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(57) Abstract: A method for a user equipment (UE) performing a beam failure recovery
(BFR) procedure is disclosed. The method comprises performing a first beam failure de-
tection (BFD) procedure on a first cell, performing a second BFD procedure on a second
cell, triggering a first BFR procedure for a first cell in response to a beam failure being
detected on the first cell by the first BFD procedure, triggering a second BFR procedure
for a second cell in response to a beam failure being detected on the second cell by the
second BFD procedure, and canceling the triggered first BFR procedure for the first cell
in response to a BFR repott corresponding to at least one of the first and second BFR
procedures being successfully transmitted to a base station (BS), wherein the BFR report
includes BFR information of the first cell.
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METHOD OF PERFORMING BEAM FAILURE RECOVERY AND RELATED

DEVICE

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The present disclosure claims the benefit of and priority to U.S. provisional
Patent Application Serial No. 62/877261 filed on 7/22/2019, entitled “Method and
apparatus for cancellation of beam failure recovery,” (hereinafter referred to as “the
‘261 provisional”). The disclosure of the ‘261 provisional is hereby incorporated fully

by reference into the present disclosure for all purposes.

FIELD
[0002] The present disclosure generally relates to wireless communications, and

more particularly, to a method of performing beam failure recovery and a related device.

BACKGROUND

[0003] In the new radio (NR) Rel-15 technical standard, beamforming is a signal
processing technique wused in antenna arrays for directional signal
transmission/reception. With beamforming, a beam can be formed by combining
elements in a phased array of antennas in such a way that signals at particular angles
experience constructive interference while others experience destructive interference.
Different beams can be utilized simultaneously using multiple arrays of antennas. 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.

[0004] Nonetheless, the high gain beams are narrow compared to a wide sector
beam, so multiple beams for transmitting downlink (DL) common channels are needed

to cover the required cell area. The number of concurrent high gain beams that an access
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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 lower 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.

[0005] A next-generation node B (gNB) may utilize multiple beams to cover the
entire service area and each user equipment (UE) may be associated with one of those
beams. When the UE moves and/or the environment varies, the best beam for the UE
may change. Hence, a Layer 1 (L1)/Layer 2 (L2) beam management procedure is
initiated to switch the current beam to a new beam. The beam can be used on the DL
control channel. The beam design should consider both coverage distance and
robustness to UE’s mobility. When considering the low data rate requirement but high
reliability requirement on the control channel, the beam should be wide enough to allow
reasonable UE’s mobility.

[0006] However, beam misalignment may result in the loss of an ongoing link of
the control channel (“beam failure”). The gNB may not be able to use the beam
management procedure to switch to a new beam. Thus, a beam failure recovery (BFR)
mechanism is introduced. The BFR procedure may be UE-triggered. The UE may
determine a beam failure event according to measurement on a DL reference signal
(RS), a control channel and/or a data channel. One example for beam failure
determination is that the UE detects a low Reference Symbol Received Power (RSRP)
of the current serving beam according to the measurement on the DL RS. If a beam
failure is detected, the UE may notify the gNB of the beam failure event through an
uplink (UL) transmission, so the gNB can act accordingly.

[0007] The UE may trigger a BFR procedure for indicating to the gNB of a new

Synchronization Signal Block (SSB) or Channel State Information based Reference
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Signal (CSI-RS) when a beam failure is detected on the SSB(s) or CSI-RS(s). For beam
failure detection, the gNB configures the UE with beam failure detection reference
signals (e.g., SSB or CSI-RS), and the UE determines beam failure when the number
of beam failure instance indications from a physical (PHY) layer reaches a configured
maximum number before a pre-configured/pre-defined/pre-specified timer expires. A
beam failure detection (BFD) may be performed based on the SSB associated to an
initial DL bandwidth part (BWP), and may be configured for the initial DL. BWP(s).
For other DL BWP(s), the BFD may be performed based on CSI-RS.

[0008] After the beam failure is detected, the UE may perform a random access
(RA) procedure for the BFR (referred to as triggering a random access channel (RACH)
based BFR procedure in this disclosure). The UE may trigger the BFR by initiating the
RA procedure on the primary cell (PCell), and select a suitable beam to perform the
BFR (if the gNB has provided dedicated RA resources for certain beams, those may be
selected by the UE). Upon completion of the RA procedure, the BFR is determined to
be completed.

[0009] In NR Rel-15, the RACH-based BFR procedure is only applied for a
Special Cell (SpCell) (e.g., PCell and Primary Secondary cell (PSCell)). In other words,
if the beam failure happens on a Secondary cell (SCell), a network (NW) must handle
it. For example, an SCell BFD may be performed based on either the absence of
acknowledgment (ACK)/non-ACK (NACK) feedback for the scheduled DL
transmission in the SCell, or based on a channel quality indicator (CQI) report in the
SCell. If the beam failure occurs, the NW may release this SCell and re-schedule the
data transmission. However, this may decrease scheduling efficiency and increase
higher layer signaling propagation latency. In order to quickly recover the beam (e.g.,
switching the serving beam) from the beam failure on the SCell, in NR Rel-16, an SCell

BFR is supported.
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SUMMARY
[0010] The present disclosure provides a method of performing beam failure
recovery and a related device.
[0011] According to an aspect of the present disclosure, a method for a user

equipment (UE) performing a beam failure recovery (BFR) procedure is provided. The
method comprises performing a first beam failure detection (BFD) procedure on a first
cell, performing a second BFD procedure on a second cell, triggering a first BFR
procedure for the first cell in response to a beam failure being detected on the first cell
by the first BFD procedure, triggering a second BFR procedure for the second cell in
response to a beam failure being detected on the second cell by the second BFD
procedure, and canceling the triggered first BFR procedure for the first cell in response
to a BFR report corresponding to at least one of the first and second BFR procedures
being successfully transmitted to a base station (BS), wherein the BFR report includes
BFR information of the first cell.

[0012] According to another aspect of the present disclosure, a user equipment (UE)
for performing a beam failure recovery (BFR) procedure is provided. The UE comprises
a processor, for executing computer-executable instructions, and a non-transitory
machine-readable medium, coupled to the processor, for storing the computer-
executable instructions, wherein the computer-executable instructions instruct the
processor to performing a first beam failure detection (BFD) procedure on a first cell,
performing a second BFD procedure on a second cell, triggering a first BFR procedure
for the first cell in response to a beam failure being detected on the first cell by the first
BFD procedure, triggering a second BFR procedure for the second cell in response to a
beam failure being detected on the second cell by the second BFD procedure, and

canceling the triggered first BFR procedure for the first cell in response to a BFR report
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corresponding to at least one of the first and second BFR procedures being successfully
transmitted to a base station (BS), wherein the BFR report includes BFR information

of the first cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Aspects of the exemplary disclosure are best understood from the following
detailed description when read with the accompanying figures. Various features are not
drawn to scale, dimensions of various features may be arbitrarily increased or reduced
for clarity of discussion.

[0014] FIG. 1 is a flowchart illustrating two SCell beam failure detection (BFD)
procedures and two SCell beam failure recovery (BFR) procedures, in accordance with
example implementations of the present disclosure.

[0015] FIG. 2 is a schematic diagram illustrating an SCell BFR procedure that
includes triggering and cancelling an SR procedure for a Cell (i), in accordance with
example implementations of the present disclosure.

[0016] FIG. 3 is a schematic diagram illustrating actions for beam failure recovery
of a cell, in accordance with example implementations of the present disclosure.
[0017] FIG. 4 is a flowchart illustrating a BFD procedure for a Cell (i), in
accordance with example implementations of the present disclosure.

[0018] FIG. 5 is a block diagram illustrating a node for wireless communication,

in accordance with example implementations of the present disclosure.

DESCRIPTION

[0019] The following description contains specific information pertaining to
exemplary implementations in the present disclosure. The drawings and their

accompanying detailed description are directed to exemplary implementations.
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However, the present disclosure is not limited to these exemplary implementations.
Other variations and implementations of the present disclosure will occur to those
skilled in the art. Unless noted otherwise, like or corresponding elements in the figures
may be indicated by like or corresponding reference numerals. Moreover, the drawings
and illustrations are generally not to scale and are not intended to correspond to actual
relative dimensions.

[0020] For consistency and ease of understanding, like features are identified
(although, in some examples, not shown) by numerals in the exemplary figures.
However, the features in different implementations may be different in other respects,
and therefore shall not be narrowly confined to what is shown in the figures.

[0021] The phrases “in one implementation,” and “in some implementations,” may
each refer to one or more of the same or different implementations. The term “coupled”
is defined as connected, whether directly or indirectly via intervening components, and
is not necessarily limited to physical connections. The term “comprising” means
“including, but not necessarily limited to” and specifically indicates open-ended
inclusion or membership in the described combination, group, series, and equivalents.
[0022] Additionally, any two or more of the following paragraphs, (sub)-bullets,
points, actions, behaviors, terms, alternatives, examples, or claims described in the
following disclosure may be combined logically, reasonably, and properly to form a
specific method. Any sentence, paragraph, (sub)-bullet, point, action, behaviors, terms,

or claims described in the following disclosure may be implemented independently and

29 LC

2 2

separately to form a specific method. Dependency, e.g., “based on”, “more specifically”

2% LC
2

“preferably”, “In one embodiment”, “In one implementation”, “In one alternative” etc.,
in the following disclosure refers to just one possible example that would not restrict

the specific method.
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[0023] For explanation and non-limitation, specific details, such as functional
entities, techniques, protocols, and standards are set forth for providing an
understanding of the described technology. In other examples, detailed description of
well-known methods, technologies, system, and architectures are omitted so as not to
obscure the description with unnecessary details.

