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1
COMBINED OPEN LOOP/CLOSED LOOP
METHOD FOR CONTROLLING UPLINK
POWER OF A MOBILE STATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/329,165, filed Jul. 11, 2014, which is a
continuation of U.S. patent application Ser. No. 13/936,846,
filed Jul. 8, 2013, now U.S. Pat. No. 8,812,048, which is a
Continuation of U.S. patent application Ser. No. 12/044,569,
now U.S. Pat. No. 8,509,836, filed on Mar. 7, 2008, which
claims the benefit of U.S. Provisional Application Ser. No.
60/893,575, filed on Mar. 7, 2007, U.S. Provisional Applica-
tion Ser. No. 60/895,561, filed Mar. 19, 2007 and U.S. Pro-
visional Application Ser. No. 60/945,286, filed Jun. 20, 2007.
Each of the foregoing applications are incorporated by refer-
ence as if fully set forth.

FIELD OF INVENTION

The present invention is related to wireless communication
systems.

BACKGROUND

For the evolved universal terrestrial radio access
(E-UTRA) uplink (UL), there are several transmit power
control (TPC) proposals that were submitted to third genera-
tion partnership project (3GPP) long term evolution (LTE)
Work Group 1 (WG1). These proposals can be generally
divided into (slow) open loop TPC and slow closed loop or
channel quality information (CQI)-based TPC.

Open loop TPC is based on pathloss measurement and
system parameters where the pathloss measurement is per-
formed at a wireless transmit/receive unit (WTRU) and the
system parameters are provided by an evolved Node-B (eNo-
deB).

Closed loop TPC is typically based on TPC feedback infor-
mation, (such as a TPC command), that is periodically sent
from the eNodeB where the feedback information is gener-
ally derived using signal-to-interference noise ratio (SINR)
measured at the eNodeB.

Open loop TPC can compensate for long-term channel
variations, (e.g. pathloss and shadowing), in an effective way,
for instance, without the history of the transmit power. How-
ever, open loop TPC typically results in pathloss measure-
ment errors and transmit power setting errors. On the other
hand, slow closed loop or CQI-based TPC is less sensitive to
errors in measurement and transmit power setting, because it
is based on feedback signaled from the eNodeB. However,
slow closed loop or CQI-based TPC degrades performance
when there is no available feedback due to UL transmission
pause, or pauses in the feedback transmission or channel
variations are severely dynamic.

For the UL E-UTRA, there are several intra-cell PC pro-
posals, which have been submitted to third generation part-
nership project (3GPP) long term evolution (LTE) work
group (WG)#1. These proposals can be generally divided into
slow open loop PC and slow closed loop, (or CQI based PC).
Open loop PC can compensate for long-term channel varia-
tions, (e.g., pathloss and shadowing), in an effective way, for
instance, without the history of the transmit power, but it
typically suffers from errors in pathloss measurement and
transmit power setting. On the other hand, slow closed loop or
CQI based PC is less sensitive to errors in measurement and
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2

transmit power setting, because it is based on feedback sig-
naled from the eNodeB. However, it degrades performance
when there is no available feedback due to UL transmission
pause or pauses in the feedback transmission.

As such there exists a need for an improved method of
transmission power control.

SUMMARY

A method and apparatus are disclosed comprising a com-
bined open loop/closed loop uplink power control scheme for
E-UTRA. The combined open and closed loop method for UL
intra-cell PC controls the wireless transmit receive unit
(WTRU) transmit power spectral density (PSD), PSD,., (e.g.
power per RB).

BRIEF DESCRIPTION OF THE DRAWINGS

A more detailed understanding of the invention may be had
from the following description of a preferred embodiment,
given by way of example and to be understood in conjunction
with the accompanying drawings wherein:

FIG. 1 is an example wireless communication system;

FIG. 2 is an example block diagram of a transmitter and
receiver configured to implement the disclosed power control
(PC) method;

FIG. 3 shows an example of the timing of the disclosed
combined PC method;

FIG. 4 shows an example of the disclosed combined power
control method when inter-TTT is one (1);

FIG. 5 shows another example of the disclosed combined
PC timing when inter-TTI is two (2);

FIG. 6 shows an example of the disclosed combined PC
scheme, including discontinuous transmission (DTX);

FIG. 7 shows an example of the disclosed PC method for
the nth update instant; and

FIG. 8 shows a flow diagram of the disclosed combined
open-loop and closed method of determining the TPC.

DETAILED DESCRIPTION

When referred to hereafter, the terminology “wireless
transmit/receive unit (WTRU)” includes but is not limited to
a user equipment (UE), a mobile station, a fixed or mobile
subscriber unit, a pager, a cellular telephone, a personal digi-
tal assistant (PDA), a computer, or any other type of user
device capable of operating in a wireless environment. When
referred to hereafter, the terminology “base station” includes
butis not limited to a Node-B, a site controller, an access point
(AP), or any other type of interfacing device capable of oper-
ating in a wireless environment.

FIG. 1 shows an example wireless communication network
(NW) 10 comprising a WTRU 20, one or more Node Bs 30,
and one or more cells 40. Each cell 40 comprises one or more
Node Bs (NB or eNB) 30 including a transceiver 120 config-
ured to implement a disclosed method of transmit power
control (TPC). WTRU 20 comprises a transceiver 110 also
configured to implement the disclosed TPC method.

FIG. 2 is a functional block diagram of transceivers 110,
120 configured to perform the disclosed method. In addition
to components included in a typical transmitter/receiver, i.e.,
aWTRU or Node-B, transceivers 110, 120 include processors
115, 125, receivers 116, 126 in communication with proces-
sors 115, 125, transmitters 117, 127 in communication with
processors 115, 125 and antenna 118, 128 in communication
with receivers 116, 126 and transmitters 117, 127 to facilitate
the transmission and reception of wireless data. Additionally,
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the receiver 126, transmitter 127 and antenna 128 may be a
single receiver, transmitter and antenna, or may include a
plurality of individual receivers, transmitters and antennas,
respectively. Transmitter 110 may be located at a WIRU or
multiple transmitting circuits 110 may be located at a base
station. Receiver 120 may be located at either the WTRU,
Node B, or both.

