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(57) Abstract: Systems and methods
for controlling power in a wireless
communication system having multiple
reverse-link channels. One embodiment
comprises adjusting power levels of a
first set of channels and a corresponding
pilot channel while maintaining a set
traffic-to-pilot (T/P) ratio between them,
and adjusting T/P ratios for one or more
remaining channels independently of the
power level of the pilot channel. A base
station determines whether frames received
on the first set of channels contain errors
and sends messages to a mobile station to
increment or decrement the power levels,
respectively, if the frames do or do not
contain errors. T/P ratios of the additional
channels are adjusted by determining
whether frames received on the additional
channels contain errors, incrementing or
decrementing the T/P ratios appropriately,
and transmitting the T/P ratios to the mobile
station, which controls the transmission
parameters for the respective channels in
accordance with the received T/P ratios.
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OUTER-LOOP POWER CONTROL FOR WIRELESS COMMUNICATION SYSTEMS

Background of the Invention
Field of the Invention

[0002] The invention relates generally to the field of telecommunications, ana
more particularly to mechanisms for providing outer loop power control in a wireless

communication system having multiple channels with varying channel qualities.
Related Art

{0003] Wireless communication technologies are rapidly advancing, and
wireless communication systems are utilized to provide a larger and larger portion of
the communications capacity that is currently available to users. This is true despite
the additional technological impediments that are faced in implementing a wireless
communication system, as compared to a wireline system. For instance, wireless
communication systems must deal with issues relating to power control between a
base station and its mobile stations in order to maximize the performance of the

system, whereas a wireline system does not.

[0004] One type of wireless communication system comprises a cellular COMA

(code division multiple access) system which is configured to support
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voice and data communications. This system may have multiple base stations
which communicate via wireless channels with multiple mobile stations. (The
base stations are also typically coupled via wireline networks to various other
systems, such as a public swiiched telephone network.) Each base station
communicates with a set of mobile stations that are within a secior
corresponding to the base station. This base station is responsible for
controlling power in communications between the base station and the mobile
stations in order to minimize interference and maximize throughput, as well as
enabling the mobile stations to conserve energy and thereby extend the amount

of time during which they can be used.

[0005] Power control- between the base station and a mobile station in this
type of system is typically based upon an error rate associated with
communications between the base station and the mobile station. ldeally, the
power level of the transmissions from the mobile station to the base station is
set to a level that results in a predetermined frame error rate. For example,
each time a frame of data is successfully received by the base station from the
mobile station, the base station may direct the mobile station to reduce its
power by a certain amount. In other words, the mobile station decrements its
power level. If on the other hand, a received frame of data contains errors, the
base station may direct the mobile station to increase its power by a certain
amount (i.e., increment its power level). In this manner, the power level of the
mobile station is adjusted to a power level at which the predetermined,

acceptable error rate is maintained.

[0006] This method for power control, however, is based on a single channel
and does not account for the varying transmission characteristics of multiple
reverse-link channels. In systems having multiple channels, the power levels of
the different channels may be tied to each other so that optimizing the power
level based upon the error rate associated with one channel may provide
acceptable performance on that particular channel, but may at the same time
provide an unsatisfactory level of performance on one or more of the other
channels. While the adjustment of the power mobile may take into account the

performance of multiple channels, there will almost certainly be some channels
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for which the power level is too low and some for which the power level Is too
high.

Summary of the Invention

[0007] Some wireless communication systems have multiple channels that
may be transmitting at the same time. Rather than performing power control
based upon a composite metric and having better-than-necessary performance
on some channels and unsatisfactory performance on others, it is desirable to

provide satisfactory grades of service on each of the channels.

[0008] Various embodiments of the present invention attempt to improve
power control in systems having multiple channels by providing some level of
independent control for the different channels. More specifically, the power
levels of one or more traffic channels and a pilot channel are controlied to
increase or decrease in unison, so that the ratios of traffic to pilot signals for
each of these channels is maintained at about the same value. Other channels
are controlled by setting corresponding variable traffic to pilot ratios. The power
levels of the corresponding channels are then adjusted based upon the

received traffic-to-pilot ratios and the already-set pilot power level.

[0009] One embodiment comprises a method for controlling power in a
wiréless communication system having multiple reverse-link communication
channels comprising adjusting power levels of a first set of channels and a
corresponding pilot channel and adjusting traffic-to-pilot (T/P) ratios for one or
more remaining channels independently of the power level of the pilot channel.
In one embodiment, the first set of channels actually comprises a single channel
(the “first” channel). The power levels of the first and pilot channels are
adjusted in a manner that maintains a set T/P ratio for these channels. The first
and pilot channels are adjusted in this embodiment by determining whether
frames received on the first channel contain errors and incrementing or
decrementing the power levels if the frames do or do not contain errors,

respectively. In one embodiment, the power levels are actually incremented or
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decremented by sending messages from the base station to the mobile station, where
the messages indicate that the mobile station should increment or decrement the
power levels of these channels. When the mobile station receives the messages, the
appropriate action is taken. In this embodiment, the T/P ratios of the additional
channels are adjusted in a similar manner (i.e., by determining whether frames
received on the additional channels contain errors and incrementing or decrementing
the T/P ratios as appropriate). The T/P ratios, as incremented or decremented, are
then transmitted to the mobile station, which controls the transmission parameters for

the respective channels in accordance with the received T/P ratios.

[0010] An alternative embodiment of the invention comprises a wireless
communication system having a base station and a mobile station coupled to the base
station via a wireless communication link, wherein the base station receives data from
the mobile station on a plurality of reverse-link channels of the wireless
communication link, and wherein the base station adjusts the power levels for a first
set of reverse-link channels and a pilot channel, and adjusts a traffic-to-pilot (T/P) ratio
for each of one or more additional reverse-link channels. In one embodiment, the first
set of channels includes only a single channel (the "first' channel) and the base
station maintains a set T/P ratio for the first and pilot channels while adjusting the
power levels of both of these channels. In one embodiment, the base station
determines whether data received on the first channel contains errors, increments the
power levels of the first and pilot channels if the data received on the first channel
contains errors and decrements the power levels of these channels if the data
contains no errors. In one embodiment, the base station increments or decrements
the power levels by sending messages from the base station to a mobile station,
indicating that the mobile station should increment or decrement the power levels
appropriately. The mobile station receives the messages and takes the appropriate
action. In one embodiment, the T/P ratios of the additional channels are adjustea
similarly, by determining whether frames received on the additional channels contain
errors and incrementing or decrementing corresponding T/P ratios maintained at the

base station, as appropriate. The T/P ratios, as incremented or decremented, are
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then transmitted to the mobile station, which controls the transmission parameters for
the respective channels in accordance with the received T/P ratios.

