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System and Method for Uplink Multi-Antenna Power Control in a
Communications System

[0001] This application claims the benefit of U.S. Provisional Application No. 61/320,058,
filed on April 1, 2010, entitled “Uplink Multi-Antenna Power Control for LTE Advanced,” and
U.S. Non-provisional Application No. 13/074,974, filed on March 29, 2011, entitled “System
and Method for Uplink Multi-Antenna Power Control in a Communications System”, which

applications are hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to digital communications, and more
particularly to a system and method for uplink multi-antenna power control in a communications

system.

BACKGROUND

[0003] Generally, a transmit power level of an uplink channel from a User Equipment (UE,
also commonly referred to as a Mobile Station, Terminal, User, Subscriber, and so forth) to an
enhanced NodeB (eNB, also commonly referred to as a Base Station, NodeB, Controller, and so
on) may be set at a determined level to achieve a desired level of uplink performance, help
maximize battery life of the UE as well as mitigate interference to other UEs and eNBs, as well
as other electronic devices, operating in the general vicinity of the UE. Furthermore, the proper
setting of the transmit power level may also help improve multiple input, multiple output
(MIMO) antenna performance. Setting the transmit power level may often be referred to as

power control.

[0004] In The Third Generation Partnership Project (3GPP) Long Term Evolution (LTE)
Release Eight (Rel-8) technical standards, uplink power control is specified only for single

transmit antenna situations. However, in subsequent releases of the 3GPP LTE technical
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standards, such as Rel-10 and beyond (also known as LTE-Advanced), uplink Single User

MIMO (SU-MIMO) also known as spatial multiplexing is introduced and uplink power control
needs to be extended to handle situations with UEs having multiple transmit antennas. Uplink
power control over multiple transmit antennas is especially important in the case of multiple

layer/multiple codeword transmissions.

[0005] Currently used techniques for multiple transmit antenna power control involve the
use of extensions of existing single transmit antenna power control schemes, which may not

provide optimal results in multiple transmit antenna situations.

SUMMARY OF THE INVENTION

[0006] These and other problems are generally solved or circumvented, and technical
advantages are generally achieved, by example embodiments of the present invention which
provide a system and method for uplink multi-antenna power control in a communications

system.

[0007] In accordance with an example embodiment of the present invention, a method for
user equipment operations is provided. The method includes determining, at a user equipment, a
transmit power level for transmit antennas of the user equipment having at least two transmit
antennas, and setting a power amplifier output level for each of the at least two transmit antennas

in accordance with a respective transmit power level.

[0008] In accordance with another example embodiment of the present invention, a method
for user equipment operations is provided. The method includes determining, at a user equipment,
a transmit power level for each of at least two transmit antennas of the user equipment, and
setting a power amplifier output level for each of the at least two transmit antennas in accordance
with a respective transmit power level. The power output level determination takes into account

a sum of transmit powers for the at least two transmit antennas.
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[0009] In accordance with another example embodiment of the present invention, a user
equipment is provided. The user equipment includes a transmit power processor, and a power
setting unit coupled to the transmit power processor. The transmit power processor is operable to
determine a transmit power level for transmit antennas of the user equipment. The user
equipment includes at least two transmit antennas. The power setting unit sets a power amplifier
output level for each of the transmit antennas in accordance with a respective transmit power
level. The transmit power processor can be a processing device having applicable processing

circuitry, I/O, memory (RAM, ROM) and the like, as is well known in the art.

[0010] One advantage disclosed herein is that a number of techniques for multiple uplink
transmit antenna power control are presented, allowing power control for channels to be applied

on a per-antenna, per layer and/or per codeword, or total power basis.

[0011] A further advantage of exemplary embodiments is that transmission format may also

be considered in setting multiple uplink transmit antenna power control.

[0012] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the embodiments that follow may
be better understood. Additional features and advantages of the embodiments will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiments disclosed may be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawing, in which:

[0014] Figure 1 illustrates an example communications system;

[0015] Figure 2 illustrates an example flow diagram of operations for transmitting
information;

[0016] Figure 3 illustrates an example of a portion of a UE with multiple transmit antennas

according to example embodiments described herein;

[0017] Figure 4a illustrates an example of a flow diagram of operations in determining a
transmit power level for transmit antennas of a UE having multiple transmit antennas, wherein
each transmit antenna is considered separately according to example embodiments described

herein;

[0018] Figure 4b illustrates an example of a flow diagram of operations in determining a
transmit power level for transmit antennas of a UE having multiple transmit antennas, wherein
each transmission layer and/or codeword is considered separately according to example

embodiments described herein;

[0019] Figure 4c illustrates an example of a flow diagram of operations in determining a
transmit power level for transmit antennas of a UE having multiple transmit antennas, wherein
the transmit power level for the multiple transmit antennas is considered as a single collective

transmit power according to example embodiments described herein;

[0020] Figures 4d through 4f illustrate examples of flow diagrams of operations in
distributing the single collective transmit power according to example embodiments described

herein;
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[0021] Figure 5a illustrates an example of a flow diagram of operations in performing TF
based power offset, wherein a power offset Arp may be determined based on a combined TF for

multiple codewords according to example embodiments described herein;

[0022] Figure 5b illustrates an example of a flow diagram of operations in performing TF
based power offset, wherein a power offset At may be determined for each codeword according

to example embodiments described herein;

[0023] Figure 5c illustrates an example of a flow diagram of operations in performing TF
based power offset, wherein a power offset Atr may be jointly determined according to example

embodiments described herein;

[0024] Figure 6a illustrates an example of a flow diagram of operations in UL power control
for a variety of transmission modes with a single reference path loss according to example

embodiments described herein;

[0025] Figure 6b illustrates an example of a flow diagram of operations in UL power control
for a variety of transmission modes with multiple reference path losses according to example

embodiments described herein;

[0026] Figure 6¢ illustrates an example of a flow diagram of operations in UL power control
for a variety of transmission modes with multiple reference path losses for a multiple antenna
transmission mode and a single reference path loss for a single antenna transmission mode

according to example embodiments described herein;

[0027] Figure 7a illustrates an example of a flow diagram of operations in power control of

the SRS with the SRS being precoded according to example embodiments described herein;

[0028] Figure 7b illustrates an example of a flow diagram of operations in power control of

the SRS with the SRS not being precoded according to example embodiments described herein;
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[0029] Figure 8 illustrates an example of a flow diagram of operations for transmitting

information according to example embodiments described herein; and

[0030] Figure 9 provides an example of an alternate illustration of a communications device

according to example embodiments described herein.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0031] The making and using of the current example embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific

embodiments discussed are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention.

[0032] The present invention will be described with respect to example embodiments in a
specific context, namely a 3GPP LTE-Advanced compliant communications system with UEs
having multiple transmit antennas. The invention may also be applied, however, to other
communications systems that support UEs with multiple transmit antennas, such as WiMAX,

and so forth.

