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ASYMMETRIC CHANNEL ALLOCATION FOR A MOBILE STATION
IN A CDMA COMMUNICATION NETWORK

FIELD OF THE INVENTION

The present 1invention generally relates to code
division multiple access (CDMA) communication systems and
more particularly, to a system and method for allocating

different bandwidth and chip rates to the forward and

reverse channel links.

BACKGROUND OF THE INVENTION

One type otf cellular communication system employs a
technology known as CDMA(code division multiple access).
In this system,usérs are distinguished from one another
by unique codes assigned to them while sharing the same
frequency band at the same time. CDMA converts
information to be transmitted into a spread spectrum

signal by multiplying the information by a pseudo random

number (PN). This 1s what spreads the spectrum. The

- pseudo random number is a digital piece of data that, for

all intents and purposes, appears to be entirely random.
This PN 1s synchronized to the system in the CDMA mobile
station by -a pilot carrier sent from the base station.
The rate-at which the PN sequence is generated is known
as the PN chip rate. For further description of CDMA and
the differences Dbetween CDMA, TDMA (time division

8

multiple access), and FDMA- (frequency division multiple

access), please see "“Code Division Multiple Access, *

Communications, Feb. 1990, by Fred Baumgartner .
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Figure 1 graphically illustrates a CDMA-based
communlication system comprising a mobile station 10, a
base station 20, reverse link 30 which represents the
electromagnetic wave communication link transmitted from

5 mobille station 10 to base station 20 and forward link 40
which represents the electromagnetic wave communication

link transmitted from base station 20 to mobile station
10.

Current mobile stations used in wireless
10 communications have symmetric forward and reverse channel
bandwidths and corresponding symmetric chip rates. The
term " symmetric" means that the bandwidths for the
forward and reverse channels are the same and that the
chip rates 1n the forward and reverse directions are the
15 same. A CDMA standard, W-CDMA, has recently been
proposed to  accommodate high speed data (HSD)
communication service over an air or wireless link. The
HSD service may include various applications such as
Internet access, electronic mail service, multimedia
20 applications where more throughput is reqgquired for the
forward channel than for the reverse channel, etc. Many
cf these services, such as multimedia applications,
requlre asymmetric bandwidths for the forward and reverse
directions. The term "asymmetric" means that the PN chip

25 rates on the forward and reverse links are different from

each other.

In present CDMA-based communication systems, all of
the mobile stations have symmetric bandwidths for the
forward and reverse 1links. The call setup procedure
30 between a mobile station and a base station is
accomplished over a symmetric forward and reverse link.

After the call setup procedure 1s completed, a call 1is
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maintained on the same forward/reverse channel. Figure 2
illustrates asymmetric channel allocation for the forward
and reverse channels wherein F; (formed link channel
frequency) does not equal F, (reverse 1link channel
frequency) and BW, (forward link channel bandwidth) 1is
equal to BW, (reverse link channel bandwidth). Both call

setup and call maintenance are performed over the F,, F,
band.

What 1s needed are mobile stations that accommodate
high speed data communication services by supporting

asymmetric forward and reverse channel allocation.
SUMMARY OF THE INVENTION

Accordingly, the present invention provides a system
and method for allocating asymmetric forward and reverse
channels 1in a CDMA-based c:ommunicat‘ion system. The
present i1invention provides a system and method for

allocating asymmetric bandwidths and chip rates to the

forward and reverse channels.

The present 1invention also provides a negotiation
process between a mobile station and a base station for
selecting an optimal bandwidth to be utilized by the

mobile station for receiving transmitted information from

a base station.