[00104a] In accordance with another embodiment, there is provided a method for
controlling power in a wireless communication system having multiple reverse-link
communication channels. The method involves adjusting power levels of a first set of
channels and a corresponding pilot channel according to a fixed ratio, the first set of
channels including at least one traffic channel. The method also involves adjusting
one or more traffic-to-pilot (T/P) ratios for one or more additional traffic channels
independently of the power level of the pilot channel, the adjusting power leveis and
the adjusting one or more T/P ratios being performed by a single base station for a

single mobile station.

[0010Db] In accordance with another embodiment, there is provided a system for
controlling power in a wireless communication system having multiple reverse-link
communication channels. The system includes a base station and a mobile station
coupled to the base station via a wireless communication link. The base station Is
configured to receive data from the mobile station on a plurality of reverse-link
channels on the wireless communication link. The base station is configured to adjust
a power level for a first set of reverse-link channels including at least one traffic
channel and a power level for a pilot channel according to a fixed ratio, and to
separately adjust a traffic-to-pilot (T/P) ratio for each of one or more additional

reverse-link traffic channels.

[0010c] In accordance with another embodiment, there is provided a base
station operable to communicate with a mobile station via a wireless communication
channel. The base station includes a processing subsystem and a transceiver
subsystem coupled to the processing subsystem. The transceiver subsystem is
configured to receive signals on a first set of reverse-link channels including at least
one traffic channel, a pilot channel, and one or more additional reverse-link traffic
channels. The processing subsystem is configured to adjust a power level for the first

set of reverse-link channels and a power level for the pilot channel according to a
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fixed ratio, and to separately adjust a traffic-to-pilot (T/P) ratio for each of the one or
more additional reverse-link traffic channels.

[0010d] In accordance with another embodiment, there is provided a method for
controlling power level of multiple reverse link communication channels between a
single mobile station and a base station in a wireless communication system. The
method involves adjusting power levels of a first set of channels of the multiple
reverse link communication channels and a corresponding pilot channel at the same
time to maintain the traffic-to-pilot ratio between them. The method also involves
adjusting traffic-to-pilot (T/P) power ratios for one or more remaining channels of the
multiple reverse link communication channels independently of the power level of the
pilot channel. Adjusting the T/P ratios for each of the one or more remaining channels
involves: determining whether data received on the channel contains errors; if the data
received on the channel contains errors, incrementing the T/P ratio for the channel;

and if the data received on the channel does not contain errors, decrementing the T/P

ratio for the channel.

[0010e] In accordance with another embodiment, there is provided an apparatus
for controlling power level of multiple reverse link communication channels between a
single mobile station and a base station in a wireless communication system. The
apparatus includes a processor configured for adjusting power levels of a first set of
channels of the multiple reverse link communication channels and a corresponding
pilot channel at the same time to maintain the traffic-to-pilot ratio between them, and
for adjusting traffic-to-pilot (T/P) power ratios for one or more remaining channels of
the multiple reverse link communication channels independently of the power level of
the pilot channel. Adjusting the T/P ratios for each of the one or more remaining
channels involves: determining whether data received on the channel contains errors;
if the data received on the channel contains errors, incrementing the TIP ratio for the

channel: and if the data received on the channel does not contain errors,

decrementing the TIP ratio for the channel.

[0011] Numerous additional embodiments are also possible.
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Brief Description of the Drawings
[0012] Various aspects and features of the invention are disclosed by the

following detailed description and the references to the accompanying drawings,

wherelin:

[0013] FIGURE 1 is a diagram illustrating the structure of an exemplary

wireless communications system in accordance with one embodiment;

[0014] FIGURE 2 is a functional block diagram illustrating the basic structurai

components of a wireless transceiver system in accordance with one embodiment;

[0015] FIGURE 3 is a diagram illustrating muitiple channels between the mobile

station and base station in accordance with one embodiment;

[0016] FIGURE 4 is a flow diagram illustrating a method used in conjunction
with a first channel, wherein the power levels of both the first channel (a traffic

channel) and a pilot channel are adjusted in accordance with one embodiment;

[0017] FIGURE 5 is a flow diagram illustrating a method used in conjunction
with a second channel, wherein rather than adjusting the power levels of both the
second (traffic) and pilot channels, the T/P ratio of the second channel is adjusted In

accordance with one embodiment;

[0018] FIGURE 6 is a diagram illustrating the relative power levels of a first
channel and a pilot channel and their adjustment in accordance with FIGURE 4; and
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[0019] FIGURE 7 is a diagram illustrating the relative power levels of a
second channel and a pilot channel and their adjustment in accordance with
FIGURE 5.

[0020] While the invention is subject to various modifications and alternative
forms, specific embodiments thereof are shown by way of example In the
drawings and the accompanying detailed description. It should be understood,
however, that the drawings and detailed description are not intended to limit the

invention to the particular embodiments which are described.

Detailed Description of a Preferred Embodiment

[0021] One or more embodiments of the invention are described below. It
should be noted that these and any other embodiments described below are
exemplary and are intended to be illustrative of the invention rather than

limiting.

[0022] As described herein, various embodiments of the invention comprise
systems and methods for providing power control for multiple channels wherein

an amount of independence is provided in the control of each channel.

