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CODE CHANNEL MANAGEMENT IN A WIRELESS
COMMUNICATIONS SYSTEM

BACKGROUND

Field

[0001] The present invention relates generally fo communications, and more
specifically, to systems and techniques for managing code channel

assignments in a wireless communications system.

Background

[0002] Modern communications systems are designed to allow multiple
users to share a common communications medium. One such communications
system is a code division multiple access (CDMA) system. The CDMA
communications system is a modulation and multiple access scheme based on
spread-spectrum communications. In a CDMA communications system, a large
number of signals share the same frequency spectrum and, as a result, provide
an increase in user capacity. This is achieved by transmitting each signal with a
different code that modulates a carrier, and thereby, spreads the signal over the
entire spectrum. The transmitted signals can be separated in the receiver by a
correlator using a corresponding code to de-spread the desired signal. The

undesired signals, whose codes do not match, contribute only to noise.

[0003] In spread-spectrum communications, fixed base stations are
generally dispersed throughout an access network to support wireless
communications with various user devices. The access network may be divided
into regions known as cells with a base station serving each cell. In high traffic
applications, the cell may be further divided into sectors with a base station
serving each sector. In this configuration, the base station may assign one or
more dedicated channels using Walsh codes 1o each user within its cellular
region to support voice and data communications over a forward link
transmission. A forward link transmission refers to a transmission from the base

station to a user and a reverse link transmission refers to a fransmission from a
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user to the base station. One or more shared channels may also be used by
the base stations with its own distinct Walsh code. Additional Walsh code
assignments may be reserved for various signaling and system support

functions.

[0004] There is a limited number of Walsh codes available to any given base
station, and thus the number of channels, including dedicated and shared
channels, is limited for a given code space. In CDMA systems of the past, the
forward link capacity was limited by the mutual interference between multiple
users, and therefore, the code space was sufficient for the number of
supportable channels. However, recent advances In techunology has reduced
the effects of interference, allowing for additional simultaneous users, and thus

increasing demand for more codes to support additional channels.

[0005] Moreover, with the tremendous increase in wireless communications
over the past years, there has been an ever-increasing demand for higher data
rate services to support web browsing, video applications, and the like. Often
this demand is met by using multiple dedicated channels to carry data from the
base station to the user with each channel having a distinct Walsh code. In
some instances, high data rate services may be supported by variable Walsh
spreading. Variable Walsh spreading entails using shorter length Walsh codes
for higher data rate transmissions. Using a shorter length Walsh code,
however, preciudes using all longer codes that contain the chip pattern of the

shorter code, thereby depleting multiple Walsh codes.

[0006] Increased demand for codes, reduced available codes, or a
combination of the two could result in an insufficient number of Walsh codes 10
channelize the forward link. Thus, the capacity of the system may be limited in
situations where, due to advances in interference mitigation, additional users
and/or increased data throughput might otherwise be available. Accordingly,

there is a need in the art for an efficient methodology for managing code

allocations.
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SUMMARY

[0007] In one aspect of the present invention, a method of communications
includes dividing a plurality of subscriber stations into a plurality of groups,
assigning a different plurality of orthogonal codes to each of the groups, the
number of the orthogonal codes assigned to one of the groups being less than
the number of subscriber stations in said one of the groups, encoding
communications to one of the subscriber stations in said one of the groups at a
data rate, and determining whether to spread at least a portion of
communications to said to one of the subscriber stations with one of the
orthogonal codes assigned to said one of the groups as a function of the data

rate.

[0008] In another aspect of the present invention, a communications station
includes a proces:sor configured to divide a plurality of subscriber stations into a
plurality of groups, and assign a different plurality of orthogonal codes to each
of the groups, the number of the orthogonal codes assigned to one of the
groups being less than the number of subscriber stations in said one of the
groups, and an encoder configured to encode communications to one of the
subscriber stations in said one of the groups at a data rate, wherein the
processor is further configured to determine whether to spread at least a portion
of the communications to said one of the subscriber stations with one of the
orthogonal codes assigned to said one of the groups as a function of the data

rate.

[0009] In yet another aspect of the present invention, a communications
station includes means for dividing a plurality of subscriber stations into a
plurality of groups, means for assigning a different plurality of orthogonal codes
to each of the groups, the number of the orthogonal codes assigned to one of
the groups being less than the number of subscriber stations In said one of the
groups, means for encoding communications to one of the subscriber stations in
said one of the groups at a data rate, and means for determining whether to
spread at least a portion of the communications to said one of the subscriber
stations with one of the orthogonal codes assigned to said one of the groups as

a function of the data rate.
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[0010] In a further aspect of the present invention, a communications station
includes means for storing an assignment matrix having n rows, k columns, |/
number of ones in each of the rows, and k-l number of zeros in each of the
rows, where n = a number of subscriber stations assigned to a group, k equals
a number of orthogonal codes assigned to the group, and / = a number of the
orthogonal codes allocated to each of the n subscriber stations from the k
number of orthogonal codes assigned to the group; means for constructing a
second matrix having k rows selected from the assignment matrix; each of the k
rows corresponding to one of k subscriber stations selected from the n
subscriber stations; means for permuting the rows of the second matrix such
that a diagonal extending from the first column to the kth column comprises ali
ones; and means for assigning one of the k orthogonal codes to each of the k

subscriber stations as a function of the permuted second matrix.

