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POWER ALLOCATION FOR POWER CONTROL BITS IN
A CELLULAR NETWORK

BACKGROUND

Field
[1001] The present invention relates generally to cellular networks. More
specifically, the present invention relates to power allocation for power control

bits in such networks.

Background

[1002] Spread spectrum techniques, such as code division multiple access
(CDMA) techniques, are used to communicate information over wireless
communication systems. For example, CDMA techniques are in wide use for
communications between stationary base stations and remote stations (e.g.,
mobile cellular telephones) in a cellular network. In accordance with CDMA
techniques, several streams of information, typically from different sources or
sectors, are each encoded or “channelized” using a different code. These
codes allow the information to be transmitted over the same frequency band
(commonly referred to as a “CDMA channel’). Each such channelized
information stream is commonly referred to as a “code channel”.

[1003] Increasing demand for wireless data transmission and the expansion
of services available via wireless communication technology has led to the
development of specific data services such as 1x evolution data only (1xEV-
DO), which was based on the High Data Rate (HDR) system. An exemplary
1XEV-DO type system is defined in Telecommunications Industry
Association/Electronic Industries Alliance (TIA/EIA)/IS-856 “cdma2000 High
Rate Packet Data Air Interface Specification,” which is one of the first 3G
systems used for packet data services with forward link peak rates of up to 2.4
Mbps.
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[1004]  In an exemplary 1xEV-DO system, a forward link transmission, which
is defined as data transmission from one base station to one remote station, is
defined in terms of frames. A frame is further sub-divided into time slots. Each
time slot includes at least a forward Medium Access Channel (MAC) and a
Forward Traffic Channel (FTC). The MAC is composed of up to 63 code
channels, which are orthogonally covered by 64-ary Walsh codes. Each code
channel is identified by a MAC index, which has a value between 1 and 63. The
MAC indices include a code-division multiplexed reverse abtivity (RA) channel
and up to 59 reverse power control (RPC) channels. For each sector of a
cellular network, a unique MAC index is assigned to transmit information to a
specific remote station. In the context of 1xEV-DO, the power control bits in the
MAC index identifies, for example, the Walsh channel used to spread the
corresponding RPC channel.  Furthermore, the remote station uses the
assigned MAC index to identify transmissions on the FTC, which is a time
division multiplexed channel shared by all remote stations communicating with a
given sector. A data scheduler in the base station allocates slots to a user
specified by the data rate control information in the data rate control (DRC)
channel of the reverse link, which is defined as data transmission from the
mobile station to one or more base stations.

[1005] When transmitting over the forward link in an 1xEV-DO system, the
same amount of power is used to transmit each code channel in the CDMA
channel. However, since each MAC index is intended for a different remote
station, it has been found to be advantageous to vary the power allocated to the
MAC index. The conventional power allocation for the MAC index is based on
forward link channel state information received from the remote stations. This
information is conveyed by the data rate control value fed back via the DRC
feedback channel. A higher data rate control value indicates better channel
conditions and therefore less allocated power is needed to ensure a
predetermined level of reliability on the power control channel. A lower (or
erased) data rate control value indicates poorer channel conditions and
therefore greater allocated power is needed to ensure the same level of

reliability. However, it has been found that, under certain conditions, using the
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data rate control value received on the DRC feedback channel to allocate power
for the transmission of the MAX index can cause allocation of greater amount of
power than is necessary for reliable reception at the remote station.

[1006] There is therefore a need in the art for appropriately modifying power
allocation for transmission of power control bits in the MAC.

SUMMARY

[1007] Embodiments disclosed herein address the above stated needs for
allocating power to forward link power control channels.

[1008] In one aspect, a power allocation value for power control information
transmitted from a first station to a plurality of stations is determined by
receiving data rate control information from the plurality of stations in a
communications system. Supplemental information relating to the data rate
control information is then generated, and an improved signal strength value is
produced in accordance with the supplemental information. The power
allocation value for the power control information transmitted from the first
station to the plurality of stations is determined in accordance with the improved
signal strength value.

[1009] In another aspect, an automatic repeat request (ARQ) procedure is
used to determine an effective data rate. The effective data rate is then
adjusted depending on a destination sector of the effective data rate. The
power allocation value for the power control information transmitted from the
first station to the plurality of stations is produced in accordance with the
adjusted effective data rate.

[1010] In a further aspect, a signal-to-interference-and-noise ratio (SINR)
prediction that was estimated and fed back from each respective one of a
plurality of remote stations is received at a base station. A power allocation
value for power control information transmitted from the first station to the
plurality of stations is then determined in accordance with the SINR prediction.
[1011] In a further aspect, a base station in a communications system is
described. The base station includes a receiver configured to receive data rate

control information from each of a plurality of remote stations. The base station
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also includes a signal processor, coupled to the receiver, configured to generate
supplemental information relating to the data rate control information. The
signal processor produces an improved signal strength value in accordance with
the supplemental information, and determines a power allocation value for
power control information transmitted from the base station apparatus to the
plurality of remote station devices in accordance with the improved signal

strength value.
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BRIEF DESCRIPTION OF THE DRAWINGS

[1012] The features, objects and advantages of the present invention will
become more apparent from the detailed description set forth below when taken
in conjunction with the drawings in which like reference characters identify like
elements.

[1013] FIG. 1 is an illustration of the timing formats of the Forward Traffic
Channel, the Data Rate Control Channel, and the Acknowledge Channel in a
communications system;

[1014] FIG. 2 is an illustration of the format of a forward link of an exemplary
communication system;

[1015] FIG. 3 is an illustration of a communication system that includes
seven base stations;

[1016] FIG. 4 is an illustration of a communication system including two base
stations and ten remote stations;

[1017] FIGS. 5A-5C are a flowchart illustrating a technique performed by a
base station in accordance with one embodiment;

[1018] FIG. 6 is a block diagram illustrating a hybrid solution using the
requested DRC as a coarse estimate of the forward link SINR, and fine tuning
this estimate by using the feedback of the serving sector 1-slot predicted SINR;
[1019] FIG. 7 is a block diagram of a remote station in accordance with one
embodiment of the disclosed apparatus; and

[1020] FIG. 8 is a block diagram of a base station in accordance with one
embodiment of the disclosed apparatus.
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DETAILED DESCRIPTION

[1021] The word “exemplary” is used herein to mean “serving as an
example, instance, or illustration.” Any embodiment described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous
over other embodiments.

[1022] In recognition of the above-stated shortcomings associated with
conventional power allocation schemes in a code division multiple access
(CDMA) channel, this disclosure describes exemplary embodiments for
allocating power to the forward medium access channel (MAC) index using the
actual computed data rate instead of the data rate control information in the
data rate control (DRC) channel received from the remote station.

[1023] In packet data transmission systems, such as 1x evolution data only .
(1xEV-DO) system, the data may be divided into several packet slots. Under
certain conditions, the multi-slot packet transmissions on the Forward Traffic
Channel (FTC) allow time for a receiving remote station to fully decode the
intended information from a partially received packet (i.e., a subset of the slots
in a packet) and to return an indication (that the intended information has been
fully decoded) to the transmitting sector via the acknowledge (ACK) channel on
the reverse link. If a positive acknowledgement is received, data transmission
may terminate early, and the remaining packet slots do not need to be
transmitted and may be allocated for the transmission of another data packet(s),
possibly to different users. Since the remaining slots may be used to transmit
other data, the actual (or “effective”) data rate may be higher than the data rate
control value would indicate. A higher effective data rate indicates that .less
power may be allocated to the power control bits in the MAC.

