WO 02/ 091767 PCT/ US02/ 14530 METHOD AND APPARATUS FOR GEMERATI NG 0CONGHER0

| NFORVATI ON FOR PACKET DATA CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
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communi cations systens are designed to allow nultiple users to access a

comon comuni cations medi um Nunerous multipl e-access techniques are _
known in the art, such as time division nmultiple-access (TDMA), frequency
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eqliency spectrumis divided into
a nunber ofinsémbtaed hekein bpreferemed. each user is given its own sub-band to
access the conmmunications nedium Alternatively, in TDVA systens, each

user is given the entire frequen during periodically recurring
time slots. In CDVA systens, eac?/Aégﬁﬁ%mngen the entire frequency

spectrum f ggjepd | of the time but distinguishes its transm ssion through
the use of a unique code. [0004] CDVA is a nodulation and nultiple access

techni que b[%%%%] 0{]heS BFees%ﬂf invention relates generally to communications systems,
and more specifically, to systems and techniques to generate control
information for packet data transpont.
Background

[0003] Modern communications systems are désigned to allow multiple users
to access a common communications medium. Numerous multiple-access
techniques are known in the art, such as time division multiple-access (TDMA),
frequency division multlple-access (FDMA), space division muiltiple-access,
polarization division multiple-access, code division multiple-access (CDMA),
and other similar multi-access techniques. The multiple-access conceptis a
channel allocation methodology which allows multiple user access to a common
communications medium. The channel allocations can take on various forms
depending on the specific multi-access technique. By way of example, in FDMA
systems, the total frequency spectrum is divided into a number of smaller sub-
bands and each user is given its own sub-band to access the communications
medium. Alternatively, in TDMA systems, each user is given the entire
frequency spectrum during periodically recurring time slots. In CDMA systems,
each user is given the entire frequency spectrum for all of the time but
distinguishes its transmission through the use of a unique code.

[0004] CDMA is a modulation and multiple access technique based on spread-
spectrum communications. In a COMA communications system, a large
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spectrum conmuni cations. In a CDVMA conmuni cations system a |large *ACTI O\
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of Walsh c c annel's nay need varrl o annel s
such as thejqohdﬁcrhatchaaneahotaiedprﬂaﬂen bandwithih pnd sentribate omly toheiseel s. These
control channels tend to consunme systemresources, and thereby, decrease
user ti  cafeo0sy The ussiotCOMA teehnmesrf@mulapmdwbbscbmmmmamast raffic.
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capacity by allocating nore systemresqurces to traffic. SUMVARY [ 0006] In

one aspect vith ere an @htth"oHQEﬁf'P(% morehase statiansmin GRMAisystems, 8 udes
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site, conputing a value oman init romation, the initial
val ue bei ng cadeanBependiog qnibemamlar&ommmcamm;mIncam @ay auptek of

tr anom ss! onValsh ZRO8 chahfiéls i $ERBEIATE § bpor VoI Ehfifor raPhpl gt  on o
a recel vi ng gsithe pilot channel and other commonly used control channels. These contro}
channels tend to consume system resources, and thereby, decrease user i
capacity by reducing the resources available to process traffic. With the
tremendous increase in wireless applications over the past years, there is a
need for a more efficient and robust control channel methodology which
reduces computational complexity to maximize user capacity by allocating more
system resources to traffic. : L

SUMMARY

[0006] In one aspect of the present invention, method of communications
includes transmitting a data packet over at least one time slot from a
transmission site, computing a value from an initial value and information, the
initial value being a function of the number of time slots of the data packet
transmission, transmitting the value and the information from the transmission
sité, réceiving the transmitted value and the information at a receiving site,
recalculating the value from the received information, and determining the
number of time slots of the data packet transmission from the calculated and
recalculated values.

[0007] In another aspect of the present invention, a communications system
includes a base station having a channel element configured to generate a data



recal cul ating the value fromthe received information, and determ ning the
nunber of tine slots of the data packet transm ssion fromthe cal cul ated
and recal cul ated values. [0007] In another aspect of the present

i'nventi onwe@opemveIni cati ons system includes a base st at iRET/USAI4530 a
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station having a recelver configured to receive the value and the
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recal cul at egceivereonfigubéd &y rdcmvpetheaahnelmd the information flemghebase i nventi on,
atransmtting device includes.a c nerate a
data packetSt gﬂqrbmﬁd@p@ﬁ@@%@l}ﬂ%@ﬁ@Rgéqlﬂlré@%tvggﬁcﬂ@ﬁ}}Eqﬂ{éggglg @al ue from
an initial .MﬁJrHﬁuaﬁ@nd detérmiiaé tenumber ofitinie slots/of the datd packet fromctheon of
the nunber of tine slots of the data packet, and a transmtter configured

to transni tcalgiategiandrecriculatehvalygs-ue and the information. [0009] In a
further aspect of the present invention, a recejvi n deVI@OQrdnC Judes' a

recei ver cd@0Pglr ayet@nothesiaspeet of dhe presertinvention; aitransmi 8¥ICO| cast one
time slot, |U§ﬂ}§e§ cﬂ']a\’\ﬁe Brright E’Bﬁﬂﬁuhéﬁ‘to éé}féer‘?{ﬁ'# atd d&ﬁe@&%ﬂnﬁﬁ' froman

initial val rrrat I on ue be| nP functi on of
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configured t al c and
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the cal cul agfd paeket, andlacdrsmitteredniigared mmismmmmampam Hbe valtieect of
t he present inventjon, a conputer-readable nedia enbodying a program of
i nstruct i ongndinadn OBy a corrputer program perfornms a nethod of

communi cations, the nethod in di ner at i n a dat.a__packet. extendi ng
over at T est0008heln a fHthar Qepocis e Pregaat PUPRAPR AdRpeliinalHevica incidoss

a receiver configured to receive a data packet transmitted over at least one time
slot, and a value and information, the value being computed from an ini'tial value
and the information, the initial value being a function of the number of time slots
of the data packet transmission, and a processor configured to recalculate the
value from the received informétion, and deterr_niné the number of time slots of
the data packet transmission from the calculated and recalculated values.

[0010] In yet a further aspect of the present invention, a computer-readable
media embodying a program of instructions executable by a computer program

- performs a method of communications, the method including generating a data
packet extending over at least one time slot, computing a value from an initial
value and information, the initial value being a function of the number of time
slots of the data packet, and formatting the data packet, the value, and the
information for transmission over a communications medium.

[0011] In another aspect of the present invention, a communications system
includes a base station having means for generating a data packet extending
over at least one time slot and means for compute a value from an initial vaiue
and information, the initial value being a function of the number of time slots of



value and information, the initial value being a function of the nunber of
time slots of the data packet, and formatting the data packet, the val ue,
and the information for transm ssion over a conmuni cations medium [0011]
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readily apparent to t hose skil |l n. t he b tailed
descri pti onvalga@ndiinfo rfeaféq{b\li‘}P Yiﬁﬁehg rqoﬂg%‘h%% §%§£ﬁ5‘fai& R’?Mﬁents of
the inventi %mﬁitl&ﬁ' thebbr tigvaled beihg astinetionoot. thé\aumbbi' obtimeastots obthe t he
i nvention is capab bl e other and different enRo Venft ﬁnd its dseveral
details are @W@t transmnssuon means for recalculating the value from the receive
information, and determination means for determining the number of time slots
of the data packet transmission from the calculated and recalculated values.