The disclosed method of TPC comprises a combined open
loop and closed loop scheme for uplink (UL) intra-cell power
control. The method comprises controlling the WTRU trans-
mit power spectral density (PSD) or PSD transmit (PSD ),
e.g., power per resource block (RB), or the WIRU transmit
power using open loop and a-periodic closed loop power
control (PC) for both UL data channel control channels and
sound reference symbols (SRS). UL channel quality indicator
(CQI) (or Modulation Coding Set (MCS)/grant information)
isused atthe WTRU to correct open loop and/or measurement
errors, assuming the UL MCS/grant represents the signal to
interference and noise ratio (SINR) received at the Node-B. If
no CQI is available, then only the open loop is conducted.
Implicit command signaling, e.g. no signaling overhead, for
the closed loop component can be used. Alternatively, exploit
TPC command signaling in DL control channel can be used
for the closed loop component. Additionally, the disclosed
method is capable of correcting open loop errors quickly,
resulting in good performance.

The disclosed method, as indicated above, comprises con-
trolling the WTRU transmit power spectral density (PSD) or
PSD transmit (PSD ), e.g., power per resource block (RB) or
transmit power. It should be noted that although the disclosed
method includes controlling the transmit PSD, it is equivalent
to controlling the transmit power. PSD, is defined as:

PSD;=PSD

where PSD,,,.,, represents pathloss based open loop PSD in
dBm; A_,, ., 1s a power correction factor which is determined
based on the closed loop component, to be disclosed in detail
hereinafter; A, is a power offset per granted MCS; and o is
aweighting factor to enable (a=1) or disable (a=0) the closed
loop component, depending on the availability of the down-
link (DL) control channel, which embeds closed loop PC
(correction) command signaling (explicitly or implicitly).
The weighting factor may be determined by WTRU 20 via
autonomously detecting the presence of the closed loop PC
command signaling. Alternatively, WTRU 20 is informed via
higher signaling from eNodeB 30 with regard to where the
command signaling exists. The transmit PSD should not
exceed the maximum transmit PSD, PSD,, .., where PSD,, .
is derived based on the maximum allowed power, P, ., that
depends on the UE power class, such as PSD,,, =P,,../M
where M is the size of the UL channel resource assignment
expressed in number of resource blocks valid for a given
subframe.

The proposed intra-cell PC scheme in Equation (1) may
use an absolute power correction factor compared to the open
loop based PSD. From Equation (1), the WITRU Tx PSD at the
nth update instance can be expressed as:

FOA poseatBarcs; Equation (1)

open

PSDzy () = PSDopen() + & - Acpsea () + Apgcs(7) Equation (2)
=PSDR(n-1)+ (PSDgpen (1) — PSDgpen(n — 1+

@ (Agtosed (1) — Agtosea(n — 1)) + Apyrcs (n);
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4

where PSD',, (n-1) represents the (n—1)* Tx PSD without the
power offset per granted MCS, which is given by PSD', (n—
1)=PSD ., (n-1)-A,,cs(n-1).

Typically, the power offsets for the individual granted
MCS are known by both the WTRU and the eNodeB.

Processor 115 of WTRU 20 combines pathloss based open
loop and closed loop PC to determine PSD . In accordance
with the disclosed method, WTRU 20 first performs open
loop PC based on path loss measurement and system param-
eters (PSD,,_,). PSD,,..,, is calculated as follows:

open open

PSD, PSD, et L(dBm); Equation (3)

open”
where
PSD,,,.., is a target PSD received at serving eNodeB 30,
which is preferably a WTRU (or a sub-group of
WTRUs)-specific parameter. The target PSD may be
adjusted through an outer loop mechanism according to
Quality of Service (QoS) (e.g., target block error rate
(BLER)), and also a function of the pathloss measure-
ment, to compensate for a fraction of the pathloss. The
signaling of the target PSD target is done via higher layer
signaling from Node B 30 to WTRU 20 upon adjustment
on a slow rate basis; and
T is the filtered pathloss in dB, including shadowing, from
serving eNodeB 30 to WTRU 20, where WTRU 20 first
measures the instantaneous pathloss based on the DL
reference signal (RS) whose transmit power is known.
WTRU 20 then applies a filtering method to the pathloss.
For example, the filtered pathloss at the k-th instance, T,,
can be calculated as

L=pL,+(1-p)Ly Equation (4)

where T,_, and L, represent the filtered pathloss at the
(k-1)-th instance and instantaneous pathloss at the k-th
instance; p is a filter coefficient, O<p=1, which is gener-
ally determined by WTRU 20, depending on pathloss
variation, fast fading rate, the time of UL transmission,
and others, for example. The filtering for pathloss can be
done in PHY layer and/or L. 2/3 layer.

Once WTRU 20 determines the open loop component,
processor 115 calculates the closed loop component. As those
having skill in the art know, there are open loop related errors,
including the pathloss estimation error due to non-perfect
reciprocity in UL and DL in FDD and the WTRU Tx impair-
ment due to non-linear power amplifier. To compensate for
such errors and to maintain the quality of the power controlled
channel along with the target quality, the WTRU applies a
correction to the open loop based PSD in a form of closed
loop PC as in Equation (1), (or Equation (2)).

Serving eNodeB 30 determines a WTRU specific (absolute
and/or accumulated) PC correction command for each UL
scheduled WTRU (or a sub-group of scheduled WTRUs).
Preferably, eNodeB 30 uses the power controlled data chan-
nel as a reference for the correction command. The resulting
correction command is signaled to WTRU 20 (or a sub-group
of the scheduled WTRUs ) through the UL grant, and/or the
DL scheduling channel, sent in the DL, Layer 1 or Layer 2
control channels. The correction command may be signaled
only in the UL grant associated with a particular (predefined)
HARQ, such as every HARQ process 1.

