US 20210211996A1

a2y Patent Application Publication o) Pub. No.: US 2021/0211996 A1

a9y United States

LIN et al.

43) Pub. Date: Jul. 8, 2021

(54) METHOD AND APPARATUS FOR
TRIGGERING POWER HEADROOM
REPORT FOR BEAM OPERATION IN A
WIRELESS COMMUNICATION SYSTEM

(71) Applicant: ASUSTek Computer Inc., Taipei City
112 (TW)

(72) Inventors: Keo-Chiang LIN, Taipei City 112 (TW);
Yu-Hsuan GUQ, Taipei City 112 (TW);
Ming-Che LI, Taipei City 112 (TW)

(21) Appl. No.: 17/206,055
(22) Filed: Mar. 18, 2021

Related U.S. Application Data

(63) Continuation of application No. 15/807,165, filed on
Nov. 8, 2017, now Pat. No. 10,993,192.

(60) Provisional application No. 62/419,101, filed on Nov.

8, 2016.
Publication Classification

(51) Inmt. Cl

HO04W 52/36 (2006.01)

HO4W 52/42 (2006.01)

HO4W 52/24 (2006.01)
(52) US. CL

CPC ...... HO04W 52/365 (2013.01); HO4W 52/242

(2013.01); HO4W 52/42 (2013.01)

57 ABSTRACT

Methods and apparatuses for triggering a power headroom
report for beam operation in a wireless communication
system are disclosed herein. In one method, a user equip-
ment (UE) uses multiple beams for transmission. The
UEtriggers a power headroom report due to a change of a
pathloss being larger than a threshold, wherein the pathloss
is associated with a specific beam or a set of beams.
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EUTRA Class | Tolerance | Class | Tolerance | Class | Tolerance | Class | Tolerance
band 1 (dB) 2 {dB) 3 {dB) 4 (dB)
{dBm) {dBm) (dBm) (dBm)
1 23 +2
2 23 +22
3 23 22
4 23 +2
5 23 2
6 23 2
7 23 +22
8 23 22
9 23 2
10 23 +2
11 23 +2
12 23 +2°
13 23 2
14 31 +2/-3 23 +2
17 23 +2
18 23 +25
19 23 2
20 23 22
21 23 +2
22 23 +2/-3.5°
23 238 28
24 23 +2
25 23 +2°
26 23 +22
27 23 2
28 23 +2/-2.5
30 23 2
31 23 +2
33 23 +2
34 23 +2
35 23 12

FIG. 11 (PRIOR ART)
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36 23 2
37 23 2
38 23 2
39 23 2
40 23 2
41 23 +22
42 23 +2/-3
43 23 +2/-3
44 23 +2/[-3]
45 23 2
47 23 +2
65 23 2
66 23 *2
68 23 *2
70 23 +2

. NOTE 1: Void

NOTE 2: 2 refers to the transmission bandwidths (Figure 5.6-1) confined
within FuL_ow and Fue_ow + 4 MHz of Fut_nigh — 4 MHz and Fut_nigh, the maximum
output power requirement is relaxed by reducing the lower tolerance limit by 1.5

NOTE 3: For the UE which supports both Band 11 and Band 21 operating
frequencies, the tolerance is FFS.

NOTE 4: Prowerciass is the maximum UE power specified without taking into
account the tolerance

NOTE 5: For a UE that supports both Band 18 and Band 26, the maximum
output power requirement is relaxed by reducing the lower tolerance limit by 1.5
dB for transmission bandwidths confined within 815 MHz and 818 MHz.

NOTE 6: When NS_20 is signalled, the total output power within 2000-2005
MMz shall be limited {o 7 dBm.

FIG. 11 (CONTD.)
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Modulatio | Channel bandwidth / Transmission bandwidth MPR
n (Nrs) (dB)

1.4 3.0 5 10 15 20
MHz MHz MH MHz MHz MHz

QPSK >5 >4 >8 > 12 > 16 > 18 <1

16 QAM <5 <4 <8 <12 <16 <18 <1

16 QAM >5 >4 >8 >12 > 16 > 18 <2

64 QAM <5 <4 <8 s12 <16 <18 <2

64 QAM >5 >4 >8 >12 > 16 > 18 <3

FIG. 12 (PRIOR ART)
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Network Requirements E-UTRA Band Channel Resources A-MPR (dB}
Signalling (subclause) bandwidth | Blocks (Nrs)
value (MHz)
NS_01 6.6.2.1.1 Tale 551 | 3510 | Table 561 N/A
3 >5 <1
5 >6 <1
2, 4,10, 23, 25,
NS_03 6.6.2.2.1 35. 36, 66, 70 10 >6 <1
15 >8 <1
20 >10 <1
6.6.2.2.2,
NS_04 663319 41 5,10, 15,20 Table 6.2.4-4
2 50
1 10,15,20 (NOTEH) <1 (NOTE1)
NS_05 6.6.3.3.1 15, 20 Table 6.2.4-18 (NOTE2)
10,15,20 = 50 <1 (NOTE 1)
65 (NOTE 3)
15,20 Table 6.2.4-18 (NOTE 2)
NS_06 6.6.2.2.3 12,13, 14,17 1.4,3,5,10 Table 5.6-1 N/A
6.6.2.2.3
NS_07 13 10 Table 6.2.4-2
6.6.3.3.2
NS_08 6.6.3.3.3 19 10, 15 > 44 <3
> 40 <1
NS 09 6.6.3.3.4 21 10, 15
> 55 <2
NS_10 20 15, 20 Table 6.2.4-3
6.6.2.2.1 1.4,3,5, 10,
NS_11 663313 23 15 20 Table 6.2.4-5

FIG. 13 (PRIOR ART)
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NS_12 6.6.3.3.5 26 14, 31’55’ 10, Table 6.2.4-8
NS_13 6.8.3.3.6 26 5 Table 6.2.4-7
NS_14 6.6.3.3.7 26 10,15 Table 6.2.4-8
Table 6.2.4-9
NS_15 6.6.3.3.8 26 435,10
Table 6.2.4-10
Table 6.2.4-11, Table 6.2.4-12,
NS_16 6.6.3.3.9 27 3,5,10 Table 6.2.4-13
NS_17 6.6.3.3.10 28 5,10 Table 5.6-1 N/A
5 22 <1
NS_18 6.6.3.3.11 28
10, 15, 20 R <4
NS_19 6.6.3.3.12 44 10, 15, 20 Table 6.2.4-14
6.2.2
NS_20 6.6.2.2.1 23 5,10, 15, 20 Table 6.2.4-15
6.6.3.3.14
NS_21 6.6.2.2.1 30 5,10 Table 6.2.4-16
6.6.3.3.15
NS_22 8.6.3.3.16 42,43 5, 10, 15, 20 Table 6.2.4-17
NS 23 6.6.3.3.17 42, 43 5, 10, 15, 20 N/A
NS 24 6.6.3.3.20 85 (NOTE 4) 5,10, 15, 20 Table 6.2.4-19
N&_25 6.6.3.3.21 65 (NOTE 4) 5, 10,15, 20 Table 6.2.4-20
NS_26 6.6.3.3.22 68 5.10, 15 Table 6.2.4-21
NS_32 - - - - -
1. NOTE 1Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth freq
NOTEZ as the emissions requirement in 6.6.3.3.1 may not be met. For 10MHz
channel bandwidth whose carrier frequency is larger than or equal 1o 1945 MHz or 15
MHz channel bandwidth whose carrier frequency is larger than or equal to 1947.5
MHz, no A-MPR applies.
2. NOTE 2 Applicable when carnrier frequency is 1932.5 MHz for 15MHz channel bandwidth or
1930 MHz for 20MHz channel bandwidth case.
3. NOTE 3: Applicable when the E-UTRA carrier is within 1920-1880 MHz.
4. NOTE 4: Applicable when the upper edge of the channel bandwidth frequency is greater
than 1980MHz.

FIG. 13 (CONT'D.)
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Pemax Tolerance Tolerance
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METHOD AND APPARATUS FOR
TRIGGERING POWER HEADROOM
REPORT FOR BEAM OPERATION IN A
WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 15/807,165, filed Nov. 8, 2017,
which claims the benefit of U.S. Provisional Patent Appli-
cation Ser. No. 62/419,101 filed on Nov. 8, 2016, the entire
disclosures of both of the foregoing applications are incor-
porated herein in their entirety by reference.

FIELD

[0002] This disclosure generally relates to wireless com-
munication networks, and more particularly, to a method and
apparatus for triggering a power headroom report for beam
operation in a wireless communication system.

BACKGROUND

[0003] With the rapid rise in demand for communication
of large amounts of data to and from mobile communication
devices, traditional mobile voice communication networks
are evolving into networks that communicate with Internet
Protocol (IP) data packets. Such IP data packet communi-
cation can provide users of mobile communication devices
with voice over IP, multimedia, multicast and on-demand
communication services.

[0004] An exemplary network structure is an Evolved
Universal Terrestrial Radio Access Network (E-UTRAN).
The E-UTRAN system can provide high data throughput in
order to realize the above-noted voice over IP and multi-
media services. A new radio technology for the next gen-
eration (e.g., 5G) is currently being discussed by the 3GPP
standards organization. Accordingly, changes to the current
body of 3GPP standard are currently being submitted and
considered to evolve and finalize the 3GPP standard.

SUMMARY

[0005] Methods and apparatuses for triggering a power
headroom report for beam operation in a wireless commu-
nication system are disclosed herein. In one method, a user
equipment (UE) uses multiple beams for transmission. The
UE triggers a power headroom report due to a change of a
pathloss being larger than a threshold, wherein the pathloss
is associated with a specific beam or a set of beams.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows a diagram of a wireless communi-
cation system according to one exemplary embodiment.
[0007] FIG. 2 is a block diagram of a transmitter system
(also known as access network) and a receiver system (also
known as user equipment or UE) according to one exem-
plary embodiment.

[0008] FIG. 3 is a functional block diagram of a commu-
nication system according to one exemplary embodiment.
[0009] FIG. 4 is a functional block diagram of the program
code of FIG. 3 according to one exemplary embodiment.
[0010] FIG. 5A is an example of digital beamforming.
[0011] FIG. 5B is an example of analogue beamforming.

Jul. 8, 2021

[0012] FIG. 5C is an example of hybrid beamforming,
fully connected.

[0013] FIG. 5D is an example of hybrid beamforming,
sub-array.
[0014] FIG. 6 is a reproduction of Table 5.1.1.1-1 from

3GPP TS 36.213 v14.0.0 illustrating K., ;o for TDD
configuration 0-6.

[0015] FIG. 7 is a reproduction of Table 5.1.1.1-2 from
3GPP TS 36.213 v14.0.0 providing the mapping of TPC
Command Field in DCI format 0/3/4/6-0A to absolute and
accumulated 0p7/5cp7, Values.

[0016] FIG. 8 is a reproduction of Table 5.1.1.1-3 from
3GPP TS 36.213 v14.0.0 providing the mapping of TPC
Command Field in DCI format 3A to accumulated 8,757,
values.

[0017] FIG. 9 is a reproduction of Table 5.1.2.1-1 from
3GPP TS 36.213 v14.0.0 providing mapping of TPC Com-
mand Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D3/2/3/
6-1A 10 35,0y Values.

[0018] FIG. 10 is a reproduction of Table 5.1.2.1-2 from
3GPP TS 36.213 v14.0.0 providing mapping of TPC Com-
mand Field in DCI format 3A t0 8,z Values.

[0019] FIG. 11 is a reproduction of Table 6.2.2-1 from
3GPP TS 36.101 v14.1.0 providing UE power class.
[0020] FIG. 12 is a reproduction of Table 6.2.3-1 from
3GPP TS 36. 101 v14.1.0 providing Maximum Power
Reduction (MPR) for Power Class 1 and 3.

[0021] FIG. 13 is a reproduction of Table 6.2.4-1 from
3GPP TS 36. 101 v14.1.0 providing Additional Maximum
Power Reduction (A-MPR).

[0022] FIG. 14 is a reproduction of Table 6.2.5-1 from
3GPP T8 36. 101 v14.1.0 providing P, tolerance.
[0023] FIG. 15 is a reproduction of Table 6.2.5-1A from
3GPP TS 36. 101 v14.1.0 providing P, tolerance for
power class 5.

[0024] FIG. 16 is a reproduction of Table 6.2.5A-1 from
3GPP TS 36. 101 v14.1.0 providing P, tolerance for
uplink inter-band CA (two bands).

[0025] FIG. 17 is a reproduction of Table 6.2.5A-2 from
3GPP T8 36. 101 v14.1.0 providing P, tolerance.
[0026] FIG. 18 is a reproduction of Table 6.2.5B-1 from
3GPP TS 36. 101 v14.1.0 providing Py, tolerance in
closed-loop spatial multiplexing scheme.

[0027] FIG. 19 is a reproduction of FIG. 6.1.3.6-1 from
3GPP TS 36.321v14.0.0 illustrating a PHR MAC control
element.

[0028] FIG. 20 is a reproduction of Table 6.1.3.6-1 from
3GPP TS 36.321 v14.0.0 providing Power Headroom levels
for PHR.

[0029] FIG. 21 is a reproduction of FIG. 6.1.3.6a-2 from
3GPP TS 36.321 v14.0.0 illustrating Extended PHR MAC
Control Element.

[0030] FIG. 22 is a reproduction of FIG. 6.1.3.6al1-3 from
3GPP TS 36.321 v14.0.0 illustrating Extended PHR MAC
Control Element supporting PUCCH on SCell.

[0031] FIG. 23 is a reproduction of FIG. 6.1.3.6a2-4 from
3GPP TS 36.321 v14.0.0 illustrating Extended PHR MAC
Control Element supporting 32 serving cells with configured
uplink.

[0032] FIG. 24 is a reproduction of FIG. 6.1.3.6a3-5 from
3GPP TS 36.321 v14.0.0 illustrating Extended PHR MAC
Control Element supporting 32 serving cells with configured
uplink and PUCCH on SCell.
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[0033] FIG. 25 is a reproduction of Table 6.1.3.6a-1 from
3GPP TS 36.321 v14.0.0 providing Nominal UE transmit
power level for Extended PHR and for Dual Connectivity
PHR.

[0034] FIG. 26 is a flow diagram for one exemplary
embodiment from the perspective of a user equipment (UE).
[0035] FIG. 27 is a flow diagram for another exemplary
embodiment from the perspective of a UE.

[0036] FIG. 28 is a flow diagram for another exemplary
embodiment from the perspective of a UE.

[0037] FIG. 29 is a flow diagram for another exemplary
embodiment from the perspective of a UE.

[0038] FIG. 30 is a flow diagram for another exemplary
embodiment from the perspective of a UE.

DETAILED DESCRIPTION

[0039] The exemplary wireless communication systems
and devices described below employ a wireless communi-
cation system, supporting a broadcast service. Wireless
communication systems are widely deployed to provide
various types of communication such as voice, data, and so
on. These systems may be based on code division multiple
access (CDMA), time division multiple access (TDMA),
orthogonal frequency division multiple access (OFDMA),
3GPP LTE (Long Term Evolution) wireless access, 3GPP
LTE-Aor LTE-Advanced (Long Term Evolution Advanced),
3GPP2 UMB (Ultra Mobile Broadband), WiMax, or some
other modulation techniques.

[0040] In particular, the exemplary wireless communica-
tion systems devices described below may be designed to
support one or more standards such as the standard offered
by a consortium named “3rd Generation Partnership Proj-
ect” referred to herein as 3GPP, including: R2-162366,
“Beam Forming Impacts”; R2-163716, “Discussion on ter-
minology of beamforming based high frequency NR”;
R2-162709, “Beam support in NR”; R2-162762, “Active
Mode Mobility in NR: SINR drops in higher frequencies™;
TS 36.213 v14.0.0, “E-UTRA Physical layer procedures
(Release 14)”; TS 36.101 v14.1.0, “E-UTRA User Equip-
ment (UE) radio transmission and reception (Release 14)”;
and TS 36.321 v14.0.0, “E-UTRA Medium Access Control
(MAC) protocol specification (Release 14)”. The standards
and documents listed above are hereby expressly incorpo-
rated by reference in their entirety.

[0041] FIG. 1 shows a multiple access wireless commu-
nication system according to one embodiment of the inven-
tion. An access network 100 (AN) includes multiple antenna
groups, one including 104 and 106, another including 108
and 110, and an additional including 112 and 114. In FIG. 1,
only two antennas are shown for each antenna group,
however, more or fewer antennas may be utilized for each
antenna group. Access terminal 116 (AT) is in communica-
tion with antennas 112 and 114, where antennas 112 and 114
transmit information to access terminal 116 over forward
link 120 and receive information from access terminal 116
over reverse link 118. Access terminal (AT) 122 is in
communication with antennas 106 and 108, where antennas
106 and 108 transmit information to access terminal (AT)
122 over forward link 126 and receive information from
access terminal (AT) 122 over reverse link 124. In a FDD
system, communication links 118, 120, 124 and 126 may use
different frequency for communication. For example, for-
ward link 120 may use a different frequency then that used
by reverse link 118.
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[0042] Each group of antennas and/or the area in which
they are designed to communicate is often referred to as a
sector of the access network. In the embodiment, antenna
groups each are designed to communicate to access termi-
nals in a sector of the areas covered by access network 100.
[0043] In communication over forward links 120 and 126,
the transmitting antennas of access network 100 may utilize
beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 116 and 122.
Also, an access network using beamforming to transmit to
access terminals scattered randomly through its coverage
causes less interference to access terminals in neighboring
cells than an access network transmitting through a single
antenna to all its access terminals.

