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Background

[1002]

In a wireless communications system messages are transmitted from. .

a transmitter to a mobile receiver. Messages are transmitted in frames, wherein
a frame defines a predetermined period of time and a protocol is the set of
procedures used to perform a given set of operations, such as the exchange of
information, wherein a protocol defines the constituent information transmitted in
a frame. As wireless communications are performed through a shared air
interface, reception quality is interference limited. Poor quality reception at the
receiver may result in the loss of a transmitted frame of data, i.e., received
signal is not recognizable due to the addition of interference signals. When a
frame is lost, typically, the entire message (multiple frames) is retransmitted.
Retransmission of an entire message uses bandwidih otherwise used for
additional messages. Additionally, retransmission adds to the delay time of a
system, and may result in unacceptable performance of the wireless
communication system.

[1003] Therefore, there is a need for an accurate method of transmitting
messages in a wireless communication system. Additionally, there is a need
for an efficient method of retransmitting information in a wireless communication
system.



atimer. The tinmer is used to determne a mssing end of franme. Miltiple
timers nmay be inplenented, wherein each tinmer stops any previously running
timers. WOM3B)768ccording to one aspect, in a wrel ess coPEmAiSOARGORN System
having a base station controller and a plurality of base stations, each of
the plurality of base stations adapted for comrunication with a plurality
of nobile stations, a nethod includes receiving a plurality of

transm ssion frames, each of the plurality of transm ssion franes having
an identifier, detecting a first frane erasure within the plurality of

transm ssion frames, initiating a f| [ , and on expiration of ' the
first timer determning the identifsgml\he‘r@Ythe first frame erasure.

[ 1006] According to another aspect, a wireless apparatus includes a
receiver for receiving a plurality of transm ssion franes, a neans for
detecting 41604ine Eettslimentsadisclosedt herein addressr thepabeves stated deeeist byn  of
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plurality of transmission frames having an identiiier, detecting a first frame
erasure within the plurality of transmission frames, initiating a first timer, and on
expiration of the first timer determining the identification of the first frame
erasure.
[1006]  According to another aspect, a wireless apparatus includes a receiver
for receiving a plurality of transmission frames, a means for detecting a frame
erasure, a first timer means responsive to detection of a first frame erasure, and

a second timer means responsive to detection of a second frame erasure.

BRIEF DESCRIPTION OF THE DRAWINGS

[1007] FIG. 1 is a wireless communication system.

[1008] FIG. 2 is an architectural layering for implementing protocols in a
wireless communication system. |

[1009] FIG. 3A is a message transmission protocol applicable in a wireless
communication system.

[1010]  FIG. 3B is a frame configuration according to a transmission protocol
such as illustrated in FIG. 3A.



[1015] FIG 5Cis a |legend defining segnentation indicator conbinations

used in a nessage transm ssion protocol such as illustrated in FIG 5A.
[ 1016] FIv@0 053017684 a | egend defini ng segnmentati on i ndi cat oPChiuSo¥adoues used
in a message transm ssion protocol such as illustrated in FIG 5A. [1017]

FIG 5E is a | egend defining segnentation indicator conbinations used in a
message transmi ssion protocol such as ilBustrated in FIG 5A. [1018], FIG
6 is a flow diagram of a nethod of nmessage segnentation for transn ssion.
[1019] FI Gs[107A] andFlGl G4ABisar @ finegsagengitramsmission mgraiwgobf implesiariting a
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FIG 17 is goibpw ¢HIGIERMs leehB daffingf schmenthtios Mdichtdl bRWVaRies used in

a message transmission protocol such as illustrated in FIG. 5A.

[1017] FIG. 5E is a legend defining segmentation indicator combinations

used in a message transmission protocol such as illustrated in FIG. 5A.

[1018]. FIG. 6 is'a flow diagram of a method of message segmentation for

transmission.

[1019] FIGs. 7A and FIG. 7B are flow diagrams of a method of receiving a

segmented message.

[1020] FIG. 8 is an example of message segmentation for transmission.

[1021] FIG. 9A is a timing diagram of a message transmission with

retransmission of the message.

[1022] FIG. 9B is a timing diagram of a message segmentation and

transmission with retransmission of at least one segment.

[1023] FIG. 10 is a block diagram of a transmitter supporting a message

segmentation and transmission protocol.

[1024] FIG. 11 is a block diagram of a receiver supporting a message

segmentation and transmission protocol.

[1025] FIG. 12 is a flow diagram of a process for identifying a missing end of

a segment fragment for a frame.

[1026] FIG. 13A and FIG. 13B are timing diagrams of examples illustrating a

process of identifying a missing end of a segment fragment for a frame.



expiration period(s) for individual frame tinmers(s). DETAILED DESCRI PTI ON

[ 1031] The word "exenplaryis used exclusively herein to nmean "serving as

an exanplwp oqosteence, or illustration.”™ Any enbodi nent de®cmiusez2does ei n as
"exenplary" is not necessarily to be construed as preferred or advant ageous
over other enbodinments. [1032] In a spregd spectrum system such as a Code
Division Multiple Access, CDMA, comuni Cations system signals are spread
over a wde 1@2dwﬁ&£ 1\2’ a the use.of a code, such as a_Pseudorandom Noi se,
PN, spr ead[ng equente® Bt g diagiamsillystraiing the eseof dimeasade asabwringn
Compati bi | i fram8isandard for Dual - Mode W deband Spread Spectrum Cel | ul ar
System" hereinafter referred to as "the 1S-95 standard,"” and the

"TIA Bl A | S1026b0 dilénddr igsa tioning dirgzanillGsirating Beeases oMifess aiBinAlyzing

her ei nafterfréﬁie%rred to as "the cdm2000 standard,"” detail spread spectrum
CDMVA syst ens. 033] Wrel ess communi cation systens are wi dely depl oyed to
provi de vafio29} tyHes 1 i€ oW eRbi h i W :
These syste mpy be based on codebdﬁi(z'}]gnm%mdtq)gfgmg%@n \?E?B%i
di vi si on rru{ggmﬁlté'xe@ecess (TDMA), or sone other nodul ation techniques.

CDMA syste 3/ 6 P / provi des certai n advant ages over
ot her type?@?ﬂgysﬁ% 0l|47n(|: ulen P%@?%’is@ﬁa gﬂfg?% APweamig. caleggiipn pof
syst em may @didiongreibd(s) forprividualimmes tifidi§(spt andards such as: (1) the
"TIAEIA1S-95-B Mobil e Station-Base Station npatibility Standard for
Dual - Mode W deband Spread Spectrum Cel lul ar System' referred to herein as
the 1S-95 standard; (2) the standard offered by a consortium naned "3rd
Ceneration Partnership Project” referred to herein as 3GPP; and enbodied in
a set of ‘docunents including Docunent Nos. 3G TS 25.211, 3G TS 25.212, 3G
TS 25.213, and 3G TS 25.214, 3G TS 25.302, referred to herein as the W
CDMVA standard; (3) the standard offered by a consortium naned "3rd

Generation Partnership Proje “A N r {3 as 3GPP2, and TR-45.5
referred to herein as the cdcrggg-&)"'ggnlagédt,:ﬁlwm'py called 1S-2000 MC, or
(4)

me
A

[1031]  The word “exemplary” is used exclusively herein to mean “serving as
an example, instance, or illustration.” Any embodiment described herein as
‘exemplary” is not necessarily to be construed as preferred or advantageous
over other embodiments.

[1032] In a spread spectrum system, such as a Code Division Multiple
Access, CDMA, communications system, signals are spread over a wide
bandwidth via the use of a code, such as a Pseudorandom Noise, PN,
spreading sequence.  The “TIA/EIA/IS-95 Mobile Station-Base Station
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System,” hereinafter referred to as “the 1S-95 standard,” and the “TIA/EIA/IS-
2000 Standards for cdma2000 Spread Spectrum Systems,” hereinafter referred
to as “the cdma2000 standard,” detail spread spectrum CDMA systems.

[1033]  Wireless communication systems are widely deployed to provide
various types of communication such as voice, data, and so on. These systems
may be based on code division multiple access (CDMA), time division multiple

access (TDMA), or some other modulation techniques. A CDMA system



sone other wreless standard. The standards (1), (2), and (3) cited

her ei nabove are hereby expressly incorporated herein by reference. [1035]
Each st amsarod/ospeci fically defines the processing of dataPCorusor/ea@msn ssi on
frombase station to nobile, and vice versa. For exanple, speech

I nformati on may be coded at a particular data rate, formatted into a
defined franme format, and processed (e&y., error correction and/or
detection encoded, interleaved, and so on) in accordance with a particular
processi ng p$c\héae cetain aalvaniagesredropthef typess of systom,CDRGAG inRiPaseRtf | nes
an Adaptive | ti-Rat. or AMR, speech codi ng schene whereby speech

i nf or mati oftY Bap%ﬂdeed based on one of a nunber of possible data rates
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W CDVA type system an u mruni cation refers to a conmunication from
a User Equirpfesred towaretmasathmmnazomc standardfermetlye callgd 32000MC,.corddhe of

System i s conet SR vr{FTeReaehrER. T LA ST, X (RS FafeBBRE o

are sever alaréWemfe‘bwéxpr@gs@nﬁ@cbrbbfatd@ﬂwemmlbtyrr@feren@@ch type system [1038]

In a CDVA system a nobilé user is referred to as a Mbile Station.
[1035] Each standard specifically defines the processing of data for
transmission from base station to mobile, and vice versa. For example, speech
information may be coded at a particular data rate, formatted into a defined
frame format, and processed (e.g., error correction and/or detection encoded,
interleaved, and so on) in accordance with a particular processing scheme. Aé
an illustration of this, the W-CDMA standard defines an Adaptive Multi-Rate, or
AMR, speech coding scheme whereby speech information may be encoded

~ based on one of a number of possible data rates and the coded speech data is

provided in a particular format that depends on the selected data rate. The
codec, frame formats and processing defined by a particular standard (e.g.,
cdma2000 standard) are likely to be different from those of other standards
(e.g., W-CDMA standard).
[1036] There are any numbers of communication systems capable of
supporting multiple transport formats, i.e., variable length transmission frames.
One such system is defined by the cdma2000 standard. While a CDMA type
system is used as an exemplar throughout the following discussion, the present
methods and apparatus are applicable to any system that transmits messages
in frames, and supports retransmission of frames and/or portions of a frame.



Mul tiple Mss conmuni cate through a Base Station having a fixed |ocation in
the wreless comunication system The Reverse Link, RL, in a CDVMA system
refers toworiansmsdesi ons froma nobile user or Mbile StatiPpom/USMBR601D a Base
Station, BS. The Forward Link, FL, refers to transm ssions fromthe BS to a
IVB. [1039] The term nol ogy speC|f|c to a WCDVA systemrefers to the nobile
users as User Equi prrent UE. Multiple UE® communi cat e through a "Node B"

having a fi ninthe wire communi catlon S st Transm ssi ons
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[1039] The terminology specific to a W-CDMA system refers to the mobile
users as User Equipment, UE. Multiple UEs communicate through a “Node B”
having a fixed location in the wireless communication system. Transmissions
from the UE to the Node B are referred to as Up Link, UL. Down Link, DL, refers
to transmissions from the Node B to the UE.
[1040] FIG. 1 is a diagram of a spread spectrum communication system 100
that supports a number of users. System 100 provides communication for a
number of cells, with each cell being serviced by a corresponding base station
104. Various remote terminals 106 are dispersed throughout the system.
System 100 may represent a CDMA wireless communication system, wherein
each of the remote terminals 106 is referred to as a MS. Similarly, system 100
may represent a W-CDMA wireless communication system, wherein each of the
remote terminals 106 is referred to as a UE. Each remote terminal 106 may
communicate with one or more base stations 104 on the forward and reverse
links at any particular moment, depending on whether or not the remote terminal
is active and whether or not it is in soft handoff. For clarity of understanding, an



coupled to it. Systemcontroller 102 further controls, via base stations
104, the routing of tel ephone calls anong renote termnals 106, and

bet ween rwowmB@1760£r m nal s 106 and the users coupl ed to ot RET/HYEL2ONS.
Systemcontroller 102 is also referred to as a Base Station Controller,
BSC. [1043] FIG 2 illustrates an architectural |layering 110 of an

exenpl ary enbodi ment of the present invention. The physical |ayer 112

i ndicates the channel structure, frequency, power output, nodulation type,
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and packet data services_ sinultaneous The physical |ayer 112 perforns
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coding and no ion functions o physical layer 112. used herein,
signal i ng Systemscanirdllee t02apavidesi coorainationtard conirol feittherhaseustatians be
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Control appbufifg 'o‘?ﬂéle@ﬁ@n@'cﬁﬂs'@M@h%néﬁ{d?@%ﬁnihbisl 188, bhe LlEen eemote
provi ded by the LAC | ayer 116. The LAC layer 116 perfornms the functians

essenti al tlermsisalsu}Q6 aadibauserserinied txakes sysignsal Systar edrraller 168, is

i ncl udi ' T 14 id I
funct ont s refEibgak AP BANE Stet Mty BB G e eal 1 ayer 112, For
exanmpl e, (t eoMC Fiser2 Jllubtieasd ran sarthiteqibines i lagéring del @ hafnanal exémplary

communi cation of information over the air_interface. The MAC | ayer 114
further cocembediment gfcthgspepsept invention. The physical layer 112 indicates the

channel structure, frequency, power output, modulation type, and encoding
specifications for the forward and reverse links. The Medium Access Control,
MAC, layer 114 defines the procedures used to receive and transmit over the
physical layer 112.