[0011] It is understood that other embodiments of the present invention will
become readily apparent to those skilled in the art from the following detailed
description, wherein it is shown and described only exemplary embodiments of
the invention by way of illustration. As will be realized, the invention is capable
of other and different embodiments and its several details are capable of
modification in various other respects, all without departing from the spirit and
scope of the present invention. Accordingly, the drawings and detailed

description are to be regarded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Aspects of the present invention are illustrated by way of example,

and not by way of limitation, in the accompanying drawings, wherein:

[0013] FIG. 1 is a conceptual block diagram of an embodiment of CDMA

communications system;

[0014] FIG. 2 is a conceptual diagram illustrating the creation of orthogonal

codes;

[0015] FIG. 3 is a conceptual diagram illustrating a hierarchical tree structure

used to model a Walsh code having a length of 64.
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[0016] FIG. 4 is a simplified functional block diagram illustraiing an

embodiment of various subsystems for a CDMA communications system; ana

[0017] FIG. 5 is a flow diagram illustrating an embodiment of a processor

used to assign Walsh codes in a CDMA communications system.

DETAILED DESCRIPTION

[0018] The detailed description set forth below in connection with the
appended drawings is intended as a description of various embodiments of the
present invention and is not intended to represent the only embodiments in
which the present invention may be practiced. Each embodiment described in
this disclosure is provided merely as an example or illustration of the present
invention, 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. Acronyms
and other descriptive terminology may be used merely for convenience and

clarity and are not intended to limit the scope of the invention.

[0019] In the following description, various systems and techniques will be
described in the context of a CDMA communications system using Walsh codes
to channelize the forward link. While these techniques may be well suited for
use in this type of application, those skilled in the art will readily appreciate that
these systems and techniques may be applied to any spread-spectrum
communications environment. Accordingly, any reference to a Waish code
management methodology in a CDMA communications system is intended only
to illustrate various inventive aspects of the present invention, with the

understanding that these inventive aspects have a wide range of applications.

[0020] FIG. 1 is a conceptual block diagram of an embodiment of a CDMA
communications system. An access network 102 may be used to support

wireless communications with multiple user devices 104a-d. The access
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network 102 may also be connected to additional networks outside the access
network, such as the Internet, a corporate intranet, a public switched telephone
network (PSTN), or the like. The user device 104, commonly referred to as a
subscriber station, may be any type of device that may communicate with the
access network 102 including a mobile telephone, a computer, a modem, a

personal digital assistant, or any other similar device.

[0021] The access network 102 may be implemented with any number of
base stations dispersed throughout a geographic region. The geographic region
may be subdivided into smaller regions known as cells with a base station
serving each cell. In high traffic applications, the cell may be further divided Inio
sectors with a base station serving each sector. For simplicity, one base station
106 is shown serving an entire cell. A base station controller (BSC) 108 may be
used to coordinate the activities of multiple base stations, as well as provide an

interface to the networks outside the access network 102.

[0022] In CDMA communication systems, Walsh codes are commonly used
to separate multiple subscriber stations in communication with a base station.
Each subscriber station may be assigned a distinct Walsh code during call set-
up to support forward link communications over a dedicated traffic channel.
The Walsh code may be any length depending on the particular application and
overall design constraints. A short Walsh code reduces processing time
whereas a long Walsh code increases code gain. The length of the Walsh code
also has an impact on system capacity. There are only as many Walsh codes
as the code length. Thus, if a Walsh code length of 64 is used, which is very
common in today’'s CDMA communication systems, then there are only 64

Walsh codes available. This limits the number of available channels in the

forward link.

[0023] Traditionally, the Walish code length has been selected to
accommodate the data rate of the forward link communications. In variable
data rate systems, the Walsh code length has generally been selected to
accommodate the maximum data rate. This approach may resuit in Walsh code
resources being underutilized for lower data rates. An efficient methodology for

Walsh code assignments in variable data rate systems may be used to reduce
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or eliminate the potential for underutilization of the Walsh code space during
periods of low data rates. A CDMA communications system using a variable
rate vocoder Is just one example of a system that could benefit from the various
systems and techniques disclosed throughout this disclosure to efficiently

manage Walsh code assignments.

[0024] A variable rate vocoder is typically used to reduce mutual interference
among multiple users operating in the same cellular region by transmitting voice
with the least amount of data to sustain acceptable voice quality. An Enhanced
Variable Rate Codec (EVRC) is a common example. An EVRC transmits voice
using eighth, quarter, half, and full rate frames. During periods of silence,
eighth rate frames may be transmitted. The power required to transmit eighth
rate frames, and thus the interference introduced into the cellular region, is
lower than when higher rate frames are transmitted. During periods of active
speech, a variety of higher rate frames may be transmitted. As it turns out, on
the average, eighth rate and full rate frames are used predominantly, and

quarter and half rate frames are used less frequently.

[0025] A Selectable Mode Vocoder (SMV) is another example of a vocoder.
The SMV makes more efficient use of the medium rate frames (i.e., quarter and
half rates), thus reducing the frequency of the full rate frames. The result is that
the average rate of a SMV may be less than the average rate of an EVRC.

From an interference standpoint, the capacity may be improved.

[0026] As more efficient vocoders become standard technology, greater
improvements may be realized in system capacity through reduced power
usage by lowering the average voice rate. Yet, with today’s technology, these
vocoders use up the same amount of resources in terms of Walsh code space
because their required peak rate remains unchanged. To more efficiently utilize
the Walsh code space, various systems and techniques will be described to
manage Walsh code assignments in a manner that takes into consideration the
data rate of the forward link communications. Although these systems and
techniques will be described in the context of a variable rate vocoder, those
skilled in the art will be readily able to apply these principles to any variable rate

data scheme. Moreover, these systems and techniques are not limited to
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managing Walsh code assignments in the forward link, but may be applied to

any type of code assignments in either the forward or reverse link.

[0027j Before describing various systems and techniques for managing
Walsh code assignments, it is useful to briefly discuss some fundamental
principles of Walsh codes. Walsh codes are orthogonal codes. This means
that Walsh codes have zero cross-correlation. Zero cross-correlation is
obtained if the product of the two codes, summed over the length of the codes,
Is zero. Referring to FIG. 2, Walsh codes may be easily generated by starting
with a seed “0°, repeating the “0" horizontally and vertically, and the
complimenting the “0” diagonally, to generate two Walsh codes 202 having a
length of two. This is often referred to as a 2x2 Walsh code. A 4x4 Walsh code
204 may then be generated by repeating the 2x2 Walsh code 202 horizontally
and vertically, and complimenting the 2x2 Walsh code 202 diagonally. This
process may be repeated until a Walsh code having the desired length is

derived. In the case of many conventional CDMA communication systems, that
would be a 64x64 Walsh code.

