ(j)\l.\m/x%éclvd sfldd gaerdtion dEareACEdyabe wreipe 506, andln

i’dygpﬁ-‘ruﬂ

recei ve Ssi aye 5 sets %é :@.'r for et%ﬂf‘"‘&‘{,ol? H‘ﬁéé(eat f@ﬁ l;at hat

it det ecmhe(@t dglaY ingth e tRpENSSen s Ko fie FEedi ¥V | nk

| ayer, the Qﬁ‘ﬁf g, 11 HORGE FRefvad | bﬂlﬂ& trmnsideldnnmefmtwpmgon of a

recover Pﬁ% ysS yer frame that and tha t.ai

b | ost
or nofe ghrtichlar bexsod qurmﬂq, &ﬂerT'ﬁ&Iﬂ(e “@?ﬁsfsaa (L‘aﬁe'h[bt §8§| for gmagcuiag p, g\%?‘ﬂ Tayer "

unnecess aﬁm [ ST%irel @B (T-ACK. + TTayEN).
retransni?é g’ﬂﬂ E’k |s set 't del ays the‘3 ge(r?'nfl of 10 NAKs .until
a period of tlHﬂﬁchexarmlsséHIG I‘Balac]quOWMmﬁeD y%oz 3 dayen %’9‘9? ltlﬁp?%'é‘ffv@rd Bost

physi cal [ a g.q&fn eg{,dtrtpcnrg

i nventi oﬁe"e% W‘&‘Phg‘eoqu"ﬂ %EE | mar se for I ost packce ta ngnIt
or units syen fianieol . t Tids baheﬂmwxempleh@rbsen@tthmm mnnq@@mr BEHBY by
t he physPcaI | ayer

I.on en. any of the timers expires that has
beenl@et an@pchngy}edggsgﬂ‘&g%wgﬁ“fﬁﬁﬁygr %p 714), the -15 receive side |ink
| ayer sends a P&éﬁﬁﬂ@d@ﬂ}ﬁicﬁﬂayér&ﬂﬁﬁmﬁ@phﬁs{cahhm2aslsb@@lt Rbysical
wireless |ink (step 716), This NAK.wi || he.recejv si de
link | aydayenfames, é’é’é‘@?’?‘b@ocwptegt“éﬂs ERBSTRRORO e""'l sérs @ng accolfeghg%
FIG 8 i %h t?nEbwvc&bam&@éeeivklsi&tphgﬁxtﬂgaﬁﬁeaﬂt nmlaclamwdn’d@mgt foo physi¢al st
the

aspect o present invention. he L

mechani s tayas frase 2qtos the; trogmitjside ph Wegl@feérgﬁ'? 406 F@%n Wdﬁg% wever

t hen{ﬁadﬁﬂ?ﬂgﬁmﬂg 9&@51915&9%&&1! vi:@%o@l@@x&&ﬂtl?:&&dﬁedﬂiy&he&ecm& siderphysicahe
e

exa performed according to the present invention. As shown,

physi cal ldyegyer frane | is sent across a wireless |ink between a trazismt

side and a rgg Pg’ \épmg{ngisgm qu, ydidhR layR 86 2lactosy the vﬁn‘m&nh,rthe mrahsmhit kide ed
rovi ﬁer

and the | abel s in are for ill stratlve onI
recei pt physid tayendlso injestesta Bl de lay,period 28 \%’n?g’agfﬁtg %cﬁ ﬁvg’f’ﬁ)

det er m nes .t 6. B th0 ExduieoRFIG, Seﬂﬂsraasmt
positiveP %%‘Eﬂw Brusete ulaﬁ)ﬂ?ﬁlep&ho@m xdnip€ o

rrent 1) t0o the transmt r ot coI W d
acr ogg tbﬂeV\pH)@ic&Bia}ler rTIQCdDGQnﬂ megpivai ackpeo %F%IW&“E&P I“?a&" £+ %4 he
transmt side. | fed Bebausedht oAk @dt edrecily ACK-
A the cOREBEPOI L PRYsiceL ey £t 23hE afuin 8F cserRRd B0 o pvel

ay period - ansi n1t S|$que%§ﬁcal
| ayer expeeivedt Ghusahlswart&nlaamw@ﬂwmwu an¢ § The
30 trwmit Si d(é Bvsﬁd Clent YRS ?é%hﬁ ohRshiSG&l. ve an acknova edgnent within
a wi ndow &Y &-conc u5| on o

T-ACK. Both T-ACK and T-WN aang
sel ect ed basedhysical lsyee fianiecr was trapemifted after physical layer frame 2 was transmitied

25  was correctly received by the receive side physical layer. Thus, the receive side physical layer
sends a positive acknowledgment to the transmit side physical layer. However, the positive
acknowledgment is lost in transmission and does not reach the transmit side physical layer.
Upon its transmission of physical layer frame 3, the transmit side physical layer initiates a delay
period T-ACK and then awaits an acknowledgment within a period T-WIN following the

30 expiration of T-ACK. Because the transmit side physical layer did not receive any

. acknowledgment during the T-WIN, it also initiates error recovery. for physical layer frame 3.
Thus, this particular example represents a successful transmission and an unsuccessful positive
acknowledgement of the successful transmission.

