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(57) ABSTRACT

The present disclosure relates to devices, apparatuses, and
methods for enhanced PHR reporting in support of UE
antenna scaling. A wireless device, which comprises at least
one antenna array each comprising a plurality of antenna
elements may perform antenna scaling by activating or
deactivating at least one of the plurality of antenna elements
(with corresponding RF chains) of one or more antenna
arrays. The wireless device may generate a power headroom
(PHR) report based at least on a difference between beam-
forming gains obtained after the antenna scaling and before
the antenna scaling. The wireless device may then send the
PHR report to a base station in communication with the

(86) PCT No.: PCT/CN2021/120256
§ 371 (e)(D),
(2) Date: Aug. 23, 2022

300-\—

wireless device.

PERFORMING ANTENNA
SCALING

—~__ 310

y

GENERATING A PHR REPORT
BASED AT LEAST ON A
DIFFERENCE BETWEEN
BEAMFORMING GAINS

OBTAINED BEFORE AND AFTER
THE ANTENNA SCALING

~__ 320

:

SENDING THE PHR REPORT TO
A BASE STATION

~__ 330




US 2024/0236872 Al

RECHLY I At

Jul. 11,2024 Sheet 1 of 6

Patent Application Publication

v

d¥

N

o,

e —

o

mmardanassaaaassaaanaaas,




US 2024/0236872 Al

Jul. 11,2024 Sheet 2 of 6

Patent Application Publication

7 L SIAT AN LB

2

YI7 SMOLL AL B

EEL ARCRNAYY

jed

0% OB BR0

LI ATANAC B OML AN

P12 BT ASA L

AN S

B, S L L EM]




Patent Application Publication  Jul. 11,2024 Sheet 3 of 6 US 2024/0236872 A1

PERFORMING ANTENNA
300 SCALING
—\ r\/ 310

\ 4

GENERATING A PHR REPORT
BASED AT LEAST ON A
DIFFERENCE BETWEEN
BEAMFORMING GAINS

OBTAINED BEFORE AND AFTER 320
THE ANTENNA SCALING [

Y

SENDING THE PHR REPORT TO
A BASE STATION F—~_ 330

FIG. 3

400
\_ 420 440

UE Base Station
02

Send message indicating whether
enhanced PHR reporting is enabled

<&
Y

404
Perform gntenna Ny
scaling

i 406
|~/

Determine whether a
triggering condition of
PHR reporting is met

v

Generate a PHR report (»j
Send the PHR report

FIG. 4



Patent Application Publication  Jul. 11,2024 Sheet 4 of 6 US 2024/0236872 A1

500 —\
Start —~_ o210

P 4

Perform antenna scaling —~__ 520

530

he difference between beamforming
gains obtained before and after the
antenna scaling exceeds a threshold?

Generate a power headroom (PHR)
report

v

Send the PHR report [~ 550

—~__ 540

FIG. 5



Patent Application Publication  Jul. 11,2024 Sheet 5 of 6 US 2024/0236872 A1

600 —\
Start . 610

Perform antenna scaling —~__ 620

The difference between <~ 630
beamforming gains obtained before
and after the antenna scaling
exceeds a first threshold 2

No

The difference between
beamforming gains obtained before
and after the antenna scaling
exceeds a second threshold?

840

Generate a power headroom (PHR)
report —~_~ 0650
Send the PHR report —~_ 660

FIG. 6



Patent Application Publication  Jul. 11,2024 Sheet 6 of 6 US 2024/0236872 A1

700 ‘\

Start —~_ 710

P 4

Perform antenna scaling —~__ 720

The difference between
beamforming gains obtained before
and after the antenna scaling
exceeds a threshold and a prohibit
imer for prohibiting PHR reporting
expires or has expired?2

730

Generate a power headroom (PHR)

report T\ 740

v

Send the PHR report . 750

FIG. 7



US 2024/0236872 Al

ENHANCED PHR REPORTING IN SUPPORT
OF UE ANTENNA SCALING

TECHNICAL FIELD

[0001] This application relates generally to wireless com-
munication systems, including devices, apparatuses, and
methods for enhanced PHR reporting in support of UE
antenna scaling.

BACKGROUND

[0002] Wireless mobile communication technology uses
various standards and protocols to transmit data between a
base station and a wireless communication device. Wireless
communication system standards and protocols can include,
for example, 3rd Generation Partnership Project (3GPP)
long term evolution (LTE) (e.g., 4G), 3GPP new radio (NR)
(e.g., 5G), and IEEE 802.11 standard for wireless local area
networks (WLAN) (commonly known to industry groups as
Wi-Fi).

[0003] As contemplated by the 3GPP, different wireless
communication systems standards and protocols can use
various radio access networks (RANs) for communicating
between a base station of the RAN (which may also some-
times be referred to generally as a RAN node, a network
node, or simply a node) and a wireless communication
device known as a user equipment (UE). 3GPP RANs can
include, for example, global system for mobile communi-
cations (GSM), enhanced data rates for GSM evolution
(EDGE) RAN (GERAN), Universal Terrestrial Radio
Access Network (UTRAN), Evolved Universal Terrestrial
Radio Access Network (E-UTRAN), and/or Next-Genera-
tion Radio Access Network (NG-RAN).

[0004] Each RAN may use one or more radio access
technologies (RATs) to perform communication between the
base station and the UE. For example, the GERAN imple-
ments GSM and/or EDGE RAT, the UTRAN implements
universal mobile telecommunication system (UMTS) RAT
or other 3GPP RAT, the E-UTRAN implements LTE RAT
(sometimes simply referred to as LTE), and NG-RAN imple-
ments NR RAT (sometimes referred to herein as 5G RAT,
5G NR RAT, or simply NR). In certain deployments, the
E-UTRAN may also implement NR RAT. In certain deploy-
ments, NG-RAN may also implement LTE RAT.

[0005] A base station used by a RAN may correspond to
that RAN. One example of an E-UTRAN base station is an
Evolved Universal Terrestrial Radio Access Network
(E-UTRAN) Node B (also commonly denoted as evolved
Node B, enhanced Node B, eNodeB, or eNB). One example
of an NG-RAN base station is a next generation Node B
(also sometimes referred to as a or g Node B or gNB).
[0006] A RAN provides its communication services with
external entities through its connection to a core network
(CN). For example, E-UTRAN may utilize an Evolved
Packet Core (EPC), while NG-RAN may utilize a 5G Core
Network (5GC).