[1044] The layered structure illustrated in FIG. 2 is designed to provide
voice, packet data, and voice and packet data services simultaneously. The
physical layer 112 performs coding, interleaving, modulation and spreading
functions for the physical channels. The MAC layer 114 and the Link Access
Control, LAC, layer 116 together form a link layer to provide protocol support
and control mechanisms for data transport services. The link layer further maps
the data transport needs of higher layers into specific, capabilites and
characteristics of the physical layer 112. The link layer also maps logical and
signaling channels into code channels specifically supported by the coding and
modulation functions of the physical layer 112. As used herein, signaling
refers to the transmission of control information, but may be extended to include
data information or other information transmitted as messages in a

communications system.



t hose resources desired by various LAC service entities. Such coordination
function resol ves contention issues between LAC service entities within a
single nmwbioBe1wbati on, as well as between conpeting nobi lPeTdtSat/2@ns. The
MAC | ayer 114 delivers Quality of Service, QS, |evel requests from LAC
services. For exanple, the MAC may reserve air interface resources or
resolve priorities between conpeting LAB service entities. [ 1046] For an
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entity on t he arr-i1nterface. For exanple, in a Hi gh Data
Rat e, HDR, [4946km HorotancélBRseystenes dayeNA@ tiayar deffdalihtlusiegnathatuling

l'i cati on. 48] Th hi t ect 110 i i le t A
ﬁglto w:)(r:zli Izn,\pa&abl itie toebg{a%c{a %%elrjsr eor ‘conlnsect?grf)s.l CaSbuc(_f:l t?algr?ciné: C%aysp?cally

schedules low throughput for channels with poor coverage, thus freeing up

he

resources allowing high throughput for channels with good connections. The
next layer, the Link Access Control, LAC, layer 116, provides an access
procedure for higher layer applications. In alternate architectures, a radio link,
the Radio Link Protocol, RLP, layer (not shown) may provide retransmission
. and duplicate detection for an octet-aligned data stream in place of or in parallel
with the LAC layer 116. In the context of a packet service, the LAC layer 116
carries Point-to-Point Protocol, PPP, packets. The High Level Data Link Control
HDLC layer 120 is a link layer for PPP and ML-PPP communications. Control
information is placed in specific patterns, which are dramatically different from
the data in order to reduce errors. The HDLC layer 120 performs framing of the
data prior to PPP processing. The PPP layer 122 then provides compression,
authentication, encryption and multi-protocol support. The Internet Protocol, IP,
layer 124 keeps track of Internet work addressing for different nodes, routes
outgoing messages, and recognizes incoming messages.
[1047]  Protocols running on top of PPP, such as IP layer 124, carry user
traffic. Note that each of these layers may contain one or more protocols.



provi di ng data connectivity between an | P network, such as the Internet,
and access termnals, including wireless nobile units. Access Term nal s,
Ats, prowbDde/odmde connectivity to a user. An AT nmay be cecmasShBEehoid a
conputing device such as a |aptop personal conputer or may be a

sel f-contai ned data device such as a personal digital assistant. There are
a variety of wireless applications and 8n ever- increasi ng nunber of

devi ces, often referred to as IP appliances or web appliances.
i | | ust r at edPreios9ls;, use sigagding nagssageshand/achepdoes t%en\é%'rﬁ@rmaw iR ewor k

I d I
ot her - wor dsP2Eng o, B e LEYRS sl "E S e MR DA

The radi o nE{amHH[DIayewsterh t protecatspsend/ m&beaigemnmthl apldefariit stlgrmlmg
"TL80-54421-1 HDR Air Interface Specification" referred to as "the HAl
speci fi cati BRPHCATiRBR. 1Al specification is sometimes referred to as

. 1XEVDO. ¥ "E'@@f”erﬁle' YardHifdehites 1 76 |§f§ﬁ|o(ﬁb§l% f@tgg gcé’ésst NRAREIK tAl(lgféjrat a

ina wrel onmmuni cation system Alternate e I ments may | npl enent
the "TIA Epwvicimg@iam Stoaneatiity beMaedrrarZOBOn@moaéladSl&beas rthen ISiesnetsind
referred to _as he .cdma2000 standard, " t TIA El A/l S-95 Mohi | e

St at i on- Bas8C%tS5t t‘%ﬁ"”@énﬁa?'flﬂ'nﬂl pyre ngﬁﬂﬁef gpitgyaAic %%%EW%'E)%{ﬁ’d Ay ead

Spect rum Cebidificf dafdy E6@BCtiVIlEREINBsEET ARAP & bb%o’ﬁmecfé’thﬁtd & o%ﬁlnsputlng
standard, " or other per-user " connection systens, such as th

J- STD- 01 Dr devicstsuehadsl & &ptop congongl \wanepiaat ocinay ey as$€dhcquatriep|| data

appi 1 ont s ondeVPEuEFCaS BRSNS e ARG, Therd a8 4 atelof Wrelesde s

system for gpplicationd aghat an @vaﬂsnc@‘aewnumbedomém@d dftert redeifred |t@\etsrlﬂ’ u.S.
Pat ent s: 050 U S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM
MULTI PLE A @r@@mmw@ﬁmuas&@repawm@@meﬁﬁré’ dryersepiaveTical AC

CEFCATERS Py 95000 EETAROR OBl OB LIS Ao
CELLULAR TEtdeRbiOsEvoKYRTEKS." |h Idihe8] words, tRet mio NetwdrkSeyerd7Sifectnhit died
" METHOD ANDln'%grl?éA(\:%Aerc%ocols The radio network layers of the exemplary embodiment -

implement the "TL80-54421-1 HDR Air Interface Specification" referred to as
"the HAI specification." The HAI specification is sometimes referred to as
"1xEVDO." HDR generally provides an efficient method of transmitting data in a
wireless communication system. Alternate embodiments may implement the
"TIA/EIA/IS-2000 Standards for cdma2000 Spread Spectrum Systems" referred
to as "the cdma2000 standard," the "TIA/EIA/IS-95 Mobile Station-Base Station
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System," hereinafter referred to as "the 1S-95 standard," or other per-user
connection systems, such as the "ANSI J-STD-01 Draft Standard for W-CDMA
(Wideband Code Division Multiple Access) Air Interface Compatibility Standard
for 1.85 to 1.99 GHz PCS Applications" referred to as "W-CDMA."
[1049]  The use of a multiple access system for voice and data transmissions
is disclosed in the following U.S. Patents:
[1050] U.S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE OR

TERRESTRIAL REPEATERS;"



FOR FORVATTI NG OF DATA FOR TRANSM SSI ON; " each assigned to the assignee
hereof and expressly incorporated by reference herein. As the frequency
spect rumwe oa/oiiémdi t e resource, these systens provi de net h@d3/1sSe2/26013
maxi m zing the use of this resource by sharing the spectrumwhile
supporting a |arge nunber of users mnth mnimal interference. The
extension of these nethods to the high Qpeed transm ssion of data all ows
reuse of existing hardware and software. ners alread famliar with

such standdi@81landU-fefriry Nay5198,439, seﬂiﬂéw %MdAE% EHAOL FORxt end
these syst euENERATING SRASEFERMS ﬁgSWAS%@m CERYULAR 9RSEPREINE

her ei nabove; "I'n preparing a nmessage r ‘transm ssion, the transmtter
typically sPYSagm;t he message over nultiple frames. The Frame Error Rat e,

or obabi 111318621 o5 g BRaNor k! Shreriied ML aeL KR RePaRaTUS
MER associ*@ﬁeldpo MNT‘?II\%YGF’ @Rﬁuﬁbﬁaﬁﬁmwg,‘sI'Scﬂ\rl‘gf‘éadtdgngg%%éﬁd‘% the

probabi | it sing a given nessage. e FER as
given in eca&signm hetgof aﬂﬂ?@ep(resﬂmymrpona)tedmhprrefmenb@ harsivage As th@r ead

f t d f
apeci 11 cal INEAUEREY BT 18 7 JPG TeapHEE: oSt ViR AR am P L OB or ¢ o
the probabihiagiiahgfle @60 thi BEYURLISY shdfEPinegiectnin witle JuRBolRigie. t he

MER i ncreases with increases In nessage [en one frame Is lost, the
entire rressia@ mmb&s’t of Nsees titht rainfmalnintedergnbasi dhei exiapsion of vhesen a

i rer ant  HRgngs k4 tBs “HRhn Rbeed Teg/fisuBR7Er o' Pl felnd T efbupo

| osing a. Wﬁrﬁaﬁrd@/@re lanel sofifrite. | DsRfReS ahchblytfamili@ngith fich éthﬁdmsag@ As
the nmessage | ength increases, the nunber of frames required for

transm ssi JReBOdSHBANHSEAHES KRewlesigesanhexpadencss to @?(t%‘i’ethﬁlsﬁrfé’swm$ Pesul t
in the |os , the risk of losing the nmessage is
affected b?|%sb§§g?%%ﬁﬁgﬁﬁ%g%§/ 26013 11 the nunber of franmes per
nessage. AJd0s8pnalisydedovibed hayaisiabove,| iangeparing s apssagedoeaarsmissianie FER

directly inpacts the MER a I ven uat i
Y nﬂe transmitter typica ?ly%preads the rﬂessage over multiple frames. The Frame

" Error Rate, FER, associated with a given communication link is defined as the
probability of losing a given frame. Similarly, the Message Error Rate, MER,
associated with a given communication link is defined as the probability of
losing a given message. The MER is related to the FER as given in equation
(1).

MER=1-(1-FER)", ‘ (1)

wherein the message is spread over n frames. Equation (1) assumes a
statistical independence of events, specifically; the probability of an error in any
given frame is equal to the probability of an error in any other frame. For a fixed
FER value, the MER increases with increases in message length. If one frame
is lost, the entire message is lost. Note that a frame is a basic timing interval in
a wireless communication system. The time length defining a frame for different
transmission channels may be different.

[1054] The risk of losing a message, i.e., MER, increases with the length of
the message. As the message length increases, the number of frames required
for tfransmission of the message increases. As the loss of one frame will result
in the loss of the entire message, the risk of losing the message is affected by



(1). [2055] FIGs. 3A and 3B illustrate a transm ssion protocol inplenented
in a LAC |layer 114, wherein each nessage 200 includes nmultiple fields

i ncl udi ngwoas/okmeder 202; nultiple fields 204 to 206; i nf@ecraiSowes02D8; and
a tail 210. The header 202 includes control information for transm ssion
and recei pt of the mnessage, including but not limted to, nessage |ength,
nmessage identifier, protocol version dilscriminator, etc. The fields 204 to
206 i ncl ude any nunber of fiel ds, including but not linited to addressi ng
fields, entheyptindperf pélfd@neSagerhéne$we| onAgd@paaB)hdfqn e gensheai lepgthysed

|t or | OFVEEAe BEPA5EBV 408 Farig SEPI mpagtsTRE AEREH, it if efation

nessages, (1)omthe transmitter to receiver. The tail frame 210 incl udes
term nation informati on for the nessage, including IRedund ncy

Co
ek or 0]t b AT GE BUEESE e dAmBibHan RiGtoRD Iempfm]te 1o 2
20
S Eadr FrRALIAVERTEH, WhBfbih Baln HEREIqe?bo0 TRAY fuildho iRl iféluding, &

an i nf or maheateP202; muligld fields 204 terﬁﬁﬁjlmmmatibheZC‘Eﬂ\Anc‘a aatadn21Q.0 The
i ndicate a_ first fragrrent in th ssa nd a zero.to |Hd|catpﬁ(§u cessive
v

fragments hAadere 2RRsEglsles TRt m 'Qn SURRSBIEFIANs agP\&Ge| i on
(1). The f@@?ﬁ%olféﬁdﬁge?uphewliﬁﬁ%d‘Pothfés%ée'l@h@fh Iddeside qae@trfregnges

the fragne or transm ssion C Iayer 114 may ad
i nformati oprdtocd)lhﬁersf;loagfmtrslnatmi ey Treofields 20kcor20agimeivde gryr number of

transm ssi rag 2 arrespond to ra n me. On
recei pt of I ??W§ cﬁ g'g?n@\éjr Oi fac@r%sﬁl?%gﬂgwg gﬁ&géﬁéﬁ) R%Iag’ntl re
nessage 'Saufr%tnrna&%ﬁ hé@chnd%él@&thétraa@m@u tb%rbygéqﬁéésagea’feﬂahgmésibms an
erasure, wherein the receiver receives signal ener% but is unable to

process an(W\BQ )ddbogset ﬁmchhmgnhatha)nnformaaoaofleludo PéO\Hég%a%jgan“ﬁ"Q ost,

the entire, o to
process t nEMRCASTY T REtRsEHep dfomshe ehshTE, ¥iboreh Tnetl
referred t gragafe 2ﬂ06ﬁ@|&dé§ tOiminatiors ffoematien foroime M@s@@gmmoamg a Code
PCT/ US02/ 26013 12 1057L I n_one system when the recell‘]ver receives a
nmessage andRgdgingeney £heck, or CRC, to ensure the correctness of the message.

