woO 2025/035269 A1 | NN 0000 AN O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date
20 February 2025 (20.02.2025)

(10) International Publication Number

WO 2025/035269 Al

WIPO I PCT

(51) International Patent Classification:
H04B 7/06 (2006.01) Ho4W 72/044 (2023.01)
H04B 7/08 (2006.01) Ho4Ww 72/21 (2023.01)
HO04L 5/00 (2006.01) Ho4Ww 72/23 (2023.01)

(21) International Application Number:
PCT/CN2023/112567

(22) International Filing Date:
11 August 2023 (11.08.2023)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: GOOGLE LLC [US/US]; 1600 Amphitheatre
Parkway, Mountain View, California 94043 (US).

(72) Inventor; and

(71) Applicant (for BZ only): ZHANG, Yushu [CN/CN]; 4th,
5th, 6th, 7th Floor And 8th Floor 801-806, 808-814, Build-
ing 1, No. 2 Kexueyuan South Road, Haidian District, Bei-
jing 100190 (CN).

(72) Inventor: LIOU, Jia-Hong, 15F. No.168, Dunhua N. Rd.,
Songshan District, Taipei City, Taiwan 10548 (CN).

(74) Agent: CHINA SINDA INTELLECTUAL PROPER-
TY LIMITED; 11/F, Tower B, Focus Place, 19 Financial
Street, Xicheng District, Beijing 100033 (CN).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR, HU, ID, IL, IN, IQ, IR, IS, IT, M, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

(54) Title: UE INITIATED BEAM SWITCHING

(57) Abstract: Systems, methods and apparatuses perform UE initiated

100 %

(R

122874

1248

1228
TRP 2

-+ 1308

T 0l
Bt

Core Network
150

FIGURE 1

beam switching. A UE (110) receives (304), from a network entity (120), a

UE initiated beam switching configuration indicating a plurality of refer-
1246 ence signals (RSs) associated with a plurality of beams. The UE receives
(308), from the network entity, one or more RSs associated with one or
more beams. The UE transmits (312), to the network entity, an indication
to switch from communicating via at least one first beam to communicat-
ing via at least one second beam based on the one or more RSs. The UE
and the network entity communicate (318) with one another via the at least
one second beam.
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UE INITIATED BEAM SWITCHING
TECHNICAL FIELD
[0001] Aspects of the present disclosure relate generally to wireless communication and

techniques for UE initiated beam switching.

BACKGROUND
[0002] Beamforming is a technique that can enhance the signal quality between a network
entity and a UE thereby improving data rates, reducing latency, and increasing overall network
performance. In beamforming, the transmitter directs radio frequency (RF) transmission towards
a specific direction (e.g., towards an intended receiver), creating a "beam" of focused energy,

rather than radiating the signal in all directions equally.

BRIEF SUMMARY
[0003] The systems, methods, and devices of this disclosure each have several innovative
aspects, no single one of which is solely responsible for the desirable attributes disclosed herein.
[0004] One innovative aspect of the subject matter described in this disclosure can be
implemented as a method for wireless communications by a user equipment. The method may
include receiving, from a network entity, a UE initiated beam switching configuration indicating
a plurality of reference signals (RSs) associated with a plurality of beams. The method may further
include receiving, from the network entity, one or more RSs associated with one or more beams.
The method may further include transmitting, to the network entity, an indication to switch from
communicating via at least one first beam to communicating via at least one second beam based
on the one or more RSs. The method may further include communicating with the network entity
via the at least one second beam.
[0005] Another innovative aspect of the subject matter described in this disclosure can be
implemented as a method for wireless communications by a network entity. The method may
include transmitting, to a user equipment (UE), a UE initiated beam switching configuration
indicating a plurality of reference signals (RSs) associated with a plurality of beams. The method
may further include transmitting, to the UE, one or more RSs associated with one or more beams.
The method may further include receiving, from the UE, an indication to switch from
communicating via at least one first beam to communicating via at least one second beam. The
method may further include communicating with the UE via the at least one second beam.
[0006] Details of one or more implementations of the subject matter described in this
disclosure are set forth in the accompanying drawings and the description below. Other features,

aspects, and advantages will become apparent from the description, the drawings, and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Note that the relative dimensions of the following figures may not be drawn to scale.
Like reference numbers and designations in the various drawings indicate like elements. To easily
identify the discussion of any particular element or act, the most significant digit or digits in a
reference number refer to the figure number in which that element is first introduced.
[0008] Figure 1 is a conceptual diagram illustrating an example wireless system including a
user equipment communicating with a network entity.
[0009] Figure 2 is a block diagram illustrating example configurations ot a network entity and
a user equipment.
[0010] Figure 3 is a sequence diagram illustrating example operations of a communications
process for UE initiated beam switching.
[0011] Figure 4 is a flow chart diagram illustrating example UE operations of a method for
UE initiated beam switching.
[0012] Figure 5 is a flow chart diagram illustrating example network entity operations of a
method for UE initiated beam switching.
[0013] Figure 6 is a flow chart diagram illustrating example network entity operations of a
method for detecting a beam switching request event.
[0014] Figure 7A is a diagram illustrating an example of beam switching based on an
indicated TCI state.
[0015] Figure 7B is a diagram illustrating an example of beam switching based on multiple
indicated TCI states.
[0016] Figure 7C is a diagram illustrating an example of UE initiated joint uplink and
downlink beam switching.
[0017] Figure 7D is a diagram illustrating an example of UE initiated separate uplink and
downlink beam switching.
[0018] Figure 8A is a diagram illustrating an example of joint uplink and downlink beam
switching in a response to a UE initiated beam switch.
[0019] Figure 8B is a diagram illustrating an example of separate uplink and downlink beam
switching in a response to a UE initiated beam switch.
[0020] Figure 9 is a diagram illustrating an example timeline for additional TRS sets based
on QCL parameter identification.
[0021] Figure 10 is a diagram illustrating an example timeline for an additional TRS with

dynamic QCL update based QCL parameter identification.
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[0022] Figure 11 is a diagram illustrating an example timeline including a scheduling

restriction after beam switching.

DETAILED DESCRIPTION

[0023] The following description is directed to certain implementations for the purpose of
describing the innovative aspects of this disclosure. However, a person having ordinary skill in
the art will readily recognize that the teachings herein can be applied in a multitude of different
ways. Some of the examples in this disclosure are based on wireless communication according to
the 3rd Generation Partnership Project (3GPP) wireless standards, such as the 4th generation (4G)
Long Term Evolution (LTE) and 5th generation (5G) New Radio (NR) standards. However, the
described implementations can be implemented in any device, system, or network that is capable
of transmitting and receiving radio frequency signals according to any of the wireless
communication standards, including any of the Institute of Electrical and Electronics Engineers
(IEEE) 802.11, 802.15, or 802.16 wireless standards, or other known signals that are used to
communicate within a wireless, cellular, or internet of things (IOT) network, such as a system
utilizing 3G, 4G, 5G, WiFi or future radio technology.

[0024] As discussed above, beamforming is a technique that can enhance the signal quality
between a network entity and a UE thereby improving data rates, reducing latency, and increasing
overall network performance. In beamforming, the transmitter directs radio frequency (RF)
transmission towards a specific direction (e.g., towards an intended receiver), creating a "beam"
of focused energy, rather than radiating the signal in all directions equally.

[0025] A problem when using beamforming is that there can be undesirable latency when
switching from a first beam to a second beam. In existing systems, the network entity may initiate
beam switching based on signal quality information received from the UE. The network entity
may initiate beam switching based on the beam quality indicators. For example, the UE may
measure beam quality using reference signals such as channel state information reference signals
(CSI-RSs) or synchronization signal blocks {SSBs), and transmit beam quality indicators to the
network entity. For example, the UE may measure the CSI-RS in a transmission configuration
indicator (TCT) state or the synchronization signal block (SSB) with which the CSI-RS is quasi-
co-located before the UE applies a corresponding active TCI state. The UE may measure the CSI-
RS or SSB once for time and frequency offset tracking. The UE may also measure the SSB
multiple times, e.g., eight times, for UE beam sweeping. In one example, such TCI activation
delay could be 20ms or 160ms given an SSB periodicity of 20ms. If the UE is configured with

discontinuous reception (DRX), the activation delay may be 160ms. Additional latency may be
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introduced based on the exchange of message between the network entity and the UE. Network
initiated beam switching may involve the exchange of four messages (two round trips) between
the network entity and the UE. Each message may introduce additional latency when beam
switching occurs.

[0026] The above-described latency may affect network performance, leading to user
dissatisfaction. Additionally, the network entity may initiate beam switching too frequently,
thereby increasing overhead on the UE to process the beam switching. Additionally, the network
entity may fail to detect network conditions that would favor beam switching, thereby leading to
reduced network performance.

[0027] According to aspects of the disclosure, different techniques may be used by a UE and
network entity to facilitate a UE initiating beam switching. The network entity can transmit the
CSI-RSs or SSBs, and the UE can measure beam quality using the CSI-RSs or SSBs. The UE can
then initiate beam switching if the difference between a measured beam quality for a current beam
and a measured quality for a candidate new beam exceeds a threshold difference. In some aspects,
the UE may initiate beam switching by transmitting a beam switching request to the network entity.
In some other aspects, the UE can initiate beam switching by indicating a beam switching request
in a beam report. A technical advantage of the techniques disclosed herein is that the disclosed
UE initiated beam switching can be accomplished using fewer transmissions than in existing
systems, thereby reducing the latency involved in beam switching.