[0033] Figure 1 illustrates a communications system 100. Communications system 100
includes an eNB 105 and a UE 110 with eNB 105 serving UE 110, i.e., transmissions to and
from UE 110 need be allowed by and to go through eNB 105. eNB 105 may include a plurality
of antennas 107, which may include one or more transmit antenna and one or more receive
antenna. Similarly, UE 110 may include a plurality of antennas 112, which may include one or

more transmit antenna and one or more receive antenna.

[0034] Transmissions from eNB 105 to UE 110 may be referred to as downlink (DL)
transmissions and may occur over one or more DL channels (shown as DL channel 115).

Similarly, transmissions from UE 110 to eNB 105 may be referred to as uplink (UL)
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transmissions and may occur over one or more UL channels (shown as UL channel 120). The UL
channels include a UL data channel, for example, a Physical UL Shared Channel (PUSCH), a UL
control channel, for example, a Physical UL Control Channel (PUCCH), and a UL sounding

signal, for example UL sounding reference symbol (SRS).

[0035] In 3GPP LTE-Advanced, UE with multiple transmit antennas are introduced to
support multiple layers and/or multiple codewords UL SU-MIMO transmission in order to fulfill
performance requirements on peak data rate and peak spectral efficiency, for example. Therefore,
the UL power control mechanism for 3GPP LTE should be extended to support multiple transmit

antenna UEs, especially for multiple layer data transmissions.

[0036] It has been agreed to in 3GPP meetings that UL power control in LTE-Advanced is
to be similar to UL power control used in 3GPP LTE Rel-8 and Rel-9, with additional
considerations given for multiple transmit antenna UEs, including:

- UL power control mainly compensates for slow-varying channel conditions while
reducing interference generated towards neighboring cells; and

- Fraction path-loss compensation or full path loss compensation is used on Physical
UL Shared Channel (PUSCH) and full path-loss compensation is used on Physical UL Control

Channel (PUCCH).

[0037] In addition, since 3GPP LTE-Advanced supports the use of component carriers (CC)

for carrier aggregation, CC specific UL power control scenarios must be considered.

[0038] Figure 2 illustrates a flow diagram of operations 200 for transmitting information.
Operations 200 may be indicative of operations occurring in a UE, such as UE 110, as the UE
transmits information using UL power control, where the UE has a single transmit antenna.
Operations 200 may occur while the UE is in a normal operating mode and is being served by an

eNB, such as eNB 105.
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[0039] Operations 200 may begin with the UE computing a transmit power level for

different channels in its UL (block 205). The UE may separately compute a transmit power level
for each channel that it transmits, such as for the PUSCH and the PUCCH, and independently

sets the transmit power level for each channel.

[0040] As an example, consider the PUSCH, according to the 3GPP LTE Rel-8 and Rel-9
technical standards, the setting of the UE transmit power level may be defined as:

Fousen (D) = min{ Py, 1010y, (Mypson (D) + Fo pusca(F) +a()) - PL+ A (i) + f(D)}
where

- P.\ax1s the configured UE transmitted power;

- Mpyscer(i) 1s the bandwidth of the PUSCH resource assignment expressed in number
of resource blocks valid for subframe i;

- Py puscu(/) 18 @ parameter configured by the eNB;

- 2€1{0,0.4,0.5,0.6,0.7,0.8,0.9,1} is a cell specific parameter provided by higher layers;

- PL is the DL pathloss estimate calculated in the UE in dB and PL =
referenceSignalPower — higher layer filtered reference signal received power (RSRP);
- A () =10log,, (2""* —1)BZ5Hy for K¢ =1.25 is the power offset based on the

offset

transmission format and it can be turn off (equal to 0) for K, =0 and S (;gf,CH is a configured

parameter; and

- The current PUSCH power control adjustment state is given by £(i).

[0041] As another example, consider the PUCCH, according to the 3GPP LTE Rel-8 and
Rel-9 technical standards, the setting of the UE transmit power level may be defined as:

PPUCCH(i ) = min{P CMAX> P(LPUCCH +PL+ h(nCQ[ GN%) )+ AFfPUCCH(F ) +g (i )} ’
where

- The parameter A, ..., (F) is provided by higher layers. Each A, (F)

-8-
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value corresponds to a PUCCH transmission format (F);

- h(ncor-nrg) is @ PUCCH format dependent value, where n,, corresponds to the

number of information bits for the channel quality information and #,;,, is the number of

Hybrid Automatic Repeat Requested (HARQ) bits;

- Py pucen 18 similar to Py pgeyy and is configured by the eNB; and

- g(i) is the current PUCCH power control adjustment state.

[0042] Furthermore, for UL SRS, the setting of the UE transmit power level may be defined

as:
s (1) = min{Fopax > Rrs orrser 7101080 (Msps) + By pusen (/) +a())-PL+ f (D)} .
The power control of SRS may be tied to the power control of the PUSCH of the UE with an

offset value Py oppspr and Mg is the bandwidth of the SRS transmission.

[0043] As discussed above, the 3GPP LTE Rel-8 and Rel-9 UL power control assumes a
single transmit antenna at the UE and a single layer for UL transmission. In 3GPP LTE Rel-10
and beyond, UEs with multiple transmit antennas (and hence multiple power amplifiers (PA)) are
supported and UL data transmission may use multiple layers. Additionally, transmit diversity
may be used for UL data transmission. Therefore, extension and/or enhancement of the Rel-8

and Rel-9 power control schemes is needed.

[0044] After computing the transmit power level for the different channels in the UL, the
UE may set the transmit power level for a channel that it is preparing to transmit by setting its
power amplifier (PA) in accordance with a computed transmit power level that corresponds to

the channel that it is preparing to transmit (block 210) and then transmit the channel (block 215).

[0045] Additionally, the eNB may send transmit power control (TPC) commands to the UE
to adjust the transmit power of the UL channels of the UE. The TPC commands from the eNB

portion of the power control mechanism is commonly referred to as closed loop power control

9.



WO 2011/120437 PCT/CN2011/072324

while the remainder of the power control mechanism is called open loop power control. The
closed loop power control may be used to adjust the transmit power on top of the output of the
open loop power control formula. The TPC commands may be sent separately for each of the UL
control channels, such as PUSCH and PUCCH. The UE receives the TPC commands (shown in
Figure 2 as block 207) and adjusts the power control adjustment state for the corresponding UL

channel.

[0046] Figure 3 illustrates a portion of a UE 300 with multiple transmit antennas. As shown
in Figure 3, a portion of UE 300 responsible for transmitting information over multiple antennas
is shown. Other circuitry in UE 300, including receive circuitry, processing circuitry, as well as
other circuitry that may be used to provide operability, user interaction, power, and so forth, are
well understood in the field of telecommunications and are not shown. Figure 3 illustrates an
illustrative example of a UE architecture, it being understood that other UE architectures for PAs
and antennas are possible. Therefore, the UE architecture shown in Figure 3 should not be

construed as being limiting to either the scope or the spirit of the example embodiments.

