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INFORMATION FOR PACKET DATA  CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority under 35 U.S.C.  119(e) to
provisional Application Serial No. 60/289,450, filed May 7, 2001 and
provisional  Application Serial No. 60/294,674, filed May 30, 2001, the
contents of which are  incorporated herein by reference. BACKGROUND  Field
[0002] The present invention relates generally to communications systems,
and more specifically, to systems and techniques to generate control
information for packet data transport. 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 WO 02/091767 PCT/US02/14530  



2 number of signals share the same frequency spectrum. This is achieved by
transmitting each signal with a different code that modulates a carrier,
and  thereby, spreads the spectrum of the signal waveform. The transmitted
signals  are separated in the receiver by a demodulator that uses a
corresponding code  to despread the desired signal's spectrum. The
undesired signals, whose codes  do not match, are not despread in bandwidth
and contribute only to noise.  [0005] The use of CDMA techniques for
multiple access communications  generally provides increased user capacity
over traditional TDMA and FDMA  techniques. As a result, more users can
access a network, or communicate  with one another, through one or more
base stations. In CDMA systems, the  channel allocations are based on
orthogonal sequences known as Walsh  codes. Depending on the particular
communications application, any number of  Walsh code channels may be
needed to support various control channels such  as the pilot channel and
other commonly used control channels. These control  channels tend to
consume system resources, and thereby, decrease user  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. 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  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 WO 02/091767 PCT/US02/14530  3 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, 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  calculated and recalculated values. [0008] In yet another aspect of
the present invention, a transmitting device  includes 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. [0009] In a further aspect of the present invention, a
receiving device includes'  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 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 WO 02/091767 PCT/US02/14530  4 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. [0012] In yet another aspect of the present invention,
a transmitting device  includes 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. [0013] Ina further aspect of the present invention,
a receiving device includes  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.  [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; WO
02/091767 PCT/US02/14530  5 [0017] FIG. 2 is a functional block diagram
illustrating the basic subsystems of  the exemplary CDMA communications
system of FIG. 1; [0018] FIG. 3 is a functional block diagram illustrating
an exemplary channel  element configured to generate information subpackets
having a one time slot  format; [0019] FIG. 4 is a functional block diagram
illustrating an exemplary channel  element configured to generate
information subpackets having a two time slot  format; and [0020] FIG. 5 is
a functional block diagram illustrating an exemplary channel  element
configured to generate information subpackets having a four-time slot
format. 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 hot
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. WO 02/091767 PCT/US02/14530  6
[0023] Various aspects of these control channel techniques will be
described  in the context of a CDMA communications system supporting
circuit-switch  voice and high-speed packet data applications. However,
those skilled in the  art will appreciate that these control channel
techniques are likewise suitable for  use in various other communications
environments. Accordingly, any reference  to a CDMA communications system
is intended only to illustrate the inventive  aspects of the present
invention, with the understanding that such inventive  aspects have a wide
range of applications. [0024] FIG. 1 is a simplified functional block
diagram of an exemplary CDMA  communications system supporting
circuit-switched voice and high-speed  packet data applications. A base
station controller 102 can be used to provide  an interface between a
network 104 and all base stations dispersed throughout  a geographic
region. The geographic region is divided into subregions known  as cells or
sectors. A base station is generally assigned to serve all subscriber
stations in a subregion. For ease of explanation, only one base station 106
is  shown. A subscriber 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 controller 102. [0025]
FIG. 2 is an exemplary functional block diagram illustrating the basic
subsystems of the exemplary CDMA 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 WO 02/091767 PCT/US02/14530  7 intended subscriber
station 108. The base station 106 generates a forward link  transmission
that includes a forward packet data channel for high speed  delivery of the
data from the base station 106 to one or more subscriber  stations. The
forward link refers to the transmission from the base station 106 to the
subscriber station 108. The forward packet data channel can be  composed of
any number of Walsh code subchannels depending on the  demands of the
circuit-switched voice and data users. The forward packet data channel
generally serves one subscriber station at a time in a time-division
multiplexed fashion. [0027] The base station 108 may include a data queue
206 which buffers the  data from the selector element 202 before
transmission to the subscriber station  108. The data from the data queue
206 can be provided to a channel element  208. The channel element 208
partitions the data into multiple data packets.  Depending on the number of
data packets needed to efficiently transport the  data from the selector
element 202, any number of Walsh code subchannels  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. WO 02/091767 PCT/US02/14530  8 [0028] The control and
scheduling functions can be provided by a channel  scheduler 214. The
channel scheduler 214 receives the queue size from the  data queue 206,
which is indicative of the amount of data to transmit to the  subscriber
station 108, and schedules the data subpacket size and the data rate  for
the forward link transmission to maximize throughput and minimize
transmission delay based on the quality of the communications channel
between the base station 106 and the subscriber station 108. The data
packet  or subpacket size is defined by the number of bits contained
therein. Depending on the scheduled data packet size and data rate, the
data  subpackets can be transmitted over one or more time slots. In one
exemplary  embodiment of a CDMA communications system, the data subpackets
can be  transmitted over one, two, four or eight 1.25 ms time slots. [0029]
The channel scheduler 214 may also schedule the modulation format of  the
data subpacket based on the quality of the communications channel  between
the base station 106 and the subscriber station 108. By way of  example, in
a relatively 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 WO 02/091767 PCT/US02/14530  9 secondary packet data control
channel can be transmitted over one or more  time slots to optimize
communications with various subscriber stations having  different channel
conditions. In one exemplary embodiment of a CDMA  communications system,
the information subpackets can be transmitted over  the forward secondary
packet data control channel in one, two or four 1.25 ms  time slots
depending on the number of time slots occupied by the corresponding  data
subpackets. By way of example, the information subpacket can be
transmitted over one slot for a one-slot data subpacket, two slots for a
two-slot  data subpacket, or four slots for a four-slot or eight-slot data
subpacket. To  distinguish between the four-slot and eight-slot data
subpacket format, various  methods can be used. One approach is to use
different interleavers to re-order  the symbol sequence at the base station
depending on whether the data  subpacket is transmitted over four or eight
time slots. The number of time slots  occupied by the information subpacket
on the forward secondary packet data  control channel can be determined
from information carried on the forward  primary packet data control
channel. 