[0024] Persons skilled in the art will recognize that any described network
function(s) or algorithm(s) may be implemented by hardware, software, or a
combination of software and hardware. Described functions may correspond to
modules that are software, hardware, firmware, or any combination thereof. The
software implementation may comprise computer executable instructions stored on
computer readable medium such as memory or other type of storage devices. For
example, one or more microprocessors or general-purpose computers with
communication processing capability may be programmed with corresponding
executable instructions and carry out the described network function(s) or algorithm(s).
The microprocessors or general-purpose computers may be formed of applications
specific integrated circuitry (ASIC), programmable logic arrays, and/or using one or
more digital signal processor (DSPs). Although some of the disclosed implementations
are directed to software installed and executing on computer hardware, alternative
implementations as firmware or as hardware or combination of hardware and software
are well within the scope of the present disclosure.

[0025] The computer readable medium includes but is not limited to random access
memory (RAM), read only memory (ROM), erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only memory (EEPROM), flash
memory, compact disc (CD) read-only memory (CD ROM), magnetic cassettes,
magnetic tape, magnetic disk storage, or any other equivalent medium capable of

storing computer-readable instructions.
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[0026] A radio communication network architecture (e.g., a long term evolution
(LTE) system, an LTE-Advanced (LTE-A) system, an LTE-A Pro system, or an New
Radio (NR) system typically includes at least one base station (BS), at least one UE,
and one or more optional network elements that provide connection with a network.
The UE communicates with the network (e.g., a core network (CN), an evolved packet
core (EPC) network, an Evolved Universal Terrestrial Radio Access Network (RAN)
(E-UTRAN), a Next-Generation (GN) Core (NGC), 5G CN (5GC), or an internet via a
RAN established by the BS.

[0027] It should be noted that, in the present disclosure, a UE may include, but is
not limited to, a mobile station, a mobile terminal or device, a user communication radio
terminal. For example, a UE may be a portable radio equipment, that includes, but is
not limited to, a mobile phone, a tablet, a wearable device, a sensor, or a personal digital
assistant (PDA) with wireless communication capability. The UE is configured to
receive and transmit signals over an air interface to one or more cells in a RAN.
[0028] A BS may include, but is not limited to, a node B (NB) as in the UMTS, an
evolved node B (eNB) as in the LTE-A, a radio network controller (RNC) as in the
UMTS, a BS controller (BSC) as in the Global System for Mobile communications
(GSM)/ GSM Enhanced Data rates for GSM Evolution (EDGE) RAN (GERAN), a
Next Generation (NG)-eNB as in an Evolved Universal Terrestrial Radio Access (E-
UTRA) BS in connection with the SGC, a gNB as in the SG-RAN, and any other
apparatus capable of controlling radio communication and managing radio resources
within a cell. The BS may connect to serve the one or more UEs via a radio interface to
the network.

[0029] A BS may be configured to provide communication services according to
at least one of the following radio access technologies (RATSs): Worldwide

Interoperability for Microwave Access (WiIMAX), GSM (often referred to as 2G),
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GERAN, General Packet Radio Service (GRPS), UMTS (often referred to as 3G)
according to basic wideband-code division multiple access (W-CDMA), high-speed
packet access (HSPA), LTE, LTE-A, evolved LTE (eLTE), New Radio (NR, often
referred to as 5G), and/or LTE-A Pro. However, the scope of the present disclosure
should not be limited to these protocols.

[0030] The BS is operable to provide radio coverage to a specific geographical area
using a plurality of cells forming the RAN. The BS supports the operations of the cells.
Each cell is operable to provide services to at least one UE within radio coverage of the
cell. More specifically, each cell (often referred to as a serving cell) provides services
to serve one or more UEs within the cell’s radio coverage, (e.g., each cell schedules the
DL and optionally UL resources to at least one UE within the cell’s radio coverage for
DL and optionally UL packet transmissions). The BS can communicate with one or
more UEs in the radio communication system via the plurality of cells. A cell may
allocate sidelink (SL) resources for supporting proximity service (ProSe), LTE SL
service, and LTE/NR V2X services. Each cell may have overlapped coverage areas
with other cells.

[0031] FIG. 1 illustrates a method 100 for a UE to perform two SCell BFD
procedures and two SCell BFR procedures. In action 102, the UE performs a first beam
failure detection (BFD) procedure on a first cell. In action 104, the UE performs a
second BFD procedure on a second cell. In action 106, the UE triggers a first BFR
procedure for the first cell when a beam failure is detected on the first cell by the first
BFD procedure. In action 108, the UE triggers a second BFR procedure for the second
cell when a beam failure is detected on the second cell by the second BFD procedure.
In action 110, the UE cancels the triggered first BFR procedure for the first cell when
a first BFR report corresponding to the first BFR procedure is successfully transmitted

to the BS. In action 112, the UE cancels the triggered second BFR procedure for the
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second cell when a second BFR report corresponding to the second BFR procedure is
successfully transmitted to the BS. The first BFR report may be identical to the second
BFR report (e.g., generated by the same BFR Medium Access Control (MAC) control
element (CE)), or different from the second BFR report.

[0032] The method 100 provides the cell-based BFD procedure and cell-based
BFR procedure by which the UE respectively cancels the triggered BFR procedure for
the first cell and the second cell. In other words, the triggered BFR procedure is
canceled on a per-cell basis.

[0033] In one implementation, the UE may detect a beam failure on the SCell #1,
and then trigger a BFR procedure for the SCell#1. Meanwhile, the UE may detect a
beam failure on the SCell #2, and then trigger a BFR procedure for the SCell#2. The
UE may transmit a BFR report (e.g., BFR MAC CE) corresponding to the triggered
BFR procedure of the SCell#1, to the BS. In one example, the UE may cancel the
triggered BFR procedure of the SCell #1 and not cancel the triggered BFR procedure
of the SCell#2 when the BFR report including only BFR information of the SCell#1 is
successfully transmitted to the BS. The BFR information of the SCell#1 includes both
a cell identity of the SCell#1 and a measured candidate beam of the SCell#1. It is noted
that the BFR report is successfully transmitted when the UE receives a BFR response
via a physical downlink control channel (PDCCH) from the BS, and thus the UE may
determine the BFR procedure of the SCell#1 is completed when the BFR response is
received from the BS. In some implementations, the BFR report is successfully
transmitted when the UE receives a BFR response via the PDCCH addressed to Cell
Radio Network Temporary Identifier (C-RNTI) indicating a UL grant for a new
transmission for the Hybrid Automatic Repeat Request (HARQ) process used for the
transmission of the BFR report. In another example, the UE may cancel the triggered

BFR procedure of the SCell #1 and not cancel the triggered BFR procedure of the SCell

10
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#2 when receiving a deactivation command (e.g., SCell activation/deactivation MAC
CE) from the BS to deactivate the SCell #1. In other examples, the UE may cancel the
triggered BFR of the SCell #1 and not cancel the triggered BFR of the SCell #2 when
a deactivation timer associated with the SCell #1 expires.

[0034] In some implementations, the UE may cancel the triggered BFR procedure
of the SCell #1 and cancel the triggered BFR procedure of the SCell#2 when the BFR
report including both BFR information of the SCell #1 and the SCell #2 is successfully
transmitted to the BS. The BFR information of the SCell#1 includes both the cell
identity of the SCell#1 and the measured candidate beam of the SCell#1, and the BFR
information of the SCell#2 includes both a cell identity of the SCell#2 and a measured
candidate beam of the SCell#2.

[0035] In some implementations, the UE may cancel the triggered BFR procedure
of the SCell #1 if the SCell #1 is deactivated, and cancel the triggered BFR procedure
of the SCell #2 if the SCell #2 is deactivated. For example, the UE may cancel the
triggered BFR procedure of the SCell #1 when the deactivation timer associated with
the SCell #1 is expired or the deactivation command for deactivating the SCell #1 is
received from the BS, and cancel the triggered BFR procedure of the SCell #2 when
the deactivation timer associated with the SCell #2 is deactivated and the deactivation
command for deactivating the SCell #2 is received from the BS.

[0036] FIG. 2 is a flowchart illustrating an SCell BFR procedure that includes
triggering and cancelling a SR procedure for SCell BFR of a Cell (i). The UE performs
BFD on the Cell (i), and may determine a beam failure being detected if the
“BFI_COUNTER” reaches (e.g., is greater than or equal to) a maximum number (e.g.,
action 202). The UE determines the Cell (i) is a SpCell or an SCell (e.g., action 204).
The UE triggers a BFR procedure for the Cell (i) if the Cell (1) is determined as an SCell

(e.g., action 206). The UE further determines whether a UL resource is available for

11
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BFR report (e.g., action 208). If a UL resource is available, the UE transmits the BFR
report (e.g., BFR MAC CE including BFR information of the Cell (1)) to the BS via the
UL resource (e.g., action 210). On the contrary, if a UL resource is not available, the
UE triggers an SR procedure of the Cell(i) (e.g., action 212). Moreover, for the triggered
SR procedure, the UE may transmit a BFR-SR to the BS to request the UL resource
(e.g., action 212). After transmitting the BFR report with the UL resource, the UE
cancels the triggered SR procedure of the Cell (i) (e.g., action 214). In addition, the UE
determines whether a BFR response corresponding to the BFR report is received from
the BS (e.g., action 216). If yes, the UE cancels the triggered BFR procedure for the
Cell (1), and may set “BFI_COUNTER” (of Cell (1)) to ‘0’ (e.g., action 218). Moreover,
the UE determines the SCell BFR procedure is completed when the BFR response is
received from the BS. On the other hand, the UE may cancel the triggered BFR
procedure for the Cell (1) if the Cell (i) is deactivated (e.g., action 220). The UE may
further set “BFI_COUNTER” to ‘0’ when the Cell (1) is deactivated. The condition of
Cell (1) deactivation can be referred from above, so it is omitted herein.