[0007] Frequency bands for 5G NR may be separated into
two or more different frequency ranges. For example, Fre-
quency Range 1 (FR1) may include frequency bands oper-
ating in sub-6 GHz frequencies, some of which are bands
that may be used by previous standards, and may potentially
be extended to cover new spectrum offerings from 410 MHz
to 7125 MHz. Frequency Range 2 (FR2) may include
frequency bands from 24.25 GHz to 52.6 GHz. Bands in the
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millimeter wave (mm Wave) range of FR2 may have smaller
coverage but potentially higher available bandwidth than
bands in the FRI1. Skilled persons will recognize these
frequency ranges, which are provided by way of example,
may change from time to time or from region to region.

SUMMARY

[0008] Embodiments relate to devices, apparatuses, and
methods for enhanced PHR reporting in support of UE
antenna scaling.

[0009] According to the techniques described herein, a
wireless device operating in NR FR2 may perform antenna
scaling by activating/deactivating at least one of a plurality
of antenna elements (with corresponding RF chains) of one
or more antenna arrays of the wireless device to reduce
power consumption. The wireless device may generate a
power headroom (PHR) report based at least on a difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling. Then, the wireless
device may send the PHR report to a base station in
communication with the wireless device.

[0010] Thus, the techniques described herein may be used
to provide enhanced PHR reporting in support of UE
antenna scaling and improve system performance, at least
according to some embodiments.

[0011] The techniques described herein may be imple-
mented in and/or used with a number of different types of
devices, including but not limited to cellular phones, tablet
computers, wearable computing devices, portable media
players, and any of various other computing devices.

[0012] This Summary is intended to provide a brief over-
view of some of the subject matter described in this docu-
ment. Accordingly, it will be appreciated that the above-
described features are merely examples and should not be
construed to narrow the scope or spirit of the subject matter
described herein in any way. Other features, aspects, and
advantages of the subject matter described herein will
become apparent from the following Detailed Description,
Figures, and Claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0013] To easily identify the discussion of any particular
element or act, the most significant digit or digits in a
reference number refer to the figure number in which that
element is first introduced.

[0014] FIG. 1 illustrates an example architecture of a
wireless communication system, according to embodiments
disclosed herein.

[0015] FIG. 2 illustrates a system for performing signaling
between a wireless device and a network device, according
to embodiments disclosed herein.

[0016] FIG. 3 is a flowchart diagram illustrating an
example method for enhanced PHR reporting in support of
UE antenna scaling, according to some embodiments dis-
closed herein.

[0017] FIG. 4 is a flowchart diagram illustrating an
example method for enhanced PHR reporting in support of
UE antenna scaling, according to some embodiments dis-
closed herein.
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[0018] FIGS. 5-7 are flowchart diagrams illustrating
example methods for enhanced PHR reporting in support of
UE antenna scaling, according to some embodiments dis-
closed herein.

DETAILED DESCRIPTION

[0019] Various embodiments are described with regard to
a UE. However, reference to a UE is merely provided for
illustrative purposes. The example embodiments may be
utilized with any electronic component that may establish a
connection to a network and is configured with the hard-
ware, software, and/or firmware to exchange information
and data with the network. Therefore, the UE as described
herein is used to represent any appropriate electronic com-
ponent.

[0020] FIG. 1 illustrates an example architecture of a
wireless communication system 100, according to embodi-
ments disclosed herein. The following description is pro-
vided for an example wireless communication system 100
that operates in conjunction with the LTE system standards
and/or 5G or NR system standards as provided by 3GPP
technical specifications.

[0021] As shown by FIG. 1, the wireless communication
system 100 includes UE 102 and UE 104 (although any
number of UEs may be used). In this example, the UE 102
and the UE 104 are illustrated as smartphones (e.g., hand-
held touchscreen mobile computing devices connectable to
one or more cellular networks), but may also comprise any
mobile or non-mobile computing device configured for
wireless communication.

[0022] The UE 102 and UE 104 may be configured to
communicatively couple with a RAN 106. In embodiments,
the RAN 106 may be NG-RAN, E-UTRAN, etc. The UE
102 and UE 104 utilize connections (or channels) (shown as
connection 108 and connection 110, respectively) with the
RAN 106, each of which comprises a physical communi-
cations interface. The RAN 106 can include one or more
base stations, such as base station 112 and base station 114,
that enable the connection 108 and connection 110.

[0023] Inthis example, the connection 108 and connection
110 are air interfaces to enable such communicative cou-
pling, and may be consistent with RAT(s) used by the RAN
106, such as, for example, an LTE and/or NR.

[0024] In some embodiments, the UE 102 and UE 104
may also directly exchange communication data via a side-
link interface 116. The UE 104 is shown to be configured to
access an access point (shown as AP 118) via connection
120. By way of example, the connection 120 can comprise
a local wireless connection, such as a connection consistent
with any IEEE 802.11 protocol, wherein the AP 118 may
comprise a Wi-FiR router. In this example, the AP 118 may
be connected to another network (for example, the Internet)
without going through a CN 124.

[0025] In embodiments, the UE 102 and UE 104 can be
configured to communicate using orthogonal frequency
division multiplexing (OFDM) communication signals with
each other or with the base station 112 and/or the base
station 114 over a multicarrier communication channel in
accordance with various communication techniques, such
as, but not limited to, an orthogonal frequency division
multiple access (OFDMA) communication technique (e.g.,
for downlink communications) or a single carrier frequency
division multiple access (SC-FDMA) communication tech-
nique (e.g., for uplink and ProSe or sidelink communica-
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tions), although the scope of the embodiments is not limited
in this respect. The OFDM signals can comprise a plurality
of orthogonal subcarriers.