FIG. 9 is a data flow diagram illustrating operation according to a second aspect of the

35  present invention. In the operation of FIG. 9, the ARQ operations of the physical layer and the
link layer on both the transmit side and receive side interact to cause error recovery operations.
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in transnission to the receive si de, processing by the receive side, and
transm ssion of the ACK fromthe receive side to the transm’tdas ggp UH
twi smssion , receipt, ACK generation, and ACK transm ssion prdce 2 not

* 35 inmmedi ate, byt jnstead o over. ne. Conpaonents of .del th
process imdle pRILG ml%ﬁ@?@ﬂ%ﬁé’y |ﬂmibsélﬁsaﬁ’?“§$ %%a} ﬁ%glg agl}’ectaq]q Sg’é
frame fr@??yésﬁéh&srﬁi \adihgle ipgsidad liyee fFagehascheeh nadd Gicﬁ&ﬁeﬂ@@asqardaously

recei pt physi cal |ayer frane at the re e . sid erm ni n

whet her desstipedy suehl operaiaD lsf ROt nEWAYS 5’80‘&?56@@6?&56@}3 tfﬁgl‘ette‘@éﬂ

gener atiop of f,gtaﬁgﬁ%?hw fr¥ifie. SindStarPdTdrafdinisdicH) e RsHR |sﬂ¥ JinR 159&?

o

transm ssion o ransmt side. Thus, a valid ACK for _a
part i Eul passesapaeketf datammnitill to thmransemtr wdephysigaligyer. hdhe transsit side physicah dayer

0 o1 e ROy B o 98 DB o i T s |

recei ?/ed acrbiésethe &vu:niem lmhthanhqnmcm?d sigé. ﬂ'lhﬁ:l,’eceié'e gide physicatlayer receivpg Phiismai h: y
e R

T ecelvebane t F2RH0S e R boflcaliR 1§ Ble uhly sdefibsitel ydild A, OO

T- ACK coPﬁ& tmﬁmmﬁybwabdmbaymddlurﬂduyet This particul ar exanple
represents he S

f t of
a phi&ical | a RS %Wéﬁ‘%&%‘i‘f@%ﬁb@. ?&?aye%ﬂ?glgggl&s?&w Si cgl
| ayer fr%ﬁﬁh%aﬁé &bpmet &ty edicinto plsieal I&yalmnﬁz Wihmnsmxt bide physmnblgdr in

its transm sSion to t he, recei ve 5| and is receiyed. such
case, t hthen greesmits RhYgICalJAYE ﬁ@rfe%eé‘ﬁc&d‘ iﬁiﬁ‘g ¥ abh‘}'ﬁ cal
layer frang.2:d é)bw%'}sicaﬂﬁﬁrtﬁaﬁie%oﬂ?&télbﬁﬂid al iy stive aﬂ]hioﬁzlﬁgiﬂ&ﬁﬂsedﬂh?mhe I's

in the negative to i ndicate that physical |layer frame 2 was not
correctl mm&sﬂqwmﬂl {ayer fopihe figmesi ge physical layer. Upon transm ssion

of pfysi cal e frifiBt ded HeQdDAsthit @m&vn]meias»&q;absve@backamtatmmsmme Fatifhit

physi-cal Iayer also initiates a I- el ay, per.i a\nd t eofvva ts an,

acknow edgerphuswd {ayen “@Chﬁé%q%@a*ﬂ/\ﬁﬂaéﬁ‘{‘érm{z’rﬂh vekdi PWl‘%H‘

T-ACK. | Physidfl 894 Bhe Efaa%k&gue%éla@ 1k B0 B rkoci RCkidd @ﬂmay@alnbawwe
ve ac

recei ves nega ment with he wi ndow T-WN and determ nes

that physide physical dayer reneives phmal daysy ﬁawe 3t o ga9d penditinacandciben passgs, theog
correct | Backh G %a“& ggﬂtﬁnedt% phyBigall 15 |ﬁfmce3( W Rllereb X 66 Hok 1ayer. Upon:

unsucces nsSm ssion an ccess negati ve acknow edgenent of the
uns lmesmwpt dfl mackahds@mm 3, ﬂhhmn'amdc hyblﬂw'r iests 3 1o deeaustis was expecung tor

physi cal yer épb y
t he rece’i"% %?%&eta%m@sl cal” ayér rﬂIlh ﬁ%%%raég%%g Sl dﬁ(ﬁﬁ%%qaggﬁgl%l%?tb

sends a hositive acknova edgnent to the transmt side physical |ayer.

However, the nost Ey5| c&ﬂgﬁﬁ% ¢ 1£6r pBfdical Nayek ARAE 95 iR naRknifl Agde NOt

reach the tra
physical ]ayer ﬁ'ame retranszmts physu:al layer frame 2 and it is received successfully by the

25  receive side physical layer. The receive side physical layer then extracts packet data unit 2 from
the retransmitted physical layer frame and passes packet data unit 2 to the receive side link
layer. Because packet data unit 2 is received by the receive side link layer prior to the
expiration of a timer set for packet data unit 2, the receive side link layer does not send a NAK

requesting retransmission of packet data unit 2.

30 Thus, the operation of FIG. 9 illustrates an example wherein error recovery at the
physical layer-and delayed error recovery operations at the link layer preclude unneeded error - -
recovery by the link layer. Thus, the error recovery is swift, accurate and does not consume
overhead.

FIG. 10 is a data flow diagram illustrating operation according to a third aspect of the

35  present invention. As shown in FIG. 10, the transmit side link layer passes packet data unit 3 to
the transmit side physical layer, which places packet data unit 3 into physical layer frame 3.
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Upon its transm ssion of physical layer frame 3, the transmt side physical
| ayer initiates a delay period T-ACK and then awaits an acknovx%ggg‘g?@g
within a period T-WN following the 30 expiration of T-ACK Bec

transm t ;blq?% %{n |36}¥§{1ccg§sﬂ.ll overrﬁﬁ@g) \Sﬁ"o%rﬁ{e w@rffé Q&ce&éﬁis?%uts ?e