[0028] In variable rate vocoder applications, the Walsh code length may be
selected to support a full rate frame. The frame rate is a measure of the volume
of Iinformation being transmitted, typically measured in bits per second.
Depending on the encoding and modulation scheme, one or more symbols may
be generated for each voice bit. The volume of symbols being transmitted is
commonly referred to as the symbol rate, and corresponds to the frame rate.
. Lower symbol rates may use longer Walsh codes to maintain a constant chip
rate. Accordingly, a 72 rate voice frame may be spread with a Walsh code that
Is twice as long as the Walsh code for a full rate voice frame. By way of
example, if a full rate voice frame is spread with a Walsh code having a length
of 64, than a 72 rate voice frame may be spread with a Walsh code having a
length of 128. Similarly, a ¥ rate voice frame may be spread with a Walsh code
having a length of 256, and a 1/8 rate voice frame may be spread with a Walsh

code having a length of 512.

[0029] The ftree structure for recursively constructing Walsh codes of

successfully longer lengths may be exploited to efficiently assign Walsh codes
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to communications in a variable rate vocoder environment. This concept is best
understood with reference to FIG. 3. FIG. 3 is a hierarchical tree structure used
to model a Walsh code having a length of 64 for spreading a full rate voice
frame. A Walsh code W\ inqex, is located at a node in the tree structure identified
by the length, and an index identifying one of the Walsh codes of a particular
length. Any particular Walsh code is orthogonal to all other Walsh codes in the
tree structure, except for those of greater length branching from the Walsh
code. Thus, for example, four Walsh codes Was5 1 — Wass 4 With a length of 256
may be assigned. This means that a single Walsh code may be used to
support four % rate voice frames. Alternatively, if a Walsh code having a length
of 128 is assigned, W25 1 for example, then only two Walsh codes with a length
of 256 remain available: Was63 and Wass4. The Walsh codes branching from
the assigned code W25 1 with longer lengths are not orthogonal to the assigned
Walsh code W25 4, and therefore, may not be used to spread other channels.
The unavailable Walsh codes include Wass 1, Ws12.1, Ws122, Wass 2, Ws12.3, and
Ws124. Thus, in this second example with the Walsh code Wi251 being
assigned, the remaining possible Walsh code assignments include a number of
possibilities, which are given in Table 1 below.
Lgase_’“_l?vailabie Walsh Code Assignments
— -W:za,éW -

Wosg 3; Wase 4

Wz 3; Ws12.7; W28

Wass 4; Ws125; Wsi26

Al B W N

TABLE 1

[0030] The use of longer Walsh codes to support lower rate voice frames
may be implemented in any number of ways. One approach invoives dividing
the Walsh code space into dedicated channels and supplemental channels. A
Walsh code may be assigned to each subscriber station during call set-up to

support a dedicated forward link traffic channel. The Walsh code may have a
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length suitable to support a % rate voice frame. By way of example, if a 64x64
Walsh code is used to support full rate frames, each dedicated forward link
traffic channel may use a Walsh code having a length of 128. With this
approach, the number of Walsh codes consumed by the dedicated forward link
traffic channels is equal to %2 the number of subscriber stations communicating
with the base station. The dedicated forward link traffic channel may be used to

support forward link communications at %2, %, and 1/8 frame rates.

[0031] The supplemental channels may be used to support overtlow from the
dedicated forward link traffic channel when the voice frame is transmitted at full
rate. Since each subscriber station has a dedicated forward link traffic channei
supported by a Walsh code having a length of 128, a supplemental channel
supported by a Walsh code of the same length may be used to support a full
rate frame transmission. In other words, the subscriber station may use its
dedicated forward link traffic channel to transmit half the data in a 7z rate frame,
and use a supplemental forward link traffic channel to transmit the remaining

half of the data in a % rate frame, resulting in an effective full rate frame.

[0032] Dedicated forward link traffic channels supported by Walsh codes
having a length of 128 may underutilize the Walsh code resources for
communications at ¥ and 1/8 frame rates. Accordingly, the dedicated forward
link traffic channels may be supported by Walsh codes having a length of 256 or
512. This may result in a more efficient use of the Walsh code space, but adds
‘additional complexity to the task of managing the supplemental forward link
traffic channels. The actual length of the Walsh codes used to support the
dedicated forward link traffic channels will likely be based on performance
tradeoff between these competing factors, and likely vary depending on the
system application and the overall design constraints. It is conceivable that for
some system applications, the length of the Walsh code used to support the
dedicated forward link traffic channels may vary. By way of example, the base
station may assign a dedicated forward link traffic channel to one subscriber
station with a Walsh code having a length of 128, and assign a dedicated

forward link traffic channel to another subscriber station with a Walsh code
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having a length of 512. The manner in which the dedicated forward link traffic

channels are constructed are well within the capabilities of one skilled in the art.

[0033] FIG. 4 is a simplified functional block diagram of a subscriber station
in communication with the base station under control of the BSC. The BSC 108
includes many selector elements, although only one selector element 402 is
shown for simplicity. One selector element is dedicated to communications with
each subscriber station through one or more base stations. When a call is
initiated, a call element 404 may be used to establish a connection between the
selector element 402 and the subscriber station 104. A processor 406 may be
used to assign to the subscriber station 104 a Walsh code to support a
dedicated forward link traffic channel. The processor 406 may also be used to
allocate multiple Walsh codes to the subscriber station 104 to support a
supplemental forward link traffic channel. By allocating multiple Walsh codes to
the subscriber station 104, the processor 406 may maintain a certain degree of
flexibility to dynamically change the Walsh code assignment on the
supplemental forward link traffic channel, on a frame-by-frame basis, to achieve
the most efficient use of the code space across the base station’s .cellular
region. The Walsh code for the dedicated forward link traffic channel and the
allocated Walsh codes for the supplemental forward link traffic channel may be
transmitted from the processor 406 to the subscriber station 104 with the

exchange of signaling messages during call set-up.