[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 WO 02/091767
PCT/US02/14530  10 bit at a time. The contents of the shift register at
completion of this process is  the remainder of the division function, or
the CRC value. This technique is well  known in the art. [0032] At the
subscriber station, a CRC check function can be performed on  information
subpackets addressed to the subscriber station via the MAC ID.
Specifically, the CRC can be recalculated over one or more time slots, and
the  recalculated CRC values can be compared to the transmitted CRC value
embedded in the forward link transmission. The length of the information
subpacket, i.e., the number of time slots occupied by the information
subpacket,  can then be determined from the recalculated CRC value that
matches the CRC  value embedded in the forward link transmission. By way of
example, if the  CRC value computed by the subscriber station over two time
slots matches the  CRC value embedded in the forward link transmission,
then the length of the  



information subpacket is two time slots. If none of the CRC values
calculated  by the subscriber station match the CRC value embedded in the
forward link.  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 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. WO 02/091767
PCT/US02/14530  11 [0035] The CRC value can also be used to distinguish
between the four-slot  and eight-slot data subpacket format. This can be
accomplished by setting the  initial CRC to one of two different values
depending on the format of the data  subpacket. The initial CRC value
refers to the contents of the shift register  before the information
subpacket is shifted therethrough. In conventional  CDMA communications
systems employing CRC error detection, the CRC value  is computed with a
procedure that sets the initial CRC value to all "ones." This  procedure is
a convenient way to identify a data subpacket having a one, two or
four-slot format, although any initial CRC value can be used. In the case
where  the data subpacket has an eight slot format, the CRC value can be
calculated  with a procedure sets the initial CRC value to all "zeros," or
some other value  that distinguishes the eight slot transmission from the
four slot transmission.  