[0026] In some embodiments, all or parts of the base
station 112 or base station 114 may be implemented as one
or more software entities running on server computers as
part of a virtual network. In addition, or in other embodi-
ments, the base station 112 or base station 114 may be
configured to communicate with one another via interface
122. In embodiments where the wireless communication
system 100 is an LTE system (e.g., when the CN 124 is an
EPC), the interface 122 may be an X2 interface. The X2
interface may be defined between two or more base stations
(e.g., two or more eNBs and the like) that connect to an EPC,
and/or between two eNBs connecting to the EPC. In
embodiments where the wireless communication system
100 is an NR system (e.g., when CN 124 is a 5GC), the
interface 122 may be an Xn interface. The Xn interface is
defined between two or more base stations (e.g., two or more
gNBs and the like) that connect to 5GC, between a base
station 112 (e.g., a gNB) connecting to 5GC and an eNB,
and/or between two eNBs connecting to 5GC (e.g., CN 124).
[0027] The RAN 106 is shown to be communicatively
coupled to the CN 124. The CN 124 may comprise one or
more network elements 126, which are configured to offer
various data and telecommunications services to customers/
subscribers (e.g., users of UE 102 and UE 104) who are
connected to the CN 124 via the RAN 106. The components
of the CN 124 may be implemented in one physical device
or separate physical devices including components to read
and execute instructions from a machine-readable or com-
puter-readable medium (e.g., a non-transitory machine-read-
able storage medium).

[0028] In embodiments, the CN 124 may be an EPC, and
the RAN 106 may be connected with the CN 124 via an S1
interface 128. In embodiments, the S1 interface 128 may be
split into two parts, an S1 user plane (S1-U) interface, which
carries traffic data between the base station 112 or base
station 114 and a serving gateway (S-GW), and the S1-MME
interface, which is a signaling interface between the base
station 112 or base station 114 and mobility management
entities (MMEs).

[0029] In embodiments, the CN 124 may be a 5GC, and
the RAN 106 may be connected with the CN 124 via an NG
interface 128. In embodiments, the NG interface 128 may be
split into two parts, an NG user plane (NG-U) interface,
which carries traffic data between the base station 112 or
base station 114 and a user plane function (UPF), and the S1
control plane (NG-C) interface, which is a signaling inter-
face between the base station 112 or base station 114 and
access and mobility management functions (AMFs).
[0030] Generally, an application server 130 may be an
element offering applications that use internet protocol (IP)
bearer resources with the CN 124 (e.g., packet switched data
services). The application server 130 can also be configured
to support one or more communication services (e.g., VoIP
sessions, group communication sessions, etc.) for the UE
102 and UE 104 via the CN 124. The application server 130
may communicate with the CN 124 through an IP commu-
nications interface 132.

[0031] FIG. 2 illustrates a system 200 for performing
signaling 234 between a wireless device 202 and a network
device 218, according to embodiments disclosed herein. The
system 200 may be a portion of a wireless communications
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system as herein described. The wireless device 202 may be,
for example, a UE of a wireless communication system. The
network device 218 may be, for example, a base station
(e.g., an eNB or a gNB) of a wireless communication
system.

[0032] The wireless device 202 may include one or more
processor(s) 204. The processor(s) 204 may execute instruc-
tions such that various operations of the wireless device 202
are performed, as described herein. The processor(s) 204
may include one or more baseband processors implemented
using, for example, a central processing unit (CPU), a digital
signal processor (DSP), an application specific integrated
circuit (ASIC), a controller, a field programmable gate array
(FPGA) device, another hardware device, a firmware device,
or any combination thereof configured to perform the opera-
tions described herein.

[0033] The wireless device 202 may include a memory
206. The memory 206 may be a non-transitory computer-
readable storage medium that stores instructions 208 (which
may include, for example, the instructions being executed by
the processor(s) 204). The instructions 208 may also be
referred to as program code or a computer program. The
memory 206 may also store data used by, and results
computed by, the processor(s) 204.

[0034] The wireless device 202 may include one or more
transceiver(s) 210 that may include radio frequency (RF)
transmitter and/or receiver circuitry that use the antenna(s)
212 of the wireless device 202 to facilitate signaling (e.g.,
the signaling 234) to and/or from the wireless device 202
with other devices (e.g., the network device 218) according
to corresponding RATs.

[0035] The wireless device 202 may include one or more
antenna(s) 212 (e.g., one, two, four, or more). For embodi-
ments with multiple antenna(s) 212, the wireless device 202
may leverage the spatial diversity of such multiple antenna
(s) 212 to send and/or receive multiple different data streams
on the same time and frequency resources. This behavior
may be referred to as, for example, multiple input multiple
output (MIMO) behavior (referring to the multiple antennas
used at each of a transmitting device and a receiving device
that enable this aspect). MIMO transmissions by the wire-
less device 202 may be accomplished according to precod-
ing (or digital beamforming) that is applied at the wireless
device 202 that multiplexes the data streams across the
antenna(s) 212 according to known or assumed channel
characteristics such that each data stream is received with an
appropriate signal strength relative to other streams and at a
desired location in the spatial domain (e.g., the location of
a receiver associated with that data stream). Certain embodi-
ments may use single user MIMO (SU-MIMO) methods
(where the data streams are all directed to a single receiver)
and/or multi user MIMO (MU-MIMO) methods (where
individual data streams may be directed to individual (dif-
ferent) receivers in different locations in the spatial domain).
[0036] In certain embodiments having multiple antennas,
the wireless device 202 may implement analog beamform-
ing techniques, whereby phases of the signals sent by the
antenna(s) 212 are relatively adjusted such that the (joint)
transmission of the antenna(s) 212 can be directed (this is
sometimes referred to as beam steering).

[0037] The wireless device 202 may include one or more
interface(s) 214. The interface(s) 214 may be used to pro-
vide input to or output from the wireless device 202. For
example, a wireless device 202 that is a UE may include
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interface(s) 214 such as microphones, speakers, a touch-
screen, buttons, and the like in order to allow for input
and/or output to the UE by a user of the UE. Other interfaces
of such a UE may be made up of made up of transmitters,
receivers, and other circuitry (e.g., other than the transceiver
(s) 210/antenna(s) 212 already described) that allow for
communication between the UE and other devices and may
operate according to known protocols (e.g., Wi-FiR, Blu-
etooth®, and the like).

[0038] The network device 218 may include one or more
processor(s) 220. The processor(s) 220 may execute instruc-
tions such that various operations of the network device 218
are performed, as described herein. The processor(s) 204
may include one or more baseband processors implemented
using, for example, a CPU, a DSP, an ASIC, a controller, an
FPGA device, another hardware device, a firmware device,
or any combination thereof configured to perform the opera-
tions described herein.

[0039] The network device 218 may include a memory
222. The memory 222 may be a non-transitory computer-
readable storage medium that stores instructions 224 (which
may include, for example, the instructions being executed by
the processor(s) 220). The instructions 224 may also be
referred to as program code or a computer program. The
memory 222 may also store data used by, and results
computed by, the processor(s) 220.