[0034] The selector 402 may be configured to receive voice communications
in a pulse code modulation (PCM) format from the access network. The
selector element 402 may include a variable rate vocoder (not shown)
configured to convert the PCM voice into voice frames using any known voice
compression algorithm. The vocoder may be configured to communicate the
frame rate selected for each voice frame to the processor 406. For each full
rate frame transmission initiated by the vocoder, the processor assigns one
Walsh code from the multiple Walsh codes previously allocated to the
subscriber station 104 to handle the overflow from the dedicated forward link
traffic channel. This newly assigned Walsh code may then be signaled to the

base station 106.
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[0035] The base station 106 may include a voice queue 408 which buffers
the voice frames from the selector element 402 before transmission to the
subscriber station 104. The voice frame from the queue 406 may be provided
to a channel element 410. The channel element 410 may provide various
signal processing functions such as convolutional encoding including cyclic
redundancy check (CRC) functions, interleaving, scrambling with a long
nseudo-random noise (PN) code, and modulation using QPSK, 8-PSK, 16-

QAM, or any other modulation scheme known in the art.

[0036] The manner in which the modulated voice frames are handled in the
channel element 410 depends on the frame rate. If the voice frame is less than
full rate, then the modulated voice frame may be spread with the assigned
Walsh code for the dedicated forward link traffic channel. If, one the other
hand, the voice frame is at the full rate, then the voice frame may be separated
into two data streams. The first data stream may be spread with the assigned
Walsh code for the dedicated forward link traffic channel, and the second data
stream may be spread with the assigned Walsh code for the supplemental
forward link traffic channel. Either way, the channelized forward link voice
frames may be combined with other Walsh code overhead channels, and
quadrature modulated with short PN codes. The output of the channel element
410 may be provided to a transmitter 412 for filtering, amplification ana
upconversion to a carrier frequency before transmission over the forward link

from the base station 106 to the subscriber station 104 via an antenna 414.

- [0037] The forward link transmission may be received by an antenna 416 at
the subscriber station 104 and coupled to a receiver 418 for filtering,
amplification, and downconvertion to a baseband signal. The baseband signal
may be coupled to a demodulator 420 which provides various demodulation
functions including quadrature demodulation using the short PN codes,
despreading to recover the voice frames, and demodulation using the Inverse
modulation scheme employed at the base station (i.e., QPSK, 8-PSK, 16-QAM,
or any other modulation scheme known). A decoder 422 may be used to
provide various signal processing functions on the demodulated voice frames

such as de-scrambling using the long PN code, de-interleaving, decoding, and
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performing a CRC check function on the decoded voice frames. A vocoder 424
may be used to convert the voice frames into PCM voice using a

decompression algorithm compatible with the vocoder in the BSC 108.

[0038] The despreading function may be performed by despreading the
baseband signal with the assigned Walsh code for the dedicated forward link
traffic channel. The subscriber station 104 may be configured to perform blind
rate and code detection to determine whether a supplemental forward link traffic
channel is being used to carry a portion of the voice information. Blind rate and
code detection may be performed in the demodulator 420 by despreading the
baseband signal in each frame with the different Walsh codes allocated to the
subscriber station 104 to support overflow. For each of these Walsh codes, the
despread baseband signal may be provided to the decoder 422. | the CRC
check function is valid for the baseband signal, this means two things. First,
overflow has been sent on one of the supplemental forward link traffic channels
allocated to the subscriber station 104. Second, the overflow was intended for
that subscriber station 104 because a valid CRC check function means that the
baseband signal was successfully unscrambled in the decoder 422 by the long
PN code. The overflow may then be combined with the data carried on the .
dedicated forward link traffic channel and provided to the vocoder 424. |[f, on
the other hand, a valid CRC check function cannot be detected atter
sequencing through each of the Walsh codes allocated to the subscriber station
104 to handle overflow, then just the data carried on the dedicated forward link

traffic channel may be provided to the vocoder 424.

[0039] The location of the processor 406 is dependent on whether the
management of the Walsh code space is part of a centralized or distributed
system. By way of example, a distributed system may utilize a processor 406 Iin
every base station. In this configuration, the processor 406 for each base
station determines the Walsh code assignments for the subscribers station
within its cellular region. Conversely, a centralized system may utilize a single
processor 406 in the BSC 108 to coordinate the Walsh code assignments for
multiple base stations. A centralized approach may provide some advantages

during soft handoff where a subscriber station is communication with multiple
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base stations simultaneously. As a practical matter, the processor 406 wil
generally be physically located in close proximity to the vocoder o reduce the
interface complexity between the two. However, the processor 406 may be
located anywhere in the access network. For the purposes of clarity, the
processor 406 will reside in a communications station with the understanding
that the communications station may be a base station, a BSC, or any other

structure within the access network that houses the processor 406.

[0040] The processor 406 may be embodied in software capable of being
executed on a general purpose processor, a specific application processor, or in
any other software execution environment. In these embodiments, any
reference to the term processor shall be understood to means either the
software alone, or the software in combination with the general purpose
processor, specific application processor, or the software execution
environment. The software may reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, hard disk, removable
disk, CD-ROM, or any other storage medium known in the art. Alternatively, the
processor may be in implemented in hardware or in any combination of
hardware and software. By way of example, the processor may be
implemented with an application specific integrated circuit (ASIC), field
programmable gate array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, any combination
thereof, or any other equivalent or nonequivalent structure designed to periorm
" ohe or more of the functions disclosed herein. It is to b’e understood that the
any reference to the term processor for managing Walsh code assignments
may embrace all possible implementations disclosed herein as well as other

embodiments that would be apparent to those skilled in the art.

