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FOR EACH WTRU REGISTERED FOR THE PTM SERVICE,
STEP 20 — UPLINK AND DOWNLINK DEDICATED CHANNELS ARE
ESTABLISHED (OR MAINTAINED)

- EACH WTRU ESTIMATES A RECEPTION QUALITY OVER ITS
STEP 22~ DOWNLINK DEDICATED CHANNEL, SUCHAS A SIR

EACH WTRU COMPARES THE ESTIMATED RECEPTION
STEP 24 — QUALITY TO ATARGET RECEPTION QUALITY AND
PRODUCES TPC COMMANDS

] ATRANSMISSION POWER LEVEL IS DETERMINED FOR
STEP26 —~  EACH WTRU USING THE RECEIVED TPC COMMANDS

THE TRANSMISSION POWER LEVEL FOR THE PTM SERVICE
STEP 28 —~ 1S SET TO THE MAXIMUM TRANSMISSION POWER LEVEL
DETERMINED FOR EACH WTRU

FIG. 1

EACH WTRU ESTIMATES A RECEPTION QUALITY OVER
STEP 58 — THE PTM CHANNEL OR OTHER CHANNEL

Y

EACH WTRU COMPARES THE ESTIMATED RECEPTION QUALITY TO
STEP 60 —~| ATARGET RECEPTION QUALITY AND PRODUCES TPC COMMANDS

\ 4
STEP 62 — THE BASE STATION RECEIVES THE TPC COMMANDS FROM THE WTRUS

Y

USING THE TPC COMMANDS POWER ADJUSTMENTS FOR THE

STEP 64 —~ PtM CHANNEL ARE DETERMINED: WHERE IF ANY WTRU REQUESTS

APOWER INCREASE THE POWER IS INCREASED: AND IF ALL WTRUS
REQUEST A POWER DECREASE, THE POWER IS DECREASED

FIG. 3
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POWER CONTROL OF POINT TO
MULTIPOINT PHYSICAL CHANNELS

CROSS REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/080,250 filed Nov. 14, 2013, which is
a continuation of U.S. patent application Ser. No. 12/758,330
filed Apr. 12,2010, which issued on Dec. 10,2013 as U.S. Pat.
No. 8,606,282, which is a continuation of U.S. patent appli-
cation Ser. No. 12/169,739 filed Jul. 9, 2008, which issued on
Jun. 15,2010 as U.S. Pat. No. 7,738,895, which is a continu-
ation of U.S. patent application Ser. No. 10/632,776 filed
Aug. 1, 2003, which issued on Jul. 15, 2008 as U.S. Pat. No.
7,400,861, which claims the benefit of U.S. Provisional
Application No. 60/400,602 filed Aug. 1, 2002, which are
incorporated by reference as if fully set forth.

FIELD OF INVENTION

[0002] The present invention relates to wireless communi-
cations. More specifically, the present invention relates to
power control for point to multipoint (PtM) services.

BACKGROUND

[0003] There is a growing desire to use point to multi-point
services in wireless communication systems. In point to
multi-point (PtM) services, one service is sent from a single
point, such as a base station, to multiple points, such as
multiple wireless transmit/receive units (WTRUs). Examples
of point to multi-point services are multimedia broadcasts
and multicast services.

[0004] In traditional point to point (PtP) services, power
control allows for efficient use of radio resources. Power
control allows a particular wireless transmit/receive unit
(WTRU) to receive the PtP service at a desired quality of
service (QoS) and minimize interference to other WITRUs.
[0005] In PtP, such as for the third generation partnership
project (3GPP), when the WTRU’s dedicated downlink
physical channel is power controlled, that WTRU typically
determines a target signal to interference ratio (SIR) based on
the received block error rate (BLER) of the dedicated physi-
cal channel. The WTRU estimates the received dedicated
physical channel’s SIR. One approach to determine the SIR is
as the ratio of received signal code power (RSCP) over the
interference signal code power (ISCP).

[0006] When the WTRU determines that the SIR target
value is greater than the calculated estimate of the received
SIR value, the WTRU signals via the transmit power control
(TPC) commands to the base station to increase transmit
power of the downlink dedicated channel. When the SIR
target value is less then the received SIR calculated estimate,
TPC commands are generated to decrease DL transmit power.
[0007] One channel currently proposed for potentially sup-
porting PtM services is the forward access channel (FACH).
The FACH is a channel broadcast throughout a cell and the
FACH is maintained at a power level so that any user in the
cell can receive the FACH. As a result, adaptive power control
mechanisms are not used for the FACH. One problem with the
lack of FACH power control is that a high data rate service
sent over the FACH will generate considerable interference.
The FACH transmission power level needs to be set at a power
level so that a WTRU at the periphery of the cell can receive
the high data rate service at an acceptable quality.
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[0008] Accordingly, it is desirable to have adaptive power
control for PtM services.