T-WN, es ‘error physi cal Tayer frane
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05 a ddtame § g et FHERTH AL VR ety ok KEE el Ve bR e
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‘0
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SEP 2004 In tf&gﬁfs&:bﬁ%ﬁﬁn&é‘m RanifLife 18k 1aved ipaRings padketdatd it Aot hat

a single packet data unit corresponds to a single physical |ayer frane has
been naddransioinsider physicehdaysr. e iTensanityside) physiaal lyer Rlages raskst

al ways th gﬁl%ai?aygayeﬂg gﬂdpgusce@ﬂﬁiy{mﬁﬁﬁ@ wyléaﬂ Virddfe 4%9{&%@%1&%

single p rane. | start tranSm ssion, the transmt side

link | ayae r&ei@asmsplpamhlelayﬁat&eumenvemdecpwnealtlayahm pxmqs%pqskytsd%umt dyer.
The ansmt side S I nto
physflé ° El?ys'lcf‘]aﬁggrlﬁ%nﬁéd“ f“%/ ﬁ%g?ﬁs?’ Qﬁéﬁ%m%%{‘ﬁ ayer %\rr%ﬁn%ﬂﬂ‘fag?%ss t he

wi rel ess | i nk Affertahpericglonf] tie, thedtimerTthat wascset for packetdgim pait @agxpires; avithy sxcki ves

hysi cal layer frane sends a tl.ve n n t
gi éel phy $K °P89‘é‘fm§ﬁi°e gég}eﬁédétko p%é(gfﬁ&%ﬁﬁ?ﬁli? (E)lﬁsf %%gr%%géaggkm de
l'i nk | ay@ide RI® 1d; ﬁeﬁmm mnﬂﬂeﬂﬁtﬂenﬁﬁae,s@ncm&semﬁphbkdte stqitenceinumbe of o

piysi cal kst il STtertas ¥ S v BRFRE 858 sl levBFlotnd Bt Bk

physigal phag&l 1dyer @Bd 2hérOtot ihe traaamit \sme Slimlela]mlnysln (redpoimyterthe RoASE \identifying

h R fr 2 | d a
eyt | v PR Wik fohe TRESLRAE [ e Parset &1qpY o PRREL DS P ST U beBeR 7, e
frame. 13540Rnhidia1 14y@Rs Atdording € mimampartﬁrm m, dﬁ: link iyer aylyrinitiates éts ARQ ket

data unit 3'to the transmt side ngﬁ'g ygg h pl aces packet data
unit 3 |ﬁP@‘3W§ﬁ€’é!heI%PPW%‘Wé°§ ﬁ‘£5| cal layer frame 3

across the w ’IF ciplégkofahe bF@eﬂtQﬁﬁnﬁ@ ﬁiasiﬁaepipyﬁédlﬁ»l mbai}iqr scefbirtos wledi &€
si de physical [ayer recelves {Slcal er frane ood. COﬂdItIOﬂ and
t hen2(as owbile setiom maves Tamy ope fell sitg tq:sw%r sifeor °B§| FT 1o angih
the r ece'ux@mﬁftge Ih'sHKh l:ﬁt‘ Ghe mdBA stardéh theF St Rltink therdik & altta¥ for phivsical ,layehe
receive si |'ayer detects a | oss because t was expecting to ,receive
packet dacaverpioperationigsompite pefpre) sIichingoyer to the peWRAse p‘gpﬁ?‘ﬁﬂe]tyo
packet d e &{ﬂe sm%on‘d%ssﬂbv&]&ﬁ 16 AR ase Gl RRGIR Eting St HYYAla@er brayes

e

frame 2, ransm t
to arrive from the prior base station. In such case, link layer retransmissions will be triggered

25  after a delay timeout to recover any link layer packet data units that were not received by the
mobile station.

As was previously described, the principles of the present invention may be applied
when multiple link layer instances share the same physical layer. In such case, a particular
physical layer frame may correspond to multiple users” link layer packet data units. In this

30 particular operation, each of the mobile stations will send an ACK that correspands to the
physical layer frame. When positive ACKs are received from each of the mobile stations, no
additional retransmissions are required. However, when a negative acknowledgment is received
from any one of the mobile stations, the base station must decide whether or not and how to
retransmit physical layer frames. In one operation, the base station retransmits the whole

35  physical layer frame as long as at least one of the ACKs received is negative. This scenario
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physical |ayer frane retransmts physical layer frane 2 and it is received

successfully by the 25 receive side physical |ayer. The recei ve33|3gngm

physi cal |ayer then extracts packet data unit 2 from the retransmtted

- physical |ayer franme .and passes. packet, data un| 2 to e receive stde i nk
| ayer. Ba@Ude piRnded Wapovend sitdtpR Wikdemie gl (e AFHEOP, SIS @Sty P s

| ayer princ%sﬁ]{g sibhle expiration of a timer set for packet data unit 2, the
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where n Sidds dat (B1RENom! 10! e P R4 SRlkel AAF TnOF el AOMIR SitioR it CeANLhY

operations a ayer prec unneeded error recovery by the l|ink
| ayer5 Thegative ACHrarcthatrdoconargspond withfan AGK.c Gtler padhef e physisl layembeme

Co a ¢ mpaomil o fnfl 5L’ tof NpdiBH g b B "Riuicl 1ORFIH bk FoRhiy, 10
transmt uﬁugid of) dre physisaslapacete dnyd)eLmulhpExed)mﬂlrmherrmnslmk layierie

phy5| cal er V\/m ch places packet data unit 3 into physical |ayer frane
13 3@“‘%&% PhyS| cal layer frame 3 is successfully transmtted

aééossht he W: rﬁlgl S3B al funthertithp ldﬂﬁenflgﬁﬁﬂ:jthe(bas‘d Monrr]!vpslnaafen’ammlt phykital ﬂq,fefl ve
S| ae ySI ca ayer extragts acket at unit 3 m S| Ca ayer rane
3 an¥l padanss puloRgas d80551H PP roign 052 PRSI eplogs phie &Efrﬁ/ f*ﬁéw&/"élfh
because E?ﬁnvé KERbWRASMERs RisRubiayAe, dfﬁ»&? r@zsmy g ﬁ%ﬁ'oﬁﬁéd(\ﬁi hﬂala@raw&hbn 2Th¢ t