[0028] Figure 1 is a conceptual diagram illustrating an example wireless system including a
user equipment communicating with a network entity. In the example shown in Figure 1, wireless
communication system 100 includes a UE 110 that wirelessly communicates with a network entity
120. The UE may communicate directly with the network entity 120 or via one or more
transmit/receive points (TRPs) (e.g., TRPs 122A or 122B). Network entity 120 may be coupled
to TRPs 122A and 122B via respective fronthaul networks 130A and 130B. For example,
fronthaul networks 130A and 130B may be high performance networks such as fiber optic
networks.

[0029] Although illustrated as a smartphone in Figure 1, the UE 110 may be implemented as
any suitable computing or electronic device, such as a mobile communication device, a modem,
cellular phone, gaming device, navigation device, media device, laptop computer, desktop
computer, tablet computer, smart appliance, vehicle-based communication system, an Internet-of-
things (IoT) device (e.g., sensor node, controller/actuator node, combination thereof), and the like.
Network entity 120 (e.g., base station, an Evolved Universal Terrestrial Radio Access Network
Node B (E-UTRAN Node B), evolved Node B, eNodeB, eNB, Next Generation Node B, gNode

B, gNB, ng-eNB, access point, radio head or the like) may be implemented in a macrocell,
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microcell, small cell, picocell, or the like, or any combination therecof. The network entity 120
may be configured to use multiple-input and multiple-output (MIMO) communication to exchange
wireless signals with UE 110. Additionally, network entity 120 may use beamforming when
communicating with UE 110. For example, network entity 120 may configure beams 124A to
communicate with UE 110. In some aspects, UE 110 may communicate with network entity 120
via multiple TRPs (e.g., TRPs 122A and 122B) associated with the network entity 120. In such
aspects, TRPs 122A and 122B may be configured with beams 124B and 124C, respectively, for
use in communicating with UE 110.

[0030] In some aspects, the functionality, and thus the hardware components, of the network entity
120 may be distributed across multiple network nodes or devices and may be distributed in a
manner to perform the functions described herein. As one example, the functionality of network
entity 120 may be distributed across a radio unit (RU), distributed unit (DU), or central unit (CU).
[0031] The UE 110 may communicate with network entity 120 and TRPs 122A and 122B
using wireless links (not shown in Fig. 1), which may be implemented as any suitable type of
wireless link. The wireless links may include one or more wireless links (e.g., radio links) or
bearers implemented using any suitable communication protocol or standard, or combination of
communication protocols or standards, such as 3rd Generation Partnership Project Long-Term
Evolution (3GPP LTE), Fifth Generation New Radio (5G NR), and so forth. Multiple wireless
links may be aggregated in a carrier aggregation to provide a higher data rate for the UE 110.
[0032] The network entity 120 and TRPs 122A and 122B support wireless communication
with one or more UEs, such as UE 110, via radio frequency (RF) signaling using one or more
applicable radio access technologies (RATs) as specified by one or more communications
protocols or standards. The network entity 120 and the TRPs 122A and 122B may employ any of
a variety of RATs, such as operating as a NodeB (or base transceiver station (BTS)) for a Universal
Mobile Telecommunications System (UMTS) RAT (also known as “3G”), operating as an
enhanced NodeB (“eNB™) for a Third Generation Partnership Project (3GPP) Long Term
Evolution (LTE) RAT, operating as a 5G node B (“gNB”) for a 3GPP Fifth Generation (5G) New
Radio (NR) RAT, and the like.

[0033] The network entity 120 and TRPs 122A and 122B may be part of a radio access
network (RAN), for example, an Evolved Universal Terrestrial Radio Access Network, E-
UTRAN, 5G NR RAN, or NR RAN. The network entity 120 may be connected to a core network
150. For example, the network entity 120 may connect to the core network 150 through an NG2
interface for control-plane signaling and using an NG3 interface for user-plane data
communications when connecting to a 5G core network, or using an Si interface for control-plane

signaling and user-plane data communications when connecting to an Evolved Packet Core (EPC)
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network. The network entity 120 may communicate using an Xn Application Protocol (XnAP)
through an Xn interface or using an X2 Application Protocol (X2AP) through an X2 interface to
exchange user-plane and control-plane data. The UE 110 may connect, via the core network 150,
to one or more wide area networks (WANs) 160 or other packet data networks (PDNs), such as
the Internet.

[0034] Communications between network entity 120 and UE 110 utilize an uplink (UL)
transmission path 112 for RF transmissions from the UE 110 to the network entity 120 and a
downlink (DL) transmission path 114 for RF transmissions from the network entity 120 to the UE
110. As such, in the context of the UL transmission path 112, the UE 110 serves as the data
sending device and the network entity 120 serves as the data receiving device, whereas in the
context of the DL transmission path 114, the network entity 120 serves as the data sending device
and the UE 110 serves as the data receiving device. UL transmission path 112 and DL transmission
path 114 may utilize multiple communications channels for signal transmission. The multiple
channels may each have different purposes.

[0035] UL transmission path 112 may include a Physical Uplink Shared Channel (PUSCH), a
Physical Uplink Control Channel (PUCCH), and a Physical Random Access Channel (PRACH).
The PUSCH is used for the transmission of user data, such as voice data, video data, or text
message data from UE 110 to network entity 120. Additionally, the PUSCH may be used to
transmit control information (e.g., uplink control information (UCI)). The PUSCH may be shared
by multiple UEs. The PUCCH is used for transmitting control information (e.g., UCI) from the
UE to the network, such as channel quality feedback, scheduling requests, and acknowledgments.
The PRACH is used for random access in the uplink direction, enabling the UE to access the
system.

[0036] DL transmission path 114 may include one or more of a Physical Downlink Shared
Channel (PDSCH), a Physical Downlink Control Channel (PDCCH), a Physical Broadcast
Channel (PBCH), or a paging channel. The PDSCH is used for transmission of user data from the
network entity to the UE. The PDSCH may be shared by multiple UEs. As with the PUSCH, the
data may be any type of information, such as voice data, video data, or text message data. The
paging channel is used to notify the UE 110 that there is incoming traffic for it from the network
entity 120.

[0037] During operation, the UE 110 may measure the quality of beams 124A, 124B and/or
124C. In response to the beam quality measurements, the UE may detect that one or more of the
current beams in use should be replaced with other beams having better beam quality. The UE
can initiate a beam switch by indicating the beam switch to the network entity 120 via beam report

or a beam request. The network entity 120 can respond to the UE initiated beam switch indicating
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an action time for the beam switch. Following the action time, the UE 110 and network entity may
use the new beam for uplink and/or downlink communications. The disclosed techniques may
improve communications performance by reducing the latency involved with beam switching
when compared to existing systems.

[0038] In the example shown in Figure 1, two TRPs 122A and 122B are illustrated. However,
a wireless communications system may include more than two TRPs.

[0039] Further details of various techniques and aspects of disclosure are provided below with
respect to Figures 2-11.

[0040] Figure 2 is a block diagram illustrating example configurations ot a network entity and
a user equipment. Note that the depicted hardware configurations represent the processing
components and communication components related to HARQ process management by a network
entity 120 and UE 110. The depicted hardware configurations may omit certain components well-
understood to be frequently implemented in such electronic devices, such as displays, peripherals,
power supplies, and the like.

[0041] The UE 110 includes antennas 202, a radio frequency front end (RF front end) 204,
and radio-frequency transceivers (e.g., an LTE transceiver 206 and a 5G NR transceiver 208) for
communicating with network entity 120 and/or one or more TRPs (e.g., TRPs 122A and 122B of
Figure 1).

[0042] The RF front end 204 includes one or more modems configured for the corresponding
RAT(s) employed (for example, 3GPP 5G NR), one or more analog-to-digital converters (ADCs),
one or more digital-to-analog converters (DACs), signal processors, and the like. In the example
illustrated in Figure 2, the RF front end 204 of the UE 110 may couple or connect the LTE
transceiver 206, and the 5G NR transceiver 208 to the antennas 202 to facilitate various types of
wireless communication. The RF front end 204 operates, in effect, as a physical (PHY) transceiver
interface to conduct and process signaling between the one or more processors 214 and the
antennas 202 so as to facilitate various types of wireless communication.

[0043] The antennas 202 of the UE 110 may include an array of multiple antennas that may
be tuned to one or more frequency bands associated with a corresponding RAT. The antennas 202
and the RF front end 204 may be tuned to, and/or be tunable to, one or more frequency bands
defined by the 3GPP LTE and 5G NR communication standards and implemented by the LTE
transceiver 206, and/or the 5G NR transceiver 208. Additionally, the antennas 202, the RF front
end 204, the LTE transceiver 206, and/or the 5G NR transceiver 208 may be configured to support
beamforming for the transmission and reception of communications with the network entity 120
and/or with one or more TRPs (e.g., TRPs 122A and 122B of Figure 1). By way of example and

not limitation, the antennas 202 and the RF front end 204 may be implemented for operation in
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sub-gigahertz bands, sub-6 GHz bands, and/or above 6 GHz bands that are defined by the 3GPP
LTE and 5G NR communication standards.