[1056] The message 200 is transmitted in a number of fragments, labeled as

1, 2, ..., X. Each fragment 220 includes a Start Of Message, SOM, indicator

222 and an information portion 224. In one embodiment, the SOM is a one to

indicate a first fragment in the message, and a zero to indicate successive
fragments in the message. The MER of the message 200 is given in equation
(1). The fragments are then provided to the MAC layer 114, which arranges
the fragments into frames for transmission. The MAC layer 114 may add
information to the fragments and may reorder the fragments for transmission.
Each fragment 220 may correspond to a transmission frame. On receipt of the
message at a receiver, if any fragment is lost, the entire message is
retransmitted. A lost fragment is typically referred to as an erasure, wherein the
receiver receives signal energy but is unable to process and/or decode the
information. If a portion of a message is lost, the entire message may be
considered lost if the receiver is not able to process the message without the
lost portion. The lost portion may be referred to as an erasure or a missing

portion.



decode and process the nessage, the receiver acknow edges the receipt of
the nessage by transm ssion of an Acknow edgenent, ACK, nessage. |f the
nessage iwO0l00®17604 he recei ver does not respond to the tramEmiuSvE26013The
transmtter waits for receipt of the ACK nessage fromthe target recipient.
If the ACK nessage is not received at the transmitter within a
predetermined wait time period, the trd&snitter retransmits the message.
The transmtter has little or no information as to the | ost po_rtion&qs) of
t he nessagé1037j058n ame systermnehers i reasivel reeeyag® BIesenac PHeds @Dy a

portion, or, fr n e | | O | t
Fime | neur Sogaigmeimedte M reREadr in et eE bt Bs s e BBl B R o1
of the tramnssddager by fFangmiggiose of e deknbesddyenesdntt CKostegzagei o $he or
fragment (s) an exenplary enbodi ment of the present invention provigdes a

met hod of MRessege isdesierthat reneivar Aoss rRRledesheNd @R . theatiZRamitier. ¢ nthe
_ . " | i
A Ut M M

302 is assighed a unrque er. e nessage i s
further | dNCKfrneskdye & Boaréceifegmtnhe tBHsmitier vethim .a Preddtasninedgmaint  of

the nessage is identified by an End Se nt, ES, indicator..Th .
segnent at | @W%Pgﬂég,sthest"%‘é?%#@{j refgansyg MeFSa9§; \?&}? ﬁ@@%’ﬁﬁ@rﬁﬁs&‘me
multiple p ¥ t] @&g{?&% BYmbBsyevaryi ng lengths. The
det er m nat %ﬁdpwﬁgﬁphégﬁhqg each ofrﬁtgﬁgf segmsn@tafgsfa 302 may be based on a
channel qu§l0%8] esTheaetranemissidreof @ massage apdiee loss b onlyyavieertion, or
communi cati.on syste The determ pation, of the.length of, .. S | ances
ef fici ency &N rpg}tm%meessagﬁm@vpga Pr%rﬁXpI'r@Ha'?H’qi%&'@ﬂtst"%gqg&ré}%t%{?% ot al
nunber of  $RETRHBe frekeilBe ahdBONSBARRIBaNSNREICH baRGNRI of lies gtdhshtitat, des
increases reliability and thus enhanced performance. A Iarge total nunber
éa

of segnent Id peavidgretrassmisgianef dheregfeporiientiaer fragment(sg exempEéncy,

e.g., generalio transi ss) f. e a bit s

aont i Ty ¢ Rt o of B eSBr iRl fort U e RS bl leBpage . o
while nai deghdmgtiornvleteitbe ael FIGE03A] ans 4B lthestt sepfagatelsthElessbiye 2@8sage
200 is segnented into K segnents. Each of the K segnents i.s then further

di vi ded i ntietoxmuitipiprsrgmentacssr dEagh 1% thaseamanss EnRRAGNIRSHE, Unifee
number of fiiAGHRAL STKe! firsY bbARINE ofQnB3HLEER04 iEGliHEPHeftfiéd by a Start

Segment, SS, indicator. The last segment of the message is identified by an
End Segment, ES, indicator. The segmentation process is defined as
segmenting a given message into multiple parts. The multiple segments 302
may have varying lengths. The determination of the length of each of the
segments 302 may be based on a channel quality estimate, or other criteria
specific to a given communication system. The determination of the length of
segments balances efficiency and performance. Shorter segment length incurs
a greater total number of segments for the same message. Shorter segment
length provides increases reliability and thus enhanced performance. A large
total number of segments incur processing and storage overhead that reduce
efficiency, e.g., generation of transmission of more segment parameter bits to
identify the multiple segments. Ideally a system will optimize performance while
maintaining low overhead.

[1059] As illustrated in FIG. 4A, message 200 is segmented into K
segments. Each of the K segments is then further divided into X fragments.

According to the exemplary embodiment, the number of fragments X is variable



13 for each of the segnents 302. Alternate enbodi nents nay specify a
constant nunber X of fragnents per segnent within a given nessage. The
det er m nawpD®/0of604 he | engt h of each of the fragnents 304 &€Twsht2@$3 t he
nunber of fragnments X is determ ned by paraneters of the physical |ayer
112 and the MAC layer 114. As illustrated in FIG 4A, SEGVENT 3 of
segnents 302 is divided into X fragrfenﬂ% 304. The fragnents 304 are then
provided to the MAC layer 114 for transmi ssion via multiple transni ssion

frames (noforserahpf tf[elﬁwfpeﬂ@ 302 c hdlernata anaberinenis maycsPesity eheorgtaghent s

302 is seg nt of a fragpgnts n
I's given ag‘aﬂip%i % (% e@%e\rg% éﬁﬁenbﬁé{ | k;lv'%ﬁ %s%%e nunber of
fragments Id%te?ﬁmﬁétldrootfh@ Ibﬁgﬂti of é‘&tﬂ‘b@ff theffridgraents 3Ehas al@lchsbthet nembC

| ayer 114 for transm ssion on the S|cal I yerrpiw ﬁ/Cal Iter te
enbodi nent §f ARgMANSiIXIE datermited bY] etep q?rt% gicallaygr {1 ﬁcq'?cgﬁ‘%f t he
total nunb f 56 2,

function ONA(% lagéef;ﬁ%t éreml#ﬁ%%%?mgég'mas’: g%%%?"é%q? é%;ﬁo V\/I!1erei n
the SER i s dilédeddo XSfragiaBrts 804. FERR traghdgnts [30d6rE than 'pmmmdwm MACFI G

4B, each fragnent 306 includes a Se t denti f.i er
i nf or mat i ofAY$Ld 14fREIARSIBISHAN WA MY gﬁ&%ﬂ%‘??@ﬂr{rwé‘? ﬁ?—fﬁs S nt of a

segnent fr ;Pf?éigg MeRs %lé%%sed\%%lﬁétﬂﬂ/et %abh%f ﬂ%@@e’ﬁﬂent@ Boods BBgentdte S

i ncl udes a st two bits, SI1 and . One of bits indicates whether
segnent at i amoiéfragaieinés, whardint the totaheumhxertohéagmnltﬁ fds givee@sifies a first
segnent of the message. [1062] e enbodi nent of nessage transm ssion
illustrated in FIG 5A a nesé’aZ%%]oo is divided into X fragma:@)

i dentifiediqshd & Riry eRtlbdirabal, @tk td@Gurhbe MNSiGragmentslis eglialabale total

boundari es between tragnents 304 are not necessarll the sane as

Eoungarl es usbesedl fraaegsgeneratrd Ws%‘@g&’m@)dayeraﬂM(fgbﬁr%%s%%r%hihe
CoUNT |5 O S AP o ALy i o o

i nf or mat i of cleagrabned asnachuristioh ot ehd itelall sniziBer 2>®4frarﬂ@§ 08, resultant
message error is defined as a function of the Segment Error Rate, SER, as:

MER=1-(1-SER)X, (3)
wherein the SER is defined as:
SER=1-(1-FER)". (4)

[1061]  As illustrated in FIG. 4B, each fragment 306 includes a Segment
Identifier, SI, 308 and information 310. The information 310 is a portion of the
content of a segment from segments 304. According to the exemplary
embodiment, the Sl includes at least two bits, Sl; and Sl,. One of the bits
indicates whether segmentation is enabled, and the other of the two bits
identifies a first segment of the message.

[1062] In one embodiment of message transmission illustrated in FIG. 5A, a
message 200 is divided into X fragments, identified as fragments 304 labeled
MSG; to MSGx. As iliustrated, boundaries between fragments 304 are not
necessarily the same as boundaries between fields of the message 200,
although some segment boundaries may coincide with some field boundaries.
The fragments 304 are portions of the information contained in the message
200, including information contained in each of the fields 202, 204, 206, 208,

and 210, as well as any other fields included in the message 200.



and 210, as well as any other fields included in the nessage 200. WO

03/ 017604 PCT/ US02/ 26013 14 [1063] Each of the X fragnents (of fragnents
304) corrwepontsoto a transm ssion frame of frames 360 f@cCTaASKDL@NI3 nunber
of X frames per segnent nessage. Each frame is referred to as containing a
Servi ce Data Unit SDU. Each of the fragnents 304 includes a Segnent

| dentifier, value appended as a prégix to a portion of the nessage

200. The fra identifier is determ ned sequentially. Alternate
embodi nent §1(§@C§] npaeherlt thr n&r fraemenis (6f fragimerlsi 84 C%HEQSPPB£1§ 1 & ranes

and fseg”ené%&sﬁg%lbﬁ? ihd oF ARl n%éo Ysed 1he nﬁﬁ%?%f%?r‘a#&?@ﬁ?é@%@n?t the

receiver ternate enbodi ment' s my ppend the he end of
t he Segrrentmdess‘a@renaantm freaimerty réfetredriat &s tbmtaBling IenSeNmet Dma\Mrtlh Shid.

o OTha. 11 AR e i doF e o Sy Lol aBratEs o
reconstruct, é‘%ﬁx %@%ﬁoﬁ%qﬁg'ﬂ&%%[é@%héﬁw Hé‘ﬁtﬁ%rmﬁdae%nn% t he

X fragments ragments 3 erei n each
fragnment 32@quasiially340 Aliencatd5@mbudimeats anapormplem&rft mﬁwagnetbodsanﬂ an

SI. In the enpodi nent of FILG_ 5A thesste tation
as defi ned asy!3HY [!ﬁl%'it@é‘(ﬂ tofframes Sé ‘%%%ﬁﬁ?fgll‘% Vsl 1o
transm ssi QEcHRIRRYtheS RBIBAGS Rt He .*e%ewéactsmmarl 0é|t@mhté/@mb§@mﬁ@ﬂ§aqﬁapn
segnent retransm ssion requests are supported. In other words,

recei ver mppeequhetSIaat the and mfsbiposegment istymeationoer wtmtﬂgr@he th$e3|

transmtted I hact | ye t

request s aneiorBRngn yibre redfert FuBBRFEM il Shen SEEERR o PR ST ¢ e
entire messpg é?émtaﬁbﬂ ofthHaRarineris khbivnt axetheabeeibdfthé réceivdieisahbodibient  of
FIG 5A, each i ncludes three bits. The significance of the SI bits is

i 11 ust r at edoirecanstiict 8@ measars ageordinalistrated in El G 5B, the first bit

of the SI, M@?‘@' edA§ %ﬂa;ega HRERS. w%gyc@mﬁé%bmﬁcmae%fatgwe%e@z

i nacti ve, in a ogic value in es segnentation I°’s acfive! else
segnment at i @80, 8400@616!3&) witerefri eath Biagment t320), SBD 1340 brd 3S02inciudesta f i es

egment | TRETIOR PAMEeaGH S00@ TSN Fholl 6 SPBOcTHEdS. &k SisHEioBhd.