[0037] The UL resource mentioned above may be RACH resource, physical uplink
control channel (PUCCH) resource, and/or physical uplink shared channel (PUSCH)
resource. The UL resource may be scheduled by dynamic grant (e.g., via a PDCCH)
and/or configured by a radio resource control (RRC) signaling (e.g., type l/type 2
configured UL grant or pre-configured in RRC configuration).

[0038] With reference to FIG. 3, there may be four steps (as shown below) for
beam failure recovery of a cell.

[0039] Step 1: Beam failure detection (BFD) procedure

[0040] The BS may explicitly or implicitly configure the BFD RS for the UE to
detect beam failure (BF) (e.g., action 302). The UE may measure the BFD RS for beam

failure detection. When configured implicitly, the BFD RS may be transmitted in an

12
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active BWP of either the current component carrier (CC) or another CC. A PHY layer
of the UE may assess the radio link quality according to the BFD RS, and may provide
a beam failure instance indication to a MAC entity of the UE when the radio link quality
is worse than a threshold with a periodicity. That is, the MAC entity of UE may receive
the beam failure instance indication from the PHY layer. Beam failure may be detected
if the number of (consecutive) detected beam failure instance indications exceeds a
configured maximum number (e.g, by the RRC signaling), namely
beamFailurelnstanceMaxCount. One beamFailurelnstanceMaxCount may be
configured for each BWP/cell/subset of a cell group/cell group. On the other hand, a
counter may be used for counting the number of beam failure instance indications,
namely “BFI COUNTER”. The “BFI COUNTER” may be used for each
BWP/cell/subset of a cell group/cell group. Beam failure detection timer which resets
the BFI COUNTER upon expiration, namely beamFailureDetectionTimer. The
beamFailureDetectionTimer may be configured for each BWP/cell/subset of a cell
group/cell group.

[0041] In addition, when a beam failure of an SCell is detected, the UE may trigger
a BFR procedure for the SCell and transmit a beam failure recovery request (BFRQ).
A BFRQ may be a BFR report that includes the BFR information of the SCell.
Alternatively, a BFRQ may be a BFR-SR, which may be transmitted on a dedicated
PUCCH resource for BFR-SR transmission. In one implementation, the UE may trigger
a SR procedure of the SCell that has detected beam failure and has triggered a BFR
procedure. When there is at least one triggered and uncancelled SR procedure (from at
least one cell that has detected beam failure), the UE may transmit a BFR-SR on a
dedicated PUCCH resource for BFR-SR transmission. In one implementation, a

“triggered SR procedure” may also be referred to as a “triggered SR for SCell BFR”.

13



WO 2021/013182 PCT/CN2020/103543

In one implementation, a PUCCH resource for BFR-SR transmission may be
configured by the network via dedicated signaling.

[0042] The BFD RS may be a set of reference signals (e.g., SSB and/or CSI-RS).
Different sets of the BFD RSs may be associated with different CC (or cell)s,
sets/groups of cells, transmission and reception points (TRPs). For example, a first set
of the BFD RSs is associated with a first CC/cell. If the UE detects that the quality of
the first set of the BFD RSs that the UE uses to assess the radio link quality are all lower
than a threshold with a periodicity determined by the maximum between the shortest
periodicity among the periodic CSI-RS configurations, and/or SSBs on the PCell or the
PSCell, in the first set, a PHY layer of the UE may send a beam failure instance
indication to a MAC entity of the UE for the first CC/cell. Subsequently, based on the
BFD procedure, the MAC entity may increment the BFI COUNTER of the first
CClcell by ‘1’ for each received beam failure instance indication for the first CC/cell.
The beam failure is considered as being detected for the first CC/cell if the number of
beam failure instances has reached a configured maximum number for the first CC/cell.
On the other hand, if no BFD RSs are provided for a CC (or a cell) for beam failure
detection, the UE may perform beam monitoring based on the activated Transmission
Configuration Indication (TCI) state for PDCCH of the CC (or cell). The BFD RS may
be transmitted in (active BWP of) either current CC or another CC (e.g., within the
same band). The BFD RS may be configured together with the BFR-SR (e.g., in the
same configuration).

[0043] Moreover, as shown in FIG. 4, BFD procedure of a cell is disclosed, the UE
detects a poor DL beam quality of Cell (i) based on the measurement (e.g., assessing
the radio link quality) of the BFD-RS for Cell (1). The PHY layer of the UE sends a
beam failure instance indication of Cell (i) to the MAC entity of the UE, and thus a

value of “BFI_COUNTER?” for Cell (i) is incremented by ‘1’ (e.g., in time T1, T2, and
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T3). When the “BFI_COUNTER” for Cell (1) of the MAC entity is reaches a maximum
number (e.g., a value of “beamFailurelnstanceMaxCount”), the UE in time T3
determines a beam failure is detected on the Cell (1).

[0044] Step 2: New beam identification (NBI)

[0045] The UE may select a new beam (or a candidate beam) for a serving cell of
the BS based on a measured NBI RS (e.g., the L1-RSRP measurement result is higher
than a threshold) (e.g., action 304).

[0046] The new beam may be indicated via a reference signal (e.g., SSB, CSI-RS,
and/or Sounding Reference Signal (SRS), and/or TCI state.

[0047] The NBI RS may be a set of reference signals (e.g., SSB and/or CSI-RS)
that is used for new beam identification. Different sets of the NBI RSs may be
configured for different CCs (or cells), sets/groups of cells, TRPs, and/or BWPs. For
example, a first set of the NBI RSs is configured for a first CC (or cell). If the beam
failure occurs on the first CC (or cell), the UE may select a new beam according to the
measured first set of the NBI RSs. The UE may select a new beam with the highest
RSRP in the first set of the NBI RS. Alternatively, the UE may select any new beam in
the first set of the NBI RS that is above a configured threshold. The UE may include
the information of the NBI RS (e.g., the selected new beam) in the BFR report. The
NBI RS may be transmitted in (active BWP of) the CC that is configured to be
monitored for BFR or another CC within the same band.

[0048] Step 3: Beam failure recovery request (BFRQ)

[0049] The UE may send a BFR-SR over PCell, PSCell, and/or SCell to the BS
(e.g., action 305). The BFR-SR may be used to inform a beam failure event on an CC
(s) and/or to request a UL resource. It is noted that whether the BFR-SR should be sent
may be based on if any UL resource is available. If no UL resource is available, the BS

may send a UL grant to the UE (e.g., action 306) upon reception of the BFR-SR from
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the UE (e.g., action 305). After that, the UE may send the BFR report (e.g., by MAC
CE) (e.g., action 307). The BFR report may include the failed CC(s) information (e.g.,
Cell index), new beam(s) information (e.g., the new beam may be selected based on
measuring NBI RS), and/or no new beam information (e.g., no new beam with L1-
RSRP higher than a threshold).

[0050] The BFR-SR may be transmitted on a dedicated PUCCH resource for BFR-
SR transmission. The BFR-SR may be used to inform the BS with a beam failure event
and/or used for requesting a UL-SCH resource for BFR report transmission. The UL
resource requested by BFR-SR may (only) be used for BFR report transmission. The
UE may be configured with zero, one, or more BFR-SR configuration. Moreover, each
SR procedure (of a cell) may correspond to zero, one, or more BFR-SR configuration.
The PUCCH resource for BFR-SR transmission may be configured per BWP, per TRP,
per CC, per set of CCs, per configured grant (CG), and/or per UE. The BFR-SR may
be a cross-cell transmission. For example, a beam failure is detected on the SCell, but
the BFR-SR is transmitted on the PCell. The BFR-SR configuration may be a specific
configuration that is different from the SR configurations (e.g., the identity (ID) of the
BFR-SR configuration is different from the “schedulingRequestid” of the SR
configurations). Alternatively, the BFR-SR configuration may be one of the SR
configurations (e.g., the ID of BFR-SR configuration is shared with
“schedulingRequestid” of the SR configurations.) The BFR-SR (e.g., the PUCCH
resource for BFR-SR transmission) may be assigned with the highest priory of the SR
configuration. The BFR-SR configuration may be configured per BWP, per TRP, per
CC, per set of CCs, per CG, and/or per UE.

[0051] The BFR-SR transmission may be replaced by a Physical Random Access

Channel (PRACH) transmission. For example, the UE may perform PRACH
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transmission (e.g., transmits preamble) to request a UL resource for transmitting the
BFR report.