Further, the present invention provides a code
division multiple access (CDMA) system comprising a base
station operating to support a basic chip rate, a forward
channel link chip rate, and a reverse channel link chip
rate ; and a mobile station in electronic communication

with the base station, the mobile station communicating
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with the base station so as to independently adjust the
values of the forward channel 1link chip rate and the
reverse channel link chip rate. The forward channel link
chip rate may be less than or equal to a maximum forward
value allowed by the base station. The reverse channel
link chip rate may be less than or egnlal to a maximum
reverse value allowed by the base station. In addition,
the forward channel link chip rate, the reverse channel
link chip rate, and the basic chip rate may be equal to
each other. The base station may transmit the maximum
forward and/or reverse values to the mobile station. In
addition, the forward channel link chip rate may be less
than or equal to a maximum forward value allowed by the
mobile station. Further, the reverse channel link chip

rate may be less than or equal to a maximum reverse value

allowed by the mobile station. In either case, the mobile

statlion may transmit the maximum forward and/or reverse

value to the base station.

The present 1invention also provides a method of
operating a CDMA system comprising the steps of setting
up a call to a base station operating to support a basic
chip rate, a maximum forward channel link chip rate, and
a maximum reverse channel link chip rate by paging the
base station with a mobile station; requesting a desired
forward channel link chip rate from the base station by
the mobile station; transmitting the maximum forward
channel link chip rate to the mobile station from the
base station; transmitting a revised forward channel link
chlp rate to the base station from the mobile station;
transmitting a start message to the mobile station from
the base station ; and communicating with the base
station using the revised forward chnnel link chip rate.

During the use of this method, the revised forward
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channel link chip rate may be equal to the basic chip
rate. In addition, the revised forward channel link chip

rate may be equal to the maximum forward channel link

chip rate.

In addition, the method of operating a CDMA system
may further comprise the steps of requesting a desired
reverse channel link chip rate from the base station by
the mobile station ; transmitting the maximum reverse
channel link chip rate to the mobile station from the
base station; transmitting a revised reverse channel link
chip rate to the base station from the mobile station ;
and communicating with the base station using the revised
reverse channel link chip rate. In this case, the revised
reverse channel link chip rate may be equal to the basic
chip rate. Further, the maximum reverse channel link chip
rate may be equal to the basic chip rate. The basic chip
rate may also be equal to the revised forward channel
link chip rate and the revised reverse channel link chip
rate. The basic chip rate may also be equal to the
maximum forward channel link chip rate and the maximum

reverse channel link chip rate.

The present invention also provides a method of
operating a CDMA system comprising the steps of setting
up a call to a mobile station operating to support a
basic chip rate, a maximum forward channel 1link chip
rate, and a maximum reverse channel link chip rate by
paging a mobile station with a base station; requesting
a desired forward channel link chip rate from the mobile
station by the base station; transmitting the maximum
forward channel link chip rate to the base station from
the mobile station; transmitting a revised froward

channel link chip rate to the mobile station from the
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base station; transmitting a start message to the base
station from the mobile station; and communicating with
the mobile station using the revised forward channel link
chip rate. The revised forward channel link chip rate may
be equal to the basic chip rate, and/or may be egual to
the maximum forward channel link chip rate. This method
may further comprise the steps of requesting a desired
reverse channel link chip rate from the mobile station by
the base station from the mobile station; transmitting
the maximum reverse channel link chip rate to the base
station from the mobile station; transmitting a revised
reverse channel link chip rate to the mobile station from
the Dbase station; and communicating with the mobile
station using the revised reverse channel link chip rate.
In this case, the basic chip rate may be equal to the
revised reverse channel 1link chip rate, and/or the
maximum reverse channel link chip rate. In addition, the
basic chip rate may be equal to the revised forward
channel link chip rate and the reverse channel link chip
rate, and/or the maximum forward channel link chip rate

and the maximum reverse channel link chip rate.

One advantage of the present invention is the

increased flexibility provided for frequency allocation

1n a base station.

Another advantage of the present invention is the

ability to accommodate asymmetric high speed data

services, such as wireless multimedia applications.

The present invention also provides the advantage of

increased efficiency of frequency usage.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1 is a prior art graphical representation of

a CDMA-based communication system.

Figure 2 1s an amplitude-vs-frequency graph of the

forward and reverse channels having symmetrical
bandwidths.

