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data communi cation. More particularly, 10 the present invention relates to
novel and inproved techniques for controlling transmt power of multiple
channels in a CDMA comruni cation system(e.g., a WCDVA systen). 15 |1.
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transm ssiwmve%% the user termnal is naintained at a target SNR
This target” YYFt8n referred to as the power control setpoint (or

sinmply, the setpoint). A second power control loop is typically enployed
to adj ust . (o) h a desired | evel of perfornmance, as
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delays in downlitk GRE" %plink via one or more base stations. The downlink (i.e.,

forward link) refers to transmission from the base station to the user terminal,

20 and the uplink (i.e., reverse link) refers to transmission from the user terminal
to the base station. The downlink and uplink are typically allocated different
frequencies.

In a Code Division Multiple Access (CDMA) system, the total transmit
power from a base station is typically indicative of the total downlink capacity

25 since data may be concurrently transmitted to a number of users over the same
frequency band. A portion of the total transmit power is allocated to each
active user such that the aggregate transmit power for all users is less than or
equal to the total available transmit power.

To maximize the downlink capacity, the transmit power to each user

30 terminal may be controlled by a power control loop such that the signal quality,
as measured by the signal-to-noise-plus-interference ratio (SNR), of a
transmission received at the user terminal is maintained at a target SNR. This
target SNR is often referred to as the power control setpoint (or simply, the
setpoint). A second power control loop is typically employed to adjust the

35 setpoint such that a desired level of performance, as measured by a frame error
rate (FER), is maintained. The downlink power control mechanism thus
attempts to reduce power consumption and interference while maintaining the



Many newer generation CDVA systens support concurrently transm ssion on
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be based on the transmit power received from the single transmitting base
station.
From the perspective of the base station transmitting the second channel,
the transmit power for the two channels may not be correlated. Typically, the
25 percentage contribution from individual base stations is not known for a
channel in soft handoff. Thus, the amount this base station contributes to the
first channel may not be known. If a single feedback stream is allocated and
used to send power control information for the first channel, effective power
control of the second channel is typically not possible based on this feedback
30 stream. If the transmit power for the two channels is not correlated, the base
station is unable to accurately adjust the transmit power for the second channel
based on feedback information for the first channel.
As can be seen, techniques that can be used to effectively control the
transmit power of multiple channels, which may be transmitted from different
35 sets of base stations, are highly desirable.



5 i ndependent power control of nultiple channels to achieve the desired

| evel of performance while reducing interference and nmaxi m zing system
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and different combination of feedback rates may also be achieved for the
substreams. Each feedback substream may be assigned to, and used for power

20 control of, a respective channel.

In another aspect, multiple feedback substreams are implemented based
on multiple fields in newly defined slot formats. Various schemes may be used
to form the feedback substreams, and each feedback substream may be used for
power control of a respective channel.

25 The invention further provides methods, power control units, and other
elements that implement various aspects and features of the invention, as
described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

30
The features, nature, 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 correspondingly throughout and wherein:
35 FIG. 1 is a diagram of a wireless communication system that supports a

number of users;



5 inpl ementi ng various aspects and enbodi nents of the invention; FIG 4 is
a diagramof a frane format and a slot format for an uplink physical

dedi cat edwohanesshb7 as defi ned by the WCDVA standard; FlI GBCTAAOY/M720igh 5D
show the formation of two feedback substreans based on a single power
control feedback stream for four different feedback 10 rate conbinations;
FIG 6 is a timng dlagramlllustratln%ower control for nmultiple

channel s, in accordance with an enbodi t of the invention; and FIGS. 7
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referred to as a base station controller (BSC) or a radi o network

control | er DIRNAILEDSOESCRIPELO NGFSIHESP‘ECFM@CEMBO)DQMENFSCDNA
standards such as (1) the "TIA/EIA-95-B Mbile Station-Base Station

Compatibility 5 Standard for Dual - Mode W deband Spread Spectrum Cel | ul ar
Systenf (the ISFIG. 1 is a diagram of a wireless communication system 100 that

20 supports a number of users. System 100 provides communication for a number
of cells, with each cell being serviced by a corresponding base station 104.
Various user terminals 106 are dispersed throughout the system. Each user
terminal 106 may communicate with one or more base stations 104 on the
downlink and uplink at any particular moment, depending on whether or not

25 the user terminal is active and whether or not it is in soft handoff. As shown in
FIG. 1, base station 104a communicates with user terminals 106a, 106b, 106c,
and 106d, and base station 104b communicates with user terminals 106d, 106e,
and 106f. User terminal 106d is in soft handoff and concurrently communicates
with base stations 104a and 104b.

30 In system 100, a system controller 102 couples to base stations 104 and
may further couple to a public switched telephone network (PSTN) and/or one
or more packet data networks (PDN). System controller 102 provides
coordination and control for the base stations coupled to it. System controller
102 further controls the routing of telephone calls among user terminals 106,

© 35 and between user terminals 106 and the users coupled to PSTIN (e.g.,
conventional telephones), via base stations 104. System controller 102 is often



95 standard), (2) the "TIA/ El A-98-D Recommended M ni num St andard for

Dual - Mode W deband Spread Spectrum Cellular Mbile Station" (the 1S-98

st andar d)wo(03)p6ishe st andard of fered by a consorti um nanedPCIrusof2et1es at i on
Partnership Project” (3GPP) and enbodied in a set of docunents including 10
Docunment Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25. 214
(the WCDMA standard), (4) t he standard of fered by a consortium naned "3rd
Generation Partnership Project 2" (SGPP and enbodied in a set of

Cs0011- A TRFphia b R BARE e R comSHERABEY or Taid ne bt fes s,

ot her standBN{3. 15 These standards are i ncorporated herein by reference.
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assi gned by hrgher si ers, in On 35 the uplink, bits
are repeat ed or Fﬁ@n@ﬁuﬁe@l d(r@g]@m ofishe stgmal Preresskg: at hesenstrien 19¢ BT s t o
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downl i nk, unused, bit. po %rtgléoofga Mtﬁe wi th di scontinuous transnj ssion
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on). The data for each transport channel is provided, in blocks that are also
referred to as transport blocks, to a respective transport channel processing
section 210.
Within transport channel processing section 210, each transport block is
25 used to calculate cyclic redundancy check (CRC) bits, in block 212. The CRC
bits are attached to the transport block and used at the user terminal for error
detection. A number of CRC coded blocks are then serially concatenated
together, in block 214. If the total number of bits after concatenation is greater
than the maximum size of a code block, the bits are segmented into a number of
30 (equal-sized) code blocks. Each code block is then coded with a particular
coding scheme (e.g., a convolutional code, a Turbo code) or not coded at all, in
block 216, to generate coded bits.
Rate matching is then performed on the coded bits in accordance with a
rate-matching attribute assigned by higher signaling layers, in block 218. On
35 the uplink, bits are repeated or punctured (i.e., deleted) such that the number of
bits to be transmitted matches the number of available bit positions. On the
downlink, unused bit positions are filled with discontinuous transmission



schenme to provide time diversity, in block 222. In accordance with the W 5
CDVA standard, the time interval over which interleaving is performed can
be sel ectwo okweisra set of possible time intervals (i.e., POTASET04720 nsec,
40 nmsec, or 80 nsec). Wen the selected interleaving interval is |onger
than 10 nsec, the bits within the interval are segnented and mapped onto
consecutive transport channel radio frarres I n block 224. Each transport
channel radio frame 10 corresponds to & transmi ssion over a (10 nsec)
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channel pr Gaels phyglcslecharmel 260 be hsed rtarispontit arlmrheular transmission for a
particular data type, as described below. The subsequent signal processing to
generate a modulated signal suitable for transmission to the user terminal is
known in the art and not described herein.