[0044] The UE 110 also includes processor(s) 214 and computer-readable storage media
(CRM) 216. The processor(s) 214 may include, for example, one or more central processing units,
graphics processing units (GPUs), or other application-specific integrated circuits (ASIC), and the
like. To illustrate, the processor(s) 214 may include an application processor (AP) utilized by the
UE 110 to execute an operating system and various user-level software applications, as well as
one or more processors utilized by modems or a baseband processor of the RF front end 204.
[0045] CRM 216 may include any suitable memory or storage device such as random-access
memory (RAM), static RAM (SRAM), dynamic RAM (DRAM), non-volatile RAM (NVRAM),
read-only memory (ROM), Flash memory, solid-state drive (SSD) or other mass-storage devices,
and the like useable to store one or more sets of executable software instructions and associated
data that manipulate the one or more processors 214 and other components of the UE 110 to
perform the various functions described herein and attributed to the UE 110. The sets of executable
software instructions include, for example, an operating system (OS) and various drivers {not
shown), and various software applications (not shown), which are executable by processor(s) 214
to enable user-plane communication, control-plane signaling, and user interaction with the UE
110. The data 218 stored in the CRM 216 represents, for example, user data, multimedia data,
beamforming codebooks, software application configuration information, and the like.

[0046] Data 218 may include beam report configuration 219 and beam quality measurements
220. Beam report configuration 219 includes information the UE 110 may use to perform UE
initiated beam detection. UE 110 may receive the beam report configuration from network entity
120. Further details on such configuration information will be discussed below with reference to
Figures 3-11. Beam quality measurements 220 may include various parameters measured by the
UE 110 that indicate the quality of beams used to communicate between UE 110 and network
entity 120. The UE 110 may provide the beam quality measurements 220 to the network entity
120 in a beam report (e.g., one of beam reports 261).

[0047] CRM 216 also includes a communications controller 222, Alternately or additionally,
the communications controller 222 may be implemented in whole or part as hardware logic or
circuitry integrated with or separate from other components of the UE 110. In some aspects,
communications controller 222 configures the RF front end 204, the LTE transceiver 206, and/or
the 5G NR transceiver 208 to implement the techniques described herein for UE initiated beam
switching.

[0048] In some aspects, UE 110 may include an inference engine 224. Inference engine 224

may use a model 221 to predict future beam quality based on current or past beam quality
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measurements 220. For example, model 221 may be a machine-learning model trained to predict
beam quality.

[0049] Turning to the hardware configuration of the network entity 120, it is noted that
although Figure 2 illustrates an implementation of the network entity 120 as a single network node
(for example, a 5G NR Node B, or “gNB”), the functionality, and thus the hardware components,
of the network entity 120 instead may be distributed across multiple network nodes or devices and
may be distributed in a manner to perform the functions described herein. As one example, the
functionality of network entity 120 may be distributed across a radio unit (RU), distributed unit
(DU), or central unit (CU).

[0050] The network entity 120 includes antennas 252, a radio frequency front end (RF front
end) 254, one or more LTE transceivers 256, and/or one or more 5G NR transceivers 258 for
communicating with the UE 110. The RF front end 254 of the network entity 120 may couple or
connect the LTE transceivers 256 and the 5G NR transceivers 258 to the antennas 252 to facilitate
various types of wireless communication. Similar to RF front end 204, the RF front end 254
includes one or more modems, one or more ADC's, one or more DACs, and the like. RF front end
254 receives the one or more RF signals, for example, RF signals from UE 110, and pre-processes
the one or more RF signals to generate data from the RF signals that is provided as input to
processes and/or applications executing on network entity 120. This pre-processing may include,
for example, power amplification, conversion of band-pass signaling to baseband signaling, initial
analog-to-digital conversion, and the like.

[0051] The antennas 252 of the network entity 120 may be configured individually and/or as
one or more arrays of multiple antennas. The antennas 252 and the RF front end 254 may be tuned
to, and/or be tunable to, one or more frequency band defined by the 2GPP LTE and 5G NR
communication standards, and implemented by the LTE transceivers 256, and/or the 5G NR
transceivers 258. Additionally, the antennas 252, the RF front end 254, the LTE transceivers 256,
and/or the 5G NR transceivers 258 may be configured to support beamforming, such as Massive-
MIMO, for the transmission and reception of communications with the UE 110.

[0052] The network entity 120 also includes processor(s) 260 and computer-readable storage
media (CRM) 262. The processor 260 may include, for example, one or more central processing
units, graphics processing units {(GPUs), or other application-specific integrated circuits (ASIC),
and the like. To illustrate, the processors 260 may include an application processor {AP) utilized
by the network entity 120 to execute an operating system and various user-level software
applications, as well as one or more processors utilized by modems or a baseband processor of the

RF front end 254 to enable communication with the UE 110.
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[0053] CRM 262 may include any suitable memory or storage device such as random-access
memory (RAM), static RAM (SRAM), dynamic RAM (DRAM), non-volatile RAM (NVRAM),
read-only memory (ROM), or Flash memory useable to store device data of the network entity
120. The device data may include data 264, which includes network scheduling data, radio
resource management data, beamforming codebooks, software application configuration
information, UE transmitter power levels, and/or TRP configuration data and the like.

[0054] Data 264 may further include beam report(s) 261 and UE capability information 263.
UE capability information includes data regarding the UE 110°s ability to perform UE initiated
beam switching. Further details on such data are provided below with respect to Figures 3-11.
Beam report(s) 261 includes data regarding beam quality of beams used to communicate
information between UE 110 and network entity 120. A beam report 261 may include beam
quality measurements 220 or information derived from beam quality measurements 220.

[0055] CRM 262 additionally includes a communications controller 271. Alternately or
additionally, the communications controller 271 may be implemented in whole or part as hardware
logic or circuitry integrated with or separate from other components of the network entity 120.
Like communications controller 222 of UE 110, communications controller 271 configures the RF
front end 254, the LTE transceiver 256, and/or the 5G NR transceiver 258 to implement the
techniques described herein for UE initiated beam switching.

[0056] CRM 262 also includes an RF resource manager 265. In some aspects, the RF resource
manager 265 of the network entity 120 is implemented to perform various functions associated
with allocating physical access (for example, resource blocks) or communication resources for the
air interface of the network entity 120. The air interface of the network entity 120, may be
partitioned or divided into various units {for example, frames, subframes, or slots) of one or more
of bandwidth, time, symbols, or spatial layers. For example, within a framework of a 5G NR
protocol, the RF resource manager 265 may allocate bandwidth and time intervals of access in
resource blocks, each of which may be allocated in whole, or in part, to one or more channels for
communicating with the UE 110. The channels may include one or more of a PRACH, a PUCCH,
a PUSCH, a PDCCH, a PDSCH, a PBCH, or a paging channel. The resource blocks may include
multiple subcarriers that each span a portion of a frequency domain of the resource blocks. The
subcarriers may be further divided into resource elements, or orthogonal frequency-division
multiplexing {OFDM) symbols, that each span a portion of a time domain of the subcarriers.
Consequently, a resource block includes multiple OFDM symbols that may be grouped into
subcarriers with other OFDM symbols having a common frequency bandwidth. In some aspects,

the OFDM symbols may be Discrete Fourier Transform-spread-Orthogonal Frequency Division
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Multiplexing (DFT-s-OFDM) symbols. In some other aspects, the OFDM symbols may be Cyclic
Prefix-Orthogonal Frequency Division Multiplexing (CP-OFDM) symbols.

[0057] CRM 262 further includes network entity manager 266. Alternately or additionally, the
network entity manager 266 may be implemented in whole or part as hardware logic or circuitry
integrated with or separate from other components of the network entity 120. In at least some
aspects, the network entity manager 266 configures the LTE transceivers 256 and the 5G NR
transceivers 258 for communication with the UE 110, communication with TRPs (e.g., TRPs 122A
and 122B of Figure 1) via fronthaul interface 267, as well as communication with a core network
150 (Figure 1).

[0058] In some aspects, the network entity 120 includes an inter-network entity station
interface 268, such as an Xn and/or X2 interface, which the network entity manager 266 configures
to exchange user-plane and control-plane data between another network entity, to manage the
communication of the network entity 120 with the UE 110. The network entity 120 includes a core
network interface 270 that the network entity manager 266 configures to exchange user-plane and
control-plane data with core network functions and entities.

[0059] Figures 3-6, 7A-7D, 8A, 8B, and 9-11 and the accompanying description below
describe various techniques for UE initiated beam switching. In some examples that follow, the
operations may be described as utilizing radio resource control (RRC) signaling. Unless specified
otherwise, RRC signaling may indicate a RRC reconfiguration message from the network entity
to the UE, or a system information block (SIB), where the SIB may be an existing SIB (e.g., SIB1)
or a new SIB (e.g., SIB J, where J is an integer above 21) transmitted by the network entity.
[0060] Figure 3 is a sequence diagram illustrating example operations of a communications
process 300 for UE initiated beam switching. In the discussion that follows, a “current beam” is
a beam that is currently being used for communication between UE 110 and network entity 120
prior to beam switching. A “new” beam is a beam that the UE indicates for beam switching for
future communications between UE 110 and network entity 120. Further, in the discussion that
follows, the UE may initiate beam switching via information included in a beam report transmitted
to the network entity, which may be referred to a “report-based beam switching.” Further, the UE
may initiate beam switching via information in a specific request transmitted to the network entity,
which may be referred to as “request-based beam switching.” Although not illustrated for the sake
of illustration clarity, various acknowledgements for messages illustrated in Figure 3 may be
implemented to ensure reliable operations for UE initiated beam switching.

