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(57) ABSTRACT 

Systems and methods for controlling the poWer level for a 
mobile station during periods When no data is being transmit 
ted by the mobile station. In one embodiment, data is inter 
mittently transmitted from a mobile station to a base station 
on a reverse-link tra?ic channel. When data is being trans 
mitted on the tra?ic channel, the transmitted data is used by 
the base station to perform poWer control operations (e.g., 
incrementing or decrementing the mobile station’s poWer 
level, based upon comparison of a received SNR to a target 
SNR). When no data is being transmitted on the tra?ic chan 
nel, a “Zero-rate indicator” is transmitted on the rate indicator 
channel. The Zero-rate indicator is used by the base station to 
perform poWer control. PoWer control based on the Zero-rate 
indicator may use velocity pro?les, reliability metrics or other 
techniques to control adjustment of the poWer level. 
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SYSTEMS AND METHODS FOR 
PERFORMING OUTER LOOP POWER 

CONTROL IN WIRELESS COMMUNICATION 
SYSTEMS 

CLAIM OF PRIORITY UNDER 35 U.S.C. §l20 

[0001] The present application for patent is a Divisional 
and claims priority to patent application Ser. No. l l/083,866, 
entitled SYSTEMS AND METHODS FOR PERFORMING 
OUTER LOOP POWER CONTROL IN WIRELESS COM 
MUNICATION SYSTEM, ?led Mar. 17, 2005 Which claims 
priority to patent application Ser. No. 10/652,355 entitled 
“SYSTEMS AND METHODS FOR PERFORMING 
OUTER LOOP POWER CONTROL IN WIRELESS COM 
MUNICATION SYSTEMS” ?led Aug. 29, 2003, noW 
alloWed as US. Pat. No. 7,286,846, dated Oct. 23, 2007, 
Which claims priority to provisional application Ser. No. 
60/448,269, entitled “REVERSE LINK DATA COMMUNI 
CATION”, ?led on Feb. 18, 2003; US. provisional applica 
tion Ser. No. 60/452,790, entitled “METHOD AND APPA 
RATUS FORA REVERSE LINK COMMUNICATION INA 
COMMUNICATION SYSTEM”, ?led on Mar. 6, 2003; and 
US. provisional application Ser. No. 60/470,770, entitled 
“OUTER-LOOP POWER CONTROL FOR REL. D”, ?led 
on May 14, 2003. 

BACKGROUND 

[0002] 1. Field of the Invention 
[0003] The invention relates generally to the ?eld of tele 
communications, and more particularly to mechanisms for 
providing outer loop poWer control in a Wireless communi 
cation channel When data is intermittently transmitted over 
the channel. 
[0004] 2. RelatedArt 
[0005] 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 com 
munication 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 Wire 
line system does not. 
[0006] One type of Wireless communication system com 
prises a cellular CDMA (code division multiple access) sys 
tem Which is con?gured to support voice and data communi 
cations. This system may have multiple base stations Which 
communicate via Wireless channels With multiple mobile sta 
tions. (The base stations are also typically coupled via Wire 
line netWorks to various other systems, such as a public 
sWitched telephone network.) Each base station communi 
cates With a set of mobile stations that are Within a sector 
corresponding to the base station. This base station is respon 
sible 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. 
[0007] 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 sta 
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tion and the mobile station. The goal of poWer control is to 
control the transmitter’s poWer such that transmitted data is 
decoded With a constant quality level. One measure of quality 
is the frame error rate, Which is the fraction of transmitted data 
frames that are received in error. Ideally, the mobile station 
transmission poWer is adjusted to a level that results in the 
desired predetermined frame error rate. To do this, the poWer 
control typically has tWo loops: the inner-loop and the outer 
loop. The inner-loop regularly measures the signal-to-noise 
ratio (SNR) at the base-station and compares it to a target 
SNR. This measurement may be performed on any channel or 
combination of channels that can be used as a poWer refer 
ence. For example, in cdma2000 this measure is typically 
done on the reverse link pilot channel (R-PICH). The result of 
the comparison is used to generate a poWer control command, 
Which is relayed to the mobile station. For example, if the 
SNR measured at the base-station is beloW the target SNR the 
inner-loop Will issue a command instructing the mobile sta 
tion to increase its transmission poWer, and if the SNR mea 
sured at the base-station is above the target SNR the inner 
loop Will issue a command instructing the mobile station to 
decrease its transmission poWer. The outer-loop regularly 
updates the target SNR based on an estimate of the current 
decoding quality. For example, the outer-loop may increase 
the target SNR by 1 dB each time a frame is incorrectly 
decoded, and decrease the target SNR by 0.01 dB each time a 
frame is correctly decoded. In this manner, the target SNR for 
the inner-loop is adjusted to a level at Which the predeter 
mined, acceptable error rate is maintained. 
[0008] While this type of poWer control algorithm is suit 
able for channels over Which data is continually being trans 
mitted, it is less Well-suited to channels Which are used inter 
mittently. The problem in this situation is that, put very 
simply, there are periods during Which there are no data 
frames that can serve as the basis for adjusting the target SNR. 
Although the inner-loop may operate on a signal that is con 
tinuously transmitted such as the R-PICH, the outer-loop 
does not have any signal to update the target SNR. In other 
Words, When frames are being transmitted, errors in the 
frames can be identi?ed, and the target SNR can be adjusted 
to achieve the desired error rate, but When no frames are being 
transmitted, there is no Way to tell Whether the target SNR 
should be adjusted upWard or doWnWard. Consequently, fol 
loWing a period during Which no frames of data are transmit 
ted, the target SNR level may not be set at the optimal level, 
and therefore the inner-loop may not be instructing the mobile 
station to transmit at the optimal poWer level. If the level is set 
too loW, the frames that are initially transmitted are almost 
guaranteed to have errors. On the other hand, if the poWer 
level is too high, poWer is Wasted and unnecessary interfer 
ence is generated, potentially causing errors in the transmis 
sions of other mobile stations. It Would therefore be desirable 
to provide a mechanism through Which a preferred target 
SNR level can be achieved in the absence of data transmis 
sions. 

