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Background

[0003] Modern communications systems are designed 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 multiple-access (FDMA), space division multiple-access,
polarization division multiple-access, code division multiple-access (CDMA),
and other similar multi-access techniques. The multiple-access concept is 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 CDMA communications system, a large



2 nunber of signals share the sanme frequency spectrum This is achieved by
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conmuni cat icg;r)]asci?yyg; reergucing 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.

SUMMARY

[0006] [n 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
site, receiving 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



I ncludes a base station having a channel el enent configured to generate a
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initial value being a function of the ngrrber of time slots of the data
packet, and a transmtter configured to“transmt the data packet, the
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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, and a processor configured to recalculate the

value from the received information, and determine 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 value

and information, the initial value being a function of the number of time slots of



I ncludes a base station having neans for generating a data packet extending
over at |east one tine slot and neans for conpute a value froman initial
val ue amwoiberrerti on, the initial value being a functiomrcefusphessaunber of
time slots of WD 02/091767 PCT/ US02/ 145%0 4 the data packet, and neans for
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information, and determination means for determining the number of time slots
of the data packet transmission from the calculated and recalculated values.

[0014] It is understood that other aspects of the present invention will become
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 CDMA

communications system;



[ 0015] Aspects of the present invention are illustrated by way of exanple,
and not by way of l[imtation, in the acconpanying drawi ngs in which |ike
ref erencewonaner’al s refer to simlar el enents wherein: [O0PCEUSPY/ES3A is a
functional bl ock diagram of an exenpl ary CDMA communi cations system WO
02/ 091767 PCT/ US02/ 14530 5 [0017] FIG 2 is a functional block diagram
illustrating the basic subsystens of the exenplary CDVMA communications
syst em of ﬁ?Qﬂ]l;FI{So@llsp fenetional block diagram dHalratingthe asigsupsystemsof at i ng
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a functi onaleriémtdonfigasdi® dérndiate ipfdritaition sBlpaBKERE havihgehe titdeestent
configured to generate information subpackets having a four-tine sl ot

format. DEFME DESCRI PTI ON [ 0021] The detail ed description set forth
bel ow i n connection with the appended drawings is intended as a
descri pti of0@¥9]edGpKas p fontiiatiarbliack didgranhdupiratizghan iexemplargichanaeli s hot
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means "ser Yorithtagnchn exanpl e, instance, or illustration,” and shoul d not
necessarily be construed as preferred or advantageous over other

embodi ment ggo2lf)e FIGt 8iis @GuASTSH! Btdcﬂraié@ﬁhpmg&ramﬁﬁh fe&énfﬂ%r?ichénﬁéllr the
purpose of "providing a thorough understandi ng of the present invention.
However, i elemént doafigpred torgenesatehotasmalipn isubipackats dasing a faur-timeeslopr esent
i nvention % tfe practiced without these specific details. In sone
I nst ances, - known structures and devices are shown in bl ock di agram
form in order to avoid obscuring the concepts of the present invention.
[0022] In an exenpl ary enbodi nPETANLER DESORIPTION ons system data

[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

illustration,” and should not necessarily be construed as preferred or

advantageous over other embodiments. The detailed description includes

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.



packets can be transmtted over one or nore tine slots. Acconpanying each
data packet is an information subpacket. The information subpacket incl udes
i nf or mat i wo okov17deCcodi ng t he correspondi ng data packet ana@cCa/vsat/us30
calculated froman initial value usingdhe information. The val ue enbedded
in the transm ssion can be used to determ ne the nunber of tinme slots used
to transmt the correspondi ng data packet. WO 02/091767 PCT/US02/ 14530 6
[0023] Var [@RR3lasRriaus agpeckeaikthesa cppirokshannel tachpimiesyal bgidescpked
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I nvention, wth e understanding t such 1 nventive daspect’s have a w de
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di agram of an exenpl ary CDMA canmunications system supporting ..
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station coRgpetisHavbEwidrdpelsieppliGatiriadvi de an interface between a
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FIG 2 is an exenplary functional block diagramillustrating the basic