[0044] An access network (AN) may be a fixed station or
base station used for communicating with the terminals and
may also be referred to as an access point, a Node B, a base
station, an enhanced base station, an evolved Node B (eNB),
or some other terminology. An access terminal (AT) may
also be called user equipment (UE), a wireless communi-
cation device, terminal, access terminal or some other ter-
minology.

[0045] FIG. 2 is a simplified block diagram of an embodi-
ment of a transmitter system 210 (also known as the access
network) and a receiver system 250 (also known as access
terminal (AT) or user equipment (UE) in a MIMO system
200. At the transmitter system 210, traffic data for a number
of data streams is provided from a data source 212 to a
transmit (TX) data processor 214.

[0046] Inone embodiment, each data stream is transmitted
over a respective transmit antenna. TX data processor 214
formats, codes, and interleaves the traffic data for each data
stream based on a particular coding scheme selected for that
data stream to provide coded data.

[0047] The coded data for each data stream may be
multiplexed with pilot data using OFDM techniques. The
pilot data is typically a known data pattern that is processed
in a known manner and may be used at the receiver system
to estimate the channel response. The multiplexed pilot and
coded data for each data stream is then modulated (i.e.,
symbol mapped) based on a particular modulation scheme
(e.g., BPSK, QPSK, M-PSK, or M-QAM) selected for that
data stream to provide modulation symbols. The data rate,
coding, and modulation for each data stream may be deter-
mined by instructions performed by processor 230.

[0048] The modulation symbols for all data streams are
then provided to a TX MIMO processor 220, which may
further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 220 then provides N, modulation
symbol streams to N transmitters (TMTR) 2224 through
222¢. In certain embodiments, TX MIMO processor 220
applies beamforming weights to the symbols of the data
streams and to the antenna from which the symbol is being
transmitted.

[0049] Each transmitter 222 receives and processes a
respective symbol stream to provide one or more analog
signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. N, modu-
lated signals from transmitters 222a through 222¢ are then
transmitted from N, antennas 224a through 224z, respec-
tively.

[0050] At receiver system 250, the transmitted modulated
signals are received by N antennas 2524 through 2527 and
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the received signal from each antenna 252 is provided to a
respective receiver (RCVR) 2544 through 254r. Each
receiver 254 conditions (e.g., filters, amplifies, and down-
converts) a respective received signal, digitizes the condi-
tioned signal to provide samples, and further processes the
samples to provide a corresponding “received” symbol
stream.

[0051] An RX data processor 260 then receives and pro-
cesses the N received symbol streams from Ny receivers
254 based on a particular receiver processing technique to
provide N “detected” symbol streams. The RX data proces-
sor 260 then demodulates, deinterleaves, and decodes each
detected symbol stream to recover the traffic data for the data
stream. The processing by RX data processor 260 is comple-
mentary to that performed by TX MIMO processor 220 and
TX data processor 214 at transmitter system 210.

[0052] A processor 270 periodically determines which
pre-coding matrix to use (discussed below). Processor 270
formulates a reverse link message comprising a matrix index
portion and a rank value portion.

[0053] The reverse link message may comprise various
types of information regarding the communication link
and/or the received data stream. The reverse link message is
then processed by a TX data processor 238, which also
receives traffic data for a number of data streams from a data
source 236, modulated by a modulator 280, conditioned by
transmitters 254a through 2547, and transmitted back to
transmitter system 210.

[0054] At transmitter system 210, the modulated signals
from receiver system 250 are received by antennas 224,
conditioned by receivers 222, demodulated by a demodula-
tor 240, and processed by a RX data processor 242 to extract
the reserve link message transmitted by the receiver system
250. Processor 230 then determines which pre-coding
matrix to use for determining the beamforming weights then
processes the extracted message.

[0055] Turning to FIG. 3, this figure shows an alternative
simplified functional block diagram of a communication
device according to one embodiment of the invention. As
shown in FIG. 3, the communication device 300 in a
wireless communication system can be utilized for realizing
the UEs (or ATs) 116 and 122 in FIG. 1 or the base station
(or AN) 100 in FIG. 1, and the wireless communications
system is preferably the LTE system. The communication
device 300 may include an input device 302, an output
device 304, a control circuit 306, a central processing unit
(CPU) 308, a memory 310, a program code 312, and a
transceiver 314. The control circuit 306 executes the pro-
gram code 312 in the memory 310 through the CPU 308,
thereby controlling an operation of the communications
device 300. The communications device 300 can receive
signals input by a user through the input device 302, such as
a keyboard or keypad, and can output images and sounds
through the output device 304, such as a monitor or speak-
ers. The transceiver 314 is used to receive and transmit
wireless signals, delivering received signals to the control
circuit 306, and outputting signals generated by the control
circuit 306 wirelessly. The communication device 300 in a
wireless communication system can also be utilized for
realizing the AN 100 in FIG. 1.

[0056] FIG. 4 is a simplified block diagram of the program
code 312 shown in FIG. 3 in accordance with one embodi-
ment of the invention. In this embodiment, the program code
312 includes an application layer 400, a Layer 3 portion 402,
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and a Layer 2 portion 404, and is coupled to a Layer 1
portion 406. The Layer 3 portion 402 generally performs
radio resource control. The Layer 2 portion 404 generally
performs link control. The Layer 1 portion 406 generally
performs physical connections.

[0057] As described in 3GPP R2-162366, in lower fre-
quency bands (e.g., current LTE bands <6 GHz), the
required cell coverage may be provided by forming a wide
sector beam for transmitting downlink common channels.
However, utilizing wide sector beam on higher frequencies
(>>6 GHz) the cell coverage is reduced with same antenna
gain. Thus, in order to provide required cell coverage on
higher frequency bands, higher antenna gain is needed to
compensate for the increased path loss. To increase the
antenna gain over a wide sector beam, larger antenna arrays
(number of antenna elements ranging from tens to hundreds)
are used to form high gain beams.

[0058] As a consequence, the high gain beams are narrow
compared to a wide sector beam so multiple beams for
transmitting downlink common channels are needed to
cover the required cell area. The number of concurrent high
gain beams that an access point is able to form may be
limited by the cost and complexity of the utilized transceiver
architecture. In practice, on higher frequencies, the number
of concurrent high gain beams is much less than the total
number of beams required to cover the cell area. In other
words, the access point is able to cover only part of the cell
area by using a subset of beams at any given time.

[0059] As described in 3GPP R2-163716, beamforming is
a signal processing technique used in antenna arrays for
directional signal transmission/reception. With beamform-
ing, a beam can be formed by combining elements in a
phased array of antennas in such a way that certain signals
at particular angles experience constructive interference
while other signals experience destructive interference. Dif-
ferent beams can be utilized simultaneously using multiple
arrays of antennas.

[0060] Beamforming can be categorized into three types
of implementations: digital beamforming, hybrid beam-
forming, and analog beamforming as shown in FIGS.
5A-5D. For digital beamforming, the beam is generated on
the digital domain, i.e. the weighting of each antenna
element can be controlled by a baseband (e.g., connected to
a transceiver unit (I XRU)). Therefore, it is very easy to tune
the beam direction of each sub-band differently across the
system bandwidth. Also, changing beam direction from time
to time does not require any switching time between
orthogonal frequency division multiplexing (OFDM) sym-
bols. All beams whose directions cover the whole coverage
can be generated simultaneously. However, this structure
requires (almost) one-to-one mapping between TXRU
(transceiver/RF chain) and antenna element and is quite
complicated as the number of antenna element increases and
system bandwidth increases (also heat problem exists). For
analog beamforming, the beam is generated on the analog
domain. That is, the weighting of each antenna element can
be controlled by an amplitude/phase shifter in the radiofre-
quency (RF) circuit. Since the weighting is purely controlled
by the circuit, the same beam direction would apply on the
whole system bandwidth. Also, if beam direction is to be
changed, switching time is required. The number of beams
generated simultaneous by an analog beamforming depends
on the number of TXRU. For a given size of an array, the
increase of TXRU may decrease the antenna element of each
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beam so that a wider beam would be generated. In sum,
analog beamforming could avoid the complexity and heat
problem of digital beamforming even though analog beam-
forming is more restricted in operation. Hybrid beamform-
ing can be considered as a compromise between analog and
digital beamforming as the beam can come from both analog
and digital domain.

[0061] In 3GPP R2-162709, an evolved Node B (eNB)
may have multiple transmission/reception points (TRPs)
that are either centralized or distributed. Each TRP can form
multiple beams. The number of beams and the number of
simultaneous beams in the time/frequency domain depend
on the number of antenna array elements and the RF at the
TRP.

[0062] The potential mobility type for a New Radio (NR)
can be listed as follows: intra-TRP mobility; inter-TRP
mobility; and inter-NR eNB mobility.

[0063] In 3GPP R2-162762, the reliability of a system
purely relying on beamforming and operating in higher
frequencies might be challenging because coverage may be
more sensitive to both time and space variations. As a
consequence, the Signal to Interference Plus Noise Ratio
(SINR) of a narrow link can drop much quicker than in the
case of Long Term Evolution (LTE).

[0064] Using antenna arrays at access nodes with the
number of elements in the hundreds, a fairly regular grid-
of-beams coverage pattern with tens or hundreds of candi-
date beams per node may be created. The coverage area of
an individual beam from such array may be small, down to
the order of tens of meters in width. As a consequence,
channel quality degradation outside the current serving
beam area is quicker than in the case of wide area coverage,
as provided by LTE.

[0065] With the support of beam operation and TRP, a cell
may have multiple choices to schedule a UE. For example,
there may be multiple beams from a TRP transmitting the
same data to the UE, which can provide more reliability for
the transmission. Alternatively, multiple beams from mul-
tiple TRPs may transmit the same data to the UE. To increase
the throughput, it is also possible for a single TRP to transmit
different data on different beams for the UE. Also, multiple
TRPs can transmit different data on different beams to the
UE.

[0066] To maintain the balance between the UL transmis-
sion performance, UE power consumption, and interference
mitigation, UE transmission power needs to be properly
controlled. The power may be controlled by some open loop
parameter, e.g., the required received power or the pathloss
between the UE and the base station. The power may also be
controlled based on some close loop parameter, e.g., the
power control command sent from the base station to the
UE. Additional details are disclosed in 3GPP TS 36.213
v14.0.0 as quoted below:

5 Power Control

[0067] Downlink power control determines the Energy
Per Resource Element (EPRE). The term resource element
energy denotes the energy prior to CP insertion. The term
resource element energy also denotes the average energy
taken over all constellation points for the modulation
scheme applied. Uplink power control determines the aver-
age power over a SC-FDMA symbol in which the physical
channel is transmitted.
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5.1 Uplink Power Control

[0068] Uplink power control controls the transmit power
of the different uplink physical channels.

[0069] Ifa UE is configured with a LAA SCell for uplink
transmissions, the UE shall apply the procedures described
for PUSCH and SRS in this clause assuming frame structure
type 1 for the LAA SCell unless stated otherwise.

[0070] For PUSCH, the transmit power f’PUSCH’C(i)
defined in subclause 5.1.1, is first scaled by the ratio of the
number of antennas ports with a non-zero PUSCH trans-
mission to the number of configured antenna ports for the
transmission scheme. The resulting scaled power is then
split equally across the antenna ports on which the non-zero
PUSCH is transmitted.

[0071] For PUCCH or SRS, the transmit power f’PUCCH
(1), defined in subclause 5.1.1.1, or f’SRS,C(i) is split equally
across the configured antenna ports for PUCCH or SRS.
P 5,.(1) is the linear value of Py, (i) defined in subclause
5.13.

[0072] A cell wide overload indicator (OI) and a High
Interference Indicator (HII) to control UL interference are
defined in [9].

[0073] For a serving cell with frame structure type 1, a UE
is not expected to be configured with UplinkPowerContr-
olDedicated-v12x0.

5.1.1 Physical Uplink Shared Channel

[0074] If the UE is configured with a SCG, the UE shall
apply the procedures described in this clause for both MCG
and SCG

[0075] When the procedures are applied for MCG, the
terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’,
‘serving cells’ in this clause refer to secondary cell,
secondary cells, serving cell, serving cells belonging to
the MCG respectively.

[0076] When the procedures are applied for SCG, the
terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’,
‘serving cells’ in this clause refer to secondary cell,
secondary cells (not including PSCell), serving cell,
serving cells belonging to the SCG respectively. The
term ‘primary cell’ in this clause refers to the PSCell of
the SCG.

[0077] If the UE is configured with a PUCCH-SCell, the
UE shall apply the procedures described in this clause for
both primary PUCCH group and secondary PUCCH group

[0078] When the procedures are applied for primary
PUCCH group, the terms ‘secondary cell’, ‘secondary
cells’, ‘serving cell’, ‘serving cells’ in this clause refer
to secondary cell, secondary cells, serving cell, serving
cells belonging to the primary PUCCH group respec-
tively.

[0079] When the procedures are applied for secondary
PUCCH group, the terms ‘secondary cell’, ‘secondary
cells’, ‘serving cell’, ‘serving cells’ in this clause refer
to secondary cell, secondary cells, serving cell, serving
cells belonging to the secondary PUCCH group respec-
tively.

5.1.1.1 UE Behaviour

[0080] The setting of the UE Transmit power for a Physi-
cal Uplink Shared Channel (PUSCH) transmission is
defined as follows.
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[0081] Ifthe UE transmits PUSCH without a simultaneous
PUCCH for the serving cell ¢, then the UE transmit power
Pruscr, (i) for PUSCH transmission in subframe i for the
serving cell ¢ is given by

Ppysch ¢ (i) = min

{ Pemax (D, }
101ogo(Mpycn (D)) + Po_puscae()) + @c()) - PLe + Agp o (D) + fo(D)

[dBrm]

[0082] If the UE transmits PUSCH simultaneous with
PUCCH for the serving cell ¢, then the UE transmit power
Pruscr, (i) for the PUSCH transmission in subframe i for
the serving cell ¢ is given by

Ppysch ¢ (i) = min

{ 10 IOglo(i)CMAX,c(i) - i)PUCCH(i))a }
101log, o (Mpuscu,o(D) + Po_pusch,o(J) + () - PLe + Agp () + fo(i)

[dBrm]

[0083] If the UE is not transmitting PUSCH for the
serving cell ¢, for the accumulation of TPC command
received with DCI format 3/3A for PUSCH, the UE shall
assume that the UE transmit power Pp;gep (i) for the
PUSCH transmission in subframe i for the serving cell ¢ is
computed by
P PUSCH,c(i):miH{P CMAX,c(i)aP o,PUSCH,c(l)"'ac(l)
-PL+f,())} [dBm]

where,

[0084] Piy.yx (i) is the configured UE transmit power
defined in [6] in subframe i for serving cell ¢ and
Pearax, (1) is the linear value of Peyyyy (i). I the UE
transmits PUCCH without PUSCH in subframe i for
the serving cell c, for the accumulation of TPC com-
mand received with DCI format 3/3A for PUSCH, the
UE shall assume P, (i) as given by subclause
5.1.2.1. If the UE does not transmit PUCCH and
PUSCH in subframe i for the serving cell ¢, for the
accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall compute P,
(1) assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB
and AT ~0 dB, where MPR, A-MPR, P-MPR and AT
are defined in [6].

[0085] Prrccr(i) is the linear value of Pppccp(i)
defined in subclause 5.1.2.1

[0086] My sz (i) is the bandwidth of the PUSCH
resource assignment expressed in number of resource
blocks valid for subframe i and serving cell c.

[0087] If the UE is configured with higher layer param-
eter UplinkPowerControlDedicated-v12x0 for serving
cell ¢ and if subframe i belongs to uplink power control
subframe set 2 as indicated by the higher layer param-
eter tpc-SubframeSet-r12,

[0088] when j=0. P, puscrd0) Po v ruscae:
(0+Ps vormvar puscere2(0), where j=0 is used for
PUSCH (re)transmissions corresponding to a semi-

persistent grant. PinEipUSCH,C,z(O) and Py yors
~ar_puscH.e2(0) are the parameters p0-UE-PUSCH-

Jul. 8, 2021

Persistent-SubframeSet2-r12 and
p0-NominalPUSCH-Persistent-SubframeSet2-r12
respectively provided by higher layers, for each
serving cell c.

[0089] when j=1. Po puscar ) Po_vr ruscre.
(D+Po_voranar_ruscrren (1), where j=1 is used for
PUSCH (re)transmissions corresponding to a
dynamic scheduled grant. P, 1z prscs.-(1) and
Po voranvar puscee2(1) are the parameters p0-UE-
PUSCH-SubframeSet2-r12  and  pO-Nominal-
PUSCH-SubframeSet2-r12 respectively, provided
by higher layers for serving cell c.

[0090] when j=2, PO?PUSCH,C(z):POﬁUEﬁPUSCH,c(z)+
PO?NOMINAL?PUSCH,C(z) where PO?UE?PUSCH,C(z):O

and POﬁNOMINAL?PUSCH,c(z)zpofPRE."'.APREA}\/.IBLEf
Msg3 Where the parameter preamblelnitialReceived-

TargetPower [8] (Po_prz) a0d Aprrinsmrr arses 8T€
signalled from higher layers for serving cell ¢, where
j=2 is used for PUSCH (re)transmissions corre-
sponding to the random access response grant.