Figure 3 1s a schematic overview of an exemplary
CDMA-based communication network in accordance with the

present invention.

Figure 4 1s an amplitude-vs-frequency graph of the
forward and reverse channel frequency allocations during

and after the call setup procedure according to the

present invention.

Figure 5 1s a flowchart i1llustrating a chip

rate/bandwidth negotiation process according to the

present invention.

DETALILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE
INVENTION

An exemplary telephone system in which the present
invention is embodied is illustrated in Figure 3. The
system utilizes CDMA  modulation techniques in
communication between the system mobile stations, units
or telephones, and the cell-sites or base stations.
Cellular systems 1n large cities may have hundreds of
cell-site stations serving hundreds of thousands of
mobile telephones. The use of CDMA techniques readily
facilitates increases in user capacity in systems of this

size as compared to conventional FM modulation cellular

systems.
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In Figure 3, system controller and switch 110, also
referred to as mobile telephone switching office (MTSO),
typically includes interface and processing circuitry for
providing system control to the cell-sites or base
stations. Controller 110 also controls the routing of
telephone calls from the public switched telephone
network (PSTN) to the appropriate base station for
transmission to the appropriate mobile station.
Controller 110 also controls the routing of calls from
the mobile stations, via at least one base station to the
PSTN. Controller 110 may direct calls between mobile
users via the appropriate base stations, since such

mobile stations do not typically communicate directly

wlith one another.

Controller 110 may be coupled to the base stations
by various means such as dedicated telephone 1lines,
optical fiber links or by microwave communication links.
It will be appreciated that system controller and switch
110 may be integrated with any number of base stations.
In Figure 3, three such exemplary base stations 112, 114,
and 116 along with an exemplary mobile station 118, which
includes a cellular telephone, are illustrated. Arrows
120a-120b define communication links between the base
station 112 and the mobile station 118. Arrows 122a-122b
define communication links between the base station 114
and the mobile station 118. Similarly, arrows 124a-124b

define communication links between the base station 116

and the mobile station 118.

The cell-site or base station service areas, oOr
cells, are designed in geographic shapes such that the
mobile station will normally be closest to one cell-site.

When the mobile station 1i1s idle, i.e., no calls 1in
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progress, the mobile station constantly monitors the
pilot signal transmi.ssions.fr_om each nearby base station.
As 1llustrated 1in Figure 3,‘ the pilot signals are
respectively transmitted to mobile station 118 by base
stations 112, 114, and 116, respectively, upon forward
communication links 120b, i22b, and 124b. The mobile
station then determines which cell it is in by comparing

pilot signal strength transmitted from these particular

cell-sites.

In the example i1llustrated in Figure 3, mobile
station 118 may be considered closest to base station

116. When mobile station 118 initiates a call, a control
message 1s transmltted to the nearest base station, base
station 116. Base Station 116, upon receiving the call
request mwessage, signals system controller 110 and
transfers the call number. System contrcller 110 then

connects the call through the PSTN to the intended

recipient.

According to the invention, mobile stations for high

speed data service should support the asymmetric nature
~of that service. In other words, the mobile stations

should support asymmetri¢ forward and reverse 1link

channels by adjusting the chip rates of the mobile

station. The chip rates of the mobile station may be
changed by varying the speed of the PN sequence
generator. For further description of the mobile station

components, please see the TIA/EIA/IS-S5A Standard.,

The set of asymmetric

forward and reverse channels of the present invention
includes the wuse of symmetric forward and xreverse
channels as a special case. In order to comply with the

W-~-CDMA standard, the bandwidth for the forward and
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reverse channels may have values equal to integer
multiples of a basic bandwidth value. For example, the
basic bandwidth of IS-95-based CDMA systems is typically
1.2288 MHz. For operations such as the soft handoff
procedure, wmobile stations may utilize a Dbasic

forward/reverse channel combination having, for example,

bandwidths equal to 1.2288 MHz.