25 FIG. 2B is a diagram of the signal processing at user terminal 106 for a
downlink data transmission, in accordance with the W-CDMA standard. The
signal processing shown in FIG. 2B is complementary to that shown in FIG. 2A.
Initially, the modulated signal is received, conditioned, digitized, and
processed to provide symbols for each physical channel used for the data

30 transmission. Each symbol has a particular resolution (e.g., 4-bit) and
corresponds to a transmitted bit. The symbols in each radio frame period for
each physical channel are de-interleaved, in block 252, and the de-interleaved
symbols from all physical channels are concatenated, in block 254. For a
downlink transmission, non-transmitted bits are detected and removed, in

35 block 256. The symbols are then demultiplexed into various transport
channels, in block 258. The radio frames for each transport channel are then
provided to a respective transport channel processing section 260.



radio franes are concatenated into "traffics", in block 262. Each traffic
i ncl udes one or nore transport channel radio frames and corresponds to the
sel ect ed wDremed6envi ng i nterval used at the transmtter umCT/USIEI@478ymbol s
within each 5 traffic are de-interleaved, in block 264, and non-transmtted
synbols are renoved, in block 266. Inverse rate natching I's then perforned
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02/°0656%y PCT/ USRZ/ O 2c50rm’§1umcat10n in a W-CDMA system, a downlink dedicated

physical channel (downlink DPCH) is typically assigned to the user terminal

for the duration of the communication. The DPCH is used to carry a downlink

transport channel characterized by the possibility of fast data rate change (e.g.,

every 10 msec), fast power control, and inherent addressing to specific user
25 terminal.

If additional transmission capability is needed, a physical downlink
shared channel (PDSCH) may also be assigned to the user terminal. For
example, the PDSCH may be assigned for high rate packet data transmission.
The PDSCH is used to carry a downlink transport channel shared by user

30 terminals based on code multiplexing. The PDSCH is associated with the
downlink DPCH. However, the PDSCH and DPCH do not need to have the
same spreading factor (i.e., orthogonal code, which determines the data rate),
and the spreading factor for the PDSCH may also vary from frame-to-frame.

The downlink DPCH is used to transmit user-dedicated data in a time-

35 division multiplexed manner with control data (e.g., pilot, power control
information, and so on). The downlink DPCH may thus be viewed as a
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inner loop 310 operates between the user terminal and base station, and one
inner loop is typically maintained for each channel to be independently power
controlled.

25 The inner loop power adjustment for a particular channel is typically
achieved by (1) measuring the signal quality of the transmission on the channel
at the user terminal (block 312), (2) comparing the received signal quality
against the channel's setpoint (block 314), and (3) sending power control
information back to the transmitting base station. The signal quality

30 measurement may be made on the channel to be power controlled, a reference
channel associated with the channel to be power controlled, or any other
channel for which a relationship can be established with the channel to be
power controlled. The power control information may be used by the
transmitting base station to adjust its transmit power, and may be in the form

35 of, for example, an "UP" command to request an increase in the transmit power
or a "DOWN" command to request a decrease in the transmit power. The base
station may adjust the transmit power for the channel accordingly (block 316)
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R e TN e
quality at the user terminal is likely to be hlgher than necessary. The setpoint
may then be reduced slightly, which may cause inner loop 310 to reduce the
transmit power for the transmission. Alternatively, if a frame is decoded in
error, the received signal quality at the user terminal is likely to be lower than
25 necessary. The setpoint may then be increased, which may cause inner loop
310 to increase the transmit power for the transmission.
By controlling the manner in which the channel's setpoint is adjusted,
different power control characteristics and performance level may be obtained.
For example, the target FER may be adjusted by changing the amount of
30 upward adjustment in the setpoint for a bad frame, the amount of downward
adjustment for a good frame, the required elapsed time between successive
increases in the setpoint, and so on. The target FER (i.e., the long-term FER)
may be set as AD/(AD+AU), where AU is the amount of increase in the setpoint
for an erased frame, and AD is the amount of decrease in the setpoint for a good
35 frame. The absolute sizes for AU and AD determine the responsiveness of the
system to sudden changes in the communication link.
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typically not appropriate for soft handoff scenarios. The W-CDMA standard

allows for operation of the downlink DPCH in soft handoff, but presently does

not allow for operation of the PDSCH in soft handoff. The PDSCH and its

associated downlink DPCH may therefore be operated in different handoff

25 modes.

If the downlink DPCH is in soft handoff, the user terminal collects and
combines the transmit power from a set of base stations to recover the
transmission on the DPCH. The power control for the DPCH is then based on
the total power for the DPCH received from all transmitting base stations. The

30 specific percentage coniribution from individual base stations may not be
known to the system controller. Thus, if one of the base stations in the set also
transmits the PDSCH, the amount of transmit power to be used for the PDSCH
is not correlated to, or determinable from, its transmit power for the PDCH.
The transmit power for the PDSCH may be incorrectly controlled if based on

35 the TPC commands received for the DPCH, and adjustment of the PDSCH
transmit power based on these TPC commands would likely result in random
allocation of PDSCH transmit power (relative to the actual required allocation).
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a wide 56 ngr%qureine(rjllt o high rate channels may be 13 dB (5% of the total base station
transmit power) or more.

For the PDSCH and downlink DPCH, a fast power control loop (i.e., the
inner loop) may be used to adjust the transmit power of each of these channels
inversely with respect to the link condition (i.e., more transmit power if the link

25 worsens). This ensures that the received signal quality at the base station is
maintained at or near the target SNR. The fast power control loop allows for
quick adjustment of the transmit power to track rapidly changing link
conditions.

Lower power control rates may be sufficient for certain high rate

30 channels. The dynamic range of single path Rayleigh fading is in the order of
10 to 20 dB. If the average power fraction requirement is 13 dB or more, the
base station is typically not able to compensate for such a wide range of fading
since it would either run out of power or would need to drop other users to
provide the required transmit power. Thus, for high rate channels such as the

35 PDSCH, it may not be essential to send power control commands at a high rate
since in many instances the base station would not have the power resources
available to implement the commands.
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20 substream may be used for power control of a respective channel, as described
below.