ed

has dete | oss and starts a tiner rres&flIl g% g@g&et dat

2. Tr ansmopgnwn dﬁmﬁa@m}m ﬁmbraar&clﬁlqw k be & @i‘edp Haonp data
unit 4 tg 'tﬂ@pﬂ@%ﬁl‘]%aﬁ@ﬂtﬁ&coﬂ:&&&ﬁﬁ si de physi cal Iayer

pl aces pamEet at a unlt into a_ physical layer frame and successfully

transnits phyEI@all 1535/@9‘:1# diagramllustreag a bass stitipw L é@scqnﬁtﬁ‘!@‘@ Fcprdingitodhssi e
physjgcal faaCt C at a
G 157 s el | FEEOYE sBiB | T2/ it prithEheuhe BRIGE) Bt 18 A ES s Phe
recei ve E-ZHDOI, |GBM+EQ€E, and/ore various 3G cﬁ!ldo40 tsit@éafd% [thattarenompniihle \with gk f or
acket dat “?ﬁﬁ BHeFdid D r
g uccessf “ﬁ ??&E@?ﬁgn t aﬁﬁﬁﬁ [ éb‘gn@‘gse 4 ﬂo'ggggl gieb&]ér de
RLP | ay eembm:lndsnts, ﬂmhaserstaﬂondlhoﬁ suppdas otbed eragag lstandatds. a’[‘lmbqse statign tH2
sequence t ei.ve
WO proficol RO SBErafidtidulilUs'ndse g&%@b&fm FefRER A0 FIGA2 Wliof 7K

si de phy a er ; si cal er and then to the
trar®nmit si deThe bksel stgtéon, 1102 melggesnqucsssphé mynmm hiP6, stsr RAMat a

the. tr anblif, EPRERT 316,608 4 108 bl RERE Relle PRV, Sl G S, ftcy = 1 ©
the i nkdﬁ\a:ympe dnlvy, etcu ﬂ'hasbesmpbnenm:{@hmhpaambt: oomdaingd arr a peripheRpsessing ons
o B P?E ol ) BicPRK 1 10 B1 LAPLABGSl pl 53¢ G |
may be a back plane) via an interface 1118. Various peripheral cards couple to the peripheral
25  bus 1120. These peripheral cards include a network infrastructure interface card 1124, which
couples the base station 1102 to the wireless network infrastructure 1150. Digital processing
cards 1126, 1128, and 1130 couple to Radio Frequency (RF) units 1132, 1134, and 1136,
respectively. Each of these digital processing cards 1126, 1128, and 1130 performs digital
processing for a respective sector, €.g., sector I, sector 2, or sector 3, serviced by the base
30 station 1102. Thus, each of the digital processing cards 1126, 1128, and 1130 will perform
some or all of processing operations described with reference to FIGs. 4-7. The RF units 1132,
1134, and 1136 couple to antennas 1142, 1144, and 1146, respectively, and support -wireless
communication between the base station 1102 and mobile stations (the structure of which is
shown in FIG. 12). The base station 1102 may include other cards 1140 as weli.
35 Hybrid Automatic Retransmission reQuest Instructions (HARQI) 1116 are stored in
storage 1112. The HARQI 1116 are downloaded to the processor 1104 and/or the DRAM 1106
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extended to cover _a Si h%atl n when any of the acknow edgnents is lost in
its traseeprding torthe tpackings ot the RIesedt BVEANOD; on, the base station retransnits

only those phygiCep i axbﬁfcksﬁ&%mmm@wgramom SRAFROIP02 tconsthvetelliaokorting a6
packet data units of the nobile station that sends .a . ative, ACK, qr

t hat doe shenpresant smesntionithat parfomt.hecapﬁ@mlbﬂaw@%&y fiFr“éngﬁ{/] S%E‘é’t f’é\w}"bﬁ? ame

- may nylt: ({?Bg(.pgsny i}a‘ﬁh I, lel gl | 15093H, 1$-2000 GSMEDGE, ané/o
sub-gfoc%‘hﬂlﬁ;% er, unﬁﬁ‘g’ po%?i onsl’tgfg_q{]ﬁ?ghysical | ayer frane,ﬁr:r’ay_bg
mul ti pl exesiousidhand 46 stardardsitht aregempatiblecwish tedeachmgs o thespresent mvegtion,

further W'O%Qgﬂsﬂadiﬁwﬁn Go SHawbRR, i 08Rr SAbodiBédts M inbbik Wationabol ayer

10 franes as a_specific portion or a specific percentage of the
ser vi cedsupperts othesppereting standardesi t i ve acknow edgnents. I n such case, error

;ggovery |s eyl QLSRR M lfg@% ihe&s aﬁw Qhit lﬂﬂﬁ.adﬁb&l@wrtlim, #d &Jﬁﬁﬁﬁar{'
pondi ng w th-an acknow edgment w Il be sel ected based upon the tota
nuMbee  s4¢204. CEk R unitd 20hgaesipleslto pmyntenranid0d thae may bp decated dntemakor qxfeal 1o | s
2001 % laef e SR s s b £ 89S ARG AR 10
pr ot ocol Integrgted CluSuitdASIC) @-andBilr type Sf pAGEssoIbat iEpapablepGiorsrating the mwbie and
4G st and%gosn Eﬂ?zt ac%?d:ﬁé) EB:’ﬁ:te'ﬂ%s%m‘"{nWmfoﬂe The memory 1208 includes both static and
dynamic components, €.g., DRAM, SRAM, ROM, EEPROM, etc. In some embodiments, the
25  memory 1208 may be partially or fully contained upon an ASIC that also includes the processor
1206. A user interface 1210 includes a display, a keyboard, a speaker, a microphone, and a data
interface, and may include other user interface components. The RF unit 1204, the processor
1206, the memory 1208, and the user interface 1210 couple via one or more communication
buses/links. A battery 1212 also couples to and powers the RF unit 1204, the processor 1206,
30 the memory 1208, and the user interface 1210.