SUMMARY

[0009] A method and apparatus are used to determine an
efficient transmit power for point to multipoint (PtM) trans-
missions by maintaining a database at a base station which
specifies which of a plurality of wireless transmit/receive
units (WTRUs) are members of each PtM group. The transmit
power of each WTRU’s downlink dedicated channel is
adjusted to the minimum required power necessary and the
PtM transmit power for each PtM group is set such that the
PtM transmit power of a PtM group is equal to the greatest of
a WTRU in the PtM group plus a PtM power offset.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0010] FIG. 1 is a flow chart for power control of a PtM
service using associated dedicated channels;

[0011] FIG. 2 is a simplified diagram of a base station and
a WTRU for power control of a PtM service using associated
dedicated channels;

[0012] FIG. 3 is a flow chart for power control of a PtM
service using associated dedicated channels; and

[0013] FIG. 4 is a simplified diagram of a base station and
a WTRU for power control of a PtM service without using
associated dedicated channels.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0014] Although the preferred embodiments are described
in conjunction with a third generation partnership program
(3GPP) wideband code division multiple access (W-CDMA)
system, the embodiments are applicable to any wireless sys-
tem using PtM services.

[0015] The present invention will be described with refer-
ence to the drawing figures wherein like numerals represent
like elements throughout. Hereafter, a wireless transmit/re-
ceive unit (WTRU) includes but is not limited to a user equip-
ment, mobile station, fixed or mobile subscriber unit, pager,
or any other type of device capable of operating in a wireless
environment. When referred to hereafter, a base station
includes but is not limited to a base station, Node-B, site
controller, access point or other interfacing device in a wire-
less environment.

[0016] The present invention is described subsequently for
three different general implementations. In a first implemen-
tation, each WTRU receiving the PtM service has associated
dedicated channels for use in supporting the PtM service. In a
second implementation, the WTRUs receiving the PtM ser-
vice do not have dedicated channels for use in supporting the
service. In a third implementation, some of the users have
dedicated channels for use in supporting the service and oth-
ers do not.

[0017] FIG. 1is a flow chart for adaptive power control for
a PtM service when associated dedicated channels are avail-
able. FIG. 2 is a simplified block diagram of a base station 54
and WTRU 56 for sending and receiving such a service. The
PtM service data may be sent over one of various channels,
such as a shared channel, high speed shared channel as pro-
posed for W-CDMA or a common channel. For the PtM
service, multiple WTRUs 56 registered for the service receive
that service over the PtM channel simultaneously.
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[0018] For each WTRU 56 that enters the PtM service area
and is registered for that service, an uplink and a downlink
dedicated physical channels are established, step 20. The
dedicated physical channel may be independent or comprised
of separate dedicated physical channels for control and data,
or just physical control channels.

[0019] Asshown in FIG. 2 for the downlink (DL) dedicated
channel associated with the PtM channel, a DL dedicated
channel transmitter 30 produces the channel. An amplifier
adjusts the transmission power level of the DL dedicated
channel and an antenna 42 or antenna array radiates the DL
dedicated channel through the wireless interface 44. At the
WTRU 56, a DL dedicated channel receiver 50 coupled to the
WTRU antenna 46 receives the channel.

[0020] Each WTRU 56 estimates a reception quality of the
DL dedicated channel, such as a received signal to interfer-
ence ratio (SIR), step 22. The SIR may be measured using the
received signal code power (RSCP) and interference signal
code power (ISCP) associated with the DL dedicated physical
channels. The estimated reception quality is compared with a
target reception quality, such as a target SIR. Based on the
comparison, transmit power control (TPC) commands are
generated by a TPC command generator 52. The TPC com-
mands are sent to the base station 54, such as using the uplink
dedicated channel or as a layer 3 message on a common
uplink channel.

[0021] A TPC receiver 40 at the base station 54 receives the
commands. The TPC commands are used to adjust the trans-
mit power of the DL dedicated channel to achieve the target
reception levels, such as target SIR and block error rate
(BLER) requirements, for the quality of service (QoS)
desired. The power amplifier 34 of the DL dedicated channel
is changed accordingly.