The power control techniques described herein can be used for various
wireless communication systems, and may be advantageously employed for
the downlink and/or uplink. For example, the power control techniques

25 described herein may be used for CDMA systems that conform to the W-
CDMA standard, the cdma2000 standard, some other standard, or a
combination thereof. For clarity, various aspects and embodiments of the
invention are described below for a specific implementation on the downlink of
a W-CDMA system.

30 FIG. 4 is a diagram of a frame format and a slot format for the DPDCH
and DPCCH of the uplink DPCH, as defined by the W-CDMA standard. The
DPDCH carries user-dedicated packet data, and the DPCCH carries control
data (including power control information for the downlink channels). On the
uplink, the DPDCH and DPCCH are respectively transmitted on the inphase (I)

35 and quadrature (Q) components of a modulated uplink signal.  The
transmissions on the DPDCH and DPCCH are partitioned into radio frames,
with each radio frame covering 15 slots labeled as slot 0 through slot 14. For



and DPCCH of the uplink DPCH as defined by the WCDVA standard. The DPDCH
carries user-dedi cated packet data, and the DPCCH carries control data
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uplink, the DPDCH and DPCCH are respectively transmtted on the inphase (1)
35 and quadrature (Q conponents of a nodul ated uplink signal. The

transm ssions on the DPDCH and DPCCH are partitioned into radio franes,

wi th each radio frame coveri ng 15 sl ot st3l abel ed as slot 0 t hrough sl ot 14.
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the feedback stream has a rate of 1500 commands/sec (i.e., 1500 cps). The 1500
cps may be used to implement multiple feedback substreams in a time-shared
manner, as described below.

FIGS. 5A through 5D are diagrams illustrating four different time-shared
25 formats for providing multiple feedback subsireams based on the single
feedback stream, in accordance with certain embodiments of the invention. In
FIG. 5A, two feedback substreams are supported based on the single feedback
stream, with the commands for the two substreams being transmitted on
alternate slots. As shown in FIG. 5A, the commands for the first feedback
30 substream are transmitted in slots 0, 2, 4, ... and 14 of frame k, and slots 1, 3, 5,
... and 15 of frame k+1. The commands for the second feedback substream are
transmitted in slots 1, 3, 5, ... and 15 of frame k and slots 0, 2, 4, ... and 14 of
frame k+1. If the feedback stream has a rate of 1500 cps, then each feedback
substream has a rate of 750 cps.
35 In FIG. 5B, the two feedback substreams are assigned to slots in a
manner to provide feedback rates of 1000 cps and 500 cps for the first and
second substreams, respectively. This is achieved by transmitting two



alternate slots. As shown in FIG 5A, the comrands for the first feedback

30 substream are transnmtted in slots 0, 2, 4, ... and 14 of frane k, and
slots 1, 8P 03065667 . and 15 of franme k+1. The commands f or PChASeBCORTI

f eedback substreamare transmtted in slots 1, 3, 5, ... and 15 of franme k
and slots 0, 2, 4, ... and 14 of frane k+1. If the feedback stream has a

rate of 1500 cps, then each feedback substreamhas a rate of 750 cps. 35
In FIG 5B, the two feedback substreansl4are assi gned to sI ots in a manner
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patterns of "1-1", "2-1", and "4-1" are replicated as many times as needed for

each frame.

Other feedback rates may also be supported by use of other slot

assignment patterns that may be periodic over multiple frames (i.e., similar to
25 the "1-1" pattern, which is periodic over two frames). For example, feedback

rates of 1125 c¢ps and 375 cps for the first and second substreams, respectively,

may be achieved by transmitting three commands in three consecutive slots for

the first substream, followed by a single command in one slot for the second

substream, and repeating the pattern. Alternatively, non-periodic patterns may
30 also be used to form the feedback substreams.

FIGS. 5A through 5D show the formation of two feedback substreams
based on the single feedback stream. In general, any number of feedback
substreams may be formed by properly assigning the slots. For example, three
feedback substreams of 500/500/500 cps may be supported by using a "1-1-1"

35 pattern, whereby a single command for each of the first, second, and third
substreams is transmitted in every third slot. Each of the substreams may then
be assigned to, and used for sending power control information for, a



may be achieved by transmitting three commands in three consecutive slots
for the first substream followed by a single command in one slot for the
second swbatwewmnt and repeating the pattern. AlternativelPgI/usoneqies i odic
patterns may 30 also be used to formthe feedback substreanms. FIGS. 5A
t hrough 5D show the formation of two feedback substreans based on the
singl e feedback stream |n general, any nunber of feedback substreans may
be formed by properly assigning the sl ot%s. For exanpl e, three feedback
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communication, or as channels are added or removed during the
communication). This scheme provides flexibility in forming feedback
substreams. The substreams may be defined based on the performance level to
be achieved, the link conditions, and other factors.

25 The feedback substreams may be assigned to the channels in any desired
manner. In one implementation, the feedback substream with the lower rate is
assigned and used for power control of the PDSCH, and the higher rate
feedback substream is used for power control of the downlink DPCH. This
may ensure less performance degradation for the downlink DPCH, which

30 carries important control (e.g., the TFCI) and signaling messages used to
control both the DPCH and PDSCH.

The multiplexing of power control information (e.g., TPC commands) for
the two feedback substreams into the available slots for the feedback stream
effectively reduces the feedback rates (e.g., to 750/750 cps) for the downlink

35 DPCH and PDSCH. Based on earlier studies performed for IS-95 systems, the
reduction in feedback rate has minimal impact on performance when the user
terminal is moving at lower or higher speeds where the link variation is
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For the feedback substreams implemented based on time-sharing of the
single feedback stream, the same defined slot format may be used for the
substreams. TPC commands for the feedback substreams may be generated
and transmitted in the TPC field in similar manner as that used for the feedback

25 stream. However, both the user terminal and base station know which
command belongs to which substreams, and are able to respectively generate
and process the commands.

In accordance with another aspect of the invention, multiple parallel
feedback substreams are implemented by defining multiple TPC fields in a slot.

30 One or more TPC fields may be defined in addition to the original TPC field for
the power control feedback stream. Each TPC field may then be assigned to a
respective channel.