[0061] At operation 302, the UE 110 may transmit or report to network entity 120 the UE’s
capability(s) for supporting UE initiated beam switching. In some aspects, UE 110 may transmit

UE capability information to the network entity 120 during an initial communication session setup
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process between the UE 110 and the network entity 120. The UE capability information may
include supported frequency bands, radio access technologies, maximum transmission power,
maximum data rates, and network protocols. In some aspects, the UE 110 may transmit UE
capability information indicating whether the UE supports UE initiated beam switching, and if
supported, the type of UE initiated beam switching supported by the UE 110. For example, the
UE 110 may indicate that the UE supports initiating beam switching utilizing a UE request to
switch beams (request-based beam switching), an indication in a beam switch report to switch
beams (report-based beam switching), or both request-based and report-based UE initiated beam
switching.
[0062] In some aspects, the UE capability information may include one or more of the
following:
e An indicator indicating whether the UE supports beam report-based beam switching.
e An indicator indicating whether the UE supports UE request-based beam switching.
(in some aspects, the indicator may comprise two indicators depending on whether a
new beam indicated by the UE may be from a set of activated beams or not.)
e A maximum number of SSB or CSI-RS resources in a set for beam measurement for
UE report based or request-based beam switching.
e A maximum number of SSB or CSI-RS resources sets for beam measurement for UE
report based or request-based beam switching.
¢ A maximum number of reported beams in a beam report.
¢ A maximum number of requested beams in a UE request.
e An indicator indicating whether the UE supports reporting beam quality in addition to
an SSB resource indicator {SSBRI) or CRI report.
¢ An indicator indicating whether the UE supports reporting predicted beam quality.
e An indicator indicating whether the UE supports report/request beam(s) for beam
switching with beam prediction.
e A minimum action delay for UE report based or request-based beam switching.
e A maximum action delay for UE report based or request-based beam switching.
[0063] In the example of Figure 3, the UE 110 transmits UE capability information to network
entity 120. In some implementations, the network entity may receive the UE capability from a
core network (e.g., from an access and mobility management function (AMF) of the core network
150 of Figure 1). In some other implementations, the network entity receives the UE capability

from another network entity (e.g., a gNB or eNB).
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[0064] At operation 304, the network entity 120 may, depending on the UE capability
information received at operation 302, configure the UE for UE initiated beam switching. In some
aspects, the network entity 120 may configure the UE 110 via RRC signaling, for example, a CSI-
ReportConfig. In some other aspects, the network entity 120 may configure the UE 110 via
RRCReconfiguration.

[0065] The network entity may supply one or more of the following parameters for a UE
initiated beam switching configuration:

o A first set of SSBs or CSI-RSs for beam measurement.

o A first set of TCI states for beam measurement and/or quasi-co-location (QCL)
and/or power control parameter identification.

o A beam switching scheme, e.g., whether to indicate common or separate beam(s) for
beam switching for uplink and downlink channels. (In some examples, this RRC
parameter follows an RRC parameter for a type of unified TCI state (e.g., unifiedTCI-
StateType). In some examples, the network entity 120 may not configure this RRC
parameter, and whether to indicate common or separate beam(s) for beam switching
for uplink and downlink channels may follow an RRC parameter for a type of unified
TCI state (e.g., unifiedTCI-StateType.)

e Target or applicable uplink and/or downlink channels or RSs for beam switching.

o A second set of CSI-RS for tracking (referred to as a tracking reference signal (TRS))
for QCL-TypeA parameters identification after the beam switching procedure.

o A set of uplink power control parameters for uplink power control after the beam
switching procedure.

[0066] In some aspects, for multiple transmission and reception points (mTRP) operation, the
network entity 120 may configure more than one set of SSBs or CSI-RSs or more than one set of
TClIs or TCI states for beam measurement, where each set corresponds to a TRP or is associated
with a CORESETPoollndex value associated with a TRP.,

[0067] In some aspect, some of the parameters above may be predefined. In one example, the
number of reported SSBRIs, CSI reference signal resource indicators (CRIs), TCIs may be one (1)
or equal to a number of sets of SSBs, CSI-RSs, or TCIs for beam measurement. In other aspects,
the report quantity may indicate that the UE 110 is to report SSBRIs, CRIs, or TCI indexes only.
In still other aspects, the target or applicable uplink and/or downlink channels or RSs for report-
based beam switching may be predefined, e.g., channels or RSs that share an indicated unified TCI
state. In further aspects, the target or applicable uplink and/or downlink channels or RSs for report-

based beam switching may not be the target or applicable uplink and/or downlink channels or RSs
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for an indicated unified TCI state, and vice versa. Table | below illustrates one example of target
channels for beam switching, where the search space types are defined in 3GPP Technical
Specification (TS) 38.213. In some aspects, the beam report scheme may be predefined. For
example, if separate uplink and downlink TCI states are configured by network entity 120, the UE
110 may report separate SSBRIs or CRIs for uplink and downlink channels. Otherwise, the UE
110 may report common SSBRI(s) or CRI(s) for uplink and downlink channels.

Predefined target/applicable A first type of PDCCH in a control resource set
channels/RSs (CORESET) associated with only Type3 common search
space (CSS) and UE-specific search space (USS), PDSCH
scheduled by the first type of PDCCH, PUSCH, PUCCH

Configurable target/applicable | A second type of PDCCH in a CORESET associated with

channels/RSs (whether the at least one search space other than Type3 CSS and USS,
channels/RSs are PDSCH scheduled by the second type of PDCCH,
target/applicable channels/RSs | aperiodic CSI-RS, sounding reference signal (SRS) for

is configured by the network codebook/non-codebook/antenna switching

entity)
Channels other than the Periodic/semi-persistent CSI-RS, SSB, PRACH, SRS for
target/applicable channel/RS beam management
Table 1
[0068] In some implementations, some of the above RRC parameters may be the same or

inferred from RRC parameters for beam failure recovery (BFR), for example, an RS set of
candidate beam identification. In some aspects, the RRC parameters may be different or be
separate RRC parameters from those used for BFR.

[0069] In some aspects, the network entity 120 may configure the UE to measure the beam
quality based on a set of SSBs or CSI-RSs. In some other implementations, the network entity
120 may configure the UE 110 to measure the beam quality based on downlink reference signals
configured in TCI states. In some aspects, the network entity 120 may configure one SSB or CSI-
RS in a TCI state for beam measurement. In some other aspects, the UE 110 may measure beam
quality based on the SSB or CSI-RS used for QCL indication. If there are more than one SSB or
CSI-RS used for QCL indication in the TCI state, the UE 110 may select the SSB or CSI-RS based
on an indicated QCL type, e.g., QCL-TypeD (spatial receiving parameters). In some other aspects,
the UE 110 may measure beam quality based on the SSB which is quasi-co-located with the CSI-
RS used for QCL indication in the TCI state. In some other aspects, the UE may measure beam
quality based on the SSB which is used for QCL indication in the TCI state. As used herein, a TCI

state may indicate a joint TCI state, downlink TCI state, uplink TCI state or spatial relation info.
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[0070] In some other aspects, the network entity 120 may configure both a first set of one or
more SSBs or CSI-RSs for beam measurement and a first set of TCI states. The network entity
120 may configure an association between each configured SSB or CSI-RS and TCI state. In some
aspects, the configured SSBs or CSI-RSs and TCI states may be one-to-one associated. The UE
110 may measure beam quality based on the configured SSBs or CSI-RSs, and if the UE 110
selects one SSB or CSI-RS is for beam switching, the UE 110 may identify QCL and/or power
control parameters based on the TCI state associated with the selected SSB or CSI-RS.

[0071] In some aspects, the network entity 120 may configure a first set of one or more SSBs
or CSI-RSs in the same serving cell. In some aspects, the network entity 120 may configure a first
set of one or more SSBs or CSI-RSs in another serving cell in the same serving cell list to which
the serving cell belongs. As an example, the network entity 120 may configure the serving cell
index for the serving cell list.

[0072] To configure report-based beam switching, the network entity 120 may provide one or
more of the following additional parameters:

o An indicator indicating whether the beam report is for beam switching or not.

o A number of reported SSBRIs, CRls, or TCI states.

o An uplink resource for beam report, e.g., physical uplink control channel (PUCCH)
resource or a configured-grant based physical uplink shared channel (PUSCH).

e A report quantity for the beam report. The report quantity may indicate whether the
UE 110 is to report SSBRIs, CRIs, and/or TCI indexes only, or to report beam quality
in addition to SSBRIs, CRIs, and/or TCI indexes.

* An action delay for the beam switching, which indicates the delay between the last
symbol of the beam report or the response to the beam report until the first symbol to
apply the reported beam(s) for the target uplink and/or downlink channels.