Upon receiving the correction command(s) at WTRU 20,
processor 115 of WTRU 20 determines the correction factor,
A_joseq» Dased on the correction command (or accumulated
correction commands) set forth as:

A 10sea=PC correction command(s)); Equation (5)
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where A_,, .., may take on a set of multiple step levels, for
example, {+/-4, +/-1 dB} using 3 bits of the command.

Alternatively, eNodeB 30 sends to each scheduled WTRU
20 (or a sub-group of scheduled WTRUs) a power correction
factor using multiple command bits, such as 3 bits, in the UL
grant and possibly in the DL scheduling in the DL control
channel, where the correction command is preferably deter-
mined based on link quality (such as received PSD or SINR)
of the UL power controlled data channel (and possibly UL
sounding reference symbol, if available). For example,
assuming a set of power correction factor values to be
{7, +/-5, +/-3, +/-1,0 dB} with 3 bits, the correction factor
may be determined as follow

A tosea=| ESINR ., ~SINR .,,....]; Equation (6)
where BSINR_,, and SINR,,,, denotes the effective SINR
(ESINR) estimate at the receiver and target SINR, respec-
tively, of the power controlled channel(s) in dB. [x] denotes a
correction value in the correction set, which is nearest to x.
The observed samples at the eNodeB for the ESINR estima-
tion include (some of or all) SC-FDMA symbols of the UL
power controlled channel(s), which have been received since
the last correction command signaling in DL.

To reduce the command signaling overhead, the correction
command is not required in every UL grant (and every DL
scheduling if used). That is, the correction command can be
sent on a pre-configured signaling time (e.g., in every N grant
channel or every N Transmission Time Interval (TTI) where
N is a configurable parameter being less than or equal to the
minimum UL PC update period).

A correction command signaling timing is configured at
eNodeB 30 (or on a RRC level) per WTRU basis and is then
known at both eNodeB 30 and WTRU 20 via higher layer
signaling.

When the correction command is signaled in the UL grant,
assuming that UL HARQ is synchronous, the signaling tim-
ing configuration can be simplified such that the command
signaling is done in particular UL grants such as the UL grant
associated with a pre-defined HARQ process, for example,
HARQ process #1. But, even in this case, it is not necessary to
signal the correction commands in all the associated UL grant
channels. For example, the signaling may occur in every N
associated grant channel for N>=1, which would be equiva-
lent to one command signaling in every N HARQ cycle
period. The signaling timing (or associated parameters) may
be reconfigured on a semi static rate.

FIG. 3 shows an example of the disclosed PC method when
the PC correction command is conveyed in the UL grant
associated with HARQ process #1 and N is set to 2. In this
example, the PC update rate is 8 msec, assuming the number
of HARQ processes is 4 and the inter-transmission time inter-
val (TTI) is equal to 1.

When WTRU 20 receives one correction command from
the serving eNodeB 30 in an UL grant (or possibly accumu-
lated correction commands in multiple UL grants) since the
last Tx PSD adjustment, it shall derive a correction factor,
A_joseq» from the received correction command (or after com-
bining multiple correction commands if more than one com-
mand is received) for the next PSD adjustment.

WTRU 20 then adjusts the transmit PSD of the data chan-
nel according to Equation (1) (or Equation (2)) using the
derived correction factor, the most recent open loop PSD, and
a power offset associated with the granted MCS. The result-
ing Tx PSD shall be applied to the very beginning (first
SC-FDMA symbol) of the next UL TTI for the data channel
and remain constant until the next PSD adjustment, as shown
in FIG. 3.
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FIG. 4 shows an example of the timing of the disclosed
combined PC method, assuming that UL HARQ is a synchro-
nous scheme with 4 HARQ processes and that WTRU 20 is
scheduled to send a data packet (e.g. a HARQ process) every
TTI (e.g, inter-TTI=1). In addition, eNodeB 30 sends a PC
correction command only in the UL grant associated with
HARQ process 1. In this case, the WITRU Tx power update
period is 4 TTIs (e.g., 4 msec).

As illustrated in FIG. 4, in the initial UL transmission,
since there may be no PC correct command available, WTRU
20 sets its transmit power based only on the open loop com-
ponent (i.e., the weighting factor, a, is zero in Equation (1)).
Before the next HARQ transmission time (one HARQ cycle
time), eNodeB 30 sends a correction command in the grant
channel in the HARQ process 1 associated DL control chan-
nel, where the command was determined based on the link
quality (power or SINR) of the first two HARQ processes. If
WTRU 20 correctly receives the correction command,
WTRU 20 then calculates its transmit PSD- based on the
combined open loop and closed loop scheme and applies the
PSD . to the following HARQ processes.

FIG. 5 illustrates another example of the disclosed com-
bined PC timing where inter-TTI is two. In this case, the UL
PC update period is 8 TTIs (8 msec).

When there is no recent closed loop correction command
(for example, due to recent scheduled UL data transmission,
say, UL DTX), WTRU 20 may set its Tx PSD by relying on
the open loop. In this case, the weighting factor, a, in Equa-
tion (1) is set to zero as in the case of initial Tx PSD setting.

Alternatively, WTRU 20 may set the Tx PSD based on the
pathloss variation between the time before the DTX and the
time before resuming the UL transmission. If the UL DTX is
short, the WTRU may use Equation (2) by setting o to zero,
such that

PSD 4, (#)=PSD, (n-1)+(PSD,
Apres)

()-PSD,,, (n-1))+

b Equation (7)
where n is the Tx PSD setting time before resuming the UL
transmission and (n-1) is the PSD setting time before the
DTX. An example of the timing of this case is shown in FIG.
6.

In another alternative, WTRU 20 may apply a power offset
relative to the most recent PSD for physical uplink control
channel (PUCCH), if available. Even though there was no UL
data transmission, there may be UL control signaling (such as
CQI and ACK/NACK) for DL. In this case, since the UL
control channel is also power controlled based on Equation
(1), (but using different parameters and update rate), the UL
control channel Tx PSD for the data channel Tx PSD may be
used as follows:

PSD 4 (data)=PSD g (control)+A ,,,.,(data,control)

where PSD, (control) is the most recent PSD (or PSD aver-
aged over the recent updates) for the UL control channel and
A_,.o{data,control) represent the control channel power oft-
set relative to the Tx PSD for data.