[0023] In one embodiment, a wireless communication system provides
multiple reverse-lihk channels for communication of data from a mobile station
to a base station. With respect to a first one of the channels, the base station
controls the power level of the channel to maintain an essentially constant
traffic-to-pilot (T/P) ratio. In other words, the power levels of the traffic and
power signals are increased or decreased proportionately. For example, if
errors are received on the channel, the power levels of the traffic and pilot are
incremented, whereas if no errors are received, the power levels of the traffic
and pilot are decremented. With respect to the remaining channels, power
control is performed by increasing or decreasing the T/P ratio, rather than the
power levels of both the traffic and pilot. Thus, if errors are received on one of

these channels, the corresponding T/P ratio is incremented, while the pilot
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power level is maintained. If, on the other hand, errors are not received on this
channel, the T/P ratio is decremented while the pilot power level remains the

Same.

[0024] In an alternative embodiment, the wireless communication system
again provides multiple reverse-link channels for communicating data from a
mobile station to a base station. In this embodiment, however, the power level
of the pilot is adjusted in tandem with multiple traffic channels, rather than a
single channel. In this embodiment, the T/P ratios of muliiple channels in a first
set are essentially fixed, and the power levels of the pilot and the first set of
traffic channels are adjusted upward or downward simultaneously. In one
embodiment, the T/P ratios may be initially adjusted before being fixed. The
power levels of these channels are adjusted based on a composite function of
the errors detected in the data received on all of the channels in the first set.
For example, the function may comprise the maximum up-step, plus the
maximum down-step (where the down-step is considered to have a negative
value), where the up-step and down-step are computed in the same manner as
for a single channel. With respect to the remaining channels, the T/P ratios of
the channels are adjusted in the same manner as described above. In other
words, if errors are received on one of these channels, the corresponding T/P
ratio is incremented, but if errors are not received on this channel, the T/P ratio

is decremented.

[0025] A preferred embodiment of the invention Is implemented in a wireless
communication system that conforms generally to a release of the cdma2000
specification. ¢dma2000 is a 3rd Generation (3G) wireless communication
standard that is based on the 1S-95 standard. The cdma2000 standard has
evolved and continues to evolve to continually support new services in a
standard 1.25 MHz carrier. The preferred embodiment of the invention is
intended to be operable in systems utilizing Release of the cdma2000
standard, but other embodiments may be implemented in other Releases of
cdma2000 or in systems that conform to other standards (e.g., W-CDMA). The
embodiments described herein should therefore be considered exemplary,

rather than limiting.
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[0026] Referring to FIGURE 1, a diagram illustrating the structure of an
exemplary wireless communications system is shown. As depicted In this
figure, system 100 comprises a base station 110 that is configured to
communicate with a plurality of mobile siations 120. WMobile stations 120 may,
for example, be cellular telephones, personal information managers (PIMs or
PDA), or the like that are configured for wireless communication. It should be
noted that these devices need not actually be "mobile,” but may simply
communicate with base station 110 via a wireless link. Base station 110
transmits data to mobile stations 120 via corresponding forward link (FL)
channels, while mobile stations 120 transmit data to base station 110 via

corresponding reverse link (RL) channels.

[0027] It should be noted that, for the purposes of this disclosure, identical
items in the figures may be indicated by identical reference numerals followed
by a lowercase letter, e.g., 120a, 120b, and so on. The items may be

collectively referred to herein simply by the reference numerai.

[0028] Base station 110 is also coupled to a swiiching station 130 via a
wireline link. The link to switching station 130 allows base station 110 ftos
communicate with various other system components, such as a data server
140, a public switched telephone network 150, or the Internet 160. It should be
noted that the mobile stations and system components in this figure are
exemplary and other systems may comprise other types and other combinations

of devices.

[0029] While, in practice, the specific designs of base station 110 and mobile
stations 120 may vary significantly, each serves as a wireless transceiver for
communicating over the forward and reverse links. Base station 110 and
mobile stations 120 therefore have the same general structure. This structure is
illustrated in FIGURE 2.

[0030] Referring to FIGURE 2, a functional block diagram illustrating the basic
structural components of a wireless transceiver system in accordance with one

embodiment is shown. As depicted in this figure, the system comprises a
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transmit subsystem 222 and a receive subsystem 224, each of which is coupled
to an antenna 226. Transmit subsystem 222 and receive subsystem 224 may
be collectively referred to as a transceiver subsystem. Transmit subsystem 222
and receive subsystem 224 access the forward and reverse links through
antenna 226. Transmit subsystem 222 and receive subsystem 224 are also
coupled to processor 228, which is configured to control transmit anad receive
subsystems 222 and 224. Memory 230 is coupled to processor 228 to provide
working space and local storage for the processor. A data source 232 Is
coupled to processor 228 to provide data for transmission by the system. Data
source 232 may, for example, comprise a microphone or an input from a
network device. The data is processed by processor 228 and then forwarded io
transmit subsystem 222, which transmits the data via antenna 226. Data
reCeived by receive subsystem 224 through antenna 226 Iis forwarded to
processor 228 for processing and then to data output 234 for presentation to a
user. Data output 234 may comprise such devices as a speaker, a visual

display, or an output to a network device.

[0031] Persons of skill in the art of the invention will appreciate that the
structure depicted in FIGURE 2 is illustrative and that other embodiments: may
use alternative configurations. For example, processor 350, which may be a
general-purpose microprocessor, a digital signal processor (DSP) or a special-
purpose processor, may perform some or all of the functions of other
components of the transceiver, or any other processing required by the
transceiver. The scope of the claims appended hereto are therefore not limited

to the particular configurations described herein.

[0032] Considering the structure of FIGURE 2 as implemented in a mobile
station, the components of the system can be viewed as a transceiver
subsystem coupled to a processing subsystem, where the transceiver
subsystem is responsible for receiving and transmitting data over wireless
channel and the processing subsystem is responsible for preparing and
providing data to the transceiver subsystem for transmission and receiving and
processing data that it gets from the transceiver subsystem. The transceliver

subsystem could be considered to include transmit subsystem 222, receive
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subsystem 224 and antenna 226. The processing subsystem could be
considered to include processor 228, memory 230, data source 232 and data
output 234.