[0047] UE 300 includes multiple transmit antennas, such as antenna 305, antenna 306, and
antenna 307. Coupled to each transmit antenna may be a power amplifier (PA), such as PA 310,
PA 311, and PA 312, responsible for amplifying a signal to be transmitted to a power level set by
a power control unit 315. Power control unit 315 may issue power control commands to a PA to
have the PA set an amplification level for a signal to be amplified by the PA. The power control
command may be in the form of an absolute power level or a difference power level relative to a

previously provided power level.

[0048] According to an example embodiment, power control unit 315 may determine a
power level for each of the multiple transmit antennas in several different ways. Power control
unit 315 may determine the power level for the transmit antennas using per antenna power

control, per layer and/or per codeword power control, sum power control, or combinations
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thereof, techniques. A detailed discussion of the different ways for determining the power level

for the multiple transmit antennas is provided below.

[0049] Power control unit 315 may make use of information provided by an eNB serving
UE 300, cell specific information, UE specific information, information measured by UE 300,
technical standard specified information, and so forth, in determining the power level for the
transmit antennas. Furthermore, power control unit 315 may also make use of information
regarding a transmission format (TF) of transmissions to be made by a transmit antenna in
determining the power level. A detailed discussion of the information utilized by power control

unit 315 is also provided below.

[0050] It may appear to be natural to extend component carrier- (CC) specific power control
concepts to support multiple transmit antennas. However, such is not the case, as there can be a
multitude of options that may need to be considered when extending the CC-specific power
control concepts to multiple transmit antennas, including per antenna power control, per layer

and/or per codeword power control, sum power control, or combinations thereof.

[0051] Figure 4a illustrates a flow diagram of operations 400 in determining a transmit
power level for transmit antennas of a UE having multiple transmit antennas, wherein each
transmit antenna is considered separately. According to an example embodiment, the UE may
determine a transmit power level for the different channels in the UL for each transmit antenna
on a per-antenna basis. With per-antenna transmit power control, the transmit power of each
antenna may be computed and set. The transmit power of each antenna may be computed and set

independently of one another.

[0052] According to an example embodiment, the above provided transmit power formulas

for the PUSCH ( B,y5ci (i) ) and PUCCH (B, (7)) may be used for each of the transmit

antennas of the UE with relatively minor modifications.
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[0053] Per-antenna power control may be used to compensate for antenna gain imbalance
(AGI). However, the performance gain from per-antenna power control may be small.
Furthermore, in order to compensate for AGI, the transmission power of each antenna’s PA may
need to be different, which complicates power headroom reports (used to provide residual power
reports to the eNB), eNB scheduling and resource allocation, and maximum power scaling (in
case of power limitation). Additionally, with fractional path loss compensation (a < 1), the power
control formulas used in 3GPP LTE Rel-8 does not totally compensate the AGI and additional

mechanisms are needed.

[0054] In order to support per-antenna power control, the following may be needed:

- Separate path-loss estimations (PL terms in equations for the PUSCH ( Boygcn(i) )
and PUCCH ( Py (i) ) for each transmit antenna at the UE are needed. The path-loss

estimations may be derived from the separate reference signal received power (RSRP)
measurements for each of the transmit antennas measured at the UE side based on a DL
reference signal. In addition, the RSRP measurements also need to be reported to the eNB. Note
that, with multiple RSRP measurements, a single RSRP value from these multiple RSRP
measurements may be used for other purpose, such as handover. The single RSRP may be
calculated at the eNB (by averaging, for example) or reported by the UE. Also note that a single
path loss estimation is needed for single antenna port transmission mode which can be
configured by the eNB for the UEs with multiple transmit antennas.

- Separate transmit power control (TPC) commands may be needed for each antenna
which may be sent in UL grants in Physical DL Control Channel (PDCCH) or a TPC-PDCCH
with increased overhead. Even for single layer or single antenna port transmissions, multiple
TPC commands may still be needed.

- Multiple power headroom reports are needed for all the transmit antennas. In the
case of single antenna port transmission mode, since it is up to UE implementation, multiple

antennas may be involved and there will be an impact on the path loss measurement/report and
-12-
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PHR.

- With separate path loss compensation and/or TPC commands, different transmit
power of the antennas may result in different maximum power scaling in the case of power
limitation of some or all of the antennas and/or PAs, or in the case of power limitation on the
sum power. The separate maximum power for each antenna and/or PA needs to be defined and it
may be necessary to have the UE inform the eNB of its RF architecture including a maximum
power of each PA. Power scaling scheme may be up to UE implementation or it may be guided
by rules such as:

- a) First, scale down the antenna and/or PA that exceeds its configured maximum
power; and

- b) Then scale equally across all the antennas and/or PAs to fulfill the maximum
sun power.

- To compensate for AGI, simply plugging in different path loss values for each
antenna into the fractional power control formula on a per-antenna basis will not work in a
situation when « is less than one. Therefore the power control formula needs to be modified to
always perform full path loss difference compensate even when a is less than one. One possible
solution is to use a single reference path loss in the fractional power control term while another
term is added to compensate for the path loss difference between the reference path loss and the
path loss of each antenna involved. The reference path loss may be the path loss of a pre-defined
and/or configured antenna, the average of the path loss of all the antennas, or a combination

thereof.

[0055] Although the power control parameters, such as Po puscu (or Po puccn), fractional
power control factor a, and so forth, may be set independently for each transmit antenna, there
may be little reason to do so due to the added complexity of independent parameter setting.

Therefore, in an interest in reducing overall complexity, full compensation for path loss
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difference, 1.e., AGI, between the transmit antennas in addition to the 3GPP LTE Rel-8 and Rel-9

fractional power control may be good candidates for independent parameter setting.

[0056] Figure 4b illustrates a flow diagram of operations 420 in determining a transmit
power level for transmit antennas of a UE having multiple transmit antennas, wherein each

transmission layer and/or codeword is considered separately.

[0057] In general, for a UE with Nt transmit antenna ports, the UE may typically perform
SU-MIMO transmissions involving N transmission layers where N < Nt. Each SU-MIMO
transmission layer may be associated with a set of precoding weights, which may be applied to
one of the Nt transmit antenna ports. A precoder is considered to then be a set of precoding
weights, with one precoder for each transmission antenna and each transmission layer. A MIMO

transmission layer is also commonly known as a MIMO stream.