The W-CDMA standard defines a number of slot formats that may be
used for the uplink DPCCH. Each slot format allocates a specific number of

35 bits to each of the control fields in the uplink DPCCH shown in FIG. 4. The
particular slot format to be used for a communication is typically negotiated at
the start of the communication and used for the duration of the communication.



substreans. TPC commands for the feedback substreans may be generated and
transmtted in the TPC field in simlar manner as that used for the
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Table 1, one or nore of the fields may be omtted (i.e., length = 0) for
sone ofi5 the slot formats. 15 Tabl e 1T&bletl Bits/ Sl ot Format NFaoc NTFCI
NTrca NTFCI NFSI Q- 6-2 02 0 OA 52030 OB42040

S Bits/Slot
Format Neior Nrpcy Nrpcz Nrgcr Ne
0 6 2 0 2 0
0A 5 2 0 3 0
0B 4 2 0 4 0
1 8 2 0 0 0
5 5 2 0 2 1
A 4 2 0 3 1
7B 3 2 0 4 1
3 7 2 0 0 1
4 6 2 0 0 2
5 5 1 0 2 2
SA 4 1 0 3 2
5B 3 1 0 4 2
611 6 [8] 2 2 0 0
710] 4 (6] 2 2 2 0
7A[0B] | 4[4] 1 1 4 0
TB[0B] | 2[4] 2 2 4 0 —
8 4] 4 [6] 2 2 0 2
9 15] 2[5] 2 2 2 2
9A [5B] 2[3] 1 1 4 2

In accordance with specific embodiments of the invention, new slot
formats 6 through 9A in Table 1 are defined to support two feedback
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enbodi nents of the invention, new slot formats 6 through 9A in Table 1 are
defined to support two feedback WO 02/ 065667 PCT/ US02/ 04725 18 substreans.
Slot format 6 is based on sl ot forrrat 118 as indi cated by the [1] in colum
1), slot for
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bits. Al socobimpe)inshe hesemios farmadds shes m@cadeﬁor sxaaphe, for slot format
6, the TPC2 field for feedback substream 2 is defined using two pilot bits, thus
reducing the number of pilot bits from 8 (for base slot format 1) down to 6. For
new slot format 7A, the two bits in the original TPC field are allocated one
15 apiece to the TPC1 and TPC2 fields.
For the new slot formats shown in Table 1, the two TPC fields include
the same number of bits. Also, since the two TPC fields are included in each
slot, the feedback rate is 1500 cps. The TPC fields may also be defined with
different number of bits. Moreover, different bit rates may also be obtained by
20 sending a TPC command over multiple slots. This may reduce the number of
pilots bits needed to be taken to implement the second feedback substream.
For example, another slot format may be defined based on slot format 6, with
the TPC1 field including two bits, the TPC2 field including one bit, and the
pilot field including seven bits. The TPC command for the second substream
25 may then be transmitted over two slots to achieve a feedback rate of 750 cps.
Table 1 shows the formation of two TPC fields for two feedback
substreams. In general, any number of TPC fields may be defined in a slot.
Each TPC field may be assigned for power control of a respective channel.
Defining new slot formats that are additions to existing defined slot
30 formats allow the user terminal and base station to utilize the existing slot
formats, which are still valid for many operating scenarios. The new slots
format may be selected for use whenever appropriate (e.g., if the PDSCH is
assigned during a communication).
If pilot bits are taken to implement the second feedback substream, as for
35 many of the new slot formats listed in Table 1, the pilot power is reduced
correspondingly. The user terminal may increase the DPCCH transmit power
to allow for proper tracking and demodulation at the base station. If equivalent



slot, the feedback rate is 1500 cps. The TPC fields may al so be defi ned
with different nunber of bits. Mdreover, different bit rates may al so be
obt ai ned W9 01206&endi ng a TPC command over multiple slots. PChiGSOme425 educe
the nunber of pilots bits needed to be taken to inplenent the second

f eedback substream For exanple, another slot format nay be defined based
on slot format 6, with the TPCL field including two bits, the TPC2 field
i ncluding one bit, and the pilot fiel d ncl udi ng seven bits. The TPC
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information. The TPC commands, EIBs, and QIBs are typically binary values
whereas the SNR estimates and DRC commands may be multi-bit values.
A TPC command requests the base station to adjust the transmit power
for the associated channel either up or down by a particular amount (e.g., 0.5 or
25 1 dB) to allow the user terminal to achieve the target SNR. An EIB indicates
whether a frame was received correctly (good) or in error (erased). A QIB
indicates whether the current transmit power level is inadequate or adequate.
QIB is typically generated based on FER statistic collection whereas TPC is
typically generated based on SNR measurements. The base station may elect to
30 implement or ignore each of the received TPC commands, EIBs, or QIBs.
The SNR for a received transmission, as estimated at the user terminal,
may also be reported to the base station. The SNR estimates may be quantized
to any number of bits, depending on the specific implementation. The
estimated SNR may also be translated into a particular data rate supported by a
35 particular transmit power level for a packet data transmission. A DRC
command indicative of the supported data rate may be reported and use for
power control. A multi-bit feedback may be used to adjust the transmit power



Each feedback substream may be used to transmt any type of information
that nmay be used for power control of the associated channel. The
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FIG. 6 is a timing diagram illustrating power control for multiple
channels, in accordance with an embodiment of the invention. At the top of
FIG. 6, a base station transmits on the downlink PDSCH and DPCCH. The start
of the DPCH frame may be denoted as T, and the start of the PDSCH frame

25 may be denoted as T, In accordance with the W-CDMA standard, each
PDSCH frame is associated with one DPCH frame and has the timing
relationship {-35840 < (Tp,qrTopsc) < 2560 chips} (i.e., the PDSCH frame starts
anywhere between 1 slot before and up to 14 slots behind the start of the
associated DPCH frame. The time offset between the start of the slots for the

30 PDSCH and DPCCH is designated as T in FIG. 6. Due to propagation delay,
T,,, the transmissions on the PDSCH and DPCCH are received a short time
later at the user terminal.

For power control of the downlink DPCH, the user terminal estimates
the SNR of the pilot in slot i-1 of the downlink DPCCH, determines the TPC

35 command corresponding to the estimated SNR, and sends the TPC command
in the TPC1 field in slot i-1 of the uplink DPCCH. In accordance with the W-
CDMA standard, the frame timing on the uplink DPCH is delayed by 1024



APPARATUS FOR MEASURI NG LI NK QUALITY I N A SPREAD SPECTRUM 15 COVMUNI CATI ON
SYSTEM " issued May 11, 1999, and U S. Patent Nos. 5,056,109, and

5, 265, 119%WOonsséent i t1 ed "METHOD AND APPARATUS FOR CONTRECIIUS@®/04725
TRANSM SSI ON PONER I N A CDVA CELLULAR MOBI LE TELEPHONE SYSTEM ™"
respectively issued Cctober 8,1991 and Novenber 23, 1993, all assigned to
the assignee of the present application_and incorporated 20 herein by
reference. FIG 6 is a timng diagram i#} ustrati ng power control for
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TPD. 50 the user terminal. The base station similarly applies the power control as soon
as possible (within one slot in many instances). The short delay improves the
performance of the power control mechanism. If power adjustment within one
slot is not possible (due to long propagation delay or uncertain time offset
between the PDSCH and DPCCH), the base station can adjust the transmit

25 power at the nearest available slot.