[0052] The BFR report may be transmitted on any available UL grant that may
accommodate the BFR report. Alternatively, the BFR report may (only) be transmitted
on the UL grant which is requested by the BFR-SR. The BFR report may be transmitted
on PUSCH. In addition, the BFR report may include one or more of the following BFR
information:

[0053] -(failed) CC (or cell) information (e.g., cell index),

[0054] -(failed) a set/group (s) of cells (e.g., the set/group may be pre-configured
by BS);

[0055] -(failed) TRP information,;

[0056] -measurement result (e.g., RSRP, Signal to Interference plus Noise Ratio
(SINR), etc.) of the (failed) CC, set/group of cells, TRP;

[0057] -candidate beam information (or new beam information), e.g., one or more
qualified beam (selected by the UE) based on measuring the set of NBIRS of the (failed)
CC; and

[0058] -no new beam information (e.g., if there is no new beam with RSRP higher
than a threshold for the (failed) CC, set/group of cells, TRP).

[0059] The BFR report may be replaced by Uplink Control Information (UCI)
transmission. For example, the BFR-related information (e.g., (failed) CC (or cell)
information (e.g., cell index), (failed) set/group(s) of cells (e.g., the set/group may be
pre-configured by the NW), (failed) TRP information, the corresponding measurement
result (e.g., RSRP, SINR, etc.) of the (failed) CC, set/group of cells, TRP, Candidate
beam information (or new beam information) (e.g., one or more qualified beam based

on measuring NBI RS), no new beam information (e.g., if there is no new beam with
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RSRP higher than a threshold for the (failed) CC, set/group of cells, TRP)) may be
included in the UCL

[0060] In one example, the BFR report may be transmitted (only) via the UL grant
which is requested by BFR-SR. In other examples, the BFR report may be transmitted
via any UL grant (e.g., UL grant via RAR, dynamic UL grant via PDCCH, and/or
configured grant).

[0061] The “beam information” mentioned above is used to provide information
about which the beam/spatial filter is being used/selected. In one example, individual
reference signals are transmitted by applying individual beams (spatial filters). Thus,
the beam or the beam information may be represented by reference signal resource
index(es).

[0062] Step 4: Beam failure recovery response (BFR response)

[0063] After transmitting the BFRQ (e.g., BFR-SR and/or BFR report), the UE
may attempt to monitor a BFR response (e.g., via PDCCH monitoring) from the BS
(e.g., action 308). In one example, the BFR response may be transmitted on PCell,
PSCell and/or SCell. In other examples, the BFR response may be transmitted on an
CC, where the UE transmits the BFRQ on the CC. Upon receiving the BFR response,
the UE may consider the BFR procedure on the CC as being completed. In one example,
the BFR response may be a PDCCH. In one example, the BFR response may be a
PDCCH addressed to C-RNTI indicating a UL grant for a new transmission for the
HARQ process used for the transmission of the BFR report. In one implementation, the
UE may cancel the triggered BFR procedure of an SCell if it has received a BFR
response for a transmitted BFR report, and the BFR report includes beam failure
information of the SCell that triggered the BFR procedure.

[0064] It is noted that when a beam failure is detected on an SCell (e.g., the number

of (consecutive) detected beam failure instance indications exceeds a configured
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maximum number (e.g., “beamFailurelnstanceMaxCount”) for an SCell with ID(1)), a
BFR procedure may be triggered by a MAC entity of the UE. The BFR procedure may
be an operation for BFR report generation and/or transmission. Subsequently, if at least
one BFR procedure is triggered (e.g., BFR procedure is triggered for one or more cells)
and is not canceled, the MAC entity may determine whether a UL resource is available
for a new transmission. If so, the MAC entity may instruct the Multiplexing and
Assembly procedure to generate a BFR MAC CE for BFR report transmission.
Otherwise, the MAC entity may instruct a PHY layer of the UE to transmit a BFR-SR
to the BS. Subsequently, a BFRQ-SR timer may be started at a certain time, (e.g., upon
the PHY layer performing the first BFR-SR transmission after being instructed by the
MAC entity). The purpose of the BFRQ-SR timer is to ensure that the UE may perform
subsequent procedure(s) if it does not receive any response, (e.g., a UL grant, from the
BS within a period after transmission of the BFR-SR). If a UL resource is available
while the BFRQ-SR timer 1s running, the MAC entity may instruct the Multiplexing
and Assembly procedure to generate the BFR MAC CE, and stop/restart the running
BFRQ-SR timer when the BFR MAC CE is transmitted. On the other hand, some
subsequent procedures, such as an RA procedure, may be initiated when the BFRQ-SR
timer expires.

[0065] In some implementations, the BFR procedure may be performed according
to each cell. For example, if a beam failure is detected based on a first BFD RS
associated with the cell #1, a first BFR procedure corresponding to the cell #1 is
triggered. If a beam failure is detected based on a second BFD RS associated with the
cell #2, a second BFR procedure corresponding to the cell #2 is triggered. If a third
beam failure is detected based on a third BFD RS, which is associated with the cell #3
and cell #4, a third BFR procedure corresponding to the cell #3 and a fourth BFR

procedure corresponding to the cell #4 are both triggered. Preferably, the first BFR
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procedure and the second BFR procedure may be performed independently. Preferably,
the first BFR procedure may be used to transmit the BFR MAC CE including the BFR
information for the cell #1 only; the second BFR procedure may be used to transmit the
BFR MAC CE including the BFR information for the cell #2 only; the third and fourth
BFR procedure may be used to transmit the BFR MAC CE including the BFR
information for both of the cell #3 and the cell #4. More specifically, a BFD RS (set)
may be associated with one single cell or multiple cells.

[0066] In some implementations, the BFR procedure may be performed according
to a cell group. For example, if a beam failure is detected based on a first BFD RS
associated with the cell #1 and a beam failure is detected based on a second BFR RS
associated with the cell #2, one single cell group based BFR procedure may be triggered
for both of the cell #1 and cell #2. Preferably, one single BFR procedure may be used
to transmit the BFR MAC CE including the BFR information for both of the cell #1
and the cell #2. More specifically, a BFD RS (set) may be associated with a group of
cells.

[0067] In some implementations, the BFR procedure may be performed according
to a sub-cell group. A sub cell group may include one or multiple SCells. For example,
if a beam failure is detected based on a first BFD RS associated with the sub cell group
#1 including multiple SCells, a first BFR procedure corresponding to the sub cell group
#1 may be triggered for the sub cell group #1; if a beam failure is detected based on a
second BSD RS associated with the sub cell group #2 including multiple SCells, a
second BFR procedure corresponding to the sub cell group #2 may be triggered.
Preferably, the first BFR procedure may be used to transmit the BFR MAC CE
including the BFR information for the sub cell group #1 only; the second BFR

procedure may be used to transmit the BFR MAC CE including the BFR information
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for the sub cell group #2 only. More specifically, a BFD RS (set) may be associated
with a group of cells.
[0068] The PHY layer of the UE may continuously transmit the BFR-SR on the
PUCCH resource for BFR-SR transmission when the BFRQ-SR timer is running. The
detailed operation (e.g., when to start/restart/stop) of the BFRQ-SR timer is described
below. More specifically, the BFRQ-SR timer may be configured according to each
BWP in the SpCell (e.g., one BFRQ-SR timer may be configured on each BWP in the
SpCell). Alternatively, a single BFRQ-SR timer may be configured on the SpCell.
[0069] The purpose of the BFRQ-SR timer is to control the BFR-SR transmission.
For example, when the BFRQ-SR timer is running, the UE may transmit the BFR-SR
on a valid PUCCH resource for BFR-SR transmission. When the BFRQ-SR timer is
not running, the UE may not transmit the BFR-SR (even if the BFR procedure has been
triggered and is not canceled).
[0070] In one example, the BFRQ-SR timer may be started/restarted when the
MAC entity instructs the PHY entity for BFR-SR transmission, and there is a valid
PUCCH resource for BFR-SR transmission.
[0071] In one example, the BFRQ-SR timer may be started/restarted when the
PHY performs the first BFR-SR transmission after being instructed by the MAC entity
for BFR-SR transmission.
[0072] The BFRQ-SR timer may be started or restarted if one or more
combinations of the following conditions is satisfied:

1. there is a valid PUCCH resource for BFR-SR transmission;

2. the BFR procedure is triggered and is not canceled,

3. there is no UL resource available for transmission;

4. upon the MAC entity instructs PHY for BFR-SR transmission; and
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5. upon the PHY layer performs the first BFR-SR transmission after being
instructed by the MAC entity for BFR-SR transmission.
[0073] The running BFRQ-SR timer may be stopped if one or more combinations
of the following conditions is satisfied:
[0074] Condition 1: transmission of a BFR MAC CE
[0075] In one implementation, the running BFRQ-SR timer may be stopped upon
transmission of a MAC Protocol Data Unit (PDU) that includes a BFR MAC CE.
[0076] In some implementations, the running BFRQ-SR timer may be stopped
only if the BFR MAC CE includes all the SCells of a cell group that detects beam failure
prior to the MAC PDU assembly.
[0077] Condition 2: reconfiguration of BFR related parameter(s) on the SCell(s)
[0078] In one implementation, the running BFRQ-SR timer may be stopped upon
reconfiguration of SCell related BFR parameter(s).
[0079] In some implementations, the BFR related parameter configured on the
SCell(s) may include parameters associated with NBI RS(s) configured on the SCell(s),
BFD RS(s) configured on the SCell(s), the BFRQ-SR timer, and parameters for beam
failure detection that are configured on the SCell(s), where the parameters for beam
failure detection may include “beamFailureDetectionTimer” and
“beamFailureInstanceMaxCount”.
[0080] Condition 3: reconfiguration of BFR related parameter(s) configured on the
SpCell.
[0081] In one implementation, the running BFRQ-SR timer may be stopped upon
reconfiguration of SpCell related BFR parameter(s).
[0082] In some implementations, the BFR related parameter(s) configured on the

SpCell may include a parameter associated with PUCCH resource(s), where the

22



WO 2021/013182 PCT/CN2020/103543

PUCCH resource(s) may be configured on a SpCell, a BWP or a cell for the BFR-SR
transmission.