SUMMARY 

[0009] One or more of the problems outlined above may be 
solved by the various embodiments of the invention. Broadly 
speaking, the invention comprises systems and methods for 
controlling the poWer level for a mobile station during periods 
When no data is being transmitted by the mobile station. 
[0010] In one embodiment, a Wireless communication sys 
tem includes a base station and one or more mobile stations 
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that communicate via corresponding Wireless communica 
tion links. Each link has multiple channels, including both 
forward link channels for transmitting data from the base 
station to the mobile station, and reverse link channels for 
transmitting data from the mobile station to the base station. 
One of the reverse-link tra?ic channels is used only intermit 
tently (i.e., during some periods, data is transmitted on the 
channel, and during other periods, no data is transmitted). 
When data is being transmitted on the tra?ic channel, the 
transmitted data is used by the base station to perform poWer 
control operations (e.g., incrementing or decrementing the 
base station’s target SNR level, based upon errors in the 
received data). When no data is being transmitted on the 
tra?ic channel, a “Zero-rate indicator” is transmitted on the 
rate indicator channel. In this situation, the Zero -rate indicator 
is used by the base station to perform outer-loop poWer con 
trol and update the target SNR. It should be noted that, When 
data is being transmitted on the tra?ic channel, corresponding 
rate indicators are transmitted on the rate indicator channel, 
but these rate indicators are not used for poWer control. 
[0011] An alternative embodiment of the invention com 
prises a method for providing poWer control in a Wireless 
communication system having a base station and a mobile 
station coupled by a reverse-link traf?c channel in a reverse 
link rate indicator channel. The method of this embodiment 
comprises: When tra?ic is being transmitted on the reverse 
link traf?c channel, transmitting a rate indicator signal corre 
sponding to a rate of the tra?ic being transmitted on the 
reverse-link traf?c channel on the reverse-link rate indicator 
channel, and controlling a target SNR for the outer-loop of 
this mobile station based on the tra?ic being transmitted on 
the reverse-link tra?ic channel; and When tra?ic is not being 
transmitted on the reverse-link tra?ic channel, periodically 
transmitting a Zero -rate indicator on the reverse-link rate indi 
cator channel and controlling the target SNR based on the 
Zero-rate indicator. 
[0012] Numerous additional embodiments are also pos 
sible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Various aspects and features of the invention are 
disclosed by the folloWing detailed description and the refer 
ences to the accompanying draWings, Wherein: 
[0014] FIG. 1 is a diagram illustrating the structure of an 
exemplary Wireless communications system in accordance 
With one embodiment; 
[0015] FIG. 2 is a functional block diagram illustrating the 
basic structural components of a Wireless transceiver system 
in accordance With one embodiment; 
[0016] FIG. 3 is a diagram illustrating multiple channels 
betWeen the mobile station and base station in accordance 
With one embodiment; 
[0017] FIG. 4 is a functional block diagram illustrating the 
structure of a reverse-link enhanced supplemental channel 
(R-ESCH) for an encoder packet siZe of 768 or 1536 bits in 
accordance With one embodiment; 
[0018] FIG. 5 is a functional block diagram illustrating the 
general structure of a reverse-link rate indicator channel 
(R-RICH) in accordance With one embodiment; 
[0019] FIG. 6 is a How diagram illustrating the operation of 
a mobile station in accordance With one embodiment; and 
[0020] FIG. 7 is a How diagram illustrating the operation of 
a base station in accordance With one embodiment. 
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[0021] While the invention is subject to various modi?ca 
tions and alternative forms, speci?c embodiments thereof are 
shoWn by Way of example in the draWings and the accompa 
nying 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 

[0022] 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. 
[0023] As described herein, various embodiments of the 
invention comprise systems and methods for controlling the 
poWer level for a mobile station during periods When no data 
is being transmitted by the mobile station. As indicated above, 
poWer control in Wireless communication systems is typically 
based upon a signal to noise ratio (SNR) and an error rate 
associated With received frames. Often, the poWer level of a 
mobile station is controlled by directing the mobile station to 
increment its poWer level When the received SNR falls beloW 
a target SNR, and to decrement its poWer level When the 
received SNR is above the target SNR. The target SNR is 
similarly incremented When a frame received by a base sta 
tion from the mobile station contains errors, and decremented 
When a frame is received from the mobile station Without 
errors. 