subsyst ens aggeqgiaphig sagicar y herpaograpiia meaianii® Aidsdinégrdbreglos knowrhe  base

station contraller ORt,aj SstIRSNisS . t y one
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to contr oktdtiomstin ansbreégionnFor ehse oh egplanationsrdy bas dastatatons106is
comuni cation wth a single subscriber station 108. Wien a call is
initiat ed, SROWAL |A sdpgGrier station 108 may access the network 104, or communicate

with other subscriber stations (not shown), through one or base stations under

control of the base station controlier 102.

[0025] FIG. 2 is an exemplary functional block diagram illustrating the basic
subsystems of the exemplary CDOMA communications system of FIG. 1. The
base 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 communications 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



processor 204 can be used to establish the connection between the sel ector
el enrent 202 and the base station 106. The base station 106 can then assign
a MAC (Mwoica/osrmeess Controller) IDto identify comuni caticansor/msended f or
the subscriber station 108 over that cgnnection. The assigned MAC I D can
be transmtted fromthe base station 106 to the subscriber station 108
with the exchange of signaling nmessages during the set up of the call
[0026] Theirntended subssribee statioo2 08anm hsebasmsliation d @6t genesales\aforward link
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station 108. The base station 1&2 gg@}%at es a forward link transn ssion
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mul ti pl exed fashion. [0027] The base station 108 may include a data queue
206 whi ch pufitiplexed tashiatat a from t he sel ector el ement 202 before

transm ssion to the subscriber station 108. The data fromthe data queue
206 can be[Q02RA]i dée hasesstatiomhe8 nreimehude 208ta quauec2Rtwhichdhfferathe08
partitions the, data into nmultipl a, packets.. .Dependi ng on the nunber of
it & packefetd andfe sgleiqh oipirf 507 bR STissi S E 1 fehettner SaPHtt or

el ement 20328 amhetid flonPthe/ddtaueRd s bahes provided By alehaHAsIklehat channel
el enent 208 then encodes the data packets usin an iterative coding

process sugf8adheaheenebelemgnt 268 paplitionstthe d@ﬁﬁ:giiﬂ@dﬂl”ﬁ@*ﬁtﬂﬂt% paskets- a | ong
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subpacket s dhey frémehé Beldotdr dlement 202, dry hurabsnbi\dlaish esde selchamsigisssi on.
The data subpacket synbols can then be nodul ated by the .

may be used.” The channel element 208 then encodes the data packets using

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 (I) 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.
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exenpl ary eaibdeithernst 2CDMARYmonitaio sy siem, thsdata subpackists zapwepacket s
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Conversely, for subscriber stations with poor channel conditions, the
channel scE&amples; ingqelatively distortion free environment with little 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 more forward packet data control channels associated with
the forward packet data channel. Conventional high-speed packet data
systems with multiple time 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



may schedule a low data rate to transmt each data subpacket over eight
time slots with a QPSK nodul ation fornmat. The optimal conbi nation of data
rate and womdobeabi on fornmat to nmaxi m ze the throughput of PChaiSeys4sem can
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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 performing 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 is 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
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then the | gﬁagﬁngﬁoq n the subscn er station assumes that the correspon ing 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 provide 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.