[0033] As indicated above, the communication link between the base station
and the mobile station actually comprises various channels. Referring fo
FIGURE 3, a diagram illustrating multiple channels between the mobile station
and base station is shown. As depicted in the figure, Base station 110 transmits
data to mobile station 120 via a set of forward link channels 310. These
channels typically include both traffic channels, over which data is transmitted,
and control channels, over which control signals are transmitted. Each of the
traffic channels generally has one or more control channels associated with It.
Forward link channels 310 may include, for example, a Forward Fundamentai
Channel (F-FCH) that may be used to transmit low-speed data, a Forward
Supplemental Channel (F-SCH) that may be used for high-speed, point-to-point
communications, or a Forward High-Speed Broadcast Channel (F-HSBCH) that
may be used to broadcast messages to multiple recipients. The channels may
also include a Forward Dedicated Control Channel (F-DCCH), a forward
broadcast control channel (F-BCCH) or a Forward Paging Channel (F-PCH) that
may be used to transmit control information relating to the traffic channels or to

other aspects of the operation of the system.

[0034] Mobile station 120 transmits data to base station 110 via a set of
reverse link channels 320. Again, these channels typically include both traffic
channels and control channels. Mobile station 120 may transmit data back to
the base station over such channels as a reverse access channel (R-ACH), an
extended reverse access channel (R-EACH), a reverse request channel (R-
REQCH), a reverse enhanced supplemental channel (R-ESCH), a reverse
dedicated control channel (R-DCCH), a reverse common control channel (R-
CCCH), or a reverse rate indicator channel (R-RICH).

[0035] In many instances, reverse link capacity is interference limited. Base

stations allocate available reverse link communication resources to mobile
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stations for efficient utilization to maximize throughput in accordance wiih

Quality of Service (QoS) requirements for the various mobile stations.

[0036] Maximizing the use of the reverse link communication resources
involves several factors. One factor to consider is the mix of scheduled reverse
link transmissions from the different mobile stations, each of which may be
experiencing varying channel quality at any given time. To Increase overall
throughput (the aggregate data transmitted by all the mobile stations in the cell),
it is desirable for the entire reverse link to be fully utilized whenever there s
reverse link data to be sent. To fill the available capacity, some mobile stations
may be granted access at the highest rate they can support. Additional mobile
stations may be granted access until capacity is reached. In deciding which
mobile stations to schedule, the base station may therefore consider the
maximum rate each mobile station can support and the amount of data each
mobile station has to transmit. A mobile station capable of higher throughput
(considering both the data rate supportable by the mobile station and the
amount of data the mobile station has to transmit) may be selected instead of

an alternate mobile station that cannot currently support the higher throughput.

[0037] Another factor to be considered is the quality of service required by
each mobile station. It may be permissible to delay access to a particular
mobile station in hopes that the mobile station’s channel (or more specifically Its
supportable throughput) will improve, instead selecting mobile station that can
support higher throughput. 1t may be the case, however, that a sub-optimal
mobile station may need to be granted access in order to allow the mobile
station to meet minimum quality of service guarantees. Therefore, the daia
throughput that is actually scheduled may not be the absolute maximum, but
may instead be optimized in light of channel conditions, available mobile station

transmit power, quality of service requirements, and similar factors.

[0038] Various scheduling mechanisms may be used {0 allow a mobile station
to transmit data on the reverse link. One class of reverse link transmissions
involves the mobile station making a request to transmit on the reverse link.

The base station makes a determination of whether resources are available tp
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accommodate the request, and a grant can be made by the base siation to
allow the transmission. The grant be made specifically to an individual mobile
station, or it may be a common grant to al of the mobile stations. Alternatively,
the mobile station may not have sufficient data or channel quality fo jusiify a

request, and may autonomously transmit data o the base station.

[0039] The base station allocates the capacity of the reverse link to one or
more mobile stations. A mobile station that is granted access is allowed a
maximum power level for the transmissions that will be made under the grant.
In one embodiment, the reverse link capacity is allocated using a traffic-to-pilot
(T/P) ratio. Since the pilot signal of each mobile station is adaptively controlled
by a power control, specifying the T/P ratio indicates the available power for use
in transmitting data on the reverse link. As indicated above, the base station
may make specific grants to one or more mobile stations, indicating a T/P value
specific to each mobile station, and may also make a common grant o the
remaining mobile statiohs that have requested access, indicating a maximum
T/P value that is allowed for the transmissions of those remaining mobile

stations.

[0040] Conventionally, T/P was used for allocation of reverse link capacity to
different mobile stations, without regard to the specific channels used by each
of the mobile stations. In other words, power control was performed essentially
on a per mobile station basis. In the present system, T/P ratios for individual
channels between a particular mobile station and the base station are involved
in the power control methodology, rather than simply being used for allocation

between mobile stations.

[0041] Referring to FIGURES 4 and 5, flow diagrams illustrating the methods
employed in one embodiment to control power onto different channels between
a mobile station and a base station are shown. FIGURE 4 depicts a method
used in conjunction with a first channel, wherein the power levels of both the
first channel (a traffic channel) and a pilot channel are adjusted. The power
levels of the first and pilot channels are incremented or decremented at the

same time to maintain the T/P ratio between them. FIGURE 5 depicts a method
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used in conjunction with a second channel, wherein rather than adjusting the
power levels of both the second (traffic) and pilot channels, the T/P ratio of the
second channel is adjusted. Thus, the power level of the second channel is

effectively adjusted without affecting the power level of the pilot channel.

[0042] In one embodiment, the first channel, for which the power level is
adjusted in unison with the pilot channel, is a reverse-link fundamental channel
(R-FCH). This channel carries voice communications, which are typically of
primary importance in wireless communication systems (e.g., cellular phone
systems). Because the level of service on this channel may be critical, using it
as the basis for power control ensures that the level of service will be
satisfactory, even though it may not be possible to provide satisfactory levels of

service on all channels.