If the DTX period is long, then WTRU 20 PSD,,- may be
determined right after the DTX based on open loop only as is
the case of the initial PSD . setting.

FIG. 7 shows an example of the proposed combined PC
scheme, including DTX.

Typically, the UL grant assignment (e.g. assigned MCS
and TBS) in the DL control channel is tied up with the link
quality (such as received PSD or SINR) of the UL data trans-
mission. Another method is disclosed wherein an eNodeB 30
processor 125 may assign the UL grant (MCS and TBS) for
WTRU 20 such that the grant assignment represents the link

Equation (8)
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quality (e.g. SINR) received at eNodeB 30. In this case,
WTRU 20 may derive its Tx PSD as follows:

PSD4,=PSD,,,,+aA{UL grant assignment,SINR )+
Apres(dBm); Equation (9)
where PSD,,,.,,, @, and, A, s, respectively, are the same as

defined above. f (UL grant assignment, SINR ;) is a correction
factor in dB which replaces the power correction factor,
A_oseq» 10 Equation (1). SINR - is the target SINR in dB. The
grant based correction factor, f (UL grant assignment,
SINR ), can be expressed by the following:

AUL grant assignment, SINT )=SINR~E{SINR.,,

(UL grant assignment) }; Equation (10)

where SINR_ (UL grant assignment) represents the eNodeB
received SINR estimate which WTRU 20 derives from the UL
grant assignment. E{SINR__,} denotes the estimated SINR
average over time such as

E{SINR,(grant)}—p-E{SINR,, (grant* ) }+

(1-pyE{SINR,(grant") } Equation (11)

where grant® represents the k-th received UL grant assign-
ment and p is the averaging filter coefficient, O<p=<1. The
estimation of SINR_, (UL grant assignment) at the WTRU
can be based on a grant (MCS, TBS) mapping table, which is
configurable by the network through higher layer signaling
on a semi-static basis.

Similar to Equation (1), the correction factor in Equation
(8) may be used to compensate for open loop errors. The main
advantage to using Equation (8) is that it does not require
explicit correction command signaling in the UL grant in the
DL L1/L2 control channel (resulting in reduced signaling
overhead), while Equation (1) (and Equation (2)) needs the
explicit command to be signaled in the UL grant (and/or the
DL scheduling). Using Equation (3), the closed loop compo-
nent may be based on the UL grant assignment (e.g., MCS
and/or TBS), without the explicit correction command sig-
naling in the UL grant in the DL [.1/L.2 control channel.

However, Equation (9) may not be applicable for some
cases such as persistent scheduling and grant (e.g. MCS)
mismatching (i.e., the assigned MCS does not accurately
represent the received SINR). Accordingly, the WTRU Tx
PSD setting may be switched between Equation (1) and
Equation (8).

Through higher layer correction factor type signaling,
wherein eNodeB 30 (or the network 10) signals to WTRU 20
which one (Equation (1) or Equation (8)) is to be used for the
WTRU Tx power setting. In this case, it is preferable that the
correction factor type signal is configurable by network 10 on
a semi-static basis and per WTRU basis.

Alternatively, a one-bit MCS mismatching indicator may
be introduced in the DL [.1/2 control signaling. For example,
bit-1 may indicate to use Equation (1), and bit-0 may be used
to indicate Equation (8).

In another alternative, one of the explicit correction com-
mand levels may be used to indicate the use of Equation (8).
This alternative assumes Equation (1) is the default PC
method. As such, eNodeB 30 sets one of the correction com-
mand levels in the UL grant to indicate the use of Equation
(8). For example, when the correction command in Equation
(8) is three-bits long, one of the 8 command level, e.g., ‘000°,
is set for WTRU 20 to use Equation (8).

A flow diagram of the disclosed combined open-loop and
closed method of determining the TPC is shown in FIG. 8.
Processor 115 of WTRU 20 performs open loop power con-
trol based on path loss measurement, by determining a target
power spectral density PSD Target (Step 800) and a filtered
pathloss (L) (Step 801). WTRU 20 then determines a closed
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loop component using a power control correction command
received at receiver 116 through the UL grant channel (Step
802). Upon receiving the correction command, receiver 116
forwards the correction command to processor 115 for deter-
mining a correction factor A ; ., (Step 803). Processor 115
then calculates a correction factor A_,, ;- (Step 804). Proces-
sor 115 then combines the open loop PC with the closed loop
component to determine the transmit power control. (Step
805).

In a disclosed method of TPC for non-scheduled data (e.g.,
VoIP), there are several options for the WTRU to set its TX
PSD: i) relying on the open loop PSD only, ii) for the closed
loop part, the eNodeB transmits UL grants in particular
instants (in time) where the UL grant conveys the correction
command. In this case, the UL grant format (and/or the cor-
rection command format) may be different than that for
scheduled data; or iii) applying a power offset relative to the
most recent PSD (or PSD averaged over the recent updates)
for PUCCH, if available.

PSDyy = Py + SINRrgger + @ PL+ B+ Ajoseq + Apcs(dBm);  Equation (12)

where P, is a cell-specific parameter (in dBm) including UL
interference level etc., which is signaled by the eNodeB via
higher layer signaling.