[0040] The network device 218 may include one or more
transceiver(s) 226 that may include RF transmitter and/or
receiver circuitry that use the antenna(s) 228 of the network
device 218 to facilitate signaling (e.g., the signaling 234) to
and/or from the network device 218 with other devices (e.g.,
the wireless device 202) according to corresponding RATs.
[0041] The network device 218 may include one or more
antenna(s) 228 (e.g., one, two, four, or more). In embodi-
ments having multiple antenna(s) 228, the network device
218 may perform MIMO, digital beamforming, analog
beamforming, beam steering, etc., as has been described.
[0042] The network device 218 may include one or more
interface(s) 230. The interface(s) 230 may be used to pro-
vide input to or output from the network device 218. For
example, a network device 218 that is a base station may
include interface(s) 230 made up of transmitters, receivers,
and other circuitry (e.g., other than the transceiver(s) 226/
antenna(s) 228 already described) that enables the base
station to communicate with other equipment in a core
network, and/or that enables the base station to communi-
cate with external networks, computers, databases, and the
like for purposes of operations, administration, and mainte-
nance of the base station or other equipment operably
connected thereto.

[0043] A UE configured to operate under NR FR2 may
generally be equipped with multiple antenna arrays, and
each antenna array may comprise a plurality of antenna
elements that may be spatially arranged and electrically
interconnected to produce a directional radiation pattern.
The antenna elements may be used to perform beamforming
to compensate for large pathloss in FR2. In order to save
power, the UE may deactivate (e.g., power off) some of its
antenna elements (and also deactivate the corresponding
Tx/Rx (Transmit/Receive) chains driving the antenna ele-
ments) when, for example, one of the following events
occurs: when the pathloss between the UE and the base
station is relatively small (e.g., when UE is at cell center), or
when the UE does not have much uplink (UL) traffic to
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transmit. Accordingly, the UE may need to activate (e.g.,
power on) more antenna elements (and also deactivate the
corresponding Tx/Rx (Transmit/Receive) chains driving the
antenna elements) when, for example, one of the following
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figured with values between 0 and 1000 ms. The information
element PHR-Config in 3GPP TS 38.331 V16.5.0, “Radio
Resource Control (RRC) protocol specification (Release
16)”, is shown as follows:

PHR-Config ::=

phr-PeriodicTimer

infinity},
phr-ProhibitTimer
sf1000},

phr-Tx-PowerFactorChange

multiplePHR
dummy

phr-Type2OtherCell
phr-ModeOtherCG

ey

[t

mpe-Reporting-FR2-r16
-- NEED M

OPTIONAL
1l

SEQUENCE {
ENUMERATED {sf10, sf20, sf50, sf100, sf200, sf500, sf1000,

ENUMERATED {sf0, sf10, sf20, sf50, sf100,s£200, sf500,

ENUMERATED {dB1, dB3, dB6, infinity},
BOOLEAN,

BOOLEAN,

BOOLEAN,

ENUMERATED ({real, virtual},

SetupRelease { MPE-Config-FR2-r16 }

events occurs: when the pathloss of between the UE and the
base station becomes relatively large (e.g., when the UE
moves to cell edge), or when the UE has much UL traffic to
transmit. Thus, the UE can perform antenna scaling by
activating or deactivating at least one of the plurality of
antenna elements of one or more antennas of at least one
antenna of the UE.

[0044] When a UE scales its antenna elements in the UL,
it may be beneficial to inform the network of the antenna
scaling, e.g., via Power Headroom (PHR) reporting, in a
timely manner. If the network does not receive information
on the antenna scaling in time, the network would rely on
previous PHR report before receiving the updated PHR
report from the UE and there may be an information
mismatch between the base station and the UE, which may
lead to performance degradation. For example, when a UE
scales down its antenna elements and the base station does
not receive any information regarding the scaling, the base
station may still assume the UE can transmit at a higher
power and thus schedule higher Modulation and Coding
Scheme (MCS) and large Resource Block (RB) allocation
for the next Physical Uplink Shared Channel (PUSCH)
transmission of the UE, and the PUSCH transmission may
fail, e.g., due to low Signal to Noise Ratio (SNR). As another
example, when a UE scales up and the base station does not
receive any information regarding the scaling, the base
station may not schedule high enough MCS or large enough
RB allocation for the next PUSCH transmission of the UE,
and thus the transmit power of the UE is underutilized and
the throughput is lower than it should be.

[0045] In current NR PHR reporting, the information
element PHR-Config is used to configure parameters for
PHR reporting, and PHR reporting will only be triggered
when certain conditions are met, such as when a periodic
timer, called phr-Periodic Timer, expires, or when a prohibit
timer for prohibiting PHR reporting, called phr-Prohibit-
Timer, expires or has expired and the path loss has changed
more than phr-Tx-PowerFactorChange dB since the last
transmission of a PHR. Phr-PeriodicTimer, phr-Prohibit-
Timer, and phr-Tx-PowerFactorChange are configurable
parameters in the information element PHR-Config. The
phr-PeriodicTimer can be configured with values between
10 ms and infinity, and the phr-ProhibitTimer can be con-

[0046] Inthe current PHR reporting scheme, depending on
the chosen values of these two timers, there may be a
significant delay in informing the base station, and hence
performance may get degraded. In addition, under such
reporting scheme, PHR reporting may not be triggered for
certain antenna scaling scenarios, e.g., a UE scales down its
antenna elements due to not having much UL traffic to
transmit, but the pathloss between the base station and the
UE has not changed substantially since there is no signifi-
cant change in the location of the UE. Thus, devices,
apparatuses, and methods for enhanced PHR reporting in
support of UE antenna scaling are required.