Hybrid Automatic Retransmission reQuest Instructions (HARQI) 1216 are stored in
memory 1208. The HARQI 1216 are downloaded to the processor 1206 as HARQI 1214 for
execution by the processor 1206. The HARQI 1216 may also be partially executed by the RF
unit 1204 in some embodiments. The HARQI 1216 may be programmed into the mobile station

35 1202 at the time of manufacture, during a service provisioning operation, such as an over-the-air
service provisioning operation, or during a parameter updating operatiop. Upon their execution,
16




teachi ngs of the present invention, with our without nodification thereto.
However, in other enbodinents, the base station 1 102 supportgggmwmm
operating standards. The base station 1102 supports protocol [ayer
“operations such as ose descripbed with reference to FIGs. 2 and/or 3A. 20
The base B¢ BARQI 1121%@ Cause f&{?dggblg SEigR d é¥of0 pexfomm opgfaions accRIding wotbe psessnt

RAM  1108,v&5R 1-Hdésly aaeriidd WigtsterdBeotata 1s§.or age device 1112, such as a
hard drive, optical rive taB@%drive, etc. These conponents (which may be
BoeK§

cont ai ned on ahsestrysiaie:af the tatipn 202 cillestrated dupnly an skample afione vnebile

| ocal b . tqu? o . ' ; ' ck
pl ane) 3?3%3%%%% er'a§§B§%?§Qv%ggféhgnﬁgghgﬁgigﬁkgggggmgo p gﬂ¥ggﬁﬁgmﬂﬁ
peri pher ahe teachings dif1the presbns seveption. pliponadxeostiod ©f the HARQI B2 lde theandbile station

infrastr rednter a 4 iC C .. e se station 1102 to
the wir eltigéz pﬁ'gl?%sr I?E’?%ﬁ?'gssécgﬂ%di@rtg %Qé&eﬁ @?{ﬁg‘ﬁ& S%%%ogg@ i %ﬁcn%egr]igﬂfl'%,
1128, andervicai} dutipbmmunicBialiso Frequency (RF) units 1132, 1134, and 1136
respectively. Each of these digital processing cards 1126, 1128, and 1130
perfornms digital processing for a respective sector, e.g., sector 1,
sector 2, or sector 3, serviced by the base 30 station 1102. Thus, each of
the digital processing cards 1126, 1128, and 1130 will perform sone or al
of processing operations described with reference to FIGs. 4-7. The RF
units 1132, 1134, and 1136 couple to antennas 1142, 1144, and 1146,
respectively, and support w reless conmunication between the base station
1102 and nobile stations (the structure of which is shown in FIG 12). The
base station 1102 nmay include other cards 1140 as well. 35 Hybrid Automatic
Ret ransm ssion reQuest Instructions (HARQ) 1116 are stored in storage
1112. The HARQ 1116 are downl oaded to the processor 1104 and/or the DRAM
1106 15 3 0 SEP 2004 as HARQ 1 114 for execution by the processor 1104.
While the HARQ 1116 are shown to reside within storage 1112 contained in
base station 1102, the HARQ 1116 may be | oaded onto portable nedia such
as magnetic nedia, optical nedia, or electronic nedia. Further, the HARQ
1116 may be electronically transmtted fromone conputer to another across
a data 5 comuni cation path. These enbodi nents of the HARQ are all within
the spirit and scope of the present invention. Upon execution of the HARQ
1114, the base station 1102 perforns operations according to the present

i nvention previously described herein with reference to FIGs. 1-10. The
HARQ 1116 nay al so be partially executed by the digital processing cards
1126, 1128, 10 and 1130 and/or other conponents of the base station 1102.
Further, the structure of the base station 1102 illustrated is only one of
many varied base station structures that could be operated according to

t he teachings of the present invention.
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FIG 12 is a block diagramillustrating a nobile station 1202 constructed
according to the present invention that perforns the operations previously
descri bed herein. The nobile 15 station 1202 supports an operating
protocol, e.g., IS-95A 1S-95B, IS 2000, GSM EDGE, and/or var wsﬁﬁﬂ&and 4G
standards that are conpatible with the teachings of the prese 1231 ion,
W th our without nodification thereto. However, in other enbodi nents, the
nobil e station 1202 supports other operating standards. The nobile station
1202 incl udes a@laﬁlfs-“”it 1204, 2 processor 1206, and a nenory- 20 1208. The
RF unit 1204 colples to an antenna 1205 that may be | ocated internal or
external to the cask nsfthddhfor wpdrating s rakiven(118D2r 170D tprreczbesdata frafita nay be

an Application. hfic teqrated Circujt S | pe of
processor Wg?méléoﬁgg%?arbll lg&gafc“%f)%?vgfd‘eﬁdmﬁhthe Wg@f’ﬁk Wﬂgﬁé ‘accor di ng
to the present reteindng, ibgn. phytical i@BeDoperating dn ithcCletdes, d)pﬁybicsltlngy&ﬁmedmndyﬂam c
conponents, e.d.,. DRAM M E etc. I.n so enpod| nents, the 25
memory 1208 Faginijier ergss 54 V"Bﬁ% &m@mmﬂm PRaIRe! It s

i ncl udes tiaglugwsocessor 1206. A user interface 1210 includes a display, a

keyboard, a speaker, a m crophgone, and a data interface, and may include
ot her user interfacéle@ﬂﬁ‘ﬂmgé’ﬂleg‘.erﬂ‘ﬁéh)ﬁlﬂaum’efﬁ!@@!ﬁ,e“f’h@eep@g@éssor 1206, the

mermory 1208, and t heyHén e msie%fl@féfefr&aé% G REE, a¥krdwiABingto TR tFansmitter