[1024] Further, when more accurate power allocation is desired, the
predicted forward signal-to-interference-and-noise ratio (SINR) may be directly
fed back to a base station from the remote station. The effectiveness of this
SINR feedback technique generally depends on several factors including
feedback channel reliability, quantization, and degradation of available reverse

link capacity. For example, feedback channel reliability dictates a low error rate
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for accurate power allocation of the reverse power control (RPC) channel.
Consequently, for purposes of illustration and not for purposes of limitation, the
exemplary embodiments of the invention are described in a manner consistent
with such use, though the invention is not so limited.

[1025] In a system used primarily for transmitting information at high data
rates over a wireless communication link (e.g., high data rate air interface
Iaccording to TIA/EIA/ 1S-856 “cdma2000 High Rate Packet Data Air Interface
Specification”), at any given time all of the code channels in one direction are
used to provide parallel data paths for information from a first end point to a
second end point of the communication link. For example, information
transmitted from a base station (first end point) to a remote station (second end
point) is transmitted over all of the code channels in a transmission path
direction. The transmission path in this direction is commonly referred to as
either the “forward link” or “down link”. In such a system, transmission of data
(not applicable to transmission of MAC indices) to different remote stations are
time multiplexed. For example, during a first time slot, all of the code channels
of the CDMA channel are allocated to transmitting information to a first remote
station. During a second time slot, all of the code channels of the CDMA
channel are allocated to transmitting information to a second remote station.
Additional time slots provide communication links between the base station and
other remote stations.

[1026] In one embodiment, the first end point of the communication link is a
base station and the second end point of the communication link is a remote
station. In another embodiment, the first end point of the communication link is
a remote station and the second end point of the communication link is a base
station. A base station is also known as an access point. A remote station is
also known as an access terminal. The data path by which information is
transmitted from a particular remote station to a base station is commonly
referred to either as the “reverse link” or the “up link”.

[1027] FIG. 1 illustrates exemplary multi-slot packet transmissions 100 on
the Forward Traffic Channel (FTC) having a 4-slot interlacing structure. Thus,

for example, three time slots, n+1, n+2, and n+3, occur between successive
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packet slot transmissions 104a and 104b of a multi-slot packet. Similarly, slot
transmissions 104b and 104c are separated by time slots n+5, n+6, and n+7,
and so on. The 4-slot interlacing allows time for the receiving remote station to
decode the partially received packet having three slots 104a, 104b, 104c, and to
return an indication (that the intended information has been fully decoded) to the
transmitting base station or sector via the acknowledge (ACK) channel 106 on
the reverse link. If a positive acknowledgement is received, as indicated by the
ACK ‘0’ data 108, the remaining slots are not transmitted and may be allocated
for the transmission of another data packet(s), possibly to different users. This
is referred to as an “early termination.” Therefore, the early termination of multi-
slot packets increases the effective throughput of the system, which provides an
effective data rate for transmission of data from the remote station to the base
station that is higher than the data rate control value indicated in the DRC
channel 110. The early-termination of multi-slot packets is sometimes referred
to as an automatic repeat request (ARQ) procedure.

[1028] For example, in FIG. 1, a requested data rate of 153.6 kbps for a 4-
slot packet is made by a remote station on the DRC channel 110. After the third
slot (Transmit Slot 3)104c of the packet, an ACK data 108 is received at the
base station to indicate that the remote station has correctly decoded the
intended information. Therefore, the fourth slot of the packet is not transmitted.
Rather, what would have been the Transmit Slot 4 of the first message is used
to transmit the first slot of another message. An effective 33% higher data
transmission rate (204.8 kbps) is achieved by using the early termination
information because, in this example, 33% more data can be transmitted in the
same amount of time.

[1029] In one embodiment, the data rate obtained from the early-termination
information can be used as the effective data rate to compute the power
allocation value for longer than the current slot. For example, in the illustrated
example of FIG. 1, if a given packet with a requested data rate in the DRC

channel of 153.6 kbps terminated early in two slots (i.e., e, = 307.2 kbps), this

early-termination information can be used as the effective data rate not just for
slot n+4, but for the next T additional slots. However, if a new packet is
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received before the completion of the T additional slots, then the new early-
termination information derived from the new packet is used as the effective
data rate from that point on for that slot and for the next T additional slots, or
until another new packet is received. The term T can be determined by
simulations and tests based on such parameters as channels conditions and
SINR variances. A typical value for T is 16. However, as mentioned, other
values for T may be used based on channel conditions and SINR variances, in
accordance with the system implementation.

[1030] FIG. 2 shows a forward link 200 of an exemplary 1XxEV-DO system,
which is defined as data transmission from one base station to one remote
station. The forward link 200 is defined in terms of frames 202a, 202b, 202¢c. In
the exemplary system, a frame 202b comprises 16 time slots, each time slot
being 2048 chips long, corresponding to a 1.67 ms slot duration, and
consequently, a 26.67 ms frame duration. Each slot 204 is divided into two half-
slots 204a, 204b, with a pilot burst 206a, 206b transmitted within each half-slot
2043, 204b. In the exemplary system, each pilot burst 206a, 206b is 96 chips
long, and is centered at the mid-point of its associated half-slot 206a, 206b. A
forward MAC 208a, 208b is also transmitted in each half-slot 204a, 204b. In the
exemplary system, the MAC is composed of up to 63 code channels, which are
orthogonally covered by 64-ary Walsh codes. Each code channel is identified
by a MAC index, which has a value between 1 and 63, and identifies a unique
64-ary Walsh cover. The MAC symbol Walsh covers are repeated 2 times per
time slot to form two bursts of length 64 chips each, which are transmitted
immediately before and immediately after the pilot burst.

[1031] The MACs 208a, 208b include a code-division multiplexed reverse
activity (RA) channel and up to 59 reverse power control (RPC) channels. The
RPC channel is used for reverse link power control at a 800 Hz update rate.
The common RA channel is used to indicate reverse loading for the reverse link
MAC technique. Each of the MACs 208a, 208b is spread using a 64-ary Walsh
function and repeated four times, resulting in the allocated 256 chips per slot.

For each sector, a unique MAC index is assigned to address information to the



WO 2004/032369 PCT/US2003/031586
020422

10

specific remote station. The MAC index identifies, for example, the Walsh
channel used to spread the corresponding RPC channel.

[1032] The Forward Traffic Channel (FTC) is transmitted during the 1600
data chips allocated in each slot 204 as depicted in FIG. 2. The remote station
also uses the assigned MAC index to identify transmissions on the FTC, which
is a time division multiplexed channel shared by all remote stations
communicating with a given sector. A data scheduler in the base station
allocates slots to a user (remote station) depending on the data rate control
information specified by the data rate control (DRC) channel on the reverse link,
which is defined as data transmission from the remote station to one or more
base stations.

[1033] Reserved portions of the MAC within one slot form a “reverse power
control” (RPC) channel over which power control information is transmitted.
Each such RPC channel on the forward link is associated with one remote
station. The power control information that is transmitted on a particular RPC
channel is intended to be received and used by one particular remote station to
control the reverse link power transmitted by that particular remote station. The
power control information is determined by a base station and assists in
maintaining the output power from each remote station at a minimum level
required for information to be reliably received from each remote station on the
reverse link.

[1034] In some instances, determining the amount of power that is required
by each RPC channel is difficult for some base stations from which transmission
of RPC information would be desirable. It should be noted that the amount of
power “required” to “reliably” transmit information, as referred to herein, is the
amount of power that is needed to ensure that the information can be decoded
with a predetermined error rate. Therefore, a base station will not allocate
power to remote stations that do not have that particular base station in what is
referred to as the “active set” of the remote station, because the forward link is
so weak that the power information would not be received and would result in
wasted power on the power control channels. An active set is a list of base

stations maintained by a remote station to keep track of the base stations within
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some acceptable criteria for possible data transmission. This can be understood
from the following example.