[0058] The N layer SU-MIMO transmission may be divided into one or more codewords
where each codeword may be mapped to one or more transmission layers. Each codeword
comprises one or more data code blocks (CB) which are collectively called a transport block
(TB). All the transmission layers associated with a codeword are of the same modulation and
coding scheme (MCS) while transmission layers associated with different codewords may have
different MCS levels. The MCS levels of the codewords may be independently determined at the

eNB and signaled to the UE.

[0059] If the CB(s) of a codeword is not received correctly at the receiver, for example, by
failing a Cyclic Redundancy Check (CRC), a retransmission of the TB may occur. The
retransmission of the TBs of the different codewords may be performed independently.
According to an example embodiment, the UE may compute a transmit power level for the
different channels in the UL for each transmit antenna on a per layer and/or per codeword basis.
In the case of single layer SU-MIMO transmission, per layer and/or per codeword power control

should be the same as Single Input-Multiple Output (SIMO) power control. With multiple layers
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and/or codewords, the power of each layer and/or codeword may need to be determined, and if

separately, by per layer and/or per codeword power control.

[0060] According to an example embodiment, the above provided transmit power formulas

for the PUSCH ( Byy5cn (i) ) and PUCCH ( By (7)) may be used for each of the transmit

antennas of the UE on a per layer and/or codeword basis with relatively minor modifications.

The modifications are discussed in detail below.

[0061] In order for per layer and/or per codeword power control, the following parameters
for PUSCH power control (and similarly PUCCH power control) may be separately set for each
layer and/or codeword: Po puscu (or Po pucch), o, Arr, and f{i), where Po puscu (or Po pucen) 1s a
parameter configured by the eNB, o € {0, 0.4,0.5,0.6,0.7,0.8, 0.9, 1} is a cell specific parameter
provided by higher layers, Arr is in accordance with a transmission format used in the UL

channel, and /(i) (or g(7)) is the current PUSCH (or PUCCH) power control adjustment state.

[0062] Theoretically Po puscu (or Po puccn) and a may be set to different values for
different layers and/or codewords. However, setting Po pusch (or Po puccn) and a independently
may add complexity while obtaining relatively small gain in return. Therefore, Arr and f{i) may
be separately set for each layer and/or codeword since independently setting A7x and f{7) may
result in significant gains. However, Azr is generally not a viable option for SU-MIMO power
control. As for f{i), though different values of the power control status of each layer and/or
codeword may be beneficial to optimize the SU-MIMO performance, maintaining multiple
values of (i) (and hence multiple power control processes) for the spatial layers/codewords may
be interrupted by dynamic rank adaptation and/or dynamic precoding selection where the number
of layers and precoder of PUSCH transmission may be selected dynamically or semi-statically

due to either time-varying channel condition or scheduler’s decision.

[0063] According to an alternative example embodiment, one common f{i) (and hence one

power control process) is maintained for all the layers and/or codewords while an offset relative
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to the common power control process may be signaled dynamically in a PDCCH or semi-
statically in RRC in the case of multiple layers and/or codewords transmissions. A single path

loss 1s then used for UL multiple antenna power control.

[0064] Figure 4c illustrates a flow diagram of operations 440 in determining a transmit
power level for transmit antennas of a UE having multiple transmit antennas, wherein the
transmit power level for the multiple transmit antennas is considered as a single collective
transmit power (referred to herein as a sum power). According to an example embodiment, the
UE may determine, through the operation of appropriate processing circuitry (processor,
input/output (I/0), and memory (not shown)) a transmit power level for the different channels in
the UL for each transmit antenna on a sum power basis. Controlling the sum power in the case of

multiple layers and/or codewords transmission may be similar to the case of SIMO power control.

[0065] According to an example embodiment, the above provided transmit power formulas

for the PUSCH ( B0 (i) ) and PUCCH ( Pyyyccn (i) ) may be used for a sum power for all of the

transmit antennas of the UE in combination with relatively minor modifications (block 445).

[0066] With the sum power computed, the transmit power level for each of the transmit
antennas of the UE may be determined, i.e., distributed (block 447). The sum power may be
shared (distributed) across antennas, layers, and/or codewords. Sharing of the sum power may be
through a fixed rule, semi-static radio resource management (RRM or RRC) configuration,

dynamically controlled by PDCCH signaling, or combinations thereof.

[0067] According to an example embodiment, the transmit power may be scaled. As an
example, the transmit power of an antenna and/or PA may be scaled by a ratio of a number of
transmit antennas transmitting a channel for which power control is being performed to a number
of transmit antennas available for use in transmitting. Consider a case wherein the channel for

which power control is being performed is a PUSCH, then the transmit power may be scaled by a
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ratio of the number of transmit antennas with a non-zero PUSCH transmission to the number of

transmit antennas available for use in the transmission scheme.

[0068] The manner by which transmit power is be distributed (block 447) can be
accomplished in a number of different ways, as illustrated in FIGS. 4d —4f. For example, with a
fixed rule or in a default mode, the sum transmission power determined by the power control
formula may be divided (distributed) equally or substantially equally to all the antennas and/or
PAs to best utilize the PA power (shown as block 447d in Figure 4d). Alternatively, the sum
transmission power determined by a power control formula may be divided (distributed) based
on a weighting and/or distribution applied to the various transmit antennas (shown as block 447¢
in Figure 4¢). For example, the weighting may be based on the antenna’s path loss, distance to
eNB, channel quality, channel information, and so on. Additionally, the sum transmission power
determined by a power control formula may be divided (distributed) based on a criterion (shown
as block 447f in Figure 4f). Examples of criterions may include antenna’s path loss, distance to
eNB, channel quality, channel information, channel error rate, UE priority, quality of service

requirements, and so forth.

[0069] When a cubic-metric preserve (CMP) codebook is used for UL SU-MIMO, the total
transmission power of each layer and/or codeword is just the sum power of the involved
antennas and/or PAs. If more dynamic and flexible power sharing is seen beneficial, offset
values may be signaled semi-statically by radio resource control (RRC) signaling or dynamically
by PDCCH for multiple layer and/or codeword transmissions to control the distribution of the
sum power. If offset values are used, an offset value for each transmission codeword and/or
relative offset values between the codewords may be needed. One way to convey the codeword
offset value(s) may be to send the offset value(s) in a scheduling grant for the PUSCH.
Assuming two codewords per transmission, one TPC field in the PDCCH is still needed for the
sum power control as in Rel-8 and/or Rel-9, while one additional field is needed in the PDCCH

to indicate the relative offset value between the two codewords. In the case of non-adaptive re-
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transmission without a PDCCH, the offset value provided in a previous PDCCH of the UE may

be used.

[0070] A single path loss is used herein for UL multiple antenna power control where the
path loss may be an average path loss over multiple antennas. A more complicated combination
of per-antenna path loss compensation with the sum power control may be considered where the
sum power determined by the power control formula using a reference and/or average path loss
may be divided by the involved antennas according to the path loss of the antennas. According to
another example embodiment, the sum power determined by the power control formula using a
reference and/or average path loss may be first divided to the codewords as discussed above and

the power of each codeword is then divided by the involved antennas based on their path loss.