[0024] In one embodiment of a Wireless communication 
system, communications are carried on betWeen the base 
station and the mobile station via multiple Wireless commu 
nication channels. Some of these channels carry continuous 
data traf?c (e.g., frames of data), While others are utiliZed 
only intermittently. One of the intermittent-use channels 
comprises a reverse-link enhanced supplemental channel 
(R-ESCH). The R-ESCH is used in conjunction With a 
reverse-link rate indicator channel (R-RICH). When data 
frames are transmitted over the R-ESCH, a corresponding 
indicator of the rate at Which the data is transmitted on the 
R-ESCH is transmitted over the R-RICH. Conventionally, 
When no data is being transmitted over R-ESCH, no rate 
indication information is transmitted over R-RICH. In one 
embodiment of the present invention, When no data is being 
transmitted over the R-ESCH, a “Zero-rate” indicator is trans 
mitted over the R-RICH during a certain portion of the period 
during Which the rate indication information is normally 
transmitted. For example, the “Zero-rate” indicator may be 
transmitted during the ?rst the ?ve milliseconds of the 20 
millisecond frame period. The “Zero-rate” indicator is used 
by the base station to determine the poWer level that should be 
used by the mobile station. Thus, as the fading characteristics 
of the mobile station change, the base station maintains an 
aWareness of the fading characteristics via the “Zero-rate” 
indicator and is therefore able to determine inappropriate 
poWer level for the mobile station, even though no data is 
being transmitted by the mobile station. 
[0025] In one embodiment, the R-ESCH may be used to 
transmit data from a mobile station to the base station in either 
a scheduled mode or an autonomous mode. In this embodi 
ment, transmissions Which are made in either mode employ 
the type of poWer control algorithm described above. In other 
Words, When no data is being transmitted, a “Zero-rate” indi 
cator is periodically transmitted to the base station to enable 
the base station to determine the decoding quality of the 
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received signal and to update the currently suitable target 
SNR for the power control outer-loop. Then, when a data 
transmission begins, the target SNR of the outer-loop is 
appropriately set. In either mode, once the data transmission 
has begun, control of the power control target SNR level may 
be managed conventionally (i.e., by incrementing or decre 
menting the target SNR, depending upon whether frames are 
received with or without errors). 
[0026] In an alternative embodiment, the power control 
methodology described above may be used in the autono 
mous mode, while transmissions which are made in the 
scheduled mode utiliZe a different methodology. For 
example, in the scheduled mode, the data transmissions may 
be made at a predetermined target SNR which is suf?ciently 
high to ensure, with reasonable certainty, that the frames at 
the beginning of the transmission will be received without 
errors. In this embodiment, control of the power control target 
SNR level may be managed conventionally by incrementing 
or decrementing the level based on frame errors once the data 
transmission has begun. 
[0027] A preferred embodiment of the invention is imple 
mented in a wireless communication system that conforms 
generally to a release of the cdma2000 speci?cation. 
cdma2000 is a 3rd Generation (3G) wireless communication 
standard that is based on the IS-95 standard. The cdma2000 
standard has evolved and continues to evolve to continually 
support new services. The preferred embodiment of the 
invention is intended to be operable in systems utiliZing 
Release D 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 con 
sidered exemplary, rather than limiting. 
[0028] Referring to FIG. 1, a diagram illustrating the struc 
ture of an exemplary wireless communications system is 
shown. As depicted in this ?gure, system 100 comprises a 
base station 110 that is con?gured to communicate with a 
plurality of mobile stations 120. Mobile stations 120 may, for 
example, be cellular telephones, personal information man 
agers (PIMs or PDA), or the like that are con?gured 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 for 
ward link (FL) channels, while mobile stations 120 transmit 
data to base station 110 via corresponding reverse link (RL) 
channels. 
[0029] It should be noted that, for the purposes of this 
disclosure, identical items in the ?gures 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 numeral. 
[0030] Base station 110 is also coupled to a switching sta 
tion 130 via a wireline link. The link to switching station 130 
allows base station 110 to 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 ?gure are exemplary and other systems may comprise 
other types and other combinations of devices. 
[0031] While, in practice, the speci?c designs of base sta 
tion 110 and mobile stations 120 may vary signi?cantly, each 
serves as a wireless transceiver for communicating over the 
forward and reverse links. Base station 110 and mobile sta 
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tions 120 therefore have the same general structure. This 
structure is illustrated in FIG. 2. 