wherein a highohaghEsdRlU gmentation as defined by the protocol of FIG. 4A, however
for the example transmission message segmentation is inactive. For active
segmentation, segment retransmission requests are supported. In other words,
the receiver may request a retransmission of a segment or portion of the
transmitted message. For inactive segmentation, segment retransmission
requests are not supported. The receiver may request retransmission of the
entire message, but not a smaller unit thereof.
[1065] In the embodiment of FIG. 5A, each Sl includes three bits. The
significance of the Sl bits is illustrated in FIGs. 5B and 5C. As illustrated in FIG.
5B, the first bit of the SI, labeled Sl4, indicates whether segmentation is active or
inactive, wherein a high logic value indicates segmentation is active, else
segmentation is inactive. The first bit of the Sl, labeled Sl;, identifies a segment
start, wherein a high logic value indicates the start of a segment. The third bit of
the SI, labeled Sls, indicates a segment end, wherein a high logic value
indicates the end of a segment. The significance of various bit combinations is
provided in the table of FIG. 5C. Alternate embodiments may use any number



I ndi cates the end of a segnent. The significance of various bit
conbinations is provided in the table of FIG 5C. Alternate enbodi nents
may use awg opinisesr WO 03/ 017604 PCT/ US02/ 26013 15 of bit eceash/b@vi ng a
predeterm ned significance. Additionally, alternate enbodi nents may

I mpl enent an alternate polarity scheme for the SI bits. [1066] Conti nuing
with FIG 5A the first fragnent 320 (oflSfragnents 304) includes a segnent
identifier portion, SI 322, appended to a nessage portion MGL 324. The
frame 320 iof bite gaatsthavingyrierirepaterminad sighifiednoen of\dditionals aliemateind

Stsmo. ne SUplirEPfRYIRRIGHENCE Aot obRRL e R HE S Bl T s
may be usegoss) i dedhtifivingheitlstRIGE 8K, theefirseSerpeentaBrl t(bk fragimehtdid0d) SI 3,

may be used to identify the end of the nessage. The next fragnment 330

i ncl udes Slinglédes ansempenkisgniifigoperiono ! B2 idpResdad g1 f'@SSgQQ RYBPR at es
a mddle tr M3 ; . L€ I on
352 and i niipaRian Do R 3gis Bk iR repb B TREING RAnSARCIAES: Fleskle O
or nessage.200] @pd] thersfbreothet BE3L2 dg viesighaiitfas @0 syhaneia Slg=@NSISEY 860

generated b the MAC | ayer 114. Specjfically, as (llustrated,. fragnent 320
correspondg'ﬁ)o- Apigegse tﬂ'%ﬁéﬁf’mg@ogoégﬂ'?(%%mﬁ% tb@ Wg%’ﬁz Sty be 340
cor responds,dsg 1oShitfGhe 308k bf 8 Ri¥ssagd, 44 r‘tﬁémfeﬁﬁn,t I} yla&?%usamosws

360 corresponc}s to t?ansm ssion franes~sent over the physical layer 112.
[ 1068] Contidentifpghevend oftie nessage. The nexdifcgnentSSgnivoludes &h pontian 832 f or

t hi t ' A . th t [ i I ti .t 00 i
i v ded t 0BG PIBENERROTG8n SEE0l Thngoh Hoaret st ' Amighls s e ot e
and. transmgtdgpfent! ARt ' , inBlldBs 'SIrpdhies BERGritEiphs frizdioni Sorfibis O

applied to the SDUs 360. As the frames are received at the receiver, the
error ched@adnglhe SEBaR indieates anrentiof segraerl poMmessagedet ection of a frame

et ransm <10 bs. Eeeh RPA ARNTriS SRERT GO AEIS 2 R0 FRAERRAIY by

request retthangACskiyen 104, t Bpecifichlly, casniiksaated Ftagmentd8a0 uessedponds to
her ei nbel ow, andaggarticul arly with respect  to FIL.Gs. 8 and 9, when
segnent at i SPPY6% fraganent 380 eareaspands 4o Y i3Rdy fragment i34 coresPoPAat? on t o

request theySEIRBRT iy HidhbR BEG EorfEdiinddato dSHECHBE: Thd B5Us 360
corresponds to transmission frames sent over the physical layer 112.
[1068]  Continuing with FIG. 5A, S| 322 indicates segmentation inactive for
this transmission. Even though segmentation is inactive, the message 200 is
divided to form fragments 304 resulting in SDUs 360. SDUs 360are modulated
and transmitted. In one embodiment, an error checking mechanism is also
applied to the SDUs 360. As the frames are received at the receiver, the error
checking is evaluated to find frame errors. On detection of a frame error, the
receiver is not able to request a particular segment for retransmission as
segmentation is inactive. Instead the receiver will request retransmission of the
entire message 200. As discussed hereinbelow, and particularly with respect
to FIGs. 8 and 9, when segmentation is active, the receiver is provided sufficient
information to request the segment in which a frame error was detected. In this
way, bandwidth is conserved and transaction time is reduced.
[1069] FIGs. 5D and 5E illustrate an alternate embodiment, wherein the SI

includes two bits. The first bit, Sl4, indicates whether segmentation is active.



way, bandw dth is conserved and transaction tinme is reduced. [1069] FIGs.
5D and 5E illustrate an alternate enbodi nent, wherein the SI includes two
bits. ThewDiosst7ebi t, Sl 1, indicates whether segnentation PETASIZ/¥®13 WO
03/017604 PCT/ US02/ 26013 16 The second bit, SI2, identifies the start of a
segnent. The significance of conbi natio&s of the two bits is provided in
the table of FIG 5E. [1070] FIG 6 illdQrates a method 400 of nmessage
segnentatiqn applied a in a wreless cogunication system

\{ t, i1tt /
according t DRECRRTddh St IISHIES: gl 062 egBIts 4 NRoggREaPes O
transni ssi Qhabingfihs 4Pfe HRLITERIRGAdeTM REBICONFIP sETessage or ot her

short duration nmessage for transm'ssion to a target receiver. If
segnent at i dA0v8] ac FiGe6 dtustatesa onettiod A0dof40dssqgeossrpremigtion appliediatat o

t 412 t ent .t he | i nt ) ts. The. t i tt .
det 6r mi nes VANSHNGRL AdkES Ssg RORIMAPAN SYSIoapAceRiangia 16 ABHOBG b
and gener atfss {rBBsmltictlre84i98s éjfﬁes%_a{b%l%‘i' ARG SSon af %gréi(f?. stieP nﬂe%ag%ree

divided to form X fragnents at ste . The transmtt det erm nes
appr opr i at endy bex appirgl messagehorf othgnehoert diiraiioBl messagesior dapennission to @ach

fragment at,_step 418 Each fragment, including Sl. i.s pas to the .MAC

| yor "t or tprdsi et ol SearhOREE0h is cBfve A aReian HBHTRL 304, SroBSaibE ¢ o
process t hecorftigibs MRS 3G - 412 0d1kebelcnt nthag mdssagel fit@nNKdsagmeis?04Thef
nmessage segnentation 1s I nactive, processing continues to step 406 to

di vi de t he Wanssaifer drisminepantanpiepriaia Ipgmentipp@ioriarnt IP etecaddite cagh
portion toyéeegng%rﬂse[r{eoggg%‘{at the> 6Pt 4Yﬁ?n1iﬁ$gﬁ§§}g§esir’ggmzeﬂqﬂ R334 to

the MAC | a rocessing retur 0 process a
next nmessagwe dilidéd] toMorihX fragraerisr at slep £16.0iThe durseiteraddiednihesrthéhe

received fragnent to_ determ ne processing of a transmtted nessage. FlGs.
7A and 7B i3HRISPHaieeShto r?@PWoHD @Qéhéfaq:m@%esghﬁgéh'st ﬁﬁ%%?@'&?%&bﬁéﬁbed

nessage at ' .41glh ' r Lo ] step
122 her drATURRCAED 418 abi HEGHRIN RERIKRPSP 12 DRSS 1O B MATRRY e
Sl bits i ndbupestassinghat $tepr20. | Procesgimgrihanireturns t@estapv40 to pexsissghe

continues to ?te 442 to process the fragnent contained in the frane.
Processi'ng "§X f'P%Sragﬁgmant is further ‘detailed

[1071] Returning to decision diamond 404, if message segmentation is
inactive, processing continues to step 406 to divide the message into X
portions. An Sl is appended to each message portion to form a fragment at

- step 408. The fragments are then passed to the MAC layer at step 410.
Processing returns to step 402 to process a next message.

'[1072] At the receiver, the Sl bits are extracted from the received fragment to
determine processing of a transmitted message. FIGs. 7A and 7B illustrate a
method 420 of processing a transmitted segmented message at the receiver.
The receiver receives a transmitted frame at step 422. The receiver determines
if segmentation is active by evaluating the Sl bits included in the frame. If
segmentation is active processing continues to step 442 to process the
fragment contained in the frame. Processing of the fragment is further detailed
in FIG. 7B. The process then determines from the Sl bits if the frame is a start
of segment at decision diamond 444. I[f the frame is a start of segment, the
receiver stores the information portion of the fragment in a memory storage

buffer at step 446. Processing then returns to step 422 to receive a next frame.



in FIG 7B. The process then determnes fromthe SI bits if the frane is a
start of segnent at decision dianond 444. If the franme is a start of
segnent, wbas/oimwoeei ver stores the information portion of tha/dSoagwent in a
menory storage buffer at step 446. Processing then returns to step 422 to
receive a next frame. WO 03/017604 PCT/ US02/26013 17 [1073] Returning to
deci si on di anond 444, if the received ftane is not a start of segnent, the
receiver determnes if the frame is an end of segnent ggsed on the Sl bits

at deci si obl A nondeuugingite degisionndigmand 444 dtihesreqsived Araimg ISPt & sidtent
the receiv r | ' I t I; | and
pr ocessi ng%E 8?@&@%;@@&%&&%@@&%@&? %e‘ rafIPrrée}n|és|§7‘tg e en%%@%e%ﬁ%ﬁ?n t he
recei ver r gepistpitschs debrigedimpméndidd8pl Hcibe rcoeivedgiteme isnnair aiererak okt ep
450. If this segnent conpletes a, nes %e at deciﬁ_ﬁia_c%n di anp,

|

) 52 h
receiver EREEIESLIHE ‘?ﬁc§§’|eﬁ§_t%r§§ﬁﬁﬁt'_§?°3 atjgp;fierg Eﬁ'ﬂﬂﬂ%lm4'§g’. the bf‘ﬁ%’?e are
no m ssing n?ngééﬁn@rﬂgﬁﬁﬁf ‘tdi‘%tegi)gézn‘l?%é gaﬁ{eeﬁ thdZeriP of BCHPhéMCthd he

ANCRTSS s ar at

nessage. | I'Ng Segnen eterm ne eci si on di anond 454, the
recei ver segckiverarebopatriicte the kagmicatigag plieas, thesegmpentan osdermatsatep 408.

Teesage ot ILEU SPOMAIN SRSReIcRo, MRPtReR & AchiaL el 4825 o dooplfns) 1

segnment at i %ﬂe&b?s fB?tm%%Hgn@e efRCAISdisih AN 254, Of ARREHr8Gho SEdingiues
to step 426 to process the Tragnent. Processing of the fragnent is further

det ai | ed i sefr@nty Brogessing contieues fierstep 13 1@ wecongtpichdhe Jnessadani dbd i n

the fragnent. into a nenory s fer. ca L o]

det erm nes W'Ps‘f‘ﬂes%%gg r%? @e%fﬁﬁﬁ%w‘ 8’? Cg%rpeé%grg)enﬁg%%e@ ?sﬂ’eggﬁg?/g%%%% 430.
I T the regeNsgatiiASkAOW cdiget MACK NERSsaGe ah diepp454 sl mrocesding metures st ep
422 to process a next frame. |If the receliver detects a n%ssa e end the

message i s tosiapAges dtthedsegmentdp nosihe epd qféb%im\)%?saﬂﬁ(ﬂi diggpond ¢ or s
Fecei ver dreea IR eeREY RAERRI I IRA0Y, "G B ocessing returns to step
422. 1f no[ep74)r K skjraemtetioniis ndteactives apelecishm dereondrd2de|broesssinge
nessage at step 438 to the correspopdi application.or rvice. The
recei ver s&RAENUSS IrRieR448da RIpce ﬂ}? ﬁ%@”‘gﬁh %?8%%%%@918??@ h@ﬂ?% 'St ep
433. further detailed in FIG. 7B. The receiver then stores the information contained

in the fragment into a memory storage buffer at step 428. The receiver

determines if the frame marks the end of a message at decision diamond 430. If

the receiver does not detect a message end, processing returns to step 422 to

process a next frame. If the receiver detects a message end the message is

~reconstructed at step 432. The receiver then checks for errors in the message

at decision diamond 434. On detection of an error, the receiver discards the

message at step 436 and processing returns to step 422. If no error is detected

in the message, the receiver delivers the message at step 438 to the

corresponding application or service. The receiver sends an ACK message at

step 440 and processing returns to step 433.