[0071] In addition to computing a transmit power level for different channels in its UL for
cach of the multiple transmit antenna, the UE may also optionally utilize the transmission format
(TF) used in the UL transmission of a channel in computing the transmit power. The
transmission format is also known as modulation and coding scheme (MCS) level for a

transmission. In the 3GPP LTE Rel-8 and/or Rel-9 PUSCH power control formula discussed

previously (the transmit power formula for the PUSCH ( Poysc;(£) ), @ TF based power offset can

be implemented through the term Arr by setting Kg = 1.25, for example.

[0072] The TF based power offset may be very flexible since it allows the eNB to
dynamically control the transmission power spectral density (PSD) of the PUSCH of each UE by
selecting an appropriate TF which is then mapped to a desired PSD through the expression At
thereby linking TF and PSD. However, such an approach may be problematic in the case of

multiple layers and/or codewords transmission with a multiple transmit antenna UE.

[0073] For discussion purposes, consider a UE with two transmit antennas and uplink SU-
MIMO with two layers and/or codewords transmission. Equal transmission PSD for the two
antennas, layers, and/or codewords usually results in different supportable transmission formats
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for the two layers and/or codewords and a TF offset between the two codewords may change
with time. As another example, in the scenario wherein inter-layer interference is a dominant
source of interference, increasing PSD needs not increase TF. Therefore, a simple mapping

between the TFs of the two codewords and the corresponding PSD may not exist.

[0074] There may be many factors that determine the mapping between PSD and TF in the
case of SU-MIMO for a specific subframe. These factors include: the instantaneous spatial
channel condition, precoder selected, receiver design, AGI, and so on. Even with perfect AGI
compensation and fast per antenna power control, the relationship between the PSD and the TF
of the codewords may change from subframe to subframe and can not be easily captured in a

closed form.

[0075] If TF based power offset is not feasible for multiple layer and/or codeword
transmissions, and even though it might still work with single layer only transmission, it should
not be used for UL SU-MIMO mode when multiple layer and/or codeword transmission is

allowed.

[0076] According to an example embodiment, a power offset may only be used to adjust the
transmit power for a codeword while operating in a SIMO transmission mode, i.e., Ks large than
zero may be configured, while for MIMO transmission mode, Ks can only be set to zero and so

that the power offset term is always equal to zero.

[0077] To perform TF based power offset in the case of multiple layer and/or codeword

transmission, multiple options are available for performing TF based power offset.

[0078] Figure 5a illustrates a flow diagram of operations 500 in performing TF based power
offset, wherein a power offset Arp may be determined based on a combined TF for multiple
codewords. The power offset Arp may be derived from a combination of TF from multiple
codewords (block 505) and the power offset may be used to adjust the transmit power level

(block 507) with the transmit power level being distributed over all transmit antennas (block
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509). An example may be to use the average TF for all the codeword to calculate Atr and the
sum power is then divided (distributed) to the codewords as discussed in the case of sum power
control. The formula and/or values of parameters for Atr in the case of multiple layer and/or
codeword may be different to that of a single layer and/or codeword transmission and that of
single antenna transmission. Other ways to derive the combined TF may be to use the TF of
predefined codewords, to use largest or smallest TF of the codewords, to use a weighted average

of the TFs of the codewords, and so on.

[0079] Figure 5b illustrates a flow diagram of operations 520 in performing TF based power
offset, wherein a power offset Arp may be determined for each codeword. The power offset for
each codeword may be derived independently (block 525) and the power offset may be used to
adjust the transmit power level (block 527). Same or different formulas may be used for each
codeword. The formula and/or values of parameters for Aty in the case of multiple layer and/or
codeword transmission may be different to that of a single layer and/or codeword transmission
and that of single antenna transmission. On top of the power offset, TPC commands and/or
additional offset may be signaled by the eNB for each codeword. This is a form of the per-

codeword power control scheme.

[0080] Figure 5c illustrates a flow diagram of operations 540 in performing TF based power
offset, wherein a power offset Arp may be jointly determined. The power offset for each
codeword may be different but jointly determined based on the TFs of all the codewords and
maybe additional information sent by the eNB (block 545) and the power offset may be used to
adjust the transmit power level (block 547). The additional information from the eNB may
include a set of configured parameters, a selection of the formula for mapping the TFs to the
transmit power or PSD, and so on. The additional information may be configured at the eNB
based on its knowledge of the system which may include the antenna configuration, the channel
characteristics, the receiver design, the power control policy, the interference management

consideration, and so forth. The additional information may be sent to the UE as a cell-specific
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configuration message by, for example, broadcast signaling. In another embodiment, the
additional information may be sent to the UE as a dedicated signaling by, for example, RRC

signaling.

[0081] According to an example embodiment, a shape or a slope of the formula that maps
the TFs to the power offset may be configurable. The shape or the slope of the formula may be
configured by selecting a non-zero value of Kg from a set of multiple non-zero candidate values.
Note that K can only be 0 or 1.25 in 3GPP LTE Release-8 and Release-9. Similar formulas may
be used to calculate the power offset Arr but based on the TFs of all the codewords and using the
selected K value where the value can be different from 0 or 1.25. For example, depending on the
receiver design, the MIMO channel characteristics, and/or other design considerations, the eNB

may configure the UE to use an appropriate Ks value for Aty calculation.

[0082] According to the 3GPP technical standards, a variety of UL transmission modes,
including UL signal antenna port mode, single antenna port, multiple antenna port, and so on,
may be independently configured for PUSCH, PUCCH, and SRS. A transmission mode

configuration may have an impact on power control design.

[0083] In a scenario wherein a single antenna port transmission mode is configured for a UE
with multiple antennas, the implementation of the UE may affect how a single reference path
loss is calculated, which antennas are involved in power control, how the antennas are involved
in power control, how power headroom(s) is reported, and so forth. Since power control in the
single antenna port transmission mode for a multiple transmit antenna UE may operate as power
control in a UE with a single transmit antenna (as in 3GPP LTE Rel-8 and Rel-9 UEs), the issues
discussed above should be left as UE implementation issues. However, in a case where different
transmission modes are configured for PUSCH, PUCCH, and SRS, different path loss values
may be used for corresponding power control processes. The different path loss values should be

known by the eNB serving the UE.
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[0084] Figure 6a illustrates a flow diagram of operations 600 in UL power control for a
variety of transmission modes with a single reference path loss. As shown in Figure 6a, a single
reference path loss is used in power control for all the transmission modes of all the channels
(block 605). In this case, the UE reports a single RSRP (and hence a single path loss value) to the
eNB. A discrepancy from different transmission modes may be compensated for by setting the
appropriate and different values of the parameters (e.g., Po, f{(i), the TPC commands, and so forth)
for the power control processes for the different channels (block 607). In addition, only a single

power headroom report is needed for all the transmission modes.

