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APPARATUS AND METHOD FOR ALLOCATING ORTHOGONAL CODES
IN CDMA COMMUNICATION SYSTEM HAVING VARIABLE RATE
CHANNEL STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a spreading device and method for a
CDMA communication system, and in particular, to a device and method for
allocating orthogonal codes in a variable data rate channel structure and spreading
channels according to the allocation results.

2. Description of the Related Art

In order to increase channel capacity, a CDMA (Code Division Multiple
Access) communication system spreads channels using orthogonal codes. For
example, a forward link of an IMT-2000 system performs channel spreading using
orthogonal codes. A reverse link can also perform channel spreading using the
orthogonal codes through time alignment. An example of an orthogonal code that is
typically used is a Walsh code. The number of available orthogonal codes is
determined depending upon a modulation method and a minimum data rate.

The IMT-2000 system supports a data transmission service using a
Supplemental Channel. The data being transmitted over the supplemental channel
may include moving picture data (or circuit data), which should be transmitted in real
time, and general packet data. Such data is transmitted at variable rates. For example,
the Supplemental Channel can support data rates of 9.6Kbps, 19.2Kbps, 38.4Kbps,
76.8Kbps, 153.6Kbps, 307.2Kbps and 614.4Kbps. The Walsh code has Walsh lengths
(or spreading factors) of 256, 128, 64, 32, 16, 8 and 4 according to the respective data
rates. In addition, a Forward Common Control Channel (F-CCCH) of the IMT-2000
system also supports the variable data rates. For example, the Common Control
Channel can support the data rates of 9.6Kbps, 19.2Kbps and 38.4Kbps. At this point,
the Walsh codes have Walsh lengths (or spreading factors) of 256, 128 and 64
according to the respective data rates.

In the variable data rate channel scheme, a channel frame is transmitted at a
specific rate, and the data rate can be varied during the frame transmission according
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to changes in the channel environment. In other words, when the channel environment
improves during data transmission, the data transmission rate can be increased to a
higher data rate. Otherwise, when the channel environment deteriorates, the data
transmission rate can be decreased to a lower data rate. For example, the data rate of
19.2 Kbps can be varied to the higher data rates of 38.4Kbps to 614.6 Kbps when the
channel environment improves during the transmission, otherwise, the data rates of
19.2Kbps can be varied to the lower data rate of 9.6Kbps when the channel
environment deteriorates. Here, the channel environment refers to all the factors
which can affect the data transmission. An increase in the data rate according to the
channel environment causes a decrease in the Walsh length, thus making it difficult to
allocate the Walsh codes. FIG. 3 is a diagram for explaining such problems. Before
describing the problems, a reference will first be made to FIGS. 1 and 2.

FIG. 1 shows a structure of the general Walsh code set. Referring to FIG. 1, a
Walsh code set W is comprised of N Walsh codes having a Walsh length N, and can
be divided into 4 Walsh code sets of length N/2. If it is assumed that a set of N/2
Walsh codes having a Walsh length N/2 is defined as a Walsh code set W’, the two
upper Walsh code sets of length N/2 are equivalent to the twice-repeated Walsh code
set W’. Further, the lower left Walsh code set of length N/2 is equivalent to the above
Walsh code set W’, and the lower right Walsh code set of length N/2 is equivalent to
an inverted Walsh code set #'. For inversion of the Walsh code, a bit ‘1’ is converted
to ‘0’ and a bit ‘0’ to ‘1°.

Equation (1) below shows how to derive a Walsh code set of length 4 from a
Walsh code set of length 2, in order to bring a better understanding of the Walsh code
structure of FIG. 1. That is, the Walsh code set of length 4 corresponding to the above
stated Walsh code set W, and the Walsh code set of length 2 corresponding to the
above stated Walsh code set W’.

[Equation 1]

o -

o O o O
- O = O
— = O O
O = = O
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FIG. 2 shows a Walsh code set of length 256, which is obtained using the
method of Equation (1). Referring to FIG. 2, a Walsh code set W is comprised of 256
Walsh codes having a Walsh length 256, and can be divided into 4 Walsh code sets of
length 128. If it is assumed that a set of 128 Walsh codes having a Walsh length 128 is
defined as a Walsh code set W’, the two upper Walsh code sets of length 128 are
equivalent to the twice-repeated Walsh code set W’. Further, the lower left Walsh
code set of length 128 is equivalent to the above Walsh code set W’, and the lower

right Walsh code set of length 128 is equivalent to an inverted Walsh code set W'.

In addition, if it is assumed that a set of 64 Walsh codes having a Walsh
length 64 is defined as a Walsh code set W”, the two upper Walsh code sets of length
64 of each Walsh code set W” are equivalent to the twice-repeated Walsh code set W”.
Further, the lower left Walsh code set of length 64 of each Walsh code set W” is
equivalent to the above Walsh code set W”, and the lower right Walsh code set of

length 64 is equivalent to an inverted Walsh code set W". Here, the structure of the
Walsh code set W’ is commonly applied to all the Walsh code sets W’ constituting the
Walsh code set W. Further, the Walsh code set W' is also constituted in the same
structure as that of the Walsh code set W’ as disclosed in the above. By using such

structure of the Walsh codes, it is possible to reduce an interference (or correlation)
between the users.