[0043] Referring again to FIGURE 4, power control with respect to the first
channel is performed by first receiving a frame of data at the base station (block
410) and determining whether the frame contains errors (block 420). If the
frame contains errors (block 430), the power level of the first channel is too low,
so the base station sends an UP message to the mobile station (block 440)
indicating that the power level of this channel and the pilot channel should be
incremented. When this message is received by the mobile station, the mobile
station increments the power levels of the first channel and the pilot channel
(block 450). If the frame does not contain errors (block 430), then ihe power
level of the first channel is sufficiently high and the base station sends a DOWN
message to the mobile station (block 460) indicating that the power level of this
channel and the pilot channel should be decremented. When this message Is
received by the mobile station, the mobile station decrements the power levels
of the first channel and the pilot channel (block 470).

[0044] When an error is received on one of the channels and it is necessary
to send an UP or DOWN message to the mobile station, the amount by which
the power levels (or T/P ratios) are incremented (the up-step) or decremented
(the down-step) may vary from one implementation to another. Typically, the

amount by which the power levels are incremented are substantially greater
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than the amount by which the power levels are decremented. In an exemplary
embodiment in which the pilot is power controlled in conjunction with a single
traffic channel, the up-step has a value of X dB, while the down-step has a
value of X/(1/FER-1), where FER Is the frame error rate of the traffic channel.
Similarly, the T/P ratio of each of the additional channels may be incremented
by an amount Y, and decremented by an amount Y/(1/FER-1), where the value
of FER corresponds to the channel for which the T/P ratio is being

incremented/decremented.

[0045] In embodiments in which the pilot is power controlled in conjunction
with multiple traffic channels, the computation of the up-step and down-step
may be a bit more complex, although this is not necessarily the case. In one
exemplary embodiment, the up-step is selected as the maximum of the up-steps
computed for the multiple channels. In this embodiment, the down-step is
selected as the minimum of the down-steps computed for the multiple channels.
In an alternative embodiment, the up-step may be selected as the minimum of
the up-steps computed for the multiple channels, while the down-step is
selected as the maximum of the down-steps computed for the multiple
channels. In yet another embodiment, the up-step is selected as the maximum
of the up-steps computed for the multiple channels, and the down-step is
computed as the sum of the down-steps computed for the individual channels.
In one embodiment, the final pilot adjustment is calculated as the sum of the up-
step and the down-step. In another embodiment, the final pilot adjustment is
further quantized to limited levels and signaled to the mobile stations. In yet
another embodiment, the quantization has two levels, up or down with a fixed

amount.

[0046] Referring again to FIGURE 5, power control with respect to the second
channel is performed by again receiving a frame of data at the base station
(block 510) and determining whether the received frame contains errors (block
520). If the frame contains errors (block 530), however, the T/P ratio is
incremented (block 540) by the base station, which maintains a current T/P
value for each mobile station with which it communicates. A message is then

sent from the base station to the mobile station indicating the new T/P value
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(block 560). The mobile station then sets the power level of the second channel
in accordance with the new T/P. Unlike the flow diagram of FIGURE 4, the pilot
power level is not affected by errors that are experienced on the second
channel or the resulting changes in T/P. If the frame does not contain errors
(block 530), the T/P ratio is decremented (block 550), and a corresponding
message is sent to the mobile station (block 560). Again, the new T/P does not

affect the power level of the pilot signal.

[0047] The effect of the method depicted in FIGURE 4 is illustrated in
FIGURE 6. FIGURE 6 is a diagram illustrating the relative power levels of the
first channel and the pilot channel. The diagram of FIGURE 6 shows the power
levels of these channels as functions of time. The power level of the first
channel is indicated by reference number 610, while the power level of the pilot
channel is indicated by reference number 620. It can be seen that the power
level of curve 610 is proportional to power level of curve 620. The proportional
if the curves (T/P) remains constant. While the power levels of the curves are
decremented at time t1, the proportionality of the curves remains constant. In

other words, the T/P ratio is the same, both before and after time t1 (i.e., T/P Is
equal to T'/P’).

[0048] The effect of the method depicted in FIGURE 5 is illustrated in
FIGURE 7. This figure is a diagram illustrating the relative power levels of the
second channel and the pilot channel. The 710 curve corresponding to the
power level of the second channel is proportional to the curve 720
corresponding to the power level of the pilot channel, but when it is necessary
to decrement the power level of the second channel (i.e., at time 12), the pilot
power level is not affected. Thus, while that to curves are proportional before
time t2 and after time t2, the proportionality of the curves changes (i.e., T/P is

not equal to T/P).

[0049] By implementing power control in separate channels as described
above, the power levels and/or T/P ratios of the channels can be optimized with
a degree of independence from each other. In one embodiment, one of the

channels can be optimized by simultaneously adjusting the power levels of the
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channel and the pilot channel, while the remainder of the channels can be
optimized by adjusting their respective T/P ratios. In another embodiment, one
set of channels is power-controlled simultaneously with the pilot, while another
set has its T/P ratios adjusted without affecling the power levels of the pilot or

the first set of channels.

[0050] Then, the mobile station can determine whether or not to transmit data
on each of the channels, and select the appropriate transmit power, data rate,
and other parameters for such transmissions. The mobile station’s selection of
transmission parameters may involve various considerations. For example, as
"described above, a mobile station may trade off throughput for latency in
deciding whether to use autonomous transfer to transmit data. In other words,
the mobile station may transmit immediately to reduce latency, or may request a
higher rate transfer and waiting for a common or specific grant. In addition,
given the maximum T/P with which the mobile station is allowed to transmit, the
mobile station may select a data rate (that doesn’t exceed the allowed T/P) to

suit the latency and/or throughput requirements for the data to be transmitted.

[0051] The different mobile stations with which the base station
communicates may be capable of supporting different levels of throughput.
This situation may result from the fact that the mobile stations are in different
locations within the cell, are traveling at different speeds, and are experiencing
varying channel conditions. The throughput that can be supported by a mobile
station may also be affected by the mobile station’s selection of various
transmission characteristics, such as transmission power, transmission rate,
and modulation format. The mobile station’s selection of these characteristics
may be based on a number of factors. For example, the rate of transmission
may be increased (by reducing code rate, increasing the symbol rate, or using a

higher order modulation scheme) to increase data throughput.