[0041] In at least one embodiment of the processor, the subscriber stations
o'perating within the base station’s cellular region may be divided into several
groups or pools, with each pool having a different set of the Walsh codes to
handle overflow. The number of Walsh codes assigned to each pool may be
less than the number of subscriber stations assigned to each pool. This

approach is based on a statistical determination that it is highly unlikely that
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every subscriber station in the pool will be transmitting at full rate
simultaneously. The actual number of Walsh codes that is assigned to each
pool is generally based on a tradeoff between increased efficiency in managing
the Walsh code space and the probability of Walsh code outage. Walsh code
outage is defined as an event where there is at least one subscriber station that
cannot be served with the minimum voice rate requested. To maintain a low
Walsh code outage, a margin should be applied above the average voice rate
when determining the total number of Walsh codes to be assigned to a pool.
This approach works better for larger pools with more subscriber stations
because of the lower margin required by the reduced statistical variance. This
actually works to the advantage of the skilled artisan designing a Walsh code
management system because as more subscriber stations communicate with
the base station, the more desirable it is to achieve better Walsh code space

management.

[0042] To achieve efficient Walsh code space management, the processor
should support a pool of subscriber stations with a small number of Walsh
codes allocated to each subscriber station to handle overflow, and achieve a
low probability of Walsh code outage. This may be achieved through a
mapping function that may be derived through simulations or by empirical or
mathematical analysis. An example of a mapping function using a matrix
operation will be described. In particular, a mapping function may be used to
create an assignment matrix to allocate the Walsh codes to each subscriber
station in the pool to handle overflow. The frame-by-frame Walsh code
assignment for each subscriber station in the pool that needs a supplemental
forward link traffic channel may be made from various permutations of the

assignment matrix.

[0043] To illustrate this mapping function, a pool having n subscriber stations
will be used. The variable k, where k<n, will be used to denote the total
number of Walsh codes assigned to the pool, or the total number of subscriber
stations that may receive full rate voice frames simultaneously. As explained
above, k may be determined by adding a margin to the number of Walsh codes

needed to support the average voice rate of the n subscriber stations. The
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variable / will be used to denote the number of Walsh codes allocated to each
subscriber station in the pool, or the number Walsh codes available to each
subscriber station from the pool to assign a supplemental forward link traffic
channel. The number of Walsh codes allocated to each subscriber station, /, is
optimal if it is as low as possible for a given n and k. The lowest value of /

satisfies the following equation:
| > k(n-k)/n (1)

[0044] All » subscriber stations will be numbered by 1,...,». All ¢ available
Walsh codes from the pool will be numbered by 1,...,kx. The Walsh codes

allocated to each subscriber station will be denoted by b; {l,...k}, i=L..n,
i=1..,. An assignment matrix may be constructed [5,], i=1...,n, j=1.., that

may be used to allocate 7 Walsh codes to each subscriber station. An example

of an assignment matrix [5;] is shown below with n = 6, k =4, and | = 2 (note,

that the n, k, and / values satisfy equation (1)):

(2)

[0045] In the above example, the processor allocates Walsh codes 1 and 2
to subscriber station 1, Walsh codes 2 and 3 to subscriber station 2, Walsh

codes 1 and 3 to subscriber station 3, and so on. The assignment matrix [b;]

has the following property: For each subset of k subscriber stations i,...,i, out of

their set {..,n}, there exist j,..j such that all o, ;... ; are different. An

assignment matrix with this property is said to have an assignment property,
and may be used to assign a different Walsh code to support a supplemental
forward link traffic channel to any & number of subscriber stations and
simultaneously transmit full rate voice frames to each of those subscriber

stations.
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[0046] An assignment matrix with an assignment property may be
constructed in a number of fashions, for example, by trial and error.
Alternatively, a systematic approach may be used. To best illustrate one

systematic approach, the assignment matrix [5,] will be represented as a binary

assignment matrix M=M(x,k,7). The Walsh codes allocated o each subscriber

station are determined by a binary row of length © with 7 number of "1"s and
k-1 number of “0”s. The row corresponding to the subscriber station i is the

row i of an nxk matrix denoted by M. If on position j, j=1..k, the row i of
the assignment matrix M has a “1”, this means that the code ; is one of the

Walsh codes allocated to the subscriber station i and available for assignment
to support a supplemental forward link traffic channel. By way of example, if the

Walsh codes 1, 3, and 5 are allocated to the subscriber station i=t, and =5,

then in the assignment matrix, row 1 of M is 1 0 1 0 1]. The binary

assignment matrix M(n,k,/) for the non-binary assignment matrix [5,] (2) Is

1100

0110 | |

1010 !

M(n,k,l) = 3
(kD) =| (3)

0101

0011 |

[0047] The assignment matrix with the assignment property M may be
created using either a first or second construction. The first construction of the
assignment matrix M will be described before the second construction with the
understanding that the second construction is used to create the assignment

matrix given by (3).

[0048] An assignment matrix M having the first construction may be created
by distributing “1”s starting in the left-most column of row 1 and moving from left
to right for / number of consecutive columns. Next, k-/ number of "0°s may be
distributed in row 1 starting with the column to the immediate right of the last "1"
and moving from left to right in consecutive columns to the end of the row. The

assignment matrix for row 1 of M becomes [t .. 1 0 .. 0]. The second row of

the matrix M may be derived by a right horizontal shift of the row immediately
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above it by one position. The assignment matrix for row 2 of M becomes [0 1
... 10 ...0], and so on up to the row k-I+1 that becomes [0...0 1...1]. After the
row k-I+1 , the last “1” goes to the left-most column of the next row giving a
cyclic shift. Thus the row k-l becomes [1 0...0 1..1] and so on. This process
continues until all n rows of the matrix M are complete. The constructed binary

matrix M has the assignment property for k=n/2, I=(k+1)/2, n=6+4i, i€{0,,...} .