[0014] Itis understood that other aspects of the present invention will become i
readily apparent to those skilled in the art from the following detailed |
description, wherein is shown and described only exemplary embodiments of

the invention, simply by way of illustration. As will be realized, the invention is
capable of other and different embodiments, and its several details are capable

of modifications in various respects, all without departing from the invention.
Accordingly, the drawings and description are to be regarded as illustrative in

nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Aspects of the present invention are illustrated by way of example, and
not by way of limitation, in the accompanying drawings in which like reference
numerals refer to similar elements wherein:

[0016] FIG. 1 is a functional block diagram of an exemplary COMA
communications system,



of nodifications in various respects, all w thout departing fromthe

I nvention. Accordingly, the draw ngs and description are to be regarded as
illustrative in nature, and not as restrictive. BRI EF DESCRI PTI ON OF THE
DRAW NGS ma®dfidor7sspects of the present invention are ill uamesRddByway of
exanple, and not by way of limtation, 5i n the acconpanyi ng drawi ngs in
which like reference nunerals refer to“simlar elenents wherein: [0016]
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i nformatio ackets having a o _ , [0019] FIG 4 is a
functional demekt configured ta genarate infaymation subpacikels baving &l onediraeslot

confi guredO‘to ggnerate I nformati on subpackets having a two tine sl ot
format; an OPB 0] FIG 5 is a functional block diagramillustrating an
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i ntended as a descr.i ption exenpl ary enbodi nents of the present
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advant ageous over ot diments. The detailed description includes
speci fic defoamBt for the purpose of providing a thorough understandi ng of
the present invention. However, it will be apparent to those skilled in

the art that the DETAILED DESCRIPTION

[0021] The detailed description set forth below in connection with the
appended drawings is intended as a description of exemplary embodiments of
the present invention and is not intended to represent the only embodiments in
which the present invention can be practiced. The term “exemplary” used
throughout this description means “serving as an example, instance, or
itlustration,” énd should not necessarily be construedi-as preferredor
advantageous over other embodiments. The detailed description inc,ludes
specific details for the purpose of providing a thorough understanding of the
present invention. However, it will be apparent to those skilled in the art that the
present invention may be practiced without these specific details. In some
instances, well-known structures and devices are shown in block diagram form
in order to avoid obscuring the concepts of the present invention.

[0022] In an exemplary embodiment of a communications system, data
'packets can be transmitted over one or more time slots. Accompanying each
data packet is an information subpacket. The information subpacket includes
information for decoding the corresponding data packet and a value calculated
from an initial value using the information. The value embedded in the
transmission can be used to determine the number of time slots used to
transmit the corresponding data packet.



present invention may be practiced without these specific details. In sone
I nstances, well-known structures and devices are shown in bl ock diagram -
form in order to avoid obscuring the concepts of the present invention. ,
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station control [er
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Codtors. A CRELGRR ppliclong, Ahidte dlRh coMQIG RIZEADDE e Wprodfe
stations I N gh iptefaceibetweéma reawde@nplailrMSe(atatlQmﬁldyspmsediﬂmghoml on 106
is shown. A subscrjber statjion 108

communi cat e 2 9P99TaBRIRELIIONY plggggrapﬂgglrpgﬁﬁqﬁﬁyﬁ&@ﬁ@s’&yf&{‘}@s e or
base stati ong ¢Enddr sebons.” Albasb stdlion ngenerbiy assigreaitorsairvecall éﬂiﬁcnpét)ZS]

FIG 2 is an exenplary functlonal bl oc g{%ﬁramlllus ratin basi ¢

subsyst ens @tations inasHbregion.chomn PHonly, 0pe page S ?ﬁ@ %6 ®rhe

shown. A subscriber station 108 may access the network 104, or communicate
with other subscriber stations (not showh), through one or base stations under
control of the base station controller 102.

' [0025] FIG.2is an exemplary functional block diagram illustrating the basic
Subsystems of the exemplary CDMA communications system of FIG. 1. The
Ibase station controller 102 contains many selector elements, although only one
selector element 202 is shown for simplicity. One selector element is used to
control the transmissions between one or more base stations in communication
with a single subscriber station 108. When a call is initiated, a call control
processor 204 can be used to establish the connection between the selector
element 202 and the base station 106. The base station 106 can then assign a
MAC {Media Access Controller) ID to identify conimunications intended for the
subscriber station 108 over that connection. The assigned MAC ID can be
transmitted from the base station 106 to the subscriber station 108 with the
exchange of signaling messages during the set up of the call.

[0026] The selector element 202 can be configured to receive circuit-switched
voice and data from the network 104. The selector element 202 sends the
circuit-switched voice and data to each base station in communication with the



base station controller 102 contains many selector elements, although only
one ‘selector elenment 202 is shown for sinplicity. One selector elenent is
used to control the transm ssions between one or nore base stations in
conmuni cawipam/09Mét h a singl e subscriber station 108. WheRCEUSSA/14530s
initiated, a call control processor 2G4 can be used to establish the
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may be used. The channel element 208 then encodes the data’p 9

an iterative coding process such as Turbo coding, scrambles the encoded

symbols using a long pseudo-random noise (PN) sequence, and interleaves the

" scrambled symbols. Some or all of the interleaved symbols can then be‘

selected to form data subpackets for the initial forward link transmission or

retransmission. The data subpacket symbols can then be modulated by the

channel element 208 using QPSK (Quadrature Phase Shift Keying), 8-PSK, 16-

QAM (Quadrature Amplitude Modulation), or any other modulation scheme

known in the art, demultiplexed into in-phase (l) and quadrature (Q)

components and covered with a distinct Walsh code. The data subpackets for

each Walsh code subchannel can then be combined by the channel element

208 and quadrature spread using short PN codes. The short PN codes are a

second layer of coding that is used to isolate one subregion from another. This

approach allows the re-use of Walsh codes in every subregion. The spread

Walsh subchannels can then be provided to a transmitter 210 for filtering,

upconvertion, and amplification before transmission over the forward link from

the base station 106 to the subscriber station 108 via an antenna 212.




synbol s using a | ong pseudo-random noi se (PN) sequence, and interleaves the
scranbl ed synbols. Sone or all of the interleaved synbols can then be
selected to formdata subpackets for the initial forward [ink transm ssion
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station 108, ata subpacket size and t edata rate for
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transm ssion
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exenpl ar enbodi nent o CIRI\/A cO ni cat,i o tem t ckets

canml;e %/r a3l JH‘G&V‘@P“% WS'BW}SUP &'S%FW%'% @é&lﬁ?t% @Fﬁ#‘b&a[ 0029]
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dat a subpacket ased on quality of the communjc t|o chanpel bet ween

the base st hetwgenithe hase &t#@rkmﬁs%md E@rs@ﬁﬁrﬂt?%ﬁtai@ﬁ Xayne
example, in a relatively distortion free environment with Ilttle to no interference,

the channel scheduler 214 may schedule a high data rate to transmit each data
subpacket over one time slot with a 16-QAM modulation format. Conversely, for
subscriber stations with poor channel conditions, the channel scheduler 214
may schedule a low data rate to transmit each data subpacket over eight time
slots with a QPSK modulation format. The optimal combination of data rate and
modulation format to maximize the throughput of the system can readily
determined by those skilled in the art.