I nformati on subpacket is two tinme slots. If none of the CRC val ues

cal cul ated by the subscriber station match the CRC val ue enbedded in the
forward |wol2/09t76ansm ssion, then the subscriber station @szwseyi4sbat t he
correspondi ng data subpacket was intengded for another subscriber station.
[ 0033] Once the nunber of times slots occupied by the information subpacket
Is determned, it can_be used to decode the corresﬁondi ng data subpacket.
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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



Thi s approach nmay be nore attractive than using two different bl ock

interl eavers to distinguish between the four slot and eight slot data
subpacketwbaorset767 because of reduced conputati onal conpl excryusonidsdat t he
base station and subscriber station. [ 36] The channel el enent 208 can be
used to generate the information for forward packet data control
channel . Specifically, the channel el errent generates a payl oad by
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functional block diagramof a channel elenent configuration for generatl ng
an exenpl agoneratardQ arranss dthits te §ia payloatannel for a one-sl ot

transm ssion. In this configuration, the 13-bit payload is provided to a
CRC gener[ﬂOﬁQ]SG’z\e Zhkit CIRC peotectedopaydoRd catmbbepro\ddddﬁ@ao.eﬂrwodat tailt he CRC

\c/%lcue over gérqgra or éd4 'P é/ le%f:igdeorrtafi1 gngparnt)r' §(514 E;gr?err%?es a quﬁg}!lé:eu!) % ng the
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-bit tail can be generated by the tail generator, however, as those skilled in the

art will readily recognize, 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 %2 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.



val ue over only a portion of the payload, a reduction in conputation
conplexity may be achieved. The CRC val ue can be any nunber of bits
dependi ngworm2wbee7 desi gn paraneters. In the described exemgirarsy2/essBodi ment ,
the CRC generator 302 appends 8-bits tﬂ%the payl oad. [0039] The 21-bit CRC
protected payl oad can be provided to an'‘encoder tail generator 304. The
encoder tail generator 304 generates a sequence of bits that is aﬁpended
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58- synbol semurumieationseystsnat i onal encoding is well known, and those
skilled in the art will readily be able to ascertain performance tradeoffs
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to 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 covered with a distinct Walsh code with a
multiplier 316 before being combined with the forward packet data channel and
other Walsh subchannels. The multiple 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 of 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



comuni cations system [0042] Various processing techni ques can be applied
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sequence produced by the convol uti onal encoder 402. The resulting 96-synbol

sequence s{@MB]t Fla. 5ds a flupptionsy binsk diagrani of a ghannelglement eordfigusatiam
having a %o generaté:I an etxemplary 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-bit sequence can be encoded with the convolutional
encoder 402 at a 1/4 rate with a constraint length of 9 to produce a 116-symbol
sequence 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



[ 0045] The remaining functions of the channel elenent are the sane as
described in connection with FIG 3. The 96-synbol sequence is interleaved,
separ at edwiorem9izeand Q conponents, and covered with a di stPicmatSo¥ddssé code
bef ore being conmbined with the forward ﬂ cket data channel and ot her Wl sh
subchannel s. The multi pl e Wal sh subchannel s can then be quadrature spread
using the short PN codes, and provided to the transmtter for filtering,
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for a four-slot  transm ssion. | r simlar to the one and two sl ot
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of 9to pr?duce a 116-synbol sequence in which 20 synbols are punctured by
the punct uf@M®ment 404 resulting in a 96-symbol sequence. [0047] The
mai n difference hetween the two and four slot transm ssion formats 1is the
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puncture el enent 404, and the resulting 48-synbol sequence
- [0049] Returning to FIG. 2, the forward link transmission from the base station

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 amplifies 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, two, 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 generator 226 and a
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



repeated four tinmes by the sequence repeater 502 to accommpdate a four sl ot
transm ssion. Those skilled in the art will readily be able to adjust the
repetiti onomumrer of the sequence repeater and the rate @CTIU$62/14530

convol utional encoder to optimze syst%g performance for one, two, four,
or other multiple time slot formats 48] The remaining functions of the
channel elenent are the sane as descrl bed in connection with FIG 4. The
192- synbol theaii et appreciaieca Fepaiade pranssapaeanibe msed to pesfon@aeponent s, and
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processor nted wth eral or special purpose processor, a
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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 channel is one time slot. 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 slot 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