FIG. 3 shows a correlation between two users according to the Walsh codes
when the data rate is variable according to the channel environments. Referring to
FIG. 3, a first user uses an 8" Walsh code (which is a Walsh code having a Walsh
number 8) at a data rate of 38.4Kbps. A Walsh code of length 64 should be used to
transmit data at the data rate of 38.4Kbps. Therefore, the data of the first user is
spread with an 8" Walsh code of length 64 and transmitted at the data rate of
38.4Kbps as stated above. At this data rate, it is possible to transmit 4 times the data
which can be transmitted at the data rate of 9.6Kbps. This becomes apparent when
compared with the data transmission method of a fourth user, who transmits the data
at the data rate of 9.6Kbps using an 8" Walsh code of length 256. More specifically,
with regard to the data transmission method of the first user, a first code symbol is
spread with a first 64-chip Walsh code (i.e., first 64 chips of the 8" Walsh code), a
second code symbol is spread with a second 64-chip spreading code (i.e., second 64
chips of the 8" Walsh code), a third code symbol is spread with a third 64-chip Walsh
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code (i.e., third 64 chips of the 8" Walsh code), and a fourth code symbol is spread
with a fourth 64-chip Walsh code (i.e., fourth 64 chips of the 8" Walsh code).

A second user uses the 8" Walsh code at a data rate of 19.2Kbps. A Walsh
code of length 128 should be used to transmit data at the data rate of 19.2Kbps.
Therefore, the data of the second user is spread with the 8" Walsh code of length 128
and transmitted at the data rate of 19.2Kbps. At this data rate, it is possible to
transmit 2 times the data which can be transmitted at the data rate of 9.6Kbps. This
becomes apparent when compared with the data transmission method of the fourth
user, who transmits the data at the data rate of 9.6Kbps using the 8™ Walsh code of
length 256. More specifically, with regard to the data transmission method of the
second user, a first code symbol is spread with a first 128-chip Walsh code (i.e.,
leading 128 chips of the 8" Walsh code), and a second code symbol is spread with a
second 128-chip Walsh code (i.e., following 128 chips of the 8" Walsh code).

A third user uses a 72™ Walsh code of length 128 at the data rate of 19.2Kbps.
Two transmission symbols are spread with the corresponding 128-chip Walsh codes
(72" Walsh code).

Further, the fourth to seventh users use their unique Walsh codes of length
256 at the data rate of 9.6Kbps. Each transmission symbol is spread with a 256-chip
Walsh code. The unique Walsh codes used by the fourth to seventh users are 8%, 72"
136™ and 200" Walsh codes, respectively.

Next, reference will be made to an interference among the users using the
different data rates and Walsh codes.

First, a description will be made of an interference between the first user and
the third user on a 64-chip unit basis. The first symbol of the first user and the
corresponding duration of the third user are spread with the same Walsh code W8,
thus causing an interference between the first user and the third user. That is, at the
corresponding duration, the first user has an interference with the third user. This
interference also occurs at the third symbol duration of the first user and the
corresponding chip duration of the third user. Therefore, while transmitting the data
of the first user, it is not possible to transmit the data of the third user.
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Next, a description will be made of an interference between the first user and
the fifth to seventh users on the 64-chip unit basis. The first symbol of the first user
and the corresponding duration of the fifth to seventh users are spread with the same
Walsh code W8, thus causing an interference between the first user and the fifth to
seventh users. That is, at the corresponding duration, the first user has a interference
with the fifth to seventh users. This interference occurs at the third symbol duration
of the first user and the corresponding chip duration of the fifth user; at the second
symbol duration of the first user and the corresponding duration of the sixth user; and
at the fourth symbol duration of the first user and the corresponding duration of the
seventh user. Therefore, while transmitting the data of the first user, it is not possible
to transmit the data of the fifth to seventh users.

In other words, when there exists a user using a Walsh code of short length
such as the first user, the users using Walsh codes of the longer length cannot use
some of the Walsh codes due to the bad correlation property.

For example, when there exists a user using an n-th Walsh code W, (0<n<64)
of length 64 for a Walsh code of full length 256, a user using the longer Walsh length
cannot use not only the n-th Walsh code W, but also (n+64)th, (n+128)th and
(n+192)th Walsh codes W, .51, W1105 and W, ,4,. That is, several Walsh codes cannot
be used because of one user. At this point, an increase in the data rate of the user will

cause a decrease in the Walsh length, thus increasing the number of unavailable Walsh
codes.

As stated above, the data rate of the users varies depending on the channel
environment, and the maximum data rate is initially determined by a base station.
After determination of the maximum data rate, the unavailable Walsh codes are -
determined. At this point, it should be noted that the user does not always
communicate at the maximum data rate. Therefore, not using the Walsh codes which
are unavailable for the maximum data rate, even when communication is performed at

a data rate lower than the maximum data rate, resulting in the inefficient use of the
Walsh codes.

SUMMARY OF THE INVENTION
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It is, therefore, an object of the present invention to provide a device and
method for making it possible to use some of the unavailable. orthogonal codes when
the user communicates at a non-maximum data rate in a CDMA communication
system having a variable data rate channel structure.