[1035] FIG. 3 is an illustration of a system including three base stations 301,
303, 305 and four remote stations 307. Assume for simplicity that each base
station 301, 303, 305 has only one sector. Each remote station 307 typically
maintains a list (commonly referred to as the “active set”) of base station sectors
301, 3083, 305 from which the forward link to that remote station 307 may
originate. However, the forward link will only originate from one of the base
station sectors 301, 303, 305 in the active set at any one time. This is
sometimes referred to as a “serving sector” forward link. The transmission
paths 309, 311 between those base station sectors 303, 305 that are not
transmitting over the forward link 308 to the remote station 307A typically have
different loss characteristics than the transmission path 313 between the base
station sector 301 that is transmitting over the forward link 308 and the remote
station 307A. Since nothing is being transmitted .to the remote station 307A
from the other base station sectors 303, 305 in the active set, it is not possible
to characterize the loss over the forward links 309, 311 between the other base
station sectors 303, 305 and the remote station 307A. Nonetheless, the remote
station 307A will be transmitting to the other base station sectors 303, 305.
Therefore, it is desirable to have each base station sector 301, 303, 305 in the
active set send reverse link power control information to the remote station
307A.

[1036] Generally, as a remote station moves away from a base station (i.e.,
as the SINR decreases), the RPC channel for that remote station requires more
power to transmit information reliably from the base station to the remote
station. Since there is a maximum total amount of power that can be
transmitted over all channels, the power of another RPC channel must be
reduced. Therefore, it is desirable to dynamically allocate a sector of a base
station’s total transmit power among RPC channels of the remote stations that
have the sector of the base station in their active list.

[1037] The conventional allocation of power to each of a plurality of RPC
channels to be transmitted from a base station was typically based on the data
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rate control information transmitted to the base station. However, since base
stations transmit RPC channels to remote stations that have not transmitted the
relevant data rate control information (i.e., data rate to be used in a forward link
from the transmitting base station to a particular remote station that did not
transmit the data rate control information for that forward link) to the transmitting
base station, data rate control information from the transmitting remote station
may be used to determine the quality of the forward link over which the reverse
link power control is to be transmitted.

[1038] For the purpose of this disclosure, quality is directly proportional to
the amount of power required to reliably transmit a predetermined amount of
information in a predetermined amount of time with a predetermined error rate.
Although the remote station to which the RPC channel is to be directed has not
transmitted data rate control information directed to that base station, the
disclosed method and apparatus enables the base station to allocate
appropriate amount of power to the RPC channel of the remote station. The
base station allocates power to the RPC channels based upon information
provided to the base station in data rate control information that was received by
the base station, regardless of whether the data rate control information was
directed to other base stations. Accordingly, the base station can allocate
power among the RPC channels without having received explicit information as
to the quality of the forward link between the base station and every remote
station intended to receive the information on the RPC channels.

[1039] The method and apparatus that is described in this disclosure allows
a first station (such as a base station within a communication system) to
determine how much power to allocate to each RPC channel that is being
transmitted by the first station. For the purpose of this disclosure, an RPC
channel is defined as any portion of a communication path that is used to
communicate information from a first station to a second station regarding the
amount of power the receiving second station should transmit back to the first
station.

[1040] FIG. 3 shows a communication system that includes seven stations
301, 303, 305, 307A, 307B, 307C, 307D. In accordance with an exemplary
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embodiment of the disclosed method and apparatus, the first, second and third
stations 301, 303, 305 are base stations. The fourth, fifth, sixth, and seventh
stations 307 are remote stations (such as a wireless local loop telephone, a
hand held telephone, a modem, a computer terminal, or another device or
system used to originate information to be transmitted over the communication
system). It should be understood that the number of remote stations in a
system or network is typically much greater than the number of base stations.
However, only four remote stations 307 are shown in FIG. 3 for the sake of
simplicity. It should also be understood that each of the stations 301-307 may
be either a remote station or a base station, depending upon the type of
communication system in which these stations are being used.

[1041] The disclosed method and apparatus is described essentially in the
context of allocation of power among RPC channels. However, in systems in
which the roles of the forward and reverse links are reversed from that set forth
in this description, the disclosed method and apparatus applies equally well to
the allocation of power among “forward link power control” channels.
Nonetheless, for ease and clarity, the disclosed method and apparatus is
described in the context of allocation of power to RPC channels transmitted in
the forward link.

[1042] In accordance with one embodiment of the disclosed method and
apparatus, multiple remote stations concurrently transmit data over the reverse
link to one base station. Furthermore, the data is transmitted from each remote
station to a base station on a separate code channel. For example, the four
remote stations 307 may each be transmitting information over the reverse link
to the base station 301.

[1043] As noted above, each remote station maintains an active set. A
sector of a base station is placed in the active set of a remote station if that
base station is transmitting a forward link that is being received by the remote
station 307 with at least an acceptable level of quality. In one embodiment, the
quality of the forward link is determined by the quality of portions 206a, 206b of
the forward link 200, referred to as the “Pilot Channel.” In one embodiment, a
Pilot Channel is made up of portions 206a, 206b of the forward link that are
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used by a remote station to determine the quality of the forward link and to
determine the relative phase of the information being received by a remote
station. The Pilot Channel is transmitted on only one code channel from among
the code channels in the CDMA channel. Furthermore, the Pilot Channel is
transmitted only during two fields 206a, 206b of each slot 204.

[1044] The quality of the Pilot Channel may be determined by measuring a
ratio of signal to interference plus noise, frequently referred to as “SINR”. Such
measurements of the quality of the Pilot Channel are well known to those skilled
in the art. The quality of the Pilot Channel can be used to determine the quality
of the entire forward link. It should be understood that the quality of the forward
link may be determined by any other means known, such as by measuring the
signal to noise ratio of a forward link “Traffic channel” (i.e., that portion of the
forward link that carries the data). Alternatively, any other portion of the forward
link may be used to determine the quality of the forward link. However, since
the Pilot Channel is spread in a predetermined manner, it provides an
appropriate  mechanism for determining the quality of the forward link.
Nonetheless, SINR is only one parameter that can be used by the remote
station to determine the quality of the forward link. Any other method for
determining the quality of the forward link can be used in accordance with the
disclosed method and apparatus.

[1045] If the quality of the forward link received by a remote station is such
that data can be transmitted over the forward link at some acceptable data rate
with acceptable reliability, then the transmitting base station may be included in
the remote station’s active set. However, a Pilot Channel from a particular base
station may be received by the remote station with sufficient quality and still not
be added to the active set. This may be true if there are a predetermined
number of active base stations already in the active set and the active set can
only support the predetermined number of active base stations.

[1046] In the exemplary embodiment in which SINR is used to determine the
quality of the forward link, the remote station 307 calculates a data rate based
upon the SINR of the Pilot received from the selected base station. The data
rate is calculated to result in data being received at the remote station with
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acceptable reliability. It will be understood by those skilled in the art that the
reliability with which data can be transmitted depends upon the quality of the
forward link (i.e., the SINR) and the data rate.

[1047] Since the remote station 307A only receives data from one of the
base stations in the active set at any one time, the remote station 307A selects
one of the base stations in the active set to transmit data to the remote station
307A. The selected base station 301 is the base station from which the remote
station 307A receives the best quality forward link (i.e., the base station
transmitting the forward link capable of supporting the highest data rate) among
the base stations that achieve a minimum reliability on the DRC feedback
channel. If the data rate control information from the remote station to the base
station with the best forward link are erased, the base station cannot transmit
any data to that particular remote station. In accordance with an exemplary
embodiment, the data rate at which the selected base station can reliably
transmit data to a particular remote station is communicated to the selected
base station by the particular remote station 307 over the reverse link 313. The
data rate control information is encoded with a unique code that indicates the
destination base station.