SINRy, 4., is @ WIRU (or a subset of WTRUs) specific
parameter (in dB), allowing the eNodeB to set classes of
service for the UE (or subset of UEs). SINR .., may be
afunction of pathloss to the serving cell and some neigh-
boring cells. SINR .., can be configured by the serving
eNodeB on a semi-static basis and then signaled to the
UE (or subset of UEs) via higher layer signaling;

PL is the downlink pathloss (in dB);

A 1s a cell specific pathloss compensation factor for frac-
tional power control where O<a<=1. a can be config-
ured by the eNodeB on a semi-static basis and signaled
via higher layer signaling;

A_joseq 18 @ power correction factor in dB which is deter-
mined based on a closed loop mechanism;

« is a weighting factor to enable (c=1) or disable (<=0) the
closed loop component, depending on the availability of
the DL control channel carrying the closed loop correc-
tion command. The weighting factor is determined
autonomously by the WTRU via detecting the presence
of the PC correction command. It is assumed that the
WTRU is informed via higher layer signaling from the
eNodeB with regard to where and when the command
signaling exists. For instance, in the initial UL transmis-
sion, since there may be no correct command available
from the eNodeB, the WTRU sets «=0;

A, o5 15 a power offset per granted MCS. Typically, the
power offsets for the individual granted MCS are known
by both the WTRU and the eNodeB.

Since eNodeB 30 knows the A,, . in use at a given
instance, eNodeB 30 may take out the value of A, ;. from the
received PSD when it determines a correction command by
comparing a resulting received PSD (or SINR) with a target
level determined by network 10.

As set forth above, this disclosed method uses an absolute
power correction factor compared to the open loop based
PSD. As such, from Equation (12), the WTRU Tx PSD at the
n” update instance is expressed as follows:
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PSDry(r) = PSDopen (1) + - Actosea () + Apcs (1) Equation (13)

= PSD7,(n = 1) + (PSDgpen(n) — PSDypen(n — 1)) +

@ - (Agiosed () = Actosea(n — 1)) + Apscs(n);

where PSD',, (n—-1) represents the (n-1)* Tx PSD without the
power offset per granted MCS, which is given by PSD' . (n-
1)=PSD,(n-1)-A,,cs(n-1).

Since the total WTRU transmit power is constrained by the
maximum transmit power level, denoted by P,,,., of the
WTRU, the total WTRU transmit power, denoted by P, is
expressed as:

Pr=min{P,,, (10-log,,(M)+PSDy)}(dBm); Equation (14)

where M is the number of assigned RBs.
Accordingly, the actual WTRU transmit PSD may be rep-
resented as:

PSD 4% =P . ~10:log,o(M)(dBm)

It should be noted that the UL PC in Equation (15) is
implemented by processor 115 of WTRU 20.

In accordance with the disclosed PC method for non-
scheduled data, WTRU 20 calculates the open loop PSD as
follows:

Equation (15)

PSD,

open—PotSINR 7,0+ WPL(dBm) Equation (16)

where

The target SINR, SINR,,.... may be adjusted through an
outer loop mechanism at serving eNodeB 30 according
to Quality of Service (QoS) (like target BLER) and be
also a function of the pathloss measurements to the
serving cell and neighboring cells; and

PL is thefiltered pathloss in dB, including shadowing, from
the serving eNodeB to the WTRU. The WTRU continu-
ously (or periodically) measures the instantaneous path-
loss based on the DL RS whose transmit power is known
at the WTRU. A filtering method is then applied to the
pathloss measurements, such as

PL,=p-PL,_,+(1-p)-PL;

where PL, and PL,_, represent the filtered pathloss at the k-*
instance and (k-1)-th instant, respectively. L, is the instanta-
neous pathloss at the k- instant. p is a filter coefficient,
O=p=1, which is generally determined by WTRU 20, depend-
ing on pathloss variation, fast fading rate, the time of UL
transmission, etc. Alternatively, a moving averaging method
may be considered for the pathloss filtering.

The closed loop component is determined by processor
115 similar to that which is disclosed above.

Equation (17)

Aclosed:[ESINR

est

~SINR ;0] Equation (18)

where ESINR,,, and SINR,,,,.., denotes the effective SINR
(ESINR) estimate at the receiver and target SINR, respec-
tively, of the power controlled channel(s) in dB. [x] denotes a
correction value in the correction set, which is nearest to x.

Similar to the methods disclosed above, when the correc-
tion command is signaled in the UL grant, assuming that UL
HARQ is synchronous, the signaling timing configuration
can be simplified such that the command signaling is done in
particular UL grants such as the UL grant associated with a
pre-defined HARQ process.

For non-scheduled data (e.g., VOIP), when there is no
recent closed loop correction command (for example, due to
recent scheduled UL data transmission, say, UL DTX),
WTRU 20 may set its Tx PSD by relying on the open loop: in
this case, the weighting factor, «, in Equation (13) is set to
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10
zero as in the case of initial Tx PSD setting. WTRU 20 may
alternatively set its TX PSD based on the pathloss variation
between the time before the DTX and the time before resum-
ing the UL transmission: if the UL DTX is short, the WTRU
may use Equation (2) by setting [} to zero, such that

PSD 4, (#)=PSD'f, (n-1)+(PSD
Apres();

(n)-PSD,,,.,(--1)+
Equation (19)

open

where n is the Tx PSD setting time before resuming the UL
transmission and (n-1) is the PSD setting time before the
DTX. An example of this case is shown in FIG. 4.

Alternatively, WTRU 20 may apply a power offset relative
to the most recent PSD for PUCCH, if available. Even though
there was no UL data transmission, there may be UL control
signaling (such as CQI and ACK/NACK) for DL. In this case,
since the UL control channel (PUCCH) is also power con-
trolled based on Equation (12), (but using different param-
eters and update rate), the UL control channel (PUCCH) Tx
PSD may be used for the data channel (PUSCH) Tx PSD as
follows:

PSD 5 (PUSCH)=PSD 1 (PUCCH)+A,,,,,,..(PUSCH,
PUCCH);

where PSD,. (PUCCH) is the most recent PSD (or PSD aver-
aged over the recent updates) for the UL control channel
(PUCCH) and A__,,,,,(PUSCH,PUSCH) represent the con-
trol channel (PUCCH) power offset relative to the Tx PSD for
PUSCH.

For a sounding pilot, its Tx PSD, PSD . (pilot), may be
biased by a pilot power offset relative to the data TX PSD,
PSD,(data), such that

PSDy, (pilot)=PSDy,(data)+A,;,(data,pilot)

Equation (20)

Equation (21)

where A, (data, pilot) represent the pilot power offset which
may be a WIRU-specific parameter configured by the eNo-
deB on a semi-static basis.