This approach may be more attractive than using two different block
interleavers  to distinguish between the four slot and eight slot data
subpacket format  because of reduced computational complexity both at the
base station and  subscriber station. [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 WO 02/091767 PCT/US02/14530  12 having an
embedded communications software layer to implement the channel  element
functions. In this embodiment, the communications software layer can  be
used to invoke various encoders, modulators and supporting functions to
accommodate various multiple slot transmissions. [0038] FIG. 3 is a
functional block diagram of a channel element configuration  for generating
an exemplary forward packet data control channel for a one-slot
transmission. In this configuration, the 13-bit payload is provided to a
CRC  generator 302. The CRC generator 302 can be used to calculate the CRC
value over the entire payload or any portion thereof. By calculating the
CRC  



value over only a portion of the payload, a reduction in computation
complexity  may be achieved. The CRC value can be any number of bits
depending on the  design parameters. In the described exemplary embodiment,
the CRC  generator 302 appends 8-bits to the payload. [0039] The 21-bit CRC
protected payload can be provided to an encoder tail  generator 304. 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-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 1/2 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. WO 02/091767 PCT/US02/14530  13 [0041] A puncture element 308
can be used to puncture 10 symbols from the  58-symbol sequence from the
convolutional encoder 306. The remaining 48- symbol sequence results in a
38.4 ksps (kilo-symbols per second) rate for a one  slot transmission
having a duration of 1.25 ms. As those skilled in the art will  readily
appreciate, the number of symbols punctured from symbol sequence  output
from the convolutional encoder can be varied in accordance with  different
system parameters to achieve an optimal symbol rate based on the  coding
rate of the convolutional encoder and the time slot duration of the  



communications system. [0042] Various processing techniques can be applied
to the 48-symbol  sequences to minimize the affect of burst errors on the
ability of the decoder at  the subscriber station to decode the symbol
sequence. By way of example, the  48-symbol sequence from the puncture
element 308 can be provided to a block  interleaver 310 which re-orders the
sequence of the symbols. [0043] The symbol sequence from the block
interleaver 310 can be provided  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 I 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 WO 02/091767 PCT/US02/14530  14 1/4
rate with a constraint length of 9 to produce a 116-symbol sequence. A
puncture element 404 can be used to puncture 20 symbols from the 116-symbol
sequence produced by the convolutional encoder 402. The resulting 96-symbol
sequence supports a 38.4 ksps symbol rate for a two-slot transmission
having a  1.25 ms duration. 



[0045] The remaining functions of the channel element are the same as
described in connection with FIG. 3. The 96-symbol sequence is interleaved,
separated into I and Q components, and covered with a distinct Walsh code
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 provided to the transmitter for filtering,
upconvertion, and amplification before transmission over the forward link
from  the base station 106 to the subscriber station 108 (see FIG. 2).
[0046] FIG. 5 is a functional block diagram of a channel element
configuration  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-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 1h rate to produce a WO 02/091767 PCT/US02/14530  15 58-symbol
sequence. The 58-symbol sequence could have 10 symbols  punctured by the
puncture element 404, and the resulting 48-symbol sequence  



repeated four times by the sequence repeater 502 to accommodate a four slot
transmission. Those skilled in the art will readily be able to adjust the
repetition  number of the sequence repeater and the rate of the
convolutional encoder to  optimize system performance for one, two, four,
or other multiple time slot formats.  [0048] The remaining functions of the
channel element are the same as  described in connection with FIG. 4. The
192-symbol sequence is interleaved,  separated into I and Q components, and
covered with a distinct Walsh code  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
provided to the. transmitter for filtering,  upconvertion, and
amplification before transmission over the forward link from  the base
station 106 to the subscriber station 108 (see FIG. 2). [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 WO 02/091767 PCT/US02/14530  