[1048] Once the selected base station 301 receives the data rate control
information, the base station 301 determines whether the early-termination
information (i.e., the effective data rate) is available. If the early-termination
information is available, the effective data rate produced by the early-
termination is used to replace the data rate control information (refer to the
description of FIG. 1 to find the correlation between the early-termination
information and the effective data rate). The selected base station uses this
information to determine the SINR of the Pilot that was received by the
transmitting remote station 307A. The method used by the selected base
station 301 to map the SINR of the forward link transmitted from the data rate is
the inverse of the method used by the remote station 307A to calculate the data
rate from the measured SINR of the forward link Pilot signal.

[1049] The selected base station 301 determines the amount of power to
allocate to a particular RPC channel based upon the quality of the forward link
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(e.g., a forward link signal strength indication) as determined by the remote
station 307A. The forward link can support as many RPC channels as there are
code channels. Each such RPC channel is intended for a different remote
station 307. The number of RPC channels to be transmitted by a base station
301 is equal to the number of remote stations that include that base station 301
in their active set. For example, if only three remote stations 307A, 307B, 307C
have a particular base station 301 in their active set, then the base station 301
transmits over a forward link 308 that includes three RPC channels, one RPC
channel intended for each of the three remote stations 307A, 307B, 307C that
include that base station 301 in their respective active sets.

[1050] The base station 301 also receives information over the reverse link
from each of these three remote stations 307A, 307B, 307C. Accordingly, the
receiving base station 301 must provide power control information to each of the
three remote stations 307A, 307B, 307C. This information is provided in a
power control message over the RPC channels. Each such RPC channel is
transmitted over a MAC channel 208a, 208b (FIG. 2) during the power control
fields of each slot. No power is allocated to the unused RPC channels (i.e., to
the other MAC indices). Therefore, if the forward link uses a CDMA channel
that includes thirty-two code channels, only three of the thirty-two code channels
are required during the reverse link power control fields 208a, 208b (assuming
that the base station is included in the active sets of only three remote stations).
Accordingly, no power is allocated to the other twenty-nine MAC indices of the
forward link. This allows the maximum amount of power to be allocated to the
three RPC channels that are directed to remote stations 307A, 307B, 307C that
include the base station 301 in their active set. Each remote station 307A,
307B, 307C determines which particular power control message is intended for
that remote station based upon the particular MAC channel 208a, 208b over
which the message is sent (i.e., the particular MAC channel 208a, 208b that is
used to support the RPC channel).

[1051] It can be seen that the allocation of power among the RPC channels
involves the base station determining the quality of the RPC channel in order to
determine the amount of power to allocate to each of the RPC channels. A
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base station that is added to the active set of a remote station will receive
overhead messages, either directly from the remote station or through another
base station which then communicates the information to the base station that
has been added. Therefore, a base station can maintain a list of those remote
stations that include that base station in their active set. However, in one
embodiment, each remote station transmits the information regarding the quality
of only one forward link. That is, a remote station transmits only the information
regarding the forward link between that remote station and the one base station
that is currently selected by that remote station to transmit data to that remote
station.

[1052] For example, assume the active set of the remote station 307A
includes the three base stations 301, 303, 305. The remote station 307A
transmits the data rate control information to the base station 301, assuming
that the forward link 308 between the base station 301 and the remote station
307A has a higher quality than the other two forward links 309, 311. If the
effective data rate is available, the effective data rate is used to replace the data
rate control information. This data rate control information can be used to
determine the quality of the forward link 308 (and so the quality of the RPC
channel). However, while the base stations 303, 305 also receive the data rate
control information transmitted from the remote station 307A, the data rate
control information is only relevant to the forward link 308 between the selected
base station 301 and the remote station 307A. Therefore, the other base
stations 303, 305 in the active set have no information about the current quality
of the forward links 309, 311 between them and the remote station 307A.

[1053] As described above, the power required for the RPC channel is not
the same for all remote stations. Remote stations close to the base station
require less power than remote stations near the cell edge. More particularly, if
the available power is divided equally among all remote stations, then remote
stations with low forward link SINR are likely to experience a high RPC bit error
rate, thereby degrading reverse link capacity. The forward link rate requested
by the remote station on the DRC channel is an indicator of its SINR. The

allocation technique described herein uses the data rate control information
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(which is replaced by the effective data rate, if available) to allocate power
among the different users in proportion to their needs. Hence, rather than
allocating power among the RPC channels either arbitrarily or equally, the
disclosed method and apparatus uses data rate control information from the
transmitting remote station to determine the quality of the forward link over
which the reverse link power control is to be transmitted, and to assist in
determining the quality of each of the RPC channels to be transmitted.

[1054] A digital signal processor (DSP) of the remote station maintains an
estimate of the forward link SINR in dB as seen by the remote station. This
estimate is used to calculate how much power is required for the remote
station’s RPC channel. A higher SINR value indicates a lower requirement on
the RPC channel power.

[1055] FIG. 4 is an illustration of a system including two base stations 420,
430, and ten remote stations 441, 451, 452, 461, 462, 463, 481, 491, 492, 493.
The first base station 420 has three sectors 440, 450, 460. The second base
station 430 has three sectors 470, 480, 490. Sector One 440 of base station
420 has a coverage area including one remote station 441. Sector Two 450 of
base station 420 has a coverage area including two remote stations 451, 452.
Sector Three 460 of base station 420 has a coverage area including three
remote stations 461, 462, 463. Sector One 470 of base station 430 has a
coverage area that does not include a remote station. Sector Two 480 has a
coverage area including only one remote station 481. Sector Three 490 has a
coverage area including three remote stations 491, 492, 493. The remote
station 461 is moving from Sector Three 460 of base station 420 to Sector Two
450 of the base station 420.

[1056] It is assumed that the active sets of the six remote stations 441, 451,
452, 461, 462, 463 include the sectors of the first base station 420 and it is
assumed that the active sets of the four remote stations 481, 491, 492, 493
include the second base station 430. There is overlap between base station
sectors. For example, Sector Two 450 of the first base station 420 and Sector
Three 490 of the second base station 430 may overlap. Consequently, remote
stations 451, 452 may have the second base station 430 in their active list and
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remote stations 491, 492, 493 may have the first base station 420 in their active
list. The first base station 420 is receiving data from at least six remote stations
441, 451, 452, 461, 462, 463. The second base station 430 is receiving data
from at least four remote stations 481, 491, 492, 493. The first base station 420
receives the data rate control value over a reverse link 421 associated with the
remote station 461, and stores the received data rate control value (which is
replaced by the effective data rate, if available) in its memory.

[1057] As the remote station 461 moves from one sector to another, the
allocation of power to the RPC channel corresponding to all of the remote
stations is dynamically changed, taking into account the change in the power
required by the remote station 461. Each sector is not limited to three remote
stations. A base station may have any number of remote stations limited only
by various factors including the reverse link capacity.

[1058] The first base station 420 makes power control. (PC) decisions for
each remote station in its coverage area. Thus, the base station 420
determines whether the remote station 461 is transmitting the reverse link 421
with too much or too little power. In accordance with one embodiment, this
determination is based upon a SINR measurement of the reverse link. In
accordance with another embodiment, this determination is based on the error
rate of the reverse link 421. Both schemes ensure reliable reception of
message data without using more transmit power than is required. Those
skilled in the art will understand that there are many other ways in which the
base station can determine whether the remote station has transmitted the
information over the reverse link with an appropriate amount of power to be
‘reliably received by the base station, but without using more power than is
required. Accordingly, any known means may be used for making this
determination in accordance with the disclosed method and apparatus.