It is another object of the present invention to provide an orthogonal code
allocation device and method for maximizing utilization efficiency of Walsh codes
according to a variation of the data rate in a CDMA communication system having a
variable data rate channel structure.

It is further another object of the present invention to provide a device and
method for generating a Walsh code pool to increase utilization efficiency of the
Walsh codes.

To achieve the above objects, there is provided a channel spreading device for
a CDMA communication system. The channel spreading device includes a storage
medium for storing orthogonal code numbers which cannot maintain an orthogonality
when an orthogonal code for a maximum data rate is used; a controller for
determining whether the respective orthogonal code numbers stored in the storage
medium are available at a given data rate, when at least one data user requests data
transmission at the given data rate, and outputting the determined available orthogonal
code numbers and control signals according to the determination result; a plurality of
channel transmitters, provided in association with the orthogonal code numbers from
the controller, for spreading data from the data user with an orthogonal code
corresponding to the orthogonal code number from the controller; and a plurality of
multipliers for multiplying outputs of the channel transmitters by control signals from
the controller.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention
will become more apparent from the following detailed description when taken in
conjunction with the accompanying drawings in which:

FIG. 1 is a diagram illustrating a structure of a general Walsh code set;

FIG. 2 is a diagram illustrating a set of Walsh codes having a Walsh code
length of 256;
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FIG. 3 is a diagram for explaining an interference occurring between users
when the Walsh codes are allocated in a conventional method;

FIG. 4 is a block diagram illustrating a channel spreading device for
controlling channel transmitters depending on a Walsh pool, according to an
embodiment of the present invention;

FIG. 5 is a block diagram illustrating the channel transmitter of FIG. 4;

FIG. 6 is a flow chart illustrating a procedure for generating a Walsh pool in
the Walsh pool generator of FIG. 4; and

FIGS. 7 and 8 are flow charts illustrating a procedure for generating control
signals for the Walsh users by the controller of FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be described herein
below with reference to the accompanying drawings. In the following description,
well-known functions or constructions are not described in detail since they would
obscure the invention in unnecessary detail.

The terms “orthogonal spreading” and “channel spreading” as used herein
have the same meaning, and the terms “orthogonal code and Walsh code as used
herein also have the same meaning. Further, the term “user” refers to a subscriber
requiring data transmission, and refers to data of a corresponding channel from the
viewpoint of the system.

The invention will be described with reference to an embodiment wherein an
IMT-2000 base station performs channel spreading by using the Walsh code as stated

above, and the invention can also be applied to the systems using the different data
rates.

In the following embodiment, description will be made regarding a device
utilizing the Walsh codes and a method therefor.

Conventionally, a user using an n-th Walsh code W, (0<n<64) of length 64
for a Walsh code of full length 256 cannot operate simultaneously with a user, using
not only the n-th Walsh code W, but also (n+64)th, (n+128)th and (n+192)th Walsh
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codes (W61, Wiii2s and W05y and having a longer Walsh length. If it is assumed
that a primary user uses an n-th Walsh code W, (0<n<R) of length R for the maximum
data rate, a set {W,,;z| 0<i<(256/R)}, where 256 indicates the full length of the Walsh

code, will be referred to as a Walsh pool. In the above case, the Walsh pool is
{Wnswn+64swn+128awn+l92} .

In addition, when the user uses a data rate lower than the determined
maximum data rate, there is an available Walsh code in the Walsh pool. Therefore, a
description will be made of a device for transmitting the user data, which can be
transmitted discontinuously, at an available data rate. For example, the supplemental
channel supports a circuit data user for transmitting real-time data such as moving
pictures and a packet data user for transmitting packet data such as E-mail, which can
be transmitted discontinuously. The circuit data user cannot tolerate delay in data
transmission because the moving picture should be transmitted continuously.
However, the packet data user can tolerate some delay in data transmission because
the E-mail can be transmitted discontinuously. Therefore, when there exists a circuit
data user, it is determined whether there is any available Walsh code. When there is
an available Walsh code, the Walsh code is first allocated to the circuit data user. At
this moment, by defining the circuit data user as a primary user, a Walsh pool
according to the Walsh length corresponding to the maximum data rate is created.
Thereafter the available Walsh codes in the created Walsh pool are allocated to the
packet data users, who can tolerate the transmission delay. Therefore, when the
circuit data user decreases its data rate, an available Walsh code in the Walsh pool, if
any, 1s allocated to the packet data user to transmit the packet data. However, when

the circuit data user uses the maximum data rate, all the packet data users are
suspended.

More specifically, the Walsh pool is allocated on the basis of the circuit data
user. Thereafter, when there exists a packet data user, a Walsh number in the Walsh
pool is allocated for the packet data user. Further, when there exist several circuit data
users, thus several corresponding Walsh pools are created and there exists a new
packet data user, one of the Walsh numbers is selected from the Walsh pool according
to priority of the packet data user. For example, when the packet data user having the
higher priority attempts a call, a Walsh code guaranteeing the better service is selected
from the several Walsh pools. Otherwise, when the packet data user having the lower
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priority attempts a call, a Walsh code having a higher probability of service delay is
selected from the several Walsh pools. Further, when there existed several small-
sized Walsh pools and the circuit data user having the maximum data rate attempts a
call, the circuit data user will create its Walsh pool. At this point, there may exist a
Walsh pool not having the availability of new creation of Walsh pool but having
already created small-sized Walsh pools. In this circumstance, when there exists a
circuit data user using a Walsh code in the small-sized Walsh pools, a new Walsh pool
will not be created. Otherwise, when there does not exist a circuit data user using a
Walsh code in the small-sized Walsh pools, a large Walsh pool including the small-
sized Walsh pool is created. When constituting the new Walsh pool including the
existing Walsh pools, the Walsh code numbers of packet data users in communication
may be newly allotted according to the changes of the Walsh pools or may include the
existing Walsh pools naturally, maintaining the allotted Walsh code numbers.