[0091] Otherwise
[0092] P, puses(j) is a parameter composed of the

sum of a component Po yorgnaz_puscrr, i) Pro-
vided from higher layers for j=0 and 1 and a com-
ponent Py, 1z prscr(j) provided by higher layers
for j=0 and 1 for serving cell c. For PUSCH (re)
transmissions corresponding to a semi-persistent
grant then j=0, for PUSCH (re)transmissions corre-
sponding to a dynamic scheduled grant then j=1 and
for PUSCH (re)transmissions corresponding to the
random access response grant then j=2. Py, 1z pus
ca(2)=0 and Py yormvar_ruscrn 2 Po_rret
AprEamBrE asgs» Where the parameter preamblelni-
tialReceivedTargetPower  [8] (P, prr)  and
AprEamBrE asgs are signalled from higher layers for
serving cell c.

[0093] If the UE is configured with higher layer param-
eter UplinkPowerControlDedicated-v12x0 for serving
cell ¢ and if subframe i belongs to uplink power control
subframe set 2 as indicated by the higher layer param-
eter tpc-SubframeSet-r12,

[0094] Forj=0or 1, ()= ,E£{0, 0.4, 0.5,0.6,0.7,
08, 09, 1}. a,_, is the parameter alpha-Subframe-
Set2-r12 provided by higher layers for each serving
cell c.

[0095] For j=2, a.(G)=I1.

[0096] Otherwise
[0097] For j=0 or 1, o €{0, 0.4, 0.5, 0.6, 0.7, 0.8,

0.9, 1} is a 3-bit parameter provided by higher layers
for serving cell c. For j=2, a_(j)=1.

[0098] PL. is the downlink path loss estimate calculated
in the UE for serving cell ¢ in dB and
PL _=referenceSignalPower—higher layer filtered
RSRP, where referenceSignalPower is provided by
higher layers and RSRP is defined in [5] for the
reference serving cell and the higher layer filter con-
figuration is defined in [11] for the reference serving
cell.

[0099] If serving cell ¢ belongs to a TAG containing
the primary cell then, for the uplink of the primary
cell, the primary cell is used as the reference serving
cell for determining referenceSignalPower and
higher layer filtered RSRP. For the uplink of the
secondary cell, the serving cell configured by the
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higher layer parameter pathlossReferencelinking
defined in [11] is used as the reference serving cell
for determining referenceSignalPower and higher
layer filtered RSRP.

[0100] If serving cell ¢ belongs to a TAG containing
the PSCell then, for the uplink of the PSCell, the
PSCell is used as the reference serving cell for
determining referenceSignalPower and higher layer
filtered RSRP; for the uplink of the secondary cell
other than PSCell, the serving cell configured by the
higher layer parameter pathlossReferencelinking
defined in [11] is used as the reference serving cell
for determining referenceSignalPower and higher
layer filtered RSRP.

[0101] If serving cell ¢ belongs to a TAG not con-
taining the primary cell or PSCell then serving cell ¢
is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered
RSRP.

[0102] Az ()10 Tog,o((2%7 "5 5=1)B e, FP5H for

K=1.25 and 0 for K~0 where K is given by the

parameter deltaMCS-Enabled provided by higher lay-

ers for each serving cell ¢. BPRE and B, >, for
each serving cell c, are computed as below. K~0 for

transmission mode 2.

[0103] BPRE=O,,/Ng; for control data sent via
PUSCH without UL-SCH data and

1
Z K,/ Nge
=0

for other cases.

[0104] where C is the number of code blocks, K, is
the size for code block r, O, is the number of
CQU/PMI bits including CRC bits and N is the
number of resource elements determined as
NRE:M PUSCH—im't'[aZ.N bPUSCH—init‘[aZ where C

sC L sym. Lo >
Kr; MSCPUSCH-znlnaZ and NSyMbPUSCH-mlnaZ are
defined in [4].

[0105] oﬁetP USCH oﬁetcgl for control data sent via
PUSCH without UL-SCH data and 1 for other cases.
[0106] dp;5¢zz. is a correction value, also referred to as
a TPC command and is included in PDCCH/EPDCCH
with DCI format 0/4 or in MPDCCH with DCI format
6-0A for serving cell ¢ or jointly coded with other TPC
commands in PDCCH/MPDCCH with DCI format
3/3A whose CRC parity bits are scrambled with TPC-
PUSCH-RNTI. If the UE is configured with higher
layer parameter UplinkPowerControlDedicated-v12x0
for serving cell ¢ and if subframe i belongs to uplink
power control subframe set 2 as indicated by the higher
layer parameter tpc-SubframeSet-r12, the current
PUSCH power control adjustment state for serving cell
¢ is given by f_,(i), and the UE shall use f_,(i) instead
of 1 (i) to determine Py 50z (i) Otherwise, the current
PUSCH power control adjustment state for serving cell
¢ is given by f_,(i). T_,(i) and 1.(i) are defined by:
[0107] £ D)= (-D+0ppscp (-Kppscr) and £,
D=L, (-D+dpuscrri—Kppses) if accumulation is
enabled based on the parameter Accumulation-en-
abled provided by higher layers or if the TPC com-
mand dp55¢47,. 18 included in a PDCCH/EPDCCH
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with DCI format 0 or in a MPDCCH with DCI

format 6-0A for serving cell ¢ where the CRC is

scrambled by the Temporary C-RNTI
[0108] where 0pp50p, (i-Kppser) Was signalled
on PDCCH/EPDCCH with DCI format 0/4 or
MPDCCH with DCI format 6-0A or PDCCH/
MPDCCH with DCI format 3/3A on subframe
1-Kppscr and where £.(0) is the first value after
reset of accumulation. For a BL/CE UE config-
ured with CEModeA, subframe i-K, 5 1s the
last subframe in which the MPDCCH with DCI
format 6-0A or MPDCCH with DCI format 3/3A
is transmitted.
[0109] The value of Ky g 18
[0110] For FDD or FDD-TDD and serving cell
frame structure type 1, Kppso=4

[0111] For TDD, if the UE is configured with
more than one serving cell and the TDD UL/DL
configuration of at least two configured serving
cells is not the same, or if the UE is configured
with the parameter EIMTA-MainConfigServ-
Cell-r12 for at least one serving cell, or for
FDD-TDD and serving cell frame structure type
2, the “TDD UL/DL configuration” refers to the
UL-reference UL/DL configuration (defined in
subclause 8.0) for serving cell c.

[0112] For TDD UL/DL configurations 1-6,
Kppscz 18 given in Table 5.1.1.1-1

[0113] For TDD UL/DL configuration O
If the PUSCH transmission in subframe 2 or 7
is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 or a MPDCCH of DCI format 6-0A
in which the LSB of the UL index is set to 1,
Kpuscr—
For all other PUSCH transmissions, Ky, oz 18
given in Table 5.1.1.1-1.

[0114] For serving cell ¢ and a non-BL/CE UE, the
UE attempts to decode a PDCCH/EPDCCH of
DCI format 0/4 with the UE’s C-RNTI or DCI
format 0 for SPS C-RNTI and a PDCCH of DCI
format 3/3A with this UE’s TPC-PUSCH-RNTI in
every subframe except when in DRX or where
serving cell ¢ is deactivated.

[0115] For serving cell ¢ and a BL/CE UE config-
ured with CEModeA, the UE attempts to decode
a MPDCCH of DCI format 6-0A with the UE’s
C-RNTTI or SPS C-RNTI and a MPDCCH of DCI
format 3/3A with this UE’s TPC-PUSCH-RNTI in
every BL/CE downlink subframe except when in
DRX

[0116] For anon-BL/CE UE, if DCI format 0/4 for
serving cell ¢ and DCI format 3/3A are both
detected in the same subframe, then the UE shall
use the 8py5cp, provided in DCI format 0/4.

[0117] For a BL/CE UE configured with CEMo-
deA, if DCI format 6-0A for serving cell ¢ and
DCI format 3/3A are both detected in the same
subframe, then the UE shall use the 8,50y,
provided in DCI format 6-0A.

[0118] 8,50y, =0 dB for a subframe where no
TPC command is decoded for serving cell ¢ or
where DRX occurs or i is not an uplink subframe
in TDD or FDD-TDD and serving cell ¢ frame
structure type 2.
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[0119] The dp 5z, dB accumulated values sig-
nalled on PDCCH/EPDCCH with DCI format 0/4
or MPDCCH with DCI format 6-0A are given in
Table 5.1.1.1-2. If the PDCCH/EPDCCH with
DCI format 0 or MPDCCH with DCI format 6-0A
is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH, then 8z 50, is 0
dB.

[0120] The 8.,z dB accumulated values sig-
nalled on PDCCH/MPDCCH with DCI format
3/3A are one of SET1 given in Table 5.1.1.1-2 or
SET2 given in Table 5.1.1.1-3 as determined by
the parameter TPC-Index provided by higher lay-
ers.

[0121] If UE has reached Py, (i) for serving
cell ¢, positive TPC commands for serving cell ¢
shall not be accumulated

[0122] If UE has reached minimum power, nega-
tive TPC commands shall not be accumulated

[0123] If the UE is not configured with higher
layer parameter UplinkPowerControlDedicated-
v12x0 for serving cell ¢, the UE shall reset accu-
mulation
[0124] For serving cell ¢, when Py, 1z prscm.

value is changed by higher layers

[0125] For serving cell ¢, when the UE receives
random access response message for serving
cell ¢

[0126] If the UE is configured with higher layer
parameter UplinkPowerControlDedicated-v12x0
for serving cell c,

[0127] the UE shall reset accumulation corre-
sponding to f_(*) for serving cell ¢
when P, 1z puscm,. value is changed by
higher layers
when the UE receives random access response
message for serving cell ¢

[0128] the UE shall reset accumulation corre-
sponding to f, (*) for serving cell ¢
when Py, 1 puscme. value is changed by
higher layers

[0129] If the UE is configured with higher layer
parameter UplinkPowerControlDedicated-v12x0
for serving cell ¢ and
[0130] if subframe i belongs to uplink power

control subframe set 2 as indicated by the
higher layer parameter tpc-SubframeSet-r12
£.0)~,.G-1)

[0131] if subframe i does not belong to uplink
power control subframe set 2 as indicated by the
higher layer parameter tpc-SubframeSet-r12 _,
O .0-1)

[0132] £, dppscmi-Kpuscr) and £(0=0p 50 (i-

Kpopser) if accumulation is not enabled for serving

cell ¢ based on the parameter Accumulation-enabled

provided by higher layers

[0133] where dpp5cm.(i—Kppscz) Was signalled
on PDCCH/EPDCCH with DCI format 0/4 or
MPDCCH with DCI format 6-0A for serving cell
c on subframe i-K ;5 For a BL/CE UE con-
figured with CEModeA, subframe i-Ky oz 18
the last subframe in which the MPDCCH with
DCI format 6-0A or MPDCCH with DCI format
3/3A is transmitted.
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[0134] The value of Ky gz 18

[0135] For FDD or FDD-TDD and serving cell
frame structure type 1, Kppsor4

[0136] For TDD, if the UE is configured with
more than one serving cell and the TDD UL/DL
configuration of at least two configured serving
cells is not the same, or if the UE is configured
with the parameter EIMTA-MainConfigServ-
Cell-r12 for at least one serving cell, or FDD-
TDD and serving cell frame structure type 2,
the “TDD UL/DL configuration” refers to the
UL-reference UL/DL configuration (defined in
subclause 8.0) for serving cell c.

[0137] For TDD UL/DL configurations 1-6,
Kpopscr 18 given in Table 5.1.1.1-1.

[0138] For TDD UL/DL configuration 0
If the PUSCH transmission in subframe 2 or 7
is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 or a MPDCCH with DCI format
6-0A in which the LSB of the UL index is set to
1, Kppsca—
For all other PUSCH transmissions, Ky, oz 18
given in Table 5.1.1.1-1.
[0139] The 0ppcz,. dB absolute values signalled
on PDCCH/EPDCCH with DCI format 0/4 or a
MPDCCH with DCI format 6-0A are given in
Table 5.1.1.1-2. If the PDCCH/EPDCCH with
DCI format 0 or a MPDCCH with DCI format
6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH, then 8,50, 15 0
dB.
[0140] for a non-BL/CE UE, f (i)=f.(i-1) and 1,
(i)=f, ,(i-1) for a subframe where no PDCCH/
EPDCCH with DCI format 0/4 is decoded for
serving cell ¢ or where DRX occurs or i is not an
uplink subframe in TDD or FDD-TDD and serv-
ing cell ¢ frame structure type 2.
[0141] for a BL/CE UE configured with CEMo-
deA, T (1)=f.(i-1) and f_,({)=f_,(-1) for a sub-
frame where no MPDCCH with DCI format 6-0A
is decoded for serving cell ¢ or where DRX occurs
or i is not an uplink subframe in TDD.
[0142] If the UE is configured with higher layer
parameter UplinkPowerControlDedicated-v12x0
for serving cell ¢ and
[0143] if subframe i belongs to uplink power
control subframe set 2 as indicated by the
higher layer parameter tpc-SubframeSet-r12
f()=1.G-1)

[0144] if subframe i does not belong to uplink
power control subframe set 2 as indicated by the
higher layer parameter tpc-SubframeSet-r12 1 ,

(O.2G-1)

[0145] For both types of £.(*) (accumulation or cur-

rent absolute) the first value is set as follows:
[0146] If P, 1z puscm. value is changed by
higher layers and serving cell ¢ is the primary cell
of, if Py 1z puscm. value is received by higher
layers and serving cell ¢ is a Secondary cell
[0147] £(0)=0
[0148] Else
[0149] If the UE receives the random access
response message for a serving cell ¢
f.(0)=AP d where

rampup,c+ msg2,c3
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3,52, 18 the TPC command indicated in the
random access response corresponding to the
random access preamble transmitted in the
serving cell c, see subclause 6.2, and

0, Peyax.c —
10logyo(Mpuscr (0)) +
APrampupc = mi e [POPUSCH,C(Z) + Cpsg2 + ] and
@ (2)- PL+Arp,(0)

AP, rampupreqiiested,c

AP, rampupreqiested,c

is provided by high layers and corresponds to
the total power ramp-up requested by higher
layers from the first to the last preamble in the
serving cell ¢, My 0 (0) is the bandwidth of
the PUSCH resource assignment expressed in
number of resource blocks valid for the sub-
frame of first PUSCH transmission in the serv-
ing cell ¢, and Az (0) is the power adjustment
of first PUSCH transmission in the serving cell
c.

[0150] If Py 1z poscrres value is received by

higher layers for a serving cell c.
f.,(0)=60

[0151] FIG. 6 (a reproduction of Table 5.1.1.1-1 from
3GPP TS 36.213 v14.0.0)

[0152] FIG. 7 (a reproduction of Table 5.1.1.1-2 from
3GPP TS 36.213 v14.0.0)

[0153] FIG. 8 (a reproduction of Table 5.1.1.1-3 from
3GPP TS 36.213 v14.0.0) If the UE is not configured with
an SCG or a PUCCH-SCell, and if the total transmit power
of the UE would exceed P, , (i), the UE scales P puscmdl)
for the serving cell ¢ in subframe i such that the condition

Z w(i) - Pruscie(i) < (Pemax () = Pruccn())

c

is satisfied where P,,,.,(1) is the linear value of P, cp(i),
Ppuscrr.o(i) is the linear value of Ppysepr (1), Pearax(i) is the
linear value of the UE total configured maximum output
power P, defined in [6] in subframe i and w(i) is a
scaling factor of Ppygepr (i) for serving cell ¢ where O=w
(i)=1. In case there is no PUCCH transmission in subframe
1 Pppccr(1)=0 If the UE is not configured with an SCG or
a PUCCH-Scell, and if the UE has PUSCH transmission
with UCI on serving cell j and PUSCH without UCI in any
of the remaining serving cells, and the total transmit power
of the UE would exceed P, (i), the UE scales P puscrl)
for the serving cells without UCI in subframe i such that the
condition

Z w(i)- Ppusca o () < (Peuax () = Ppusca ;D)
B

is satisfied where P, ey (1) is the PUSCH transmit power
for the cell with UCI and w(i) is a scaling factor of
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Prysca (1) for serving cell ¢ without UCI. In this case, no
power scaling is applied to Ppy g0 (i) unless

>l Puscin,e() =0

i

and the total transmit power of the UE still would exceed
P arasdD)-

[0154] Fora UE not configured with a SCG or a PUCCH-
SCell, note that w(i) values are the same across serving cells
when w(i)>0 but for certain serving cells w(i) may be zero.
[0155] If the UE is not configured with an SCG or a
PUCCH-SCell, and if the UE has simultaneous PUCCH and
PUSCH transmission with UCI on serving cell j and PUSCH
transmission without UCI in any of the remaining serving
cells, and the total transmit power of the UE would exceed
Parax(i), the UE obtains Ppygepr (i) according to

Ppyscu,j (i) = min(Peusci j(D, (Peuax(i) = Ppucen(D)) and

Z wd)Prusci,o(i) = (Peuax () — Ppucen(d) — Pruscu, ()
B

[0156] If the UE is not configured with a SCG or a
PUCCH-SCell, and

[0157] Ifthe UE is configured with multiple TAGs, and
if the PUCCH/PUSCH transmission of the UE on
subframe 1 for a given serving cell in a TAG overlaps
some portion of the first symbol of the PUSCH trans-
mission on subframe i+1 for a different serving cell in
another TAG the UE shall adjust its total transmission
power to not exceed P, on any overlapped portion.

[0158] If the UE is configured with multiple TAGs, and
if the PUSCH transmission of the UE on subframe i for
a given serving cell in a TAG overlaps some portion of
the first symbol of the PUCCH transmission on sub-
frame i+1 for a different serving cell in another TAG the
UE shall adjust its total transmission power to not
exceed P, ., on any overlapped portion.