[0032] Referring to FIG. 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 ?gure, the system comprises a 
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 con?gured to 
control transmit and 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 to transmit 
subsystem 222, which transmits the data via antenna 226. 
Data received by receive subsystem 224 through antenna 226 
is 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. 

[0033] Persons of skill in the art of the invention will appre 
ciate that the structure depicted in FIG. 2 is illustrative and 
that other embodiments may use alternative con?gurations. 
For example, processor 228, 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 process 
ing required by the transceiver. The scope of the claims 
appended hereto are therefore not limited to the particular 
con?gurations described herein. 
[0034] Considering the structure of FIG. 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 trans 
ceiver subsystem. The transceiver subsystem could be con 
sidered to include transmit subsystem 222, receive subsystem 
224 and antenna 226. The processing subsystem could be 
considered to include processor 228, memory 230, data 
source 232 and data output 234. 

[0035] As indicated above, the communication link 
between the base station and the mobile station actually com 
prises various channels. Referring to FIG. 3, a diagram illus 
trating multiple channels between the mobile station and base 
station is shown. As depicted in the ?gure, Base station 110 
transmits data to mobile station 120 via a set of forward link 
channels 310. These channels typically include both traf?c 
channels, over which data is transmitted, and control chan 
nels, over which control signals are transmitted. Each of the 
traf?c channels generally has one or more control channels 
associated with it. Forward link channels 310 may include, 
for example, a Forward Fundamental Channel (F-FCH) that 
may be used to transmit low-speed data, a Forward Supple 
mental Channel (F-SCH) that may be used for high-speed, 
point-to-point communications, or a Forward High-Speed 
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Broadcast Channel (F-HSBCH) that may be used to broad 
cast 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 tra?ic channels or to other aspects 
of the operation of the system. 
[0036] Mobile station 120 transmits data to base station 110 
via a set of reverse link channels 320. Again, these channels 
typically include both tra?ic 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 chan 
nel (R-ESCH), a reverse dedicated control channel 
(R-DCCH), a reverse common control channel (R-CCCH), or 
a reverse rate indicator channel (R-RICH). TWo of these chan 
nels, the R-ESCH and the R-RICH (represented by reference 
numbers 321 and 322 in FIG. 3) are particularly noteWorthy, 
as they are the channels in Which the inventive poWer control 
mechanism is implemented in one embodiment. 
[0037] In one embodiment, the R-ESCH is used to transmit 
high-speed data from the mobile station to the base station. 
Data can be transmitted over the R-ESCH at rates ranging 
from 9.6 kbps to 1228.8 kbps. The data is transmitted in 5 ms 
sub-frames. The general structure of the R-ESCH is illus 
trated in FIG. 4. 
[0038] Referring to FIG. 4, a functional block diagram 
illustrating the structure of the R-ESCH for an encoder packet 
siZe of 768 or 1536 bits is shoWn. It should be noted that, in 
this embodiment, this structure Will vary someWhat When 
used in conjunction With other packet siZes (192, 384, 2304, 
3072, 4608 or 6144 bits). The structure may also vary in its 
implementation in other embodiments. The structure of FIG. 
4 is merely exemplary of the possible structures. 
[0039] As depicted in FIG. 4, a 16-bit packet CRC is ?rst 
added in block 410 to the information bits that are to be 
transmitted. A 6-bit turbo encoder tail alloWance is added in 
block 420, so that the packet noW has a siZe of768 or 1536 bits 
(corresponding to received packet siZes of 746 or 1514 bits, 
respectively). Turbo encoding (block 430) and block inter 
leaving (block 440) are then performed on the packet. The 
resulting symbols are modulated (block 450) and covered 
With the Walsh codes (block 460). Because these operations 
are Well understood by persons skilled in the art, they Will not 
be described in further detail here. 
[0040] The R-RICH is used by the mobile station to trans 
mit a rate indicator that indicates the transmission format 
being used on the R-ESCH. A rate indicator is transmitted for 
every sub-packet transmitted on the R-ESCH. In one embodi 
ment, the rate indicator comprises ?ve bits. Three of the ?ve 
bits indicate the packet siZe of the corresponding sub-packet 
on the R-ESCH. The correspondence betWeen these bits and 
the packet siZe are shoWn beloW in Table 1. 

TABLE 1 

Packet-size Encoder 
bits of rate packet 
indicator size 

000 192 
001 384 
010 76 8 
01 1 153 6 
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TABLE l-continued 

Packet-size Encoder 
bits of rate packet 
indicator size 

100 2304 
101 3 072 
1 10 460 8 
1 1 1 6144 

[0041] The other tWo of the ?ve bits of the rate indicator 
indicate the sub-packet identi?er of the corresponding sub 
packet on the R-ESCH. For example, in this embodiment, a 
packet is subdivided into four sub-packets of 5 ms each, so the 
sub-packet identi?er indicates Which of the four sub-packets 
(1, 2, 3 or 4) corresponds to the rate identi?er. The correspon 
dence betWeen these bits and the sub-packet identi?er are 
shoWn beloW in Table 2. 