For control signaling in UL, it is preferred to use different
parameters (such as target PSD) and a faster update rate than
for data. In addition, we prefer that the reference channel
measured for correction commands for control signaling is
the control channel itself and the correction command for
control is conveyed in the DL scheduling. The number of bits
for the correction command for control may be different than
for data, where the number of command bits may be a semi-
static configurable parameter per WTRU basis. However, we
may maintain a relative average power offset between the data
and control channels such as

E(PSD,(data))=E(PSD g (control))+A ..., (data,con-

trol) Equation (22)

where

E(PSD,(data)) represents the average PSD for data chan-

nel in dBm;

E(PSD,(control)) represents the average PSD for control

channel in dBm; and

A ..o{data, control) is a power offset between the data

channel and the control channel.

In another disclosed method of UL PC, a combined Open
Loop/Closed Loop UL PC with Interference Mitigation for
Shared Data Channel is used. In accordance with this method,
WTRU 20 controls its transmitted PSD for UL channels. If
the bandwidth allocation (e.g., RB allocation) of WTRU 20
varies, then the WTRU total transmit power varies such that
the PSD is kept constant.

As described in the disclosed methods above, WTRU 20
performs open loop PC based on pathloss measurement and
system parameters. WTRU 20 then corrects its PSD using
some form of closed loop PC to compensate for the open loop
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errors. It should be noted that for each UL scheduled WTRU,
CQIl information is periodically signaled from eNodeB 30 for
AMC and scheduling. Hence, the closed loop PC component
of this disclosed method does not need any additional PC
command signaled by eNodeB. In order to mitigate inter-cell
interference in the neighboring cell(s), WTRU 20 incorpo-
rates an interference load indicator from the strongest neigh-
boring cell.

In accordance with this method, for the UL shared data
channel, in the initial transmission phase, WTRU 20 derives
its transmitted PSD, PSD,, based on DL reference signal
(RS) as follows:

PSD7,=SINR +PL+INg+K+A(loTg)-10-log
10BWrerNro);

where SINR is the target SINR in dB at serving eNodeB 30.
PL is the pathloss in dB, including shadowing, from serving
eNodeB 30 to WTRU 20, where WTRU 20 measures the
pathloss based on the DL RS whose transmit power is known
at WTRU 20 via DL Layer 2/Layer 3 signaling, IN, is the UL
interference and noise power in dBm, measured at serving
eNodeB 30. K is a power control margin set by serving
eNodeB 30.

It is preferable that the target SINR for WTRU 20 (or a
sub-group of WIRUSs) is adjustable using an outer loop PC
scheme according to a link quality metric (such as BLER) at
serving eNodeB 30. In addition, in the case of UL Multiple In
Multiple Out (MIMO), the target SINR depends also on the
selected MIMO mode, which takes into account the fact that
different MIMO modes require different SINR for a given
link quality. A(IoT) represents the UL load control step size,
which is a function of the UL interference load (e.g. interfer-
ence over thermal) indicator of the strongest neighboring cell,
IoT,, where the strongest neighboring cell is determined at
WTRU 20, based on pathloss measurements from the indi-
vidual neighboring cell to WTRU 20. It is assumed that each
cell 40 broadcasts an UL interference load bit periodically
(similar to the relative grant in HSUPA), so that WTRU 20 can
decode the indicator bit from the selected strongest neighbor-
ing cell.

For example, A(IoTg) may have values as follows:

Equation (23)

§ <0, when IoT; =1 or “down command”’

A(loT,) :{

0, when loT; =0, “DTX,” or “up command”’

where 8 is a predefined system parameter, for example, d=-1
or =2 dB. With the use of A(loTy), inter-cell interference in
neighboring cells can be mitigated.

Since WTRUs at cell center inject less interference into
other cells than those at cell edge, a fraction of the load control
step size is considered as follows:

d,
5:{5
ol

WTRU 20 may make a decision on whether it is at cell edge
or at cell interior based on a pathloss ratio between its serving
cell and the strongest neighboring cell, for example.

If (pathloss_serving_cell-pathloss_strongest_neighbor-
ing_cell)<R (dB), x=4; where R represents the virtual bound-
ary layer between the cell interior zone and cell edge zone.
The parameter R may be broadcast by eNodeB 30 semi-
statically.

for WTRUs at cell edge

for cell interior WTRUs where x > 1
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After the initial transmission phase, WIRU 20 PSD is
calculated as follows:

PSD =SINR +PL+INg+K+A(loTs)+af(CQL

SINR p)-10-log 10(BWxerNze) Equation (24)

where f (CQI, SINR,) is a correction factor based on the UL
CQI, and the corresponding target SINR where both the CQI
and the target SINR are signaled from serving eNodeB 30; c.,
where O=a<1, is a weighting factor which may be determined
according to channel conditions and CQI availability (or UL
transmission pause). For instance, in the case where there is
no UL CQI (UL MCS or grant information) available from
eNodeB 30 due to no scheduled UL data transmission, the
weighting factor, ¢, is set to zero, meaning that WIRU 20
relies on open loop PC only (such as PC for the random access
channel (RACH)); otherwise, it is set to be less than or equal
to one (1).

The correction factor, £ (CQIL, SINR,), in Equation 24, is
used to compensate for open loop PC related errors, including
the pathloss measurement error due to non-perfect reciprocity
in UL and DL in FDD and WTRU 20 transmitter impairment
due to non-linear WTRU transmitter power amplification. In
addition, the correction factor is used to compensate for target
quality mismatch due to different channel conditions. Hence,
the quality of the power controlled channel(s) is maintained
along with a given target quality (like target SINR).