[1075] A portion of the processing of a fragment, as contained in a frame, is

further detailed in FIG. 7B. The method 460 illustrates processing of a

fragment in a wireless communication system supporting message

segmentation. If the fragment is a start of segment, the receiver determines if

the storage buffer is empty at step 470. If the buffer is not empty the method

460 flushes the buffer and stores the information from the received frame in the



[ 1075] A portion of the processing of a fragnent, as contained in a frane,
Is further detailed in FIG 7B. The nethod 460 illustrates processing of a
fragnent wo oa/owiep£l ess communi cation system supporti ng me®€ags02/26013
segnentation. If the fragnent is a start of segnent, the receiver
determines if the storage buffer is enPty at step 470. If the buffer is
not enpty the nmethod 460 flushes the bi®fer and stores the information
fromthe received franme in the WD 03/017604 PCT/ US02/ 26013 18 buffer at
step 474. buffenat Bigpr474. & bedhyffertisemptycigsprocepe staras theierRatiom N n

t he buffer LE,t I t i
receiver élﬁ%p%ifgfﬁgég%paﬁzé gftlﬁéwnérlég{b? etézltlai‘tlI gﬂge aﬁﬁﬁg@g%?el}/?fat he
buf f elr i's ?np%ys trtd@tamsm]gef ey bdﬂf@c?trd@ciﬁba dimlehdetﬁm‘. r iriee duffet eperddsy For
exanple, if the start o segnent fragnent (s |ost, the receiver wll _not
process t héhe eRaIvRICHSGRIds iRe receipsirameat sirp ‘ﬂ)@g-f Epr pxampie, Jﬁ-ﬁ?ﬁ@%@f

I nformatio the ' r [ ] u tihat ] In
one enbodi %ght o@ ! resnfsléol'gtgg t ¢O§Fi:ﬁr?1%s§%$gﬁl\}éirl%”H??ér}ayeogélsﬁ tEIéG%P%#ﬁger %%gzgge
200 i s segmeghmmhicdithiesbeffer isiridi erhgtyrtbe Hofbrahdtioo firdr Ghe ranée fsssigeed in
segnentation {s.active in _processing of the nmessage 200 as illustrated in
FIG 8. Thee hﬂgg%@es@g(ﬂ'%ﬁs segnented into segments 302. Each of the
segments 3 fincl d iteRR off SR -illEseieafint e, nts
302 has a (PisZ%Z]ﬂentl;ha?ﬁ?@r]lwlﬁgﬁ oj?’(gnéégg'?lgu@ﬁgrrenltsg%gol, 352,eg?>|g4, G %@356 a
Segment  Panesaager2005B, sagmenidd donFisterd wvith et methast 46@ girEHE. Bl Message s

further divided,to formifragnents.. Th I pdi .f.i 0

i ncl ude an %ﬁmé%té’r%'ﬁ?ﬁ“xet' Br%e§§g}9t&gh8®%%%b§ ﬁ?ga%lh%gﬂg%g'désﬁﬁ%ée
bits and haghe giegshde 280G sagmepesd frite deyments8025Bacmaf Bfe ségobniy agarent
Is then used to generate an SDU. [1077] Message segnentation all ows

r et ransmrsz@nd@s. 2 pestian &h e message eEachidi the sagmenise 3981 B98 and
resource a .. Qn. ' I hi&SI ft t .
N compar i sReiPMIAGBRHEN T TR balH SeqrhElt 385685 ABap | WBeCH SoamERES 20
a net hod ofParasmage SPairsatided.on Theé consswnation af issgmentpplosi SRdsi furtieGs.  9A

and 9B. [1078] FIG_9Aillustrates a nessage transm ssiop Wt hout
segment aE ia&,\,/i!jed to form fragments. The ?ragmentsg are then modified to Include an Sl,

wherein in the present embodiment the Sl includes three bits and has
significance as specified in FIGs. 5B and 5C. Each fragment is then used to

. generate an SDU.

- [1077] Message segmentation allows retransmission of a portion of the
message avoiding the time delays and resource allocation required by full
retransmission of the entire message. A comparison of a method of message
transmission without segmentation and a method of message transmission with
segmentation is provided in FIGs. 9A and 9B.

[1078] FIG. 9A illustrates a message transmission without segmentation,
wherein message retransmission is requested and completed. The transmitter,
designated as Tx, sends the message from time t1. The receiver, designated
as Rx, begins receiving the message at time t2 and the message is completed
at time t3. The transmitter then waits for an ACK message from the receiver.
The receiver is not able to process the received message and therefore no ACK
is sent. At time 4 the transmitter retransmits the message. The receiver
receives the retransmitted message at time t5. The entire message is received
at time 16 and sends an ACK message at time t6. The transmitter receives the



wherein message retransm ssion is requested and conpleted. The transmtter,
desi gnated as Tx, sends the nessage fromtinme tl. The receiver, designated
as Rx, begpng/orwoei ving the nmessage at tinme t2 and t he nme®sagsod/zocdnpl et ed
at tinme t3. The transmitter then waits for an ACK nessage fromthe
receiver. The receiver is not able to process the received nessage and
therefore no ACK is sent. At tine t4 tA€ transmitter retransnits the
nmessage. The receiver receives the retransmtted nessage at tjnme t5. The

entire messiglé messageifipay tima 18 iterd9: sAbtiMes Ehike snessageniiansyission ande t6.

The transm Lves, .t 03/ 017604 PCT/ US02/26013 19 ACK nessage
fromtine tr%{r?ésﬁgs?%s %ﬁenib??@%%e nmessage transm ssion and

retransni sgiopg] ar ih compheisen td FIG YA RIG.@B diustatest @ ntdsSag ArarBhEssion
illustrates a nmessage transm ssion wth segnentati on, wherei n%sﬁ inegrrgnt
retransni s¥ihh $e9MaQEESDedVRRIEIN c3npPYNER! TPHENBIUSRION t SereEYeRICMi #0¢ he

nmessage fr ' 1, : ' ; [ r [ t2
1o r5%% o NAPriRERd, o TR CdrRFpitbl SNSRI, 36 HBESAJE O PAAE L Mhd I

i denti fi es rebeivar esdeipssibgmaassagde from timart8io t3.eA NAKsw@geagd fsesentdromi t t er
receives the NAK at time t1 etransnits the segnen esi gnat.ed ,as
S utti e 1316 1, whereir the WK Pehiginerpissa SSTERt ot PE ity

segment, angosels e Afehstlittél FBedives th NAK 2ISHnEIAA 866 GeUBAsMItShdCK
fromtine tl% to t18. The retransm ssion of a segnment or portion of a

message redegesenthdesignatedyasBCiheatdinne t12.mAs aget 1drthagareiveoieceivgsithees up

transmtter resources for of her, transm ssi i | :

segnent ed ' ! éEﬁ@@?%ﬂfa?%ﬂ?% ?389 S;?Pg\?ia&neéégo é}émgﬁédln#ﬁgﬁ{%éﬁﬁ%?é@gewes
transact i onnbiAeK ftcR8Rhe M2 tRMBY TherebARshssidn ofsa rsaiatbnt or ipoGiorl6f a
supporting segnented nessage transm ssigon. A control processor 502 is

coupl ed to messrgrIrRdlEesdhe aigacy Théhe entirp Message e mipsion snd fspes up
operation }%&rﬂﬁgﬁq‘g&%% "8t %rthé_ﬂgﬁan%réqﬁgidﬁaés egl%ﬂ'ﬁfe@ %e%&@%ﬁ?% ?es a

control an hal'T hg nessage, r- shor uration nes
transm ssi ofetsadge FaosmIdsiN provideista EQRictiokre thestodaidrarsaction timeact i ve, the

cach Seqmeni0B0he dogiRRIASORO0N EGHEIE tharlC-d10; daepartity sromented”
conbi nat i onabs b ARAsHRATEN Al ddntrdl pAEEREbE 503 € coupled to a communication
bus. The control processor 502 controls operation of a message generator 504.
The message generator 504 provides a control and/or signaling message, or
. other short duration message, for transmission to a segmentation unit 506.
When segmentation is active, the segmentation unit segments the message and
adds a segment parameter to each segment. The segmentation unit 506 further
divides each of combination of SP and .segment into fragments. The
segmentation unit 506 determines a Segment Identifier, Sl, applicable to each
segment. The fragments are then modified to include the appropriate SI. The
segmentation unit 506 provides the multiple modified fragments to a framing
unit 506 where transmission frames are prepared. An error check generator
510 applies an error checking mechanism to the transmission frames. The
transmitter 500 further includes a modulation unit 512 and a transmission unit
514 coupled to an antenna 516. The transmitter 500 further includes a buffer
518 for storing the message or portions of a message in preparation for

transmission.



segnentation unit 506 determ nes a Segnent ldentifier, SI, applicable to
each segnent. The fragnents are then nodified to include the appropriate
SI. The wegamnisati on unit 506 provides the nultiple nodi fPceadshz/agnents to
a framng wunit 506 where transm ssion frames are prepared. An error check
generator 510 applies an error checki n% mechanismto the transm ssion
frames. The transmitter 500 further inéPudes a modul ation unit 512 and a

t i SSi it 514 coupled t. t enn . The t itter 500
Furthor i ndlOHEE. aA0dPPERSr S5 119, NUEGHERg 18 tredaguiPBP NG (SEMETBR o
nmessage in ﬁé%@%ﬁg@@n{igi?n.t r?ﬁé%ééik/@ﬂﬁogoir%ﬁ!d?éyﬁodorﬁﬂ/ ploRss08g2 20

[ 10811 A rece Is IlTustrated in FI 11 supporting segnented

message traamiession commurécaiionebus0OFiamesiaes raceived rabl aienie £36r aBd2
coupled to a comunication bus. me re received . n :
processed OP%%%SW byuﬁ‘ﬁcﬁ"’@lw'tAé:{@nd% u&%{pPgHgﬁﬂPt 9%??1&%%?5%%‘ ?ﬁ%
recei ved frapBRedTarfbs Und BROK chbk (hH06FHRHEBKS Gbr tiapBmidsion @mrops.r oks. A
defram ng unit 608 extracts the individual fragnents fromthe received

fr gn'ez . Se:@efr.aminﬁxunitaGOS exiracsobhediedividial dagments dipre e reseieed Famasgnent
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"t or mat | orooumanl peleaEaNoef dEATETC R pRaT NG f HEoT reRe and e,

in the ness@germihesanstordeting ol thé@dgmichts besed ori thedSharsd &feirtiasnation.

m ssing segnents, the nessage is then passed to higheréayer applications
in the recelhemesgnge is regpasirpgies; ieplagrghgsagaens ip erdeidn &y f€§, the
receiver 6 t.S r , $S) f 1 1S54 ] In
one. enbodi riegp RS (it B8 A T8balod muclBd® i 18 SRSTRI boqients, W

det er m nes rbssageeizttheh pasgedno Highemeper applicadivns ki the 1cdivean80Q. atfdbe a

met hod 700 of identifying, a m'ssi,nsq end_ of s?%ﬁrreﬁ]t fraetgrren;ssog)r frama[. The
met hod  700°6CRIVEAaNessadgn NAf déx Migs1ag epegpent iMPEYVRl a8y doRdest

det ected at hiSEh ; ' tarts a tiner. The timer is
schedul ed fr§§@23t| me %gﬂhoedﬁ]g%ﬂgﬁe rggﬂ:?t@‘ri mer i = a*AlT (5) wherein ais a
const ant vdl082] andn Ang drgbedimeat,sa rapeivattreethadras/il FiGsa#Aognd 7Bafsther The

timer Coxnéeitglrjrﬁﬁ\e%qf gguenntd ik éédmgntnﬁasésr%gﬁt 12108t aﬂﬁ.e&ﬁlurs?r%%svg%ethod
700 of identifying a missing end of segment fragment or frame. The method
700 initializes an index at step 702. |f a first erasure is detected at the receiver,
the receiver starts a timer. The timer is scheduled for a time period defined as:

Timer i = o*AlT (5)
wherein o is a constant value, and AIT is the average inter-arrival time of
frames. The timer i continues to count until a message or erasure is received.
If the timer i expires before a frame or erasure is received, the receiver
considers the first erasure as an end of segment. If prior to expiration of the
timer i a second erasure is received, the receiver resets the timer i and staris a
timer i+1. The timer i+1 is defined by the time period:

Timer i+1 = B*(timer ) + y*(12-t1) (6)
wherein B and y are constant values. Any number of additional timers may be
used, each having a similar time assignment. Alternate embodiments may
employ a variety of time periods and ways of implementing the timer.
Effectively, each erasure initiates a timer. The number of erasures is then used

to determine the length of the segment. When any timer expires without receipt



If the timer i expires before a frame or erasure is received, the receiver
considers the first erasure as an end of segnent. |f prior to expiration of
the tinmewoiosmimecond erasure is received, the receiver r@sgtEs/b®13imer i
and starts a tinmer i+1l. The timer i+1 is defined by the tinme period: Tiner
I+1 = R*(tinmer 1) + y*(t2-t1) (6) wher in 0 and y are constant val ues. Any
nunber of additional tinmers may be use each having a simlar tine

e o A e b Bl F e Bad it b T et =

tinmer. Ther&gm@depc{su@é_asures is then used to determine the length of the
segnent. When any tiner expires wthout receipt WO 03/017604 PCT/ US02/ 26013
21 of a fr§MB3jr aGoetimgoy eyith eethede7 V@ rofi diént 12 dsatfremend refcebiedgnent as
the last recelived. eras wi.th nmethod 700 of FIG 12
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updat es an average inter-arrival tinme of tgmants referred to as AIT at

step 720. ABQE‘[G@@S rederreldo ps AdT\ad stee£30 sAés é22 the regeivgs ¢es8te @ timahond

726 to chob A GosaLrena st e RAERyap B BRI He GREH. Biidhrthd's "

processed gsnialids @ stape 72816 agrecktios eefrd.3M.nd ée?meﬁr eaord ard esurdl thd he
receiver requests_a retransm ssion at step 728, the frame was not the

end of a Segment improgessed 8 RAkALING mgasa%at piaesSQalfian erresis fRePdnent ed
at step 738, fz{&.\%r%gééé@% eR3hsRt; orﬁ gt S t 186 'ﬁzsonlfméﬂf?%%7vg§én6ﬁth\%ﬁ for a

next frane. M IS recelve si on di anond receiver
checks for ofia seyasnira dexision elariotd 724, Breasder vialliea/ iIsansiegeented ait \ste:p t hat
t he recei vgr écan rocess,. suc a transn ssi fn error

e ur ot v S gt stpceRHRS Contiapes fy 369'3@&5'%@8” Gk SO hExttarmb. ©
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no erasure is found at decision di anond 706 the receiver checks for errors
at deci si oerasleictan 206 Antdrasuienigra nesaggs ceceiachihad theareagdusr siapnot
di anond 712 (grocesm H%Ssrgtu ns_to decision dia

nd 704 to . wait. fqr next
fram. |1 PREGERSTHAS BURiPea FaRETSTABATRY of LbShEHTE ip dPpaivpd it
timer i is reset and a second timer i+1 is started. Processing then continues to
step 716 to increment the index. If no erasure is found at decision diamond 706
the receiver checks for errors at decision diamond 712. If the timer i has not
expired at decision diamond 712 processing returns to decision diamond 704 to
wait for a next frame. If the timer has expired, the ordering of segments reflects
. the cumulative erasures.
[1084] FIGs. 13A and 13B provide examples at a receiver. In FIG. 13A, a
first frame is received at time 11 and a second frame at time 12. The first and
second frames are processed by the receiver and contained no errors. When
the third frame is expected, an erasure is received at time t3. The occurrence 6f
the erasure triggers the start of a first timer. The time period for expiration of
the timer is defined by the average interval between frames. A fourth frame is
received at time t4 prior to expiration of the timer. The timer is reset at time 4.
[1085] In the example of FIG. 13B, the first two frames are received and the
next two frames are not. An erasure is received at time i3, and a first timer is
started in response. A second erasure is received at time t4 prior to expiration
of the first timer. The first timer is reset, and a second timer is started at time 4,



the cunul ative erasures. [1084] FIGs. 13A and 13B provi de exanples at a
receiver. In FIG 13A, a first franme is received at tine t1 and a second
frame at wom/01a04 The first and second franes are proces®eu/usy2/2does

recei ver and contained no errors. Wen the third frane is expected, an
erasure is received at tine t3. The occurrence of the erasure triggers the
start of a first timer. The tinme period2Ror expiration of the timer is
defined by the average interval between frames. A fourth franme is received
at time t4 wherein the Ber merioddopexpifatian pkithe speond kgeriis a Bwstionofthere t 4.

1085] Int : of : , 2 fLrSt: r i ..and
the hext tilg! fihangats? AR wRSRahCinet s3birtdanbagearel I B35 g
first timerthbdastsicaeived éasuRsaerBeend of eegméner Txic@aiion ot ted wachbalr dfi ne
t4 prior to expiration of the first tinmer. The first timer is reset, and a

second ti meraparestalionsdhaireesiver ocalwinigshe nsoerEfIalRe® PRGBAIMEDD wher ei n
the timer RI0aSQ TALCHIMG & 1oPB Snnblifncife AMAeHIdIPLT Lsind idRpld Aett 1 he
e. gal n, e C r

first tinmer va en any (I nmer expires, réceiv I's able to
identify tidentifasin ¢md ef segmenbeuerd @f neessagd (elicts agrirstratéhincEIGt 12)ris of

t he nunber of _ erasures allows the receiver cal c e the .nunber, _of
frames per aRRyFaRle. to [%é’(ﬁyn%ﬁ%\%‘ﬁngraﬂﬁ%ﬁe Qi m’, eﬁ%f‘hg% @fﬁ\ﬂsi ng
mul tiple ti ident i S S i as
M1 st e Piove] HefBsn St AtAlobaRTRH, Pl BNindRedfee > IR R, hod.

ATM wher eidesclibedTidreipabove withdistaiteegroaidedaintepfations agend (@), ientifaof
nmessage. The c} i ﬂers descr, bed. tgerei nabove.w th detgsinl S ﬁr ?vi ded.i n
equations (%'} g H‘eéﬁ?%?e ia@gn@?%w %We”@ﬁd“b%s‘r?ﬁaﬁ_%%@&” @Inqa( {/ ﬁaﬂ{‘kﬁf\S%nPHa

M ssing sewRdifg elicys dfREmNbEmetSalge irfd dafibitsdidie | oss of an end of
nmessage in a transm ssion. [1087] According to an alternate enbodi nent, a

met hod of U40P8E nuAceprding e st gltematel @mbedimant.eadnethose ghwhindomudtifie of
T ot bt 45500 adord Aot Al Gyp o oaaBah
message as RIG:HE)id gpplicableetd 4 TeasspdesConpeshicatisrePrabesle TOP, vhdetiaithe
provided in_equations (5) and (6), identify an end of _nessage and any
i nt er veni ngl @t SYPiRgos &g §na?l'd3 6f Massgaemssa RiNieldalbe dingystdrscriged of
an end of RSEAABLLE it GREAIS SdVRIEd A E§IARNS (5) and (6), identify an end of
message and any intervening missing segments and/or fragments, thus
avoiding the loss of an end of message in a transmission. Alternate
-embodiments may apply implementation of a timing mechanism to determine
missing portions of a tfransmission, wherein multiple timing mechanisms may be
implemented. |
[1088] As disclosed hereinabove, a method for segmented message
transmission is provided. Each message is first segmented and then the
segments are fragmented. A segment parameter is applied to each segment,
and a segment identifier to each fragment. The fragments are provided to a
lower level for preparation into frames for transmission. The exemplary
embodiment may be applied to the transmission of short duration messages,
such as control messages, etc.
[1089] In an alternate embodiment, illustrated in FIG. 14, a timer is initialized
each time a frame is received. In other words, the trigger event is the receipt of
a frame. As illustrated in the timing diagram of FIG. 14, a first frame FRAME (1)
is received at time t1. In response to receipt of FRAME (1), a first timer is



enbodi ments may apply inplenentation of a timng nechanismto determ ne

m ssing portions of a transm ssion, wherein nmultiple timng nechani sns may
be i npl ewernBedico§ 1088] As di scl osed herei nabove, a net hoacrarsoyagnent ed
nmessage transm ssion is provided. Each nessage is first segnented and then
the segnents are fragnented. A segnent paraneter is applied to each
segnent, and a segnent identifier to e fragnment. The fragnents are
provided to a |ower level for preparation into frames for transm ssion.
The exenpl &igrieéepoeBate hiMERRY(1havhgigin &¢ ingex hepaieatheais spgaspandsHerthe

emhod mont S g ey AP ecPan wilfiREE5en sBhfnert, N he AReRIHGIS ©

frame is reans g@tbodiment they firsbfrdme FRAME i Joeithin\eesdgrhent inelutes &l stariaff  a
frame. As illustrated in the timng diagramof FIG 14, a first frame FRAME
(1) is rec@geentipdicatien.t ir.hel'HM@gﬁéhBéstaoﬂﬁséééﬁ)'ﬁ“%T P@’M«E"f('@b‘ may ber st
timer is S /n?éif’ )
wherein tx\? Er:g exgr?ﬁﬁ[e)grgé{n"téhg)i IS c%%ra e@ﬁgﬁéﬁ&t @%tlﬁég{hgégm%ﬁ gﬁﬁm%tg}e)r of
the frane vAtiime t2 agsemmmdsiegmerFRAME €)tisatceived addrigus etopsiEMER @t). nint |

the first f RA 1) within a segnent ingcludes a, start of nt
i cat  on.FARBIENANTR 29t R i09avat We: e fisheparalon, DR IFRANENR) o
predet er m Rg&yM3Hd'€onSlerdda Ri3t Frahi1C rheesPiratifs _e‘ﬁﬂgtcﬁ e'g@httln%‘f WedRAVE
(1). At time t2 a second frane FRAME (2) I's received and thus stops TIMER
(1). If FRabeipt 2j algiemsrgrberins designesdioviliomi timeHer &ilatetardyipg freaneyrbut

peri od, FRAI\/EdéBZ%WI}(\%% 9?@%8&@%}8%%%@&8 a lost frame. The expiration period

of each ti i ven segnment is designed to allow

tine for arhebe] ar I vésbriseafEreddifit oft PRAMSRL(D Yatéé%ﬁdftrrﬁ@ﬁ?ll\mﬁﬁtﬁ rg
| ost. [1090] In response to receipt of FRAME (2), a second timer TIMER (2)
i s . initiatieifaterheTe VHRERR(R) has aaseranshexpisationaeriend. pda sreontiRxpiationd

expiration j e m e S ' | _Liners
ise an  asdeel "R HCpRaisHIhGTAGE, SA0Has WiteR ol EhBluRe' oh
expirati on gigretbvallie, oranay eeloflingtion of eee presimeeiimer expiratioh péricaisn 1a
segnent has an expiration period that is calculated dynamcally as a
function ofong emhedimghk A\ pUcRessivgetimer within a segment has an éxpiration

period that is calculated dynamically as a function of at least one previous timer.
In this way, an average value or a projected value may be used to predict the
length of a next frame in a series and also may consider any delay times
experienced between frames. In this case, while a third frame is anticipated at.
time 13, no frame is received within the second expiration period. The system
treats the expiration of the second timer as an indication that the FRAME (3) is
lost.
[1091] Continuing with the transmission, a fourth frame FRAME (4) is
received at time 4, and in response a fourth timer TIMER (4) is started. The
TIMER (4) having an expiration period calculated as described hereinabove with
.respect to TIMER (2). In this case, a fifth frame FRAME (5) is anticipated
before time 16, but fails to arrive. Note that the frame may arrive but be received
as unreadable, such as wherein any control or status information is in error and
therefore the receiver is unable to decipher the received bits. At time 16 the
TIMER (4) expires and thus the FRAME (5) is considered a lost frame. (you can
add the clarification that the receiver know that a “FRAME (5)" has to exist

since, up to 4, it has not received yet a frame which carries the “end” indication)



In this way, an average value or a projected value may be used to predict
the length of a next frame in a series and al so may consi der any del ay
times exwordonsed between franes. In this case, while a trhirrusoiza@ne is
anticipated at tine t3, no frame is received within the second expiration
period. The system treats the expiration of the second tiner as an
indication that the FRAVE (3) is lost.2#1091] Continuing with the

transm ssion, a fourth frane FRAVE (4) is received at tinme t4, and in

response al[f 092l h FlGneﬂ511|lu@ratQmpniese@badmt ustieg indivigvel iyermigesreth