[0083] Condition 4: initiation of RACH-based BFR procedure

[0084] In one implementation, if a BFR procedure is triggered at the SpCell, the
running BFRQ-SR timer may be stopped by the MAC entity.

[0085] In some implementations, RACH-based BFR procedure is triggered if the
number of beam failure instance indications of the SpCell is equal to or above a
maximum number configured for the SpCell. The RACH-based BFR procedure
triggered at the SpCell may be referred to as an RA procedure.

[0086] Condition 5: deactivation of SCell

[0087] In one implementation, the running BFRQ-SR timer may be stopped by the
MAC entity if all the configured SCell(s) are deactivated.

[0088] In some implementations, the SCell may be deactivated when an SCell
deactivation timer associated with the activated SCell expires.

[0089] In some implementations, the SCell may be deactivated upon reception of
an SCell activation/deactivation MAC CE deactivating the SCell.

[0090] In some implementations, the running BFRQ-SR timer may be stopped by
the MAC entity if an SCell which triggers a BFR procedure and subsequently results in
BFR-SR transmission (e.g., due to absence of UL resource) is deactivated.

[0091] In some implementations, the BFR procedure may be a cell- based or a cell-
group based BFR procedure.

[0092] In some implementations, the SCell may be deactivated upon reception of
an SCell activation/deactivation MAC CE for deactivating the SCell.

[0093] In some implementations, the SCell may be deactivated when an SCell
deactivation timer associated with the activated SCell expires.

[0094] Condition 6: cancellation of BFR procedure
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[0095] In one implementation, if all triggered BFR procedure(s) in the MAC entity
are canceled, the running BFRQ-SR timer may be stopped by the MAC entity.

[0096] In some implementations, the BFR procedure may be a cell-based or a cell-
group based BFR procedure.

[0097] Condition 7: BWP switch/deactivation

[0098] In one implementation, if the UE performs BWP switching (e.g., SpCell
UL BWP switching), the running BFRQ-SR timer may be stopped by the MAC entity.
The UE may start/restart the BFRQ-SR timer after switching to the new BWP.

[0099] In some implementations, the BFRQ-SR timer may be configured on a
BWP in the SpCell (e.g., one BFRQ-SR timer may be configured on each BWP on the
SpCell). In this case, the BFRQ-SR timer on the new BWP is started/restarted.

[00100] In some implementations, one BFRQ-SR timer may be configured on the
SpCell.

[00101] Condition 8: UL resource being available for transmission

[00102] In one implementation, the running BFRQ-SR timer may be stopped by the
MAC entity if a UL resource is available for transmission of a BFR MAC CE.

[00103] In some implementations, the BFR procedure(s) may be performed either
based on a cell or a cell group.

[00104] In some implementations, the UL resource may be provided by a dynamic
grant, a configured UL grant Type 1/Type 2, and/or UL grant in RAR.

[00105] In some implementations, the UL resource may be a resource dedicated to
the transmission of a BFR MAC CE. In this case, the BS may indicate, via downlink
control information (DCI) or RRC signaling, that the corresponding UL resource is for
transmission of a BFR MAC CE.

[00106] In some implementations, the UL resource is considered available if it can

accommodate the BFR MAC CE.
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[00107] In some implementations, the UL resource is considered available if it can
be used for BFR MAC CE.

[00108] In some implementations, the UL resource is considered available if it is
not allocated on a cell where beam failure is detected or the SR procedure has been
triggered and not canceled.

[00109]  Condition 9: initiation of RA procedure

[00110] In one implementation, if an RA procedure is initiated on a PCell, PSCell,
or SCell, the running BFRQ-SR timer may be stopped.

[00111]  Preferably, the RA procedure may be triggered by one of the following
events: an initial access from RRC IDLE, a RRC Connection Re-establishment
procedure, a DL or UL data arrival during RRC CONNECTED when UL
synchronization status 1s “non-synchronized”, a Ul data arrival during
RRC _CONNECTED when there are no PUCCH resources for SR available, a SR
failure, a request by RRC upon synchronous reconfiguration (e.g., handover), a
transition from RRC_INACTIVE, an establishment of time alignment at SCell addition,
a request for other SI, and a beam failure recovery.

[00112]  Condition 10: MAC reset

[00113] In one implementation, if a reset of the MAC entity is requested by upper
layers, the UE may stop the running BFRQ-SR timer.

[00114]  Condition 11: release of PUCCH resource for BFR-SR transmission
[00115]  In one implementation, the running BFRQ-SR timer may be stopped by the
MAC entity if the PUCCH resource (of the SpCell) for BFR-SR transmission is released
by the UE. In one example, a PUCCH resource for BFR-SR transmission may be
released if the time alignment timer associated with Primary Timing Advance Group

(PTAGQG) or Secondary Timing Advance Group (STAG) expires.
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[00116] If the BFRQ-SR timer expires, the UE may perform at least one of the
following actions:

1. cancel the triggered BFR procedure(s);

2. cancel the BFR procedure (for SCell);,

3. trigger another BFR procedure (e.g., for PCell);

4. initiate an RA procedure (on the SpCell);

5. initiate an RA with pre-configured R A resource/configuration on specific
pre-configured serving cell; and

6. deactivate the corresponding SCell(s).
[00117] It is noted that the expiry of BFRQ-SR timer may imply that the PHY layer
has transmitted one or more BFR-SRs over the period configured by a length of the
BFRQ-SR timer, but the UE still does not receive any available UL resource(s) for the
transmission of a BFR MAC CE. Hence, the UE may perform an RA procedure to avoid
such a deadlock situation.
[00118] In one example, the UE may cancel the triggered BFR procedure if the
BFRQ-SR timer expires and initiates the RA procedure (e.g., on the SpCell).
[00119] In one example, the UE may cancel the triggered BFR procedure if the
BFRQ-SR timer expires and triggers another BFR procedure (e.g., on the PCell).
[00120]  Furthermore, BFR procedure cancellation is disclosed (e.g., cancellation of
triggered BFR procedure, cancellation of triggered SR procedure, cancellation of
BFRQ-SR timer, etc.) when certain conditions are satisfied. More specifically, the
triggered BFR procedure(s) may be canceled if one or more conditions is satisfied:
[00121]  Condition 1: transmission of a BFR report
[00122]  For cell-based BFR procedure (e.g., a BFR procedure is triggered per cell),
ifa MAC PDU includes a BFR report (e.g., a BFR MAC CE), and the BFR report (e.g.,

BFR MAC CE) includes BFR information (e.g., failed cell, candidate beam information
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corresponding to the serving cell, NBI, measurement result corresponding to the failed
cell, etc.) of a certain cell(s), the cell-based BFR procedure that corresponds to this
cell(s) may be canceled when this MAC PDU is transmitted. For example, if a MAC
PDU includes a BFR report (e.g., BFR MAC CE), and the BFR report (e.g., BFR MAC
CE) indicates BFR information of cell #i (e.g., a failed cell index along with the selected
candidate beam information of cell #1), the triggered BFR procedure that corresponds
to the cell #i is canceled when this MAC PDU is transmitted. On the other hand, if a
BFR MAC CE includes a BFR report (e.g., BFR MAC CE), and the BFR report (e.g.,
BFR MAC CE) indicates BFR information of cell # and cell #, the triggered BFR
procedure that corresponds to cell # and the BFR procedure that corresponds to cell #
are canceled when the MAC PDU is transmitted.

[00123]  For cell-group based BFR procedure, if a MAC PDU includes a BFR report
(e.g., BFR MAC CE), and the BFR report (e.g., BFR MAC CE) includes BFR (or BFR
report) information (e.g., failed cell/group of cell, candidate beam information
corresponding to the serving cell/group of cell, measurement result corresponding to
the failed cell/group of cell, etc.) of all the cell(s) in the cell group that triggered the
BFR procedure (prior to the MAC PDU assembly), all triggered BFR procedure(s)
triggered (prior to the MAC PDU assembly) may be canceled when this MAC PDU is
transmitted. For example, if BFR procedure is triggered by a cell with index (i) before
the assembly of a MAC PDU that includes a BFR report (e.g., BFR MAC CE), and the
BFR report (e.g., BFR MAC CE) indicates BFR information of a cell (i) (e.g., index (1),
the candidate beam information corresponding to cell (i), etc.), BFR procedure
triggered prior the MAC PDU assembly is canceled when this MAC PDU is transmitted.
On the other hand, if BFR procedures are triggered by cell with index (i) and cell with
index (j) before the assembly of a MAC PDU that includes a BFR report (e.g., BFR

MAC CE), and the BFR report (e.g., BFR MAC CE) only indicates BFR information
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of a cell (i) (e.g., index (1), the candidate beam information corresponding to cell (i),
etc.), BFR procedure triggered prior the MAC PDU assembly is not canceled when this
MAC PDU is transmitted. The reason of not canceling the triggered BFR procedure is
because the BFR report (e.g., BFR MAC CE) does not report all the SCells that
triggered BFR procedures due to the detection of beam failure. Hence, canceling BFR
procedure implies that the UE is unable to generate another MAC PDU to report the
SCells that have not yet been reported.