16 the art will appreciate, a separate processor can be used to perform
each function, or alternatively, multiple functions can be partitioned
anong anyworbes7 of processors. [0051] In one exenpl ary ecrasomessso of a
CDMA conmuni cations system the nmenory, 218 initially rel eases one tine
slot worth of sanples to the denodul at ot” 222 where they are quadrature
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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 sequence. 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-bit 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 link
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



t he decoded CRC val ue enbedded in the forward link transm ssion. If the
conparison is successful, the data subpacket is determned to be two tine
sl ot s WO WP/00@4i767 PCT/ US02/ 14530 17 in length. In that eazdasor/ms3payl oad
of the information subpacket can be useg,to decode the correspondi ng data
subpacket. [0054] In the event that the Tocally generated CRC val ue does
not match the decoded CRC val ue enbedded in the forward |ink transm ssion,
then the pPpeeassdhatihe corpeparding siata subpackepwas\ipiendedfosangihes from t he
menory 218 : ation, decoding and CRC check functions. The
processor Eﬂégérl?%ﬁgp%@r%ut es a new CRC value with the initial CRC val ue set
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I's the sane a5 1 value was conputed with an initial CRC val ue set
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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 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.

[0059] The methods or algorithms 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
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



conpared with the decoded CRC val ue enbedded in the forward |ink

transm ssion. If the two values match, the data subpacket is determned to
be ei ghtweloemsi7sn | ength and the payl oad can be used to aeTabe2/14380
correspondi ng data subpacket. If two vglues do not match, then the
subscri ber station WO 02/091767 PCT/US027 14530 18 assunes that the
correspondi ng data subpacket was intended for another subscriber station.
[0057] Thoglemativeine storage mediufm maydpinéegrat  theaqroegssofadhgus
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i n connectton w ments di osed herern my mented as
el ect r oni c résitdevaa iser tarnindlenn shid bivernativerthe prbcassior and toé stovade To
clearly illustrate this interchangeability. of hardware and software,
various i| MRAIYEMIY reside ga sigctete 'Bewntgrﬁualt@ﬁt%fmleﬁts, and al gorithns
have been described above generally in ternms of their functionality.
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i n varyi ng Visaipas inosdificationpas thesd ambagiphértawilbbe roadilysapdarenitpl thosat at i on
deci sions should not be interpreted as, ausigr%cfhde arture from, the scope

of the preSkWedimineaitandt ricyycipies 66 BEEID Manke pRRJiI&HC bl ocks,
rodul es, agthdrdifibldditeARMilthOReraMif@RORFhEUpi SrikcoBe SFHORVERISE:
di scl osed herein may be 1 nplenmented o performed wth a general purpose
processor, ThubShe prasédlidyerdicPAGnod intendrd to pe bgitachtalthe embgdinerisi ce,

di screte gate or,_transistor, | ogic i,screte hardware . cogponents, or any
Conbi nat 1 oANERBMesPRaL kb ARedme SBE i ARREY RoRs <R RS norern’ A
gener al - pUPAASIPILY AERSW féRUrdididclBbed PRF&IRESSOr, but  in the alternative,
the processor may be any conventional processor, controller,

m crocontroller, or state nachine. A processor may also be inplenented as a
conbi nat i oWHATISSLAIMEDISyi ces, e.g., a combination of a DSP and a

m croprocessor, a plurality of m croprocessors, one or nbre m Croprocessors
in conjunction with a DSP core, or any other such configuration. [0059]
The net hods or al gorithns described in connection with the



enbodi nents di scl osed herein may be enbodied directly in hardware, in a

sof tware nodul e executed by a processor, or in a conbination of the two. A
sof t war e wodalg17amy reside in RAM nenory, flash nenory, RENTrmsnni4p30 EPROM
menory, EEPROM nenory, registers, hard gisk, a renovable disk, a CD ROV
or any other form of storage nmedi um kno in the art. An exenplary storage
mediumis coupled to the processor such the processor can read information
from and wite information to, the ¢$6AW® nedium In the WO 02/ 091767
PCT/ US02/ 14530 19 alternative, the storage nediummy be integral to the
processor. The processor and the storage nmediummay reside in an ASIC. The
ASIC may residd.in & medrod efeameEunicalionsCHMPRSingt i ve, the processor and

100601 Tha pr evi ous. SEvEPITRES Fp HaREEEh Bl A ENE sy 1oL a 0t ded <o
enabl e any tReeAAssIGKEité;ed in the art to nmake or use the present invention.