TABLE 2 

Sub-packet 
bits of rate Number (SPID) 
indicator of sub-packet 

00 1 
01 2 
10 3 
1 1 4 

[0042] Referring to FIG. 5, a functional block diagram 
illustrating the general structure of the R-RICH for a pre 
ferred embodiment is shoWn. It should be noted that this 
structure is exemplary and may vary in other embodiments. 
As depicted in FIG. 5, the ?ve bits of a rate indicator are ?rst 
processed by the orthogonal encoder of block 510. Sequence 
repetition is then performed on the encoded symbols in block 
520. Sequence selector 530 then selects either the encoded 
symbols or a Zero-rate indicator, Which Will be explained in 
more detail beloW. Then, in block 550, signal point mapping 
is performed on the bits of the selected indicator (the actual 
rate indicator or the Zero -rate indicator). The resulting signal 
is then covered With the appropriate Walsh codes (block 560). 
Because these operations are Well understood by persons 
skilled in the art, they Will not be described in further detail 
here. 
[0043] As noted above, While data is being transmitted on 
the R-ESCH, poWer control is performed in the conventional 
manner. In other Words, as the base station receives data from 
the mobile station, the base station determines Whether the 
SNR of the received signal is above or beloW the target SNR. 
If the received SNR is above the target, the base station directs 
the mobile station to reduce its poWer level. If the received 
SNR is beloW the target SNR, the base station directs the 
mobile station to increase its poWer level. The target SNR is 
adjusted based upon Whether received frames contain errors. 
If a frame contains errors, the target SNR is too loW, and is 
therefore increased. If a frame does not contain errors, the 
target SNR is assumed to be at least a bit too high, and is 
therefore reduced. Typically, the step siZes by Which both the 
mobile station’s poWer level and the base station’s target SNR 
are incremented are much greater than the step siZes by Which 
they are decremented. For instance, the ratio of the increment 
step siZe to the decrement step siZe may be 100:1. Thus, for 
example, if errors are present in the received data, the poWer 
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level is raised very quickly, but if no errors are present, the 
power level is decreased very slowly. 
[0044] The problem that is encountered in using this meth 
odology results from the fact that the R-ESCH may be used 
intermittently. In other Words, data may be transmitted on this 
channel for a period of time, and then the channel may not be 
used for a While. When no data is being transmitted on the 
R-ESCH, it is not possible to detect transmission errors, and 
therefore not possible to increment and/or decrement the 
target SNR based upon such errors. The inner-loop may con 
tinue to update the transmission poWer based on a channel 
that is continuously present, but the target SNR may not be 
adjusted. Consequently, if the channel quality of the R-ESCH 
changes during a period in Which no data is transmitted, the 
last-used target SNR may not be suitable When the next data 
transmission begins. If the target SNR is too high, the mobile 
station Will expend poWer unnecessarily, and Will generate 
unnecessary interference With other mobile stations’ trans 
missions. If the target SNR is too loW, the frames that are 
initially transmitted Will contain too many errors to be of any 
use. Therefore, in a preferred embodiment, a Zero-rate indi 
cator is periodically transmitted on the R-RICH When no data 
is being transmitted on the R-ESCH, simply to provide a basis 
for outer-loop poWer control. It should be noted that the term 
“Zero-rate indicator” is used herein to refer to any indicator 
that is transmitted When no data is being transmitted on the 
tra?ic channel, and is not limited to indicators that explicitly 
indicate a traf?c channel data rate of Zero. 

[0045] In the embodiment illustrated in FIG. 5, the Zero 
rate indicator “1” is provided to bit repetition block 540, and 
the resulting bitstream is provided to sequence selector 530. If 
no data is being transmitted on the R-ESCH, a Zero-rate signal 
input to sequence selector 530 is asserted, causing the Zero 
rate indicator to be selected. This indicator is processed in the 
same manner in Which the rate indicator is processed When 
data is being transmitted on the R-ESCH. 
[0046] While a Zero-rate indicator could be transmitted all 
the time during Which no data is transmitted on the R-ESCH, 
a preferred embodiment transmits Zero -rate indicators in only 
a portion of the time for Which no data is transmitted on the 
R-ESCH. For example, a 20 ms frame may be split into four 
5 ms sub-frames. In a preferred embodiment, the Zero-rate 
indicator is transmitted during only one of the four sub 
frames, such as the ?rst sub-frame. 
[0047] When the Zero-rate indicator is received by the base 
station, it is decoded, and the outcome of this decoding is used 
by the base station to determine Whether the target SNR for 
the corresponding mobile station should be adjusted upWard 
or doWnWard. In one embodiment the target SNR is increased 
by 1 dB if the decoding fails, and the target SNR is decreased 
by 0.1 dB if the decoding succeeds. The base station selects 
the ratio of decrease to increase is based on the desired Zero 
rate indicator decoding error rate. 