[0052] Another factor is the mobile station’s power. Mobile stations have a
limited amount of available transmit power. Because data transmission rates
are directly related to the power of the transmission, the transmission rate of a

mobile station may be limited by the maximum power of the mobile station’s
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amplifier. The amount of available mobile station transmit power can then be
allocated to one or more pilot channels, one or more data channels, and any
other associated control channels. To be effective, the associated pilot channel
must be received reliably to provide a phase reference for the modulation.
Thus, a portion of the available transmit power is allocated to the pilot, and
increasing that portion will increase the reliability of pilot reception. Increasing
that portion of available transmit power allocated to the pilot, however, also
decreases the amount of power of available for data fransmission, and
decreasing that portion of available transmit power allocated to the data also
decreases the modulation reliability. Nevertheless, an appropriate modulation

format and transmission rate can be determined for any given T/P ratio.

[0053] Mobile station transmit power may also be governed by the base
station to avoid excessive interference with other mobile stations, using power
control and various data transmission scheduling techniques. Power control is
used to maintain reverse link signals at levels that are suitable for the base
station. The base station receives pilot signals from each of the mobile stations
and controls the power levels of the mobile stations so that the pilot power
received from each mobile station is approximately the same. Because the:pilot
level is about the same for each mobile station, the T/P ratio for a mobile station
is an indicator of the amount of the communication capacity used by the mobile
station during reverse link transmission. After the base station determines the
T/P ratio for each mobile station, the mobile stations can then appropriately
select transmission power, transmission rate, and modulation format to stay

within the allowed T/P ratios.

[0054] The various aspects and features of the present invention have been
described above with regard to specific embodiments. As used herein, the
terms “comprises,” “comprising,” or any other variations thereof, are intended to
be interpreted as non-exclusively including the elements or limitations which
follow those terms. Accordingly, a system, method, or other embodiment that
comprises a set of elements is not limited to only those elements, and may
include other elements not expressly listed or inherent to the claimed

embodiment.
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[0055] While the present invention has been described with reference to
particular embodiments, it should be understood that the embodimenis are
illustrative and that the scope of the invention is not limited to these
embodiments. Many variations, modifications, additions and improvements 1o
the embodiments described above are possible. It is contemplated that these
variations, modifications, additions and improvements fall within the scope of

the invention as detailed within the following claims.
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CLAIMS:
1. A method for controlling power in a wireless communication system having

multiple reverse-link communication channels, the method comprising:

adjusting power levels of a first set of channels and a corresponding pilot

channel according to a fixed ratio, the first set of channels including at
least one traffic channel; and

adjusting one or more traffic-to-pilot (T/P) ratios for one or more
additional traffic channels independently of the power level of the pilot
channel, the adjusting power levels and the adjusting one or more T/P

ratios being performed by a single base station for a single mobile
station.

2. The method as recited in claim 1, further comprising maintaining the fixed ratio
of the power levels of the first set of channels and the pilot channel while

adjusting the power levels of the first set of channels and the pilot channel.

3. The method as recited in claim 1, wherein the first set of channels comprises a
single channel, wherein adjusting the power levels of the first set of channels

and the corresponding pilot channel comprises:

determining whether data received on the single channel contains

errors;

if the data received on the single channel contains errors, incrementing
the power levels of the single channel and the corresponding pilot

channel; and

if the data received on the single channel does not contain errors,
decrementing the power levels of the single channel and the

corresponding pilot channel.
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The method as recited in claim 3, wherein determining whether the data
received on the single channel contains errors is performed by the base station,
wherein the method further comprises the base station sending a message to

the mobile station to increment or decrement the power levels of the single
channel and the corresponding piiot channel.

The method as recited in claim 4, wherein incrementing the power levels of the

single channel and the corresponding pilot channel is performed by the mobile
station in response to the message.

The method as recited in claim 3, wherein the single channel comprises a voice
channel.

The method as recited in claim 1, wherein the first set of channels comprises
multiple channels, wherein adjusting the power levels of the first set of

channels and the corresponding pilot channel comprises:

determining for each channel in the first set whether data received on
the channel contains errors; and

determining a composite adjustment of the power levels of the first set of
channels and the corresponding pilot channel based on errors received

on the multiple channels.

The method as recited in claim 7, wherein determining the composite
adjustment of the power levels of the first set of channels and the

corresponding pilot channel comprises:
for each channel in the first set,

determining whether data received on the channel contains

errors,

if the data received on the channel contains errors, determining a

corresponding incremental power level adjustment, and
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if the data received on the channel does not contain errors,

determining a corresponding decremental power level
adjustment; and

computing the composite adjustment as a function of the incremental

and decremental power level adjustments for the channels in the first
set.

The method as recited in claim 8, wherein the function of the incremental and
decremental power level adjustments for the channels in the first set comprises

adding the maximum incremental power level adjustment and all of the
decremental power level adjustments.

The method as recited in claim 8, wherein the function of the incremental and
decremental power level adjustments for the channels in the first set comprises
adding the maximum incremental power level adjustment to the minimum

decremental power level adjustment.

The method as recited in claim 8, wherein the function of the incremental and
decremental power level adjustments for the channels in the first set comprises
adding the minimum incremental power level adjustment to the maximum

decremental power level adjustment.

The method as recited in claim 8, wherein the function of the incremental and
decremental power level adjustments is constrained to a limited number of

quantized levels.

The method as recited in claim 1, wherein adjusting the one or more T/P ratios
for the one or more additional traffic channels comprises, for each additional

traffic channel:

determining whether data received on the channel contains errors;
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if the data received on the channel contains errors, incrementing the T/P
ratio for the channel: and

if the data received on the channel does not contain errors,
decrementing the T/P ratio for the channel.

14. The method as recited in claim 13, wherein determining whether the data

received on the channel contains errors and incrementing or decrementing the

T/P ratio for the channel is performed by the base station, wherein the method

further comprises the base station sending a message to the mobile station

Indicating the T/P ratio for the channel.