[0030] The forward link transmission generated by the base station 106 may
also include one or moré forward packet data control channels associated with
the forward packet data channel. Conventional high-speed packet data
systems with multiple timie slot arrangements sometimes utilize two forward
packet data control channels: a forward primary packet data control channel
and a forward secondary packet data control channel. The forward secondary
packet data control channel carries information subpackets which can be used
by the subscriber station to receive or decode the corresponding data
subpackets on the forward packet data channel. In a manner similar to the
forward packet data channel, the information subpackets carried by the forward



exanple, in a relatively distortion free environnent with l[ittle to no
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[0031] In at least one embodiment of a CDMA communications system
employing multiple slot transmissions, the primary and secondary packet data
control channels can be consolidated into one forward packet data control
channel. In this embodiment, the number of time slots occupied by the
information subpacket carried on the forward packet data control channel can
be determined from the information in the subpacket itself in a variety of ways.
By way of example, a cyclic redundancy check (CRC) value can be included in
the information subpacket carried on the forward packet data control channel.
The CRC is calculated by perfofming a known algorithm on the bit sequence
forming the information subpacket. The algorithm is essentially a division
process wherein the entire string of bits in the information subpacket is
considered to be one binary number which fs divided by some preselected
constant. The quotient resulting from the division is discarded and any
remainder is retained as the CRC value. The algorithm can be programmed in
software, or alternatively, computed by hardware. The hardware can be
implemented with a shift register in combination with one or more gating
functions. The shift register is configured to receive the information subpacket a



subpacket is transmtted over four or eight time slots. The nunber of time

slots occupied by the information subpacket on the forward secondary
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transmission, then the subscriber station assumes that the corresponding data
subpacket was intended for another subscriber station. '

' [0033] Once the number of times slots occupied by the information subpacket
is determined, it can be used to decode the corresponding data subpacket. If
the subscriber station can successfully decode the data packet, which includes
the current data subpacket and any previously received data subpackets for the
data packet, then the subscriber station sends an acknowledgement (ACK)
response to the base station. If the data packet cannot be successfully
decoded, the subscriber station then sends a negative acknowledgement
(NACK) response requesting additional data subpackets. The data packet may
be deemed successfully decoded if the data packet CRC checks.

[0034] The CRC protected subpacket may also pro(ride increased system
throughput by decreasing the false-alarm probability of the forward packet data
control channel. The false-alarm probability is the probability that a subscriber
station will attempt to erroneously decode a subpacket intended for another

subscriber station.



can then be determned fromthe recal cul ated CRC val ue that matches the CRC
val ue enbedded in the forward |link transm ssion. By way of exanple, if the
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[0036] The channel element 208 can be used to generate the information for

the forward packet data control channel. Specifically, the channel element

generates a payload by packaging a 6-bit MAC ID identifying the intended

subscriber station, a 2-bit subpacket ID which identifies the data subpacket, a 2-

bit ARQ channel ID which identifies the data packet from which the data

subpacket was derived, and a 3-bit length field which indicates the size of the

data subpacket.

[0037] The channel element 208 can be implemented in electronic hardware,
in computer software, or in a combination of the two. The channel element 208
may be implemented 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 one or more of the functions described herein. in
one exemplary embodiment of the channel element 208, the channel element
functions can be performed with a general purpose processor such as a
microprocessor, or a special purpose processor such as a programmable DSP



four-slotformat, although any initial CRC value can be used. In the case
where the data subpacket has an eight slot format, the CRC val ue can be-
calculated wth a procedure sets the initial CRC value to all "zeros," or
sone ot her value that distinguishes the eight slot transm ssion fromthe
four slot tV998M14€I on. This approach may be nore attractBGFESOHHPUsi ng
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i npl ement the channel ele ng tuncb_igons. In this enbodi ment, the

communi cat i c3@Nesator#92 apPeYds 8:bits to te PAYIRAY. o i nvoke various encoders,
nodul at ors and supporting functions to . acco dat e i ous nmul.tiple slot

transmi ssi onf9038bh0o%ke 2Hbit CHC;proteciadRayiead ga %E@Ym\éazﬁm%\cog% nnel
el ement  conf i 4iraidr3B4. The encoder tail generator 304 generates a sequence of bits
that is appended to the end of the payload. The bit sequence that makes up the
tail is used to ensure that the decoder at the subscriber station is provided with
a sequence that ends at a known state, thus facilitating accurate decoding. An
8-big tail can be generated by the tail generator, however, as those skillec_i in the

art will readily recogniie, the tail can be any length.

[0040] The 29-bit CRC protected payload with the encoder tail can be
provided to a convolutional encoder 306. The convolutional encoder 306
provides forward error correction capability at the subscriber station and can be
implemented with any code rate and constraint length depending on the
particular design parameters and the overall system constraints. In the
exemplary embodiment shown in FIG. 3, the convolutional coding is performed
at a % rate with a constraint length of 9. As a result, the 29-bit sequence input'
to the convolutional encoder 306 is encoded into a 58-symbol sequence.
Convolutional encoding is well known, and those skilled in the art will readily be
able to ascertain performance tradeoffs to determine the appropriate rate and
constraint length to optimize performance.



for generating an exenplary forward packet data control channel for a
one-slot transmssion. In this configuration, the 13-bit payload is
provided to a CRC generator 302. The CRC generator 302 can be used to

cal cul at e wing2/698867 val ue over the entire payl oad or any parisomdsier eof . By
calculating the CRC value over only a gortion of the payload, a reduction
I n conputation conplexity nay be achi dPed. The CRC val ue can be any nunber

of bits depending on the desi?n araneters. In the described exenpl ary
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dependi ng on the . ' desi gn paraneters and the overall system
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puncture el ement 308 can be used to. puncture 10 synbols fromthe

58- synbol dJntgreaver 31bwhich se-osderstha sequance s hesymeIs. The remai ni ng 48-
synbol sequence results in a 38.4 ksps i?ki | 0-synbol s per second) rate for a
one sl ot t[P@A3}i Eha symbelseqyencaiiiemithe hlagk intedeaves 318 canhesprovided| ed in

the art w Itla a modulator 314 which may support various modulation schemes such as

QPSK, 8-PSK, 16-QAM, or any other modulation scheme known in the art. In
the described exemplary embodiment, a QPSK modulator 314 is used. The
modulated symbols from the modulator 314 can then be separated into their
respective | and Q components and 'coy-ered with a distinct Walsh code with a
multiplier 316 before being combined with the forward packet data channel and
other Walsh subchannels. The muiltiple Walsh subchannels can then be
quadrature spread using the short PN codes and coupled to the transmitter 210
for filtering, upconvertion, and amplification before transmission over the
forward link from the base station 106 to the subscriber station 108 (see FIG.
2).