[0049] The second construction of the assignment matrix M has k=(n/2)+1, |
= k/2, n=6+4i, ie{0l..} (note that ¢ is even), and may be created as follows.
The upper left (x-1)x(k-1) submatrix of M is such that its row ; constitutes a
horizontal cyclic shift to the right (j-1) positions of the row 1 .. 1 0 .. 0]

which has 7=%/2 number of “1”s and kt—-I!—-1 number of “0"s. The last column of

the upper (k-l)xksubmatrix of M includes all “0"s. The Ilower left
(k—1)x (k-1)submatrix of M is such that its row j constitutes a horizontal cyclic
shift to the right (j-1 positions of the row [t .. 1 0 .. 0] which has /-1

number of “1”s and k-I number of “0”s. The last column of the lower

(k—1)xk submatrix of M includes all “1”s. This construction of M is called the

second construction. The assignment matrix M (3) is an example of the second

construction.

[0050] Once an assignment matrix is constructed for a pool of subscriber
stations, and the various / Walsh codes are allocated to each of the n subscriber
stations in the pool, the Walsh code assignments may then be made to each
 subscriber station requiring a full rate frame. This may be achieved by
constructing a binary & xk matrix ‘denoted by K composed by & rows of the nxk

matrix M(,k,7). If an assignment matrix M(»,k,7) has the assignment property
then for any & rows of M(,k,7), which compose K, there is a permutation of

rows K giving a binary kxx matrix G with all “1”s in the main diagonal.

[0051] The construction of the K matrix depends on the resource demands
of the subscriber stations. By way of example, if subscriber stations i,

i=23.45, each require a full rate voice frame, then the K matrix constructed

from the assignment matrix M (n,k,/) given by (3) is
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10110 Subscriber station 2
1010 Subscriber station 3 | ( 4)
1001 Subscriber station 4
| 0101 Subscriber station 5

K =

[0052] Next, a permutation of the K matrix (4) may be found that resulis in G

matrix having all “1”s in the main diagonal as shown below:

0110 Subscriber station 2 1001 Subscriber station 4 |
1010 Subscriber station 3 | 0110 Subscriber station 2
K =] | | —> G= . . (9)
1001 Subscriber station 4 1010 Subscriber station 3
__0101 Subscriber station S _0101 Subscriber station S |

[0053] Once the G matrix is constructed, the Walsh code assignments may

be made. In the above example, subscriber station 4 may be assigned Walsh
code 1, subscriber station 2 may be assigned Walsh code 2, subscriber station

3 may be assigned Walsh code 3, and subscriber station 5 may be assigned

Walsh code 4.

[0054] The manner in which the G matrix is derived from the K matrix may

be simplified for the matrices M of the first and second constructions. More
specifically, for any & chosen rows of Mthat give the binary ixtfmatrix X, a
vertical cyclic shift of K results in a rxktmatrix that has all "1°s in the main
diagonal. For the purposes of illustration, an assignment matrix M will be used
| with 22 subscriber stations in the pool, »=22, and 11 Walsh codes assigned o
that pool, x=11. From equation (1), the number of Walsh codes that should be
allocated to each subscriber station in the pool cannot be less than 6 and in the

illustrative assignment matrix, 7=6. A binary nxk assignment matrix M of the

first construction may be given by:
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[0055] Next, a kxk matrix K may be constructed for any k rows of the

assignment matrix M (6). An example of a kxk matrix K is shown below.

]

row 13 ofM‘I
row 30f M

o O O O O O

0

0

0 rowldof M
0 rowdof M
0 rowlSofM
0

1

1

1

1

1

row 16 of M (7)
row 6 of M
row 8of M
row 9of M
row 200f M |
rowllofM_l

1
0
0
0
0
0
0
1
1
1
1

— D O OO O = e e =
—_— O OO O = e e e ped
O O O = e e e e =
O OO O = e e e e ed
D OO = ek e peml el e eed OO
O b e e e e = R OO O O
O = = = = O O O O O

1
1
1
0
0
0
0
0
1
1
1

)_11.._.\;_1)...40

[

The order of rows in K is almost the same as in M. If any two identical rows of

M participate in K, they follow each other.

[0056] [n the above example of the K matrix given by (7), subscriber stations

i, for example, i=3,4,68,9,1113,14,15,16,20, each require a supplemental channel.to

support a full rate voice frame. The Walsh code assignments may be generated
by vertically shifting the K matrix given by (7) by four rows to obtain the

following G matrix.

[1 1 00000111 1 rowllofM]

1 11 00 0 0 0111 row13ofM;
1 1100 00 O0T1T1 1 row3ofM |
1111100000 1 rowldof M|
10 1 1 1111 0 0 O 0 rowdof M

G=[0 01 1111100 0 rowl5ofM (8)
’O 01 11 111 00 0 rowl6ofM
O 0011111100 row6ofM
0 001 1111100 row8ofM
0 0001 11 111 0 row9ofM
[O 0 0001 1 11 1 1 row200fM
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[0067] Once the G matrix is constructed, the Walsh code assignments may
be made. In the above example, subscriber station 8 may be assigned Walish
code 1, subscriber station 9 may be assigned Walsh code 2, subscriber station
20 may be assigned Walsh code 3, subscriber station 11 may be assigned

Walsh code 4, subscriber station 13 may be assigned Walsh code 5, and so on.

[0058] The first and second constructions give the matrices M with the
assignment property that are optimal in sense that they have the minimal / for a
given n and k. If any w rows of any matrix M(n,k,/) of the first or second
construction are removed, the resulting matrix M’(n-w,k,/) continues to have the
assignment property. This means that the removal of the rows resulits in a
matrix with the assignment property for any »>%, and not just for »=6+4i,

i<{0,,..} as above. The matrices M’(n-1,k,l) are optimal in sense that they have

the minimal / for a given n in the first construction and for any given n>11 in the

second construction.