[00124]  The intention of a cell-based BFR procedure may be that a triggered cell-
based BFR procedure is canceled if the BFR report (e.g., BFR MAC CE) that includes
the information of the corresponding cell is transmitted. For example, if cell-based BFR
procedure corresponding to cell #1 and cell #2 is triggered due to BFD on the cell #1
and cell #2. Consequently, if a BFR report (e.g., BFR MAC CE) includes information
of only the cell #1 is transmitted, only the BFR procedure corresponding to the cell #1
may be canceled. On the other hand, if a BFR report (e.g., BFR MAC CE) includes
information of both cell #1 and cell #2. The BFR procedures corresponding to both cell
#1 and #2 can both be canceled. Hence, cell-based BFR procedure may be applied to
any BFR MAC CE format.

[00125]  On the other hand, the intention of a cell-group based BFR procedure may
be that a triggered cell group-based BFR procedure is canceled if the BFR report (e.g.,
BFR MAC CE) that includes the information of the corresponding cell group (of
multiple cells) is transmitted. For example, if BFR procedure corresponding to cell
group #1 (including cell #1 and cell #2) is triggered due to BFD on the cell #1 or cell
#2. Consequently, if a BFR report (e.g., BFR MAC CE) including BFR information of
cell #1 is transmitted, the BFR procedure corresponding to cell group #1 may not be

cancelled because this BFR MAC CE does not include the information of the cell #2
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(which also belongs to cell group #1). Hence, cell-group based BFR procedure may
also be applied to any BFR MAC CE format.

[00126] Condition 2: reconfiguration of BFR related parameter(s) configured in
SCell(s)

[00127]  In some implementations, if parameter(s) for BFR configured in SCell(s) is
reconfigured, the triggered BFR procedure(s) may be canceled by the MAC entity.
[00128] In some implementations, the triggered BFR procedure may be cell-based
or cell-group based.

[00129] Insomeimplementations, if BFR related parameter(s) configured in SCell(s)
is reconfigured, the BFR procedure(s) triggered by the same cell that this BFR related
parameter (s) corresponds to (e.g., if a BFR related parameter is configured for cell #
(cell #1 may be an SCell), it is corresponding to cell #i; if a BFR related parameter is
configured for a cell group which includes cell #i and cell # (cell #i and cell # may be
two different SCells), it is corresponding to cell #i and cell #]) may be canceled.
[00130] In some implementations, if BFR related parameter(s) corresponding to a
specific SCell is reconfigured, the generated BFR MAC CE may not include the BFR
information of this SCell (e.g., index of the cell, the candidate beam information
corresponding cell).

[00131] The BFR related parameter(s) configured in SCell(s) may include at least
one parameter associated with NBIRS(s) configured in SCell(s), BFD RS(s) configured
in SCell(s), BFR CORSET configuration(s) configured in SCell(s), and parameters for
beam failure detection that are configured in SCell(s), where the parameters for beam
failure detection may include “beamFailureDetectionTimer” and
“beamFailurelnstanceMaxCount”.

[00132] Condition 3: reconfiguration of BFR related parameter(s) configured in

SpCell
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[00133] In someimplementations, if parameter(s) for BFR (for SCell) configured in
SpCell is reconfigured, all the triggered BFR procedure(s) may be canceled by the
MAC entity.

[00134] In some implementations, the BFR procedure may be a cell-based or cell-
group based BFR procedure.

[00135] The BFR related parameter(s) configured in a SpCell may include at least
one parameter associated with a BFRQ-SR timer, BFR CORESET configuration
configured on the SpCell, and PUCCH resource(s) for BFR-SR transmission (e.g.,
PUCCH resource(s), configured on the SpCell, on a per BWP basis for the BFR-SR
transmission).

[00136] Condition 4: triggering of RACH-based BFR procedure

[00137] In some implementations, if a BFR procedure is triggered at the SpCell, all
the triggered BFR procedure may be canceled by the MAC entity.

[00138] In some implementations, the BFR procedure may be a cell-based or cell-
group based BFR procedure.

[00139] In some implementations, RACH-based BFR procedure is triggered if the
number of beam failure instances of the SpCell is equal to or above a maximum number
configured for the SpCell. The BFR procedure triggered at the SpCell may refer to an
RA procedure.

[00140] The RACH-based BFR procedure may be performed based on a contention
free RA procedure and/or a contention-based RA procedure. The RACH-based BFR
procedure is triggered when the corresponding RA procedure is initiated. The RACH-
based BFR procedure is ongoing when the corresponding RA procedure is ongoing.
The RACH-based BFR procedure is stopped when the corresponding RA procedure is
stopped. The RACH-based BFR procedure is completed when the corresponding RA

procedure is completed.
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[00141] Condition 5: deactivation of SCell

[00142] In some implementations, if an SCell is deactivated, the triggered BFR
procedure(s) may be canceled by the MAC entity.

[00143] In some implementations, the triggered BFR procedure may be either cell-
based or cell group-based.

[00144] In some implementations, if a specific SCell is deactivated, the BFR
procedure which has been triggered by this cell may be canceled.

[00145] In some implementations, if a specific SCell is deactivated, the generated
BFR MAC CE may not include the BFR information of this cell (e.g., index of the cell,
the candidate beam information corresponding cell, etc.).

[00146] In some implementations, the SCell may be deactivated upon reception of
an SCell activation/deactivation MAC CE for deactivating the SCell.

[00147] In some implementations, the SCell may be deactivated when an SCell
deactivation timer associated with the activated SCell expires.

[00148] In some implementations, the SCell may be an activated SCell(s) that
triggers the BFR procedure and/or is used to transmit the BFR MAC CE.

[00149]  Condition 6: BWP switch/deactivation

[00150] In some implementations, if the UE performs BWP switching (on SpCell,
SCell, and/or a serving cell which detects beam failure), all the triggered BFR
procedure(s) may be canceled.

[00151] In someimplementations, the triggered BFR procedure may be a cell-based
or cell-group based BFR procedure.

[00152] In some implementations, the BWP may be an active UL and/or DL BWP.
The BWP may be a BWP which is used to transmit the BFR-SR. The corresponding

BWP may be a BWP which is used to transmit the BFR MAC CE.
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[00153]  Preferably, the BWP may be switched/deactivated by PDCCH indicating a
DL assignment or a UL grant, by the “bwp-InactivityTimer”, by RRC signaling, or by
the MAC entity itself upon initiation of RA procedure. The BWP is switched means the
BWP switching for a cell is used to activate an inactive BWP and deactivate an active
BWP at a time.

[00154] Condition 7: UL resource being available for transmission

[00155] In some implementations, all triggered BFR procedure(s) may be canceled
by the MAC entity if a UL resource is available for transmission of a BFR MAC CE.
[00156] In some implementations, the BFR procedure(s) may be either cell-based,
or cell group-based.

[00157] In some implementations, the UL resource may be provided by a dynamic
grant, a configured UL grant Type 1/Type 2, and/or UL grant in RAR.

[00158] In some implementations, the UL resource may be a resource dedicated to
the transmission of a BFR MAC CE. In this case, the BS may indicate, via DCI or RRC
signaling, that the corresponding UL resource is for transmission of a BFR MAC CE.
[00159] In some implementations, the UL resource is available for transmission
means that the UL resource can accommodate the BFR MAC CE with its subheader.
[00160] In some implementations, the UL resource is available for transmission
means that the UL resource may be used for BFR MAC CE based on some restrictions.
More specifically, the BFR MAC CE may be transmitted only on a specific UL resource
(e.g., the specific UL resource implicitly or explicitly indicates a specific information).
If the received UL resource indicates the specific information, the UL resource may be
allowed to be used for BFR MAC CE.

[00161] In some implementations, the UL resource is available for transmission
means that the UL resource is allocated on a cell where beam failure has not been

detected/BFR procedure has not been triggered and canceled.
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[00162] More specifically, the UL resource may be scheduled by a dynamic grant
via a DCI, wherein the DCI may include a cell information (e.g., cell index, carrier
indicator, etc.)

[00163] More specifically, the UL resource may be a configured UL resource,
wherein the configured UL resource may be configured on a cell where beam failure
has been detected/BFR procedure has not been triggered and canceled.

[00164] More specifically, the UL resource may be cross-cell scheduled. For
example, the DCI/PDCCH which is received on a first cell, and the UL resource (e.g.,
PUSCH resource) is scheduled on the cell where beam failure has been detected/BFR
procedure has not been triggered and canceled.

[00165] More specifically, the UL resource may be provided by a dynamic grant,
configured grant, and/or UL grant in RAR.