The timing in FIG. 6 is typically dependent on various factors such as
how the power control command is derived. If the other channels (PDSCH)
include dedicated pilot bits, then the timing may be selected to minimize the
feedback delay, which typically depends on the pilot bit position. In case of

30 PDSCH and if the techniques described in the aforementioned U.S Patent No.
6,097,972 or 5,903,554 are used, the measurement may be made on a common
(continuous) pilot, and the timing may be derived backward so that the power
control decision is completed just prior to when the uplink transmission bin is
available.

35 FIG. 7 is a block diagram of an embodiment of base station 104, which is
capable of implementing certain aspects and embodiments of the invention.
On the downlink, data for the DPCH and PDSCH for a particular user terminal



the base station receives the uplink DPCCH, determ nes the TPC conmmand in
the TPC2 field of slot i-1, and adjusts the transmt power of the PDSCH at
slot i (wWDbopoe®bbl e). For an enbodi nent wherein the feedpatRissubses eans
are formed 15 by tine-sharing slots in the feedback stream the user
termnal may send the TPC command for the PDSCH in the TPC field in a
subsequent slot of the wuplink DPCCH (not shown in FIG 6). As indicated in
FIG 6, the received transnission is ne¥sured and power control

f d d ki ' 20
the user {BrIRAEY 10 IBS0E-sl 4 Ron APRCa o & 4 FeRSaRer DotiPo
soon as popmdeb&zor(ml hlme pneces$ing fon thea’ Gl smdril?ﬂéS(ﬁH fﬁmg Ihaw desteibay

;HFLZYﬁZnE%‘{‘ﬁ.ﬁﬁ“Sﬁ?RC?“?% 8?&W§@%“té'g£d‘ﬁé SR 353825892?. biP el ay

or uncert afarht fhanngl freay bepdid thawt hgarocsssgdi on
can adj yst ghieist fhaRn dv1dé’c5 t@%%bdﬁlatbf‘@l\/ﬁ@@¥ 7%4 aﬁ&afdrﬁ@r?r%kégsed-ﬁ ’}%\‘t i mng
in FIG 6 iIs typica endent vari ous tors power
control coffvERE% §P6%a?‘/1 I ﬁg\PéFﬂ FNERafRel T Wlthrﬂ:l toe

gled h gat Eddﬁf Laztncblats@h gnetieo thFleectlpmnmglgeia;erhﬁﬂaBJ q&{eadgaalmdl data & ﬁHIm

ee acC el a I C a e nas ot | sition. Nn case
of 30 PosciratideftRo HRY AL Anin e SRR (i Lo RT b S e

Pat ent No.an®#0goigoal, em;ﬂl,fl}@ts Btetedr enqllspmdratme meaduladednto geyetate ande on
a Co P t ‘Qﬁﬂn r I SO

t hat n?ﬁ@ pélgg’?ﬁﬁ%gn%ﬂ)i ?hm%cl’ on |1§Q%{aﬂ%?g %g?%gglﬁodr Hﬁglﬁﬁg?’?h% upl i nk
transni ssi &nd Bianspyttedvia papnenngs 24 test qrq‘»csp@nbué@ktemlagalam of an

enrbodlt ment of bERE, Stlf-leﬂBle-gﬂa grift Q?ah?emlﬁc&ﬁﬁﬁlr@ &fugelfrwémgl uo&f (I@lret ﬁ' n
aspects an nment.s e nven 1.on wWni | al a e
oo . PARRR SERaCis RediPed bR enteing ALP. bTed ieniehe dehldien S 55
22 i s receanégpranitlgot tocas Rdreceivgr unitd22at RE decetveroareitl 82D yonditiomsgmigt, ( TX)
dat h

dgsg“ gﬁ;gcﬂﬁ% aﬁﬂpzhfﬁE 80%1%8&?%%{%nho(ilg%t%gg?&g%@&@eﬁgg?él gﬁ& Bv %\f}e&i g,
and so on)SafmpleSea‘t estedhiator fa¢ r@@elwesmrgi pmceswsr(ﬁtgwadesmeqdﬁe BEQVELS,

channel . Tﬁlﬁdpr RﬁSS&&néddﬁ&@s)l%héh%&n?l&w&ﬁd pkévideMadbbRired ( 01314 and

Seranbl ef MmOl ngg%q m‘éﬁﬁéﬁ@@% s? grﬁga § epRE. PNm%gﬁéjsggg@Plh&n
term nal ) . inkRend@D @i lthé ecrethtddbsighalt 1R er}iﬁrﬁ’a@sd:@ﬂnlﬁlﬁedﬁe&ﬁféféﬁ syiribolsl 6Aand
conthgneg (5, DrrC NS od i @A ol Ut MO8 AL AT Bl LR
transmlssmn, checks the received frames, and provides the output data.
Demodulator 824 and RX data processor 826 may be operated to process
multiple transmissions received via multiple channels, such as the DPCH and
PDSCH. The processing by demodulator 824 and RX data processor 826 may
25 Dbe as described above in FIG. 2B.

For downlink power control, the samples from RF receiver unit 822 may
also be provided to an RX signal quality measurement unit 828 that estimates
the SNR of the transmissions on the downlink DPCH and PDSCH. The SNR
for each channel can be estimated using various techniques, such as those

30 described in the aforementioned U.S Patent Nos. 6,097,972, 5,903,554, 5,056,109,
and 5,265,119.

The SNR estimates for the DPCH and PDSCH are provided to a power
control processor 830, which compares the estimated SNR for each channel to
the channel's setpoint, and generates the appropriate power control

35 information (which may be in the form of TPC commands). The power control
information for the DPCH and PDSCH is sent back to the base station via two
power control feedback substreams.