[1059] The requested data rate in the data rate control information (which is
replaced by the effective data rate, if available) from the remote station in a
reverse link provides an indication of the serving sector forward link SINR. As
described above, the “serving sector’ is the sector from which the remote
station receives the forward link data. This information is conveyed to all
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sectors in the active set using the DRC feedback channel and is used by the
current reverse power control (RPC) power allocation technique. Using the
DRC-SINR mapping (e.g., based on turbo-decoder performance), an estimate
of the serving sector SINR seen at the remote station is generated at the base
station and is used to determine the power allocation required on the RPC
channel to achieve the target ratio of bit-energy-to-noise density (Ex/No). The
details of the power allocation to achieve the target ratio of Ey/N, is described
below in conjunction with FIG. 5B.

[1060] As described above in the description of the ARQ procedure (shown
in FIG. 1), the effective data rate on the forward link may be higher than the
requested data rate in the data rate control information. This effective data rate
may be used to refine the estimate of the serving sector forward link SINR. In
slow-fading channels, ARQ gain is low because the remote station
prediction/estimation techniques track changes in serving sector SINR fairly
well. Thus, the variance of the predicted SINR is low, resulting in a small
difference between the true forward link SINR and the predicted SINR
generated from the requested data rate-SINR mapping. Therefore, excess
power allocation on the RPC channel is low. However, in fast-fading channels,
the ARQ gains are high because the initial channel estimate, and therefore, the
requested data rate is conservative to ensure a low target packet error rate
(PER) of about 1%. Hence, the true SINR is typically higher than the SINR
obtained from the data rate-SINR mapping approximately 99% of the time, and
the SINR estimates are biased lower, resulting in over allocation of RPC
channel power. That is, more RPC channel power is allocated than is actually
needed for good signal transmission. This may result in under-allocation of
power on the power control channel to users that need the extra power for
reliable signal transmission. Furthermore, this may limit the number of
simultaneous users that the system may support.

[1061] The RPC power allocation at the non-serving sectors (i.e., the sector
that does not transmit data to the remote station but is part of the remote
station’s active set) is a function of the handoff state and the SINR estimate,

and therefore, results in excess allocation also at the non-serving sectors.
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Furthermore, the DRC feedback channel update rate depends on the handoff
state. The settings currently used for the data rate length (DRC Length) are two
slots for a no-handoff situation (i.e., active cell size = 1) and four slots for 2-plus-
way soft handoff. Accordingly, larger DRC Lengths degrade the accuracy of the
forward link SINR estimate derived from the data rate-SINR mapping.

[1062] FIGS. 5A-5B show a flowchart that illustrates processing in the
exemplary embodiment for determining the amount of power to allocate to each
RPC channel, using the effective data rate. In the exemplary embodiment, the
early-termination information (effective data rate) is used when available. The
method of the exemplary embodiment is performed independently for each
sector in a communication system. A base station estimates the average
forward link SINR using the effective data rate, then calculates the required
power for the RPC channel for the remote station receiving the forward link
data, and finally allocates the power among RPC channels.

[1063] In particular, in accordance with the method, the base station 420
makes power control (PC) decisions for each remote station in its coverage
area, at 500. However, in other embodiments, the PC decisions can be made
by other entities such as the base station controller (BSC) or the like. A check
is then made, at 506, to determine if the data rate control information has been
erased (e.g., because no change in power is required). If the data rate control
information has been erased, then the power is set to a constant (7), at 508.
The base station 420 then determines, at 510, whether the early-termination
information is available. The early-termination information (i.e. effective data
rate) is available, and therefore used, when the data packet may be decoded
with preliminary data and without having to read the entire packet. The
availability of the early-termination information indicates that the effective data

rate (e, ) is greater than the requested data rate (d,) in the DRC channel from
the remote station (i.e., e, > d,), and indicates that the quality of the forward

link is better than estimated. This means that lower power may be used to
transmit the RPC channel in the forward link while still ensuring reliable

message transmission. Accordingly, if the packet decodes successfully for slots
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for which the early-termination information is available, then the data rate-SINR
mapping function uses e, in place of d, (ie., d, = e, ), at 512.
[1064] In a further embodiment, the data rate-SINR mapping function may

use a filtered version of e, (referred to as E,) in place of d,, given by:
Ek =[(Tc _l)/Tc]Ek—l + (I/Tc)ek:
where the term T, is the filter time constant. In this embodiment, the filter is

configured as an Infinite Impulse Response (lIR) filter. However, other filters
such as a Finite Impulse Response (FIR) filter may be used to smooth the

effective data rate, e .
[1065] Since E, may not be a discrete rate, due to filtering, the data rate-

SINR mapping function is modified to generate finer SINR estimates based on

E,. This may be accomplished by introducing additional entries in the data

rate-SINR look-up table. Intermediate entries can be generated by interpolation
(e.g., linear interpolation) between the existing entries so as to generate a
mapping with the difference between adjacent SINR values less than 1 dB. The
modified data rate-SINR mapping function uses the closest data rate control

value in the look-up table that is lower than E, to generate a slightly more

conservative SINR estimate. Accordingly, the use of the effective data rate
results in a higher SINR estimate and a lower RPC power requirement to
achieve the target RPC channel ratio of bit-energy-to-noise density (Eu/N,).
[1066] At 514, the base station 420 determines whether the current data rate
control information is “directed” at another sector of the base station 420. The
data rate control information is directed at a particular sector if the data rate
control information provides information about the rate at which the transmitting
remote station can receive information from that sector. The information may
be provided in any manner, such as a measure of the quality of the forward link,
or the actual data rate that can be supported by the forward link. It should be
noted that in accordance with an exemplary embodiment of the disclosed
method and apparatus, each remote station transmits data rate control
information at a predetermined rate. Each data rate control information
indicates the source remote station of the message.
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[1067] When the data rate control information is directed at another sector of
the current base station, it is reasonable to assume that most of the power
required for the RPC channel will be supplied by that sector. Since all sectors
from the same base station transmit the same RPC commands and the remote
station combines the signals from these sectors to demodulate the data rate
control bit, the current sector needs to supply enough power so as not to
degrade the transmission from the other sector. Hence, the value of the SINR

estimate ( x, ) is increased (i.e., the estimate of the required power is lowered) at

516, by a constant A;.

[1068] As discussed above, the quality of the forward link will determine the
amount of power allocated to the RPC channel. Signals transmitted over lower
quality links are transmitted with more power, while signals transmitted over
higher quality links are transmitted with less power. Therefore, adjusting the
quality value to indicate a higher quality link results in less power being
allocated to the RPC channel associated with the remote station 461 from which
no current data rate control information directed to that base station is available.
This results in more power being available for the RPC channel associated with
the remote station from which the base station has received a current data rate
control information directed to that base station.

[1069] When the data rate control information is directed at another base
station (as determined at 518), the data rate control information provides an
indication of the SINR on the forward link from that base station to the remote
station. Since generally the remote station directs its data rate control
information to the sector with the best forward link, it can be assumed that the
forward link from the current non-serving sector has a SINR that is lower than

that indicated by the data rate control information. To account for this, x, is

lowered in this case, i.e., the estimate.of the required power is increased.
Hence, when the data rate control information is directed at another base
station, the base station adjusts the quality value downward. Such an
adjustment results in more power being allocated to the RPC channel
associated with that remote station 461. This is appropriate if there is a desire
to increase the possibility that the RPC channel will be reliably received by the
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remote station 461. As noted above, there is a limited amount of total power
available to transmit all of the RPC channels. Therefore, increasing the amount
of power with which an RPC channel is transmitted to one remote station
decreases the amount of power that is available to transmit RPC channels to
the other remote stations.