[0059] FIG. 5 is a flow diagram that illustrates the operation for at least one
embodiment of the processor. In step 502, the assignment matrix M may be
initialized. This may entail nothing more than retrieving a preprogrammed
assignment matrix M from memory, or alternatively, may involve the creation of
the assignment matrix M using the procedures outlined above. The processor
may use a single or multiple assignment matrices M to support the subscriber
station pools. The assignment matrix M may be static to conserve processing
resources, or alternatively may be dynamically adjusted to accommodate
varying operating conditions. By way of example, if the processor is
experiencing a high percentage of Walsh outages, the assignment matrix M
could be regenerated with more Walsh codes assigned to each pool. If, on the
other hand, the occurrences of Walsh outages are virtually non-existent, the
processor may reconstruct a more aggressive assignment matrix M with less
Walsh codes assigned to each pool. In any event, once the assignment matrix
M is Initialized, the proceésor iIs ready to support communications with

subscriber stations in the base station’s cellular region.

[0060] In step 504, the processor may be configured to monitor the active

calls between the base station and the various subscriber stations. The call
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element may be used to signal the processor when new calls are established
and existing calls are terminated in the base station’s cellular region. If a new
call is established, a dedicated Walsh code may be assigned in step 506 to
support a forward link traffic channel. The processor may also use the
assignment matrix M to allocate a number of Walsh codes to the new call In
step 508 to support a supplemental forward link traffic channel. If an existing
call is terminated, then its dedicated Walsh code may be released in step 506,
and its allocated Walsh codes from the assignment matrix M may also be
released in step 508. In any event, the processor continues to monitor the call

element in step 504 as the processor dynamically assigns and allocates Walsh

codes.

[0061] The subscriber station pools may be modified by the new Walsh code
allocations and de-allocations as they occur. Alternatively, the subscriber
stations pools may be modified periodically by holding the new Walsh code
allocations and de-allocations in step 510 until a periodic update command is
received. The latter approach is illustrated in FIG. 5. In this configuration, the
subscriber station pools are modified periodically in step 512, yet the Walsh
code assignments for the supplemental forward link traffic channels may be

made on a frame-by-frame basis.

[0062] In step 514, the communications for the active calls may be encoded
using a vocoder or similar device. The full rate frame requirements may then be
reported back to the processor. In response to the full rate frame requirements,
the processor may construct a K matrix for each subscriber station pool in step
516. The K matrix for each subscriber station pool may then be manipulated in
step 518 to generate the G matrices. In step 520, the G matrices may used by
the processor to assign a Walsh code 1o each subscriber station with a full rate
frame requirement to support a supplemental forward link traffic channel. Once
the Walsh code assignments are completed, a decision may be made in step
522 as to whether the subscriber station pool Walsh code allocations and de-
allocations should be modified to reflect the new and recently terminated calls

before the next frame is encoded.
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[0063] The various illustrative logical blocks, modules, and circuits described
In connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors Iin conjunction with a DSP core, or any other such

configuration.

[0064] 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 may read
information from, and write information to, the storage medium. In the
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 anywhere in the access network. In the alternative, the processor and
the storage medium may reside as discrete components anywhere in the

access network.

[0065] 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



CA 02529928 2005-12-20

WO 2005/002274 PCT/US2004/018993
23

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

principles and novel features disclosed herein.

WHAT IS CLAIMED IS:
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CLAIMS

1. A method of communications, comprising:

dividing a plurality of subscriber stations into a plurality of groups;

assigning a different plurality of orthogonal codes to each of the
groups, the number of the orthogonal codes assigned to one of the groups
being less than the number of subscriber stations in said one of the groups;

encoding communications to one of the subscriber stations in said
one of the groups at a data rate; and

determining whether to spread at least a portion of
communications to said to one of the subscriber stations with one of the
orthogonal codes assigned to said one of the groups as a function of the data

rate.

2. The method of claim 1 further comprising allocating to said one of the
subscriber stations one or more of the orthogonal codes assigned {o said one of
the groups, said one of the orthogonal codes being selected from the one or

more of the orthogonal codes allocated to said one of the subscriber stations.

3. The method of claim 1 further comprising allocating to each of the
subscriber stations in said one of the groups one or more of the orthogonal
codes assigned to said one of the groups, and using each of the orthogonal
codes in said one of the groups to spread at least a portion of communications
to different subscriber stations in said one of the groups, the orthogonal code
being used to spread said at least a portion of the communications to each of
the different subscriber stations being selected from the respective one or more

of the codes allocated thereto.

4. The method of claim 1 further comprising spreading a second portion
of the communications to said one of the subscriber stations with a second
orthogonal code different from each of the orthogonal codes assigned to the

groups.
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5. The method of claim 4 wherein the data rate of the communications
comprises a full rate and less than a full rate, and wherein said at least a portion
of the communications to said one of the subscriber stations is spread with said
one of the orthogonal codes when the data rate of the communications is the
full rate, and wherein said at least a portion of the communications to said one
of the subscriber stations is not spread with said one of the orthogonal codes

when the data rate of the communications is less than the full rate.

6. A communications station, comprising:

a processor configured to divide a plurality of subscriber stations
into a plurality of groups, and assign a different plurality of orthogonal codes to
each of the groups, the number of the orthogonal codes assigned to one of the
groups being less than the number of subscriber stations in said one of the
groups; and

an encoder configured to encode communications to one of the
subscriber stations in said one of the groups at a data rate;

wherein the processor is further configured to determine whether
to spread at least a portion of the communications to said one of the subscriber
stations with one of the orthogonal codes assigned to said one of the groups as

a function of the data rate.

7. The communications station of claim 6 wherein the orthogonal codes

assigned to said one of the groups each have the same length.