[0073] To configure request-based beam switching, the network entity 120 may provide one
or more of the following additional parameters:
¢ A number of requested SSBRIs, CRIs, or TCIs.
e A first threshold to identify the new beam.
e A second threshold to determine the beam quality for current beam.
e A number of beam switching request events to transmit the beam switching
request.
e An interval for beam switching request event detection.
e A request quantity for the UE request for beam switching. The request quantity
may indicate whether the UE 110 includes SSBRI and/or CRI only or to beam
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quality in addition to SSBRI and/or CRI in a UE initiated request to perform
beam switching.

e An uplink resource to transmit the beam switching request (¢.g., PUCCH
resource.)

e A scheduling request (SR) to request the uplink grant for beam switching request
transmission.

e A maximum number of retransmissions of beam switching requests.

e A counter for counting (re)transmissions of beam switching requests.

¢ A monitoring window during for the response to the beam switching request.

e An action delay for the beam switching, which indicates the delay between the
last symbol of the beam report or the response to the beam report until the first
symbol to apply the reported beam(s) for the target uplink and/or downlink
channels.

[0074] In some aspects, the network entity 120 may configure a common resource for a
beam switching request for both uplink and downlink beam switching. In some other aspects,
the network entity 120 may configure one resource for a beam switching request for uplink
channel(s) and another resource for a beam switching request for downlink channel(s).
[0075] In some aspects where the UE 110 is configured for report-based UE initiated beam
switching, at operation 306 the network entity 120 may optionally trigger a beam report for beam
switching. For example, the network entity 120 may transmit a medium access control (MAC)
control element (CE) or downlink control information (DCI) triggering the beam report. In some
aspects, the network entity 120 may transmit a MAC CE activating or deactivating a semi-
persistent beam report for beam switching. In some other aspects, the network entity 120 may
transmit a DCI triggering an aperiodic beam report for beam switching. In some aspects, the MAC
CE or DCI may indicate one or more of the UE initiated beam switching configuration parameters
discussed above when activating or triggering a beam report for beam switching.
[0076] At operation 308, the network entity 120 transmits a set of one or more SSBs or CSI-
RSs for beam measurement.
[0077] At operation 310, the UE 110 detects a beam switch event. A beam switch event may
be detected based on one or more of the following criteria being satisfied:
e In some aspects, the difference in beam quality, e.g., the difference between a layer 1
reference signal received power {L1-RSRP), layer 1 signal-to-interference plus noise
ratio (L1-SINR), hypothetical block error ratio (BLER), channel quality indicator

(CQI), or spectrum efficiency (SE) for a current bean and a candidate new beam is
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above a first threshold with respect to any of the current beams. In some other aspects,
the difference in beam quality may be with respect to the current beam having the best
beam quality among all of the current beams.

e In some aspects, the beam quality (e.g., L1-RSRP, L1-SINR, CQI, or SE) for one or
any of the current beams is below a second threshold, or the BLER for one or any of
the current beams is above a third threshold. In some other aspects, the beam quality
for the beam with the best beam quality among the current beams compared with the
second or third threshold.

[0078] Figure 6 is a flow chart diagram illustrating example UE operations of a method 600
for detecting a beam switching request event. The example operations of method 600 may be
performed, for example, by UE 110 of Figures 1-3. The example operations of method 600 may
be performed once per event detection interval. The UE 110 may determinge the event detection
interval based on the minimum or maximum periodicity of the SSBs or CSI-RSs for beam
measurement, and/or a predefined or configured maximum or minimum detection interval. In
some aspects, the network entity 120 configures the detection interval, for example, as described
at Figure 3, operation 304.

[0079] In some aspects, for mTRP operation, e.g., when the network entity configures more
than one set of SSBs or CSI-RSs for beam measurement, the UE 110 may perform the operations
of method 600 on a per TRP basis (e.g., per SSB or CSI-RS set) or across TRPs (e.g., across all
the configured SSB or CSI-RS sets).

[0080] At block 602, the UE 110 sets a detection counter for the current event detection
interval to zero (0). In some aspects, a detection counter is maintained for per serving cell or per
bandwidth part (BWP). The detection counter may be set to zero upon the occurrence of one or
more of the following:

e The UE 110 activates the serving cell (e.g., a secondary cell (SCell)).

e The UE 110 switches to another BWP for a serving cell.

e The UE 110 adds the serving cell as a primary secondary cell (PSCell) with UE request-
based beam switching configured.

e The UE 110 failed to detect a beam switching event within a beam switching request
event detection interval.

[0081] At block 604, the UE 110 may receive a set of one or more SSBs or CSI-RSs for beam
measurement within the current detection interval (e.g., Figure 3, operation 308).
[0082] At decision block 606, the UE 110 may determine if beam switch event criteria

(discussed above) have been met.
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[0083] If the beam switch event criteria has not been met (“NO” branch of block 606), the UE
110 resets the detection counter to zero (0), and returns to block 604 to await reception of the next
SSB or CSI-RS for beam measurement.
[0084] If the beam switch criteria has been met within the current detection interval (“YES”
branch of block 606), then at block 610, the UE 110 increments the detection counter.
[0085] At decision block 612, the UE 110 determines if the detection counter is equal to a
threshold number of detection events. In some aspects, the detection counter may determine if N
consecutive detection events have occurred, where N may be predefined or configured by the
network entity 120. In some aspects, if N is not defined of configured, then N may be set to one
(1) and the UE transmits a beam switching event upon the occurrence of one beam switching event.
[0086] If the threshold number of detection events has been reached (“YES” branch of block
612), then the UE 110 triggers a UE initiated beam switch from a current beam to a new beam,
and resets the event detection counter to zero (0).
[0087] If the threshold number of detection events has not been reached (“NO” branch of block
612), then the UE 110 returns to block 604 to await reception of the next SSB or CSI-RS for beam
measurement.
[0088] Returning to Figure 3, after detecting a beam switching event, at operation 312, the UE
110 transmits, to the network entity 120, an indication to perform beam switching from one or
more current beams to one or more new beams. In some aspects, the UE 110 may transmit a beam
report for beam switching identifying one or more new beams. In some other aspects, the UE 110
may transmit a request to perform beam switching. In some aspects, the indication to perform
beam switching may include an indicator identifying the requested new beam. As an example, the
UE 110 may transmit in the report or the request one or more indexes from the configured first set
of SSBs, CSI-RSs or TCIs that are associated with the new beam(s). In some aspects, the
indication to perform beam switching may include an indicator identifying the new beam(s). In
some aspects, the UE 110 may indicate at least one SSB resource indicator (SSBRI) or CSI-RS
resource indicator (CRI) or TCI index indicating the new beam(s).
[0089] The indication to perform beam switching may include one or more of the following
parameters:

e A serving cell index or a serving cell list index indicating the target serving cell

index or serving cell index to apply the new beam(s).
¢ A number of reported SSBRIs, CRIs, TCI indexes.
e One or more SSBRIs, CRI, or TCI indexes selected from the configured first set of
SSB, or CSI-RS, or TCI indicating the new beam(s).
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o A beam quality for the reported SSBRI(s), CRI(s), TCI(s) (e.g., L1-RSRP, L1-
SINR, hypothetical BLER, CQI, or SE).

¢ A first indicator indicating whether the UE has obtained the best UE beam for each
or all SSBs, CRIs, or TCIs indicated by the reported SSBRI, CRI, or TCI index
(may be used indicate whether additional delay for UE beam sweeping for the SSB,
CRI, or TCI may occur).

o A second indicator indicating whether the UE has obtained the QCL parameters for
each or all SSBs, CRIs, or TCIs indicated by the reported SSBRI, CRI, or TCT index
(may be used to indicate whether additional delay for time and frequency offset
tracking for the SSB, CRI, or TCI may occur).

e A third indicator indicating whether the UE has obtained the layer 3 RSRP (L3-
RSRP) for SSBs, CRIs, or TCIs indicated by the reported SSBRIs, CRIs, or TCI
indexes (may indicate whether additional delay for pathloss reference signal (PL-
RS) measurement for the SSB, CRI, or TCI may occur).

e A beam quality for a current beam (e.g., L1-RSRP, L1-SINR, hypothetical BLER,
CQI, or SE).

o A fourth indicator indicating whether the beam quality is based on actual beam
measurement or predicted beam measurement at the configured or reported action
time.

e A preferred action delay or action time for switching to the new beam(s).

e Target channels for the new beam(s).

e A fifth indicator indicating which of the reported SSBRI(s), CRI(s), or TCI(s) are
for beam switching.

[0090] In some aspects, the UE 110 may indicate beam switching by MAC CE or uplink control
information (UCI) on PUSCH. For UE request-based beam switching, the UE may transmit an
SR it the UE 110 did not receive an uplink grant for PUSCH transmission. If the SR is not
configured, the UE 110 may transmit PRACH to request an uplink grant for the beam switching
request. In some other aspects, the UE may transmit PRACH for the beam switching request
directly. In some other aspects, the UE 110 may transmit the indication for beam switching by
PUCCH, where the PUCCH resource may be configured by the network entity 120.