[0159] Ifthe UE is configured with multiple TAGs, and
if the SRS transmission of the UE in a symbol on
subframe 1 for a given serving cell in a TAG overlaps
with the PUCCH/PUSCH transmission on subframe i
or subframe i+1 for a different serving cell in the same
or another TAG the UE shall drop SRS if its total
transmission power exceeds P, 5 on any overlapped
portion of the symbol.

[0160] If the UE is configured with multiple TAGs and
more than 2 serving cells, and if the SRS transmission
of the UE in a symbol on subframe i for a given serving
cell overlaps with the SRS transmission on subframe i
for a different serving cell(s) and with PUSCH/PUCCH
transmission on subframe i or subframe i+1 for another
serving cell(s) the UE shall drop the SRS transmissions
if the total transmission power exceeds P,y on any
overlapped portion of the symbol.

[0161] If the UE is configured with multiple TAGs, the
UE shall, when requested by higher layers, to transmit
PRACH in a secondary serving cell in parallel with
SRS transmission in a symbol on a subframe of a
different serving cell belonging to a different TAG, drop
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SRS if the total transmission power exceeds P,,,, on
any overlapped portion in the symbol.

[0162] If the UE is configured with multiple TAGs, the
UE shall, when requested by higher layers, to transmit
PRACH in a secondary serving cell in parallel with
PUSCH/PUCCH in a different serving cell belonging to
a different TAG, adjust the transmission power of
PUSCH/PUCCH so that its total transmission power
does not exceed P, on the overlapped portion.

[0163] Ifthe UE is configured with a LAA SCell for uplink
transmissions, the UE may compute the scaling factor w(i)
assuming that the UE performs a PUSCH transmission on
the LAA SCell in subframe i irrespective of whether the UE
can access the LAA SCell for the PUSCH transmission in
subframe i according to the channel access procedures
described in subclause 15.2.1.

[0164] Fora BL/CE UE configured with CEModeA, if the
PUSCH is transmitted in more than one subframe iy, 1, . .
., 15, Where 1,<i;< . . . <i,_,, the PUSCH transmit power
in subframe ik, k=0, 1, . . ., N-1, is determined by

PPUSCH,c(ik)_PPUSCH,c(iO)

[0165] For a BL/CE UE configured with CEModeB, the
PUSCH transmit power in subframe i, is determined by

P, PUSCH,c(ik):P CMAX,c(io)

5.1.2 Physical Uplink Control Channel

[0166] If the UE is configured with a SCG, the UE shall
apply the procedures described in this subclause for both
MCG and SCG.

[0167] When the procedures are applied for MCG, the
term ‘serving cell’ in this subclause refers to serving
cell belonging to the MCG.

[0168] When the procedures are applied for SCG, the term
‘serving cell’ in this subclause refers to serving cell belong-
ing to the SCG. The term ‘primary cell’ in this subclause
refers to the PSCell of the SCG. If the UE is configured with
a PUCCH-SCell, the UE shall apply the procedures
described in this subclause for both primary PUCCH group
and secondary PUCCH group.

[0169] When the procedures are applied for the primary
PUCCH group, the term ‘serving cell” in this subclause
refers to serving cell belonging to the primary PUCCH
group.

[0170] When the procedures are applied for the second-
ary PUCCH group, the term ‘serving cell’ in this
subclause refers to serving cell belonging to the sec-
ondary PUCCH group. The term ‘primary cell’ in this
subclause refers to the PUCCH-SCell of the secondary
PUCCH group.

5.1.2.1 UE Behaviour

[0171] If serving cell ¢ is the primary cell, for PUCCH
format 1/1a/1b/2/2a/2b/3, the setting of the UE Transmit
power P,y for the physical uplink control channel
(PUCCH) transmission in subframe i for serving cell ¢ is
defined by
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Ppyccn(i) = min

{PCMAX,c(i)a }
Py pucch + PLc + hincpr, aargs isg) + Ap_pucc(F) + App(F') + g (i)

[dBm]

[0172] If serving cell ¢ is the primary cell, for PUCCH
format 4/5, the setting of the UE Transmit power Pp - for
the physical uplink control channel (PUCCH) transmission
in subframe i for serving cell ¢ is defined by

Ppyccn(i) = min

{ Pemax ¢ (D), }
Po_puccn + PLc + 101log;o(Mpyccn,o(D) + Azrc () + Ar_pyccu(F) + g(i)

[dBm]

[0173] If the UE is not transmitting PUCCH for the
primary cell, for the accumulation of TPC command for
PUCCH, the UE shall assume that the UE transmit power
Poyccrr for PUCCH in subframe i is computed by
P PUCCH(i):miH{P CMAX,c(i)vp o_ruccatP) Lc+g(i)}
[dBm]
where
[0174] Py, (1) is the configured UE transmit power
defined in [6] in subframe i for serving cell c. If the UE
transmits PUSCH without PUCCH in subframe i for
the serving cell c, for the accumulation of TPC com-
mand for PUCCH, the UE shall assume P, . (i) as
given by subclause 5.1.1.1. If the UE does not transmit
PUCCH and PUSCH in subframe i for the serving cell
¢, for the accumulation of TPC command for PUCCH,
the UE shall compute P, (i) assuming MPR=0 dB,
A-MPR=0 dB, P-MPR=0 dB and AT_=0 dB, where
MPR, A-MPR, P-MPR and AT are defined in [6].
[0175] The parameter A p.-cAF) is provided by
higher layers. Each Az pccrAF) value cotresponds to
a PUCCH format (F) relative to PUCCH format 1a,
where each PUCCH format (F) is defined in Table 5.4-1
of [3].
[0176] If the UE is configured by higher layers to
transmit PUCCH on two antenna ports, the value of
Ap (F") is provided by higher layers where each
PUCCH format F' is defined in Table 5.4-1 of [3];
otherwise, A (F)=0.
[0177] h(neop, Dprares Dsg) is @ PUCCH format depen-
dent value, where n.,, corresponds to the number of
information bits for the channel quality information
defined in subclause 5.2.3.3 in [4]. ng,=1 if subframe i
is configured for SR for the UE not having any asso-
ciated transport block for UL-SCH, otherwise ngz=0. If
the UE is configured with more than one serving cell,
or the UE is configured with one serving cell and
transmitting using PUCCH format 3, the value of
4z 15 defined in subclause 10.1; otherwise, ng ., 15
the number of HARQ-ACK bits sent in subframe 1.
[0178] For PUCCH format 1,1a and 1b h(n.y
Dy74p0, Nsr)=0

[0179] For PUCCH format 1b with channel selection,
if the UE is configured with more than one serving
cell,
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(nHarg — 1)
hncor, "iarp» AsR) = +,

otherwise, h(ngz, 0740, Nsz)=0
[0180] For PUCCH format 2, 2a, 2b and normal
cyclic prefix

101og10(’%) if negr =4

hncor, "iarp» AsR) =
0 otherwise

[0181] For PUCCH format 2 and extended cyclic
prefix

necor + 1.
10 loglo(w) if ncgr +nuarg = 4
hncor, Ruarg» AsR) = 4

0 otherwise

[0182] For PUCCH format 3 and when UE transmits

HARQ-ACK/SR without periodic CS],

[0183] If the UE is configured by higher layers to
transmit PUCCH format 3 on two antenna ports,
or if the UE transmits more than 11 bits of
HARQ-ACK/SR

Ryarg +hsg — 1
hncor, "iarp» AsR) = — s

Otherwise

AR +Asg — 1
hncor, "HARQ» RSR) = — 5

[0184] For PUCCH format 3 and when UE transmits

HARQ-ACK/SR and periodic CS],

[0185] If the UE is configured by higher layers to
transmit PUCCH format 3 on two antenna ports,
or if the UE transmits more than 11 bits of
HARQ-ACK/SR and CSI

Ryarg +Rsg + Regr — 1
hncor, "iarp» AsR) = B S——

Otherwise

Ryarg +Rsg + Regr — 1
hncor, "iarp» AsR) = B E—

[0186] For PUCCH format 4, Mpyccpy,. (1) is the
bandwidth of the PUCCH format 4 expressed in
number of resource blocks valid for subframe i and
serving cell ¢. For PUCCH format 5, Mpzreezr, (1)1

[0187] Az ()=10 log,, (2"*#F*¥O_1) where
BPRE(1)=0 ¢ (1)/Ng (),

[0188] O, (i) is the number of HARQ-ACK/SR/
RI/CQI/PMI bits including CRC bits transmitted
on PUCCH format 4/5 in subframe i;

[0189] NRE(i):MPUCCH,C'NscRB'NsymbPUCCH for
PUCCH format 4 and Nzs(1)
=N_*8N,,,.,- Y42 for PUCCH format 5;

symb
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[0190] Nsymbp UCCH:Z(NSymbUL—l)—l if shortened
PUCCH format 4 or shortened PUCCH format 5
is used in subframe i and N, UCCH:Z(NWW

L ; symb
»7*=1) otherwise.

[0191] P, pyccs is @ parameter composed of the sum
of a parametet Py, nonmvar prrccrm provided by higher
layers and a parameter P, .z »pccr provided by
higher layers. -

[0192] &,z i1s a UE specific correction value, also
referred to as a TPC command, included in a PDCCH
with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D for the
primary cell, or included in a MPDCCH with DCI
format 6-1A, or included in an EPDCCH with DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary
cell, or sent jointly coded with other UE specific
PUCCH correction values on a PDCCH/MPDCCH
with DCI format 3/3A whose CRC parity bits are
scrambled with TPC-PUCCH-RNTI.

[0193] For a non-BL/CE UE, if the UE is not con-
figured for EPDCCH monitoring, the UE attempts to
decode a PDCCH of DCI format 3/3A with the UE’s
TPC-PUCCH-RNTI and one or several PDCCHs of
DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the
UE’s C-RNTI or SPS C-RNTI on every subframe
except when in DRX.

[0194] If a UE is configured for EPDCCH monitor-
ing, the UE attempts to decode

[0195] a PDCCH of DCI format 3/3A with the
UE’s TPC-PUCCH-RNTI and one or several
PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/
2C/2D with the UE’s C-RNTI or SPS C-RNTI as
described in subclause 9.1.1, and

[0196] one or several EPDCCHs of DCI format
1A/1B/1D/1/2A/2/2B/2C2D  with  the UE’s
C-RNTI or SPS C-RNTI, as described in sub-
clause 9.1.4.

[0197] For a BL/CE UE configured with CEModeA,
the UE attempts to decode a MPDCCH of DCI
format 3/3 A with the UE’s TPC-PUCCH-RNTI and
MPDCCH of DCI format 6-1A with the UE’s
C-RNTT or SPS C-RNTI on every BL/CE downlink
subframe except when in DRX.

[0198] If the UE decodes

[0199] a PDCCH with DCI format 1A/1B/1D/1/
2A/2/2B/2C/2D or

[0200] an EPDCCH with DCI format 1A/1B/1D/
1/2A/2/2B/2C/2D or

[0201] an MPDCCH with DCI format 6-1A

[0202] for the primary cell and the corresponding
detected RNTT equals the C-RNTT or SPS C-RNTI
of the UE and the TPC field in the DCI format is
not used to determine the PUCCH resource as in
subclause 10.1, the UE shall use the 3y, ccxy
provided in that PDCCH/EPDCCH/MPDCCH.

[0203] Else

[0204] if the UE decodes a PDCCH/MPDCCH
with DCI format 3/3A, the UE shall use the
dprcce provided in that PDCCH/MPDCCH

[0205] else the UE shall set 8,0 dB.
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M-1
g =gli— D+ Y Spucenli—kn)
m=0
[0206] where g(i) is the current PUCCH power con-
trol adjustment state and where g(0) is the first value
after reset.
[0207] For FDD or FDD-TDD and primary cell

frame structure type 1, M=1 and k,=4.

[0208] For TDD, values of M and k,, are given in
Table 10.1.3.1-1, where the “UL/DL configura-
tion” in Table 10.1.3.1-1 corresponds to the eimta-
HARQ-ReferenceConfig-r12 for the primary cell
when the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for the primary
cell.

[0209] The d,;cy dB values signalled on
PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/
2C/2D or EPDCCH with DCI format 1A/1B/1D/
1/2A/2/2B/2C/2D or MPDCCH with DCI format
6-1A are given in Table 5.1.2.1-1. If the PDCCH
with DCI format 1/1A/2/2A/2B/2C/2D  or
EPDCCH with DCI format 1/1A/2A/2/2B/2C/2D
or MPDCCH with DCI format 6-1A is validated as
an SPS activation PDCCH/EPDCCH/MPDCCH,
or the PDCCH/EPDCCH with DCI format 1A or
MPDCCH with DCI format 6-1A is validated as
an SPS release PDCCH/EPDCCH/MPDCCH,
then 8,z 15 0 dB.

[0210] The Oy ccy dB values signalled on
PDCCH/MPDCCH with DCI format 3/3A are
given in Table 5.1.2.1-1 or in Table 5.1.2.1-2 as
semi-statically configured by higher layers.

[0211] IfP, .z prccx value is changed by higher
layers, -
[0212]

[0213] Else
[0214] g(0)=A, . p+0,sg0, Where

d,.5¢ » 1s the TPC command indicated in the
random access response corresponding to the
random access preamble transmitted in the pri-
mary cell, see subclause 6.2 and

if UE is transmitting PUCCH in subframe i,

g(0)=0

APy gmpup = min

Hma'{O, Pemax,c =

Po_pucen +

PLc + h(ncginuaro,fsr) + ]” APrampuprequexred“-
Ar_puccu(F) + Arp (F')

Otherwise,
AD,m up:min [{maX(OsPCMAX,c_(PofPUCCH"'
PLC‘)) 5Arampuprequested] and

A, rpuprequestea 18 provided by higher layers and
corresponds to the total power ramp-up
requested by higher layers from the first to the
last preamble in the primary cell.
[0215] If UE has reached P, 5 (i) for the pri-
mary cell, positive TPC commands for the pri-
mary cell shall not be accumulated.
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[0216] If UE has reached minimum power, nega-
tive TPC commands shall not be accumulated.
[0217] UE shall reset accumulation
[0218] when P, .z prccy Value is changed by
higher layers
[0219] when the UE receives a random access
response message for the primary cell
[0220] g(i)=g(i-1) ifi is not an uplink subframe in
TDD or FDD-TDD and primary cell frame struc-
ture type 2.
[0221] Fora BL/CE UE configured with CEModeA, if the
PUCCH is transmitted in more than one subframe iy, i, . .
., 1y, where i,<i;< . . . <i,, ;, the PUCCH transmit power
in subframe i,, k=0, 1, . . . , N-1 is determined by

P, PUCCH,c(ik):P PUCCH,c(io)

[0222] For a BL/CE UE configured with CEModeB, the
PUCCH transmit power in subframe i, is determined by

P, PUCCH,c(ik):P CMAX,c(io)

[0223] FIG. 9 (a reproduction of Table 5.1.2.1-1 from
3GPP TS 36.213 v14.0.0)
[0224] FIG. 10 (a reproduction of Table 5.1.2.1-2 from
3GPP TS 36.213 v14.0.0)

5.1.3 Sounding Reference Symbol (SRS)

5.1.3.1 UE Behaviour

[0225] The setting of the UE Transmit power P for the
SRS transmitted on subframe i for serving cell ¢ is defined
by
P SRs,c(i):miH{P CMAX,c(i)aP SRS,OFFSET,C(W)HO logo
(MSRS,C)+P o,PUSCH,c(/')"'ac(/')'P Lc"‘fc(i)} [dBm]
where

[0226] P.y4x (1) is the configured UE transmit power
defined in [6] in subframe i for serving cell c.

[0227] Psrs orpser.(m) is semi-statically configured
by higher layers for m=0 and m=1 for serving cell c.
For SRS transmission given trigger type O then m=0
and for SRS transmission given trigger type 1 then
m=1.

[0228] Mgxs,. is the bandwidth of the SRS transmission
in subframe i for serving cell ¢ expressed in number of
resource blocks.

[0229] £.(i) is the current PUSCH power control adjust-
ment state for serving cell ¢, see subclause 5.1.1.1.

[0230] P, pysem () and ac (j) are parameters as
defined in subclause 5.1.1.1 for subframe i, where j=1.

[0231] If the UE is not configured with an SCG or a
PUCCH-SCell, and if the total transmit power of the UE for
the Sounding Reference Symbol in an SC-FDMA symbol
would exceed P_,,, (i), the UE scales P, s..(1) for the
serving cell ¢ and the SC-FDMA symbol in subframe i such
that the condition

DD Pss o) < Pawax ()

c

is satisfied where P s, (1) is the linear value of Py . (i),
Poagax(i) is the linear value of P.,,,, defined in [6] in
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subframe i and w(i) is a scaling factor of p srs.o(1) for serving
cell ¢ where O<w(i)<1. Note that w(i) values are the same
across serving cells.

[0232] If the UE is not configured with an SCG or a
PUCCH-SCell, and if the UE is configured with multiple
TAGs and the SRS transmission of the UE in an SC-FDMA
symbol for a serving cell in subframe i in a TAG overlaps
with the SRS transmission in another SC-FDMA symbol in
subframe i for a serving cell in another TAG, and if the total
transmit power of the UE for the Sounding Reference
Symbol in the overlapped portion would exceed f’CMAX(i),
the UE scales f’SRS,C(i) for the serving cell ¢ and each of the
overlapped SRS SC-FDMA symbols in subframe i such that
the condition

(- Psgs o) < Pewax ()

c

is satisfied where f’SR s, (1) is the linear value of Py . (i),
Prasi(D) is the linear value of P, 4x, defined in [6] in
subframe i and w(i) is a scaling factor of Pz (i) for serving
cell ¢ where O<w(i)<1. Note that w(i) values are the same
across serving cells.