[0022] For each power controlled PtM physical channel or
set of physical channels, the base station equipment maintains
a database of which specific WIRUs 56 receive which par-
ticular PtM channels. The group of WTRUs 56 associated
with each PtM channel is referred to as a PtM Group (PtM-G).
A WTRU 56 can be member of more than one PtM-G.

[0023] The transmit power of each WTRU’s DL dedicated
channel or set of dedicated channels is adjusted to the mini-
mum required power to the minimum required power neces-
sary to achieve the respective QoS requirement for that
WTRU 56. Preferably, for each WTRU 56, the transmit power
of the PtM physical channel or set of physical channels is
derived from the current transmit powers of the associated DL
dedicated channels within the PtM-G, step 26. One approach
to determine the required PtM channel power fora WTRU 56
of the PtM-G is according to Equation 1 or Equation 2.

PitM__TxPwyr=DL__DchPwr+PtM_Power_ Offset Equation 1

PitM__TxPwyr=DL__DchPwr*PtM_Power_Ratio Equation 2
[0024] PtM_TxPwr is the desired transmit power of the
PtM channel for that WTRU 56. DL._DchPwr is the transmis-
sion power of that WTRU’s DL dedicated channel or chan-
nels, adjusted according to TPC commands and the config-
ured TPC step size. PtM_Power_Offset is an adjustment to
correct for differences between the DL dedicated channel and
the PtM channel, such as coding rate, QoS, etc. PtM_Power_
Ratio is a ratio to correct for differences between the DL
dedicated channel and the PtM channel.
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[0025] The PtM power offset and the PtM power ratio are,
preferably, derived using multiple factors as illustrated in
Equation 3 for the PtM power offset and Equation 4 for the
PtM Power Ratio.

PtM_Power_Offset=RelDch+RelTF+RelQoS+X Equation 3

PtM_Power_Ratio=RelDch*RelTF*RelQos*X Equation 4

RelDch is a factor configured by the operator to correct
between the power offset between the dedicated channel and
the PtM channel. RelTF is a factor to compensate for the
difference in transport data block set size and coding rate
between the dedicated and the PtM channel. RelQoS is a
factor to compensate between the BLER requirements
between the dedicated and the PtM channel. X is a general
factor for any other relative transmit power offsets/ratios
which may be applied.

[0026] The PtM transmit power (PtM_Tx_Pwr_PtM-G) is
calculated by determining the maximum WTRU PtM trans-
mit power requirement within the PtM-G per Equation 6.

PiM_Tx_Pwr_PiM-G=MAX(PtM_ TxPwr(WIRU))

PtM_TxPwr(WTRU) is the set of determined PtM transmis-
sion power levels, PtM_TxPwr, for each user of the group,
group G. MAX(PtM_TxPwr(WTRU)) is the maximum PtM
transmission power level out of this group. By using the
maximum PtM transmission power level required by any
WTRU 56 in the group, it ensures that all the other WTRUs 56
in the group (which require less PtM transmit power) will be
able to receive the PtM signal, step 28. The PtM transmit
power may be recalculated and adjusted on a slot, radio
frame, or transmission time interval (TTI) basis, among other
time periods, for optimal performance.

[0027] A PtM transmitter (Xmitter) 32 produces the PtM
channel. A transmit power calculation device 38 adjusts the
transmit power of the PtM channel, such as by changing a
gain of a power amplifier 36, to the desired transmission
power level. The base station’s transmission power level is
adjusted in accordance with the highest WTRU transmission
power requirement. The TPC commands from all the WTRUs
56 in the group are processed to determine the power adjust-
ment. Essentially, to increase the transmission power of the
PtM requires only a single WTRU 56 to request an increase in
transmission power. For the transmission power to decrease,
all the WTRUs 56 in the group need to request a decrease in
power.

[0028] Equation 7 is one possible equation for determining
the power adjustments for the PtM transmission.

Equation 6

New__ PtM_Power_ PtM-G=Current_ PtM Power__

PtM-G+Ptpc+Pbal Equation 7

Current_ PtM_Power_PtM-G is the current PtM transmit
power. Ptpc is either an increase or decrease by a step size.
The Ptpc adjustment is preferably a configured power control
step size (0.5, 1, 1.5 or 2 dB), which either increases or
decreases the transmission power level based on the received
TPC commands. Pbal is an optional correction for balancing
towards a common reference power.

[0029] FIG. 3 is a flow chart for adaptive power control for
a PtM service when dedicated channels are not available or
are notused to support the PtM service. FIG. 4 is a simplified
block diagram of a base station 54 and WTRU 56 for sending
and receiving such a service.