' [0044] FIG. 4 is a functional block diagram 0} a channel element configuration
for generating an exemplary forward packet data control channel for a two-slot
transmission. In a manner similar to the one slot transmission format, a 13-bit
payload can be appended with an 8-bit CRC value produced by the CRC
generator 302 and an 8-bit encoder tail produced by the encoder tail generator
304. The resultant 21-bit sequence can be provided to a convolutional encoder
402. Because of the two-slot format, the convolutional encoder 402 is set to a



readi |y appreciate, the nunber of synbols punctured from synbol sequence
out put fromthe convol uti onal encoder can be varied in accordance with -
different system paraneters to achieve an optimal synbol rate based on the
coding rate of the convolutional encoder and the tinme slot dur a}I on of the
conmuni cat WEH2/0917%€T em [ 0042] Various processing techni quBSTEERW ¥ appl i ed
to the 48-synbol sequences to mnim ze1ghe affect of burst errors on the
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to generate an exemplary forward packet data control channel for a four-slot
transmission. In a manner similar to the one and two slot transmission formats,
the 13-bit payload can be appended with an 8-bit CRC value produced by the
CRC generator 302 and an 8-bit tail produced by the encoder tail generator
304. The resultant 29-b|t sequence can be encoded with the convolutional
encoder 402 at a 1/4 rate with a constramt length of 9 to produce a 116-symbol
sequencs in which 20 symbols are punctured by the puncture element 404
resulting in a 96-symbol sequence.

[0047] The main difference between the two and four slot transmission formats
is the addition of a sequence repeater 502 following the puncture element 404
to produce the four-slot transmission format. The sequence repeater 502 can
be used to repeat the 96-symbol sequence twice to produce a 192-symbol
sequence to accommodate a four-slot transmission. In the described exemplary '
embodiment, the sequence repeater 502 is positioned at the output of the
puncture element 308; however, the sequence repeater 502 could alternatively
be positioned upstream or downstream from the puncture element 404. The
sequence repeater 502 can be configured to repeat the symbol sequence as
many times as desired depending on the system requirements. By way of
example, the convolutional encoder 402 could be set at a % rate to produce a



puncture el enent 404 can be used to puncture 20 synbols fromthe 116-synbol
sequence produced by the convol uti onal encoder 402. The resulting 96-synbol
sequence supports a 38.4 ksps synbol rate for a two-slot transm ssion

having a wWo4d%0s@Eeduration. [0045] The renmini ng functi ongc@fiscbRgssghannel
el ement are the sane as described in connection wwith FIG 3. The 96-synbol

sequence |Is interl eaved, separated int®1 and 0 conponents, and covered
with a distinct Wal sh code before being conmbined with the forward packet
dat a channeb8eaychbol bequentes ThesRsymbel sequerdeccauld hays $0wymbissubchannel s
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forward pac 'ﬁﬁhb@%ﬂh@%bb@hc&ﬁ@@ﬁ@r ah@ithé\rdte of the éanoMtn%ﬂﬁmribiid@F‘to I n a
manner simlar to the one and two slot transm ssion fornats, the 13-bit

payl oad canoptimizersystese parfermansedonene, dre; i, @5 ofhesautipledime slst crc
gener at or 3 F?‘@ an 8-bit tail produced by the encoder tail generator
304. The resu t 29-bit sequence can be encoded with the convol utional
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set at a 1/
106 is received by an antenna 214 at the subscriber station 108. The received

signal is routed from the antenna 214 to a receiver 216. The receiver 216 filters
and amplmes the signal, downconverts the signal to baseband, and quadrature
demodulates the baseband signal. The baseband signal is then sampled and
stored in memory 218. The memory 218 should be sufficiently sized to store
enough samples to cover the maximum allowable number of time slots for a
forward link subpacket transmission.

[0050] In an exemplary CDMA communications system, the samples are
released from the memory 218 to a processor 220 in a one, MO, four or eight
slot format. The processor 220 performs several functions which are illustrated
in FIG. 2 by a demodulator 222, an encoder 224, a CRC ger{erator 226anda
comparator 228. These functions may be implemented directly in hardware, in
software executed by the processor, or in a combination of the two. The
processor may be implemented with a general or special purpose processor, a
DSP, an ASIC, a FPGA or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof
designed to perform one or more of the aforesaid functions. As those skilled in



WO 02/ 091767 PCT/ US02/ 14530 15 58-synbol sequence. The 58-synbol sequence
coul d have 10 synbols punctured by the puncture el enent 404, and the '
resul ting 48-synbol sequence repeated four tines by the sequence repeater |
502 to accommpdate a four slot transm ssion. Those skille I} art will
readi |y beV@BMPWY adjust the repetition nunber of the s"ég'h@%’é S‘épeater
and the rate of the convolutional encodeg to optimze system performnce
.for one, two, four, or other nmultiple tine slot formats. [0048] The

rémai ning f g %ﬁ@péﬁﬁe&;g@és@ga%ﬁy 8br @irfbé 18ed M Berfim élRFCr i bed in

connecti on e uence is interleaved, separated
into | and mmbupmaftamatuﬁbr. Mm’%ﬁmﬁi'@mﬁ eanibe PRRKIONGAREVNGAN  bef or e

bei ng conbi war d packet data channel and ot her Wl sh
subchannel S%%R&%r@@%ﬁo‘? | sh subchannel s can then be quadrature spread
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The recei Veg ?pﬁ'fe?@ﬁ‘ltob %tﬁhqmﬂb@dé%mmn&%sbm@\de%ﬁthéef 216. The

receiver 21 anp iTies the signal, downconverts t@@ signal to

baseband, afquwwéta enatiohchannel can thaphe-demedulatedysingrlBSKa 82 hand
signal i s tﬁggl, ?Alﬂdo 3Ry offle? hikuldiioNBiEREMe !oﬂ'cﬂfbﬂgmé‘s:e stdforphoul.d be

sufficiently to’ s ore enough sanples to cover t maxi mum al | owabl e
nunber of t10& zheuenfouulaaedswnhakquuanegmﬁm@pwmgﬁpsm6%0@00501 I'n

an exenpl ar cO fromthe
romory 216 S RNSrGTRis 180 AR S 4hhE Boral BropaRphg fuhiBne bnF AR O
The processpasesiatiog émbmaﬂapmrdfé -interfeavingrandidiecodingz e il lustrated in FIG
2 by a denodul at or 22 an encoder 224, a CRC generator 226 and a

conpar at or %] Th§§lﬁnfrigﬂﬁéld@6§démblt b@quéﬁdeﬂlmwesithdIMActlDMon‘ thehar dware, in
sof tware execut ed t he Broces I n a,conbinatj o ﬁtﬁé two. The
processor nﬁ@%bﬁwaﬂ%ﬁ edegp qﬁﬁlt ﬁﬁﬁ‘éﬁ’lﬁp cen 'QP processor, a

generator 226. The CRC generator 226 computes a CRC value with a
“procedure that sets the initial CRC value to all “ones.” The locally generated

CRC value is then compared to the decoded CRC value embedded in the
forward link transmission with the comparator 228. The results of the

| comparison are used to determine whether the information subpacket carried
on the forward packet data control chaﬁnel is one time,;sloit. If the locally
generated CRC value matches the decoded CRC value embedded in the
forward link transmission, the information subpacket is determined to be one
time slot in length and the payload can be used by the processor 220 to decode
the corresponding data subpacket.

[0053] Conversely, if the locally generated CRC value does not match the
decoded CRC value embedded in the forward link transmission, then the
information subpacket is either corrupted, or it is more than one time siot in
length. In that event, the processor 220 releases two time slots worth of
samples from the memory 218 for demodulation, decoding and CRC check
functions. The processor 220 then computes a new CRC value with the initial
CRC value set to all “ones” and compares the locally generated CRC value to
the decoded CRC value embedded in the forward link transmission. If the
comparison is successful, the data subpacket is determined to be two time slots



DSP, an ASIC, a FPGA or other programmabl e |ogic device, discrete gate or
transistor | ogic, discrete hardware conponents, or any conbi nation thereof
designed to performone or nore of the aforesaid functions. As those
skilled i nwg@00/€91767 PCT/ US02/ 14530 16 the art w || anpmesohadsss a
separate processor can be used to perfq each function, or alternatively,
mul tiple functions. can be partitioned affong any nunber of processors.