The present invention will be only described with reference to an embodiment
wherein the Walsh pool is created on the basis of the circuit data user in the
Supplemental Channel. However, the invention can also be applied to the case where
the Walsh pool is created on the basis of the user having the higher priority packet
data in the variable data rate channel structure and the Walsh codes in the Walsh pool
are allocated for the other users. Further, the invention can also be applied to the
Forward Common Control Channel. In this case, data transmission is performed at
the variable data rate, but there exists no circuit data user. Therefore, when the
invention is applied to the Forward Common Control Channel, the circuit data user
can be replaced by the control channel having the higher priority.

Embodiment

FIG. 4 shows a device for controlling transmission of several channels using a
Walsh pool according to an embodiment of the present invention. Referring to FIG. 4,
when there exists a circuit data user, it is determined whether there are any available
Walsh codes, and when there exists an available Walsh code, the Walsh code is first
allocated to the circuit data user. This circuit data user will be referred to as a primary
user. A Walsh length corresponding to the maximum data rate for the primary user is
provided to a Walsh pool generator 404. Then, the Walsh pool generator 404
calculates a Walsh pool, which is a set of the Walsh code numbers and length which
are unavailable when the circuit data user communicates at the maximum data rate,
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and stores the calculated Walsh pool in a memory 402. Thereafter, data rate
information for one circuit data user, who communicates with a Walsh code number in
the Walsh pool in the Walsh pool stored in the memory 402, and a plurality of packet
data users can be provided Walsh code numbers in the Walsh pool by a controller 400.
The controller 400 then examines the data rate of the circuit data user to determine
whether there exists any available Walsh code number in the Walsh pool for the data
rate of the packet data user. When there exists an available Walsh code numbers, a
specific packet data users assigned the available Walsh code numbers can transmit the
packet data. However, for the other packet data users to which the available Walsh
code numbers are not allocated, the controller 400 generates control signals for
suppressing transmission of the packet data, and provides the generated control
signals to associated multipliers 430-436. The multipliers 430-436 are controlled by
the control signals from the controller 400 to selectively control the outputs of the
channel transmitters 420-426. Upon receipt of input data, the channel transmitters
420-426 generate transmission signals using the Walsh codes provided from the
controller 400 and provide the generated transmission signals to the multipliers 430-
436. Here, the control signals from the controller 400 is expressed in ‘1’ or ‘0’. For
example, the controller 400 outputs the control signal of ‘1’ when a Walsh code for
the corresponding channel is available, and generates the control signal of ‘0’ when a
Walsh code for the corresponding channel is unavailable. The control signal is
multiplied by the output of the channel transmitter for the corresponding channel, so
that the multiplier passes the output signal of the channel transmitter when the Walsh
code for the corresponding channel is available, and outputs ‘0’ when the Walsh code
for the corresponding channel is unavailable. The output signals of the multipliers
430-436 are added by an adder 440. An output signal of the adder 440 is multiplied
by a PN (Pseudo Noise) code using a multiplier 450 to output a PN spread signal.

The controller 400 examines the data rate of the circuit data user to determine
whether there exists any available Walsh code numbers in the Walsh pool for the data
rate of the packet data user. The controller 400 enables the transmitter having the
available Walsh code number to transmit the data, and enables the transmitter not
having the available Walsh code to suppress data transmission. Table 1 below shows
the transmittable channels and the suppressed channels according to the data rates of
the circuit data user.

Table 1
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Walsh User in Walsh Pool Case 1 Case 2 Case 3 Case 4
Circuit Data User (Wy) 38.4Kbps 19.2Kbps 19.2Kbps 9.6Kbps
Packet Data User (W,,) 19.2Kbps 9.6Kbps 9.6Kbps
Packet Data User (W,5) 9.6Kbps
Packet Data User (W,4,) 9.6Kbps 9.6Kbps

With reference to Table 1, in Case 1, the circuit data user (i.e., primary user)
using the 8" Walsh code number W; transmits the circuit data at the data rate of
38.4Kbps and at this point, the other users using the Walsh code number W,, W5
and W, cannot transmit the packet data. In Case 2, the circuit data user using the 8"
Walsh code number W, transmits the circuit data at the data rate of 19.2Kbps. At this
point, the packet data user using the 72" Walsh code number W,, can transmit the
packet data at the data rate of 19.2Kbps and the other users using the Walsh code
numbres W3, and W, cannot transmit the packet data. Alternatively, the packet data
user using the 200™ Walsh code number W, can transmit the packet data at the data
rate of 19.2Kbps and the other users using the Walsh code numbers W, and W5
cannot transmit the packet data. In Case 3, the circuit data user using the 8™ Walsh
code number Wy transmits the circuit data at the data rate of 19.2Kbps and the packet
data user using the 72" Walsh code number W, transmits the packet data at the data
rate of 9.6Kbps. At this point, the packet data users using the 200™ Walsh code
number W,,, can transmit the packet data at the data rate of 9.6Kbps and the other
user using the Walsh code number W3¢ cannot transmit the packet data. In Case 4, all
the users using the Walsh code numbers Wy, W,,, W5, and W, transmit the data at
the data rate of 9.6Kbps.