Referring now to Figure 4 as an example of
asymmetrical channel allocation, a graph of channel
allocations according to the present invention 1is
l1llustrated for both during and after the call setup
procedure. The bandwidths of bands 210 (forward channel
bandwidth - symmetric) and 220 (reverse channel bandwidth
- symmetric) which are centered at frequencies Fo
(initial forward link channel frequency) and F, (initial
reverse 1link channel frequency) are the same. The
bandwidths of bands 230 (forward channel
bandwidth-asymmetric) and 240 (reverse channel
bandwidth-asymnetric), centered at frequencies F, (revised
forward link channel frequency) and F, (revised reverse
channel 1link frequency), may be different, that is,
asymmetrical. The call setup procedure may be
accomplished through bands 210 and 220 to negotiate the
forward/reverse link channel bandwidth after call setup.
The chip rate for each direction (reverse and forward) is
negotiated between the base station and the mobile
station over bands 210 and 220. The mobile station
selects the maximum chip rate available for each
direction wherein the selected rate is supported by the
mobile station. The mobile station then sets the selected
rate for both directions for bands 230 (asymmetric
forward 1link channel bandwidth) and 240 (asymmetric

reverse link channel bandwidth). The negotiation process
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1s accomplished over bands 210 and 220. At the end of
negotiation, the mobile station transfers the call from
bands 210 and 220 into bands 230 and 240. After the
transfer operation, the call is maintained over bands 230
5 and 240. If the base station supports only a basic chip

rate (non-variable), then the call should be maintained

over the first band pair 210 and 220.

Referring to Figure 5, a flowchart illustrating a

chip rate/bandwidth negotiation process according to the

10 present invention will be described. In step 305, the
mobile station sets up a call with a basic chip rate,
such as 1.2288 MHz. In step 310, the mobile station (MS)
sends a chip rate request to the base station (BS) for

the forward and reverse channels. In step 315, the MS

15 recelves a response from the BS with information about
allowable chip rates for the forward and reverse
channels. In step 320, the MS sends an acknowledge
message to the BS. The BS also prepares the resources for

the revised forward and reverse channel chip rates, and

20 sends a start message to the MS. In step 325, the MS
starts to communicate with the BS through the

newly-assigned chip rates for the forward and reverse

channels.

Although the present invention and its advantages

25 have been described in detail, it should be understood
that various changes, substitutions and alterations can

be made herein without departing from the spirit or scope

of the invention as defined in the appended claims.
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CLAIMS:

1. A code division multiple access (CDMA) system
comprising:

a base station operating to suppoxrt a basic chip
rate, a ‘forward ‘channel link chip rate, and a reverse
channel link chip rate ; and

a mobile station in electronic communication with
said base station, said mobile station communicating
with said base‘station so as to independently adjust the
values of said forward channel link chip rate and said

reverse channel link chip rate.

2. The CDMA system set forth in claim 1, wherein
said forward channel link chip rate is less than or equal

to a maximum forward value allowed by said base station.

3. The CDMA system set forth in claim 1, wherein

said reverse channel link chip rate is less than or equal

to a maximum reverse value allowed by said base station.

4. The CDMA system set forth in claim 1, wherein
said forward channel 1link chip rate and said reverse

channel link chip rate are équal.

5. The CDMA system set forth in claim 1, wherein
said basic chip rate, said forward channel link chip rate

and said reverse channel link chip rate are equal.

6. The CDMA system set forth in claim 2, wherein
salid base station transmits the maximum forward value to

said mobile station.

7. The CDMA system set forth in claim 3, wherein
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sald base station transmits the maximum reverse value to

sald mobile station.

8. The CDMA system set forth in claim 1, wherein
said forward channel link chip rate is less than or equal

to a maximum forward value allowed by said mobile

station.

9. The CDMA system set forth in claim 1, wherein
sald reverse channel link chip rate is less than or equal

to a maximum reverse value allowed by said mobile

station.

10. The CDMA system set forth in claim 8, wherein

salid mobile station transmits the maximum forward value

to said base station.