10 downl i nk signal. The downlink signal is routed through a duplexer (D)
722 and transmtted via an antenna 724 to the recipient user termnal.
FI G 8 iswaolewsk? di agram of an enbodi ment of user term n®CTAGE2/04The
downl i nk signal is received by an antenna 812, routed through a dupl exer
814, and provided to an RF receiver unit 822. RF receiver unit 822
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processes (e.qg.

despreads, decover, nd_,pi | . | e | es
to provide recoV@P&q cgyﬁ@ilg_oce%gmglrg? ralgtﬁzfg#éggio %reﬁéeﬁﬁésa%r}aggﬁgp
recei ver tdainmeisobeigp provsseql eFoi asarapbs spaiert lrenirot giroeetsei §AAI mayid
generates CQERINGAsLACAIRLRG: BISPRIR ROCIAE, pRIRLUS R for ARhRNRLAGRSSAT 826
t hen decodes the recovered synbols for each® transm ssion, checks the
recei ved fthenPPCHmnd PREEEs Foreeash: samednerod, Bendalial prasessep S28n@aRX dat a
processgr ﬁl?cﬁ/iaexo E%M%ﬁh%@ b SRS REBDIramibstdtib ¢.d.F ansdiefinwhegeei ved

via nultiplte channels, such a§ the DPCH and . PDSCH. The pr,0 sing b
denodul at ofhegregeiygd framgds go 8&2@@099@‘?6“9&?“‘93" al?éeﬁ?vﬂg%@?b%g%éve in
FIG 2B. Fethedaypbs ok ipforetationt Polver tdvatimd mrbesssbr @80 Rhay ehen wend uhet 822

may al so be provided to a S| ity measurenent unit 828 that
estimates retcﬁigfe%\}ﬂgw:itﬁ@E?%ﬁhgs%%%%%ggﬁht he downl i nk DPCH and PDSCH. The
SNR for each c@amihel uplink, date &t prosessedgighfovaritedsencacied) fyestrasssiy as

t hose d ri ' akas e ' Pad gnt 6, 7

5, 903, 554, @oﬁ%ﬁﬁ%&gﬁ’é ?g%GQ?ﬁtlfgl?f}%%géés%% BB e ed? sPad) D% "and
PDSCH are Brosiulaies ©MOD) 84k and grndafionsids degsorongrantedap an 1g0ads { he

estimted NBlifiet, Fatdrea) amae |q§1%drath’fé3 rabannkesd)s byehpORAt TXanditg8sertat es

t he appropri ate, power. contro I nformati.on .(which.may be in_the form of
TPC commang&jeratha up S@Bﬁi‘r € RW%MEFF@&%“&%“%P&%HWH s
sent back pmdebsrbddlensiyabé anuliphextedowithother prowassedl déteedithuk nsadidatozans.
WO 02/ 6 PGE/ USQ2/ DAY 3 r 0 i!:g%

recei vgl%gt %‘lr metr ﬁgﬁﬁgosrzé%f]hérrdﬂgﬁg%%ﬁg}tghﬁgé%?@e%sé%%%p or g)%laisrr%fie,
power cont anlenpadddde onegzanorpbase stedions 184asure i ndi cator bits from RX

data processor f2f.iigl bAANRITFRS] BNeQiplidlh 8ighROH: aadiviBE ankarineagd) frane
peri od, RX dat rocessor 826 5 provide.to po control processar 830
frame stat E@lt(fg.'%:r?uﬁlh ?Rl?%%rt?ﬁ; W‘i‘gPﬁ%‘fl edfe ?E%ﬁg'l: \V%‘Efl‘f‘?raﬁ’é‘[?i@%go or
bad, or thgdceii@rf tae72@sonditinée@®)g., AoBmmnvense filietd)eand yapgslifids) the
I nfor maioi Opéceg%\éesrigga " lprc?x;i 653 ¥8hdi Phed? dplhﬁ(e &gﬁgf]%rteggh user terminal
being received. A channel processor 730 receives and processes the
conditioned signal for one user terminal to recover the transmitted data and
power control information. A power control processor 740 receives the
information (e.g., TPC commands, EIBs, QIBs, and so on, or a combination
25 thereof) for the two feedback substreams and generates appropriate control
signals used to adjust the transmit power for the DPCH and PDSCH.

Back in FIG. 8, power control processor 830 implements part of the inner
and outer loops described above. For the inner loop of each independently
power controlled channel, power control processor 830 receives the estimated

30 SNR and sends back information (e.g., TPC commands) via the assigned
feedback substream. For the outer loop, power control processor 830 receives
the indication of good, bad, or no frame from data processor 826 and adjusts
the setpoint for the channel accordingly. In FIG. 7, power control processor 740
also implements part of the power control loops described above. Power

35 control processor 740 receives information on the feedback substreams and
accordingly adjusts the transmit power of the transmissions on the DPCH and
PDSCH.



recei ved informati on back to the base station. On the uplink, data is
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power cont PEIgIARGRAEor 19gig  £edicpes l%rﬁ' (eHEFrO G?F‘@O Rrands,
El Bs, Q Bsmi@dgrocesotys, Wthér Gledurorad lmﬁtszaesllgﬁeaotc) perforinh ethewurfceieebac k

substream; and. erat es app riate cont signals used to adjust the
transmt péﬁicrbg@&efﬁé‘ BpesS 3??0 %&5‘ pé)ck in FIG 8, power control

processor 830 iFipt asefivareimplahentaboniherclementtsdottbe poows:ocieob catbbe
b h d |,
above. {norf, Oﬁl%rﬁé?ﬂ&fl lg?@gégédﬁ% (é@ t‘iﬁ%&%ﬁe‘s)’ full&46is CQN&%SJ Seﬂdﬁ{}@““e

power contr process recei ve esti nated 30 SNR an ack

i nf or mat i oRexfetry.thefpuciommdnwsibed herele hhe sgHu@re cedaanidestipad Bt  For

the outer hofbryl AN b€ AXeERledP8 PEE@ESSIEQ. 2§@W‘éﬁ§onttrb 10e6seR 710 br Of
good, bad, %ﬁh no frame from dat a}ﬂpr ocessor ng and adj usltag t he set point
el

for the ch accordingly. In FIG 7, power control processor 740 aI o)
i npl enents partFof clafity poasous aspectd, ehd:mhnnhess;ramiefhaa‘hmse)f tRewanltg3

COnt 1 Ol P 85530 ol el AL EAR T A IBL R Ry aedbRGH RO <§v<,sﬁgg and -

accordi ngl sm ssions on
PDSCH. WD pmsseaﬁobcﬂugscghmqmzs degeribridehexsire ma atsoobe geed fohuplinkr ei n

can be i npgewe%@ﬁtrey XR! feyélarﬁgg&h%lmﬁ%tsﬂ@m}e mam eAlld] PhedtRlk be

i o | RATBAIS RGN Dok esah etk ibee EID P -COINAor g o The

i mpl ement efche@ dE%@nBéd e €inSmap pllicc B nBed speignplemdntragltigile pacaltetui t s
(ASI CS)ZO dke%d%ack r%r 3 RUGther co [%181’50312101’1 systems (e.g., other CDMA-based
systems).
The foregoing description of the preferred 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
25 skilled in the art, and the generic principles defined herein may be applied to
other embodiments without the use of the inventive faculty. 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.
30
WHAT IS CLAIMED IS:



progranmmabl e | ogi ¢ devices (PLDs), controllers, mcro-controllers,

m cr oprocessors, other electronic units designed to performthe functions
descri bedwber®ésss7 or a conbi nati on thereof. For a softwar @Cirnshzeeet at i on,
the elenments in the power control can be 10 inplenented wi th nodul es
(e.g., procedures, functions, and so on) that performthe functions
descri bed herein. The software code can be stored in a nenory unit and
executed by a processor (e.g., power coft r ol processor 740 or 830). For
clarity, various aspects, enbodi msnté %eatures of the multiple 15
paral | el feedback substreans have be Fr' fically described for downlink
power control. The techni ques described herein may al so be used for uplink

trol. Aspd ' i i ' |l el
Focdback  subst feane fsEgotqut Bl Sy Bt o eiod T Mhebkfng el ' °
standar & ThRtrok fge rplyualifyddsbanneld virea eommpery feedback siregmecaroprisipige ment
mul tiple parall ?éce?@nggaeﬂ%&lhg%fﬁ%ﬂsﬁﬁﬁgﬁoﬁﬁoﬂFtlk@ﬁldd?rﬁlcfﬂid?f @inn@ly; syst ens