[0091] The UE 110 may transmit an indication for beam switching by UCI on PUSCH or long
PUCCH (e.g., a PUCCH with more than 4 symbols). In some aspects, the UE 110 may transmit
the information for the indication for beam switching in CSI part 1. In some other aspects, the

UE 110 may transmit the information for indication for beam switching by CSI part 2. In further
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other aspects, the UE 110 may transmit some of the information for the indication for beam
switching by CSI part 1 (e.g., the number of reported SSBRI(s) or CRI(s)), and other information
for the indication for beam switching by CSI part 2. The CSI part 1 and CSI part 2 are defined in
3GPP TS 38.212.

[0092] In some aspects, the UE 110 may indicate a preferred action time for the beam switching
by indicating a preferred slot index, subframe index and/or frame index for the reported
SSBRI(s) or CRI(s). In some aspects, the UE may indicate a preferred action time for the beam
switching by indicating a row or logical index mapping to rows in a table listing candidate action
times. In some other aspects, the UE 110 may report an action delay for the reported SSBRI(s),
CRI(s), or TCI(s). In such aspects, the UE 110 may apply the reported SSBRI(s), CRI(s), or
TCI(s) after the action delay with respect to the last symbol of the indication for beam switching
or after a response to the indication for beam switching received from the network entity 120.
[0093] Some or all of the information above may be predefined. In some aspects, the UE 110
may identify the best UE beam for each reported SSBRI, CRI, or TCI before the UE transmits
the indication for beam switching. Thus, no additional delay for UE beam sweeping may be
needed before the UE 110 switches to the corresponding SSBRI, CRI, or TCI. In such aspects,
the UE 110 may not need to report the first indicator indicating whether the UE has obtained the
best UE beam for any or all of the SSBs, CRIs, or TCIs indicated by the reported SSBRI, CRI, or
TCI index. In another aspect, the UE 110 may identity the QCL parameters for each reported
SSBRI, CRI, or TCI before the UE transmits the indication for beam switching, Thus, no
additional delay for time and frequency offset tracking may be needed before the UE 110
switches to the corresponding SSBRI, CRI, or TCI. In such aspects, the UE may not need to
report the second indicator indicating whether the UE has obtained the QCL parameters for any
or all of the SSBs, CRIs, or TClIs indicated by the reported SSBRI, CRI, or TCI index. In still
another aspect, the UE 110 may identify the L3-RSRP for each reported SSBRI, CRI, or TCI
before the UE transmits the indication for beam switching. Thus, no additional delay for pathloss
measurement may be needed before the UE 110 switches to the corresponding SSBRI, CRI, or
TCL. In such aspects, the UE may not need to report the third indicator indicating whether the UE
has obtained the L3-RSRP for SSBs, CRIs, or TCIs indicated by the reported SSBRIs, CRIs or
TCI indexes.

[0094] In some aspects the UE 110 may indicate one or more target or applicable channels for
new beam(s) by indicating whether the new beam(s) are for uplink or downlink channels. In
some other aspects, some target channels may be predefined, and the UE 110 may indicate the
additional target channels as shown below in Table 2. In still other aspects, the UE 110 may

report a replaced indicated unified TCI state index. The target channel may indicate the channels
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with the indicated unitied TCT state applied. If the network entity 120 indicates one unified TCI
state, the UE 110 may not report the replaced indicated unified TCI state index. The target
channels may be the channels with the indicated unified TCI state applied. 1f the network entity
indicates more than one unified TCI states (e.g., W (W>1) TCI states), the UE 110 may indicate
the replaced unified TCI state indexes based on the W indicated TCI states. Figure 7A discussed
below illustrates one example for a UE initiated indication for beam switching for one of the
indicated TCI states. Figure 7b discussed below illustrates one example for a UE initiated

indication for beam switching for multiple indicated TCI states.

Predefined target or applicable | A first type of PDCCH in a control resource set (CORESET)
channels and/or RSs associated with only a Type3 common search space (CSS)
and UE-specific search space (USS), PDSCH scheduled by
the first type of PDCCH, PUSCH, PUCCH
UE report target or applicable | A second type of PDCCH in a CORESET associated with at
channels and/or RSs (whether | least one search space other than Type3 CSS and USS,
the channels or RSs are target | PDSCH scheduled by the second type of PDCCH, aperiodic
or applicable channels or RSs | CSI-RS, SRS for codebook/non-codebook/antenna switching
is reported by the UE)
Channels other than the target | Periodic/semi-persistent CSI-RS, SSB, PRACH, SRS for
or applicable channels or RSs | beam management

Table 2

[0095] In some aspects, for UE request-based beam switching, after X slots or symbols after
the UE 110 transmits the first or last symbol of the request, the UE may start to monitor for a
network entity’s response to the request. X may be predefined (e.g., X=0 or X=4) or configured
by the network entity 120 via RRC signaling. The UE 110 may start or reset a monitoring timer.
If the UE 110 detects a response to the request, the UE may stop or reset the monitoring timer.
After the monitoring timer expires, the UE may retransmit the request if the number of
retransmissions of the request is smaller than a maximum number of retransmissions of the request.
[0096] In some aspects, at operation 314, the network entity may transmit a response to the
indication to perform beam switching. The response may indicate an acknowledgement of the
indication to perform beam switching that was transmitted at operation 312. The network entity
120 may transmit the response as a PDCCH associated with a dedicated radio network temporary
identifier (RNTI), as a PDCCH in a dedicated search space (SS) or control resource set
(CORESET). The RNTI may be predefined or configured by the network entity 120. Similarly,
the SS or CORESET may be configured by the network entity 120. In some aspects, the network
entity 120 may transmit the PDCCH as an uplink grant scheduling a new transmission for the same
Hybrid Automatic Repeat reQuest (HARQ) process as was used for a PUSCH transmission

including the indication to perform beam switching transmitted by the UE 110.
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[0097] In some implementations, the network entity 120 may further transmit at least one or
more of the following parameters in response to the indication to perform beam switching:

e An action delay or action time for the UE reported/requested beam(s);

e Selected SSBRI(s), CRI(s), and/or TCI(s) from the reported SSBRIs, CRIs, and/or
TCI(s) for joint or separate uplink and downlink beam switching;

e An indication whether to apply the new beam(s) for uplink and/or downlink
communication (e.g., uplink and/or downlink channel(s) that share an indicated unified
TCI state).

e An indication whether to apply the new beam(s) to additional uplink and/or downlink
channel(s) (e.g., uplink and/or downlink channel(s) that do not share the indicated
unified TCI state).

[0098] The network entity 120 may transmit the additional information above by DCI or MAC
CE. Figure 8A discussed below illustrates one example for the SSBRI, CRI, or TCI selection for
joint uplink and downlink beam switching in a response to a UE initiated indication for beam
switching. Figure 8B discussed below illustrates one example for the SSBRI, CRI, or TCI selection
for separate uplink and downlink beam switching in the response to a UE initiated indication for
beam switching.

[0099] At operation 316, the UE 110 may calculate one or more QCL parameters and/or uplink
power control parameters for a channel associated with the one or more new beams. In some
aspects, the UE 110 may identify the QCL parameters for the downlink channel(s) associated with
the new beam(s) and the uplink power control parameters for the uplink channel(s) associated with
the new beam(s).

[0100] In some aspects, the network entity 120 may configure a second set of TRS for QCL-
TypeA parameters identification (e.g., Doppler shift, Doppler spread, average delay, delay spread),
where each SSB or CSI-RS in the first set may be associated with one of the TRS in the second
set. In some aspects, the network entity 120 may configure the associated TRS for each SSB or
CSI-RS in the first set. In some other aspects, the TRS and the SSB or CSI-RS in both sets are
one-to-one associated. In such aspects, the UE 110 may determine the QCL parameters based on
the associated TRS when one SSB or CSI-RS is determined or selected for beam switching. In
still other aspects, the network entity 120 may configure a second set of TRS for QCL-TypeA
parameter identification in a configured first set of TCI states, where the network entity 120 may
configure the TRS as the source reference signal for QCL-TypeA indication. Figure 9 discussed
below illustrates one example for the additional TRS sets based QCL parameter identification.
[0101] In some aspects, the network entity 120 may configure a second set of TRS for QCL-

TypeA parameter identification, where each TRS may be associated with a reported or selected
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SSBRI or CRI. After receiving the UE initiated indication for beam switching or after
transmitting a response to such an indication, the network entity 120 may dynamically update the
beam for the TRS based on the reported or selected SSBRI(s) or CRI(s).

[0102] In some aspects, the network entity 120 may update the beam for the TRS based on the
TRS resource set index, and/or an order or index of the reported or selected SSBRI or CRI. In
one example, the network entity 120 may transmit a first TRS (TRS with lowest resource set
index) based on the beam for the first reported or selected SSBRI or CRI. In some other
examples, the network entity 120 may indicate the beam for each TRS by MAC CE or DCI
based on the reported or selected SSBRI or CRI.

[0103] In some aspects, the UE may constrain or restrict scheduling a PDSCH after UE
initiated beam switching. In some examples, if the UE 110 has no TRS for QCL-TypeA parameter
identification, the network entity 120 may refrain from scheduling the PDSCH based on a
modulation and coding scheme (MCS) equal to or higher than a threshold after the UE 110
switches to the new beam and before the UE applies a newly indicated TCI state. The threshold
may be predefined (e.g., MCS corresponding to the 16QAM with smallest coding rate) or may be
reported by the UE 110 via UE capability information.