[0233] Ifthe UE is configured with a LAA SCell for uplink
transmissions, the UE may compute the scaling factor w(i)
assuming that the UE performs a SRS transmission on the
LAA SCell in subframe i irrespective of whether the UE can
access the LAA SCell for the SRS transmission in subframe
i according to the channel access procedures described in
subclause 15.2.1.

[0234] Ifthe UE is configured with higher layer parameter
UplinkPowerControlDedicated-v12x0 for serving cell ¢ and
if subframe 1 belongs to uplink power control subframe set
2 as indicated by the higher layer parameter tpc-Subframe-
Set-r12, the UE shall use f_,(i) instead of (i) to determine
Pgrs. (i) for subframe i and serving cell ¢, where f_,(i) is
defined in subclause 5.1.1.1.

[0235] A power headroom report is provided by the UE to
the base station to allow the base station to realize how much
extra transmission power is available in the UE and how to
schedule resource to the UE properly, e.g., is it proper to
schedule more resources to the UE (e.g., when the UE has
more power headroom). A power headroom may be calcu-
lated from the difference between a current calculated trans-
mission UE power (if there is transmission) and a maximum
transmission power of the UE. In some circumstances, e.g.
multiple carrier operation, it is also possible that a power
headroom is reported while there is no current transmission,
e.g. reporting power headroom for a carrier without ongoing
transmission with another carrier. In such a case, a difference
between a reference power (calculated based on some ref-
erence parameter(s)) and a UE maximum power is reported
as the power headroom, also known as virtual power head-
room (PH). More details can be found in the following
quotation from 3GPP TS 36.213 v14.0.0:

5.1.1.2 Power Headroom

[0236] There are two types of UE power headroom reports
defined. A UE power headroom PH is valid for subframe i
for serving cell c.

[0237] If the UE is configured with a SCG, and if the
higher layer parameter phr-ModeOtherCG-r12 for a CG
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indicates ‘virtual’, for power headroom reports transmitted
on that CG, the UE shall compute PH assuming that it does
not transmit PUSCH/PUCCH on any serving cell of the
other CG.

[0238] If the UE is configured with a SCG,

[0239] For computing power headroom for cells
belonging to MCG, the term ‘serving cell’ in this
subclause refers to serving cell belonging to the MCG.

[0240] For computing power headroom for cells
belonging to SCG, the term ‘serving cell’ in this
subclause refers to serving cell belonging to the SCG.
The term ‘primary cell’ in this subclause refers to the
PSCell of the SCG.

[0241] If the UE is configured with a PUCCH-SCell,

[0242] For computing power headroom for cells
belonging to primary PUCCH group, the term ‘serving
cell’ in this subclause refers to serving cell belonging to
the primary PUCCH group.

[0243] For computing power headroom for cells
belonging to secondary PUCCH group, the term ‘serv-
ing cell’ in this subclause refers to serving cell belong-
ing to the secondary PUCCH group. The term ‘primary
cell’ in this subclause refers to the PUCCH-SCell of the
secondary PUCCH group.

[0244] Ifthe UE is configured with a LAA SCell for uplink
transmissions, and the UE receives PDCCH/EPDCCH with
DCI format 0A/0B/4 A/4B corresponding to a PUSCH trans-
mission on the LAA SCell in subframe i, power headroom
for subframe 1 is computed assuming that the UE performs
a PUSCH transmission on the LAA SCell in subframe i
irrespective of whether the UE can access the LAA SCell for
the PUSCH transmission in subframe i according to the
channel access procedures described in subclause 15.2.1.
[0245] Type 1:

[0246] If the UE transmits PUSCH without PUCCH in
subframe i for serving cell ¢, power headroom for a Type 1
report is computed using

Pthpel,c(:PCMAKc(i)_{lo logoMpysce (D)+Po_
PUSCHo(J)+0 () PL AA gz (D)+£.()} [dB]

where, PCMAX,c(i)s MPUSCH,c (i)s PO?PUSCH,c(i)s ac(j)s PL,,
ATF’C(i) and f (i) are defined in subclause 5.1.1.1.

[0247] If the UE transmits PUSCH with PUCCH in sub-
frame 1 for serving cell ¢, power headroom for a Type 1
report is computed using

Pthpel,c(i):PCMAKc(i)_{10 10g10(MPUSCH,c(i))+Po,
PUSCHo(J)+0 () PL AA gz (D)+£.()} [dB]

where, Mpyscrr, ), Po_puscrrdd), 0.0) PLa Azp (1) and
1.(i) are defined in subclause 5.1.1.1. F ., 1, o (i) is computed
based on the requirements in [6] assuming a PUSCH only
transmission in subframe i. For this case, the physical layer
delivers f’CMAX,C (1) instead of Perraxe (1) to higher layers.
[0248] If the UE does not transmit PUSCH in subframe i
for serving cell ¢, power headroom for a Type 1 report is
computed using
Pszpel,c(i):PCMAX,c(i)—{PO,PUSCH,C(1)+ac(1)'PLC"'fc

®)} [dB]
where, f’CMAX,c(i) is computed assuming MPR=0 dB,
A-MPR=0 dB, P-MPR=0 dB and AT ~0 dB, where MPR,
A-MPR, P-MPR and AT, are defined in [6]. Py, prisesr. (1),
a (1), PL_, and £ (i) are defined in subclause 5.1.1.1.



US 2021/0211996 Al
[0249] Type 2:
[0250] If the UE transmits PUSCH simultaneous with

PUCCH in subframe i for the primary cell, power headroom
for a Type 2 report is computed using

PHpypea (D) = Pemax (D) —
1010g10(10(1010%10(MPUSCH,C("))WO,PUSCH,C(J')+ac(j)-PLc+ATF,c(i)+fc("))/10 +
10Po_PuccH*+PLetHlncormarg msR WAF_PUCCHEWATDE 1+2))/ 10)

[dB]

where, PCMAX,cs MPUSCH,c(i)s PO?PUSCH,C (])s ac(j)s ATF,c(i)
and f (i) are the primary cell parameters as defined in

subclause 5.1.1.1 and Py, ppccas PL. h(neop Npsros Dsg)
Az pcca (F), Anp(F) and g(i) are defined in subclause

5121

[0251] If the UE transmits PUSCH without PUCCH in
subframe i for the primary cell, power headroom for a Type
2_report is computed using

PHyypea (D) = Pepgax (D) —

10log;(1 1010810 (MpuscH o) +Po_pusCH,c (e cU) PLAMTE I f@)/10

10(Po_pucch+PLe+g0)f 10) [dB]

where, PCMA)(,c (i)s MPUSCH,c (i)s PO?PUSCH,CG): ac(j)s ATF,
(1) and £ (i) are the primary cell parameters as defined in
subclause 5.1.1.1 and Py, pyyeems PL. and g(i) are defined in
subclause 5.1.2.1.

[0252] If the UE transmits PUCCH without PUSCH in
subframe i for the primary cell, power headroom for a Type
2 report is computed using

Pl = Pospan () = 10logyo 10 "0-PUSCHPocD e 10
10Po_PuccH*+PLe+HlncornaRg MsR WAF_PUCCHEWATDE Y+2))/ 10)

[dB]

where, Py, prisem (1), (1) and £ (i) are the primary cell
parameters as defined in subclause 5.1.1.1, Perrax ), Py p-
veer, PL, h(ncgls Ng4ros 05z)s Ar prece (B Arp(F') and
g(1) are also defined in subclause 5.1.2.1.

[0253] If the UE does not transmit PUCCH or PUSCH in
subframe i for the primary cell, power headroom for a Type
2 report is computed using

PHyypor (i) = Pengax o (i) —
1ologlo(10(P0,PUSCH,C(1)+ac(1)'PLc+fc("))/10 + 1Q(PO,PUCCHWLHX("))/IO)

[dB]

where, f’CMAX,c(i) is computed assuming MPR=0 dB,
A-MPR=0 dB, P-MPR=0 dB and AT =0 dB, where MPR,
A-MPR, P-MPR and AT, are defined in [6], Py, prisesr (1),
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a (1) and £ (i) are the primary cell parameters as defined in
subclause 5.1.1.1 and P, pyccpm, PL. and g(i) are defined in
subclause 5.1.2.1.

[0254] If the UE is unable to determine whether there is a
PUCCH transmission corresponding to PDSCH transmis-
sion(s) or not, or which PUCCH resource is used, in sub-
frame i for the primary cell, before generating power head-
room for a Type 2 report, upon (E)PDCCH detection, with
the following conditions:

[0255] if both PUCCH format 1b with channel selection
and simultaneous PUCCH-PUSCH are configured for
the UE, or

[0256] if PUCCH format 1b with channel selection is
used for HARQ-ACK feedback for the UE configured
with PUCCH format 3 and simultaneous PUCCH-
PUSCH are configured, then, UE is allowed to compute
power headroom for a Type 2 using

PHpype2 (1) = Pemax (i) —
10log,, ( 1000810(MpuscH  DPPo_puscH,cHac() PLe+ATE, (iR fM)/10

1o 0,PUCCH+PLc+g(i))/10) [4B]

where, Peyraxe (), Mpuscerdd), Po_ruscrre G)s 0()s Az,
<(1) and f (i) are the primary cell parameters as defined in
subclause 5.1.1.1 and P, pyccpm, PL. and g(i) are defined in
subclause 5.1.2.1.
[0257] The power headroom shall be rounded to the
closest value in the range [40; -23] dB with steps of 1 dB
and is delivered by the physical layer to higher layers.
[0258] If the UE is configured with higher layer param-
eter UplinkPowerControlDedicated-v12x0 for serving
cell ¢ and if subframe i belongs to uplink power control
subframe set 2 as indicated by the higher layer param-
eter tpc-SubframeSet-r12, the UE shall use £,(i) instead
of 1(i) to compute PH,,,, (i) and PH,,., (i) for
subframe i and serving cell ¢, where f,(i) is defined in
subclause 5.1.1.1.
[0259] The UE maximum power mentioned above for the
power headroom derivation is determined by the capability
of the UE and may also be controlled by the configuration
of base station/cell. Also, due to the linear range of power
amplifier (PA) in the UE’s RF, the maximum power may be
affected by the peak-to-average power ratio (PAPR) of the
transmission. For example, if a transmission has a high
PAPR, power back-off may be performed if the peak power
would exceed the linear region when the average power is
around the maximum power. A range of power back-off is
allowed to balance the cost of UE PA and the UL transmis-
sion performance/coverage, which is known as maximum
power reduction (MPR). Different modulation schemes (e.g.
QPSK/16QAM) or different resource allocation (e.g. con-
tiguous/non-contiguous or narrow band/wide band resource
allocation) would result in different PAPR, and thus may
have different MPRs. Additional details are disclosed in
3GPP TS 36.101 v14.1.0 as quoted below:

6.2 Transmit Power
6.2.1 Void

6.2.2 UE Maximum Output Power

[0260] The following UE Power Classes define the maxi-
mum output power for any transmission bandwidth within
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the channel bandwidth for non CA configuration and UL-
MIMO unless otherwise stated. The period of measurement
shall be at least one sub frame (1 ms).

[0261] FIG. 11 (a reproduction of Table 6.2.2-1 from
3GPP TS 36.101 v14.1.0)

6.2.3 UE Maximum Output Power for Modulation/Channel
Bandwidth

[0262] For UE Power Class 1 and 3, the allowed Maxi-
mum Power Reduction (MPR) for the maximum output
power in Table 6.2.2-1 due to higher order modulation and
transmit bandwidth configuration (resource blocks) is speci-
fied in Table 6.2.3-1.

[0263] FIG. 12 (a reproduction of Table 6.2.3-1 from
3GPP TS 36.101 v14.1.0) For PRACH, PUCCH and SRS
transmissions, the allowed MPR is according to that speci-
fied for PUSCH QPSK modulation for the corresponding
transmission bandwidth.

[0264] For each subframe, the MPR is evaluated per slot
and given by the maximum value taken over the transmis-
sion(s) within the slot; the maximum MPR over the two slots
is then applied for the entire subframe.

[0265] For transmissions with non-contiguous resource
allocation in single component carrier, the allowed Maxi-
mum Power Reduction (MPR) for the maximum output
power in table 6.2.2-1, is specified as follows

MPR=CEIL{M,,0.5}
Where M, is defined as follows

M4 =8.00-10.124; 0.00 < A < 0.33
5.67-3.07A;033 <A =<0.77

331;0.77< A =<1.00

[0266] Where
[0267] A=Ngg .,/Ngs
[0268] CEIL{M,, 0.5} means rounding upwards to

closest 0.5 dB, i.e. MPRE[3.0, 3.5 4.0 4.5 5.0 5.5 6.0
6.57.07.58.0]
[0269] For the UE maximum output power modified by
MPR, the power limits specified in subclause 6.2.5 apply.

6.2.3B UE Maximum Output Power for
Modulation/Channel Bandwidth for UL-MIMO

[0270] For UE with two transmit antenna connectors in
closed-loop spatial multiplexing scheme, the allowed Maxi-
mum Power Reduction (MPR) for the maximum output
power in Table 6.2.2B-1 is specified in Table 6.2.3-1. The
requirements shall be met with UL-MIMO configurations
defined in Table 6.2.2B-2. For UE supporting UL-MIMO,
the maximum output power is measured as the sum of the
maximum output power at each UE antenna connector. For
the UE maximum output power modified by MPR, the
power limits specified in subclause 6.2.5B apply. If UE is
configured for transmission on single-antenna port, the
requirements in subclause 6.2.3 apply.

6.2.4 UE Maximum Output Power with Additional Require-
ments

[0271] Additional ACLR and spectrum emission require-
ments can be signalled by the network to indicate that the
UE shall also meet additional requirements in a specific
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deployment scenario. To meet these additional requirements,
Additional Maximum Power Reduction (A-MPR) is allowed
for the output power as specified in Table 6.2.2-1. Unless
stated otherwise, an A-MPR of 0 dB shall be used.

[0272] For UE Power Class 1 and 3 the specific require-
ments and identified subclauses are specified in Table 6.2.
4-1 along with the allowed A-MPR values that may be used
to meet these requirements. The allowed A-MPR values
specified below in Table 6.2.4.-1 to 6.2.4-15 are in addition
to the allowed MPR requirements specified in subclause
6.2.3.

[0273] FIG. 13 (a reproduction of Table 6.2.4-1 from
3GPP TS 36.101 v14.1.0)

6.2.5 Configured Transmitted Power

[0274] The UE is allowed to set its configured maximum
output power P, . for serving cell c. The configured
maximum output power Py, 5 is set within the following
bounds:

Penrax 1.05P cvax, =P carax_me with

P CMAX,L,CZMIN{P EMA)C,C_AT C,clP PowerClass— MAX
(MPR +A4-MPR+A;p AAT ¢ AATp,,5.,P-MPR,)
}P CMAX,H,CZMIN{P EMAX,C:P PowerClass}

where
[0275] Pgypyx,. is the value given by IE P-Max for
serving cell ¢, defined in [7];

[0276] Pp,rercrass 18 the maximum UE power specified
in Table 6.2.2-1 without taking into account the toler-
ance specified in the Table 6.2.2-1;

[0277] MPR_and A-MPR for serving cell ¢ are specified
in subclause 6.2.3 and subclause 6.2.4, respectively;
[0278] AT,z is the additional tolerance for serving cell

¢ as specified in Table 6.2.5-2; AT,; =0 dB otherwise;
[0279] AT._=1.5 dB when NOTE 2 in Table 6.2.2-1
applies;

[0280] AT =0 dB when NOTE 2 in Table 6.2.2-1 does

not apply;

[0281] AT,,,;,=0.1 dB when the UE supports ProSe
Direct Discovery and/or ProSe Direct Communication
on the corresponding E-UTRA ProSe band; AT, 0
dB otherwise.

[0282] P-MPR is the allowed maximum output power

reduction for

[0283] a) ensuring compliance with applicable electro-
magnetic energy absorption requirements and address-
ing unwanted emissions/self desense requirements in
case of simultaneous transmissions on multiple RAT(s)
for scenarios not in scope of 3GPP RAN specifications;

[0284] D) ensuring compliance with applicable electro-
magnetic energy absorption requirements in case of
proximity detection is used to address such require-
ments that require a lower maximum output power.

[0285] The UE shall apply P-MPR_, for serving cell ¢ only

for the above cases. For UE conducted conformance testing

P-MPR shall be 0 dB

[0286] NOTE 1: P-MPR was introduced in the Py,
equation such that the UE can report to the eNB the
available maximum output transmit power. This infor-
mation can be used by the eNB for scheduling deci-
sions.