conmmuni cation buses/]inks. A battery 1212 al so couples to and powers the

RF unit 1204, thceesdvlagecint (508)axtractiog g packgiedaby ynitifpa the physieah dayersfzame
interface 1210.:5{#b4d 3 | I ) fiSi I I [ .
(HARQ ) 1216 ar(eﬂg’tord g’ééi“% mﬁ%dr?g?t?g{fé’ggiﬂrﬁ'? %&ﬁﬁlmzﬁ?e‘ma@ikggﬁl(gg}ed to
the processor Brd6 as HARQ 1214 for execution by the processor 1206. The
HARQ 1216 nay al soﬁ%@ =" ' '

enbodi nents. The HA “%@%ﬁ“?&%ﬁ@%%&‘n@éﬁaﬁﬁ ?gﬁgw%ﬁgé]se?@??%gﬁ%
1202 at the ti rthe tofnsmitteri(1262 ar H02)pasucergsfal reeipt (Jd);pndvi si oni ng oper ati on,
such as an over_ - Al vice Vi.Si oni 0 ration, .or ri

par amet er updatrféﬁggn g{ea%%ge&\.da p%:ﬁ ?%é?er ﬁ%(é%ﬁf?%r@}ngl@ @gore%éﬁrgg%ﬁ’ 5 the
HARQ  12Ilwheraimteseivinp ¢herpatiet datsordt indndek202 t o perform operati ons accordi ng
to the present invention.preyiousl escribed wth reference  ElGs. 1-8.
The stricture of t haewning W st et vpl & A oSl A Chand o o o
one nobile station vien died pucket dvarunitais e, déRying dutomatid fetrdhspiissivh efuesict ur es
coul d be operated accogdi to the teachings of .th resent ,inventi.oon.
Upon execut i on %Bfratigns {:"I':IA%%I l°ﬁ2ﬁaz?!2°tt1&f’éaﬁi5'5i ethe: link g‘ﬁ% %‘2"02 felay: Brripd
operations accgbdéslpandmg tohe dEraBSE oK ertod \HEJOVErD Rpéthtins Qb He)pheisicdt Nayee torhaer ei n
'noservicing pﬁ%&?cafﬁ%%%to}ngi?usrig the lost packet data unit (710).

2. The method of claim 1, FURTHER CHARACTERIZED IN THAT the delay
period corresponds to N attempts to successfully receive the physical layer frame containing

the lost packet data unit, and wherein N is an integer.

3. The method of ¢claim 1, FURTHER CHARACTERIZED IN THAT:
the transmitter is a base station (1102); and

the receiver is a mobile station (1202).

4, The method of ¢laim 1, FURTHER CHARACTERIZED IN THAT:
the transmitter is a mobile station (1202); and
the receiver is a base station (1102).
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17 3 0 SEP 2004 Cdains: 1. A nmethod for operating a receiver (1102 or

1202) to receive data froma transmtter (1202 or 1102) across a wrel ess

| i nk, the method CHARACTERI ZED BY: receiving, by a physical |ayer
operating on the receiver, a physical layer franme from the transmtter
across the wireless link (502), wherein receiving the physi caill SER/2804 frame

I ncl udes: determ ni ng whether the physical layer frame is error free (506);
when the physical layer frame is error free, acknow edging to the
transmtter a successful receipt (508), extracting a packet data unit from
t he physical layer frame (510), and passing the packet data unit to a link
| ayer operatings.on tThe metiediof elaing 3IFYRTHER CHARACTERIZED\BY deterniimiyigthat r ane

i t f | .ackpow edgi to the t i tt 120
1505 o s eitet Eket AER s £ ok A50RS erietlng e bR SH SR TR by ¢ he
| i nk | ayer datapiib theGequenée rambecefian expeciéd facket dataciniti N recei vi ng t he packet

data unit includes: determ ning that another packet data unit is a | ost
packet data unit (706); and when the packet data unit is |ost, delaying

automatic retragsm % infhddefdt 6pdratingREfradsmafts (1192 drhobpet rdtmltedataddtf UNI t
at the link layer for a delay period corresponding to a duration of error
metiod & HARAGTRIIZE

d
recovery o'Eﬁfr"é?F(]@H%%{mPh@f?%?&i@fFSlﬁf&y@F %r frame

cont ai ning t hg#a%ﬁfE%s&%t dét@ufit ot a (iAR Qdyer Eperating JHEthE AdnMiteér! ﬁimz or
FURTHER CHARACTERI ZED I N THAT the delay period corresponds to attenpts

to successtiP)tp apbysical layenpperptingsincthe transétier {614}e contai ning the | ost
FURTHER CHARACTER SR AR ek ubipinRfh bRbEH Boer FamedBREC."CE 01 o, (1102):
and the recei vdransmittingrthiphysicaliayer framg to2igxpceiver acrons thepwiradess Gk €406k m 1,
and tho rocel ver e dn, TR ot LRS! bt 'yl it et B e 00
of cl ai m IreceitgRIAEBR CHARACTERI ZED BY det er mi ni ng t hat
when an indication of a successful receipt of the physical layer frame is not received
(412 or 414), initiating retransmission of the physical layer frame (410);
if the indication of successful receipt of the physical layer frame is not received after
a plurality of retransmission attempts, notifying the link layer that the packet data unit is lost
(616);
delaying link layer recovery operations for the lost packet data unit until the link layer
determines that the plurality of retransmission attempts of the physical layer for the lost
packet data unit have been unsuccessful; and
the link layer initiating error recovery operations for the packet data unit that is lost
after determining that the plurality of retransmission attempts of the physical layer for the
lost packet data unit have been unsuccessful (618 and 620).