[0047] With reference now to FIG. 3, FIG. 3 is a flowchart
diagram illustrating an example method 300 for enhanced
PHR reporting in support of UE antenna scaling, according
to some embodiments disclosed herein. The example
method 300 may be implemented, for example, by a wireless
device, such as the wireless device 202 in FIG. 2 or the UE
102 and UE 104 in FIG. 1. In various embodiments, some
of the elements of the methods shown may be performed
concurrently, in a different order than shown, may be sub-
stituted for by other method elements, or may be omitted.
Additional elements may also be performed as desired. As
shown, the method of FIG. 3 may operate as follows.
[0048] As shown at 310, the method 300 may include
performing antenna scaling. The wireless device may com-
prise at least one antenna array each comprising a plurality
of antenna elements, and the antenna scaling may be per-
formed by activating or deactivating at least one of the
plurality of antenna elements of one or more antenna arrays
of the wireless device. As discussed above, the wireless
device may scale up or down its antenna elements due to
various reasons, which are not limited herein. The wireless
device may derive a beamforming gain before the antenna
scaling and a beamforming gain after the antenna scaling
based on its configurations for the antenna elements (such as
patterns, orientations, and polarizations of the antenna ele-
ments).

[0049] As shown at 320, the method 300 may include
generating a PHR report based at least on a difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling. The PHR report may
indicate a PHR value that represents a difference between
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the maximum UE transmit power and the calculated UE
transmit power. For example, the PHR may be encoded in 6
bits with a reporting range from —23 dB to +40 dB in steps
of 1 dB. In some embodiments, the power headroom may be
given by the following equation as an example:

Power Headroom = M®
Peprax — {PO,PUSCH + 1010g10(2# M) +a-PL+A+ f}

[0050] The maximum per-carrier transmit power for car-
rier ¢ is denoted as Py, Po puscy represents the PUSCH
power that the base station expects to receive, PL represents
path loss in the downlink, a is a compensation factor for the
path loss, p is subcarrier spacing configuration, M is the
bandwidth of the PUSCH resource assignment expressed in
number of resource blocks, A captures the required adjust-
ment based on MCS, and f is the PUSCH power control
adjustment state. It should be noted that the PHR value may
be calculated in any appropriate way, which is not limited
herein. According to some embodiments, the PHR value
may be generated by taking measured path loss subtracted
by the difference between beamforming gains obtained after
the antenna scaling and before the antenna scaling as current
path loss. For example, in the above equation (1), PL is
replaced with PL-G,,,, and G, represents the difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling. For example, if the
beamforming gain after the antenna scaling is 3 dB greater
than the beamforming gain before the antenna scaling, the
estimated path loss will be reduced by 3 dB. In this way, the
updated path loss may effectively reflect the beamforming
gain difference.

[0051] According to some embodiments, as long as
antenna scaling is performed, the wireless device may
generate the PHR report directly, no matter whether trigger-
ing conditions of PHR reporting are met (e.g., whether a
phr-PeriodicTimer expires, or whether phr-ProhibitTimer
expires or has expired and the path loss has changed more
than phr-Tx-PowerFactorChange dB since the last transmis-
sion of a PHR). According to some embodiments, the
method 300 may further comprise determining whether a
triggering condition of PHR reporting is met, and the PHR
report is generated in response to determining that the
triggering condition of PHR reporting is met. By employing
appropriate triggering conditions of PHR reporting, a
tradeoff between network performance and communication
overhead may be achieved.

[0052] According to some embodiments, determining
whether the triggering condition of PHR reporting is met
may further comprise: determining whether the difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling exceeds a threshold.
For example, the threshold may include a phr-Tx-Power-
FactorChange parameter as discussed above, or any other
pre-defined threshold that is predetermined (e.g., hard coded
in a specification) or configured by a base station through
signaling (e.g., through an information element). The PHR
report due to antenna scaling may be generated in response
to determining that the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds the threshold. In some embodi-
ments, in response to determining that the difference
between beamforming gains obtained after the antenna
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scaling and before the antenna scaling does not exceed the
threshold, PHR reporting may follow conventional rules,
e.g., PHR report may still be generated if phr-PeriodicTimer
expires, or if phr-ProhibitTimer expires or has expired and
the path loss has changed more than phr-Tx-PowerFactor-
Change dB since the last transmission of a PHR. In some
embodiments, in response to determining that the difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling does not exceed the
threshold, the PHR report may not be generated. In this way,
antenna scaling that may affect the UL transmission to a
certain extent will be notified to the base station, while
antenna scaling that has little or small impact on the UL
transmission will not be notified to the base station.

[0053] According to some embodiments, determining
whether the triggering condition of PHR reporting is met
may further comprise: determining whether the difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling exceeds a first thresh-
old; and determining whether the difference between beam-
forming gains obtained after the antenna scaling and before
the antenna scaling exceeds a second threshold such as
phr-Tx-PowerFactorChange, in response to determining that
the difference between beamforming gains obtained after the
antenna scaling and before the antenna scaling exceeds the
first threshold. The PHR report may be generated in
response to determining that the difference between beam-
forming gains obtained after the antenna scaling and before
the antenna scaling exceeds the second threshold. According
to some embodiments, the first threshold may be predeter-
mined (e.g., hard coded in a specification) or configured by
a base station (e.g.. through an information element).
According to some embodiments, the second threshold is a
phr-Tx-PowerFactorChange parameter. In some embodi-
ments, the first threshold is smaller than the second thresh-
old. For example, the first threshold may be 3 dB and the
second threshold may be 6 dB. The dual threshold method
may provide more flexibility in managing the PHR report-
ing.

[0054] According to some embodiments, determining
whether the triggering condition of PHR reporting is met
may further comprise: determining whether the difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling exceeds a threshold
and a prohibit timer for prohibiting PHR reporting (e.g.,
phr-ProhibitTimer) expires or has expired. The PHR report
may be generated in response to determining that the dif-
ference between beamforming gains obtained after the
antenna scaling and before the antenna scaling exceeds the
threshold and the prohibit timer for prohibiting PHR report-
ing (e.g., phr-ProhibitTimer) expires or has expired. For
example, the threshold may include a phr-Tx-PowerFactor-
Change parameter as discussed above. In some embodi-
ments, the PHR report may not be generated in response to
determining that the difference between beamforming gains
obtained after the antenna scaling and before the antenna
scaling does not exceed the threshold or the prohibit timer
for prohibiting PHR reporting (e.g., phr-ProhibitTimer) has
not expired yet.