[0287] NOTE 2: P-MPR may impact the maximum
uplink performance for the selected UL transmission
path.

roSe
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[0288] For each subframe, the Py, 5 ;. for serving cell ¢
is evaluated per slot and given by the minimum value taken
over the transmission(s) within the slot; the minimum
Peasax 1. Over the two slots is then applied for the entire
subframe. Py, ... shall not be exceeded by the UE
during any period of time.
[0289] The measured configured maximum output power
Pz, shall be within the following bounds:

P CMAX,L,C—MAX{TL,CJ e CMAX,L,C)}SP Unax, <P

Max He+AT(Pragq X,H,c)-

where the tolerance T(P,,,y ) for applicable values of
Peasax. 18 specified in Table 6.2.5-1, and Table 6.2.5-1A.
The tolerance T, _ is the absolute value of the lower toler-
ance for the applicable operating band as specified in Table
6.2.2-1.
[0290] FIG. 14 (a reproduction of Table 6.2.5-1 from
3GPP TS 36.101 v14.1.0)
[0291] FIG. 15 (a reproduction of Table 6.2.5-1A from
3GPP TS 36.101 v14.1.0) For the UE which supports
inter-band carrier aggregation configurations with the uplink
assigned to one or two E-UTRA bands the AT, _ is defined
for applicable bands in Table 6.2.5-2, Table 6.2.5-3 and
Table 6.2.5-4.

6.2.5A Configured Transmitted Power for CA

[0292] For uplink carrier aggregation the UE is allowed to
set its configured maximum output power P, . for serv-
ing cell ¢ and its total configured maximum output power
Poarax

[0293] The configured maximum output power P,y .0n
serving cell ¢ shall be set as specified in subclause 6.2.5.
[0294] For uplink inter-band carrier aggregation, MPR
and A-MPR apply per serving cell ¢ and are specified in
subclause 6.2.3 and subclause 6.2.4, respectively. P-MPR ¢
accounts for power management for serving cell ¢. Py gz
is calculated under the assumption that the transmit power is
increased independently on all component carriers.

[0295] For uplink intra-band contiguous and non-contigu-
ous carrier aggregation, MPR_ =MPR and A-MPR=A-MPR
with MPR and A-MPR specified in subclause 6.2.3A and
subclause 6.2.4A respectively. There is one power manage-
ment term for the UE, denoted P-MPR, and P-MPR_=P-
MPR. Py is calculated under the assumption that the
transmit power is increased by the same amount in dB on all
component carriers.

[0296] The total configured maximum output power
P car4x shall be set within the following bounds:

Pergax 12Pengax=Perax o

[0297] For uplink inter-band carrier aggregation with one
serving cell ¢ per operating band,
Peppax 1~MIN{10 log  EMIN[prazsx /(Ale )b po

erClass/ (Pt a-mpr, Al e o Alzp o' Alpysoe)-DPower
Class/ PIPL]PPoerCiass |

Peypax 7= MIN{lO logloszMAX,c:P PowerClass}

where
[0298] Drasix. is the linear value of Py, which is
given by IE P-Max for serving cell ¢ in [7];
[0299]  Pg,ierciass 18 the maximum UE power specified
in Table 6.2.2A-1 without taking into account the
tolerance specified in the Table 6.2.2A-1; Ppoverciass 15

the linear value of P,

owerclass?
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[0300] mpr, and a-mpr,. are the linear values of MPR ¢
and A-MPR c¢ as specified in subclause 6.2.3 and
subclause 6.2.4, respectively;

[0301] pmpr, is the linear value of P-MPR c;

[0302] At is the linear value of AT, At. =1.41
when NOTE 2 in Table 6.2.2-1 applies for a serving cell
¢, otherwise At. =1,

[0303] At is the linear value of the inter-band relax-
ation term AT, . of the serving cell ¢ as specified in
Table 6.2.5-2; otherwise At,, =1;

[0304] At,, s, is the linear value of AT, 5, and applies
as specified in subclause 6.2.5.

[0305] For uplink intra-band contiguous and non-contigu-

ous carrier aggregation,

P CMAX,L:MIN{lo 10g102PEMAX,c‘AT P powerClass™
MAX(MPR+4-MPR+AT 5 +AT +ATpyos,. P-
MPR)}]}’P CMAX_H MIN{lO logloszMAX,c:P Pow™
erClass

where
[0306] pzpzsx, is the linear value of Py, . which is

given by IE P-Max for serving cell ¢ in [7];

[0307] Pp,, 0rciass 15 the maximum UE power specified
in Table 6.2.2A-1 without taking into account the
tolerance specified in the Table 6.2.2A-1;

[0308] MPR and A-MPR are specified in subclause
6.2.3A and subclause 6.2.4A respectively;

[0309] AT, is the additional tolerance for serving cell
¢ as specified in Table 6.2.5-2;

[0310] P-MPR is the power management term for the
UE;
[0311] AT is the highest value AT . among all serving

cells ¢ in the subframe over both timeslots. AT, =1.5
dB when NOTE 2 in Table 6.2.2A-1 applies to the
serving cell ¢, otherwise AT, =0 dB;

[0312] AT,,,s. applies as specified in subclause 6.2.5.
[0313] For combinations of intra-band and inter-band car-
rier aggregation with UE configured for transmission on
three serving cells (up to two contiguously aggregated
carriers per operating band),

P CMAX,L:MIN{ 10 lOgIO(pCMAXfL,Bi) Nis PowerClass}

Peypax 7= MIN{lO log;o pEMAX,cxP PowerClass}

where

[0314]  przpzyx,. is the linear value of Py, . which is
given by IE P-Max for serving cell ¢ in [7];

[0315] Ppprierciass 18 the maximum UE power specified
in Table 6.2.2A-0 without taking into account the
tolerance specified in the Table 6.2.2A-0; Pppvercrass 15
the linear value of P, .. ciuss0

[0316] pPeagyx 2,5 is the linear values of Peyyyy , as

specified in corresponding operating band. Pey/yx 7
specified for single carrier in subclause 6.2.5 applies for
operating band supporting one serving cell. P, v 7
specified for uplink intra-band contiguous carrier
aggregation in subclause 6.2.5A applies for operating
band supporting two contiguous serving cells.

[0317] For each subframe, the P,,, ; is evaluated per

slot and given by the minimum value taken over the trans-

mission(s) within the slot; the minimum P, ; over the

two slots is then applied for the entire subframe. Py, ... 705

shall not be exceeded by the UE during any period of time.

[0318] If the UE is configured with multiple TAGs and

transmissions of the UE on subframe i for any serving cell
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in one TAG overlap some portion of the first symbol of the
transmission on subframe i+1 for a different serving cell in
another TAG, the UE minimum of P,,, ; for subframes i
and i+1 applies for any overlapping portion of subframes i
and i+1. Px,,,..cr.ss Shall not be exceeded by the UE during
any period of time.

[0319] The measured maximum output power P, -over

all serving cells shall be within the following range:

Peagax 1-MAX{T, TiowPenax 1) }<Pongax<Pc

waX H+Teyrer(Pearax m)Pongax=10

10g102PUMAX,c
where prpyx,. denotes the measured maximum output
power for serving cell ¢ expressed in linear scale. The
tolerances T; 5pAPcarux) a0d Tz Poagis) for applicable
values of P, ,, are specified in Table 6.2.5A-1 and Table
6.2.5A-2 for inter-band carrier aggregation and intra-band
carrier aggregation, respectively. The tolerance T, is the
absolute value of the lower tolerance for applicable
E-UTRA CA configuration as specified in Table 6.2.2A-0,
Table 6.2.2A-1 and Table 6.2.2A-2 for inter-band carrier
aggregation, intra-band contiguous carrier aggregation and
intra-band non-contiguous carrier aggregation, respectively.
[0320] FIG. 16 (a reproduction of Table 6.2.5A-1 from
3GPP TS 36.101 v14.1.0)
[0321] FIG. 17 (a reproduction of Table 6.2.5A-2 from
3GPP TS 36.101 v14.1.0)
6.2.5B Configured transmitted power for UL-MIMO
[0322] For UE supporting UL-MIMO, the transmitted
power is configured per each UE.
[0323] The definitions of configured maximum output
power Peysyx ., the lower bound P,y 7., and the higher
bound Pyyyx . specified in subclause 6.2.5 shall apply to
UE supporting UL-MIMO, where

[0324] Pg,,.,cz. and AT, are specified in subclause

6.2.2B;

[0325] MPR . is specified in subclause 6.2.3B;

[0326] A-MPR _ is specified in subclause 6.2.4B.
[0327] The measured configured maximum output power
Piasax,. for serving cell ¢ shall be within the following
bounds:

Penax 1.~ MAX{TL Trow(Pentax 1.0)y5Puntax,
=P enrax gt rca(P. CMAX,H,C)

where T; 53(Pearax 1.0) a0d Ty p(Pearax ) are defined
as the tolerance and applies t0 Pepryx 7. and Pepryx s

separately, while T, is the absolute value of the lower
tolerance in Table 6.2.2B-1 for the applicable operating
band.

[0328] For UE with two transmit antenna connectors in
closed-loop spatial amultiplexing scheme, the tolerance is
specified in Table 6.2.5B-1. The requirements shall be met
with UL-MIMO configurations specified in Table 6.2.2B-2.
[0329] FIG. 18 (a reproduction of Table 6.2.5B-1 from
3GPP TS 36.101 v14.1.0)

[0330] If UE is configured for transmission on single-
antenna port, the requirements in subclause 6.2.5 apply.
[0331] Also, to avoid excessive reporting of power head-
room, a power headroom report would be triggered under
certain conditions, e.g., when the pathloss/power headroom
value changes a lot or the previously reporting is too far
from now, e.g., a timer has expired since last report. Addi-
tional details are disclosed in 3GPP TS 36.321 v14.0.0 as
quoted below:
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5.4.3 Multiplexing and assembly

5.4.3.1 Logical Channel Prioritization
[0332] The Logical Channel Prioritization procedure is
applied when a new transmission is performed.
[0333] RRC controls the scheduling of uplink data by
signalling for each logical channel: priority where an
increasing priority value indicates a lower priority level,
prioritisedBitRate which sets the Prioritized Bit Rate (PBR),
bucketSizeDuration which sets the Bucket Size Duration
(BSD). For NB-IoT, prioritisedBitRate, bucketSizeDuration
and the corresponding steps of the Logical Channel Prior-
itisation procedure (i.e., Step 1 and Step 2 below) are not
applicable.
[0334] The MAC entity shall maintain a variable Bj for
each logical channel j. Bj shall be initialized to zero when
the related logical channel is established, and incremented
by the product PBRXTTI duration for each TTI, where PBR
is Prioritized Bit Rate of logical channel j. However, the
value of Bj can never exceed the bucket size and if the value
of Bj is larger than the bucket size of logical channel j, it
shall be set to the bucket size. The bucket size of a logical
channel is equal to PBRxBSD, where PBR and BSD are
configured by upper layers.
[0335] The MAC entity shall perform the following Logi-
cal Channel Prioritization procedure when a new transmis-
sion is performed:

[0336] The MAC entity shall allocate resources to the

logical channels in the following steps:

[0337] Step 1: All the logical channels with Bj>0 are
allocated resources in a decreasing priority order. If
the PBR of a logical channel is set to “infinity”, the
MAC entity shall allocate resources for all the data
that is available for transmission on the logical
channel before meeting the PBR of the lower priority
logical channel(s);

[0338] Step 2: the MAC entity shall decrement Bj by
the total size of MAC SDUs served to logical chan-
nel j in Step 1;

[0339] NOTE: The value of Bj can be negative.

[0340] Step 3: if any resources remain, all the logical
channels are served in a strict decreasing priority
order (regardless of the value of Bj) until either the
data for that logical channel or the UL grant is
exhausted, whichever comes first. Logical channels
configured with equal priority should be served
equally.

[0341] The UE shall also follow the rules below during
the scheduling procedures above:

[0342] the UE should not segment an RLLC SDU (or
partially transmitted SDU or retransmitted RLC
PDU) if the whole SDU (or partially transmitted
SDU or retransmitted RLC PDU) fits into the
remaining resources of the associated MAC entity;

[0343] if the UE segments an RLLC SDU from the
logical channel, it shall maximize the size of the
segment to fill the grant of the associated MAC
entity as much as possible;

[0344] the UE should maximise the transmission of
data.
[0345] if the MAC entity is given an UL grant size

that is equal to or larger than 4 bytes while having
data available for transmission, the MAC entity shall
not transmit only padding BSR and/or padding (un-
less the UL grant size is less than 7 bytes and an
AMD PDU segment needs to be transmitted);
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[0346] for transmissions on serving cells operating
according to Frame Structure Type 3, the MAC
entity shall only consider logical channels for which
laa-Allowed has been configured.

[0347] The MAC entity shall not transmit data for a
logical channel corresponding to a radio bearer that is
suspended (the conditions for when a radio bearer is con-
sidered suspended are defined in [8]).

[0348] If the MAC PDU includes only the MAC CE for
padding BSR or periodic BSR with zero MAC SDUs and
there is no aperiodic CSI requested for this TTI [2], the
MAC entity shall not generate a MAC PDU for the HARQ
entity in the following cases:

[0349] in case the MAC entity is configured with skip
UplinkTxDynamic and the grant indicated to the
HARQ entity was addressed to a C-RNTI; or

[0350] incase the MAC entity is configured with skipU-
plink TxSPS and the grant indicated to the HARQ entity
is a configured uplink grant;

[0351] For the Logical Channel Prioritization procedure,
the MAC entity shall take into account the following relative
priority in decreasing order:

[0352] MAC control element for C-RNTI or data from
UL-CCCH;

[0353] MAC control element for SPS confirmation;

[0354] MAC control element for BSR, with exception
of BSR included for padding;

[0355] MAC control element for PHR, Extended PHR,
or Dual Connectivity PHR;

[0356] MAC control element for Sidelink BSR, with
exception of Sidelink BSR included for padding;

[0357] data from any Logical Channel, except data from
UL-CCCH;

[0358] MAC control element for BSR included for
padding;

[0359] MAC control element for Sidelink BSR included
for padding.

[0360] NOTE: When the MAC entity is requested to
transmit multiple MAC PDUs in one TTI, steps 1 to
3 and the associated rules may be applied either to
each grant independently or to the sum of the capaci-
ties of the grants. Also the order in which the grants
are processed is left up to UE implementation. It is
up to the UE implementation to decide in which
MAC PDU a MAC control element is included when
MAC entity is requested to transmit multiple MAC
PDUs in one TTI. When the UE is requested to
generate MAC PDU(s) in two MAC entities in one
TTI, it is up to UE implementation in which order the
grants are processed.

5.4.6 Power Headroom Reporting

[0361] The Power Headroom reporting procedure is used
to provide the serving eNB with information about the
difference between the nominal UE maximum transmit
power and the estimated power for UL-SCH transmission
per activated Serving Cell and also with information about
the difference between the nominal UE maximum power and
the estimated power for UL-SCH and PUCCH transmission
on SpCell and PUCCH SCell.

[0362] The reporting period, delay and mapping of Power
Headroom are defined in subclause 9.1.8 of [9]. RRC
controls Power Headroom reporting by configuring the two
timers periodicPHR-Timer and prohibitPHR-Timer, and by
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signalling dl-PathlossChange which sets the change in mea-
sured downlink pathloss and the required power backoff due
to power management (as allowed by P-MPR_ [10]) to
trigger a PHR [8].

[0363] A Power Headroom Report (PHR) shall be trig-
gered if any of the following events occur:

[0364] prohibitPHR-Timer expires or has expired and
the path loss has changed more than dl-PathlossChange
dB for at least one activated Serving Cell of any MAC
entity which is used as a pathloss reference since the
last transmission of a PHR in this MAC entity when the
MAC entity has UL resources for new transmission;

[0365] periodicPHR-Timer expires;

[0366] upon configuration or reconfiguration of the
power headroom reporting functionality by upper lay-
ers [8], which is not used to disable the function;

[0367] activation of an SCell of any MAC entity with
configured uplink;

[0368] addition of the PSCell;

[0369] prohibitPHR-Timer expires or has expired, when
the MAC entity has UL resources for new transmission,
and the following is true in this TTI for any of the
activated Serving Cells of any MAC entity with con-
figured uplink:

[0370] there are UL resources allocated for transmis-
sion or there is a PUCCH transmission on this cell,
and the required power backoff due to power man-
agement (as allowed by P-MPR_ [10]) for this cell
has changed more than dl-PathlossChange dB since
the last transmission of a PHR when the MAC entity
had UL resources allocated for transmission or
PUCCH transmission on this cell.

[0371] NOTE: The MAC entity should avoid triggering
a PHR when the required power backoft due to power
management decreases only temporarily (e.g. for up to
a few tens of milliseconds) and it should avoid reflect-
ing such temporary decrease in the values of Pry.y v/
PH when a PHR is triggered by other triggering con-
ditions.