The Walsh pool shown in Table 1 is generated by the Walsh pool generator
404 and stored in the memory 402. More specifically, a detailed description will now
be made of how to generate the Walsh pool.

The Walsh pool is generated when a circuit data transmission request occurs,
i.e., when there exists the circuit data user. When a circuit data transmission request
occurs, a first available Walsh code number is allocated. Thereafter, when there
occurs a packet data transmission request, second Walsh code numbers corresponding
to the allocated first available Walsh code numbers are allocated. In Table 1, the
Walsh code number W; is the first Walsh code allocated by the circuit data
transmission request, and the Walsh code numbers W,, W,;, and Wy, are the second
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Walsh codes to be used when the packet data transmission request occurs. The
allocated second Walsh code numbers are used for transmitting the packet data. When
it is assumed that the Walsh length for the maximum data rate is R and the n-th Walsh
code (0<n<R) is used, the relationship between the first Walsh code number and the
second Walsh code number can be explained by a set {W,,;z| 0<i<(256/R)}. After one
first Walsh code number is allocated, Walsh code number corresponding to the first
Walsh code number is allocated as the second Walsh code number. Here, the Walsh
code number which can be allocated as the second Walsh code number is determined
by sequentially adding the Walsh number of the first Walsh code to the positive
multiples of the Walsh length R. A detailed description of a method for determining
the Walsh code numbers will be made later with reference to FIG. 6. Meanwhile, the
number of the determined Walsh codes is equivalent to a value determined by
subtracting one from a value determined by dividing the full length (i.e., 256 in the
embodiment) of the Walsh code by the Walsh length R. For example, when the 8"
Walsh code number Wy is allocated as the first Walsh code number, the Walsh codes
having the Walsh numbers ‘8+64°, ‘8+128’ and ‘8+192’ determined by adding the
Walsh length ‘8’ to the multiples ‘64*1°, ‘64*2’ and ‘64*3’ of the Walsh length 64 are
allocated as the second Walsh code numbers. The full length of the Walsh code is 256
and the Walsh length is 64. That is, since 256/64=4, 3 Walsh codes are allocated as the
second Walsh code numbers.

To generate the Walsh pool, the second Walsh code numbers are generated
using the Walsh code number of the first Walsh code number. Therefore, actually, the
Walsh pool generator 404 generates the Walsh numbers rather than the Walsh codes.
Meanwhile, the memory 402 stores the Walsh code numbers corresponding to the
generated Walsh code numbers and provides the Walsh code numbers to the controller
400 at the request of the controller 400.

FIG. 5 shows a detailed structure of the channel transmitters 420-426 of FIG.
4. Referring to FIG. 5, a data buffer 502 temporarily stores input transmission data
and ready data for transmission. A CRC (Cyclic Redundancy Code) generator 504
generates a 16-bit CRC according to received frame data and adds the generated CRC
to the received frame data. A tail bit generator 506 generates 8 tail bits for indicating
termination of the received data frame and adds the generated tail bits to the data
frame output from the CRC generator 504. A channel encoder 508 encodes the frame
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data output from the tail bit generator 506. A Convolutional Encoder or a Turbo
Encoder can be typically used for the channel encoder 508. A rate matcher 510
matches symbol rates of the coded data output from the channel encoder 508. The
rate matcher 510 is comprised of a symbol repeater and a symbol deleter. An
interleaver 512 interleaves the output of the rate matcher 510. A signal converter 514
converts levels of the data output from the interleaver 512 by converting a data bit ‘0’
to ‘+1” and a data bit ‘1’ to *-1°. A multiplier 516 multiplies the output of the signal
converter 514 by a Walsh code.

FIG. 6 shows a procedure for generating a Walsh pool in the Walsh pool
generator 404. Referring to FIG. 6, the Walsh pool generator 404 receives a Walsh
length, R, for the maximum data rate of the circuit data and a Walsh code number, W,
of the circuit data, and initializes an index, I, of the Walsh code numbers in the Walsh
pool and an (I+1)th Walsh code number to ‘0’ in step 600. Here, W should be
allocated in consideration of the existing Walsh pool. That is, the procedure of FIG. 6
starts, when the Walsh pool for a desired maximum data rate can be generated using
the unused Walsh code number. Further, in step 600, the Walsh pool generator 404
sets the Walsh code number of the input circuit data to an initial Walsh code number
P[0].