11. The CDMA system set forth in claim 9, wherein

said mobile station transmits the maximum reverse value

to said base station.

12. A method of operating a CDMA system comprising
the steps of

setting up a call to a base station operating to
support a basic chip rate, a maximum forward channel link
chip rate, and a maximum reverse channel link chip rate
by paging said base station with a mobile station;

requesting a desired forward channel link chip rate
from said base station by said mobile station:

transmitting said maximum forward channel link chip
rate to said mobile station from said base station;

transmitting a revised forward channel link chip
rate to said base station from said mobile station:

transmitting a start message to said mobile station

: . 5 sHIN . e eue dd ANNA §4ersaBla e, L O Y ¥ L T T s =
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from said base station ; and

communicating with said base station using said

revised forward channel link chip rate.

13. The method of operating a CDMA system as set
forth in claim 12, wherein said revised forward channel

link chip rate is equal to said basic chip rate.

14. The method of operating a CDMA system as set
forth in claim 12, wherein said revised forward channel

link chip rate 1s equal to said maximum forward channel

link chip rate.

15. The method of operating a CDMA system as set
forth in claim 12, further comprising the steps of

requesting a desired reverse channel link chip rate
from said base station by said mobile station;

transmitting said maximum reverse channel link chip
rate to said mobile station from said base station ;
transmitting a revised reverse channel link chip

rate to said base station from said mobilile station : and

communicating with said base station using said

revised reverse channel link chip rate.

16. The method of operating a CDMA system as set
forth in claim 15, wherein said revised reverse channel

link chip rate 1s equal to said basic chip rate.

17. The method of operating a CDMA system as set
forth i1in claim 15, wherein said maximum reverse channel

link chip rate 1s equal to said basic chip rate.

18. The method of operating a CDMA system as set

forth in claim 15, wherein said basic chip rate is equal
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to said revised forward channel link chip rate and said

revised reverse channel link chip rate.

19. The method of operating a CDMA system as set
forth in claim 15, wherein said basic chip rate is equal

5 to said maximum forward channel link chip rate and said

maximum reverse channel link chip rate.

20. A method of operating a CDMA system comprising
the steps of
setting up a call to a mobile station operating to
10 support a basic chip rate, a maximum forward channel link
chip rate, and a maximum reverse channel link chip rate
Dy paging said mobile station with a base station -
requesting a desired forward channel link chip rate
from said mobile station by said base station -
15 transmitting said maximum forward channel link chip
rate to said base station from said mobile station:
transmitting a revised forward channel 1link chip

rate to said mobile station from said base station:

transmitting a start message to said base station

20 trom said mobile station : and

communicating with said mobile station using said

revised forward channel link chip rate.

2l. The method of operating a CDMA system as set
forth in claim 20, wherein said revised forward channel

25 link chip rate is equal to said basic chip rate.

22. The method of operating a CDMA system as set
forth in claim 20, wherein said revised forward channel

link chip rate is equal to said maximum forward channel

link chip rate.
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23. The method of operating a CDMA system as set
forth in claim 20, further comprising the steps of
requesting a desired reverse channel link chip rate
from said mobile station by said base station ;
transmitting said maximum reverse channel link chip
rate to said base station from said mobile station;
transmitting a revised reverse channel 1link chip
rate to said mobile station from said base station ; and
communicating with said mobile station using said

revised reverse channel link chip rate.

24. The method of operating a CDMA system as set
forth 1n claim 23, wherein said revised reverse channel

link chip rate is equal to said basic chip rate.

25. The method of operating a CDMA system as set
forth 1n claim 23, wherein said maximum reverse channel

link chip rate 1s equal to said basic chip rate.

26. The method of operating a CDMA system as set
forth i1n claim 23 wherein said basic chip rate 1is equal

to said revised forward channel link chip rate and said

reverse channel link chip rate.

27. The method of operating a CDMA system as set
forth in claim 23, wherein said basic chip rate is equal

to sald maximum forward channel link chip rate and said

maximum reverse channel link chip rate.
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