[0372] If the MAC entity has UL resources allocated for
new transmission for this TTI the MAC entity shall:

[0373] if it is the first UL resource allocated for a new
transmission since the last MAC reset, start period-
icPHR-Timer;

[0374] if the Power Headroom reporting procedure
determines that at least one PHR has been triggered and
not cancelled, and;

[0375] if the allocated UL resources can accommodate
the MAC control element for PHR which the MAC
entity is configured to transmit, plus its subheader, as a
result of logical channel prioritization:

[0376] if extendedPHR is configured:
[0377] for each activated Serving Cell with con-
figured uplink:
[0378] obtain the value of the Type 1 power
headroom:;
[0379] if the MAC entity has UL resources

allocated for transmission on this Serving Cell
for this TTI:

obtain the value for the corresponding Pey/yx .
field from the physical layer;
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[0380] if simultaneousPUCCH-PUSCH is config-
ured:
[0381] obtain the value of the Type 2 power

headroom for the PCell;

[0382] obtain the value for the corresponding
Pcasax. field from the physical layer (see sub-
clause 5.1.1.2 of [2]);

[0383] instruct the Multiplexing and Assembly
procedure to generate and transmit an Extended
PHR MAC control element for extendedPHR as
defined in subclause 6.1.3.6a based on the values
reported by the physical layer;

[0384] else if extendedPHR?2 is configured:
[0385] for each activated Serving Cell with con-
figured uplink:
[0386] obtain the value of the Type 1 power
headroom:;
[0387] if the MAC entity has UL resources

allocated for transmission on this Serving Cell
for this TTI:

obtain the value for the corresponding Peyyyx .
field from the physical layer;

[0388] if a PUCCH SCell is configured and acti-
vated:
[0389] obtain the value of the Type 2 power

headroom for the PCell and PUCCH SCell,

[0390] obtain the values for the corresponding
Pcasax, fields from the physical layer (see sub-
clause 5.1.1.2 of [2]);

[0391] else:

[0392] if simultaneousPUCCH-PUSCH is con-
figured for the PCell:
obtain the value of the Type 2 power headroom
for the PCell;
obtain the value for the corresponding P,y .
field from the physical layer (see subclause
5.1.1.2 of [2]);

[0393] instruct the Multiplexing and Assembly
procedure to generate and transmit an Extended
PHR MAC control element for extendedPHR2
according to configured ServCelllndex and the
PUCCH(s) for the MAC entity as defined in
subclause 6.1.3.6a based on the values reported by
the physical layer;

[0394] else if dualConnectivityPHR is configured:

[0395] for each activated Serving Cell with con-
figured uplink associated with any MAC entity:

[0396] obtain the value of the Type 1 power
headroom:;
[0397] if this MAC entity has UL resources

allocated for transmission on this Serving Cell
for this TTI or if the other MAC entity has UL
resources allocated for transmission on this
Serving Cell for this TTI and phr-ModeOth-
erCG is set to real by upper layers:

obtain the value for the corresponding Peyzyx .
field from the physical layer;

[0398] if simultaneousPUCCH-PUSCH is config-
ured:
[0399] obtain the value of the Type 2 power

headroom for the SpCell;

[0400] obtain the value for the corresponding
Pcasax, field for the SpCell from the physical
layer (see subclause 5.1.1.2 of [2]);
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[0401] obtain the value of the Type 2 power head-
room for the SpCell of the other MAC entity;

[0402] if phr-ModeOtherCG is set to real by upper
layers:
[0403] obtain the value for the corresponding

Peasix. field for the SpCell of the other MAC
entity from the physical layer (see subclause
5.1.1.2 of [2]);

[0404] instruct the Multiplexing and Assembly
procedure to generate and transmit a Dual Con-
nectivity PHR MAC control element as defined in
subclause 6.1.3.6b based on the values reported by
the physical layer;

[0405] else:

[0406] obtain the value of the Type 1 power head-
room from the physical layer;

[0407] instruct the Multiplexing and Assembly
procedure to generate and transmit a PHR MAC
control element as defined in subclause 6.1.3.6
based on the value reported by the physical layer;

[0408] start or restart periodicPHR-Timer;
[0409] start or restart prohibitPHR-Timer;
[0410] cancel all triggered PHR(s).

6.1.3.6 Power Headroom Report MAC Control Element

[0411] The Power Headroom Report (PHR) MAC control
element is identified by a MAC PDU subheader with LCID
as specified in table 6.2.1-2. It has a fixed size and consists
of a single octet defined as follows (FIG. 6.1.3.6-1):
[0412] R: reserved bit, set to “0”;
[0413] Power Headroom (PH): this field indicates the
power headroom level. The length of the field is 6 bits.
The reported PH and the corresponding power head-
room levels are shown in Table 6.1.3.6-1 below (the
corresponding measured values in dB can be found in
subclause 9.1.8.4 of [9)).
[0414] FIG. 19 (a reproduction of FIG. 6.1.3.6.1 from
3GPP TS 36.321 v14.0.0)
[0415] FIG. 20 (a reproduction of Table 6.1.3.6.1 from
3GPP TS 36.321 v14.0.0)

6.1.3.6a Extended Power Headroom Report MAC Control
Elements

[0416] For extendedPHR, the Extended Power Headroom
Report (PHR) MAC control element is identified by a MAC
PDU subheader with LCID as specified in table 6.2.1-2. It
has a variable size and is defined in FIG. 6.1.3.6a-2. When
Type 2 PH is reported, the octet containing the Type 2 PH
field is included first after the octet indicating the presence
of PH per SCell and followed by an octet containing the
associated Pcy. y . field (if reported). Then follows in
ascending order based on the ServCelllndex [8] an octet
with the Type 1 PH field and an octet with the associated
P asax. field (if reported), for the PCell and for each SCell
indicated in the bitmap.

[0417] For extendedPHR2, the Extended Power Head-
room Report (PHR) MAC control elements are identified by
a MAC PDU subheader with LCID as specified in table
6.2.1-2. They have variable sizes and are defined in FIG.
6.1.3.6a-3, FIG. 6.1.3.6a-4 and FIG. 6.1.3.6a-5. One octet
with C fields is used for indicating the presence of PH per
SCell when the highest SCelllndex of SCell with configured
uplink is less than 8, otherwise four octets are used. When
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Type 2 PH is reported for the PCell, the octet containing the
Type 2 PH field is included first after the octet(s) indicating
the presence of PH per SCell and followed by an octet
containing the associated P, . field (if reported). Then
follows the Type 2 PH field for the PUCCH SCell (if
PUCCH on SCell is configured and Type 2 PH is reported
for the PUCCH SCell), followed by an octet containing the
associated Pcy. .y field (if reported). Then follows in
ascending order based on the ServCelllndex [8] an octet
with the Type 1 PH field and an octet with the associated
P carax. field (if reported), for the PCell and for each SCell
indicated in the bitmap.

[0418] The Extended PHR MAC Control Elements are
defined as follows:

[0419] C;: this field indicates the presence of a PH field
for the SCell with SCelllndex i as specified in [8]. The
C, field set to “1” indicates that a PH field for the SCell
with SCelllndex i is reported. The C, field set to “0”
indicates that a PH field for the SCell with SCelllndex
i is not reported;

[0420] R: reserved bit, set to “0”;

[0421] V: this field indicates if the PH value is based on
a real transmission or a reference format. For Type 1
PH, V=0 indicates real transmission on PUSCH and
V=1 indicates that a PUSCH reference format is used.
For Type 2 PH, V=0 indicates real transmission on
PUCCH and V=1 indicates that a PUCCH reference
format is used. Furthermore, for both Type 1 and Type
2 PH, V=0 indicates the presence of the octet contain-
ing the associated P, . field, and V=1 indicates that
the octet containing the associated Py . field is
omitted;

[0422] Power Headroom (PH): this field indicates the
power headroom level. The length of the field is 6 bits.
The reported PH and the corresponding power head-
room levels are shown in Table 6.1.3.6-1 (the corre-
sponding measured values in dB can be found in
subclause 9.1.8.4 of [9));

[0423] P: this field indicates whether the MAC entity
applies power backoff due to power management (as
allowed by P-MPR.. [10]). The MAC entity shall set
P=1 if the corresponding Py, . field would have had
a different value if no power backoff due to power
management had been applied;

[0424] Peppyxc if present, this field indicates the
Perraxe Of Peagax. [2] used for calculation of the
preceding PH field. The reported Py, 5. and the
corresponding nominal UE transmit power levels are
shown in Table 6.1.3.6a-1 (the corresponding measured
values in dBm can be found in subclause 9.6.1 of [9]).

[0425] FIG. 21 (a reproduction of FIG. 6.1.3.6a-2 from
3GPP TS 36.321 v14.0.0)
[0426] FIG. 22 (a reproduction of FIG. 6.1.3.6a1-3 from
3GPP TS 36.321 v14.0.0)
[0427] FIG. 23 (a reproduction of FIG. 6.1.3.6a2-4 from
3GPP TS 36.321 v14.0.0)
[0428] FIG. 24 (a reproduction of FIG. 6.1.3.6a3-5 from
3GPP TS 36.321 v14.0.0)
[0429] FIG. 25 (a reproduction of FIG. 6.1.3.6a-1 from
3GPP TS 36.321 v14.0.0)
[0430] As discussed, there are several triggers for a power
headroom report such as, but not limited to, a pathloss
change or a timer expiration. When transmissions are per-
formed with narrow beams, the beam used for transmission
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may be changed frequently due to, for example, blockage or
scheduling flexibility. However, if the triggering occurs
often even though the power situation is unchanged, unnec-
essary power headroom reports would be generated and
included without providing the base station any additional
information than what was previously provided. On the
other hand, if the power status changes when no power
headroom report is triggered, the base station may not make
the correct scheduling decision since up-to-date information
is not provided.

[0431] For example, when the scheduled beam changes
from one beam to another beam, pathloss derived from
different beams may be different. The pathloss difference
may exceed the threshold and a power headroom report is
triggered. However, the channel condition within each beam
may be similar and the report may not be helpful. On the
other hand, even if the pathloss is kept similar, it is possible
that channel condition for a beam has been changing but a
report is not be triggered. These above-identified analysis
can also be applied to the case where the UE uses more than
one beam for transmission.

[0432] Another factor which may have impact on power
headroom triggering is the power control algorithm. It is
possible that the power control is applied on a per UE basis,
e.g. the UE would transmit on different beams with similar
power level and one control loop is maintained. Alterna-
tively, the power control can be applied on a per UE beam
basis, per TRP beam basis, or per TRP basis. For example,
the power control for each UE beam is controlled indepen-
dently and multiple control loops are maintained. In yet
another alternative, it is possible that the power control for
certain UE beams is controlled in a similar way, e.g. as a
group, and the power control for some other UE beams is
controlled in another way, e.g. as another group. For
example, UE beams associated with a same TRP belong to
the same group. In another example, UE beams associated
with a same base station beam or a same TRP beam belong
to the same group. In sum, the triggering of the power
headroom report would need to take the above aspects into
account.

[0433] According to one embodiment, a power headroom
report could be triggered due to a change of pathloss being
larger than a threshold, wherein the pathloss is associated
with a specific UE beam or a set of UE beams. The UE may
determine whether the pathloss of the specific UE beam or
the set of UE beams has changed if the specific UE beam or
the set of UE beams is scheduled for transmission. The UE
may not determine whether the pathloss of the specific UE
beam or the set of UE beams has changed if the specific UE
beam or the set of UE beams is not scheduled for transmis-
sion. The change of the pathloss could be derived from a
comparison between a current pathloss for the specific UE
beam or the set of UE beams and a previous pathloss for the
specific UE beam or the set of UE beams. The comparison
for the pathloss change may be done for the same UE beam
or the same set of UE beams.

[0434] According to a second embodiment, a power head-
room report could be triggered due to a change of pathloss
being larger than a threshold, wherein the pathloss is asso-
ciated with a TRP beam, a set of TRP beams, or a TRP. The
UE may determine whether the pathloss has changed if a
transmission associated with the TRP beam, the set of TRP
beams, or the TRP is scheduled. The UE may not determine
whether the pathloss has changed if a transmission associ-
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ated with the TRP beam, the set of TRP beams, or the TRP
is not scheduled. The change of the pathloss is derived from
a comparison between a current pathloss associated with the
TRP beam, the set of TRP beams, or the TRP and a previous
pathloss associated with the TRP beam, the set of TRP
beams, or the TRP.

[0435] According to a third embodiment, a power head-
room report could be triggered due to a change (or addition
or activation) of the serving TRP(s), a change (or addition or
activation) of the serving TRP beam(s), a change (or addi-
tion or activation) of a candidate TRP beam(s), or an
activation (or addition) of a UE beam.

[0436] In one example, if pathloss of a specific UE beam
or a set of UE beams has changed more than a threshold, a
power headroom report would be triggered. The power
headroom report may not be triggered if the pathloss is
changed due to a change of some UE beam or some set of
UE beams.

[0437] The power headroom report may include power
headroom for the specific UE beam or the set of UE beams.
Alternatively, the power headroom report could include
power headroom for all UE beams. Alternatively, the power
headroom report could include power headroom for any
combination of UE beam(s) within all UE beams. In one
example, a subset of the combination of UE beam(s) can be
configured to report. In another example, the subset of
combination of UE beam(s) can be linked to the specific UE
beam or the set of UE beams. In yet another example, the
subset of combination of UE beam(s) includes a UE beam
that is not the specific UE beam, in which the specific UE
beam is the beam whose pathloss has changed more than a
threshold value. In yet another example, the subset of
combination of UE beam(s) includes a UE beam which is
not within the subset of UE beams.

[0438] The set of UE beams may be the UE beams
associated with a TRP or the same TRP. Alternatively, the set
of UE beams may be the UE beams associated with aTRP
beam, the same TRP beam, a base station beam, or the same
base station. In one exemplary embodiment, the set of UE
beams is configured by a base station.

[0439] In one example, the power headroom for a specific
UE beam is derived from or based on the UE power status
of a transmission on the specific UE beam. More specifi-
cally, the power headroom for the specific UE beam is the
difference between a UE calculated transmission power for
the specific UE beam and a maximum transmission power
on the specific UE beam.

[0440] In another example, the power headroom for a set
of UE beams is derived from or based on the UE power
status of a transmission on the set of UE beams. More
specifically, the power headroom for the set of UE beams is
the difference between a UE calculated transmission power
for the set of UE beams and a maximum transmission power
on the set of UE beams.

[0441] In one exemplary embodiment, the power control
could be per UE. Alternatively, the power control could be
per beam. Alternatively, the power control could be per
beam group or per beam set. Alternatively, the power control
could be per beam combination.

[0442] In another embodiment, the UE could trigger a
power headroom report for a group of UE beams based on
a first condition. In one exemplary embodiment, the group of
UE beams could be a subset of UE beams that can be
generated by the UE. In one exemplary embodiment, the
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triggering of a power headroom report for another group of
UE beams could be based on a second condition. In one
exemplary embodiment, the power headroom report could
include the power headroom of each UE beam within the
group. In one exemplary embodiment, the power headroom
report could include the power headroom of any combina-
tion of UE beam(s) within the group. More specifically, a
subset of any combination of the UE beam(s) could be
configured to be included in the power headroom report. In
one exemplary embodiment, the first condition could be that
the pathloss of a UE beam within the group has changed
more than a threshold. In another exemplary embodiment,
the first condition could be that the pathloss of a combination
of UE beams within the group has changed more than a
threshold. In one exemplary embodiment, the power head-
room report is not triggered if the pathloss change is due to
a change of a UE beam or a set of UE beams. In one
exemplary embodiment, a comparison for a pathloss change
could be done for the same UE beam or the same set of UE
beams. In another exemplary embodiment, the first condi-
tion could be checked if at least one UE beam within the
group of UE beams is scheduled for transmission. In yet
another exemplary embodiment, the first condition is not
checked if none of UE beams within the group of UE beams
is scheduled for transmission. In yet another embodiment,
the first condition could be checked if a specific UE beam or
a specific UE beam combination within the group of UE
beams is scheduled for transmission. In another embodi-
ment, the first condition is not checked if a specific UE beam
or a specific UE beam combination within the group of UE
beams is not scheduled for transmission.

[0443] In one exemplary embodiment, the group of UE
beams could be UE beams associated with a TRP or the
same TRP. Alternately, the group of UE beams could be UE
beams associated with a TRP beam, the same TRP beam, a
base station beam, or the same base station beam. In yet
another alternative, the group of UE beams could be con-
figured by a base station.

[0444] The per beam and/or per beam combination power
headroom is reported from a UE to a base station. For
example, the UE calculates power headroom for each beam
and/or each beam combination. In one embodiment, the
power headroom of a beam and/or beam combination used
to carry the power headroom is calculated based on real
transmission power. In one exemplary embodiment, the
power headroom of a beam and/or beam combination could
be calculated assuming that the same transmission is per-
formed on the beam and/or beam combination, wherein the
beam and/or the beam combination is not used to carry (or
transmit) the power headroom. In another exemplary
embodiment, the power headroom of a beam and/or beam
combination could be calculated assuming some predefined
parameter, wherein the beam and/or the beam combination
is not used to carry (or transmit) the power headroom. For
example, a virtual power headroom is reported.

[0445] In one exemplary embodiment, the base station
could indicate the power headroom of which beam is (to be)
reported. In another exemplary embodiment, the base station
could indicate power headroom of which beam combination
is (to be) reported. In yet another exemplary embodiment,
the UE could select the power headroom of which beam is
reported. More specifically, the UE selects the beam(s) with
largest power headroom(s). In one exemplary embodiment,
the UE could report the power headroom together with an
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indicator associated with the selected beam(s). In another
exemplary embodiment, the UE could select the power
headroom of which beam combination is reported. In one
specific embodiment, the UE could select the beam combi-
nation(s) with the largest power headroom(s). In another
embodiment, the UE could report the power headroom
together with an indicator associated with the selected beam
combination(s).

[0446] In any of the above embodiments, the pathloss of
a UE beam could be derived from a downlink (DL) signal
measured on the UE beam. In one exemplary embodiment,
the DL signal could be transmitted on multiple TRP beams
or multiple base station beams. More specifically, the mul-
tiple TRP beams or the multiple base station beams could be
associated with the UE beam.