[0030] A PtM transmitter (Xmitter) produces a PtM chan-
nel. The transmission power level of the PtM channel is
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controlled, such as by an amplifier 36. The initial PtM trans-
mission power level may be a power level preconfigured by an
operator that allows for full cell coverage or be based on
RSCP and ISCP measurements of WIRUs 56 in the PtM
group. The PtM channel is radiated by an antenna 42 or
antenna array of the base station 54, though a wireless inter-
face 44. The PtM channel is received by an antenna 46 of each
WTRU 56 associated with the PtM service. A PtM receiver
recovers data from the PtM channel.

[0031] A TPC command generator sends TPC commands
to the base station 54 for the PtM. The TPC commands may be
based on the SIR of the received PtM channel or another
channel received by the WTRU 56, such as a channel received
by multiple ones of the WTRUs 56 in the group, steps 58 and
60. The SIR may be derived using the RSCP and ISCP values,
pathloss and/or BLER of the measured channel.

[0032] One preferred technique for getting these measure-
ments is to use physical control signaling. The measurements,
such as RSCP, ISCP and/or pathloss, are signaled directly in
physical control signaling or within 1.2 header information of
uplink common channel transmissions. This procedure is
similar to the procedure that the initial power of the PtM
channel is set. The measurements updates would, preferably,
be provided on a “best effort” basis, depending on the avail-
ability of the uplink channels to the WTRUs. For example, a
“persistency” indication for transmission and “access service
class” partitioning of the uplink common channel may be
used.

[0033] Equation 8 is one possible equation for use with this
common channel, for calculating the PtM transmission
power, PtM_TxPwr.

PtM_TxPwr=DL__ PtM_ Pwr*a*(TargetRSCP/ISCP)/

(Measured(RSCP/ISCP) Equation 8

DL_PtM_Pwr is the previous PtM transmission power set-
ting. “a” is an operator controlling factor effecting the RSCP/
ISCP ratio. Alternately, the pathloss may replace the RSCP/
ISCP ratio in Equation 8.

[0034] A TPC receiver at the base station 54 receives the
TPC commands, step 62. Using the received TPC commands,
a transmit power calculation device adjusts the transmit
power level of the base station 54. The base station’s trans-
mission power level is adjusted in accordance with the highest
WTRU transmission power requirement. The TPC com-
mands from all the WTRUs 56 in the group are processed to
determine the power adjustment. Essentially, to increase the
transmission power of the PtM requires only a single WTRU
56 to request an increase in transmission power. For the
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transmission power to decrease, all the WIRUs 56 in the
group need to request a decrease in power, step 64. In another
implementation, some of the WITRUs 56 have dedicated
channels for use in power control of the PtM channel and
others may not. In such an implementation, power control can
be performed without using the dedicated channels such as
per FIGS. 3 and 4. However, preferably, WTRUs 56 having
dedicated channels use those channels to generate TPC com-
mand and the WTRUs 56 not having dedicated channels use
other channels, such as the PtM channel or a channel common
to multiple WTRUs 56 in the group to generate the TPC
commands. The base station 54 sets its transmission power
level based on the commands from all the WTRUs in a par-
ticular PtM group. Essentially, to increase the transmission
power of the PtM requires only a single WTRU 56 to request
an increase in transmission power. For the transmission
power to decrease, all the WTRUs 56 in the group need to
request a decrease in power.
What is claimed is:
1. A base station configured to transmit point to multipoint
(PtM) channels in wireless communications, the base station
comprising:
a receiver configured to receive transmit power control
(TPC) commands from a plurality of wireless transmit
receive units (WTRUs);
a processor configured to:
categorize each WTRU of the plurality of WTRUs
according to the TPC commands and a database cre-
ated on the basis of an association of a WIRU with a
Ptm channel, wherein the database includes groups of
WTRUs from the plurality of WTRUs that are asso-
ciated with each PtM channel;

adjust atransmit power level of a downlink (DL) channel
associated with each WTRU of the plurality of
WTRUs;

set a transmission power level for each of the groups of
WTRUs wherein the transmission power level for a
PtM channel equals a maximum transmission power
level required for a WTRU of the group adjusted by an
offset parameter;

a PtM transmitter configured to produce a PtM channel
with the transmission power level;

an amplifier configured to control the transmission power
level of the PtM channel; and

an antenna configured to radiate the PtM channel from a
wireless interface.
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