[0048] In one embodiment the mobile alWays transmits the 
rate indicator channel With the same traf?c-to-pilot ratio, 
Whether it is sending a Zero-rate indicator or a non-Zero rate 
indicator. The base station then estimates the decoding error 
rate on the rate-indicator channel When data is transmitted. It 
then uses this target error rate to set the increase and decrease 
values to be used to update the target SNR based on the 
Zero-rate indicator. For example, the base station may count 
the number k of incorrectly decoded rate indicators during the 
last 100 sub-packets. When the mobile station does not trans 
mit any data on the reverse link and transmits a Zero -rate 
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indicator, the base station may then increase the target SNR 
by 1 dB if decoding of the Zero-rate indicator is in error, and 
decreasing the target SNR by l/(lOO/k-l) dB if the decoding 
of the Zero-rate indicator is successful. This ensures that the 
error rate of the Zero-rate indicator Will stay around k/lOO. 

[0049] The received Zero-rate indicator may be processed 
in a number of different Ways. For example, the Zero-rate 
indicator may be used to determine a velocity pro?le for the 
mobile station. This may be accomplished through the use of 
various techniques that are knoWn in the art, such as a level 
crossing technique. Once the velocity pro?le is determined, it 
may then be used to adjust the target SNR. Because the 
velocity of the mobile station toWard or aWay from the base 
station induces a Doppler shift in the signals transmitted from 
the mobile station, the velocity degrades the receiver and 
decoder performance. If the velocity pro?le of the mobile 
station is knoWn, the target SNR can be controlled to com 
pensate for the resulting degradation. 
[0050] The Zero-rate indicator can also be processed in 
various other Ways, such as by determining the energy density 
of the Zero-rate indicator signal and comparing it to a pilot 
signal. Reliability metrics may also be used to determine the 
reliability of the Zero-rate indicator signal. If the signal is 
determined to be reliable, then the SNR is considered to be 
suf?ciently high, and the target SNR of the corresponding 
mobile station is therefore decremented. If the signal is deter 
mined not to be reliable, then the received poWer level of the 
rate indicator is too loW, and the target SNR is therefore 
incremented. These and other techniques may be used in the 
various alternative embodiments of the invention. 
[0051] Referring to FIG. 6, a How diagram illustrating the 
operation of a mobile station in accordance With one embodi 
ment of the invention is shoWn. In this ?gure, the mobile 
station ?rst determines Whether or not there is data to be 
transmitted (block 610). If there is data to be transmitted, the 
data may be transmitted via scheduled or autonomous trans 
missions, as described elseWhere in this disclosure. When the 
data is transmitted on the reverse-link traf?c channel, a rate 
indicator corresponding to each sub-frame of the data on the 
reverse-link tra?ic channel is transmitted on the reverse-link 
rate indicator channel (block 620). If, hoWever, there is no 
data to the transmitted, a Zero-rate indicator is periodically 
transmitted on the reverse-link rate indicator channel (block 
630). In one embodiment, the Zero-rate indicator is transmit 
ted during the ?rst 5 ms of each 20 ms frame. 

[0052] Referring to FIG. 7, a How diagram illustrating the 
operation of a base station in accordance With one embodi 
ment of the invention shoWn. As depicted in FIG. 7, the base 
station examines the reverse-link rate indicator channel 
(block 71 0) and determines Whether data is being transmitted, 
based upon the received rate indicator (block 720). If a non 
Zero rate indicator is received, the base station knoWs that a 
corresponding sub -frame Was transmitted on the reverse-link 
traf?c channel. The base station interprets the received sub 
frame in accordance With the received rate indicator and 
adjusts the target SNR based on the presence of errors in the 
received data (block 730). If a Zero-rate indicator is received 
on the reverse-link rate indicator channel, the base station 
knoWs that no data is being transmitted on the reverse-link 
traf?c channel, so the base station performs adjusts the target 
SNR based upon the Zero-rate indicator (block 740). 
[0053] By providing the Zero-rate indicator on the R-RICH, 
the system can perform poWer control operations Without the 
need to transmit control information on R-FCH or R-DCCH. 
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This may signi?cantly reduce the overhead of the system. It 
should also be noted that the R-RICH can be used to provide 
additional channel estimation for the R-ESCH demodulation 
by using it as an additional pilot. This function may be per 
formed at a loWer poWer level than that used for transmission 
of rate indicators corresponding to R-ESCH data transmis 
sions. 

[0054] In a preferred embodiment, data transmissions on 
the R-ESCH may be made in either of tWo modes: a scheduled 
transmission mode; or an autonomous transmission mode. As 
indicated by the names of the modes, a mobile station may 
interact With the base station to obtain a scheduled time to 

transmit data over the R-ESCH, or, under certain conditions, 
the mobile station may autonomously initiate a transmission 
of data over the R-ESCH Without ?rst obtaining a scheduled 
transmission time. 