(e.qg., other - bas systens),, The foregojng des tion of the
preferréd enboddfESFIENING ﬁaéa%wéltw?ﬁ%%mwmb@ﬁ%ﬁ S sacBghamnglhe art
to make or useI Fbﬁeﬂaﬁﬁgepbwieﬁ\/@mﬁtﬁdb rinfori@itioau formesdt ichathenbaded bfehe

nbodi il . d A h 25 ski.lled. i , d
The gend | 2efimpelredii feBBRRIRy SO RRRsER Reuved SrPrshiafilou ont s
wi t hout the usenufltiphexing\pewérn eoftacluinfgrmations genhmted doerihe plusadity iadn i s
not 1nt d%ﬂaﬁx?eé?%n' a gl&fﬁﬁgé 8f Tfé?a%lb%@i@%ﬁ!t) s ABARB] Rat&d Bngﬂé fééec}batcﬁ be

accorded the w dest stope nsi st ent the principles and nov
features disHer®saddherein. 30 WHAT IS CLAIMED |'S: WD 02/ 065667

PCT/ USORY 04725 trdbstditin¥thelplutdlity offécibasle sabsraghgat i on system a net hod
for supporting power 2 control for a plurality of channels via a common

feedback stream conprising: receiving a plurality of transm ssions on the
plurality of chanMesmethatbbfclaimilngvisrgimadachufabdbackofubishreatr Brassighedon
recei ved, o , r.ak] r formation for each
channel ag%g?g%et%ﬂgg@gg%%?lgrgkgﬁggéﬁ%%ﬁ@&@%ﬁé tﬁ‘ﬂ%d?ty for transm ssion
received on the channel; multiplexing power control information generated

for the pluraligy Be nRitdRVPAAnPY, Wheteih Thé FedWack 38ERACK RERRHMSAHS
defi ned based on the_ feedback . . . . ’
power control field transmitted in a series of slots, with each slot corresponding

to a particular time interval.

4. The method of claim 3, wherein the power control information
2 generated for each feedback substream is transmitted in the power control
field.

5. The method of claim 3, wherein each feedback substream is assigned
2 to arespective set of slots.

6. The method of claim 5, wherein the slots assigned to the plurality of
2 feedback substreams are selected based on a particular repeating pattern.

7. The method of claim 3, wherein two feedback substreams are defined.

8. The method of claim 7, wherein the slots assigned to the two feedback
2 substreams are selected based on an "n-m" pattern, wherein n slots are assigned
to a first feedback substream for every m slots assigned to a second feedback

4 substream.



stream and 10 transmtting the plurality of feedback substreans. 2. The
met hod of claim 1, wherein each feedback substreamis assigned 2 to a
respecti weoohaeise! to be i ndependently power controlled. ®CTNSe2/0mIehod of
claim1l1, wherein the feedback streamis forned by a 2 power control field
transmtted in a series of slots, with each slot corresponding to a
particular tine interval. 4. The nmethod of claim 3, wherein the power
control information 2 generated for eah feedback substreamis transnitted

in the power coptrol field.,. 5. The pethod of cl.aim 3, .wherein each, .
f eedback substr 'aiﬁ??%"bgfldﬁél Ivgggreﬂ%gﬁe&'frb@ag@hd? e’gf‘%rt gffﬁw;’rhe
met hod &f ©4-&l,or5l4-Wherein the slots assigned to the plurality of 2

f eedback substreans are sel ected based on a particular repeating pattern.
7. The nethod of claim3, wherein two feedback substreans are defined. 8.

The nethod of cl@i mlhe wieshed nof redaim dy swhessignearht deedhackweubsbecapack 2
Subst r €3S, ahgiaf&l AL é@%ﬁ%ﬁv@ Teédback rale, BAHNWGHEreiNBA fotepate f8ddhadk

assigned to a first fee or every mslots assig a

subst ream ned t
second feet§cler esB]d%r?ﬁ’%rﬁf kj%d}?%%@ég giveqspg/ifieamal e o1 logs Q}.‘aﬁ'ﬁgemst hod
of cl ai m Bfecdbgtletdie bhehe feetdbaglattr€sm. i s ei ther "1-1", "2-1", 2 "4-1", or
"14-1". 10. The nmethod of claim 11, wherein each feedback substreamis 2
associated with a respective feedback rate, and wherein an aggregate
f eedback rate thbr The méthod df claifn floedtwrkins ttvst feedireck subsmedms arer | ess

than thg éefiﬁ@cfib@r‘fmggéiﬁt ﬁleogeédﬁcie&qg%l‘ fgg??ﬁ%e C Tg?os@fétaﬁgq? gtfogg' aim

10, wherein two feedback substreans are e erein_t ack

e
rate for acommpndy/seemut orsgrsteand gvhaem the feedhrdesatedfar agiesandr | and

wher ei n 4t hescfipgdbadisticateis 300 @rireaddsecdntiendback substreamis 500
command/ second or less. 12. The nethod of claim11, wherein the plurality of

channel s include a 2 dedicated channel and a shared channel. 13. The
met hod of cl ai mM22Thehaetkiod dhelaphul, avhdrgirofthef prathligkof hantiedd iredunde ar e

utili zeg ;§§d{63t%9b§\%n9951w9r§§5 dB%rnin% s when the shared channel is

assi gne ransmssion, a erein the feedback streamis 4 utilized
for feedback during tinme periods when only the dedi cated channel is

13. The method of claim 12, wherein the plurality of feedback

2 substreams are utilized for feedback during time periods when the shared

channel is assigned for transmission, and wherein the feedback stream is

4 utilized for feedback during time periods when only the dedicated channel is
assigned.

14. The method of claim 12, wherein the feedback substream assigned to
2 the dedicated channel has a higher feedback rate than that of the feedback
substream assigned to the shared channel.

15. The method of claim 1, wherein the power control information
2 generated for at least one channel comprises power control bits indicative of
whether the received signal quality is above or below a target level.

16. The method of claim 1, wherein the power control information
2 generated for at least one channel comprises values indicative a received signal-
to-noise-plus-interference ratio.