After initialization, the Walsh pool generator 404 determines in step 640
whether the P[0] is a primitive code number indicating a previously allocated Walsh
code number. As described above, it is meaningless to generate a Walsh pool
corresponding to the Walsh code number presently in use. Therefore, when the
corresponding Walsh code number is presently in use, the Walsh pool generator 404
requests another Walsh number for the circuit data, in step 660. Otherwise, when the
corresponding Walsh code number is a non-aliocated Walsh code number, the Walsh
pool generator 404 determines in step 610 whether the presently determined Walsh
code number P[I] is higher than 256 which is the full length of the Walsh code. When
the condition of step 610 is not satisfied (i.e., (P[I]<256)), the Walsh pool generator
404 increases I by one and then calculates an I-th Walsh code number P[I], in step 620.

When it is assumed that the Walsh length for the maximum data rate of the
primary user is R and the n-th Walsh code number W, (0<n<64) is used, the Walsh
pool is generated by a set {W,,;z| 0<i<(256/R)} in step 600. That is, P[I] includes the
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Walsh code number of the primary user and the Walsh code numbers having the
Walsh length R for the maximum data rate of the primary user. Thereafter, the Walsh
pool generator 404 returns to step 640 to determine whether P[I] is a Walsh code
number presently in use. When the Walsh code number is presently in use by another
user, the Walsh pool generator 404 requests another Walsh code number W for the
circuit data in step 660. Otherwise, when the Walsh code number is not in use, the
Walsh pool generator 404 repeats the above process. Therefore, in step 620, the
Walsh pool generator 404 calculates the values ‘8+64°, ‘8+2*64’ and ‘8+3*64’, when
the Walsh number W=8 and the Walsh length R=64 R(the Walsh length according to
the maximum data rate of the circuit data). These Walsh numbers are the second
Walsh numbers. The Walsh code numbers according to the above calculation become
the second Walsh code numbers as defined in the above. In the same method, the
Walsh pool generator 404 continuously calculates P[I]. In the meantime, when P[I]
exceeds 256, the Walsh pool generator 404 outputs P[I] values calculated up to now,
in step 630. The P[I] values are stored in the memory 402 together with the
corresponding Walsh code numbers.

In the above process, when there exists several Walsh pools, a new Walsh
pool for the circuit data user is generated in step 640.

FIG. 7 shows a procedure for the controller 400’s allocating Walsh code
numbers using the Walsh pool created by the procedure of FIG.6 in the controller 400.
The controller 400 examines the data rate of the circuit data to determine whether
there exists any available Walsh code numbers in the Walsh pool. In accordance with
the examination results, the controller 400 enables the user having the available Walsh
code number to transmit the data and suppresses data transmission for the other users
corresponding to the unavailable Walsh code number to suppress data transmission.
To suppress data transmission of a specific user, the controller 400 should operate
before a boundary of a new frame.

Referring to FIG. 7, in step 700, the controller 400 receives data rates Rate[]
of the channels corresponding to the Walsh code numbers in the Walsh pool and is
provided the Walsh codes constituting the Walsh pool from the memory 402. Further,
the controller 400 receives Order[] indicating the priority of the channels and the
order of the available Walsh code numbers. In addition, the controller 400 initializes
the sum, TOTAL, of the data rates to the data rate of the primary user, and initializes
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the index, I, of the Walsh codes in the Walsh pool and a power control signal GJ] for
the I-th user to ‘0’. Thereafter, in step 710, the controller 400 sets a power control
signal G[Order([I]] of the I-th user to ‘1’ and adds a data rate Rate[Order[I]] of the
(I+1)th user to TOTAL. The controller 400 then determines in step 720 whether
TOTAL, which is the sum of the data rates for the users up to now, is higher than or
equal to the maximum data rate of the primary user. When the sum, TOTAL, of the
data rates is lower than the maximum data rate, the controller 400 returns to step 710,
to set the power control signal G[Order[I] for the next user to 1’ and add the data rate
of the next user to TOTAL. Otherwise, when TOTAL is higher than or equal to the
maximum data rate, the controller 400 outputs the power control signals G[I]
determined up to now to the adders 430-436 of FIG. 4, in step 730.

More specifically, the sum of the data rates for the users in each Case of Table
1 1s 38.4Kbps. Therefore, the controller 400 is implemented such that the sum of the
data rates should not exceed the maximum data rate.

FIG. 8 shows a more general operation of controller 400. Referring to FIG. 8,
in step 800, the controller 400 receives data rates Rate[] of the channels corresponding
to the Walsh codes in the Walsh pool and is provided the Walsh codes constituting the
Walsh pool from the memory 402. Further, the controller 400 receives Order(]
indicating the priority of the channels and the order of the available Walsh numbers.
In addition, the controller 400 initializes the sum, TOTAL, of the data rates to the data
rate of the primary user, and initializes the index, I, of the Walsh codes in the Walsh
pool and a power control signal G[] for the I-th user to ‘0’. Thereafter, in step 810,
the controller 400 sets a power control signal of the I-th user to ‘1°. Thereafter, the
controller 400 determines in step 820 whether the (I+1)th user (having the next higher
priority to the user having the I-th priority) can use the input data rate. When the next
user (i.e., (I+1)th user) can use the input data rate, the controller 400 returns to step
810 to set a power control signal of the (I+1)th user to ‘1°. Otherwise, when the next
user cannot use the input data rate, the controller 400 sets the control signals of the
usable users to ‘1’ and the control signals of the unusable users to ‘0’ and outputs the
power control signals, in step 830.