Various nodifications to these enbodinents wll be readily apparent to
those skilled in th&oEPuUting@Ivalye frganan initigvalés andénfaepatieny theiniial nay be
applied to . L BRI ' i it or scope of
t he i nvent ivgﬁ;e@éfﬂggﬁaﬂh@gzr’@ggn |nvrecﬁ??@énHlog@%{h%iraré%?gégé{o be limted
to the enbddinsaidsion;shown herein but is to be accorded the w dest scope
consistent with the ri nci.ples and novel features disclosed herein. WHAT
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comuni cat isqg;s, conprising: transmtting a data packet over at |east one
time slot froma transm ssion site; conputing a value froman initial

val ue and i nf or mat i ongceaiviegiting traabmitied valu® anddhe infarmoatignaba redeivingnber of
time slots Qf the data packet transm ssion; transmtting the value and the
i nf or mati ot "From the transnission

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 wherein the value comprises a cyclic

redundancy check value.

3. The method of claim 2 wherein the initial 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.



site; receiving the transmtted value and the information at a receiving
site; recalculating the value fromthe received information; and

det er m niwg oehoer7eunber of time slots of the data packet tecansor/s&son from
t he cal cul ated and recal cul ated val ues._2. The nethod of claim1 wherein

t he val ue conprises a cyclic redundanc%/ check value. 3. The method of
claim2 wherein the initial cyclic redundancy check value conprises a
first initial v& ue iThetrhethggdtal q!;aiﬁk%wheseinrtéengmltq reduodancycheakstalueunber

over  a sccand ROEPRETT S shtee Sfer e sl iph8h B BESRIs Srercin the
data packet is transmtted over the first nunber of tine slots, and the

comr | Sea. conpar ng. THE ManeRict AR iR Eia s P s T B L lbiiancy ceck

val ues. 5. cohfpridget fat tihe &lotd Bha thid16e6dritl htvbeRbRtiM_GGE dopriseB et ed
over the second nunber of tinme slots, and the determ nation of the nunber

of time sligiesslots, theetimatsiots fachibaingh &% BElispeoddapri ses performing a

nodul 0-2 addition of the recal culated cyclic redundancy check value wth a
predeterm ned value and conparing the result to the cal culated cyclic
redundancy checB. val Aecormupations 8ystedt/cosiisiis30 21 6. The net hod of

ransm tted over t he tiFEibBRIBE & FRERSY B Slab Rl RoFMERET m &
wher ei n t hejatd paéket exieidigg oveérna Isastiche tirnerIdt @8 domputbiavalaé ¢losn and t he
second nunber of tinme slots conprises eight tine slots, the tinme slots

each bei nginitiglyaiie and feiaations thexinitiahvakiecking Adusgtienal thedisaben dfg: a
oxt ondi ng oS ais e BRI Epk, SP S e RAHS EFHighodR FaR i e B PECLF
val ue and ipatketntia value ahd thainfoahaten; amdobei ng a functi on of the nunber of
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 calculated 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 further 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



time slots of the data packet, and a transmtter configured to transmt the
data packet, the value and the information; and a subscriber station

havi ng a wearioyes7 confi gured to receive the value and thedrfsoymsse on from
t he base station, and a processor confi%:red to recalculate the value from
the received information and determ ne e nunber of tine slots of the
data packet fromthe cal cul ated and recal cul ated val ues. 9. The

communi cat icontigwpdtte getgrmineiths Bumber ef timersdotsiai e dalaeackebhypli ses a
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cyclic redphsisneininbacialueane comparing ithe tesufti tbitaé cemlukied tytlire dat a packet
extends over a first nunber of tine slots and a second initial value if

the data pietuidasgy shaskyake. a second number of time slots. 11. The
conmmuni cations system of claim10 wherein the data packet extends over the
first nunber of time_slots, and processor is further configured to

det erm ne the ndfber THE aonBuBicCatienHYeR QfAAMpAe ndereip thegpelid ng t he

Comuni cat MNGEEp shkFVafie i 56 REMRRBR RIS ol i it pffrelia?