Taking into account the fact that the UL CQI (UL MCS or
grant information) represents the SINR received at eNodeB
30, the correction factor can be calculated such as,

AICQLSINT )=SINR ~E{SINR___(CQD) }(dB); Equation (25)

where SINR_,(CQI) represents the eNodeB received SINR
estimate, which the WTRU derives from the UL CQI feed-
back. E{SINR,_,(CQI)} denotes the estimated SINR average
over time such as by the following:

E{SINR,,(CQI"}=p-E{SINR . (CQI" ") }+

(1-p)yE{SINR,,(CQI")}; Equation (26)

where CQI” represents the k-th received CQI and p is the
averaging filter coefficient, O=p=l1.

The correction factor, given above, in Equation (25), by the
difference between the target SINR and the estimated SINR
(derived from the reported CQIs), represents the open loop
PC related errors which need to be compensated.

The WTRU total transmit power should be within the
maximum power level, P, ., and the minimum power level,
P,...» in dBm, respectively, where the maximum and mini-
mum power levels are determined based on WTRU class.

eNodeB 30 preferably signals parameters, including a tar-
get SINR level, SINR ;, which is a WIRU (or a sub-group of
WTRUs)-specific parameter, where the target SIR may be
adjusted through an outer loop mechanism based on QoS like
target BLER. The target SINR may be also a function of the
pathloss measurement. The signaling of the target SIR is done
via in-band 1.1/2 control signaling upon its adjustment. A
power control margin, K, which is an eNodeB-specific
parameter is also signaled by eNodeB 30. K is preferably
semi-static and signaled via the broadcast channel (BCH). It
should be noted that even though K is assumed to be sepa-
rately signaled along with the other parameters, it may be
embedded in the target SINR, i.e., SINR,(after embed-
ding)=SINR /+K (dB). In this case, explicit signaling of K to
WTRU 20 is not required.

eNodeB 30 further signals a total UL interference and
noise level, IN,, which is averaged across all the sub-carriers
(or RBs) inuse, or a subset of the sub-carriers. This parameter
is preferably derived by serving eNodeB 30 (and possibly
signaled via BCH). The update rate for this signaling is gen-
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erally relatively slow. The maximum and minimum UL power
level, P, and P, is also signaled by eNodeB 30. Which
each may be WTRU capability dependent parameters, or may
be expressly signaled by eNodeB 30.

A UL channel quality indicator, CQI (e.g. UL MCS or
grant information), which is signaled originally for the pur-
pose of UL AMC (with a maximum signaling rate of once per
TTI, e.g. 1000 Hz).

A CQI mapping rule (or bias between CQI and measured
SINR), which the eNodeB uses for CQI feedback generation.
This rule or parameter may be combined into the target SINR.
Inthis case, explicit signaling of the rule (or parameter) is not
required.

An UL interference load indicator from each eNodeB.

The semi-static parameter R which represents the virtual
boundary layer between the cell interior zone and cell edge
zone.

The disclosed PC method do not require additional feed-
back PC commands other than the above listed system param-
eters including the target SINR, cell interference/noise level,
and reference signal transmit power and constant value,
which can be broadcast (or directly signaled) to WIRUs on a
slow rate basis.

It is designed to be flexible and adaptive to dynamic sys-
teny/link parameters (target SINR and inter-cell interference
loading condition) and channel conditions (path loss and
shadowing), in order to achieve the E-UTRA requirements.

Further, this disclosed method is compatible with other
link adaptation schemes such as AMC, HARQ), and adaptive
MIMO.

In an alternative method of inter-cell interference mitiga-
tion, instead of broadcasting an interference load indicator
from each eNodeB, serving eNodeB 30 may co-ordinate
inter-cell interference levels with other cells 40 and incorpo-
rate them through adjusting the target SIR, power control
margin K or possibly P, accordingly.

Although features and elements are described above in
particular combinations, each feature or element can be used
alone without the other features and elements or in various
combinations with or without other features and elements.
The methods or flow charts provided herein may be imple-
mented in a computer program, software, or firmware incor-
porated in a computer-readable storage medium for execution
by a general purpose computer or a processor. Examples of
computer-readable storage mediums include a read only
memory (ROM), a random access memory (RAM), a register,
cache memory, semiconductor memory devices, magnetic
media such as internal hard disks and removable disks, mag-
neto-optical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs).

Suitable processors include, by way of example, a general
purpose processor, a special purpose processor, a conven-
tional processor, a digital signal processor (DSP), a plurality
of microprocessors, one or more microprocessors in associa-
tion with a DSP core, a controller, a microcontroller, Appli-
cation Specific Integrated Circuits (ASICs), Field Program-
mable Gate Arrays (FPGAs) circuits, any other type of
integrated circuit (IC), and/or a state machine.

A processor in association with software may be used to
implement a radio frequency transceiver for use in a wireless
transmit receive unit (WTRU), user equipment (UE), termi-
nal, base station, radio network controller (RNC), or any host
computer. The WTRU may be used in conjunction with mod-
ules, implemented in hardware and/or software, such as a
camera, a video camera module, a videophone, a speaker-
phone, a vibration device, a speaker, a microphone, a televi-
sion transceiver, a hands free headset, a keyboard, a Blue-
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tooth® module, a frequency modulated (FM) radio unit, a
liquid crystal display (LCD) display unit, an organic light-
emitting diode (OLED) display unit, a digital music player, a
media player, a video game player module, an Internet
browser, and/or any wireless local area network (WLAN) or
Ultra Wide Band (UWB) module.

What is claimed is:

1. A method implemented by an eNode-B, the method
comprising:

transmitting, to a wireless transmit/receive unit (WTRU)

via higher layer signaling, open loop uplink (UL) power
control (PC) parameters including a cell-specific param-
eter and a WTRU-specific parameter;

transmitting a PC correction command; and

receiving, from the WTRU, a transmission having an

applied transmit power, wherein:

the transmission comprises a number of resource blocks;

the applied transmit power is based on a transmit power
spectral density and the number of resource blocks;

the transmit power spectral density comprises a combi-
nation of an open loop UL PC component, a closed
loop PC component and a delta factor related to an
offset value;

the offset value is related to a modulation coding set
(MCS);

the open loop UL PC component is based on pathloss,
the cell-specific parameter and the WTRU-specific
parameter,

the closed loop PC component includes a correction
factor; and

the correction factor is based on the PC correction com-
mand.