TR (2o dibfcaty B Bith e T o bR RS PRl or FRAME 6] B8RS roP
time t6, buhitihed & simer. dn ﬁh%Q;asNOFE{AMEt(s) ime|degnen imeljcagioniof ehdendled the
recei ved as unreadable, such _as wherein F%cr{cont rol_or_st Mlgﬁlh@or mati on

138 in err orsegmpntt hdher gmers hEIMER eV erT IMER Hgb E”‘ﬂgpd@v r 8Ri ved
t At t
cl)nzi deredltﬂsgos raﬁé&\{ﬁﬁoﬁﬁ%\%ﬁ(p ’d%_?ﬁ'gg‘c f%@gﬁ@g?ﬁﬁe ré@éi ver

know that aespéMely SAs ARAME (Bxiisthe Sunab&,amepm thel segimends tiwier e awit ved
yet a frane V\:hl ch carries the "end" indication) WO 03/017604 PCT/ US02/ 26013
24 [1092] rS€d- 15 i1l ustrates one enbodi ment usi ng i ndividual tinmers

triggered J% ilé,]ﬁceFR& 9k ma&ﬂ?atfeéa@%ﬁfhc@ 860" RApRéﬁ%rnﬁhQ |h8ﬁ%ld&! fRfm&RAVE

(5) does not tiate at I S case, I'ncl udes an
i ndi cat i on tvhetshaccandingftotdre embg»mment TAbstepred2 amllm( chrregpavEng 29

TI MER (3 TI MER FRAME (1 E .2) .-
(3 FRavE ) Sooucatia Hame MRS Rilaea; S56in8h, RL Tnshiteq TReMPRiGhas ™
segnent a tihfilizdd D‘éhs@ﬁ@iém&ﬁ@%@h dﬂté‘?mlh@sllﬂ FRAME(§hae HesrmateRdY, of -

i mpl ementing individual frame tinmers according to one enbodi nent. At step
802 an i ndélhienow fremsoisirangives, raeessingeabiinges ko Aecisiondiamandh H+ 4o

segnent of | i.on 04
deter i nes I9CRRRR! s FRAEIDS At AT it Rine 7 B o FRL AR
processi ng gythérntifesmé rd@éssamgmondmmm@ ddctsibn diglabed @18¢ elsk prbeeﬁmg/E (1)
Is a start of segnent frane, i I =1. For_a start,  of segnent_fra

processi ng '€8HNP 9@015(50@9@@9% 8¢ droaeis edirskframepingg ssemegt. Decision
diamond 816 determines if the timer TIMER (i-1) for the FRAME (i-1) has

expired. The TIMER (i-1) was started on receipt of a previous frame and has an
_expiration period. If The TIMER (i-1) is expired, the FRAME (i) is considered
lost; the segment number is adjusted to include lost frame(s) at step 818; and
the index i is adjusted to include the lost frame(s). Note that the expiration
period may be designed to identify multiple lost frames. Processing then
returns to decision diamond 804 to await a next frame.

[1094] Continuing with FIG. 16, if the FRAME (i) is received at decision
diamond 804, processing continues to step 806 to store the information
contained in the frame. At decision diamond 808 if an end of segment identifier
is contained in FRAME (i), the processing returns to step 802 to initialize the
index i. If the FRAME (i) is not an end of segment frame, processing continues
to step 810 to reset the TIMER (i). The timer is reset to await the next
anticipated frame. The index | is incremented at step 812 and processing
returns to decision diamond 804 to await a next frame.

[1095] Dynamic calculation of expiration periods for the timers according to
one embodiment is illustrated in FIG. 17. The index i is initialized at step 902.



returns to decision dianond 804 to await a first frame in a segnent.

Deci sion dianond 816 determines if the timer TIMER (i-1) for the FRAME
(i-1) haswoespimed. The TIMER (i-1) was started on recei pPCofUsa/pieyi ous
frame and has an .expiration period. If The TIMER (i-1) is expired, the
FRAME (i) is considered |lost; the segment nunber is adjusted to include

| ost frame(s) at step 818; and the indge i is adj usted to include the | ost

frame(s). Note that the expiration 8§ri od nmay be desi'\géled_ to identify

nul ti pl e | oAtFRAMIR is peerived phgtahapd. rideuensth of HRAMEGhsHeiagRedd t o
await a nex r : 4 Fy LU ' [ PN [ 1) 1S
recei ved at ét&éc?@?on[fl@]i‘%akoﬁﬁngm% [)grg gﬁger{srsblf nége r%%r?li Héfanse ,[‘5(;5 sciéﬁ%ﬁgé%até(}
store the ioécisiontdiamnond @0SatreTIMEBR (ids fsehaecomMingliecing length effPRAMELD i f
an end of segnent identifier_is cz)_nt ai ned in FRAME f(i ), tB’% pr.ocessi ng
returns to 3tEPSHD. 1 Blsenithe JIMER (his setffeq functign ehibiedRAGINS(9f)PTE¥ioNst an
end of seg ~fpa r | CORtHAN r tg4iyh I MER
(). “The {1 Tphied®TEmeR' RESRR Sy Tl [ HicrEmenibd 3t et ot and. |

i s i ncremenpedessingt Epuds2icasteprofdessiig dyrtmicslceternmipaiicn af ekpirabiod 804

to await a next frane. [1095 nam ¢ cal gul ati on of expiration periods for
et er o BEAIT CalcUE. AU AR 18 Mt /o5 RV SEheme gt

index i is Sihhildrg! kﬁé&e@?mﬁia@iani’rﬂayrb@@ Qr%jé&é@%flaﬁﬁéfhigéﬁa%ﬁé%ﬁod%‘éséd
FRAMVE(i) is recefved at step 904. The length of FRAME(1) Is determ ned at

step 906. |6n previcipaEfoimancesoistheraysteim degne die tueael segmelet or based oat

FRAVE( ) oRRT g Stmaliort el e ,eRoaBlin6F Bt Kookl el winha
| engt hs of pretdHfined ¢intd Yeeollr aNBS calcuidip by coidtddrésisys in $eceiving

increnented at step 914 and processing returns to step 904. The dynam c
deter ni nat i PIFVIUSEI@NERt i on periods may cal cul ate an average or the nean

of previ ouspeafe hang! Bsyarict T Adihood HEnACHERT N AR RrefartyRr pirect ed
or anticipate I me perrod base on previous perfornmance of the system
during the gansmitingsggmeniedmdsseg@dsan a wisdless egstermf dEat nwthoelfimdsng -
the probability of receivin iven frame wwthin a predeterm_ned tinme

g.a.gv
period. The2RRICALPAL ACHPIHIRG E{bﬁg? QsigR| s rPFOYIEeelfAUNE MR \RfoasIVeANES.

system. While the various embodiments have been described with reference to
.a CDMA type spread spectrum communication system, the concepts are
- applicable to alternate spread spectrum type systems, as well as other type
communication systems. The methods and algorithms presented hereinabove
. may be implemented in hardware, software, firmware, or a combination thereof.
. For example, using the MMSE approach to a non-time gated pilot, the equations
for solving for the combiner weights may be performed in software or using a
Digital Signal Processor, DSP, to perform the calculations. Similarly, the
adaptive algorithms may be implemented in software in the form of computer
readable instructions stored on a computer readable medium. A Central
Processing Unit, such as a DSP core, operates to perform the instructions and
provide signal estimates in response. Alternate embodiments may implement
hardware, such as an Application Specific Integrated Circuit, ASIC, where
feasible.
[1097] Those of skill in the art would understand that information and signals
may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals,



[ 1096] Thus a variety of nethods have been illustrated herei nabove for
transmtting segmented nessages in a wreless system Each method finds
appl i cat iwp taocwp4di ng to the design and resource requiremearasot2a13)i ven
system While the various enbodi nents have been described with reference to
a CDVA type spread spectrum comruni cati on system the concepts are
applicable to alternate spread spectrun?®ype systens, as well as other type
communi cation systens. The methods and al gorithns presented herei nabove

may be i npbésesystbdls leaddwhins, tealf tay e f iafeipaced Hirodghentnithryt aldeve

th f. E | i ' '
the cquat i GRECTHBIT v 0% yBss Bt by vBRAGSE elridhyé QBBrphPHndRt Skl Ot
sof tware oimatfictie fleldb of tpriichegnaptiCulofielsisoor paBitles 0 opeariyoroontiieation

calculations.” Simlarly, the adaptive algorithms may be inplenented in
sof twar e i #hargef.f orm of computer readable instructions stored on a

conputer rgﬂgggamgrfﬁ LGk %l%ﬂ@lfunﬁéro%ﬁg%dfﬁgumatt’théuﬂﬂi(ﬁé USRI €.

operates t e in ions and "provide signal estinmates in
response. . fdiedlrnsibekss vhoduksncicuityy ampbigoeitim dtapsiweseribedidm cannaation

Application Specific Int ted G it, ASIC,  wh f I bl e. 09
Those of sIW"IhIOmGh é%@@@%ﬁ%'ﬁ?éfﬁﬂgﬁ%‘ﬁdeapei ﬁ%‘ﬁ@ﬁﬁ?ﬁ%@ %?ﬁc?l Jf%’i% s

may be repig agqcaﬁja;@e@%ﬁg@ér_e?ov% inatihs Hifidoth ento éiBaM MluagrhrstHaad

t_eChni gues. For exanp , I nstructions, commands, informtion,
si gnal s, WhteghahgeasilifCof Ueddwaa0 aBd S@tvrnes vasipnbdildsirative epmponenist may

be referenced throughout the above  descripiion .

vol t ages, - E’Tf?qkénf‘go ?%C?'F%Ht&gﬁ@fji %teﬂéj@,epﬁﬁ%%r‘?@?éﬂgﬁ ree}%gjélng&ﬁ)ejrgpf@ es,
optical fiehgss Q5 MRit fedtonamy. AWhepPI ARIN Ainctiohaligofs ihpRIGdntd8oas of
skill would further appreciate’that the various illustrative |ogical

bl ocks, nodardwarecior cepftwareamigpangdruraimibe cpartigalas r apriigation cANthedQsigh
e honre, “EERSTE Bofbei 87 SELE IR DU BRI T EBRIRS,
this i ntergeasnigsaRindtionafty inaraying evaywdics dchasaticvlar apphicationubut atcive .
conponents, Dblocks, nodules, circuits, and steps have been descrihed above
general | y iimplementation decisions should nof be interpreted as causing a departure from
the scope of the present invention.
[1099]  The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
. discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such
configuration.
[1100] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a

software module executed by a processor, or in a combination of the two. A



terms of their functionality. Wether such functionality is inplenented as
har dware or software depends upon the particul ar application and design
constrai rwe mBoopwsed on the overall system Skilled arti sameTnsyg2/26mpd enent
the described functionality in varying ways for each particul ar
application, but such inplenentation decisions should not be interpreted
as causing a departure from the scope of the present invention. [1099] The
various illustrative |ogical blocks, nodules, and circuits described in
connect i on saftware maoduts cnayeEsisledin RAM saemensi iasha{nasaoym5ieMe mesaeryr