€ erern the a packe ex ds over the
second nuniate sibtst i e sl ots, and the processor is further WO 02/ 091767

PCT/ US02/ 14530 22 configured to determ ne the nunber of time slots of the
data packet by a nodulo-2 addition of the recal cul ated cyclic redundancy

check value with4a mhed@nthohicationasystednst ataimad whgréinahe éisstinunisert he
cal cul ated cyclic redundancy check value. 13. The conmmuni cations system of
cl ai m 10 wetheersletscamprises fouetimpigte pnarbe segand sugiher ohimeny'eiemat i on

extends ngbmﬁeé iefgﬁt] éi%&@%fs, e ng@igr@cg}?'e%tcﬁ-béfﬁ%1ﬂsemﬂﬁgﬂ&ﬂh§.ati ons system

of claim1l rern Irst nu time sl Ots conprises four tine
slots and the second nunber of tinme slots conprises eight tine slots, the

Ei()gr IS!S:)';]; each1g¢i ng t}lar?sl?m'fﬂr*d &eﬁﬁ&é),%ﬁ'lpri']sﬁwgzp‘ transmtting device,
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 value if 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.



a channel elenent configured to generate a data packet extending over at

| east one tine slot and conpute a value froman initial value and

i nformat iwn,020bB6T nitial val ue being a function of the numogruset/1458ore sl ots
of the data packet; and a transmtter fgnfigured to transmt the data
packet, the value and the information.“16. The transm tting device of
claim 15 wherein the value conprises a cyclic redundancy check val ue. 17.
The transnittind9deviTbe teansariding deyicghelrdaim 18 avhaiaindbe fist erber of imeur t her

transn viTbe tem _ e i rt
i varie FmpHECs Il il o ahd SRR UmBIRGLuniE ke LBrrishE | o o

and a seceiyghttimd $lets, wad timei slotsfeactiddeing a@oamilisdopnds. over a second nunber
of time slots. 18. The transmtting device of claim 17 wherein the cyclic
redundancy check value and the information extend over the first nunber of

time slots. WO 08/ 09A7Meéeiinl 4&50ee, kbmdflisid@ 19. The transmitting device of

claim 18 wherein the fist nunber of time slots conprises four tine slots
and the second nunbef reeeivehgorfigred i raneivec-a data pagketitragsaiitrdovenat i ne
sl ots each i . 144 n A ejy i it RO: a
receiver cé)érala%lt gﬂ?éﬁ Sélgk’eécdgls %gglgggaaﬂdéﬂ{)oarc a&fﬁt {rh\aén\ér@#gp ég‘fbgc\:/oerﬁ&giteﬁf ergst one
time slot, aaricitial walielandnie infbonatidn, dme irtitied vahleulpeihgianfynctiorpot e from an
initial value and the infornmation, the initial value being a function of

t he _nurrbePumbetinFerﬂ%?@ qg&?ﬁ'@%ﬁ?&%é@@ém'%‘%ﬁﬂ sion; and a processor
configured to recal cglpbeeddir chatig@eltoMeédbulbRERIcRue FohPiHERL8Redand
determ ne the nunber of tinme slotsS of the data packet transm ssion from

t he cal cul infesnatian, aadalateimine dhe aumber op timeTsletsrefdhe datpaekatce of clai m