[00166] Condition 8: initiation of RA procedure

[00167] In some implementations, if the UE initiates an RA procedure (e.g., on
SpCell, SCell, and/or the cell which detects beam failure), all the BFR procedure(s)
may be canceled by the MAC entity. In one example, if the UE initiates the RA
procedure in the first CG, all the BFR procedure(s) triggered in the first CG may be
canceled. On the other hand, if the UE initiates the RA procedure in the second CG, all
the BFR procedure(s) triggered in the second CG may be canceled. In one example, the
UE in dual connectivity (DC) mode may be configured with two or more CGs. If the
UE initiates the RA procedure in the first CG, all the triggered BFR procedure(s),
regardless of the CG that triggers the BFR procedure, may be canceled.

[00168]  Preferably, the RA procedure may be initiated by one of the following
events: an initial access from RRC IDLE, a RRC Connection Re-establishment
procedure, a DL or UL data arrival during RRC CONNECTED when UL

synchronization status is ‘“non-synchronized”, UL data arrival during
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RRC _CONNECTED when there are no PUCCH resources for SR available, a SR
failure, a request by RRC upon synchronous reconfiguration (e.g., handover), a
transition from RRC_INACTIVE, an establishment of time alignment at SCell addition,
a request for other SI, or a beam failure recovery.

[00169] In one example, if the RA procedure on the SCell is initiated, all the
triggered BFR procedure of the SCell may be canceled.

[00170]  Condition 9: expiration of BFRQ-SR timer

[00171]  In some implementations, if the BFRQ-SR timer expires, the MAC entity
may perform RA procedure upon expiration of the BFRQ-SR timer, and cancel all the
triggered BFR procedure(s).

[00172] In some implementations, the triggered BFR procedure may be cell-based
or cell group-based.

[00173] Condition 10: the corresponding BFR procedure (for SCell) being
determined complete

[00174] In some implementations, if a beam failure is detected on an SCell(s), the
UE may trigger a BFR procedure for the SCell(s). The UE may trigger a BFR procedure
during the BFR procedure for the SCell(s). If the BFR procedure for the SCell(s) is
determined complete, the triggered BFR procedure may be canceled.

[00175]  Preferably, when the UE receives the BFR response, the UE may determine
the corresponding BFR procedure is completed.

[00176]  Preferably, when the UE has (successfully) transmitted the BFR report (e.g.,
BFR MAC CE), the UE may determine the corresponding BFR procedure is completed.
[00177]  Preferably, when the UE receives an indication, to change/update the
serving beam(s) of the SCell(s), the UE may determine the BFR procedure for the

SCell(s) as completed. The indication may be transmitted via a MAC CE or RRC
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signaling. The serving beam for the UE means a beam generated by a NW (e.g. TRP)
that communicates with the UE.

[00178] In someimplementations, the UE may determine the BFR procedure for the
SCell(s) as completed if the MAC CE indicates the change of serving beam (e.g.,
change of TCI state ID) of the PDCCH/PDSCH that corresponds to a cell.

[00179]  In someimplementations, the UE may determine the BFR procedure for the
SCell(s) as completed if the MAC CE indicates the change of serving beam (e.g.,
change of TCI state ID) of the PDCCH/PDSCH that corresponds to a specific
cell/subset of a cell group/cell group. The specific cell/subset of a cell group may be
referred to the cell/subset of a cell group that is included in the BFR MAC CE, the
cell/subset of a cell group where the (SCell) beam failure is detected, the cell/subset of
a cell group where the SR procedure/BFR procedure is triggered.

[00180] In some implementations, the UE may determine the BFR procedure as
completed if the RRC signaling reconfigures the set of serving beams (e.g., set of TCI
state IDs) of a PDCCH/PDSCH that corresponds to a cell.

[00181] In some implementations, the UE may determine the BFR procedure as
completed if the RRC signaling reconfigures the set of serving beams (e.g., set of TCI
state IDs) of a PDCCH/PDSCH which corresponds to a specific cell/subset of a cell
group/cell group. The specific cell/subset of a cell group may be referred to the
cell/subset of a cell group that is included in the BFR MAC CE, the cell/subset of a cell
group where the (SCell) beam failure is detected, the cell/subset of a cell group where
the SR procedure/BFR procedure is triggered.

[00182] In someimplementations, the UE may determine the BFR procedure for the
SCell(s) as completed if the MAC CE indicates the change of serving beam (e.g.,
change of TCI state ID) of the PDCCH/PDSCH which corresponds to a serving beam

indicated in the BFR MAC CE.
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[00183] In someimplementations, the UE may determine the BFR procedure for the
SCell(s) as completed if the UE successfully monitors/receives/decodes the
PDCCH/PDSCH after the BFR procedure has been triggered.

[00184]  Condition 11: change of serving beam

[00185] In some implementations, an indication (e.g., an indication of TCI state for
a UE-specific PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH
MAC CE) indicates the change of serving beam (e.g., change of TCI state ID) of the
PDCCH/PDSCH that corresponds to a cell.

[00186] In some implementations, an indication (e.g., an indication of TCI state for
a UE-specific PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH
MAC CE) indicates the change of serving beam (e.g., change of TCI state ID) of the
PDCCH/PDSCH that corresponds to a specific cell/subset of a cell group/cell group.
The specific cell/subset of a cell group may be referred to the cell/subset of a cell group
that is included in the BFR MAC CE, the cell/subset of a cell group where the (SCell)
beam failure is detected, the cell/subset of a cell group where the SR procedure/BFR
procedure is triggered.

[00187] In someimplementations, the RRC signaling reconfigures the set of serving
beams (e.g., set of TCI state IDs) of a PDCCH/PDSCH that corresponds to a cell.
[00188] In someimplementations, the RRC signaling reconfigures the set of serving
beams (e.g., set of TCI state IDs) of a PDCCH/PDSCH that corresponds to a specific
cell/subset of a cell group/cell group. The specific cell/subset of a cell group may be
referred to the cell/subset of a cell group that is included in the BFR MAC CE, the
cell/subset of a cell group where the (SCell) beam failure is detected, the cell/subset of
a cell group where the SR procedure/BFR procedure is triggered.

[00189] In some implementations, an indication (e.g., an indication of TCI state for

a UE-specific PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH
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MAC CE) indicates the change of serving beam (e.g., change of TCI state ID) of the
PDCCH/PDSCH that corresponds to a serving beam indicated in the BFR MAC CE.
[00190] Condition 12: the corresponding BFR procedure (for SCell) being
cancelled/stopped/suspended/failed

[00191] In someimplementations, if beam failure is detected on an SCell(s), the UE
may trigger a BFR procedure for the SCell(s). The UE may trigger a BFR procedure
during the BFR procedure for the SCell(s). If the BFR procedure for the SCell(s) is
canceled/stopped/suspended/failed, the triggered BFR procedure may be canceled by
the MAC entity.

[00192] Condition 13: MAC reset

[00193] In some implementations, if a reset of the MAC entity is requested by an
upper layer, the UE may cancel all the triggered BFR procedure(s).

[00194] Condition 14: release of PUCCH resource

[00195] In someimplementations, the triggered BFR procedure may be canceled by
the MAC entity if the PUCCH resource (of the SpCell) is released by the UE. In one
example, the PUCCH resource may be released if the time alignment timer associated
with PTAG/STAG expires.

[00196] Condition 15: successful transmission of a BFR report

[00197]  For cell-based BFR procedure (e.g., a BFR procedure that is triggered per
cell), if a MAC PDU includes a BFR report (e.g., a BFR MAC CE), and the BFR report
(e.g., BFR MAC CE) includes BFR information (e.g., failed cell, candidate beam
information corresponding to the serving cell, NBI, measurement result corresponding
to the failed cell, etc.) of certain cell(s), the cell-based BFR procedure that corresponds
to this cell(s) may be canceled when this MAC PDU is successfully transmitted.
Furthermore, this MAC PDU is considered as successfully transmitted when the UE

receives a BFR response from the network. In one implementation, the BFR response
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may be a PDCCH (addressed to C-RNTI indicating a UL grant for a new transmission
for the HARQ process used for the transmission of the MAC PDU/BFR report). For
example, if a MAC PDU includes a BFR report (e.g., BFR MAC CE), and the BFR
report (e.g., BFR MAC CE) indicates BFR information of cell #i (e.g., a failed cell
index along with the selected candidate beam information of cell #1), the triggered BFR
procedure that corresponds to the cell #i is canceled when this MAC PDU is
successfully transmitted. That is, when the UE receives a BFR response from the
network for the transmitted MAC PDU/BFR report. On the other hand, if a BFR MAC
PDU includes a BFR report (e.g., BFR MAC CE), and the BFR report (e.g., BFR MAC
CE) indicates BFR information of cell #1 and cell #j, the triggered BFR procedure that
corresponds to cell #i and the BFR procedure that corresponds to cell #) are canceled
when the MAC PDU is successfully transmitted. That is, the UE receives a BFR
response corresponding to the transmitted BFR MAC PDU/BFR report, from the
network.

[00198] The “BFI_COUNTER” configured for the BFR procedure may be set to ‘0’
(or reset) if one or more combinations of the following conditions is satisfied:

[00199] Condition 1: triggering of a BFR procedure

[00200]  In one implementation, the “BFI_COUNTER” used in a specific SCell may
be setto ‘0’ if the BFR procedure of the specific SCell is triggered. The BFR procedure
may be a cell-based or a cell-group based BFR procedure.