[0104] In some other aspects, the network entity 120 may refrain from scheduling the PDSCH
with number of layers equal to or higher than a threshold after the UE 110 switches to the new
beam and before the UE applies a newly indicated TCI state. The threshold may be predefined
(e.g., 2) or may be reported by the UE via UE capability information.

[0105] In still other aspects, the UE 110 may use the same QCL-TypeA parameters from a
previously used joint/DL TCI state before it applies a newly indicated TCI state.

[0106] Figure 11 discussed below illustrates one example for the scheduling restriction after
beam switching and before TCI indication.

[0107] In addition to the QCL parameter identification discussed above, the UE 110 may
identify power control parameters. In some aspects, the network entity 120 may configure a list
of power control parameter sets for power control parameter identification, where each SSB or
CSI-RS in the first set is associated with one of the power control parameters sets in the list. In
some aspects, the network entity 120 may configure the associated power control parameter set
for each SSB or CSI-RS in the first set. In some other aspects, the power control parameter set in
the list and the SSB or CSI-RS in the first set are one-to-one associated. In still other aspects, the
network entity 120 configures some of or all the power control parameters in a configured first set
of TCT states. The UE 110 may determine the uplink power control parameters when one SSB or

CSI-RS is indicated for beam switching. The power control parameters configured in each set
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may include at least one of P0, alpha, path loss reference signal (PL-RS), and closed loop index
(CLD).

[0108] In some other aspects, the UE 110 may determine the PL-RS based on the indicated
SSBRI or CRI. The SSB or CSI-RS indicated by the SSBRI/CRI may be used as the PL-RS.
[0109] In some implementations, the network entity 120 may configure a common PO and
alpha for the indicated SSBRIs or CRIs. In some other implementations, the network entity 120
may configure separate PO and alpha for the indicated SSBRIs or CRIs corresponding to difterent
sets of SSBs or CSI-RSs for beam measurement.

[0110] In some aspects, the network entity 120 may configure a common CLI for the indicated
SSBRIs or CRIs. In some other implementations, the network entity 120 may configure a separate
CLI for the SSBRIs or CRIs corresponding to different sets of SSBs or CSI-RSs for beam
measurement. In still other aspects, the network entity 120 may configure the CLI for each of the
indicated SSBRIs or CRIs by RRC signaling, MAC CE, or DCI (e.g., in a response to the UE
initiated indication for beam switching).

[0111] At operation 318, the UE 110 and network entity communicate using the new beam(s)
specified by the UE initiated indication for beam switching. The UE 110 may communicate with
the network entity 120 based on the QCL parameters and/or the uplink power control parameters
for the corresponding channels calculated at operation 316. In some cases, the UE may not identify
the QCL parameters for the downlink channel(s) associated with the new beam(s) and/or the uplink
power control parameters for the uplink channel(s) associated with the new beam(s). In such cases,
the UE may use a default set of QCL parameters and/or a default set of uplink power control
parameters.

[0112] Figure 4 is a flow chart diagram illustrating example UE operations of a method 400
for UE initiated beam switching. The example operations of method 400 may be performed, for
example, by UE 110 of Figures 1-3.

[0113] At block 402, and as described above with respect to Figure 3, operation 302, the UE
may transmit UE capability information to a network entity. In some aspects, the UE may transmit
UE capability information indicating whether the UE supports UE initiated beam switching, and
if supported, the type of UE initiated beam switching supported by the UE 110. For example, the
UE 110 may indicate that the UE supports initiating beam switching utilizing a UE request to
switch beams (request-based beam switching), an indication in a beam switch report to switch
beams (report-based beam switching), or both request-based and report-based UE initiated beam
switching. The UE capability information may also include: a maximum number of SSB or CSI-
RS resources in a set for beam measurement for UE report-based or request-based beam switching;

a maximum number of SSB or CSI-RS resources sets for beam measurement for UE report based
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or request-based beam switching; a maximum number of reported beams in a beam report; or a
maximum number of requested beams in a UE request.

[0114] At block 404, and as described above with respect to Figure 3, operation 304, the UE
may receive a configuration for UE initiated beam switching. In some aspects, the configuration
information may include: a first set of SSBs or CSI-RSs for beam measurement; a first set of TCI
states for beam measurement and/or QCL and/or power control parameter identification; or a beam
switching scheme (e.g., whether to indicate common or separate beam(s) for beam switching for
uplink and downlink channels).

[0115] For report-based beam switching, the configuration information may further include:
an indicator indicating whether the beam report is for beam switching or not; a number of reported
SSBRIs, CRIs, or TCI states; or an uplink resource for beam report (e.g., PUCCH resource or a
configured-grant based PUSCH (CG-PUSCH)).

[0116] For request-based beam switching, the configuration for UE initiated beam switching
may include: a number of requested SSBRIs, CRIs, or TCIs; a first threshold to identify the new
beam; a second threshold to determine the beam quality for current beam; a number of beam
switching request events to transmit the beam switching request; or an interval for beam switching
request event detection.

[0117] Atblock 406, and as described above with respect to Figure 3, operation 306, if the UE
is configured for report-based beam switching, the UE may receive, from the network entity, a
trigger for a beam report for beam switching. For example, the UE may receive a MAC CE or
DCIT triggering the beam report. In some aspects, the UE may receive a MAC CE activating or
deactivating a semi-persistent beam report for beam switching. In some other aspects, the UE may
receive a DCI triggering an aperiodic beam report for beam switching. In some aspects, the MAC
CE or DCI may indicate one or more of the UE initiated beam switching configuration parameters
discussed above when activating or triggering a beam report for beam switching,.

[0118] At block 408, and as described above with respect to Figure 3, operation 308, the UE
receives, from the network entity, a set of one or more SSBs or CSI-RSs for beam measurement.
[0119] At block 410, and as described above with respect to Figure 3, operation 310, the UE
detects a beam switch event. As discussed above, the beam switch event may be detected based
on one or more of the following criteria being satisfied: (A) a difference in beam quality (e.g., the
difference between an L1-RSRP, L.1-SINR, BLER, CQI, or SE) for a current bean and a candidate
new beam is above a first threshold with respect to any of the current beams. In some other aspects,
the difference in beam quality may be with respect to the current beam having the best beam quality
among all of the current beams or (B) the beam quality {e.g., LI-RSRP, L1-SINR, CQI, or SE) for

one or any of the current beams is below a second threshold, or the BLER for one or any of the
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current beams is above a third threshold. In some other aspects, the beam quality for the beam
with the best beam quality among the current beams compared with the second or third threshold.
[0120] In some aspects and as described with reference to Figure 6, the UE may be configured
to detect N consecutive beams switch events during a detection interval before initiating a beam
switch.

[0121] At block 412, and as described above with respect to Figure 3, operation 312, the UE
transmits, to the network entity 120, an indication to perform beam switching from one or more
current beams to one or more new beams. In some aspects, the UE may transmit a beam report
for beam switching identifying one or more new beams. In some other aspects, the UE may
transmit a request to perform beam switching. In some aspects, the indication to perform beam
switching may include an indicator identifying the requested new beam. As an example, the UE
110 may transmit in the report or the request one or more indexes from a configured first set of
SSBs, CSI-RSs, or TCIs that are associated with the new beam(s). In some aspects, the indication
to perform beam switching may include an indicator identifying the new beam(s). In some aspects,
the UE 110 may indicate at least one SSBRI or CRI or TCI index indicating the new beam(s).
[0122] At block 414, and as described above with respect to Figure 3, operation 314, the UE
may receive, from the network entity, a response to the indication to perform beam switching. The
response may indicate an acknowledgement of the indication to perform beam switching that was
transmitted at block 412. In some aspects, the UE may receive an action delay or action time for
the UE reported/requested beam(s) and/or selected SSBRI(s), CRI(s), and/or TCI(s) from the
reported SSBRIs, CRIs, and/or TCI(s) for joint or separate uplink and downlink beam switching.
[0123] At block 416, and as described above with respect to Figure 3, operation 316, the UE
may calculate one or more QCL parameters and/or uplink power control parameters for a channel
associated with the one or more new beams. In some aspects, the UE may identify the QCL
parameters for the downlink channel(s) associated with the new beam(s) and the uplink power
control parameters for the uplink channel(s) associated with the new beam(s).

[0124] At block 418, and as described above with respect to Figure 3, operation 318, the UE
communicates with the network entity using the new beam(s) specified by UE initiated indication
for beam switching. The UE may communicate with the network entity 120 based on the QCL
parameters and/or the uplink power control parameters for the corresponding channels calculated
at block 416.

[0125] Figure S is a flow chart diagram illustrating example network entity operations of a
method 500 for UE initiated beam switching. The example operations of method 500 may be
performed, for example, by UE 110 of Figures 1-3.
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[0126] At block 502, and as described above with respect to Figure 3, operation 302, the
network entity may receive UE capability information from a UE. In some aspects, the network
entity may receive UE capability information indicating whether the UE supports UE initiated
beam switching, and if supported, the type of UE initiated beam switching supported by the UE
110. For example, the UE 110 may indicate that the UE supports request-based beam switching,
report-based beam switching, or both request-based and report-based beam switching. In some
aspects, the network entity may receive UE capability information including similar UE
capabilities as described with respect to Figure 4, block 402.