[0051] In one exerTFI ary enbodi nent of a CDVA communi cations system the
nenory 218 indengthl Inthabeases the padoad afthg informatiamsulipackeigande usadie

denodul at or : e denpdul ated with the short PN
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codes and despread into s sh codes. The synbol sequence for
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subscri ber station, the decoded hit sequence can be %ovi.ded to a CRC
gener at or 26@nputas acw GRGeyalue withihe GRG valueret Vapllongst and.  procedure
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gener at ed (Fyloand ofthednfolmationsubpacketeaan®ieissal tocddezotie dhe doresponding’ or war d

link trans 'stsioH t'?h?g i nformati on subpacket is determned to be one tine
slot in Ieiﬁﬁﬂ%‘ Ba‘i payl oad can be used by the processor 220 to decode

th | dat b t. [0053 ly, if the | | |
o er o oo RBEEE TcaN ey EaTatal dhrerhiad Vaie soaniat sarth T a1 ne
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corrupted, or it 1s nore than one tine slo

determines whether the decoded CRC value is valid for a CRC value computed
at the base station with the initial CRC value set to all “zeros.” One way to do

- that is to recompute the locally generated CRC value with the initial CRC value

- set to all “zeros.” Another approach is to perform a bit-by-bit modulo-2 addition
between the locally generated CRC value (with the initial CRC value set to all -
“ones”) and a predetermined bit sequenée. The predetermined bit sequence '
can be computed by performing a bit-by-bit modulo-2 addition between the two |
possible initial CRC values, in this case all “ones” and all “zeros,” and
computing the CRC value that would result from feeding a string “zero” bits,
equal to the number of payload bits, into a similar CRC generator with the initial
CRC value set to the resultant sum of the bit-by.-b'it modulo-2 addition. The
resultant CRC value is the same as if the CRC value was computed with an
initial CRC value set to all “zeros.”

[0056] Regardless of the approach, the recomputed CRC value can be
compared with the decoded CRC value embedded in the forward fink
transmission. If the two values match, the data subpacket is determined to be
eight slots in length and the payload can be used to decode the corresponding
data subpacket. If two values do not match, then the subscriber station



| ength. In that event, the processor 220 rel eases two tine slots worth of
sanples fromthe nenory 218 for denodul ati on, decodi ng and CRC check
functions. The processor 220 then conputes a new CRC value with the initial
CRC value set to all "ones" and conpares the locally generated CRC value to
the decoded@RONHue enbedded in the forward link transm®/HH¥14580 t he
conparison i s successful, the data subpa@ket is determned to be two tine
slots WD 02/091767 PCT/US02/ 14530 17 in length. In that case, the payl oad

of the infor ' S ad6Rle i ckéBw dfor aastpendi ng dat a
subpacket . [%%&Hﬁ%ltﬁﬂ?ﬂg eversl?aﬂggdtuﬁd:gfﬂgcéarl y %%ﬁ‘é?ﬁal%ed CRC val ue does
not match thsubsddberdiatialRC val ue enbedded in the forward |ink transm ssion,
then the processor 220 releases four tinme slots worth of sanples fromthe
menory 218 [0057}eTinakd skilleskin toe adavit gppieciatmthal e vareuscillusrative fogical

rocessor 2 t.hen ut a I ' t LIkt 1 s val ue set
!to o all "onegﬁogﬁd mﬁﬁﬁpg@ﬁg%?&%ﬂ gé’ﬁg‘?’me nééﬁnéé\f%ﬂe@{t%ﬁﬁﬁe decoded -
CRC val ue esfapediants\distieséd herminnayrbe implernentesi asnelettronib bardwarey i son i s
successful , the dataf subpacket, i s .det efrm' es. to b .Iﬂo r.tine slots in
length. |n t¢RIAPHREEOTWAE, obmeiaﬁt'%s?r@tﬁ'n 8 rﬁ'd "fg{%?)!E?(et can be used

to decode t ] A endbestakab, varsusSilustaitive ceniponenfs, t he
| ocal l'y gengﬁgétiée“dé aiaggg‘d%‘g‘sarﬁ‘gt mat ch th(ﬁgde oded uCRC% vatlééjgognbea&ed in

the forwar d - bipeks, magwies, skcuits, and @lgarithms have Seep deseribeg-akove grergilet her
the d ded , i didr .
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station with ue set to all "zeros." _to do that
i s to reconphdrdwareeot saftwarg dgpendsiupon trparticuler applicatior andidesign CRC val ue
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val get set t Oc(ij@dgkiPeH anriohality th vagingdedysr for each patticalan applicatiomhieut such
preaeterm ne | ue

] se ce. . can, be conputed b rform.ng_a bit-by-Dbit
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case all "0”¢|§"sc_aﬁéioﬂﬂe préSéMmSnverdtiol, conmputing the CRC value that woul d
result fromfeeding a string "zero" bits, equal to the nunber of payl oad

bits, into qopsH] | fhe vaiSusiistrativellogitalbiddke, moduied! and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a DSP, an ASIC, a 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 micrbprocessor, 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.

[0059] The methods or algorithms described in connection with the
embodiments disclosed herein may be embodied directly in hardware, ina
software module executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. An exemplary
storage medium is coupled to the processor such the processor can read
information from, and write information to, the storage medium. In the



CRC value set to the resultant sumof the bit-by.-bit nodul o-2 addition.
The resultant CRC value is the sane as if the CRC val ue was conputed with
an initial CRC value set to all "zeros." [0056] Regardless of the
approach, wbe20886nput ed CRC val ue can be conpared with pdpyusipaeaed CRC
val ue enbedded in the forward link trapgm ssion. If the two values match,
the data subpacket is determ ned to be 1 ight slots in length and the

' payl oad can be used to decode the correspondi ng data subpacket. If two
val ues do nalterngative: the starage medium srayle ntegral ortheworesesgon 7He
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i scl osed herei.n may be i ment.ed, or er.forned with a general purpose
processor, a"@%&,eséﬁdﬁgl"d%ﬁﬁffﬁﬂ'sﬂosﬁgI‘u’gfe'n‘pr ogrammabl e [ ogi ¢ devi ce,

di screte gate or transistor logic, discrete hardware conponents, or any
conbi nat i oNWHIAT ¢S CLXIMED'ISE t 0 performthe functions described herein. A
general - purpose processor nmay be a m croprocessor, but, in the

alternative, the processor may be any conventional processor, controller,
m crocontroller, ar state nmachine. A processor may al so be inplenented as a



conbi nati on of conputing devices, e.g., a conbination of a DSP and a

m croprocessor, a plurality of m croprocessors, one or nore n croprocessors
in conjunction with a DSP core, or any other such configuration. [0059]
The met hods or al gorithnms described in connection with the enbodi nents

di scl osed W ®/M1MAy be enbodied directly in hardware, inPQI’USGIIHiMr e

modul e executed by a processor, or in aggonbination of the two. A software
modul e may reside in RAM nenory, flash penory, ROM nenory, EPROM nenory,
EEPROM nenory, registers, hard di sk, e Iy vabl e disk, a CD-ROM or any

ot her form of storage nmedi um known in !‘ e art. An exenplary storage nedium
I's coupled to the processor such the processor can read information from

and wite informationt ' wibhe WO 02/ 091767

PCT/ US02/ 14530 19 al e'?‘ﬁé'ﬁ%?é,%ﬂ@&ﬁ?%rﬁggﬁ’%ﬁﬁdﬁmy be integral to the
processor. The procesansmitting aldataspacket overeatileast oag timsslobfrom aan ASI C. The
ASIC may reside.in a yser termnal. In the alternative, the processor and

the storage 3R @e'resi de as discrete conponents in a user term nal.