[1070] In one embodiment, the amount of the adjustment is the same
whether there are two base stations involved in a handoff or whether there are
more than two base stations involved in the handoff. In another embodiment,
the adjustment may depend on the number of base stations involved in the soft-
handoff links to the remote stations (e.g., at 520). For example, if there are two
base stations involved in the handoff, then a A, adjustment constant is used, at
522, for estimating the SINR x,. Thus,

x,=9(d,)-A,.
[1071] Otherwise, if there are more than two base stations involved in the

handoff, then a Az adjustment constant is used, at 523, for estimating x,. Thus,

X, =9(d,)—-A,.
[1072] Otherwise, if the data rate control information is received with the null
cover (at 524), the SINR value is adjusted by a A4 adjustment constant, at 525.
X, =9(d,)—-A,.
[1073] In all three cases, a predetermined minimum value is used to
establish a threshold for the lowest value for the SINR estimate, which means
that the adjusted SINR value is configured to be no less than the minimum
value. In the exemplary embodiment, the minimum value is set at —12 dB.
However, other values may be used for the minimum value.
[1074] If the data rate control information is not directed at another sector or
base station, then the data rate control information is directed at the present
sector, i.e., the same sector to which the prior data rate control information was
directed, in which case, the SINR estimate is mapped at 526 without any

adjustment (i.e., x, = g(d,)).
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[1075] A summary of the data rate-SINR mapping function is shown below.

The function g(e) denotes the mapping from a DRC value received in the k"

slot, d,, to a SINR estimate (in dB), x,, as follows:

if the data rate control information is directed at the
g(d,) present sector.

if the data rate control information is directed at another
g(d,) +A, sector in the present base station.

if the data rate controlinformation is directed at another
max(-12,g(d,)—-A,) sector and the remote stationisin a 2 - way soft handoff.
X; =19

if the data rate control information is directed at another

sector and the remote stationisin a 3 - way (or more
max(-12,g(d,) - A;) soft handoff. A )

if the data rate control information is received with the
max(-12,g(d,)—-A,) nullcover.

T if the data rate control information is erased.

[1076] The per-slot estimates x, are smoothed, at 528, using a filter, as
follows:

Ci =Coy + (X, —Ciy )N,
where N, is the filter time constant in number of slots. In one embodiment, the

filter is an Infinite Impulse Response (lIR) filter. In another embodiment, the
filter is a Finite Impulse Response (FIR) filter. However, it will be understood by
those skilled in the art that any filter that can smooth the estimates x, can be
used. The smoothed SINR estimate is then mapped, at 530, to a required
fractional RPC power allocation r, using the relationship
r, = 1 00.1'(E—ck -10*log,q PG) ,

where E is the target RPC bit energy per noise power spectral density
(E,/N,)in dB, and PG is the RPC subchannel processing gain (i.e., the duration

of the RPC bit transmission in chips).
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[1077] In one embodiment, the smooth filtering is implemented in software.
In another embodiment, the smooth filtering is implemented in hardware. In yet
another embodiment, the smooth filtering is implemented in a combination of
software and hardware. In one embodiment, the smooth filtering is
implemented using a lookup table. In another embodiment, the smooth filtering
is executed by a software technique that performs smooth filtering
computations.

[1078] For power allocation, the sum of the powers of all the RPC channels
must be equal to that of the Pilot Channel power. In one embodiment, one of
the RPC channels is assigned to a reverse activity (RA) bit that indicates active
or inactive status and is allocated a fixed fraction aj,of the total allocated
power, at 532. RPC channels are then checked, at 534, to determine whether
they are active or inactive. For the RPC indices associated with the active
remote stations, the required fractional allocation is the calculated required
power. For inactive RPC channels, r, =0, i.e., no power is allocated to the
inactive RPC channels at 536.

[1079] All RPC channels are checked, at 538, to determine which RPC
channels are active. If the RA channel is the only active RPC channel, then all
the available power is allocated to the RA channel at 540. Otherwise, the
available power is divided up among the RPC channels, at 542. The available
power may be divided according to a detailed diagram of FIG. 5C, which
illustrates the processing for box 542 in an exemplary embodiment.

[1080] For the operations depicted in FIG. 5C, let a, denote the fractional

RPC power allocation for the k™ RPC channel. If it true that
f r.<l-ag, (a“yes”outcome at box 544)
k=1
where M is the number of RPC channels, then the power is allocated as
a, =(1-ag,)r, Afrk ,  (see box 546).
k=1

[1081] Otherwise, if the reverse activity channel is not the only RPC channel

and
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g

-1
r. isnotless than 1-a,,, (a “no” outcome at box 544)
1

=
1}

then the sum of the required powers for the active RPC subchannels is greater
than the available power. Then, the available power may be allocated as
follows:

[1082] Sort the M-1 RPC channels in order of increasing required power, as

indicated by the processing of box 548, i.e., r, <r, <r, <A <r,_. The fractional

power allocated to each RPC channel is given by
. 1 “ .

a, =m|n(rk,w—_k)(1—;a,Jj , k=1,...,M-1 , as specified by the
processing of box 550. This completes the operation of box 542 (FIG. 5B).
[1083] Table 1 shows exemplary values for constants used in the above
listed equations. It will be apparent to those skilled in the art that the parameter
values actually used may be different than those listed in Table 1, depending on
network conditions and configurations. In addition, the parameter values may
be variable. The default values listed in Table 1 have been found to provide
satisfactory operation. The parameter values should depend upon the particular

application and implementation.

TABLE 1

Parameter Default Value
A, 6 dB

A, 6 dB

A, 9dB

A, 9dB

T -8 dB

N, 64 slots

E 0dB

ap, Variable
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[1084] In an alternative embodiment to using the SINR calculated from the
received effective data rate in the RPC power allocation, the forward link SINR
estimated in the remote station may be fed back from the remote station to the
base station. It has been found that a good input to the RPC power allocation
technique is a 1-slot prediction of the serving sector forward link SINR at the
remote station updated at a slot rate, and this alternative embodiment operates
such that the 1-slot SINR prediction (maintained by the channel
estimation/prediction technique at the remote station) could be fed back to the
base station. This is equivalent to computing g(d,) of the mapping function in

the remote station instead of in the base station. An accurate 1-slot prediction
would result in the RPC power allocation using the predicted SINR for the next
slot to allocate power on the RPC channel for that slot for all users. In contrast,
as described above, the conventional RPC power allocation technique typically
allocates power based on the data rate control information which, depending on
the data rate, is an estimate of the channel over 1, 2, 4, 8, or 16 slots.

[1085] However, the effectiveness of this SINR feedback technique generally
depends on several factors, including feedback channel reliability, quantization,
and degradation of available reverse link capacity. For example, feedback
channel quantization and reliability dictate the accuracy of the RPC power
allocation. Further, providing a highly quantized feedback at the slot rate may
consume significant capacity on the reverse link, which can make the scheme
undesirable.

[1086] Accordingly, in another alternative embodiment to using only the
SINR calculated from the received data rate control information in the RPC
power allocation, a hybrid solution illustrated in FIG. 6 may be used where the
data rate control information provides a coarse estimate of the forward link
SINR, and additional information for fine tuning this estimate is provided by the
feedback of the serving sector 1-slot predicted SINR. The requested DRC is
received from a particular remote station at 600. The data rate control
information is used, at 602, to provide a coarse estimate of the forward link
SINR. At 604, feedback of the serving sector 1-slot predicted SINR is received

from the particular remote station. The coarse estimate of the forward link SINR
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is then adjusted or fine tuned, at 606, using the received feedback of the 1-slot
SINR prediction from the remote station, as described below. In one
embodiment, the SINR feedback is a differential prediction. In another
embodiment, the SINR feedback is a complete SINR prediction.