2. The method of claim 1, wherein the PC correction com-
mand is transmitted in an UL grant associated with a hybrid
automatic repeat request (HARQ) process.

3. The method of claim 2, wherein the received transmis-
sion with applied transmission power is received in accor-
dance with a timing of the HARQ process.

4. The method of claim 1, wherein the PC correction com-
mand is transmitted at a pre-configured signaling time.

5. The method of claim 1, further comprising: signaling the
MCS to the WTRU in an UL grant associated with a hybrid
automatic repeat request (HARQ) process.

6. The method of claim 2, further comprising: signaling the
MCS to the WTRU in the UL grant.

7. An eNode-B comprising:

a transmitter configured to:

transmit, to a wireless transmit/receive unit (WTRU) via
higher layer signaling, open loop uplink (UL) power
control (PC) parameters including a cell-specific
parameter and a WTRU-specific parameter; and
transmit a PC correction command; and

a receiver configured to receive, from the WIRU, a trans-

mission having an applied transmit power, wherein:

the transmission comprises a number of resource blocks;

the applied transmit power is based on a transmit power
spectral density and the number of resource blocks;

the transmit power spectral density comprises a combi-
nation of an open loop UL PC component, a closed
loop PC component and a delta factor related to an
offset value;

the offset value is related to a modulation coding set
(MCS);

the open loop UL PC component is based on pathloss,
the cell-specific parameter and the WTRU-specific
parameter,
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the closed loop PC component includes a correction
factor; and

the correction factor is based on the PC correction com-
mand.

8. The eNode-B of claim 7, wherein the transmitter is
configured to transmit the PC correction command in an UL
grant associated with a hybrid automatic repeat request
(HARQ) process.

9. The eNode-B of claim 8, wherein the receiver is config-
ured to receive the transmission with applied transmission
power in accordance with a timing of the HARQ process.

10. The eNode-B of claim 7, wherein the transmitter is
configured to transmit the PC correction command at a pre-
configured signaling time.

11. The eNode-B of claim 7, wherein the transmitter is
configured to signal the MCS to the WTRU in an UL grant
associated with a hybrid automatic repeat request (HARQ)
process.

12. The eNode-B of claim 8, wherein the transmitter is
configured to signal the MCS to the WTRU in an UL grant.

13. A method for controlling transmit power of a wireless
transmit receive unit (WTRU) comprising:

determining a transmit power spectral density, wherein:

the transmit power spectral density comprises a combi-
nation of an open loop uplink (UL) power control
(PC) component, a closed loop PC component and a
delta factor related to an offset value;

the open loop UL PC component is based on pathloss
and open loop UL PC parameters including a cell-
specific parameter and a WTRU-specific parameter
provided from higher layers;

the closed loop PC component includes a correction
factor;

the correction factor is based on a PC correction com-
mand signaled in a UL grant associated with a hybrid
automatic repeat request (HARQ) process; and

the offset value is related to an assigned modulation
coding set (MCS) signaled in the UL grant;

determining a transmit power based on the determined

transmit power spectral density and a number of

assigned resource blocks; and

applying the transmit power in accordance with a timing of

the HARQ process.

14. The method of claim 13, wherein applying the transmit
power in accordance with a timing of the HARQ process
comprises: applying the transmit power at a next transmission
time of the associated HARQ process following reception of
the UL grant.

15. The method of claim 13, wherein the PC correction
command includes multiple command bits.

16. The method of claim 13, wherein applying the transmit
power in accordance with a timing of the HARQ process
comprises: applying the transmit power on condition that the
transmit power is less than a maximum transmit power level.

17. The method of claim 16, further comprising: receiving
signaling including the maximum transmit power level.
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18. The method of claim 16, further comprising applying
the maximum transmit power level in accordance with a
timing of the HARQ process on condition that the transmit
power is greater than or equal to the maximum transmit power
level.

19. The method of claim 16, wherein the maximum trans-
mit power level is based on at least one of (i) a power class of
the WTRU, and (ii) a capability of the WTRU.

20. A wireless transmit receive unit (WTRU) comprising a
processor, wherein the processor is configured to:

determine a transmit power spectral density, wherein:

the transmit power spectral density comprises a combi-
nation of an open loop uplink (UL) power control
(PC) component, a closed loop PC component and a
delta factor related to an offset value;

the open loop UL PC component is based on pathloss
and open loop UL PC parameters including a cell-
specific parameter and a WTRU-specific parameter
provided from higher layers;

the closed loop PC component includes a correction
factor;

the correction factor is based on a PC correction com-
mand signaled in a UL grant associated with a hybrid
automatic repeat request (HARQ) process; and

the offset value is related to an assigned modulation
coding set (MCS) signaled in the UL grant;

determine a transmit power based on the determined trans-

mit power spectral density and a number of assigned

resource blocks; and

apply the transmit power in accordance with a timing of the

HARQ process.

21. The WTRU of claim 20, wherein the processor is con-
figured to apply the transmit power at a next transmission
time of the associated HARQ process following reception of
the UL grant.

22. The WTRU of claim 20, wherein the PC correction
command includes multiple command bits.

23. The WTRU of claim 20, wherein the processor is con-
figured to apply the transmit power in accordance with a
timing of the HARQ process on condition that the transmit
power is less than a maximum transmit power level.

24. The WTRU of claim 23, further comprising a receiver,
wherein the receiver is configured to receive signaling includ-
ing the maximum transmit power level, and wherein the pro-
cessor is configured to obtain the maximum transmit power
level signaled in the received signaling.

25. The WTRU of claim 23, wherein the processor is con-
figured to apply the maximum transmit power level in accor-
dance with a timing of the HARQ process on condition that
the transmit power is greater than or equal to the maximum
transmit power level.

26. The WTRU of claim 23, wherein the maximum trans-
mit power level is based on at least one of (i) a power class of
the WTRU, and (ii) a capability of the WTRU.
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