As described above, in the CDMA communication system having the variable
rate channel structure, when the circuit data is transmitted at a data rate lower than the
maximum data rate, the Walsh code numbers determined by the Walsh length
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corresponding to the maximum data rate are used as Walsh code numbers for
transmitting the packet data. Therefore, it is possible to prevent a waste of the Walsh
codes, thus contributing to efficient utilization of the Walsh code resources.

While the invention has been shown and described with reference to a certain
preferred embodiment thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended claims.
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CLAIMS

1. A channel spreading device for a CDMA (Code Division Multiple
Access) communication system, comprising:

a plurality of channel transmission circuits;

a memory for storing orthogonal code numbers which cannot maintain an
orthogonality due to an orthogonal code which a circuit data user uses at a maximum
data rate; and

a controller for reading from the memory an orthogonal code number used at
the maximum data rate to primarily allocate the read orthogonal code number such
that circuit data is spread and transmitted by a corresponding one of the channel
transmission circuits, when there is data transmission request from the circuit data
user and a packet data user, and reading an available orthogonal code number out of
the orthogonal code numbers stored in the memory to allocate the read orthogonal
code number such that packet data is spread and transmitted by a corresponding one
of the channel transmission circuits.

2. The channel spreading device as claimed in claim 1, further
comprising a Walsh pool generator for generating orthogonal code numbers which
cannot maintain an orthogonality with an orthogonal code used at the maximum data
rate by the circuit data user, when said orthogonal code is in use.

3. The channel spreading device as claimed in claim 2, wherein the
Walsh pool generator sequentially adds multiples of an orthogonal code length used at
the maximum data rate to the orthogonal code number used at the maximum data rate
within a full length of the orthogonal code, so as to generate orthogonal code numbers.

4. The channel spreading device as claimed in claim 1, wherein the
controller determines whether it is possible to transmit the packet data at a data rate
requested by the circuit data user, and determines, when the packet data can be
transmitted, an orthogonal code number which is available at the data rate requested
by the packet data user.

5. The channel spreading device as claimed in claim 4, wherein the
controller allocates the available orthogonal codes according to a priority of the
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packet data users when at least two packet data users request transmission of packet
data at a given data rate.

6. The channel spreading device as claimed in claim 1, wherein the
channel transmission circuit spreads the circuit data with an orthogonal code
corresponding to an orthogonal code number for the maximum data rate out of the
orthogonal codes from the controller.

7. A channel spreading device for a CDMA communication system,
comprising:

a storage medium for storing orthogonal code numbers which cannot maintain
an orthogonality when an orthogonal code for a maximum data rate is used;

a controller for determining whether the respective orthogonal code numbers
stored in the storage medium are available at a given data rate, when at least one data
user requests data transmission at the given data rate, and outputting the determined
available orthogonal code numbers and control signals according to the determination
result;

a plurality of channel transmitters, provided in association with the orthogonal
code numbers from the controller, for spreading data from the data user with an
orthogonal code corresponding to the orthogonal code number from the controller;
and

a plurality of multipliers for multiplying outputs of the channel transmitters
by control signals from the controller.

8. The channel spreading device as claimed in claim 7, wherein the
storage medium stores orthogonal code numbers generated by sequentially adding
multiples of an orthogonal code length used at the maximum data rate to the
orthogonal code number used at the maximum data rate within a full length of the
orthogonal code, and the orthogonal code number used at the maximum data rate.

9. The channel spreading device as claimed in claim 7, wherein the
controller determines whether other data users can transmit data at a data rate based
on a primary data user having a top priority out of the data users; determines, when
other data users can transmit the data, orthogonal code numbers which are available at
the data rate from said other data users; and outputs the control signals corresponding
to the determined orthogonal code numbers.
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10. The channel spreading device as claimed in claim 9, wherein the
controller outputs the control signals according to the priority of other data users when
at least two other data users request data transmission at a given data rate in a state
where there exists the primary data user.

11. The channel spreading device as claimed in claim 7, wherein the
channel transmitter spreads the data from the primary data user with an orthogonal
code corresponding to the orthogonal code number for the maximum data rate out of
the orthogonal codes from the controller.

12. A channel spreading device for a CDMA communication system,
comprising:

a Walsh pool generator for generating orthogonal code numbers which cannot
maintain an orthogonality when an orthogonal code for a maximum data rate is used;

a memory for storing the orthogonal code numbers generated from the Walsh
pool generator and an orthogonal code number used at the maximum data rate;

a controller for determining whether the respective orthogonal code numbers
stored in the memory are available at a given data rate, when at least one data user
requests data transmission at the given data rate, and outputting the determined
available orthogonal code numbers and control signals according to the determination
result;

a plurality of channel transmitters for generating an orthogonal code
corresponding to the orthogonal code number from the controller and spreading data
from the data user with the generated orthogonal code; and

a plurality of multipliers for multiplying outputs of the channel transmitters
by control signals from the controller.

13. The channel spreading device as claimed in claim 12, wherein the
Walsh pool generator sequentially adds multiples of an orthogonal code length used at
the maximum data rate to the orthogonal code number used at the maximum data rate
within a full length of the orthogonal code, so as to generate orthogonal code numbers.