[1087] A typical difference in SINR based on data rate-SINR mapping and
the 1-slot SINR prediction is in the 1 to 10 dB range. Adjusting for a difference
larger than 10 dB is unlikely to result in significant power savings on the RPC
channel. Thus, a differential SINR feedback channel provides feedback of the
1-slot predicted SINR using a small number of bits, such as one to three bits.

[1088] In this embodiment, the SINR estimate x, from the mapping function
g(e) is modified as |

Xy =X, + 8,
where s, is the differential SINR feedback in dB received from the remote

station on the differential SINR feedback (DSFB) channel. However, the DRC
channel erasure rate for a degraded DRC channel may be very high (> 70%)
and therefore a SINR feedback channel that adjusts the estimate provided by
the DRC channel may not provide an accurate estimate of the SINR. Since the
erased data rate control values are mapped to a SINR estimate of T = -8 dB
(see Table 1), the feedback mechanism may be further improved using a
complete feedback of the 1-slot SINR prediction. This feedback channel is
sometimes referred to as the SINR feedback channel (SFB). Thus, in this case,

the SINR estimate x, from the mapping function g(o) is modified as
X, =S,
where s, is the complete SINR feedback in dB received from the remote station

on the SINR feedback channel (SFB). Thus, the feedback mechanism sets the
SINR estimate equal to the SINR feedback level in dB. The SINR feedback to
within 1 dB (which may be achieved using a 4-bit complete SFB channel)
should provide sufficient accuracy for accurate RPC channel power allocation.

[1089] The SINR estimates fed into the RPC power allocation technique are
smoothed, at 608, using a filter such as an IIR filter, and sampled at DRC
Length (at 610). The SINR estimates may be filtered at the remote station prior
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to feedback to minimize the impact on the reverse link capacity. Further, if the
1-slot prediction of the forward link SINR is fed back to the base station, the
DRC channel may be simplified to provide only the delta information between
the maximum data rate that the remote station can decode reliably on the
forward link and the 1-slot SINR prediction. In a further embodiment, the SINR
feedback is transmitted using a Walsh code orthogonal to the existing channels
on the 1S-856 (cdma2000 HDR interface) reverse link. Power contro! for the
SINR feedback channel performs similar to that on the Traffic, DRC, and ACK
channels, i.e., afixed feedback channel to Pilot ratio is maintained.

[1090] Although the operations or procedures described for the power
allocation technique were presented in a particular sequence, the
operations/procedures may be interchanged without departing from the scope of
the invention.

[1091] FIG. 7 is a block diagram of a remote station 700 constructed in
accordance with one embodiment of the disclosed apparatus. The remote
station 700 includes an antenna 702, a radio frequency (RF) front end 704, a
digital signal processor (DSP) 706, a general purpose processor 708, a memory
710, and a user interface 712.

[1092] In accordance with the disclosed method and apparatus, the antenna
702 receives forward link signals from one or more base stations. The signals
are appropriately amplified, filtered and otherwise processed by the RF front
end 704. Output from the RF front end 704 is then applied to the DSP 706.
The DSP 706 decodes the received forward link signals. In addition, the DSP
706 provides an indication as to the relative quality of the received forward link.
The indication of relative quality is stored in the remote station memory 710.
The General Purpose Processor 708 is coupled to the DSP 706 and to the
memory 710. The General Purpose Processor 708 reads the indications of
relative quality from the memory 710 and determines the rate at which each
received forward link can support data, and determines which forward link can
support the highest data rate. Once the General Purpose Processor 708 has
selected the forward link that can support the highest data rate, the General
Purpose Processor 708 communicates the selection to the DSP 706. The DSP



WO 2004/032369 PCT/US2003/031586
020422

31

706 encodes and modulates the information in the data rate control information,
together with any information from the user interface 712, into a reverse link
output signal that is provided to the RF front end 704. The RF front end
processes the reverse link output signal and couples the reverse link output
signal to the antenna for transmission to each base station capable of receiving
the signal.
[1093] FIG. 8 is a block diagram of a base station 800 in accordance with
one embodiment of the disclosed apparatus. The base station 800 includes a
transmitter, such as an antenna 802 and a radio frequency (RF) front end 804.
The base station 800 further includes a digital signal processor (DSP) 806, a
' general purpose processor 808, a memory 810, and a communication interface
812.
[1094] In accordance with the disclosed apparatus, the antenna 802 receives
reverse link signals that have been transmitted from nearby remote stations
700. The antenna couples these received signals to an RF front end 804 which
fiters and amplifies the signals. The signals are coupled from the RF front end
804 to the DSP 806 and to the general purpose processor 808 for
demodulation, decoding, further filtering, etc. Upon decoding the data rate
control information from the received reverse link signals, the DSP 806 stores
the decoded DRC in the memory 810. In addition, the DSP 806 determines
whether each received reverse link was transmitted from the remote station with
too much or too little power. |t should be noted that the Base station 800
typically receives reverse link signals from more than one remote station 700 at
atime.
[1095] The general purpose processor 808 of the base station 800 then
performs the process described in FIGS. 5A-5B, including the computation of
the effective data rate received from the remote station 700. The general
purpose processor 808 communicates to the DSP 806 the amount of power that
should be allocated to each RPC channel. Based upon the allocation of power
to each RPC channel, the DSP 806 modulates and encodes the forward link
signals to be transmitted by the base station 800. The signal is coupled to the
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RF front end 804. The RF front end couples the signal to the antenna 802,
which transmits the forward link signal to the remote stations.

[1096] Those of skill in the art would understand that information and signals
may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any combination
thereof.

[1097] Those of skill would further appreciate that the various illustrative
logical blocks, modules, circuits, and technique described in connection with the
embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and operations have been described above generally
in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[1098] The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
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microprocessors in conjunction with a DSP core, or any other such
configuration.

[1099] The operations of a method or technique described in connection with
the embodiments disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. An exemplary
storage medium can be coupled to the processor such that the processor can
read information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC may
reside in a user terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a user terminal.

[1100] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to
other embodiments without departing from the spirit or scope of the invention.
Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[1101] WHATIS CLAIMED IS:



WO 2004/032369 PCT/US2003/031586
020422

34

CLAIMS

1. A method, comprising:

receiving data rate control information from a}t plurality of stations in a
communications system;

generating supplemental information relating to the data rate control
information; v

producing an improved signal strength value, wherein the improved
signal strength value is produced in accordance with the supplemental
information; and

determining a power allocation value for power control information
transmitted from a first station to the plurality of stations in accordance with the

improved signal strength value.

2. The method of claim 1, wherein the supplemental information
includes an early-termination information providing an effective data rate for
data transmission from each respective one of the plurality of stations to the first

station.

3. The method of claim 2, wherein the first station utilizes existing

information to obtain the early-termination information.

4, The method of claim 2, wherein data rate obtained from the early-
termination information is used as the effective data rate to compute the power
allocation value for a period longer than a current slot.

5. The method of claim 4, wherein the period includes the current
slot plus a predetermined number of slots.

6. The method of claim 4, wherein the data rate obtained from the
early-termination information is used as the effective data rate until a new data

packet is received.
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7. The method of claim 2, further comprising:

filtering the effective data rate (e, ) using an Infinite Impulse Response
(IR) filter to obtain a filtered version (E, ), where E, =[(T,-1)/ T, JE,, +(1/T,)e,,

and T, is a filter time constant.

8. The method of claim 2, further comprising:

filtering the effective data rate (e, ) using a Finite Impulse Response

(FIR) filter.

9. The method of claim 1, wherein determining the signal strength
value includes mapping the data rate control information to a signal-to-

interference-plus-noise ratio (SINR) value.