[0055] According to some embodiments, the method 300
further comprises receiving a message indicating whether
enhanced PHR reporting is enabled from the base station.
For example, the message may be received before step 320
or before step 310. When the message indicates that the
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enhanced PHR reporting is enabled, the wireless device may
implement the method for enhanced PHR reporting accord-
ing to embodiments of the disclosure (e.g., the method
shown in FIGS. 3-7) and the PHR report may be generated
directly or in response to determining that the triggering
condition of PHR reporting is met after antenna scaling.
However, when the message indicates that the enhanced
PHR reporting is disabled, the wireless device may not
implement the method for enhanced PHR reporting accord-
ing to embodiments of the disclosure and follow conven-
tional rules for PHR reporting, e.g., PHR report may be
generated if phr-Periodic Timer expires, or if phr-Prohibit-
Timer expires or has expired and the path loss has changed
more than phr-Tx-PowerFactorChange dB since the last
transmission of a PHR. The message may be broadcast to all
wireless devices in a cell of a base station, or may be sent
to each wireless device separately. By sending the message
indicating whether enhanced PHR reporting is enabled, the
base station may be able to enable or disable the enhanced
PHR reporting as needed.

[0056] As shown at 330, the method 300 may include
sending the PHR report to a base station in communication
with the wireless device. The base station may schedule
MCS and RB allocation based on the PHR report received
from the wireless device. In some embodiments, the wireless
device may restart phr-ProhibitTimer and/or phr-Periodic-
Timer after sending the PHR report.

[0057] With reference now to FIG. 4, FIG. 4 is a flowchart
diagram illustrating an example method 400 for enhanced
PHR reporting in support of UE antenna scaling, according
to some embodiments disclosed herein. A UE 420, such as
the wireless device 202 that is a UE in FIG. 2 or the UE 102
and UE 104 in FIG. 1, and a base station 440, such as the
network device 218 that is a base station in FIG. 2 or the
base station 112 and the base station 114 in FIG. 1, are
involved in the example method 400. In various embodi-
ments, some of the elements of the methods shown may be
performed concurrently, in a different order than shown,
may be substituted for by other method elements, or may be
omitted. Additional elements may also be performed as
desired. As shown, the method of FIG. 4 may operate as
follows.

[0058] At 402, the base station 440 may send a message
indicating whether enhanced PHR reporting is enabled to the
UE 420. It should be noted that step 402 is optional, and the
base station 440 may not send such message in some
embodiments. According to some embodiments, the
enhanced PHR reporting by the UE 420 is always enabled.
[0059] At 404, the UE 420 may perform antenna scaling
by activating or deactivating at least one of the plurality of
antenna elements of one or more antennas of at least one
antenna of the UE 420.

[0060] At 406, the UE 420 may determine whether the
triggering condition of PHR reporting is met. According to
some embodiments, determining whether the triggering con-
dition of PHR reporting is met may include, for example,
determining whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a threshold, or determining whether
the difference between beamforming gains obtained after the
antenna scaling and before the antenna scaling exceeds a
threshold and a prohibit timer for prohibiting PHR reporting
expires or has expired. According to some embodiments,
determining whether the triggering condition of PHR report-
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ing is met may further comprise: determining whether the
difference between beamforming gains obtained after the
antenna scaling and before the antenna scaling exceeds a
first threshold; and determining whether the difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling exceeds a second
threshold, in response to determining that the difference
between beamforming gains obtained after the antenna
scaling and before the antenna scaling exceeds the first
threshold. The triggering condition of PHR reporting has
been described above with respect to FIG. 3, and the
description thereof will not be repeated here for simplicity.
It should be noted that step 406 is optional, and the UE 420
may not determine whether the triggering condition of PHR
reporting is met and instead generate and send a PHR report
immediately after antenna scaling, in some embodiments.
[0061] At 408, the UE 420 may generate a PHR report, in
response to determining that the triggering condition of PHR
reporting is met and when the message received from the
base station 440 (if available) indicates that the enhanced
PHR reporting is enabled. The generation of a PHR report
has been described above with respect to FIG. 3, and the
description thereof will not be repeated here for simplicity.
[0062] At 410, the UE 420 may send the PHR report to the
base station 440.

[0063] FIG. 5 is a flowchart diagram illustrating an
example method 500 for enhanced PHR reporting in support
of UE antenna scaling, according to some embodiments
disclosed herein. The example method 500 may be imple-
mented, for example, by a wireless device, such as the
wireless device 202 in FIG. 2 or the UE 102 and UE 104 in
FIG. 1. In various embodiments, some of the elements of the
methods shown may be performed concurrently, in a differ-
ent order than shown, may be substituted for by other
method elements, or may be omitted. Additional elements
may also be performed as desired. As shown, the method of
FIG. 5 may operate as follows.

[0064] The method 500 may start at 510.

[0065] As shown at 520, the method 500 may include
performing antenna scaling by activating or deactivating at
least one of the plurality of antenna elements of one or more
antenna arrays of the wireless device.

[0066] As shown at 530, the method 500 may include
determining whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a threshold. For example, the
threshold may include a phr-Tx-PowerFactorChange param-
eter as discussed above, or any other pre-defined threshold
that is predetermined (e.g., hard coded in a specification) or
configured by a base station (e.g., through an information
element). If yes, the method 500 may proceed to 540, where
a PHR report may be generated. Then at 550, the PHR report
may be sent to a base station in communication with the
wireless device.

[0067] If it is determined that the difference between
beamforming gains obtained after the antenna scaling and
before the antenna scaling does not exceed the threshold at
530, the method 500 may return to the beginning and wait
for the next antenna scaling, for example.

[0068] According to some embodiments, the method 500
may further comprise receiving a message indicating
whether enhanced PHR reporting is enabled from the base
station. Such message may be received at any time, e.g.,
before step 520 or between steps 520 and 530. The PHR
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report may be generated at 540 further in response to the
message indicating that the enhanced PHR reporting is
enabled.

[0069] FIG. 6 is a flowchart diagram illustrating an
example method 600 for enhanced PHR reporting in support
of UE antenna scaling, according to some embodiments
disclosed herein. The example method 600 may be imple-
mented, for example, by a wireless device, such as the
wireless device 202 in FIG. 2 or the UE 102 and UE 104 in
FIG. 1. In various embodiments, some of the elements of the
methods shown may be performed concurrently, in a differ-
ent order than shown, may be substituted for by other
method elements, or may be omitted. Additional elements
may also be performed as desired. As shown, the method of
FIG. 6 may operate as follows.

[0070] The method 600 may start at 610.

[0071] As shown at 620, the method 600 may include
performing antenna scaling by activating or deactivating at
least one of the plurality of antenna elements of one or more
antenna arrays of the wireless device.