[0127] At block 504, and as described above with respect to Figure 3, operation 304, the
network entity may transmit a configuration for UE initiated beam switching. In some aspects,
the configuration information may include: a first set of SSBs or CSI-RSs for beam measurement;
a first set of TCI states for beam measurement and/or QCL and/or power control parameter
identification; or a beam switching scheme (e.g., whether to indicate common or separate beam(s)
for beam switching for uplink and downlink channels).

[0128] For report-based beam switching, the configuration information may further include:
an indicator indicating whether the beam report is for beam switching or not; a number of reported
SSBRIs, CRIs, or TCI states; or an uplink resource for beam report (e.g., PUCCH resource or a
CG-PUSCH).

[0129] For request-based beam switching, the configuration for UE initiated beam switching
may include: a number of requested SSBRIs, CRIs, or TClIs; a first threshold to identify the new
beam; a second threshold to determine the beam quality for current beam; a number of beam
switching request events to transmit the beam switching request; or an interval for beam switching
request event detection.

[0130] At block 506, and as described above with respect to Figure 3, operation 306, if the UE
is configured for report-based beam switching, the network entity may transmit, to the UE, a
trigger for a beam report for beam switching. For example, the network entity may transmit a
MAC CE or DCI triggering the beam report. In some aspects, the network entity may transmit a
MAC CE activating or deactivating a semi-persistent beam report for beam switching. In some
other aspects, the network entity may transmit a DCI triggering an aperiodic beam report for beam
switching. In some aspects, the MAC CE or DCI may indicate one or more of the UE initiated
beam switching configuration parameters for beam switching.

[0131] At block 508, and as described above with respect to Figure 3, operation 308, the
network entity transmits, to the UE, a set of one or more SSBs or CSI-RSs for beam measurement.
[0132] At block 512, and as described above with respect to Figure 3, operation 312, the

network entity receives, from the UE, an indication to perform beam switching from one or more
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current beams to one or more new beams. In some aspects, the network entity may receive a beam
report for beam switching identifying one or more new beams. In some other aspects, the network
entity may receive a request to perform beam switching. In some aspects, the indication to perform
beam switching may include an indicator identifying the requested new beam. As an example, the
network entity may receive in the report or the request one or more indexes from a configured first
set of SSBs, CSI-RSs or TClIs that are associated with the new beam(s). As discussed above, in
some aspects, the indication to perform beam switching may include an indicator identifying the
new beam(s). In some aspects, the indication to perform beam switching may indicate at least one
SSBRI or CRI or TCI index identitying the new beam(s).

[0133] At block 514, and as described above with respect to Figure 3, operation 314, the
network entity may transmit, to the UE, a response to the indication to perform beam switching.
The response may indicate an acknowledgement of the indication to perform beam switching that
was received at block 512, As discussed above, in some aspects, the network entity may transmit
an action delay or action time for the UE reported/requested beam(s) and/or selected SSBRI(s),
CRI(s), and/or TCI(s) from the reported SSBRIs, CRIs, and/or TCI(s) for joint or separate uplink
and downlink beam switching.

[0134] At block 518, and as described above with respect to Figure 3, operation 318, the
network entity communicates with the UE using the new beam(s) specified by UE initiated
indication for beam switching,.

[0135] Figures 7A-7D, 8A, 8B, and 9-11 arc¢ conceptual diagrams illustrating various
examples of the aspects of the disclosure described above. Figures 7A-7D, 8A, 8B, and 9-11
include timelines illustrating relative timings of various operations performed during UE initiated
beam switching. The timelines may not be drawn to scale, and the time durations between the
various operations may differ from that shown in the Figures. The example conception graphs
shown in Figures 7A-7D, 8A, and 8B represent thirty-two beams, and are shown with respect to
Azimuth angle Of Departure (AoD) and Zenith angle Of Departure (ZoD). In these examples, the
thirty two beams (labeled 0-31) are represented in grids, where the beams are located in the grids
based on AoD (X axis) and ZoD (Y-axis).

[0136] Figure 7A is a diagram illustrating an example of beam switching based on an
indicated TCI state. In the example shown in Figure 7A, grid 700 represents a state of the beams
prior to beam switching. Grid 705 represents the state of the beams after beam switching.
Timeline 710 represents timing of various operations prior to, and after beam switching.

[0137] In this example, beams 18 and 11 are beams currently used for communication between
a UE and a network entity. At time To the TCI indications are shown as TCI state 11 being
associated with SSB or CSI-RS 11 and TCI state 18 being associated with SSB or CSI-RS 18. At
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time T through T>, the UE performs beam measurement operations to measure beam quality based
on SSB or CSI-RS 0, SSB or CSI-RS 1, ..., SSB or CSI-RS 31. At time T3, the UE initiates a
beam switch, indicating that beam 28 is to replace beam 18. For example, the UE may indicate
that a target channel for the first reported SSBRI, CRI, or TCI (e.g., SSB, CSI-RS, or TCI 28)
should replace the a first indicated TCI state (TCI state 18). In the example shown in Figure 7A,
the action time for the beam switch is T4. This action time may be indicated by the network entity,
perhaps based on an action time requested by the UE. Grid 705 illustrates the state of the beams
following the beam switch at time Ta.

[0138] Figure 7B is a diagram illustrating an example of beam switching based on multiple
indicated TCI states. In the example shown in Figure 7B, grid 720 represents a state of the beams
prior to beam switching. Grid 725 represents the state of the beams after beam switching.
Timeline 730 represents timing of various operations prior to, and after beam switching.

[0139] In this example, beams 18 and 11 are beams currently used for communication between
the UE and a network entity. At time To the TCI indications are shown as TCI state 11 being
associated with SSB or CSI-RS 11 and TCI state 18 being associated with SSB or CSI-RS 18. At
time T1 through T, the UE performs beam measurement operations to measure beam quality based
on SSB or CSI-RS 0, SSB or CSI-RS 1, ..., SSB or CSI-RS 31. At time T3, the UE initiates a
beam switch using multiple (two) TCI states, indicating that beam 28 is to replace beam 11, and
that beam 21 is to replace beam 18. For example, the UE may indicate that a target channel for
the first reported SSBRI, CRI, or TCI (e.g., SSB, CSI-RS, or TCI 28) should replace the a first
indicated TCI state (TCI state 11), and that a target channel for the second reported SSBRI, CRI,
or TCI (e.g., SSB, CSI-RS, or TCI 21) should replace the a second indicated TCI state (TCI state
18). In the example shown in Figure 7B, the action time for the beam switch is T4. This action
time may be indicated by the network entity, perhaps based on an action time requested by the UE.
Grid 725 illustrates the state of the beams following the beam switch at time Ta.

[0140] Figure 7C is a diagram illustrating an example of UE initiated joint uplink and
downlink beam switching. In the example shown in Figure 7C, grid 740 represents a state of the
beams prior to beam switching. Grid 745 represents the state of the beams after beam switching,.
Timeline 750 represents timing of various operations prior to, and after beam switching.

[0141] As discussed above, a UE may report beam quality for N beams, and may indicate that
M beams of the N beams are for beam switching. Thus, M beams are used for beam switching
and N-M beams are used for a normal beam report. In this example, prior to beam switching,
beam 9 is currently used for downlink and uplink beam indication. At time To through T, the UE
performs beam measurement operations to measure beam quality based on SSB or CSI-RS 0, SSB

or CSI-RS 1, ..., SSB or CSI-RS 31. At time Tz, the UE initiates a beam switch via a beam report.
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At time T3 the UE transmits a beam report indicates the quality of beams 11, 12, 18, and 28, and
indicates that beam 28 is to replace beam 9 for uplink and downlink beam indications. Thus, in
this example, N=4 and M=1. Grid 745 illustrates that beam 28 has replaced beam 9 following the
beam switch at time Ta.

[0142] Figure 7D is a diagram illustrating an example of UE initiated separate uplink and
downlink beam switching. In the example shown in Figure 7D, grid 760 represents a state of the
beams prior to beam switching. Grid 765 represents the state of the beams after beam switching,.
Timeline 770 represents timing of various operations prior to, and after beam switching.

[0143] This example is similar to the example shown in Figure 7C, with the exception that
instead ot the UE providing joint uplink and downlink beam indications in a beam report, the UE
provides separate uplink and downlink beam indications. In this example, prior to beam switching,
beam 9 is currently used for downlink indications and beam 2 is used for uplink beam indications.
At time To through T, the UE performs beam measurement operations to measure beam quality
based on SSB or CSI-RS 0, SSB or CSI-RS 1, ..., SSB or CSI-RS 31. At time T3, the UE initiates
a beam switch via a beam report. The beam report indicates the quality of beams 11, 12, 18, and
28, indicates that beam 28 is to replace beam 2 for downlink beam indications and indicates that
beam 12 is to replace beam 9 for uplink beam indications. Grid 765 illustrates that beam 28 has
replaced beam 2 and beam 12 has replaced beam 9 following the beam switch at time Ta.

[0144] Figure 8A is a diagram illustrating an example of joint uplink and downlink beam
switching in a re