[0447] In any of the above embodiments, the pathloss of
a set of UE beams could be derived from a DL signal
measured on the set of UE beams. In one exemplary
embodiment, the DL signal could be transmitted on multiple
TRP beams or multiple base station beams. More specifi-
cally, the multiple TRP beams or the multiple base station
beams could be associated with the set of UE beams.
[0448] In another exemplary embodiment, any combina-
tion of the following DL signals can be used for pathloss
measurement:

[0449] Reference signal for pathloss measurement
[0450] Reference signal for beam management
[0451] Reference signal for channel state information

measurement

[0452] Reference signal for mobility management

[0453] Reference signal for demodulation

[0454] Beam reference signal

[0455] Demodulation reference signal for a control
channel (e.g. an uplink grant for reporting power head-
room)

[0456] Demodulation reference signal for a data chan-
nel

[0457] Channel state information reference signal

[0458] Synchronization signal

[0459] FIG. 26 is a flow chart 2600 according to one

exemplary embodiment from the perspective of a UE. In
step 2605, the UE performs an Uplink (UL) transmission
with one or more UE beams. In step 2610, the UE triggers
a power headroom report due to a change of a pathloss
(value) being larger than a threshold for a specific UE beam
or a set of UE beams.

[0460] FIG. 27 is a flow chart 2700 according to one
exemplary embodiment from the perspective of a UE. In
step 2705, the UE triggers a power headroom report due to
a change of a pathloss (value) being larger than a threshold
for the pathloss (value) associated with a TRP, a TRP beam,
or a set of TRP beams.

[0461] FIG. 28 is a flow chart 2800 according to one
exemplary embodiment from the perspective of a UE. In
step 2805, the UE uses multiple beams for transmission. In
step 2810, the UE triggers a power headroom report due to
a change of a pathloss (value) being larger than a threshold,
wherein the pathloss (value) is associated with a specific
beam or a set of beams. The specific beam could be a
specific UE beam or a specific TRP beam. The specific set
of beams could be a set of UE beams or a set of TRP beams.
[0462] FIG. 29 is a flow chart 2900 according to another
exemplary embodiment from the perspective of a UE. In
step 2905, the UE performs an Uplink (UL) transmission
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with one or more UE beams. In step 2910, the UE deter-
mines whether to trigger a power headroom report for a first
group of the one or multiple UE beams based on a first
condition. In step 2915, the UE determines whether to
trigger a power headroom report for a second group of the
one or multiple UE beams based on a second condition.

[0463] FIG. 30 is a flow chart 3000 according to another
exemplary embodiment from the perspective of a UE. In
step 3005, the UE determines whether to trigger a power
headroom report for a first group of multiple UE beams
based on a first condition. In step 3010, the UE determines
whether to trigger a power headroom report for a second
group of the multiple UE beams based on a second condi-
tion. In step 3015, the UE triggers the power headroom
report for the first group if the first condition is fulfilled. In
step 3020, the UE triggers the power headroom report for the
second group if the second condition is fulfilled.

[0464] In another embodiment, the UE could perform an
uplink transmission with one or more UE beams.

[0465] In another embodiment, the UE could determine
whether the pathloss (value) has changed if a transmission
associated with the specific beam or the set of beams is
scheduled. Alternatively, the UE could determine whether
the pathloss (value) of the specific UE beam or the set of UE
beams has changed if the specific UE beam or the set of UE
beams is scheduled for transmission. Alternatively, the UE
could determine whether the pathloss (value) has changed if
a transmission associated with the TRP beam, the set of TRP
beams, or the TRP is scheduled.

[0466] In another embodiment, the UE does not determine
whether the pathloss (value) of the specific UE beam or the
set of UE beams has changed if the specific beam or the set
of beams is not scheduled for transmission. Alternatively,
the UE does not determine whether the pathloss (value) has
changed if a transmission associated with the TRP beam, the
set of TRP beams, or the TRP is not scheduled.

[0467] In other embodiments of the methods disclosed
herein, the change of the pathloss (value) could be derived
from a comparison between a current pathloss (value) for the
specific UE beam or the set of UE beams and a previous
pathloss (value) for the specific UE beam or the set of UE
beams. Alternatively, the change of the pathloss (value)
could be derived from a comparison between a current
pathloss (value) associated with the specific beam or the set
of' beams and a previous pathloss (value) associated with the
specific beam or the set of beams. Alternatively, the change
of the pathloss (value) could be derived from a comparison
between a current pathloss (value) associated with the TRP
beam, the set of TRP beams, or the TRP and a previous
pathloss (value) associated with the TRP beam, the set of
TRP beams, or the TRP.

[0468] In other embodiments of the methods disclosed
herein, the change of the pathloss (value) could be derived
from a comparison of a same UE beam or a same set of UE
beams.

[0469] In other embodiments of the methods disclosed
herein, the power headroom report is not triggered if the
pathloss (value) change is due to a change of the UE beam
or the set of UE beams. Alternatively, the power headroom
report is triggered if the pathloss (value) change is due to a
change of the UE beam or the set of UE beams.

[0470] In other embodiments of the methods disclosed
herein, the UE does not trigger the power headroom report
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based on a change of the pathloss (value) derived from a
comparison between different beams or between different
sets of beams.

[0471] In another method of a UE, a power headroom
report would be triggered due to change (or addition or
activation) of serving TRP(s), change (or addition or acti-
vation) of serving TRP beam(s), change (or addition or
activation) of candidate TRP beam(s), or activation (or
addition) of a UE beam.

[0472] In other embodiments of the methods disclosed
herein, the power headroom report could include the power
headroom for the specific UE beam or the set of UE beams.
[0473] In other embodiments of the methods disclosed
herein, the power headroom report could include the power
headroom for a specific UE beam or a set of UE beams.
[0474] In other embodiments of the methods disclosed
herein, the power headroom report could include the power
headroom for all UE beams.

[0475] In other embodiments of the methods disclosed
herein, the power headroom report could include the power
headroom for any combination of the UE beams within all
the UE beams. In other embodiments, a subset of combina-
tion of UE beams can be configured to report.

[0476] In other embodiments of the methods disclosed
herein, the set of beams could be associated with a TRP or
the same TRP. Alternatively, the set of beams could be
associated with a TRP beam, the same TRP beam, a base
station beam, or the same base station beam. Alternatively,
the set of beams could be associated with a set of TRP beams
or the same set of TRP beams.

[0477] In other embodiments of the methods disclosed
herein, the set of UE beams could be UE beams associated
with a TRP or the same TRP. Alternatively, the set of UE
beams could be UE beams associated with a TRP beam, the
same TRP beam, a base station beam, or the same base
station beam. Alternatively, the set of UE beams could be
UE beams associated with a set of TRP beams or the same
set of TRP beams.

[0478] In other embodiments of the methods disclosed
herein, the set of UE beams could be configured by a base
station.

[0479] In other embodiments of the methods disclosed
herein, the power headroom for the specific UE beam could
be derived based on a UE power status of a transmission on
the specific UE beam. Additionally, the power headroom for
the specific UE beam could be the difference between a UE
calculated transmission power for the specific UE beam and
a maximum transmission power on the specific UE beam.
[0480] In other embodiments of the methods disclosed
herein, the power headroom for the set of UE beams could
be derived from or based on a UE power status of a
transmission on the set of UE beams. Additionally, the
power headroom for the set of UE beams could be the
difference between a UE calculated transmission power for
the set of UE beams and a maximum transmission power on
the set of UE beams.

[0481] In other embodiments of the methods disclosed
herein, power control could be per UE, per beam, per beam
group, per beam set, or per beam combination.

[0482] In other embodiments of the methods disclosed
herein, the first group of UE beams could be a subset of UE
beams that can be generated by the UE.

[0483] In other embodiments of the methods disclosed
herein, the power headroom report could include the power
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headroom of each UE beam within the first or second group.
Alternatively and/or additionally, the power headroom
report could include the power headroom of any combina-
tion of UE beams within the first or second group. Addi-
tionally, a subset of the any combination of UE beams could
be configured to be included in the power headroom report.
[0484] In other embodiments of the methods disclosed
herein, the first condition could be that a pathloss (value) of
a UE beam within the first group or a combination of UE
beams within the first group has changed more than a
threshold.

[0485] In other embodiments of the methods disclosed
herein, the second condition could be that a pathloss (value)
of'a UE beam within the second group or a combination of
UE beams within the second group has changed more than
a threshold.

[0486] In other embodiments of the methods disclosed
herein, the first condition could be checked if at least one UE
beam within the first group is scheduled for transmission.
[0487] In other embodiments of the methods disclosed
herein, the first condition is not checked if none of UE beam
within the first group is scheduled for transmission.

[0488] In other embodiments of the methods disclosed
herein, the first condition could be checked if a specific UE
beam or a specific UE beam combination within the first
group is scheduled for transmission.

[0489] In other embodiments of the methods disclosed
herein, the first condition is not checked if a specific UE
beam or a specific UE beam combination within the first
group is not scheduled for transmission.

[0490] In other embodiments of the methods disclosed
herein, the first group could be UE beams associated with a
TRP, the same TRP, a TRP beam, the same TRP beam, a base
station beam, or the same base station beam.

[0491] In other embodiments of the methods disclosed
herein, the first group (and the second group) could be
configured by a base station.

[0492] Referring back to FIGS. 3 and 4, in one embodi-
ment, the device 300 includes a program code 312 stored in
memory 310. The CPU 308 could execute program code 312
to enable the UE (i) to perform an UL transmission with one
or multiple UE beams; and (ii) to trigger a power headroom
report due to a change of a pathloss (value) being larger than
a threshold for a specific UE beam or a set of UE beams.

[0493] In another embodiment, the CPU 308 could
execute program code 312 to enable the UE to trigger a
power headroom report due to a change of a pathloss
(value), associated with a TRP beam, a set of TRP beams, or
a TRP, being larger than a threshold.

[0494] In another embodiment, the CPU 308 could
execute program code 312 to enable the UE (i) to use
multiple beams for transmission; and (ii) to trigger a power
headroom report due to a change of a pathloss (value) being
larger than a threshold, wherein the pathloss (value) is
associated with a specific beam or a set of beams.

[0495] In another embodiment, the CPU 308 could
execute program code 312 to enable the UE (i) to perform
an Uplink (UL) transmission with one or more UE beams;
(ii) to determine whether to trigger a power headroom report
for a first group of the one or multiple UE beams based on
a first condition; and (iii) to determine whether to trigger a
power headroom report for a second group of the one or
multiple UE beams based on a second condition.
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[0496] In another embodiment, the CPU 308 could
execute program code 312 to enable the UE (i) to determine
whether to trigger a power headroom report for a first group
of multiple UE beams based on a first condition; (ii) to
determine whether to trigger a power headroom report for a
second group of the multiple UE beams based on a second
condition; (iii) to trigger the power headroom report for the
first group if the first condition is fulfilled; and (iv) to trigger
the power headroom report for the second group if the
second condition is fulfilled.

[0497] Furthermore, the CPU 308 can execute the pro-
gram code 312 to perform all of the above-described actions
and steps or others methods described herein.

[0498] Based on the various embodiments disclosed
herein, the real power status on the UE side is reported with
a proper overhead.

[0499] Various aspects of the disclosure have been
described above. It should be apparent that the teachings
herein may be embodied in a wide variety of forms and that
any specific structure, function, or both being disclosed
herein is merely representative. Based on the teachings
herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any
other aspects and that two or more of these aspects may be
combined in various ways. For example, an apparatus may
be implemented or a method may be practiced using any
number of the aspects set forth herein. In addition, such an
apparatus may be implemented or such a method may be
practiced using other structure, functionality, or structure
and functionality in addition to or other than one or more of
the aspects set forth herein. As an example of some of the
above concepts, in some aspects concurrent channels may be
established based on pulse repetition frequencies. In some
aspects concurrent channels may be established based on
pulse position or offsets. In some aspects concurrent chan-
nels may be established based on time hopping sequences.
[0500] Those of skill in the art would understand that
information and signals may be represented using any of a
variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields
or particles, optical fields or particles, or any combination
thereof.

[0501] Those of skill would further appreciate that the
various illustrative logical blocks, modules, processors,
means, circuits, and algorithm steps described in connection
with the aspects disclosed herein may be implemented as
electronic hardware (e.g., a digital implementation, an ana-
log implementation, or a combination of the two, which may
be designed using source coding or some other technique),
various forms of program or design code incorporating
instructions (which may be referred to herein, for conve-
nience, as “software” or a “software module™), or combi-
nations of both. To clearly illustrate this interchangeability
of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software
depends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for
each particular application, but such implementation deci-
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sions should not be interpreted as causing a departure from
the scope of the present disclosure.

[0502] In addition, the various illustrative logical blocks,
modules, and circuits described in connection with the
aspects disclosed herein may be implemented within or
performed by an integrated circuit (“IC”), an access termi-
nal, or an access point. The IC may comprise a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, electrical components, optical components,
mechanical components, or any combination thereof
designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC,
outside of the IC, or both. A general purpose processor may
be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcon-
troller, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more mMicroprocessors in conjunc-
tion with a DSP core, or any other such configuration.
[0503] It is understood that any specific order or hierarchy
of steps in any disclosed process is an example of a sample
approach. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the
present disclosure. The accompanying method claims pres-
ent elements of the various steps in a sample order, and are
not meant to be limited to the specific order or hierarchy
presented.

[0504] The steps of a method or algorithm described in
connection with the aspects disclosed herein may be embod-
ied directly in hardware, in a software module executed by
a processor, or in a combination of the two. A software
module (e.g., including executable instructions and related
data) and other data may reside in a data memory such as
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, a hard disk, a remov-
able disk, a CD-ROM, or any other form of computer-
readable storage medium known in the art. A sample storage
medium may be coupled to a machine such as, for example,
a computer/processor (which may be referred to herein, for
convenience, as a “processor”’) such the processor can read
information (e.g., code) from and write information to the
storage medium. A sample storage medium may be integral
to the processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in user equipment.
In the alternative, the processor and the storage medium may
reside as discrete components in user equipment. Moreover,
in some aspects any suitable computer-program product may
comprise a computer-readable medium comprising codes
relating to one or more of the aspects of the disclosure. In
some aspects a computer program product may comprise
packaging materials.

[0505] While the invention has been described in connec-
tion with various aspects, it will be understood that the
invention is capable of further modifications. This applica-
tion is intended to cover any variations, uses or adaptation
of the invention following, in general, the principles of the
invention, and including such departures from the present
disclosure as come within the known and customary practice
within the art to which the invention pertains.
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What is claimed is:

1. A method for a user equipment (UE) operation, the
method comprising:

using multiple beams for transmission; and

triggering, by the UE, a power headroom report due to a

change of a pathloss being larger than a threshold,
wherein the pathloss is associated with a specific beam,
wherein the pathloss is derived from a synchronization
signal,

wherein a UE transmission power for an uplink (UL)

transmission by the UE is controlled per a set of the
multiple beams.

2. The method of claim 1, wherein the power headroom
is the difference between a UE calculated transmission
power for the set of the multiple UE beams and a maximum
transmission power on the set of the multiple UE beams.

3. The method of claim 1, wherein the specific beam is a
specific UE beam or a specific transmission/reception point
(TRP) beam.

4. The method of claim 1, wherein the set of the multiple
beams is a set of UE beams or a set of TRP beams.

5. The method of claim 1, wherein the transmission power
is controlled based on a power control command sent from
a base station to the UE.

6. The method of claim 1, wherein the power headroom
report includes a power headroom for the specific beam or
the set of the multiple beams.

7. The method of claim 1, wherein the UE does not
determine whether the pathloss has changed if a transmis-
sion associated with the specific beam is not scheduled.

8. The method of claim 1, wherein the change of the
pathloss is derived from a comparison between a current
pathloss value, associated with the specific beam, and a
previous pathloss value, associated with the specific beam.

9. The method of claim 1, wherein the synchronization
signal is measured on the specific beam.

10. A User Equipment (UE), comprising:

a control circuit;

a processor installed in the control circuit; and

a memory installed in the control circuit and coupled to

the processor;

wherein the processor is configured to execute a program

code stored in the memory to:

use multiple beams for transmission;

trigger a power headroom report due to a change of a
pathloss being larger than a threshold, wherein the
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pathloss is associated with a specific beam, wherein
the pathloss is derived from a synchronization signal,

wherein a UE transmission power for a UL transmis-
sion by the UE is controlled per a set of the multiple
beams.

11. The UE of claim 10, wherein the specific beam is a
specific UE beam or a specific transmission/reception point
(TRP) beam.

12. The UE of claim 10, wherein the set of the multiple
beams is a set of UE beams or a set of TRP beams.

13. The UE of claim 10, wherein the UE transmission
power is controlled based on a power control command sent
from a base station to the UE.

14. The UE of claim 10, wherein the power headroom
report includes a power headroom for the specific beam or
the set of the multiple beams.

15. The UE of claim 10, wherein the UE does not
determine whether the pathloss has changed if a transmis-
sion associated with the specific beams is not scheduled.

16. The UE of claim 10, wherein the change of the
pathloss is derived from a comparison between a current
pathloss value, associated with the specific beam, and a
previous pathloss value, associated with the specific beam.

17. The UE of claim 10, wherein the synchronization
signal is measured on the specific beam.

18. A method for operating a UE, the method comprising:

using multiple beams for transmission;

triggering, by the UE, a power headroom report due to a

change of a pathloss being larger than a threshold,
wherein the change of the pathloss is derived from a
comparison between a current pathloss value, associ-
ated with a first beam of the multiple beams, and a
previous pathloss value, associated with the first beam,
and wherein the pathloss is derived from a synchroni-
zation signal; and

receiving a power control command to control UE trans-

mission power for the first beam and UE transmission
power for a second beam of the multiple beams.

19. The method of claim 18, wherein the first beam is a
first UE beam and the second beam is a second UE beam, or
the first beam is a first transmission/reception point (TRP)
beam and the second beam is a second TRP beam.

20. The method of claim 18, further comprising deriving
the UE transmission power for the first beam based on the
pathloss and the power control command.
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