156. The method as recited in claim 14, further comprising the mobile station

recelving the message and selecting transmission characteristics for the

channel in accordance with the T/P ratio for the channel.

16. A system for controlling power in a wireless communication system having

multiple reverse-link communication channels, comprising:

a base station;

a mobile station coupled to the base station via a wireless

communication link;

wherein the base station is configured to receive data from the mobile

station on a plurality of reverse-link channels on the wireless

communication link; and

wherein the base station is configured to adjust a power level for a first
set of reverse-link channels including at least one traffic channel and a
power level for a pilot channel according to a fixed ratio, and to

separately adjust a traffic-to-pilot (T/P) ratio for each of one or more

additional reverse-link traffic channels.
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The system as recited in claim 16, wherein the base station is configured to
adjust the power levels for the first set of reverse-link channels and the pilot
channel to maintain the fixed ratio of the power level for the first set of reverse-
ink channels to the power level of the pilot channel.

The system as recited in claim 16, wherein the first set of reverse-link channeils
comprises a single reverse-link channel, and wherein the base station Is
configured to determine whether data received on the single reverse-link
channel contains errors, and if the data received on the single reverse-link
channel contains errors, to cause the power levels of the single reverse-link
channel and the pilot channel to be incremented, and if the data received on
the single reverse-link channel does not contain errors, to cause the power
levels of the single reverse-link channel and the pilot channel to be

decremented.

The system as recited in claim 18, wherein the base station is configured to
cause the power levels of the single reverse-link channel and the pilot channel
to be incremented or decremented by sending corresponding messages to the

mobile station.

The system as recited in claim 19, wherein the mobile station is configured to
increment or decrement the power levels of the single reverse-link channel and

the pilot channel in accordance with the messages.

The system as recited in claim 16, wherein the first set of channels comprises
multiple channels, wherein the base station is configured to adjust the power
levels of the first set of channels and the corresponding pilot channel by
determining for each channel in the first set whether data received on the
channel contains errors and determining a composite adjustment of the power
levels of the first set of channels and the corresponding pilot channel based on

errors received on the multiple channels.
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The system as recited in claim 21, wherein the base station is configured to
determine the composite adjustment of the power levels of the first set of
channels and the corresponding pilot channel by:

for each channel in the first set,

determining whether data received on the channel contains
errors,

if the data received on the channel contains errors, determining a

corresponding incremental power level adjustment, and

if the data received on the channel does not contain errors,

determining a corresponding decremental power level
adjustment; and

computing the composite adjustment as a function of the incremental
and decremental power level adjustments for the channels in the first
set.

The system as recited in claim 22, wherein the function of the incremental ana
decremental power level adjustments for the channels in the first set comprises
adding the maximum incremental power level adjustment and all of the

decremental power level adjustments.

The system as recited in claim 22, wherein the function of the incremental and
decremental power level adjustments for the channels in the first set comprises
adding the maximum incremental power level adjustment to the minimum

decremental power level adjustment.

The system as recited in claim 22, wherein the function of the incremental and
decremental power level adjustments for the channels in the first set comprises
adding the minimum incremental power level adjustment to the maximum

decremental power level adjustment.
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The system as recited in claim 22, wherein the function of the incremental and
decremental power level adjustments is constrained to a limited number of

quantized levels.

The system as recited in claim 16, wherein the base station is configured to
determine whether data received on each additional reverse-link traffic channel
contains errors, and if the data received on the additional reverse-link traffic
channel contains errors, to increment the T/P ratio of the additional reverse-link
traffic channel, and if the data received on the additional reverse-link traffic
channel does not contain errors, to decrement the T/P ratio of the additional

reverse-link traffic channel.

The system as recited in claim 27, wherein the base station is configured to
send messages indicating the incremented or decremented T/P ratio of the
additional reverse-link traffic channel to the mobile station.

The system as recited in claim 28, wherein the mobile station is configured to
set a power level of the additional reverse-link traffic channel in accordance

with the messages.

A base station operable to communicate with a mobile station via a wireless

communication channel, wherein the base station comprises:

a processing subsystem,;
a transceiver subsystem coupled to the processing subsystem;

wherein the transceiver subsystem is configured to receive signals on a
first set of reverse-link channels including at least one traffic channel, a

pilot channel, and one or more additional reverse-link traffic channels;

and

wherein the processing subsystem is configured to adjust a power level
for the first set of reverse-link channels and a power level for the pilot
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channel according to a fixed ratio, and to separately adjust a traffic-to-

pilot (T/P) ratio for each of the one or more additional reverse-link traffic
channels.

The base station as recited In claim 30, wherein the first set of reverse-link
channels comprises a single reverse-link channel, wherein the processing
subsystem is configured to adjust the power levels for the single reverse-link
channel and the pilot channel to maintain the fixed ratio of the power level for

the single reverse-link channel to the power level of the pilot channel.

The base station as recited in claim 31, wherein the processing subsystem is
configured to determine whether data received on the single reverse-link
channel contains errors, and if the data received on the single reverse-link

channel contains errors, to cause the power levels of the single reverse-link

channel and the pilot channel to be incremented, and if the data received on
the single reverse-link channel does not contain errors, to cause the power
levels of the single reverse-link channel and the pilot channel to be

decremented.

The base station as recited in claim 31, wherein the processing subsystem Is
configured to cause the power levels of the single reverse-link channel and the
pilot channel to be incremented or decremented by sending corresponding
messages to a mobile station which is configured to increment or decrement
the power levels of the single reverse-link channel and the pilot channel In

accordance with the messages.

The base station as recited in claim 30, wherein the first set of channels
comprises multiple channels, wherein the processing subsystem is configured
to adjust the power levels of the first set of channels and the corresponding
pilot channel by determining for each channel in the first set whether data
received on the channel contains errors and determining a composite
adjustment of the power levels of the first set of channels and the

corresponding pilot channel based on errors received on the mulitiple channels.
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The base station as recited in claim 34, wherein the processing subsystem is

configured to determine the composite adjustment of the power levels of the
first set of channels and the corresponding pilot channel by:

for each channel in the first set,

determining whether data received on the channel contains
errors,

if the data received on the channel contains errors, determining a

corresponding incremental power level adjustment, and

if the data received on the channel does not contain errors,

determining a corresponding decremental power level
adjustment; ana

computing the composite adjustment as a function of the incremental
and decremental power level adjustments for the channels in the first
set.