10.  The method of claim 9, wherein mapping includes determining the
SINR value corresponding to the data rate control information from a table.

11.  The method of claim 9, further comprising:
increasing the SINR value by a first constant value if the data rate control
information is directed at another destination sector of the first station.

12. The method of claim 9, further comprising:
providing a plurality of base stations, wherein the first station is a first
base station of the plurality of base stations.

13.  The method of claim 12, further comprising:
decreasing the SINR value by a second constant value if the data rate

control information is directed at a base station other than the first base station.

14.  The method of claim 13, wherein decreasing the estimated SINR
value includes providing a minimum threshold value for the SINR value below
which the estimated SINR value will not be decreased.
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15.  The method of claim 9, further comprising:
smoothing the SINR value using a filter.

16.  The method of claim 15, further comprising:
mapping the smoothed SINR value to a required fractional reverse power

contro!l (RPC) power allocation r, in accordance with the relationship

r, =10%"E-exiotono Pé) where E is a target RPC bit energy per noise power
spectral density (E, /N, )in dB, ¢, is the smoothed SINR value, and PG is the

RPC subchannel processing gain.

17.  The method of claim 1, wherein computing the power allocation
value includes:

providing a plurality of reverse power control (RPC) channels; and

assigning a reverse activity (RA) bit to one of the plurality of RPC
channels as an RA channel to indicate active or inactive status of the RPC

channels.

18.  The method of claim 17, further comprising:

allocating a fixed fraction of the power allocation value to the RA channel.

19.  The method of claim 18, further comprising:
determining activity status of the RPC channels.

20.  The method of claim 19, further comprising:
allocating a remainder of the power allocation value to the RPC channels
that are active, after allocating the fixed fraction to the RA channel.

21.  The method of claim 1, wherein the supplemental information
includes an estimated signal strength value that was estimated and fed back to

the first station from the plurality of stations.
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22. The method of claim 21, wherein the estimated signal strength
value includes a predicted signal-to-interference-and-noise ratio (SINR) of a
signal transmitted from the first station to the plurality of stations.

23. The method of claim 22, wherein the predicted SINR includes a 1-
slot SINR prediction.

24.  The method of claim 23, wherein the 1-slot SINR prediction
includes a sufficient number of bits to provide reverse power control (RPC)

channel power allocation accurate to within 1 dB.

25. The method of claim 23, wherein the estimated signal strength
value includes delta information between a maximum data rate that each station
of the plurality of stations can decode reliably and the 1-slot SINR prediction.

26. The method of claim 21, further comprising:
smoothing the estimated signal strength value prior to the value being fed

back from the plurality of stations.

27.  The method of claim 26, further comprising:
sampling the smoothed estimated signal strength value at a data rate
control (DRC) Length.

28. A method, comprising:

generating an effective data rate for transmission of data from a plurality
of stations to a first station;

producing an improved signal strength value, wherein the improved
signal strength value is produced in accordance with the effective data rate; and

determining a power allocation value for power contro! information
transmitted from the first station to the plurality of stations in accordance with

the improved signal strength value.
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29. The method of claim 28, wherein generating an effective data rate

includes obtaining an early-termination information.

30. The method of claim 29, wherein data rate obtained from the
early-termination information is used as the effective data rate to compute the

power allocation value for a period longer than a current slot.

31. The method of claim 30, wherein the period includes the current

slot plus a predetermined number of slots.

32. The method of claim 30, wherein the data rate obtained from the
early-termination information is used as the effective data rate until a new data

packet is received.

33. A method, comprising:

receiving data rate control information from a plurality of stations in a
communications system, and determining a first signal strength value from the
data rate control information;

receiving a second signal strength value that was estimated and fed back
to a first station from the plurality of stations;

producing an improved first signal strength value, wherein the improved
first signal strength value is produced in accordance with the second signal
strength value; and

determining a power allocation value for power control information
transmitted from the first station to the plurality of stations in accordance with

the improved signal strength value.

34. The method of claim 33, wherein the second signal strength value
includes a predicted signal-to-interference-and-noise ratio (SINR) value of a

signal transmitted from the first station to the plurality of stations.
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35. The method of claim 34, the predicted SINR value is a differential
prediction.

36. A method, comprising:

receiving a signal-to-interference-and-noise ratio (SINR) prediction that
was estimated and fed back to a base station from each respective one of a
plurality of remote stations; and

determining a power allocation value for power control information
transmitted from the first station to the plurality of stations in accordance with
the SINR prediction.

37. A method, comprising:

determining an effective data rate for transmission of data from a remote
station to a base station using an automatic repeat request (ARQ) procedure;

adjusting the effective data rate depending on a destination sector of the
effective data rate; and

computing a power allocation value for power control information
transmitted from the base station to the remote station in accordance with the
adjusted effective data rate.

38. The method of claim 37, wherein the ARQ procedure includes:

determining that an early-termination information is available when a data
packet can be decoded with data from less than a total number of slots the data
packet.

39. The method of claim 38, wherein the ARQ procedure further
includes:

using the early-termination information to compute the effective data rate
in response to availability of the early-termination information.
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40. A base station, comprising:

a receiver configured to receive data rate control information from each
of a plurality of remote stations in a telecommunications system; and

a signal processor, coupled to the receiver, configured to generate
supplemental information relating to the data rate control information, and
configured to produce an improved signal strength value, wherein the improved
signal strength value is produced in accordance with the supplemental
information,

wherein the signal processor determines a power allocation value for
power control information transmitted from the base station apparatus to the
plurality of remote station devices in accordance with the improved signal

strength value.

41. The base station of claim 40, wherein the signal processor
includes rate computation apparatus configured to generate the supplemental
information by computing an effective data rate from the plurality of remote

stations to the base station.

42. The base station of claim 41, further comprising:
an infinite impulse response (IIR) filter configured to filter the effective
data rate.

43. The base station of claim 40, wherein the signal processor
includes:

a calculator configured to calculate an estimated signal-to-interference-
plus-noise ratio (SINR) value from the received data rate control information for
each remote station.

44.  The base station of claim 43, further comprising:

a memory configured to store data comprising a table of values that
establishes a correspondence between the data rate control information and the
estimated SINR value for each remote station.
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45. The base station of claim 40, further comprising:
a second receiver configured to receive an estimated signal strength
value that was estimated and fed back to the base station from the plurality of

remote stations.

46. A wireless communication system, comprising:
a plurality of remote station devices; and
a base station apparatus including:

a receiver configured to receive data rate control information from
each of the plurality of remote station devices, and

a signal processor, coupled to the receiver, configured to generate
supplemental information relating to the data rate control information or
the signal strength value, and configured to produce an improved signal
strength value, wherein the improved signal strength value is produced in
accordance with the supplemental information,

wherein the signal processor determines a power allocation value
for power control information transmitted from the base station apparatus
to the plurality of remote station devices in accordance with the improved

signal strength value.

47.  The system of claim 46, wherein the signal processor includes
rate computation apparatus configured to generate the supplemental
information by computing an effective data rate from the plurality of remote

station devices to the base station apparatus.

48. The base station of claim 46, further comprising:
a second receiver configured to receive an estimated signal strength
value that was estimated and fed back to the base station apparatus from the

plurality of remote station devices.
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49. The system of claim 48, wherein each of the plurality of remote
station devices includes a predictor that provides a 1-slot prediction of the
estimated signal strength value.

50. The system of claim 48, further comprising:
a smoother, coupled to each of the plurality of remote devices,
configured to smooth the estimated signal strength value prior to feeding the

value back to the base station apparatus.

51.  The system of claim 50, further comprising:
a sampler configured to sample the smoothed signal strength information
at a data rate control (DRC) Length.
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