[0055] In one embodiment, the reverse link is designed to 
maintain the rise-over-thermal at the base station at a rela 
tively constant level as long as there is reverse link data to be 
transmitted, While still alloWing mobile stations to transmit at 
the maximum data rate for each mobile station Whenpossible. 
The design is intended to provide the required time division 
multiplexing gain on the reverse link and still alloW mobile 
stations With little data to autonomously transmit their data in 
order to minimiZe delays in transmitting the data. As men 
tioned above, the reverse link is designed to provide these 
features by alloWing mobile stations to transmit data on the 
R-ESCH in tWo different Ways: via autonomous transmis 
sions; and via scheduled transmissions. 
[0056] Autonomous transmissions are used to transmit 
tra?ic that cannot tolerate much delay. Autonomous transmis 
sions are used to reduce delay and controlled overhead for 
delay-sensitive data and are particularly useful for transmis 
sions from mobile stations at the edge of a cell Where over 
head costs are high. Any time a mobile station has data to 
send, the mobile station can transmit the data autonomously 
at up to a certain transmission rate Which is determined by the 
base station. The maximum data transmission rate is set by a 
maximum traf?c-to-pilot ratio (T/P) that is speci?ed by the 
base station during call setup. This T/P can be modi?ed by 
subsequent signaling betWeen the base station and mobile 
station. The maximum T/P may be different for different 
mobile stations, and is related to, among other things, the 
quality of service (QoS) requirements for the different mobile 
stations. 

[0057] Autonomous transmission is particularly useful 
When it is necessary to transmit small amounts of data. 
Autonomous transmissions are characteriZed by the small 
delays that are experienced prior to transmission of the data 
(i.e., the amount of time the data must Wait before it is trans 
mitted). Autonomous transmissions use the same hybrid 
automatic repeat request (H-ARQ) mechanisms as scheduled 
transmissions. In some situations, hoWever, mobile stations 
may not be able to transmit at rates to greater than the loWest 
rate, and it may likeWise be too costly for the base station to 
send acknoWledgments to the mobile station, so scheduled 
transmissions cannot be used. In these instances, autonomous 
transmissions may be set up by layer 3 signaling, thereby 
eliminating the need for the mobile stations to monitor a 
forWard-link control channel for this purpose. In alternative 
embodiments, this information may be transmitted by other 
means, such as Handoff Direction Messages (HDMs) on traf 
?c channels. 
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[0058] Scheduled transmissions are used When T/ P that can 
be supported by the mobile station is at least one level higher 
than the maximum T/ P set for autonomous transmissions, and 
the data in the mobile stations buffer is enough to ?ll at least 
one entire packet larger than is supported by the autonomous 
maximum T/P. In determining Whether these conditions are 
met, the mobile station accounts for autonomous transmis 
sions Which Will take place during the delay betWeen the 
request for a scheduled transmission and the granting of the 
scheduled transmission. 

[0059] If a request for a scheduled transmission is War 
ranted, the mobile station sends the request via a 5 ms mes 
sage on a request channel (e.g., R-REQCH). The request may 
alternatively be transmitted via a control channel (e. g., 
R-DDCH). The request includes four bits indicating the T/P 
supported by R-ESCH, four bits indicating the mobile sta 
tion’s queue siZe and four bits indicating the QoS level 
required for the transmission. In response to receiving the 
request, the base station may transmit a grant message to the 
mobile station. This message may convey either an individual 
grant or a common grant. Accordingly, the great may be 
transmitted via a forWard grant channel (e.g., F-GCH) or a 
forWard common grant channel (e.g., F-CGCH). The indi 
vidual grant speci?cally grants a scheduled transmission 
periodto the mobile station, While a common grant alloWs any 
mobile station that Wishes to transmit to do so. 

[0060] After transmitting a request to the base station, a 
mobile station is required to Wait for a predetermined amount 
of time (the Minimum Re-Request Delay, or T_MRRD) 
before it can send another request for a scheduled transmis 
sion. T_MRRD is transmitted to the mobile station via layer 
3 signaling. The mobile station is required to Wait for this 
amount of time before re-requesting a grant for a scheduled 
transmission in order to alloW recovery from lost request 
messages, While avoiding premature re-requests. 
[0061] The base station can schedule transmissions from 
any requesting mobile stations. The scheduling decisions of 
the base station may be based on factors such as the mobile 
stations’ soft handoff (SHO) status. The scheduling decisions 
may be made by the receiving base station alone, or they may 
be made synchronously by all base stations in the active set. 
The involvement of all active set members may cause a longer 
scheduling delay, but may also save the poWer required by the 
grant due to diversity. 
[0062] The various aspects and features of the present 
invention have been described above With regard to speci?c 
embodiments. As used herein, the terms “comprises,” “com 
prising,” or any other variations thereof, are intended to be 
interpreted as non-exclusively including the elements or limi 
tations 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. 