[Ooglol The previ OUSkdiéléﬁ'{jphﬂﬁg arvaffe frdin adiinitkihlamwb an@trgbnmtm, the ipitiaVi ded to
enabl e any person skilled In the art to, make or e e present invention.
Vari ous nodi\fa"é%tb@'ﬂgs‘\fPBCtiMéR%HHBbPﬁBH@Gﬂq?ﬁ Oﬂélercigé%pggk pparent to
those skil lieddmsdie art. and the generic principles defined herein nmay be
applied to ofher enbodi ments without departing fromthe spirit qr scope of
the invention. Thus, tranemitingthe valysand thainfosmatien freptiRgdEaNSMISHON i i t ed
to the enbo\c/jé. nts shown herein but is to be accorded the w dest scope
consi st ent b the principles and novel features disclosed herein. WHAT
| S CLAIMED | S: WD 02/ @édeidilg fPeTiraisnaiitad $aloe apd the nfamnationsatrectecelying
conmmuni cations, conprising: transmtting a data packet over at |east one
time slot fri¥¥ a transmission si te;

recalculating the value from the received information; and

determining the number of time slots of the data packet
transmission from the calculated and recalculated values.

2. The method of claim 1 whersin the value comprises a cyclic

redundancy check value.

3. The method of claim 2 wherein the ihitial cyclic redundancy check
value comprises a first initial value if the data packet is transmitted over a first
number of time slots and a second initial value if the data packet is transmitted
over a second number of time slots.

4, The method of claim 3 wherein the data packet is transmitted over
the first number of time slots, and the determination of the number of time slots
of the data packet transmission comprises comparing the calculated and
recalculated cyclic redundancy check values.

5. The method of claim 3 wherein the data packet is transmitted over
the second number of time slots, and the determination of the number of time
slots of the data packet transmission comprises performing a modulo-2 addition
of the recalculated cyclic redundancy check value with a predetermined value
and comparing the result to the calculated cyclic redundancy check value.



conputing a value froman initial value and information, the initial value
being a function of the nunber of tinme slots of the data packet
transm ssion; transmtting the value and the information fromthe

transm ssiyayosidoy Ry receiving the transmtted value and t hgeindo9hséi on at a
receiving site; recalculating the value fromthe received information; and

determ ni ng the nunber of tine slots of2k he data packet transnission from
t he ‘cal cul ated and recal culated values. 2.: The nmethod of claim1 wherein
t he val ue conpriges &heymbthod ofethimdhwhereim thekeyclit nedurkianti eheck valde of

claim2 whereipn the inp.tial, cycl.c,re ngy check . .val conprises a
first init i%ﬂd I'ﬂ@"iwEl il 156(4{5 'bé%Q&gﬂﬂgqﬁc‘a{}@%'ﬂ&'%g&sa first nunber
of tinme slots and a second initial value if the data packet is transmtted
over a second n er of ti I o A td | erein the
data packet is transm '38{%\929&@'%&\"'1;%?" ﬁ%ﬂﬂgen%bﬂﬁg'@%&% and the
det er mi nat i gsmplisdsTounimb elots ind itteesedaridsnumibertdftiminslotscanprisdsraigistni ssi on

conpri ses conparing the cal cul ajed,an ecal cul at ed cyclic redundancy check
val ues. 5. tmesm.ﬁbgtlme P@i%cgehﬂ'ﬂgfg?g MPIHEeERAYS: packet is transnitted

over the second nunber of tinme slots, and the determ nati on of the nunber

of time slots of the data packet tragnsm ssian conprises performng a
modul 0-2 additi dh ofA ?WBWE‘&%"BU?a¥§8m¢98F‘PES'P8dundancy check value with a

predet erm ned val ue AhsLEERGH ha@ngaechhﬁﬁylélemmb@m réditopgabrateda i ¢
redundancy check val ue. WO 02/ 091767 PCT/ US02/ 14530 21 6. The net hod of

cl ai m 3 whedatapacket axjending pver atdeast pne rimesiphand compyte avalueftamani on i s
transmtted r Is : .y : laim 6
wherain t nanEF il Bndifdhmattr fe e Vi Hefidha funotiOA ey IS AioB of, 51 10
second nunbiime sfots bhthesdata packetpand a draasmitter configureddo dransnit the datas| ot s

each being r}a'c%(SGt, %g lvialﬁgca%'&qﬁ'e information; and
a subscriber station having a receiver configured to receive the
value and the information from the base station, and a processor configured to
recalculate the value from the received information and determine the number
of time slots of the data packet from.the éalculated and recalculated values.

9. The communications system of claim 8 wherein the final value

comprises a cyclic redundancy check value.

10. The communications system of claim 9 wherein the channel
element is further configured to set the initial cyclic redundancy check value to a
first initial value if the data packet extends over a first number of time slots and
a second initial value if the data packet extends over a second number of time
slots.

11. . The communications system of claim 10 wherein the data packet
extends over the first number of time slots, and processor is fu'rther configured
to determine the number of time slots of the data packet by comparing the
calculated and recalculated cyclic redundancy check values.

12. The communications system of claim 10 wherein the data packet
extends over the second number of time slots, and the processor is further



B. A communi cations system conprising: a base station having a channel

el ement configured to generate a data packet extending over at |east one
time slot and conpute a value froman initial value and information, the
initial value being a function of the nunber of tine slots of the data
packet, and@O0¥99a7dnitter configured to transnit the dat aPCHESMREMSO he

val ue and the information; and a subscridger station having a receiver
configured to receive the value and the jnformation fromthe base station,

and a processor. confi qur, ; r ‘ecei ved

I nformation %%'%E"ti‘pﬁ#lﬂgﬁ?'hg "ﬁ%ﬁg@bg}%@ﬁﬁ #@Es‘%*git’é;a%{a ﬁ?g&@é packet from
t he cal cul at gddaid additibn of thisadcatellatesl cytlic fEdandameycheckivatmeswittygt em of
claim8 wherein the fipal valuye conprjses lic redundancy check val ue.
10. The comﬂﬁﬂ@@(m%{] \ajue @Hﬁ? 8?'"9?&%‘) I'@r\m@} &yﬁepﬁ@”@gﬁ%ﬁ%&c element is -
further confjgingshdyctieek valis. i nitial cyclic redundancy check value to a
first initial value’if the data packet extends over a first nunber of tine

slots and a second Initial value if the data packet extends over a second

number of time s{®ts.ThHelcommuhicationssystemof claim 39 whemintthebydlin 10 wher ei n
the data packet extends over the first nunber rﬁ tinme s‘.g&s, snd rocessor
engis qyarthe fiist aurgpe

is further cedundanaychack vakieand the iRfREmaliant £fle data

packet by COﬁmgr id?% the calculated and recal cul ated cyclic redundancy
check val ues. 2°' he comruni cati ons system of claim 10 wherein the data
packet extends over the second nunber of tine slots, and the processor is

further WO 02/ 091487 RpH d&sRmnitaitéhs sidteip bf cliw ed whereslnties filshAuinber number
of tinme slots of the data packet by a  nodul o-2 addition g{"ntph S
n‘@ﬂ val ue and

recal cul at edofdinee lots eemptsascipuE tBe slaj AN the sacopd NyMags 0
conparing t h@quf\%ﬁégsteiéﬂ ‘W@F’E’g% gty ygéérpbeihng,ﬁ,ﬂ@écgh@&k val ue. 13.