The base station as recited in claim 35, wherein the function of the incremental
and decremental power level adjustments for the channels in the first set
comprises adding the maximum incremental power level adjustment and all of

the decremental power level adjustments.

The base station as recited in claim 35, wherein the function of the incremental
and decremental power level adjustments for the channels in the first set
comprises adding the maximum incremental power level adjustment to the

minimum decremental power level adjustment.

The base station as recited in claim 35, wherein the function of the incremental
and decremental power level adjustments for the channels in the first set
comprises adding the minimum incremental power level adjustment to the

maximum decremental power level adjustment.
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The base station as recited in claim 35, wherein the function of the incremental
and decremental power level adjustments is constrained to a limited number of

quantized levels.

The base station as recited in claim 30, wherein the processing subsystem is
configured to determine whether data received on each additional reverse-link
traffic channel contains errors, and if the data received on the additional
reverse-link traffic channel contains errors, to increment the T/P ratio of the
additional reverse-link traffic channel, and if the data received on the additional
reverse-link traffic channel does not contain errors, to decrement the T/P ratio

of the additional reverse-link traffic channel.

The base station as recited in claim 30, wherein the processing subsystem Is
configured to send messages indicating the incremented or decremented T/P
ratio of the additional reverse-link traffic channel to a mobile station which is
configured to set a power level of the additional reverse-link traffic channel in

accordance with the messages.

A method for controlling power level of multiple reverse link communication
channels between a single mobile station and a base station in a wireless

communication system, the method comprising:

adjusting power levels of a first set of channels of the multiple reverse
ink communication channels and a corresponding pilot channel at the

same time to maintain the traffic-to-pilot ratio between them; and

adjusting traffic-to-pilot (T/P) power ratios for one or more remaining

channels of the multiple reverse link communication channels

independently of the power level of the pilot channel,

wherein adjusting the T/P ratios for each of the one or more remaining

channels comprises:
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determining whether data received on the channel contains

errors,

If the data received on the channel contains errors, incrementing
the T/P ratio for the channel; and

if the data received on the channel does not contain errors,

decrementing the T/P ratio for the channel.

The method as recited in claim 42, wherein the first set of channels comprises
a single channel, wherein adjusting the power levels of the first set of channels

and the corresponding pilot channel comprises:

determining whether data received on the single channel contains

elrtrors,

if the data received on the single channel contains errors, incrementing
the power levels of the single channel and the corresponding pilot
channel;, and

if the data received on the single channel does not contain errors,
decrementing the power levels of the single channel and the

corresponding pilot channel.

The method as recited in claim 43, wherein determining whether the data
received on the single channel contains errors is performed by the base station,
wherein the method further comprises the base station sending a message to
the mobile station to increment or decrement the power levels of the single

channel and the corresponding pilot channel.

The method as recited in claim 44, wherein incrementing the power levels of
the single channel and the corresponding pilot channel is performed by the

mobile station in response to the message.
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The method as recited in claim 43, wherein the single channel comprises a
voice channel.

The method as recited in claim 42, wherein the first set of channels comprises
multiple channels, wherein adjusting the power levels of the first set of

channels and the corresponding pilot channel comprises:

determining for each channel in the first set whether data received on

the channel contains errors; and

determining a composite adjustment of the power ievels of the first set of

channels and the corresponding pilot channel based on errors received
on the multiple channels.

The method as recited in claim 47, wherein determining the composite
adjustment of the power levels of the first set of channels and the
corresponding pilot channel comprises:

for each channel in the first set,

determining whether data received on the channel contains

errors,

if the data received on the channel contains errors, determining a

corresponding incremental power level adjustment, and

if the data received on the channel does not contain errors,
determining a corresponding decremental power level

adjustment; and

computing the composite adjustment as a function of the incremental

and decremental power level adjustments for the channels in the first

set.
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The method as recited in claim 48, wherein the function of the incremental and

decremental power level adjustments for the channels in the first set comprises

adding the maximum incremental power level adjustment and all of the
decremental power level adjustments.

The method as recited in claim 48, wherein the function of the incremental and
decremental power level adjustments for the channels in the first set comprises
adding the maximum incremental power level adjustment to the minimum

decremental power level adjustment.

The method as recited in claim 48, wherein the function of the incremental and
decremental power level adjustments for the channels in the first set comprises

adding the minimum incremental power level adjustment to the maximum

decremental power level adjustment.

The method as recited in claim 48, wherein the function of the incremental and
decremental power level adjustments is constrained to a limited number of

quantized levels.

The method as recited in claim 42, wherein determining whether the data
received on the channel contains errors and incrementing or decrementing the
T/P ratio for the channel is performed by the base station, wherein the method
further comprises the base station sending a message to the mobile station

indicating the T/P ratio for the channel.

The method as recited in claim 53, further comprising the mobile station
receiving the message and selecting transmission characteristics for the

channel in accordance with the T/P ratio for the channel.

An apparatus for controlling power level of multiple reverse link communication
channels between a single mobile station and a base station in a wireless

communication system, the apparatus comprising:
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a processor configured for adjusting power levels of a first set of
channels of the multiple reverse link communication channels and a
corresponding pilot channel at the same time to maintain the traffic-to-
pilot ratio between them, and for adjusting traffic-to-pilot (T/P) power
ratios for one or more remaining channels of the multiple reverse link
communication channels independently of the power level of the pilot
channel, wherein adjusting the T/P ratios for each of the one or more

remaining channels comprises:

determining whether data received on the channel contains

errors,

if the data received on the channel contains errors, incrementing

the T/P ratio for the channel; and

if the data received on the channel does not contain errors,

decrementing the T/P ratio for the channel.
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