17. The method of claim 1, wherein the wireless communication system
2 conforms to W-CDMA standard.



assigned. 14. The method of claim 12, wherein the feedback substream
assigned to 2 the dedicated channel has a higher feedback rate than that
of the fewodWwaoksé6substream assigned to the shared channel PCTAISOTg25et hod
of claim1, wherein the power control information 2 generated for at |east
one channel conprises power control bits indicative of whether the
received signal quality is above or below a target |evel. 16. The nethod of
claim1, wherein the power control infotsmation 2 generated for at |east

h I i i Qi i . i Si - .
one SPaITEl SOTREL 958 ERUER AEhAY, VAl SEE LIRS ek sy i

wirel es@ cdemminkatdedicaiedt physicalc shapnels (dewninhvRREH) dand). 2 Wwhysiead65667
PCT/ US02/ Ogi50mlink shhfed digdee(PpdCef). cl aim 17, wherein the plurality of

channel s include a 2 downlink dedi cated physical channel (downlink DPCH)
and a physical downlink shared channel (PDSCH). 19. In a W CDVA
communi cation sygt € a INFEDMA tomnsupipsticn Rgsted, | Ndepdiodefdr agpirtiagnt r ol

tr ansm 2o1 SRCRSICPREPPuE? CRMSLICE PAg: LPRTER g of SR haredsrebroriptt"? 1"

transm ssi oompeisgigred on each channel; 6 generating power control

i nf or mayi on forr&%ﬁ}}ngm%% nﬁg{‘ﬁggé‘ﬁg%ﬁg{‘mﬂ ed received signal

quality for transm ss?fon recel ve% 0 " mul ti pl exihng power
C

control i nfornadpisrriringsigral quality péthejsangiaissienseceied ongach chapndecond

FeChack, Suve gt d pod SR L R feadincl s apaton s
irst feedhack Substream has e ck rate o C s./segond or

r eat er - andeINEIRGL B R ETAE fy PSS ign TPSely 60 ARABE PARESor 500

commands$/ secondnuiltiplesing podretr rconsrul ihfonmation dereditedkfos ths tweatannele. I n a

wreless c j ely e t S ord i ower tyol for

bl urari ¢ SRG} MR aharseYRd edBa i a1BEirfihe SURRRA, bGP WEThe el

conpr i si0ngstraame gehareiny the dinst deedhads subsirsam dwdsoasfasdbagle rptauicdl 1000 of

channel s;  g@SIHHsNERDN gﬂagrémaé idnd Ghe t Qohd ARRILESK ORiBEeahY GthsOR each
channel ; neratin ower “control informati ogl for each channel based on
enbac eepyat) sesqn or less; an
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transmitting two feedback substreams.

20. In a wireless communication system, a method for supporting power
2 control for a plurality of channels via a plurality of feedback substreams,
comprising:
4 receiving a plurality of transmissions on the plurality of channels;
determining signal quality of the transmission received on each channel;
6 generating power control information for each channel based on the
determined received signal quality;
8 multiplexing power control information generated for the plurality of
channels on a plurality of feedback substreams, wherein each feedback
10 substream is defined by a respective field in each slot of a feedback subchannel;
and
12 transmitting the plurality of feedback substreams.

21. The method of claim 20, wherein the plurality of feedback
2 substreams have equal feedback rates.

22. The method of claim 20, wherein two feedback substreams are
2 defined by two fields in each slot.



8 multiplexing power control information generated for the plurality of
channels on a plurality of feedback substreans, wherein each feedback 10
subst r eanwpD926lefebned by a respective field in each slot offCanfsemoiyazk
subchannel ; and 12 transmitting the plurality of feedback substreans. 21.
The nethod of claim 20, wherein the plurality of feedback 2 substreans
have equal feedback rates. 22. The nethod of claim 20, wherein two feedback
substreams are 2 defined by two fields28n each slot. WO 02/ 065667

PCT/ USO2/ 04725 8 . e [.m. 2 eLej fi have
equal nunber 2 2§f %‘%t%‘ln‘fﬁ ga%%\ﬂg‘irz’ g’%}?\dtrgfo "%’S n'éloq]0 Elgir&gu}gé%i %@lﬂuﬁﬁéss
communi Gat iofbitsyst em 2 conprising: a signal quality measurenent unit
configured to receive and process a 4 plurality of transm ssions on a
plurality of channels to determ ne signal qualit of the transm ssion
recei ved on eacRéchrAmedrer ¢onire wnisdar Use & @r Wiress COBYpHNE@HpNEYstet he
si gnal aqualcbipr urement unit and configured to generate power control

information for each .channel 8 based,on.the deter,nm ned receiyed signal
qoal 13 and ©o o aET IS ge R aRaS i PRI O e Gt PRpcsRa

pluralitdy @lucdiayiofhansmiszienspduagilutalitpiof chénhde tbdetersiihe sigpahgualityi ned

based on a g i ck str . P r control unit of claim 24,
wherein thg?ﬁq?%%rgﬂ;@%g%?l%ggﬁ g%ea%ﬁscl%gﬁ?légxng are assigned to respective
sets of 6lots, wi ppwenshngbbpreessses gonpledgto the sigpal quaﬁnametaisweemmter val .
26. The povgf SRHtcro?ikigﬁfﬁd 19 TRl FRwel 6K EONiriYAAGHIIRE feack? RURRLI 2N
are defi neg’. %2% Thewp{)wer ,céatrol ,%qryrt,o claim 26, wherei Ej(il’tlhe slots
assi gned t Hapere o thoyslaterapinsel resebead sighel Aualidy apdetp FRYUEPISH PaWern. ny
pattern, \lA/@eﬁaion ir!{formgﬁbﬁ g’i:lh@zﬁédifgﬂ eld? phélglit}i o$ tlgéﬁ@élbaﬁi;% 1 ﬁmﬂe@n@ff or
every t s,,assi to . con eedbac st ream 28. e power
cont rolq(fm? e%ac%lsgﬁsﬁ;{eéaﬂs aﬁ%?%iﬁa? O?Pﬁg}g%?geee?%%fﬁﬁ%a%bst ream has a

f eedback rate of 1000 comrand/ second or greater and the second feedback
substream has ateqipagkydichf O0oCAMMRIL/ SRERA IR pliftalifSSt feedback

2 substreams are assigned to respective sets of slots, with each slot corresponding
to a particular time interval.

26. The power control unit of claim 25, wherein two feedback
2 substreams are defined.

27. The power control unit of claim 26, wherein the slots assigned to the
2 two feedback substreams are selected based on an "n-m" pattern, wherein n
slots are assigned to a first feedback substream for every m slots assigned to a

4 second feedback substream

28. The power control unit of claim 27, wherein the first feedback
2 substream has a feedback rate of 1000 command/second or greater and the
second feedback substream has a feedback rate of 500 command/second or

4 less.