20 wherein, the val ue, conprises cyecl e check val ue. 22. The
receiving Happuissign fé?% eff?%%legi %trﬁga(?f"%gée](gggﬁé§s further configured
to determ ne the nunber of tine slots of the data packet

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 communications, 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



transm ssion by conparing the cal cul ated and recal cul ated cyclic redundancy
check values. 23. The receiving device of claim2l1 wherein the processor is
further workiogireed to determ ne the nunber of tinme sl otsPpafi/tshei14tad a
packet transm ssion by a nodul o-2 additjon of the recal culated cyclic
redundancy value wth a predeterm ned Aél ue and conparing the result to
the calculated cyclic redundancy check val ue. 24. Conputer-readabl e nedia
embodyi ng a program &rmaiting the: dyadackeb de yplue, Bpd dhe Bripimationfobgr am t o

perform a %}1991?53? n 8\9&]?%!91% rﬁf@t'ontsr}ﬁe i!ﬁ?ﬁ.hOd conprising: generating a

dat a packet extendﬁg ng over at qeas{ one 9| me slot; conputing a value from
an initial value and information, the initial value being a function of

PCT/ U802/ 14530 294 1 PRt miySCratiIARE of S8fn 25 RS iR ae

i nf or mat i ogofrprises & it seduntlapegichack oamegni cat i ons nmedi um 25. The
conput er -readabl e nedi a of claim24 wherein the value conprises a cyclic
redundancy check val ue. 26. The conputer-readable nmedia of claim25 wherein

the initial cychsc maduhanadr-kdadlemerid 6ESamn REvlereim theahitidpdyesici f t he
dat a packet extends over a first nunber of tinme slots and a second initial

val ue if thedungencyyake canpasrisa fiesinitial vliee fdhe datrepagifet exigpds|Qyes a 27.
Th ter- | @ ,.redj ' : i | i
Theck ue uBFst TR of AL Bis i aSefbdd inhiaraidh e G4 ddckef BRRGRN Y

slots. 28. oVbeaceoprud aumbeadéatime stedi a of claim 27 wherein the first
nunber of tinme slots conprises four tinme slots and the second nunber of
time slots conprises eight tine slots, the tine slots each being 1.25

m|liseconds. 297 A Toerosmmpiei-tastlablesineiia ofbcinin 26vehersinbiheeysliat i on
havi ng neans for generati a data packet, extending over | east one tine

sl ot and Wé%gwwqa@pyggﬁﬁlﬁ,yg%g and the infogmatign extends over the firs?tnum er 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



initial value and information, the initial value being a function of the
nunber of time slots of the data packet, and neans for transmtting the
dat a packwD,02ihE67 val ue and the information; and a subscr iPoarusst/a4sson

havi ng neans for receiving the val ue anéi the information fromthe base
station, means for recal culating the va ?le fromthe received information,

and determ nation neans for determ nigegg the nunber of tine slots of the
dat a packe# firsbipitihealvglictieiaia parketredandspyara ficshnuaber 9b timprdots

Cyaric readinaniaoriinfial e Gf AT baLEL ol Brer bR o

wherei n t héimesletsst ati on further conprises neans for setting the initial
cyclic redundancy check value to WO 02/091767 PCT/ US02/ 14530 25 a first
initial value if the data packet extends over a first nunber of time slots

and a second i nigpi al Thaldeenminichiotasystpmcatailaitk B¢ ndferoinethe dlase packbtnumber
of time slots. 32. The communi cati.ons slystem of claim 31 whereln the data

packet exeipnsisqyer thetirst numben ehtige Hets; apd whesein thg gietepripalion e
R orti et i _ ; : g
Focal cul at Py RS THEaTe for BfiSarrl e EAafe ArPrecalchtad BoRT | o

of cl ai m 3tecvretamicp chbek daluaspacket extends over the second nunber of tinme
slots, and wherein the determ nation neans conprises neans for performng
a nodul o-2 addition of the recal culated cyclic redundancy check value with