[0085] Figure 6b illustrates a flow diagram of operations 620 in UL power control for a
variety of transmission modes with multiple reference path losses. As shown in Figure 6b, a first
reference path loss and path losses of the involved antennas are both used in power control for
multiple antenna port transmission mode (block 625) while a second reference path loss
(potentially different) may be used in power control of single antenna port transmission mode
(block 627). It may be possible to restrict the first reference path loss and the second reference
path loss to be the same as in the first scenario and to be used for all the channels. The RSRP
(and hence path loss) of the individual antenna may be reported to the eNB as well as a reference
RSRP (to be used to determine the reference path losses). Note that the reference path losses may
be calculated based on a predefined formula from the path losses of the involved antennas.

Multiple power headroom reports may be needed for the antennas involved.

[0086] Figure 6¢ illustrates a flow diagram of operations 640 in UL power control for a
variety of transmission modes with multiple reference path losses for a multiple antenna
transmission mode and a single reference path loss for a single antenna transmission mode. As
shown in Figure 6¢, multiple path losses of the involved antennas are used in power control for a
multiple antenna port transmission mode (block 645), while a single reference path loss is used
in power control of single antenna port transmission mode (block 647). The calculation of the

reference path loss may be dependent upon the UE implementation. The RSRP (and hence path
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loss) of each individual antenna needs to be reported to the eNB as well as the reference RSRP
(to be used to determine the reference path loss). Multiple power headroom reports may be

needed for the antennas involved.

[0087] Multiple transmission modes may be defined in UEs with multiple transmit antennas.
The eNB serving the UE may configure and/or switch the transmission mode of the UE if it has
reason to do so. As an example, the eNB may switch the transmission mode of the UE to meet a
quality of service requirement, to meet a priority requirement, to prevent starvation of a UE, or
s0 on. When the transmission mode changes for PUSCH and/or PUCCH of the UE, the
corresponding power control process(s) may be interrupted and some power control parameters

may need to be reset.

[0088] For the PUSCH, the power control parameter f{i) may be reset to zero when the
transmission mode changes. Other power control parameters, such as Po and a, may be adjusted

by sending dedicated RRC signaling, which may be decided on by the eNB.

[0089] For the PUCCH, the power control parameter g(i) may be reset to zero when the
transmission mode changes. Other power control parameters, such as Po and Ar pycch, may be

adjusted by sending dedicated RRC signaling, which may be decided on by the eNB.

[0090] In some situations, such as those shown in Figures 5b and 5c, the type of path loss
used in power control may need to change, which may trigger the UE to feedback additional

RSRP report(s).

[0091] According to an example embodiment, if multiple power control processes are used
for multiple antenna port transmission mode, such as in per antenna and/or per layer and/or per
codeword power control, in order to avoid interruption of the power control processes when a
change in transmission mode occurs, separate power control processes used in the multiple

antenna port mode and the single antenna port mode may be maintained at the UE.
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[0092] The power control of the SRS used in 3GPP LTE Rel-8 and Rel-9 is tied to the

power control of the PUSCH through an offset value (Psgrs orrser) that is configured by the eNB.
If different transmission modes are assigned to the PUSCH and the SRS (which is a possibility
since the transmission mode for the PUSCH and the SRS may be configured independently), the
Psrs orrser may need to be configured and/or re-configured accordingly. Note that changing of

transmission mode of the SRS may not reset f{i).

[0093] Furthermore, in order to support a periodic SRS, the UE’s configuration of single
antenna or multiple antenna transmission modes may be included in the control signaling. For
this case, a proper value of Psrs orrser also needs to be set accordingly and used for all the
antennas involved. Several approaches can be used (with an assumption of a single power
control process is used for the PUSCH as in the case when sum power control is used). The
approaches may include:

- Multiple Psrs orrser values may be semi-statically configured by the eNB and an
appropriate value is used according to the transmission mode of SRS and the transmission mode
of PUSCH; and

- Psrs orrser value or an adjustment is signaled dynamically when a periodic SRS is

scheduled.

[0094] With multiple power control processes for PUSCH as when per antenna and/or per
layer and/or codeword power control is used, a connection between the power control processes
of PUSCH and SRS is more complicated. The following situations may be possible in the case of
per antenna power control:

- The PUSCH and the SRS are both configured in multiple antenna port transmission
mode: the power control process of the SRS for an involved antenna may be tied to the power
control process of the PUSCH for the same antenna with an offset value Psrs orrser. The offset
values for the antennas may be the same or different;

- The PUSCH and the SRS are both configured in single antenna port transmission
24-
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mode: 3GPP LTE Rel-8 power control is used;

- The PUSCH is configured in single antenna port mode and the SRS is configured in
multiple antenna port transmission mode: power control of the SRS for all the involved antennas
are tied to a single power control process of the PUSCH with a single offset value Psrs orrset;
and

- The PUSCH is configured in multiple antenna port mode and the SRS is configured
in single antenna port transmission mode: power control of the SRS is tied to the multiple power
control processes of the PUSCH based on its implementation of single antenna port mode with a

single offset value P SRS _OFFSET-

[0095] With per layer and/or codeword power control for the PUSCH, the SRS may use
either per antenna or per layer and/or codeword power control. Per layer and/or codeword power
control of the SRS requires that the SRS be precoded. It may generally be difficult to have the
precoder of the SRS to match that of the PUSCH in the case of dynamic rank adaptation and
precoding unless the precoder of the SRS can be changed through dynamic signaling which is
possible in the case of a periodic SRS. Therefore, in case of per layer and/or codeword power

control of the PUSCH, several different situations may be possible.

[0096] Figure 7a illustrates a flow diagram of operations 700 in power control of the SRS
with the SRS being precoded. As shown in Figure 7a, with the SRS being precoded and using
per layer and/or codeword power control, the SRS power control of each layer and/or codeword
may be tied to the power control of the PUSCH of the same layer and/or codeword with a offset
value Psrs orrser and the offset value may be the same or different. Note that per layer and/or
codeword power control of the PUSCH may also be realized through sum power control with

maybe additional offset between the layers and/or codewords.

[0097] Figure 7b illustrates a flow diagram of operations 720 in power control of the SRS

with the SRS not being precoded. As shown in Figure 7b, with the SRS being not precoded and
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using per antenna power control: if the per layer and/or codeword power control of the PUSCH
is realized through sum power control with potentially an additional offset between the layers
and/or codewords, the power control of the SRS for the involved antennas may be linked to the
sum power control process with a offset value Psrs orrser and these offset values may be the

same or different.