[0072] As shown at 630, the method 600 may include
determining whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a first threshold. According to some
embodiments, the first threshold may be predetermined (e.g.,
hard coded in a specification) or configured by a base station
(e.g., through an information element). If yes, the method
600 may proceed to 640; otherwise, the method 600 may
return to the beginning and wait for the next antenna scaling,
for example.

[0073] As shown at 640, the method 600 may include
determining whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a second threshold. According to
some embodiments, the second threshold is a phr-Tx-Pow-
erFactorChange parameter. In some embodiments, the first
threshold is smaller than the second threshold. If the differ-
ence between beamforming gains obtained after the antenna
scaling and before the antenna scaling exceeds the second
threshold, the method 600 may proceed to 650 where a PHR
report may be generated. Then at 660, the PHR report may
be sent to a base station in communication with the wireless
device.

[0074] If it is determined that the difference between
beamforming gains obtained after the antenna scaling and
before the antenna scaling does not exceed the second
threshold at 640, the method 600 may return to the begin-
ning and wait for the next antenna scaling, for example.
[0075] According to some embodiments, the method 600
may further comprise receiving a message indicating
whether enhanced PHR reporting is enabled from the base
station. Such message may be received at any time, e.g.,
before step 620 or between steps 640 and 650. The PHR
report may be generated at 650 further in response to the
message indicating that the enhanced PHR reporting is
enabled.

[0076] FIG. 7 is a flowchart diagram illustrating an
example method 700 for enhanced PHR reporting in support
of UE antenna scaling, according to some embodiments
disclosed herein. The example method 700 may be imple-
mented, for example, by a wireless device, such as the
wireless device 202 in FIG. 2 or the UE 102 and UE 104 in
FIG. 1. In various embodiments, some of the elements of the
methods shown may be performed concurrently, in a differ-

Jul. 11, 2024

ent order than shown, may be substituted for by other
method elements, or may be omitted. Additional elements
may also be performed as desired. As shown, the method of
FIG. 7 may operate as follows.

[0077] The method 700 may start at 710.

[0078] As shown at 720, the method 700 may include
performing antenna scaling by activating or deactivating at
least one of the plurality of antenna elements of one or more
antennas of the wireless device.

[0079] As shown at 730, the method 700 may include
determining whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a threshold and a prohibit timer for
prohibiting PHR reporting (e.g., phr-ProhibitTimer) expires
or has expired. For example, the threshold may include a
phr-Tx-PowerFactorChange parameter as discussed above.
If yes, the method 700 may proceed to 740, where a PHR
report may be generated; otherwise, the method 500 may
return to the beginning and wait for the next antenna scaling,
for example. At 750, the PHR report may be sent to a base
station in communication with the wireless device.

[0080] According to some embodiments, the method 700
may further comprise receiving a message indicating
whether enhanced PHR reporting is enabled from the base
station. Such message may be received at any time, e.g.,
before step 720 or between steps 720 and 730. The PHR
report may be generated at 740 further in response to the
message indicating that the enhanced PHR reporting is
enabled.

[0081] Embodiments contemplated herein include an
apparatus comprising means to perform one or more ele-
ments of the method 300, 500, 600 or 700. This apparatus
may be, for example, an apparatus of a UE (such as a
wireless device 202 that is a UE, as described herein).
[0082] Embodiments contemplated herein include one or
more non-transitory computer-readable media comprising
instructions to cause an electronic device, upon execution of
the instructions by one or more processors of the electronic
device, to perform one or more elements of the method 300,
500, 600 or 700. This non-transitory computer-readable
media may be, for example, a memory of a UE (such as a
memory 206 of a wireless device 202 that is a UE, as
described herein).

[0083] Embodiments contemplated herein include an
apparatus comprising logic, modules, or circuitry to perform
one or more elements of the method 300, 500, 600 or 700.
This apparatus may be, for example, an apparatus of a UE
(such as a wireless device 202 that is a UE, as described
herein).

[0084] Embodiments contemplated herein include an
apparatus comprising: one or more processors and one or
more computer-readable media comprising instructions that,
when executed by the one or more processors, cause the one
or more processors to perform one or more elements of the
method 300, 500, 600 or 700. This apparatus may be, for
example, an apparatus of a UE (such as a wireless device
202 that is a UE, as described herein).

[0085] Embodiments contemplated herein include a signal
as described in or related to one or more elements of the
method 300, 500, 600 or 700.

[0086] Embodiments contemplated herein include a com-
puter program or computer program product comprising
instructions, wherein execution of the program by a proces-
sor is to cause the processor to carry out one or more
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elements of the method 300, 500, 600 or 700. The processor
may be a processor of a UE (such as a processor(s) 204 of
a wireless device 202 that is a UE, as described herein).
These instructions may be, for example, located in the
processor and/or on a memory of the UE (such as a memory
206 of a wireless device 202 that is a UE, as described
herein).

[0087] For one or more embodiments, at least one of the
components set forth in one or more of the preceding figures
may be configured to perform one or more operations,
techniques, processes, and/or methods as set forth herein.
For example, a baseband processor as described herein in
connection with one or more of the preceding figures may be
configured to operate in accordance with one or more of the
examples set forth herein. For another example, circuitry
associated with a UE, base station, network element, etc. as
described above in connection with one or more of the
preceding figures may be configured to operate in accor-
dance with one or more of the examples set forth herein.
[0088] Any of the above described embodiments may be
combined with any other embodiment (or combination of
embodiments), unless explicitly stated otherwise. The fore-
going description of one or more implementations provides
illustration and description, but is not intended to be exhaus-
tive or to limit the scope of embodiments to the precise form
disclosed. Modifications and variations are possible in light
of the above teachings or may be acquired from practice of
various embodiments.

[0089] Embodiments and implementations of the systems
and methods described herein may include various opera-
tions, which may be embodied in machine-executable
instructions to be executed by a computer system. A com-
puter system may include one or more general-purpose or
special-purpose computers (or other electronic devices). The
computer system may include hardware components that
include specific logic for performing the operations or may
include a combination of hardware, software, and/or firm-
ware.