(bsr) . an SEERO L BTN, ERRORF rRAAGFL el it it fopig e

progr amTBb'(ID-!BKDM af Bay otfiéPicAn cﬁrst@rhberm@cmugf knowb lire theogitc Aalee'xemplary
di screte gate or transistor | ogic, discrete hg\g%/are conponents, aedan
conbi nat i oStArREE edEdiEE; igneeuried pier fh?r PrOGaRsof PIRRSSPh &R &R

general PURABRE,REOCRSHO" ald Wi dnfo ﬁ&rﬁ”t%ceﬁéorstorgg Héo‘iﬁ?ﬁ allhem@tlve

t he processor nay be any conven |ona processor, con
ni crocont r eliteavativey tisd atceagecheédiem raphecas smegred ypaal ebtheb[eroceﬁcnfrreThaad as
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configuration. 1 The steps of a nethod or al gorithmdescribed in
connection medlbm ey remblecam@ac@tejcemposeﬂtsrtmeemserrtavnlbél enbodi ed directly

i n har dwar of t war e m)dul
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menory, registers, "hard disk, a renovable disk, a CD-ROM or any other
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medi um may dikeieemboiditrgents wialiduiadeganing frope dso piri loe scppeaﬂstberm\aarmimhe
storage mediummay reside in an ASIC . The A

term nal . I'hushdh@irresenit inyentiqis BPBHH@@‘E‘)‘?C?&‘PI(PG( ﬁfé‘”@g&P;%@ emBodiments

shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[1102] WHATIS CLAIMED IS:



medi um may reside as discrete conponents in a user termnal. [1101 ] The
previ ous description of the disclosed enbodi nents is provided to enable.
any persowoskiokiced in the art to make or use the present POTArSN2/26013
Various nodifications to these enbodinents will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other enbodiments without d&parting fromthe spirit or scope of
the invention. Thus, the present inwl@%i s not intended to be limted
to the enbodi nents shown herein but e accorded the w dest scope
consistent with the principles and novel features disclosed herein. [1102]
VWHAT IS CLAIMED | S: WD 03/017604 PCT/ US02/ 26013 28 CLAIMS 1. In a

wi r el ess .cammunr wiatlees coyrshenchiion systemdening adidserstaiion cottralerand aa 2
plurality of base tions, eac o th I. rality of .base stations adapted
f or con%unPM@h'tMr?fiﬁfsﬁ ity 89&39 Wﬁﬂ%}" é?%&yq PREons aaPK IOt onpr i si ng:
4 receiVvingomrhi |§ét|3rf ﬁfﬁﬁdﬂuﬁallw 8f Robfi¢ sﬁtlohéaamtﬁéd%nfp'ri@ﬁ@ each of

the plurality of transm ssion franes having an identifier; 6 1nitiating a
first té4mer; andeamivingm firat framedn analereﬂltyettramm‘erssmféamemeag?hcbféhe

i dentification of a s ne.. 2. The nmetho | aim 1, further
conprising: 2 recei v ﬁﬂaﬁtyﬁimn}@%%framegthV6n%gB 6%{#1?'8&( of the first
tinmer; gnd term,f@mdlgf?g}q"ﬁérr ghgtiner. 3. The nmethod as in claim 2,
wherein the first timer has a first expiration geriod 2 and the second

timer has a secondiipgitioaf dhe fist fiser d@temrn@ngg aiteidicaiiprepha gPeONdiher ei n
the firgt expiration od is determned 2 by an average inter-arrival
time period between lﬁfag'a%'mtted frames. 5. The nethod as in claim4,
wherein the first expiration peri od is given as: 2 First Expiration

Period= a*Al T, wherein a_is a constant valuye, and AIT is the average
i nter-arriwal T8¢ methed ag in P&@r‘r@s" further comprising:

2 . receiving a second frame prior to expiration of the first timer; and

terminating the first timer.

3. The method as in claim 2, wherein the first timer has a first expiration period

2 and the second timer has a second expiration period.

4. The method as in claim 3, wherein the first expiration period is determined

2 by an average inter-arrival time period between transmitted frames.

5. The method as in claim 4, wherein the first expiration period is given as:
2 First Expiration Period= o*AlT,
wherein o is a constant value, and AIT is the average inter-arrival time of

4  frames.

6. The method as in claim 5, wherein the second expiration period is given as a

2 function of the first expiration period.

7. A wireless apparatus, comprising:
2 receiver for receiving a plurality of transmission frames;

means for detecting a frame;



6. The nmethod as in claimb5, wherein the second expiration period is given
as a 2 function of the first expiration period. 7. A wreless apparatus,
conpri si O 03/o1woei ver for receiving a plurality of trans®cggisomdonanes;
means for detecting a frame; WD 03/017604 PCT/US02/26013 29 4 timer neans
responsive to initiate a first timer on receipt of a first frane, the
first timer having an associated first ?e(3<pi ration period, the tiner 6

nmeans rgesponsive _t i ; {4 | grer . t i ; ond
rams. B " The v cEiRB8b8et 8 o Irithe oL EFEF ufAR, R vEECLEGH ThictrabREDTE,
first 2 expiration peid gt tinet havihgrast agsovtated ficstaadpiratiohpesed,othd timane i s
a lost frame. 9. The wireless agpparatus as.in_claim?7, V\%grei n {he timer
means i& operative MaasifREPPRFIVE Ip srunate ther st MG ILdRiseien ot &cei pt of
the second franme, thg,seaPhdl Mer having a second expiration period. 10.
The wirel ess apparatis as In cfaim9, wherein the second expiration period
2 is a function of the first expiration period. 11. A wrel ess apparatus

having a nempry storage unit for .storing: 2 a first set of .
conput er - r 8Baddlf WIrPIgSE ARPEIHHS 3P C‘%@P%Whﬁeﬁ‘ ?’ipﬂ@éloﬁpéﬂ%e fista plurality

of transm Eggﬁyérf ggrfr‘édabgWﬁ.%i tibdeR indicHitak itheyY s8éord traRiRSEIzSIBEOlahBanes

havi ng an 1| econd set of ‘conputer-readable instructions for
initiating a first timer; 6 and a third set of conputer-readable

instructions for determning the .8 idenfificati : on
expi ration Of‘FI?q]gnr]efersgtaqq ?‘asl'ﬁ.Ch{mapﬁw%r?m%ol%?@g%l%@lg%Oéé\%or Fation
in a copmuni c@atihpRteSy Sbedhd AP PFdsponde toeadtipt ¢irthe @eedbid haree, the st frane
ina plurality of transmssion frames, 4 each of the plurality of

transni ssi on $acomgdinmanhaiinga segend iexpation RRERE for initiating a first
timer; and 6 neans for on expiration of the first tinmer determning the
identification of ‘

10. The wireless apparatus as in claim 9, wherein the second expiration period

2 is a function of the first expiration period.

11. A wireless apparatus having a memory storage unit for storing:
2 a first set of computer-readable instructions for receiving a first frame in a
plurality of transmission frames, each of the plurality of
4 transmission frames having an identifier;
, a second set of computer-readable instructions for initiating a first timer;
6 and
| a third set of computer-readable instructions for determining the
8 identification of a second frame on expiration of the first timer.

12. An apparatus for receiving information in a communication system,
2 comprising:
means for receiving a first frame in a plurality of transmission frames,
4 each of the plurality of transmission frames having an identifier;
means for initiating a first timer; and
6 means for on expiration of the first timer determining the identification of

a second frame.



a second frame. WO 03/017604 PCT/US02/26013 30 13. In a wreless

conmmuni cati on system having a base station controller and a 2 plurality of
base statwong/oi1mach of the plurality of base stations adapCeasbneeo13
communi cation with a plurality of nobile stations, a nethod conprising: 4
receiving a plurality of transm ssion franmes, each of the plurality of
transm ssion frames having an identifiePO 6 detecti ng a first frame erasure

within the plurality of transnmssion franes;, initiating a first timer; and
8 on expi r at3- df dWirelgsstganynupicaten grstenhhAYiRg & brsq slalien craleigmnstat he
first ra . f : I 0l al ther rising: 2
prior t% eﬁ?@g&s@nb%(?@%ﬁﬁtégﬁresg?h{b??rhe%aldéélt' g?:o%égtast@b%n Fé;d)n@erasure;
and 4 i niticmmgnizates wiith 4 phedlity of iiiersgatidres, i methodi goenprisimgt 6 on
expiration of the second tiner ﬁ?get erm ning, the identification of_ the
second frrane er 4869W¥iNg1aPluTAlEY REtrRBEMISSIOM framesyPaah ol RIMRlIbhES 1 i r st
timer has a first ti il #1.mer has a second tine
period. 16. The net h%%@l?ﬁﬂgﬁé%@%\ﬂﬁﬂ?ﬁ&ﬁ%ﬁ?f éer’ first tinme period is
determ Bed by 2Uedectongea figd fiameserasurée within iheeplpelityodf ansmissionrfearses;t t ed
frames. 17. The .net hod 35 in Cl'%igg] 16, wherein the first time periodis
given as: 2 Fi MR{iaHGa TERLYBEL 806A1 T, wherein a is a constant val ue, and

AIT is ghe averi‘ﬂﬁeiﬁfeﬁa@iro‘nadfrthé( fitst tiiet d%er_rﬂinfr{g’i‘t'ﬁ@sideﬁiﬁicaﬁbﬁ offidpdtas in

claim17, wherein t second time period is gi'ven as: 2 Second Tinme Period
= R*(First Tine Peridthme eyagubecond Tinme Period -First Time Period), 4

wherein O and y are constant values. WO 03/017604 PCT/ US02/ 26013

14.  The method as in claim 13, further Comprising:

2 prior to expiration of the first timer, detecting a second frame erasure;
‘ and
4 initiating a second timer;

stopping the first timer; and
6 on expiration of the second timer determining the identification of the
second frame erasure.

15. The method as in claim 14, wherein the first timer has a first time period

2 and the second timer has a second time period.

16. The method as in claim 15, wherein the first time period is determined by

2 an average inter-arrival time period between transmitted frames.

17. The method as in claim 16, wherein the first time period is given as:
2 First Time Period= o*AlT,
wherein o is a constant value, and AIT is the average inter-arrival time of

4  frames.

18. The method as in claim 17, wherein the second time period is given as:
2  Second Time Period = §*(First Time Period) + y*(Second Time Period —First
Time Period),

4  wherein  and y are constant values.



31 19. A wreless apparatus, conprising: 2 receiver for receiving a
plurality of transm ssion franmes; neans for detecting a frane erasure; 4
first tinwooawemss responsive to detection of a first framecersesue®l3 and
second timer neans responsive to detection of a second frane erasure. 20.
The wirel ess apparatus as in claim119, further conprising: 2 neans for
determning an identifier correspondi ng3ﬂo a first frane associated with
the first frame erasure. 21. The wirel ess apparatus as in claim20, wherein
the means fl& dét wiraless egpapatd, ¢ABRISINGer is adapted to deternine an
identifier corr th the second
frame e? asure. gégeq{r)%e#a\%{ écce)q“zhs@ %a@gg‘}"%}{ é@ﬁ%@ﬁﬁ%g@:nﬁeﬁﬁ% further

conprising: 2 mpa@snd for déedatingi aniragedrasver; age i nt er-arrival tine for
transm ssion frames. 23. A wreless ap&grat us@#aﬁ a rrermr¥/ st or age unit
for stofing: 2 &rgtitiner meandreRANSIHEP-qlaeial 8 Hst G‘E’ﬁ BrRSUrS@N%ecei vi ng

a plurality of re[&@ﬂ& 'rﬂé’ariér géégﬁnsi@e%%%?&@i@nﬁﬁta dCO‘Plar’fP&l‘ﬁ@'éTéﬁﬂ‘gab e

instructions for detecting a erasure; 6 a third set of
conput er -readabl e instructions for a first timer responsive to detection

of a first frane erasure; and 8 a four t of conput.er-readabl e
i nst ruct i ored- f 01 WirglessAPPETAYs asin 1@3”?@9%‘?%&'?'89 of a second frane

erasureg 24. Thﬁ’né‘éﬁﬁo‘?%té’rﬁrﬁﬁh@téﬁld%ﬁnﬁé} (fdr?és'ﬁbﬁamgfturéh%f fram@prising: 2 a

fifth set of conputer-readable i'nstructions for determning an identifier
correspondi ng to a fiassocittathwithdBefirdfeaneerasuréie first frane 4 erasure.
WO 03/017604 PCT/ US02/ 26013 32 25. The wirel ess apparatus as in claim 24,
wherein the fifth set of conputer- 2 readable instructions is adapted to

determ ne gn ipedirbleds fipareeBeRdhRil2@ wherein the means for determining
2  an identifier is adapted to determine an identifier corresponding to a second

frame associated with the second frame erasure.

22.  The wireless apparatus as in claim 21, further comprising:
2 " means for determining an average inter-arrival time for transmission

frames.

23. A wireless apparatus having a memory storage unit for storing:
2 a first set of computer-readable instructions for receiving a plurality of

transmission frames;

4 a second set of computer-readable instructions for detecting a frame
erasure;
6 a third set of computer-readable instructions for a first timer responsive to

detection of a first frame erasure; and
8 a fourth set of computer-readable instructions for a second timer

responsive to detection of a second frame erasure.

24. The wireless apparatus as in claim 23, further comprising:
2 a fifth set of computer-readable instructions for determining an identifier
corresponding to a first frame associated with the first frame

4 erasure.



second frane associated with the second frane erasure. 26. The w rel ess
apparatus as in claim?25, further conprising: 2 A sixth set of

conput er -weadabiées i nstructions for determ ning an aver age PCirniser2@us i val
time for transm ssion franmes. 4

32

25. The wireless apparatus as in claim 24, wherein the fifth set of computer-
2 readable instructions is adapted to determine an identifier corresponding to a

second frame associated with the second frame erasure.

26. The wireless apparatus as in claim 25, further comprising:
2 A sixth set of computer-readable instructions for determining an average

inter-arrival time for transmission frames.