[0098] Figure 8 illustrates a flow diagram of operations 800 for transmitting information.
Operations 800 may be indicative of operations occurring in a UE, such as UE 110, as the UE
transmits information using UL power control, where the UE has multiple transmit antennas.
Operations 800 may occur while the UE is in a normal operating mode and is being served by an

eNB, such as eNB 105.

[0099] Operations 800 may begin with the UE determining a transmit power level for
different channels in its UL (block 805). The UE may separately determine a transmit power
level for each channel that it transmits, such as for the PUSCH and the PUCCH, and
independently sets the transmit power level for each channel. However, since the UE has
multiple transmit antennas (with a separate PA for each transmit antenna), the UE may need to

consider the transmit power for each transmit antenna.

[00100]  According to an example embodiment, the UE may make use of sum power control
to perform power control for the UL, i.e., determines transmit power level for channel on all
transmit antennas (block 805). Furthermore, the sum power control may be performed for
individual component carriers, ¢. For the PUSCH, the power control formula for UL power

control by the UE may be expressed as

Pouscn(i;0) = min{ By (0), 1010g,, (M pygepn(i,0)) + Pofpusm(jac) +a(j,c)- PL(c)
+ A () + [(G,0)} ’

where

- Pyax(c) 1s the configured UE transmitted power for component carrier c;
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- Myysen(i,c) is the bandwidth of the PUSCH resource assignment expressed in

number of resource blocks valid for subframe i and component carrier c;

- P, puscu(J>¢) 1s a parameter configured by the eNB for component carrier c;

- 2€1{0,0.4,0.5,0.6,0.7,0.8,0.9,1} is a cell specific parameter provided by higher layers;

- PL(c) is a reference path loss derived from the RSRP and/or path loss of each

involved transmit antennas at the UE by, for example, averaging or other manipulations;

- Ap(i,€) =10log, (2" 1) B0 for K¢ =125 is the power offset for

component carrier ¢ based on the transmission format and it can be turn off (equal to 0) for
K¢ =0;and

- The current PUSCH power control adjustment state for component carrier ¢ is
given by f(i,c).
[00101]  Also, Ppuscu(i, ¢) is shared by all the involved antennas with the transmit power of
antenna a as

FBouscnli:¢,a) = Bysen(i, o) + Ay, (i,c,a)

where

A, (i,c,a) = lOloglO(—

]-i- Aoy (i,a), Nan(c) 1s a number of antennas involved for SU-
Ant

MIMO transmission for component carrier ¢, and A, (i,a) is the additional offset for the
codeword involving antenna a. A, (i,a) may be signaled semi-statically by RRC signaling or
dynamically by the PDCCH. The sum of A ,,,(i,c,a) in a linear scale over the involved antennas
should be equal to one.

[00102]  Furthermore, f (i, c) may be reset to zero when the transmission mode of PUSCH for

component carrier ¢ changes.
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[00103] In addition to computing a transmit power level for different channels in its UL for
cach of the multiple transmit antenna, the UE may also optionally utilize the TF used in the UL
transmission of a channel in computing the transmit power (block 810). According to an example

embodiment, for SU-MIMO mode, let A, (i,c¢) =0, at least for the transmission mode where

rank larger than one is allowed.

[00104]  According to an example embodiment, power control is performed separately for
each component carrier in the case of carrier aggregation where the UE may simultaneously
transmit and/or receive signals on multiple component carriers. Each component carrier may be
uniquely identified by associated information, such as a cell identifier (cell ID) and frequency. A
component carrier may sometimes be called a cell. The multi-antenna power control methods

then apply to each of the component carriers or cells.

[00105]  After computing the transmit power level for the different channels in the UL for the
multiple transmit antennas (and optionally providing adjustment based on TF), the UE may set
the transmit power level for a channel that it is preparing to transmit by setting the PA of each
transmit antenna to a determined transmit power level that corresponds to the channel and/or
transmit antenna that it is preparing to transmit (block 815) and then transmit the channel over

the multiple transmit antenna (block 820).

[00106]  Figure 9 provides an alternate illustration of a communications device 900.
Communications device 900 may be an implementation of a UE. Communications device 900
may be used to implement any one or all of the embodiments discussed herein. As shown in
Figure 9, a receiver 905 is configured to receive information and a transmitter 910 is configured
to transmit information. A path loss unit 920 is configured to compute path loss between an eNB
serving communications device 900 and transmit antenna(s) of communications device 900.

Depending upon a power control technique being utilized in communications device 900, path
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loss unit 920 may compute a single reference path loss, multiple reference path losses, multiple

path losses between it’s transmit antennas and the eNB.

[00107] A transmit power processor 925 is configured to determine a transmit power level for
the transmit antenna(s) of communications device 900. As discussed previously, transmit power
processor 925 may make use of several different techniques for determining the transmit power
level of communications device 900, including per antenna power control, per layer and/or per
codeword power control, sum power control, or combinations thereof, techniques. Depending on
the power control technique used, transmit power processor 925 may make use of information
such as path loss computed by path loss unit 920, as well as information provided by the eNB

serving communications device 900, for example.

[00108] A transmit power distribution unit 930 electrically connected to the transmit power
processor 925 is configured to distribute to each of the respective antennas the transmit power
level determined by transmit power processor 925. For example, if a sum power control
technique is used, then transmit power distribute unit 930 may distribute the transmit power level
across the transmit antenna(s) of communications device 900. Transmit power distribute unit 930
may distribute the transmit power level equally, substantially equally, based on a specified

distribution, based on a criteria, or so forth, over the transmit antenna(s).

[00109] A compensate unit 935 is configured to provide compensation for the transmit power
level of communications device 900 based on a transmission format used by communications
device 900 in its transmissions. Compensation based on transmission format may be optional. A
setting unit 940 is configured to set power amplifier(s) of the transmit antenna(s) based on the
transmit power level. A memory 945 is configured to store information, such as path loss,
information from the eNB, computed transmit power level, distribution distributions and/or

criteria, and so on.
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[00110]  The elements of communications device 900 may be implemented as specific
hardware logic blocks. In an alternative, the elements of communications device 900 may be
implemented as software executing in a processor, controller, application specific integrated
circuit, or so on. In yet another alternative, the elements of communications device 900 may be

implemented as a combination of software and/or hardware.

[00111]  As an example, receiver 905 and transmitter 910 may be implemented as a specific
hardware block, while path loss unit 920, transmit power computer 925, transmit power
distribute unit 930, compensate unit 935, and a setting unit 940 may be software modules
executing in a microprocessor (such as processor 915) or a custom circuit or a custom compiled

logic array of a field programmable logic array or combinations thereof.