8. The communications station of claim 6 wherein the processor is
further configured to allocate to said one of the subscriber stations one or more
of the orthogonal codes assigned to said one of the groups, said one of the
orthogonal codes being selected from the one or more of the orthogonal codes

allocated to said one of the subscriber siations.

9. The communications station of claim 6 wherein the encoder is further
configured to encode communications to the subscriber stations in said one of

the groups, and wherein the processor is further configured to allocate one or
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more of the orthogonal codes assigned to said one of the groups to each of the
subscriber stations in said one of the groups, and use each of the orthogonal
codes in said one of the groups to spread at least a portion of the
communications of different ones of the subscriber stations in said one of the
groups, the orthogonal code being used to spread said at least a portion of the
communications to each of the different ones of the subscriber stations being

selected from the respective one or more of the codes allocated thereto.

10.The communications station of claim 9 wherein a different
combination of the orthogonal codes are allocated to each of the subscriber

stations in said one of the groups.

11.The communications station of claim 9 wherein a same combination
of the orthogonal codes are allocated to a plurality of the subscriber stations in

said one of the groups.

12.The communications station of claim 6  further comprising a
modulator configured to spread a second portion of the communications to said
one of the subscriber stations with a second orthogonal code different from

each of the orthogonal codes assigned to the groups.

13.The communications station of claim 12 wherein the data rate of the
communications comprises a full rate and less than a full rate, the
communications station further comprising a modulator configured to spread
said at least a portion of the communications to said one of the subscriber
stations when the data rate of the communications is the full rate, and not
spread said at least a portion of the communications to said one of the
subscriber stations when the data rate of the communications is less than the

full rate.

14.The communications station of claim 13 wherein the less than full

rate comprises a data rate equal to Y2 the full rate.
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15.The communications station of claim 14 wherein the less than full
rate comprises a data rate equal to % the full rate and a data rate equal to 1/8

the full rate.

16.The communications station of claim 15 wherein the encoder

comprises a vocoder.

17.A communications station, comprising:

means for dividing a plurality of subscriber stations into a plurality
of groups;

means for assigning a different plurality of orthogonal codes to
each of the groups, the number of the orthogonal codes assigned to one of the
groups being less than the number of subscriber stations in said one of the
groups;

means for encoding communications to one of the subscriber
stations in said one of the groups at a data rate; and

means for determining whether to spread at least a portion of the
communications to said one of the subscriber stations with one of the
orthogonal codes assigned to said one of the groups as a function of the data

rate.

18. A communications station, comprising:
memory having an assignment matrix having n rows, k columns, /
number of ones in each of the rows, and k-/ number of zeros In each of the
rows, where n = a number of subscriber stations assigned to a group, k equals
a number of orthogonal codes assigned to the group, and / = a number of the
orthogonal codes allocated to each of the n subscriber stations from the k
number of orthogonal codes assigned to the group;
means for constructing a second matrix having k rows selected
from the assignment mairix; each of the k rows corresponding to one of k

subscriber stations selected from the n subscriber stations;
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means for permuting the rows of the second matrix such that a
diagonal extending from the first column to the kih column comprises all ones;
and

means for assigning one of the k orthogonal codes to each of the

K subscriber stations as a function of the permuted second matrix.

19. The communications station of claim 18 wherein / is the lowest
integer that satisfies the following equation:
[ > k(n-k)/n.

20. The communications station of claim 18 wherein the means for
permuting the rows of the second matrix comprises means for cyclically shifting
the rows of the second matrix vertically until the diagonal extending from the

first column to the kth column comprises all ones.

21. The communications station of claim 18 wherein k = n/2, | =

(k+1)/2, and n = 6+4i, where i is any non-negative integer.

I

22. The communications station of claim 18 wherein k = (n/2)+1, |

k/2, and n = 6+4i, where i is any non-negative integer.

23. The communications station of claim 18 wherein kK = n/2, |

(k+1)/2, and n = 5+4i, where i is any non-negative integer.

24. The communications station of claim 18 wherein k = (n/2)+1, | =

k/2, and n = 5+4j, where i is any integer greater than 1.

25. The communications station of claim 18 wherein the assignment
matrix includes all ones in the first / columns of the first row and all zeros in the
remaining columns of the first row, and wherein each of the remaining rows of
the assignment matrix are cyclically shifted horizontally by one bit from the row

iImmediately above it.
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26. The communications station of claim 18 wherein the assignment
matrix comprises a submatrix comprising the first k-7 columns, the submatrix
comprising all ones in the first / columns of the first row and all zeros in the
remaining columns of the first row, and wherein each of the remaining rows of
the submatrix are cyclically shifted horizontally by one bit from the row
immediately above it, and wherein the kih column includes all zeros in the upper

n/2 rows and all ones in the lower n/2 rows.

27. The communications station of claim 18 further comprising means
for constructing an intermediate matrix including all ones in the first / columns of
the first row and all zeros in the remaining columns of the first row, and wherein
each of the remaining rows of the intermediate matrix are cyclically shifted
horizontally by one bit from the row immediately above it, and wherein the
assignment matrix comprises n rows from the intermediate matrix, where n is

less than or equal to the number of rows in the intermediate matrix and n 2 k.

28. The communications station of claim 18 further comprising means
for constructing an intermediate matrix having a number of rows and k columns,
the intermediate matrix including a submatrix comprising the first k-7 columns,
the submatrix comprising all ones in the first / columns of the first row and all
zeros in the remaining columns of the first row, and wherein each of the
remaining rows of the submatrix are cyclically shifted horizontally by one bit
from the row immediately above it, and wherein the kth column of the
intermediate matrix includes all zeros in the upper half of the rows and all ones
in the bottom half of the rows, and wherein the assignment matrix comprises n
rows from the intermediate matrix, where n is less than or equal to the number

of rows in the intermediate matrix and n = k.
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