The communi ca ns system o alm ereint cyclic redundancy check
val ue and the information extends over the first nunber of tinme slots.

15. A transmitting device, comprising:
a channel element configured to generate a data packet extending
over at least one time slot and compute a value from an initial value and
. information, the initial value being a function of the number of time slots of the

data packet; and
a transmitter configured to transmit the data packet, the value and

the information.

16. ‘The transmitting device of claim 15 wherein the value comprises a
cyclic redundancy check value.

17.  The transmitting device of claim 16 wherein the channel element
is further configured to set the initial cyclic redundancy check value to a first
initial value if the data packet extends over a first number of time slots and a
second initial valueif the data packet extends over a second number of time .

slots.

18. The transmitting device of claim 17 wherein the cyclic redundancy
check value and the information extend over the first number of time slots.



14. The communi cations system of claim 13 wherein the first nunber of tine
slots conprises four tine slots and the second nunber of tine slots
conprises eight time slots, the tine slots each being 1.25 mlliseconds.

15. A tranﬁ,?o%;lqg, devi ce, conprising: a channel el enent F(?ﬂﬁéﬁﬂr to
generate a data packet extending over at |east one tine slot and conpute a

value froman initial value and informion, the initial value being a
function of the nunber of tinme slot:s of the data packet; and a transmtter
configured to tr &dsni The transhittingdeniae of dlaim 1&ivherein the fistnumbberrofdimeon. 16.

The transmtiing device of.clajm 15 wherein the valye co ises a cyclic

r edundancy ét‘?@ﬁ:&'p&ﬁ?@. °;"L'7t.'m?ﬁi§’q1f Fﬁﬂiﬁﬁ $eqang W%&q%%%fﬁﬁwmmi n the
channel el egRryt timeSsIdts thBaimesIofs auchasbing 1. 28tmiligecomdd.i al cyclic redundancy
check value to a first initial value if the data packet extends over a '

first nunber of tinme slots and a second initial value if the data packet
extends over a sggonda negeiing dévite,,comprisings. 18. The transmitting device of

claim 17 wherein the cyclic redyndan check ,val ue and the_infornmation
extend over the firsta [RROHEN CORIGUTRR 1 respue agnig-naskebisansmitiedaysy als3o 23
19. The trapsg 6¢é fie &fot! & 8ivafiePar ihfortfatioR] the Wakid bethg %H@@fed)ﬁom me
slots conprises four tine slots and the second nunber of~ti slots

conpri ses andpitialtvalue andthe informationithe initial valietbeing a functiop afithe | seconds.

20. A receiyj | L. S{a00; ' configured to receive a data
packet trané%gﬂﬁf’tkﬁ%ﬁloﬁ%é?&@gﬁ@@{t?r%ﬁﬁélgnﬁg{o?\, %ﬁg a val ue and

i nformati on, the val ueplocesspraonfigured to recalculateithe vakile frarh dlee reubivdae
information, .the initial value i n f ti of .th nunper of tine

sl ots of th@Qfg{%“’B&%@F“PF’BH‘&{FéQF&}R&gﬁﬁﬁ‘g %ﬁ?&@o&atﬁlcﬂ?ﬂpﬁhr ed to

recal cul at eyrhhgmissiondranh €18 édiculatdaindadcalculbtsdwdlugs), and determine the
nunber of tine slots of the data packet transm ssion fromthe cal cul ated

and recal cul at ed val ues.
21. The receiving device of claim 20 wherein the value comprises a

cyclic redundancy check value.

22, The receiving device of claim 21 wherein the processor is further
configured to determine the number of time slots of the data packet
transmission by comparing the calculated and recalculated cyclic redundancy
check values.

23. The receiving device of claim 21 wherein the processor is further
configured to determine the number of time slots of the data packet
transmission by a modulo-2 addition of the recalculated cyclic redundancy value
with a predetermined value and comparing the result to the calculated cyclic
redundancy check value.

24.  Computer-readable media embodying a program of instructions
executable by a computer program to perform a method of cofnmunications, the
method comprising:

generating a data packet extending over at least one time slot;
computing a value from an initial value and information, the initial
value being a function of the number of time slots of the data packet; and



21. The receiving device of claim20 wherein the value conprises a cyclic
redundancy check value. 22. The receiving device of claim21 wherein the-
processor is further configured to determ ne the nunber of tine slots of
the data packet transm ssion by conparing the cal cul ated and recal cul at ed
cyclic redYHA8HMY67check val ues. 23. The receiving devi ce P6T/USP2AI4H021
wherein the processor is further config@ged to determ ne the nunber of
time slots of the data packet transm ssion by a nodulo-2 addition of.the

recal cul ated cyclic 1 qBHRERAG e/ @atipackbt. thetvallié dichGirlenatdhier and

conparing the result to ated cyclic redundancy check val ue. .
24. Conput er trarsaissioe overa sommunigatiogs amediuay am of i nstructions executabl e
by a conputer programto performa method of conmunications, the method
conprising: generating a data packet extending over at |east one tine slot;-
conputing a val uees.ro%mqwutearea@bl@énaﬁ@qulajmr%wlw,elrmevametia| val ue

being a funcyj . Of ; | s of the data packet; and WO
02/ 091767 Péé'ﬁ@'@eﬁlé%‘el}%dgﬁkﬁﬁ%&#ﬁé dat a packet, the value, and the
information for transm ssi.on over a comuni cations nmedium 25. The

conput er - r eadabl di-a..0 LT ' iMB54eh I vclic

r edundancy check%%?uﬁez%ﬁ#ﬂg%%%u S?‘-Sarj@aééggq@aénedi%@ﬁmgligﬁngMerei n
the initial mdaohdancyvalusmdempsisasad fiest initial vialuedf thefdata packet extends averai f t he

dat a packet gx}ends over i . ] . initial
Tal ettt helrabeuRereimasicld 4id a JUERT inblal YailB i hE upnSAe@ aRERAE ' M L7
The conput er ove? adsesdond Tieshbor of timeasiots 26 wherein the cyclic redundancy
check value and the information extends over the first nunber of tine
slots. 28. The conputer-readable nedia of claim27 wherein the first

number of time sl2ns ¢khecommitef-raadablemediamfclaim®a whersinctba dycliorber of
time redundancy check value and the information extends over the first number of

time slots.

28.  The computer-readable media of claim 27 wherein the first
- number of time slots comprises four time slots and the second number of time
slots comprises eight time slots, the time slots each being 1.25 milliseconds.

29. A communications system, comprising:

a base station having means for generating a data packet
extending over at least one time slot and means for compute a value from an
initial value and information, the initial value being a function of the number of
time slots of the data packet, and means for transmitting the data packet, the
value and the information; and |

a subscriber station having means for receiving the value and the
information from the base station, means for recalculating the value from the
received information, and determination means for determining the number of
time slots of the data packet from the calculated and recalculated values.