[00112]  The above described embodiments of UE 300 and communications device 900 may
also be illustrated in terms of methods comprising functional steps and/or non-functional acts.
The previous description and related flow diagrams illustrate steps and/or acts that may be
performed in practicing example embodiments of the present invention. Usually, functional steps
describe the invention in terms of results that are accomplished, whereas non-functional acts
describe more specific actions for achieving a particular result. Although the functional steps
and/or non-functional acts may be described or claimed in a particular order, the present
invention is not necessarily limited to any particular ordering or combination of steps and/or acts.
Further, the use (or non use) of steps and/or acts in the recitation of the claims - and in the
description of the flow diagrams(s) for Figures 4a, 4b, 4c, 4d, 4e, 4f, 5a, 5b, 5c, 6a, 6b, 6¢, 7a, 7b,

and 8 - is used to indicate the desired specific use (or non-use) of such terms.

[00113] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.
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[00114]  Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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WHAT IS CLAIMED IS:

I. A method for user equipment operations, the method comprising:

determining, at a user equipment, a transmit power level for transmit antennas of the user
equipment having at least two transmit antennas; and

setting a power amplifier output level for each of the at least two transmit antennas in

accordance with a respective transmit power level.

2. The method of claim 1, wherein the transmit power level is determined for each channel

transmitted on the at least two transmit antennas.

3. The method of claim 1, wherein determining a transmit power level for transmit antennas

comprises determining the transmit power level for each of the at least two transmit antennas.

4. The method of claim 3, wherein determining the transmit power level for each of the at
least two transmit antennas comprises separately determining the transmit power level for each

of the at least two transmit antennas.

5. The method of claim 1, wherein determining a transmit power level for transmit antennas
comprises determining the transmit power level on a per transmission layer or a per transmission

codeword basis.

6. The method of claim 5, wherein determining the transmit power level on a per
transmission layer or a per transmission codeword basis comprises separately determining the

transmit power level for each transmission layer or each transmission codeword.
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7. The method of claim 1, wherein determining a transmit power level for transmit antennas
comprises determining the transmit power level as a sum of transmit powers for the at least two

transmit antennas.

8. The method of claim 7, wherein determining the transmit power level as a sum of
transmit powers for the at least two transmit antennas comprises:
determining the sum of transmit powers for the at least two transmit antennas; and

distributing the sum of transmit powers over the at least two transmit antennas.

9. The method of claim 8, wherein distributing the sum of transmit powers comprises
distributing the sum of transmit powers substantially equally over the at least two transmit

antennas.

10. The method of claim 8, wherein distributing the sum of transmit powers comprises

distributing the sum of transmit powers based on a specified distribution.

1. The method of claim 8, wherein distributing the sum of transmit powers comprises

distributing the sum of transmit powers based on a criterion.

12. The method of claim 11, wherein the criterion comprises any one, or combination, of the
following: transmit antenna path loss, distance to a destination device, channel quality, channel
information, channel error rate, communications device priority, and quality of service

requirements.

13.  The method of claim 1, wherein determining a transmit power level for transmit antennas
comprises determining the transmit power level for transmit antennas in accordance with a

transmission format of transmissions made over the at least two transmit antennas.
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14.  The method of claim 13, wherein determining the transmit power level in accordance
with the transmission format comprises adjusting the transmit power using an offset that is used

only for single input, multiple output transmission mode.

15.  The method of claim 13, wherein the information is transmitted over a plurality of
codewords, and wherein determining the transmit power level in accordance with the
transmission format comprises adjusting the transmit power using an offset that is based jointly

on transmission formats of a subset of codewords.

16.  The method of claim 15, wherein a formula and/or parameters used in determining the

offset is configured by a communications controller serving the user equipment.

17.  The method of claim 16, wherein the communications controller configures the formula

and/or the parameters by selecting a value of Kg from a set of multiple non-zero values.

18. A method for user equipment operations, the method comprising:

determining, at a user equipment, a transmit power level for each of at least two transmit
antennas of the user equipment, wherein the determining is in accordance with a sum of transmit
powers for the at least two transmit antennas; and

setting a power amplifier output level for each of the at least two transmit antennas in

accordance with a respective transmit power level.

19. The method of claim 18, wherein determining a transmit power level comprises:
determining the sum of transmit powers for the at least two transmit antennas; and
distributing the sum of transmit powers across transmission layers or transmission

codewords.
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20.  The method of claim 19, wherein the sum of transmit powers is distributed substantially

equally across the transmission layers or the transmission codewords.

21.  The method of claim 19, wherein distributing the sum of transmit powers across the
transmission layers or the transmission codewords is based on a distribution signaled by a

communications controller serving the user equipment.

22.  The method of claim 21, wherein the transmit power level is determined for a shared data

channel, and wherein determining the sum of transmit powers comprises evaluating

Bousen(i;e) = min{Fy;,(¢), 1010g,,(Myyseu(i,0)) + By puscn(J>¢) + a(J,¢) - PL(c)
+ATF(iaC)+f(iac)} ’

where P,scn(i,¢) is the transmit power level for shared data channel at subframe i and
component carrier ¢, P, (c) 18 a configured user equipment transmitted power for component
carrier ¢, Mpsen(i,c) 1s a bandwidth of a resource assignment for the shared data channel

expressed in number of resource blocks valid for subframe i and component carrier c,

Py wuscn(J>¢) 1s a parameter configured by a destination device for component carrier c,

a<{0,0.4,0.5,0.6,0.7,0.8,0.9,1} is a cell specific parameter provided by higher layers, PL(c) is a

reference path loss, A, .(i,¢) =10log, (""" -1 B,5"") for K >0 is a power offset for

component carrier ¢ based on a transmission format, and f(i,c¢) is a current shared data channel

power control adjustment state for component carrier c.

23. A user equipment comprising;:

a transmit power processor configured to determine a transmit power level for transmit
antennas of the user equipment, wherein the user equipment comprises at least two transmit
antennas; and

a power setting unit coupled to the transmit power processor, the power setting unit
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configured to set a power amplifier output level for each of the transmit antennas in accordance

with a respective transmit power level.

24.  The user equipment of claim 23, further comprising a path loss unit configured to be
coupled to a receiver, and to determine a path loss between a transmit antenna and a destination

device.

25.  The user equipment of claim 23, wherein the transmit power processor determines the

transmit power level for each transmit antenna of the user equipment.

26.  The user equipment of claim 23, wherein the transmit power processor determines the

transmit power level on a per transmission layer or a per transmission codeword basis.

27.  The user equipment of claim 23, wherein the transmit power processor determines the

transmit power level as a sum of transmit powers for the transmit antennas.

28.  The user equipment of claim 27, further comprising a transmit power distribution unit
coupled to the transmit power processor, the transmit power distribution unit configured to

distribute the sum of transmit powers over the transmit antennas.

29.  The user equipment of claim 23, further comprising a compensate unit coupled to the
transmit power processor, the compensate unit configured to compensate the transmit power

level based on a transmission format of transmissions made over the transmit antennas.
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