a predet er m ned3gal uFhercbnoaopigations systeny afsalhim 84 Wherbia thaldatd paelcetcycl i c
redundancy check valye. 34. The co ni cations systemof c|aim.z31 wherein
the cyol i & extendaRYeh e seRing PHTRET ShAMen ol ABRHHSTBIN 1R EETRANBINAN t he
first numb ' gns for peHRmETE WO AAbILAGiBYS bEtReYechlchiate B4
wherein thgﬁ?‘ﬁss‘%&n?\u e(?Irr%o|1:\sti r?ee sl ot s” conpri ses fc;ur ti mg slcot S dg%d t he

second nungelicofedundancy chack valug withes predgtermined valustand coropatimgths ot s

each bei "G dsiiitwith He' &a 88.299% cfi:%b Badn annscryr/]éhte'cﬂ%a?uee\{' ce, conmprising:

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 system 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.



means for generating a data packet extending over at |east one tinme slot;
means for conputing a value froman initial value and information, the
initial vabuwe/obesng a function of the nunber of tinme slot®cafushhessdat a
packet; and means for formatting the data packet, the value and the
information for transm ssion over a co ni cati ons nmedium 37. The

transmtting device of claim36 wherein the value conprises a cyclic
redundancy checR8val dée transoiltvgideyicerefvlasn 37 wrgein the cyglic reundancy
transmtti BH%SKfVéﬁS RmGsdsd ggs 3ér?c%%}.tﬁ@ﬁgﬁ¥ﬁ\lithﬁg BSG@BQBHR& check val ue
conprises a Bi't "Sequence, the transmtting device Yurthér  conprising nmeans
for settingoirpeising ineahs ¢yrcdatiing teLiniiaih cyclichredkndahayecHezkavalie & a firsti ti al
value if the data packet extends over, a first nunber of tinme slots and to a

second i ni N1 «pHa, the dataePagieh exiearis Ovek adiftsnnRer ¢f tiae Sis ANABRA of
time slot §ecﬁrz% LnTt'ith vtafu%ni?gﬁet ﬂéet%ﬁ)naf@%{ Sfeflis Vet Q‘gé@oﬁ@ﬁﬁﬁigé{bhﬁnféy clic

redundancy C val ue an ormat1 on extend over t irst nunber of
time slotsslodd. The transmtting device of claim39 wherein the first
nunber of tinme slots conprises four time slots and the second nunber of
time slots conprises eight tine slots, the tine slots each being 1.25

m |l liseconds. 4389. A Thedransmyttthgvdesice ofoctpim SBwhereipathe dyclic rextugidanog a

data packet transmtted ovey at . |leasf one ti | ot, and.,a val ue and
0 or at 1 oRNECRUARIATS el BN exte Ser dhe Tt oiive 98 tihe Shts: « ne
information, the initial value being a function of the nunber of tine
slots of the data packet trantstlrly‘i ans _for recalcyl ating the val ue

fromthe recei vé8- i nflSetansom 92‘??&%%9@%3&%@@&%%%%” & ni ng the
number of iiwéeslglsoé Sfised 18 I&%Cé?ﬁfthbrs?&%srﬁf fdrand SetLal cul ated
ated v 42 ev cl

and recal cu al ues. . The recel Vving Ice o aimi4l erein the
val ue conpromgsisas eight time slots, the time 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

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
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



cyclic redundancy check value. 43. The receiving device of claim42 wherein
the determ nation neans conprises neans for conparing the cal cul ated and
recal cul awed2myciki ¢ redundancy check val ues. 44. The receCTiusy2/desso ce of
claim42 wherein the determ nation nea conprises neans for performng a
nodul o-2 addition of the recal cul ated 2% ic WD 02/091767 PCT/ US02/ 14530

27 redundancy check value with a predeterm ned val ue conparing the result
with cal ciedunsianey eheek valendithapredetermingdyalue comparing the result with

calculated cyclic redundancy check value.