7. The method of claim 6, FURTHER CHARACTERIZED IN THAT N-1
retransmission attempts of the physical layer frame are attempted, and wherein N is an

integer,

8. The method of claim 6, FURTHER CHARACTERIZED IN THAT:
the transmitter is a base station (1102); and
the receiver is a mobile station (1202).
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anot her packet data unit is lost includes conparing the sequence nunber of
a received packet data unit to the sequence nunber of an expected packet
data unit. 6. A nethod for operating a transmtter (1102 or 1202) to
transmt data to a receiver (1202 or 1102) across a mﬁreles$ QTFQ t he
met hod CHARACTERI ZED BY: passing a packet data unit froma | 9&
operating on the transmtter (1102 or 1202) to a physical |ayer operating
on the transmtter (614); packaging the packet data unit into a physical

| ayer franme (4Q4); t | Lt 04 erecelver
across the wireless Thl%ﬁﬂ%é%?ﬂ"ﬁ awai ti ngﬁgin{‘at%mf dticcessf ul
recei pt of the thhyssmitier isayrecbilestatien (1262) 4nde recei ver (408); when an
i ndi cation of successf recei R 1@2 t he physical layer frame is not
recei ved (412 OF 4TV 5% TI&B‘H" 2; t ransmi ssi on of the physical |ayer

frame (410); if the indication of successful receipt of the physical |ayer

frame is not regeiv after u

notifying the 11k ﬁ&?é?eﬂfq‘i’a‘ffact"ﬁ %%M%F%Wﬁgﬁ ﬁ%‘%fg?e ligks ayi ng
| i nk | ayerlayep eonigrisys PRdiodink pRstodoPlaydrhe | ost packet data unit until the link
| ayer determnes that the plurality of retransm ssion attenpts of the
physi cal |ayer for the |lost packet data unit have been unsuccessful; and

the link layer fini tigtiRtse réeiver ?HQYeryu@PFﬂﬁi bpéaaeg‘wrécsiee RRGK@om At
unit that is lost after determning that the plurality of retransm ssion

attenpts ovireless prRpatittes) (1283 cpr fldP2)t [BErosy s tWirslpsk elinkgl othe  Wielessh agrgivereen
unsuccessfeliARAEFERMEESBRY) - 7- The nethod of claim6, FURTHER CHARACTERI ZED
IN THAT N1 retransm ssion attenpts of the physical |ayer frame are
attenpt ed, and antaateana{l M2, $144n1146ne1l@F); 8. The met hod of claim 6, FURTHER

CHARACTERI ZED | r e d the
receiver is a m) aa-weqtue&cpth(qg?gltﬁ@ ISP?{ (8 12@ ?@B‘g& égalf EQ ﬁl 135
claim6, AUREHERS,OHANSGEBRl ZED | N THAT: the transnitter is a m)bl | e
station (1202); el Vv S 0 Th t hod
of claim®6, FUI%IE-}@% %@Eﬂo%ﬁrl %&:ﬁ% {I%P’i ik lé(iﬁi C%Lplg&orqr%rﬁ?esgasd%e radi o
| i nk prot cfmqhedcmualt (1132, 1134, 1136, or 1204) that executes software instructions causing the

wireiess receiver (1102 or 1202) to:

receive a physical layer frame from the wireless transmitter across the wireless link,
wherein receiving the physical layer frame includes:
determining whether the physical layer frame is error free (506);
when the physical layer frame is error free, acknowledging to the wireless
transmitter (1202 or 1102) a successful receipt (508), extracting a packet data unit
from the physical layer frame (510), and passing the packet data unit to a link layer
operating on the wireless receiver (512); and
when the physical layer frame is not error free, negatively acknowledging to
the wireless transmitter a successful receipt (514); and
receive, by the link layer operating on the wireless receiver (704), the packet data
unit, wherein receiving the packet data unit includes:
determining that another packet data unit is a lost packet data unit; and
delaying automatic retransmission request operations for the lost packet data
unit at the link layer for a delay period corresponding to a duration of error recovery
operations at the physical layer for a physical layer frame containing the lost packet
data unit (710).
-20-



11. A wireless receiver (1102 or 1202) that operates to receive data froma
wreless transmtter (1202 or 1102) across a wireless link, the wireless
recei ver CHARACTERI ZED BY: an antenna (1142, 1144, 1146, or 1205); a radio
frequency unit (1132, 1134, 1136, or 1204) coupled to the amﬂagp§g%14
1144, 1146, or 1205); and at |east one digital processor (1126, 1 1130,
or 1206) coupled to the radio frequency unit (1132, 1134, 1136, or 1204)

t hat executes software instructions causing the wreless receiver (1102 or

acrobs the wireiase Teuue b or AT, PR AR

:AECI u?ﬁs tﬂeﬂdayrrﬂllng:own?mhrmmthheﬂqmmstmbcebﬁwl% reét::/i\llwrge iphysix}[ni h'?/c;]rffrm (|506)
en the physica now edging to the wirel ess
t ransni tter %thpfﬂff§$g'ﬂgé%i‘§$ﬂfmﬁqee§?ﬁ 8508), extracting a packet

data unit fron1the physi cal layer franme (510), and passing the packet data
unit to a link Jlayer., 0 ating on.the w r I _ X en
the physical |ayer fIh r?ﬁmf%s'i‘?ﬁ‘%veéloff)l?m?mgﬁ%m%igmgﬁgwo
the wirel ehé pideesssmididrivined tlsat e pirket! datcai Ria (oalﬂacketadm bye6éhpeeing lthe t he
link | ayer eratln the wirel ss receiver, (704), the, packet data unit,
wherein re€ eo?%gumgﬁs #M@wam ehrilata PRk fQ, Hhesseawraes: PmbAT R anePetitbt her
packet datpackbfddta nfit.a | ost packet data unit; and delaying automatic
retransm ssion request operations for the | ost packet data wunit at the
link layer for a delay period corresponding to a duration of error recovery
operations at e Phgiflesd R¥dier bLlaith PFBRIAER GIERADTRREZEPIN #HATIO ¢ he
| ost packet data unit (710). - 30 SEP 2004 12. The w rel ess receiver of
claim11, ﬂﬂk@#ﬂﬂﬂQNWRNG$ERﬂ@EkaNmﬂqNﬂwHrmedelay period corresponds to N
attenpts to successfully receive the physical layer frame containing the

| ost packet data unit, and wherein Nis an integer. 13. The wrel ess

recei ver of cl didm 1TThe FuraleEReGHRACT ERINY ED, IFURTHER GCHARACIERLZERD IN
determ nesf bt the packet data unit is a |ost packet data by conparing the
sequence nunber of a received packet data unit to the sequence nunber of an
expect ed packdbe wintless meveiver is a mobile station (1202); and

the wireless transmitter is a base station (1102).