16 the art will appreciate, a separate processor can be used to perform
each  function, or alternatively, multiple functions can be partitioned
among any  number of processors. [0051] In one exemplary embodiment of a
CDMA communications system, the  memory 218 initially releases one time
slot worth of samples to the demodulator  222 where they are quadrature
demodulated with the short PN codes and despread into symbols using Walsh
codes. The symbol sequence for the  forward packet data control channel can
then be demodulated using QPSK, 8- PSK, 16-QAM, or any other modulation
scheme employed by the base station  106. The demodulated symbol sequence
can then be provided to the decoder  224 which performs the inverse of the
signal processing functions done at the  base station, specifically the
de-interleaving and decoding. [0052] Assuming the decoded bit sequence
includes the MAC ID for the  subscriber station, the decoded bit sequence
can be provided to a CRC  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 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 WO 02/091767 PCT/US02/14530  17 in length. In that case, the payload
of the information subpacket can be used to  decode the corresponding data
subpacket. [0054] In the event that the locally generated CRC value does
not match the  decoded CRC value embedded in the forward link transmission,
then the  processor 220 releases four 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 four time slots in
length. In that case, the  payload of the information subpacket can be used
to decode the corresponding  data subpacket. [0055] Conversely, if the
locally generated value does not match the decoded  CRC value embedded in
the forward link transmission, then the processor 220  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 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 WO 02/091767 PCT/US02/14530  18 assumes that the
corresponding data subpacket was intended for another  subscriber station.
[0057] Those skilled in the art will appreciate that the various
illustrative logical  blocks, modules, circuits, and algorithms described
in connection with the  embodiments disclosed herein may be implemented as
electronic hardware,  computer software, or combinations of both. To
clearly illustrate this  interchangeability of hardware and software,
various illustrative components,  blocks, modules, circuits, and algorithms
have been described above generally  in terms of their functionality.
Whether such functionality is implemented as  hardware or software depends
upon the particular application and design  constraints imposed on the
overall system. Skilled artisans may implement the  described functionality
in varying ways for each particular application, but such  implementation
decisions should not be interpreted as causing a departure from  the scope
of the present invention. .[0058] The various illustrative logical blocks,
modules, and circuits described  in connection with the embodiments
disclosed herein may be implemented or  performed with a general purpose
processor, a 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 WO 02/091767
PCT/US02/14530  19 alternative, the storage medium may be integral to the
processor. The  processor and the storage medium may reside in an ASIC. The
ASIC may  reside in a user terminal. In the alternative, the processor and
the storage  medium may reside as discrete components in a user terminal.
[0060] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to
those  skilled in the art, and the generic principles defined herein may be
applied to  other embodiments without departing from the spirit or scope of
the invention.  Thus, the present invention is not intended to be limited
to the embodiments  shown herein but is to be accorded the widest scope
consistent with the  principles and novel features disclosed herein. WHAT
IS CLAIMED IS: WO 02/091767 PCT/US02/14530  20 CLAIMS  1. A method of
communications, comprising: 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. 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. WO 02/091767 PCT/US02/14530  21 6. The method of
claim 3 wherein the cyclic redundancy check value  and the information is
transmitted over the first number of time slots. 7. The method of claim 6
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. 8. A communications system, comprising: a
base station having 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; 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 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 WO 02/091767
PCT/US02/14530  22 configured to determine the number of time slots of the
data packet by 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. 13. The communications system of
claim 10 wherein the cyclic  redundancy check value and the information
extends over the first number of  time slots. 14. The communications system
of claim 13 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. 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 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. WO 02/091767 PCT/US02/14530  23 19. The transmitting device of
claim 18 wherein the fist 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. 20. A receiving device, comprising: 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
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. 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 WO 02/091767
PCT/US02/14530  24 formatting the data packet, the value, and the
information for  transmission over a communications medium. 25. The
computer-readable media of claim 24 wherein the value  comprises a cyclic
redundancy check value. 26. The computer-readable media of claim 25 wherein
the initial cyclic  redundancy value comprises 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. 27.
The computer-readable media of claim 26 wherein the cyclic  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 WO 02/091767 PCT/US02/14530  25 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. 32. The communications system of claim 31 wherein the data
packet  extends over the first number of time slots, and wherein the
determination  means comprises means for comparing the calculated and
recalculated cyclic  redundancy check values. 33. The communications system
of claim 31 wherein the data packet  extends over the second number of time
slots, and wherein the determination  means comprises means for performing
a modulo-2 addition of the recalculated  cyclic redundancy check value with
a predetermined value and comparing the  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 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. WO 02/091767 PCT/US02/14530  26 38. The
transmitting device of claim 37 wherein the cyclic redundancy  check value
comprises a bit sequence, the transmitting device further  comprising means
for setting the initial cyclic redundancy check value to a first  initial
value if the data packet extends over a first number of time slots and to a
second initial value if the data packet extends over a second number of
time  slots. 39. The transmitting device of claim 38 wherein the cyclic
redundancy  check value and the information extend over the first number of
time slots. 40. The transmitting device of claim 39 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. 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 WO 02/091767 PCT/US02/14530
27 redundancy check value with a predetermined value comparing the result
with  calculated cyclic redundancy check value. 