30. The communications system of claim 29 wherein the final value
comprises a cyclic redundancy check value.

31. The communications system of claim 30 wherein the base station
further comprises means for setting the initial cyclic redundancy check value to



slots conprises eight tinme slots, the time slots each being 1.25
mllrseconds. 29. A comruni cations system conprising: a base station
havi ng neans for generating a data packet extending over at |east one tine

sl ot and rg@sd@Er conpute a value froman initial val uep@EhgsoriasMation,
the initial value being a function of the nunber of tinme slots of the data

packet, and neans for transmtting the &t a packet, the value and the
information; and a subscriber station having nmeans for. receiving the val ue:
and the i nidiratdinitishvalve iiithédatapascket exterds ovesrafirst aumberefiting alolshg t he

tot er mi i ng LA TaFRE et A T4 dfle pABRRERICHIAE oVEE h3RpBRE bR o

cal cul at ed #inm sletsal cul at ed val ues. 30. The conmuni cations system of claim
29 wherein the final value conprises a cyclic redundancy check value. 31.°
The conmmuni cati ons system of claim 30 wherein the base station further

conpri ses neans B2r sEhécommunications spstenyafldainy 3whdmircthecdata lpackdtue to WO

02/ 091767 PCT/ US02/ 14530. 25 first initial,value |f e dat acket

ext ends. ovePXenEs pupr g fiefafbor driime Jol! Syt e s SBRIPRRR Vol e | 1
the data pagigRins®ehfitises avednsFoseomparinyhboalcelated aR8 rédiéulated tyciide
conmmuni cations system of claim 31 erein the data packet extends over the

first numberedindangycheek @lugsd wherein the determination means conprises
means for conparing the cal cul ated and recal cul ated cyclic redundancy

check values. 33, The_conmuni cations syste f claim3]l erein the data
packet extends Swer |RRCQEBYHICAIORS  Ystem qmcf?éms?r‘o‘f’g]?reéfh 3 pApkathe

det erm nat i BRlendB30er {HR'S¥COAE SnURBEIOT tife 91615] AdrvRErein I WBtErminafiéh t i on of
the recal culated cyclic redundancy check value with a predeterm ned val ue

and conpar i Mpanssompsisgs megnsior periarming @ Mmastyle-2 addiionsd thaiesalculgted k

val ue. 34. . | ' | | '
redundancy g e'gﬁgga%e&g?gggﬁgélpﬁwg{)ﬁegh@ﬁﬁd%@&? ﬁ@ﬁ? ﬁ%‘@ﬁér:lunber of
ti me sl ots. result with the calculated cyclic redundancy check value.

34. The communications system of claim 31 wherein the-cyclic
redundancy check value and the information extends over the first number of
" time slots.

35. The communications syétem of claim 34 wherein the first number
of time slots comprises four time slots and the second number of time slots
comprises eight time slots, the time slots each being 1.25 milliseconds.

36. A transmitting device, comprising:

means for generating a data packet extending over at least one
time slot; -

means for computing a value from an initial value and information,
the initial value being a function of the number of time slots.of the data.packet;
and |

means for formatting the data packet, the value and the
information for transmission over a communications medium.

37. The transmitting device of claim 36 wherein the value comprises a
cyclic redundancy check value.



35. The comuni cations system of claim 34 wherein the first nunber of tine
slots conprises four tine slots and the second nunber of tine slots
conprises eight time slots, the tine slots each being 1.25 mlliseconds.

36. Atransmtting device, conprising: nmeans for generati g a_data packet
ext endi ng R92/08176F east one tine slot; means for conputi nECHUSRH¥% r om an
initial value and information, the inifggal value being a function of the
nunber of time slots-of the data packet; and nmeans for formatting the

data packet, the 'uerh%;tfh,{?ﬁgmp? e QicE R bﬁﬂn??rwﬁérémﬂbﬁbmeﬂuﬁdarﬁzy

conmuni cati ons nmedi um ) ansmttin evice of claim36 wheréin the
val ue conpr ichesk aalusycsinmprises dbitiseauencedbr mpq@tmg@awm beothes 7

T US021 140 o e Bl oy doRHR/Thb 6 TGl (5Bl i8R {aleab fsf e

onpri ses’a e transmttin
devi ce furt higitial vaeifitise datarpecket éﬂenmvgrraglrsmmmrtofaimmglots andtedlmdancy

check value to a first vaI e dat a packet ver a
first nunbersesendinjtial é’PB"ces'* &Woéact%pﬁc es!@&ﬁﬂ@sl‘:’f‘{ﬂ?égc?/ﬁﬁ'émﬁ?r? IMAat a
packet exte gover a second nunber of time slots. 39. The transmtting

device of claim 38 wherein the cyclic redundancy check val ue and the
i nformati on extend over the first nunber of tinme slots. 40. The

transm ttI]pg devigee orrmltmnﬁﬁﬁﬂg/aevmrofblaanfsarmteremhen:yonc redunsgarsdyot s
corrprl ses our tine slots and t corrprl ses
S ght L1 e heck VLR he IPETATATGORGPYR 16 dist fLmiel ot B STots

recei ving device, conprising: neans for receiving a data packet transm’tted
over at |east one ti sl ot

d bei
conput ed from an40niti tr@f‘éhﬁ@’qﬁﬂg‘"\éaé’ ﬁffﬁgﬁé{hq{ﬁ' bﬂgipﬁtrﬂ”ﬁebﬁv laleueeI "
bei ng a f unGich@Biofd cdrfifrisusBaF tiMb sldté BRA Mebeoohl riufbei df Amerenbe!

transmn ssi on; neans recal culating the value fromthe received
i nf or mat i on:comprises eight time slots, the timé slots each being 1.25 milliseconds.

41. A receiving device, comprising:

means for receiving a data packet transmitted over at least one
time slot, and a value and information, the value being computed from an initial
value and the information, the initial value being a function of the number of
time slots of the data packet transmission,;

means for recalculating the value from the received information;
“and - ' o ' '<

determination means for determining the number of time slots of
the data packet transmission from the calculated and recalculated values.

42. The receiving device of claim 41 wherein the value comprises a
cyclic redundancy check value. ' '

43. The receiving device of claim 42 wherein the determination means
1
comprises means for comparing the calculated and recalculated cyclic
redundancy check values.

44. The receiving device of claim 42 wherein the determination means
comprises means for performing a modulo-2 addition of the recalculated cyclic



and determ nation nmeans for determ ning the nunber of tine slots of the
dat a- packet transm ssion fromthe cal cul ated and recal cul ated val ues. 42.
The receiving device of claim4l wherein the value conprises a cyclic
redundancwebsedt7éral ue. 43. The receiving device of clai rcfAsedresssi n t he
determ nati on neans conprises means fa&,conparing t he cal cul ated and
recal cul ated cyclic redundancy check | ues. 44. The receiving device of
claimi42 wherein the determ nation neans . conpri ses neans for perfofrmng a

modul o- 2 ad@dundancyrcheack vakieavith paredeterrained value ompating thetesulb&dsy 14530
27 redund | i ned val i th |t
redun an%?'g%@g?gﬁé %u%%mﬁg&%ﬁﬁm ned val ue conparing the resu

with calcu Icre cy check val ue.