16. The wireless receiver of claim 11, FURTHER CHARACTERIZED IN
THAT:
the wireless receiver is a base station (1102); and

the wireless transmitter is a mobile station (1202).

17. A wireless transmitter (1102 or 1202) that operates to transmit data to a
wireless receiver (1202 or 1102) across a wireless link, the wireless transmitter (1102 or
1202) comprising:

an antenna (1142, 1144, 1146, or 1205);

a radio frequency unit (1132, 1134, 1136, or 1204) coupled to the antenna (1142,
1144, 1146, or 1205); and

at least one digital processor (1126, 1128, 1130, or 1206) coupled to the radio
frequency unit (1132, 1134, 1136, or 1204) that executes software instructions causing the

wireless transmitter to:
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14. The wireless receiver of claim1ll, FURTHER CHARACTERI ZED I N THAT the
link |ayer conprises a radio link protocol layer. 15. The wirel ess receiver
of claim 11, FURTHER CHARACTERI ZED I N THAT: the wireless receiver is a
nobil e station (1202); and the wireless transmitter is a base station
(1102). 16. The wirel ess receiver of claim1l, FURTHER CHARA ﬁEEIZﬂMN
THAT: the wireless receiver is a base station (1102); and the wreless
transmitter is a nobile station (1202). 17. A wreless transmtter (1102 or

1202) that operates tr ' 1 [ el s R 1202. 1102)
across a wireless | icngs,e atﬁrg(sfvg\}'érrqugéﬁé &5%8% P%? E}M&g? u%bé)ﬁfgys“g{
conpri si ng: an layer epenatingtiefébn (41444, 1146, or 1205); a radio frequency unit

(1132, 1134, 1136, or. 1 46}00 led.to the ante 1142 1144 146, or
(3000, ard it T oast et AR InfeS 1 Sacksb o6k By 4t g g Phgsica] By
coupl ed to the framtki(@04)f r equency unit (1132, 1134, 1136, or 1204) that
executes software instructi ons causi n?r the - w Bel nsmtter to: -21 3

,e!s)f tr

0 SEP 2004 cause a PY¥iEhs BRpEialByr 42 FrARsmit e ebysiqah layerstoame 1o-the sireless a uni t
to a physical rtaner adhe titwikdess gk @oe); (614) ; cause the physical |ayer to
package the packet data unif into a physical, |l ayer frame (404); cause the
physical |ayer to tr°5‘t‘?§rfﬁ? physteal,layet; te Awajt Apcipdicgtioneof syccessiul fpeeint of the

recei ver acr 0Shidical YybrSitfeSirdnh thE witfied recitr &dgf;he physical layer to await
an indication of successful receipt of the physical |ayer frane fromthe

wirel ess receiver (20wnanipdication of aguceessfubreceipt of the phvsicak lgyerfeamsi ipmobf t he
physi cal | ayer ' Y A414) . : Iycal
AR (41 B0l14) SEBLBY NG ol e ookl gp e

layer to initiate retran 10); cause
the |ink | ayer physieadlaser feamedfl®ecovery operations for the packet data unit

until the |ink |ayer,felL fhio el el &b EENEY UpbraliBs foP ThePPatRétGdta | AVET

franme
unit until the link layer determines that error recovery for the physical layer frame

containing the packet data unit have been unsuccessful;

if the physical layer does not receive an indication of successful receipt of the
physical layer frame after a preselected number of retransmission attempts, cause the
physical layer to notify the link layer that the packet data unit is lost (616); and

cause the link layer to initiate error recovery operations for the packet data
unit that is lost only after determining that error recovery for the physical layer frame
containing the packet data unit have been unsuccessful (618 and 620).

18. The wireless transmitter of claim 17, FURTHER CHARACTERIZED IN
THAT N-1 retransmission attempts of the physical layer frame are attempted, and wherein N

is an integer.

19. The wireless transmitter of claim 17, FURTHER CHARACTERIZED IN
THAT the link layer comprises a radio link protocol layer.

20. The wirefess transmitter of claim 17, FURTHER CHARACTERIZED IN
THAT:
the wireless transmitter is a base station (1102); and
the wireless receiver is a mobile station (1202).
-22-



contai ning the packet data unit have been unsuccessful; if the physical
| ayer does not receive an indication of successful receipt of the physical
| ayer frane after a presel ected nunber of retransm ssion attenpts, cause
the physical layer to notify the Iink |ayer that the packet data unit is
| ost (616); and cause the link layer to initiate error recovery operations
for the packet data wunit that is lost only after deternining tB8tSEEDMNr
recovery for the physical |ayer frane containing the packet data unit have

been unsuccessful ( ; - WiHhe ﬁWR. i eRl@i m 17,
PURTHER CLARACTERI Z%gl ﬁmﬁs%f\'ﬁ'%érr 8?? finl 17 gle!gzﬂg&agrrpt s%@%ﬁp@ysi cal

| ayer franBHATe attenpted, and wherein N is an integer. 19. The wireless
transmtter of i H THAT the link |ayer
conprises a raﬁ%@'r%%%%#%dgﬁp%%%gﬂ@Egaéd\lr el ess transm tter of
claim 17, FURTHRwitelédAéceivill i< B Badestalibt\1102)he Wi rel ess transmitter is a base
station (1102); and the wireless receiver is a nobile station (1202). -22
30 SEP 2004 21. The wireless transmtter of claim1l7, FURTHER CHARACTERI ZED
IN THAT: the wireless transmitter is a nobile station (1202); and the

wi rel ess receiver is a base station (1102). -23
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