[0090] It should be recognized that the systems described
herein include descriptions of specific embodiments. These
embodiments can be combined into single systems, partially
combined into other systems, split into multiple systems or
divided or combined in other ways. In addition, it is con-
templated that parameters, attributes, aspects, etc. of one
embodiment can be used in another embodiment. The
parameters, attributes, aspects, etc. are merely described in
one or more embodiments for clarity, and it is recognized
that the parameters, attributes, aspects, etc. can be combined
with or substituted for parameters, attributes, aspects, etc. of
another embodiment unless specifically disclaimed herein.
[0091] It is well understood that the use of personally
identifiable information should follow privacy policies and
practices that are generally recognized as meeting or exceed-
ing industry or governmental requirements for maintaining
the privacy of users. In particular, personally identifiable
information data should be managed and handled so as to
minimize risks of unintentional or unauthorized access or
use, and the nature of authorized use should be clearly
indicated to users.

[0092] Although the foregoing has been described in some
detail for purposes of clarity, it will be apparent that certain
changes and modifications may be made without departing
from the principles thereof. It should be noted that there are
many alternative ways of implementing both the processes
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and apparatuses described herein. Accordingly, the present
embodiments are to be considered illustrative and not
restrictive, and the description is not to be limited to the
details given herein, but may be modified within the scope
and equivalents of the appended claims.

1. A wireless device, comprising:

at least one antenna array, wherein each of the at least one
antenna array comprises a plurality of antenna ele-
ments;

at least one radio coupled to the at least one antenna

element; and

one or more processors coupled to the at least one radio;

wherein the wireless device is configured to:

perform antenna scaling by activating or deactivating at
least one of the plurality of antenna elements of one
or more antenna arrays of the at least one antenna
array;

generate a power headroom (PHR) report based at least
on a difference between beamforming gains obtained
after the antenna scaling and before the antenna
scaling; and

send the PHR report to a base station in communication
with the wireless device.

2. The wireless device of claim 1, wherein the wireless
device is further configured to:

determine whether a triggering condition of PHR report-

ing is met, and

wherein the PHR report is generated in response to

determining that the triggering condition of PHR
reporting is met.

3. The wireless device of claim 2, wherein, to determine
whether the triggering condition of PHR reporting is met,
the wireless device is further configured to:

determine whether the difference between beamforming

gains obtained after the antenna scaling and before the
antenna scaling exceeds a threshold.
4. The wireless device of claim 2, wherein, to determine
whether the triggering condition of PHR reporting is met,
the wireless device is further configured to:
determine whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a first threshold; and

determine whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a second threshold, in response
to determining that the difference between beamform-
ing gains obtained after the antenna scaling and before
the antenna scaling exceeds the first threshold.

5. The wireless device of claim 4, wherein the first
threshold is predetermined or configured by the base station
through signaling.

6. The wireless device of claim 4, wherein the second
threshold is a phr-Tx-PowerFactorChange parameter.

7. The wireless device of claim 1, wherein the wireless
device is further configured to:

receive a message indicating whether enhanced PHR

reporting is enabled from the base station, and
wherein the PHR report is generated, when the message
indicates that the enhanced PHR reporting is enabled.

8. (canceled)

9. The wireless device of claim 1, wherein the PHR report
comprises a PHR value that is generated by taking measured
path loss subtracted by the difference between beamforming



US 2024/0236872 Al

gains obtained after the antenna scaling and before the
antenna scaling as current path loss.

10. An apparatus, comprising:

a processer configured to cause a wireless device, which
comprises at least one antenna array each comprising a
plurality of antenna elements, to:

perform antenna scaling by activating or deactivating at
least one of the plurality of antenna elements of one or
more antenna arrays of the at least one antenna array;

generate a power headroom (PHR) report based at least on
a difference between beamforming gains obtained after
the antenna scaling and before the antenna scaling; and

send the PHR report to a base station in communication
with the wireless device.

11. The apparatus of claim 10, wherein the processor is

further configured to cause the wireless device to:
determine whether a triggering condition of PHR report-
ing is met, and

wherein the PHR report is generated in response to
determining that the triggering condition of PHR
reporting is met.

12. The apparatus of claim 11, wherein, to determine
whether the triggering condition of PHR reporting is met,
the processor is further configured to cause the wireless
device to:

determine whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a threshold.

13. The apparatus of claim 11, wherein, to determine
whether the triggering condition of PHR reporting is met,
the processor is further configured to cause the wireless
device to:

determine whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a first threshold; and

determine whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a second threshold, in response
to determining that the difference between beamform-
ing gains obtained after the antenna scaling and before
the antenna scaling exceeds the first threshold.

14. The apparatus of claim 13, wherein the first threshold
is predetermined or configured by the base station through
signaling.

15. The apparatus of claim 13, wherein the second thresh-
old is a phr-Tx-PowerFactorChange parameter.

16. The apparatus of claim 10, wherein the processor is
further configured to cause the wireless device to:
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receive a message indicating whether enhanced PHR
reporting is enabled from the base station, and

wherein the PHR report is generated, when the message
indicates that the enhanced PHR reporting is enabled.

17. (canceled)

18. The apparatus of claim 10, wherein the PHR report
comprises a PHR value that is generated by taking measured
path loss subtracted by the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling as current path loss.

19. A method, comprising:

by a wireless device, which comprises at least one antenna

array each comprising a plurality of antenna elements:

performing antenna scaling by activating or deactivat-
ing at least one of the plurality of antenna elements
of one or more antenna arrays of the at least one
antenna array,

generating a power headroom (PHR) report based at
least on a difference between beamforming gains
obtained after the antenna scaling and before the
antenna scaling; and

sending the PHR report to a base station in communi-
cation with the wireless device.

20. The method of claim 19, further comprising:

determining whether a triggering condition of PHR

reporting is met, and

wherein the PHR report is generated in response to

determining that the triggering condition of PHR
reporting is met.

21. The method of claim 20, wherein determining whether
the triggering condition of PHR reporting is met further
comprises:

determining whether the difference between beamforming

gains obtained after the antenna scaling and before the
antenna scaling exceeds a threshold.
22. The method of claim 20, wherein determining whether
the triggering condition of PHR reporting is met further
comprises:
determining whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a first threshold; and

determining whether the difference between beamforming
gains obtained after the antenna scaling and before the
antenna scaling exceeds a second threshold, in response
to determining that the difference between beamform-
ing gains obtained after the antenna scaling and before
the antenna scaling exceeds the first threshold.

23-29. (canceled)