14. The channel spreading device as claimed in claim 12, wherein the
controller determines whether other data users can transmit data at a data rate based

on a primary data user having a top priority out of the data users; determines, when
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other data users can transmit the data, orthogonal code numbers which are available at
the data rate from said other data users; and outputs the control signals corresponding
to the determined orthogonal code numbers.

15. The channel spreading device as claimed in claim 14, wherein the
controller outputs the control signals according to the priority of other data users when
at least two other data users request data transmission at a given data rate in a state
where there exists the primary data user.

16. The channel spreading device as claimed in claim 14, wherein the
channel transmitter spreads the data from the primary data user with an orthogonal
code corresponding to the orthogonal code number for the maximum data rate out of
the orthogonal codes from the controller.

17. A channel spreading method for a CDMA communication system,
comprising the steps of:

storing orthogonal code numbers which cannot maintain an orthogonality due
to an orthogonal code which a circuit data user uses at a maximum data rate;

determining whether the stored orthogonal code numbers are available at a
given data rate, when at least one data user requests data transmission at the given
data rate, and outputting the determined available orthogonal code numbers and
control signals according to the determination result;

generating an orthogonal code corresponding to the output orthogonal code
number and spreading data from the data user with the generated orthogonal code; and

multiplying outputs of the channel transmitters by the control signals.

18. The channel spreading method as claimed in claim 17, wherein said
stored orthogonal code numbers include orthogonal code numbers generated by
sequentially adding multiples of an orthogonal code length used at the maximum data
rate to the orthogonal code number used at the maximum data rate within a full length

of the orthogonal code, and the orthogonal code number used at the maximum data
rate.

19. The channel spreading method as claimed in claim 17, wherein the
control signals are generated by determining whether other data users can transmit
data at a data rate based on a primary data user having a top priority out of the data
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users; determining, when other data users can transmit the data, orthogonal code
numbers which are available at the data rate from said other data users; and outputting
the control signals corresponding to the determined orthogonal code numbers.

20. The channel spreading method as claimed in claim 19, wherein the
available orthogonal code numbers are allocated according to the priority of other data
users when at least two other data users request data transmission at a given data rate
in a state where there exists the primary data user.

21. A channel spreading method for a CDMA communication system,
comprising the steps of:

determining orthogonal code numbers which are unavailable at a data rate
lower than a maximum data rate, according to an orthogonal code length and an
orthogonal code number for the maximum data rate;

generating orthogonal code numbers which cannot maintain an orthogonality
when the orthogonal code for the maximum data rate is used;

storing the generated orthogonal code numbers and the orthogonal code
number used at the maximum data rate;

primarily allocating the orthogonal code corresponding to the orthogonal code
number for the maximum data rate to a supplemental channel for transmitting the
circuit data, when a circuit data user and a packet data user request transmission of
circuit data and packet data at a given data rate; and

determining an orthogonal code number which is available at the data rate for
the packet data, out of the orthogonal code numbers, and allocating the orthogonal
code corresponding to the determined orthogonal code number to the supplemental
channel for transmitting the packet data.

22, The channel spreading method as claimed in claim 21, wherein the
orthogonal codes are generated by sequentially adding multiples of an orthogonal
code length used at the maximum data rate to the orthogonal code number used at the
maximum data rate within a full length of the orthogonal code.

23. The channel spreading method as claimed in claim 21, further
comprising the step of determining whether it is possible to transmit the packet data at
a data rate requested by the circuit data user, and determining, when the packet data
can be transmitted, an orthogonal code number which is available at the data rate
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requested by the packet data user.

24. The channel spreading method as claimed in claim 23, wherein the
available orthogonal codes are allocated according to a priority of the packet data
users when at least two packet data users request transmission of packet data at a
given data rate.

25. A channel spreading method for a CDMA communication system,
comprising the steps of:

receiving an orthogonal code number which a circuit data user uses at a
maximum data rate, and an orthogonal code length for the maximum data rate;

generating orthogonal code numbers which cannot maintain an orthogonality
due to an orthogonal code used at the maximum data rate, by sequentially adding
multiples of the received orthogonal code length to the received orthogonal number;
and

storing the received orthogonal code number and the generated orthogonal
code numbers in a Walsh pool.

26. The channel spreading method as claimed in claim 25, wherein the
Walsh pool stores only the orthogonal code numbers within a full length of the
orthogonal code.

27. A channel spreading method for a CDMA communication system,
comprising the steps of:

primarily allocating an orthogonal code corresponding to an orthogonal code
number for a maximum data rate and allocating the read orthogonal code to a
supplemental channel for transmitting circuit data, when a circuit data user and-a
packet data user request transmission of circuit data and packet data; and

determining an orthogonal code number which is available at a data rate of
the packet data out of the orthogonal code numbers stored in the memory, and reading
the determined orthogonal code to allocate the read orthogonal code to the
supplemental channel for transmitting the packet data.

28. The channel spreading method as claimed in claim 27, further
comprising the step of determining whether it is possible to transmit the packet data,
according to the data rate for the circuit data, and determining, when the packet data
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can be transmitted, an orthogonal code number which is available at the data rate for
the packet data.

29. The channel spreading method as claimed in claim 28, wherein the
available orthogonal codes are allocated according to the priority of the packet data
users when at least two packet data users request transmission of packet data at a
given data rate.
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