[0063] While the present invention has been described With 
reference to particular embodiments, it should be understood 
that the embodiments are illustrative and that the scope of the 
invention is not limited to these embodiments. Many varia 
tions, modi?cations, additions and improvements to the 
embodiments described above are possible. It is contem 
plated that these variations, modi?cations, additions and 
improvements fall Within the scope of the invention as 
detailed Within the folloWing claims. 
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What is claimed is: 
1. A base station operable to communicate With a mobile 

station via a Wireless communication channel, Wherein the 
base station comprises: 

a processing subsystem; and 
a transceiver subsystem coupled to the processing sub 

system and con?gured to receive data on a reverse link 
traf?c channel and a reverse link rate indicator channel; 

Wherein When the base station receives data on the reverse 
link tra?ic channel, the base station performs poWer 
control based on the received data and When the base 
station receives no data on the reverse-link tra?ic chan 
nel, the base station performs poWer control based on the 
Zero-rate indicator. 

2. The base station of claim, 1, Wherein the base station 
conforms to a release of the cdma2000 speci?cation. 

3. The base station of claim, 2, Wherein the reverse-link 
tra?ic channel comprises a reverse-link enhanced supple 
mental channel (R-ESCH). 

4. The base station of claim, 2, Wherein the reverse-link 
indicator channel comprises a reverse-link rate indicator 
channel (R-RICH). 

5. The base station of claim, 1, Wherein When the base 
station receives data on the reverse-link traf?c channel, the 
base station is con?gured to perform poWer control by direct 
ing a mobile station from Which the data is received to 
increase a poWer level associated With the mobile station 
When the received data has a signal to noise ratio (SNR) beloW 
a target SNR and to decrease the poWer level associated With 
the mobile station When the received data has a SNR above 
the target SNR. 

6. The base station of claim, 1, Wherein When the base 
station does not receive data on the reverse-link traf?c chan 
nel, the base station is con?gured to perform poWer control by 
computing a reliability metric for the Zero-rate indicator and 
incrementing a poWer level for a mobile station from Which 
the Zero -rate indicator is received When the reliability metric 
indicates that the Zero-rate indicator is not reliable, and dec 
rementing the poWer level When the reliability metric indi 
cates that the Zero-rate indicator is reliable. 

7. The base station of claim, 1, Wherein When the base 
station does not receive data on the reverse-link traf?c chan 
nel, the base station is con?gured to perform poWer control by 
computing a velocity pro?le for a mobile station from Which 
the Zero-rate indicator is received based upon the poWer of the 
Zero-rate indicator and adjusting a poWer level for the mobile 
station based upon the computed velocity pro?le. 

8. The base station of claim, 1, Wherein When the base 
station does not receive data on the reverse-link traf?c chan 
nel, the base station is con?gured to perform poWer control by 
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computing a poWer density for the Zero -rate indicator and 
adjusting a poWer level for a mobile station from Which the 
Zero-rate indicator is received based upon the computed 
poWer density. 

9. A method implemented in a base station operable to 
communicate With a mobile station via a Wireless communi 
cation link, Wherein the method comprises: 
When tra?ic is being received on a reverse-link tra?ic chan 

nel, controlling a poWer level based on the tra?ic being 
transmitted on the reverse-link traf?c channel; and 

When tra?ic is not being received on the reverse-link traf?c 
channel, receiving a periodically transmitted Zero-rate 
indicator on a reverse-link rate indicator channel, and 
controlling the poWer level based on the Zero-rate indi 

cator. 

1 0. The method of claim, 9, Wherein the reverse-link traf?c 
channel comprises a cdma2000 reverse-link enhanced 
supplemental channel (R-ESCH). 

11. The method of claim, 9, Wherein the reverse-link indi 
cator channel comprises a cdma2000 reverse-link rate indi 
cator channel (R-RICH). 

12. The method of claim, 9, Wherein controlling the poWer 
level based on the tra?ic being transmitted on the reverse-link 
traf?c channel comprises directing a mobile station from 
Which the data is received to increase a poWer level associated 
With the mobile station When the received data has a signal to 
noise ratio (SNR) beloW a target SNR and to decrease the 
poWer level associated With the mobile station When the 
received data has a SNR above the target SNR. 

13. The method of claim, 9, Wherein controlling the poWer 
level based on the Zero-rate indicator comprises computing a 
reliability metric for the Zero -rate indicator and incrementing 
a poWer level for a mobile station from Which the Zero-rate 
indicator is received When the reliability metric indicates that 
the Zero-rate indicator is not reliable, and decrementing the 
poWer level When the reliability metric indicates that the 
Zero-rate indicator is reliable. 

14. The method of claim, 9, Wherein controlling the poWer 
level based on the Zero-rate indicator comprises computing a 
velocity pro?le for a mobile station from Which the Zero-rate 
indicator is received based upon the poWer of the Zero-rate 
indicator and adjusting a poWer level for the mobile station 
based upon the computed velocity pro?le. 

15. The method of claim, 9, Wherein controlling the poWer 
level based on the Zero-rate indicator comprises computing a 
poWer density for the Zero -rate indicator and adjusting a 
poWer level for a mobile station from Which the Zero-rate 
indicator is received based upon the computed poWer density. 

* * * * * 