[00201]  Condition 2: reconfiguration of SCell BFR related parameter(s)

[00202] In one implementation, if SCell BFR related parameter(s) configured for a
specific cell is reconfigured by RRC, the “BFI_COUNTER” configured in the specific
cell may be set to ‘0’. The SCell BFR related parameter may include parameters
associated with NBI RS(s) configured in SCell, BFD RS(s) configured in SCell, SCell

beam failure detection parameters configured in SCell. The parameters for the SCell
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beam failure detection may include “beamFailureDetectionTimer” and
“beamFailurelnstanceMaxCount”.

[00203] Condition3: deactivation of SCell

[00204] In one implementation, if a specific SCell is deactivated, the
“BFI_COUNTER” used in the SCell may be set to ‘0’. The “BFI_ COUNTER” is used
according to a serving cell.

[00205] In some implementations, if all SCells of a group of multiple serving cells
are deactivated, the “BFI_COUNTER” used in that group of serving cells may be set
to ‘0’. The “BFI_COUNTER” is used according to a group of serving cells.

[00206] Condition 4: activation of SCell

[00207] In one implementation, if a specific SCell 1is activated, the
“BFI_COUNTER” used in the SCell may be set to ‘0’. The “BFI_ COUNTER” is used
according to a serving cell.

[00208] In some implementations, if all SCells of a group of multiple serving cells
are activated, the “BFI_COUNTER” used in that group of serving cells may be set to
‘0’. The “BFI_COUNTER” is used according to a group of serving cells.

[00209]  Condition 5: MAC reset

[00210] Inoneimplementation, if a reset of the MAC entity is requested by an upper
layer, the UE may reset the “BFI_ COUNTER”.

[00211]  After triggering a BFR procedure (for a serving cell), the UE may trigger a
SR procedure (for the serving cell) if one or more combinations of the following
conditions is satisfied:

[00212] 1. a beam failure (for the serving cell) has been detected;

[00213] 2. a BFR procedure (for the serving cell) has been triggered,

[00214] 3. no UL resource allocated for transmission of a BFR report;

39



WO 2021/013182 PCT/CN2020/103543

[00215] 4. the UE has UL resources allocated for a new transmission, but the UL
resource cannot accommodate a BFR report (e.g., BFR MAC CE);

[00216] 5. the UE has UL resources allocated for a new transmission, but the UL
resource is not allowed to be used for transmission of a BFR report (e.g., BFR MAC
CE),
[00217] 6. no other BFR procedure is ongoing;

[00218] 7. no other SR procedure is pending;

[00219] 8. no other SR procedure associated with the same BFR-SR configuration
is pending;

[00220] 9. the UE has valid PUCCH resource for the BFR-SR transmission; and
[00221]  10. no BFRQ-SR timer is running.

[00222]  When a SR procedure is triggered, the UE may determine the SR procedure
as pending. When the SR procedure is pending, the UE may keep signaling the BFR-
SR on a valid PUCCH resource for the BFR-SR to request UL resource(s).

[00223]  Furthermore, SR procedure cancellation is disclosed. The triggered SR
procedure may be canceled if one or more combinations of the following conditions is
satistied:

[00224]  Condition 1: a UL resource being available for transmission

[00225]  Ifthereis an available UL resource, but the BFR MAC CE is not able to be
included in the UL resource (e.g., based on a logical channel prioritization (LCP)
procedure), the UE may need to further request more UL resource to accommodate the
BFR MAC CE (e.g., a larger size UL resource). Thus, the UE may need to determine
whether to cancel the SR procedure based on whether the UL resource could

accommodate the BFR MAC CE.
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[00226] In one example, all triggered SR procedure(s) (from one or multiple serving
cells) may be canceled if the UE has UL resources allocated for a new transmission,
and the UL resource can accommodate the BFR MAC CE.

[00227]  Preferably, the UL resource may be provided by a dynamic grant (e.g.,
PDCCH), a configured UL grant type 1/type 2, and/or UL grant in RAR.

[00228] More specifically, when the UE performs a new transmission, the LCP
procedure may be applied. Then, the UE may generate a MAC PDU by including MAC
CEs and/or data based on a priority. The available UL resource accommodating the
BFR MAC CE may mean that the MAC PDU includes the BFR MAC CE.

[00229]  In some implementations, the UE may be configured with one or more LCP
restrictions for using the UL resource (e.g., allowedSCS-List, maxPUSCH-Duration,
configuredGrantTypel Allowed, allowedServingCells). When the LCP procedure is
applied for a new transmission, the MAC CEs and/or data may be restricted to use the
UL resource.

[00230] In some implementations, if the UL resource is conformed with the
requirement of BFR MAC CE (e.g., if the PUSCH duration (maxPUSCH-Duration) of
the UL resource is lower than a threshold), the UE may use this UL resource for
transmitting BFR MAC CE.

[00231]  More specifically, the BFR MAC CE may be transmitted only on a specific
UL resource (e.g., the specific UL resource implicitly or explicitly indicates specific
information). If the received UL resource indicates the specific information, the UL
resource may be allowed to be used for the BFR MAC CE.

[00232] The UE may be allocated with UL resource for a new transmission.
However, the UL resource may be allocated on a cell where beam failure has been

detected.
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[00233] More specifically, the UL resource may be scheduled by a dynamic grant
via a DCI, where the DCI may include cell information (e.g., cell index, carrier
indicator).

[00234] More specifically, the UL resource may be a configured UL resource,
where the configured UL resource may be configured on a cell where beam failure has
been detected.

[00235] More specifically, the UL resource may be cross-cell scheduled. For
example, the DCI/PDCCH which is received on a first cell, and the UL resource (e.g.,
PUSCH resource) is scheduled on the cell where beam failure has been detected.
[00236] Condition 2: transmission of a BFR report

[00237] In some implementations, if a MAC PDU includes a BFR report (e.g., a
BFR MAC CE), and the BFR report (e.g., the BFR MAC CE) includes BFR information
of a serving cell (e.g., the failed cell index of the serving cell along with the selected
candidate beam information of the serving cell), the SR procedure triggered by the
serving cell may be canceled when this MAC PDU is transmitted. In some
implementations, if a MAC PDU includes a BFR report (e.g., a BFR MAC CE) of
certain serving cells, and the BFR report includes BFR information of those serving
cells (e.g., for each of those failed serving cells, the failed cell index of the serving cell
along with the selected candidate beam information of the serving cell may be included),
the SR procedures triggered by those serving cells may be cancelled when this MAC
PDU is transmitted. Preferably, the BFR report (e.g., BFR MAC CE) may include
(failed) CC (or cell) information (e.g., cell index), (failed) set/group(s) of cells (e.g., the
set/group may be pre-configured by a NW), (failed) TRP information, the
corresponding measurement result (e.g., RSRP, SINR) of the (failed) CC, set/group of
cells, TRP, candidate beam information (or new beam information), e.g., one or more

qualified beam based on measuring NBI RS, and/or No new beam information (e.g., if
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there is no new beam with RSRP higher than a threshold for the (failed) CC, set/group
of cells, TRP).

[00238] In some implementations, if a MAC PDU includes a BFR report (e.g., BFR
MAC CE), and the BFR report (e.g., BFR MAC CE) includes BFR information (e.g.,
failed cell, candidate beam information corresponding to the serving cell, measurement
result corresponding to the failed cell, etc.) of all the cell(s) in the cell group that
triggered the SR procedure(s) prior to the MAC PDU assembly, all the triggered SR
procedure(s) prior to the MAC PDU assembly may be canceled when this MAC PDU
is transmitted.

[00239] Condition 3: Triggering of RACH-based BFR procedure

[00240]  Since the BFR-SR may be signaled on the PUCCH resource (of PCell or
PSCell) for BFR-SR transmission, if a RACH-based BFR procedure is triggered, it may
imply that the DL and/or UL transmission on PCell or PSCell is not qualified, so the
UE may not need to keep transmitting BFR-SR in this situation.

[00241] In some implementations, if the BFR procedure is triggered at the SpCell,
(all) the triggered SR procedure(s) may be canceled by the UE.

[00242]  Preferably, the RACH-based BFR procedure may be triggered if the
number of beam failure instance indications of the SpCell is equal to or above a
maximum number configured for the SpCell.

[00243]  Preferably, the RACH-based BFR procedure (i.e., an RA procedure) may
be triggered at the SpCell.

[00244]  Condition 4: initiation of RA procedure

[00245] In some implementations, if an RA procedure is initiated on a cell, the (all)
triggered SR procedure may be canceled by the UE. The cell may be a PCell, PSCell,

or SCell.

43



WO 2021/013182 PCT/CN2020/103543

[00246]  Preferably, the RA procedure may be triggered by one of the following
events: an initial access from RRC IDLE, a RRC Connection Re-establishment
procedure, DL or UL data arrival during RRC CONNECTED when UL
synchronization status is "non-synchronized, UL data arrival during
RRC _CONNECTED when there are no PUCCH resources for SR available, a SR
failure, a request by RRC upon synchronous reconfiguration (e.g. handover), a
transition from RRC INACTIVE, an establishment of time alignment at SCell addition,
a request for Other SI, and a beam failure recovery.

[00247]  Condition 5: the corresponding BWP being switched/deactivated

[00248] In some implementations, the UE transmits the BFR-SR on a PUCCH
resource for BFR-SR transmission, and the PUCCH resource is configured on a BWP.
If the UE switches/deactivated the BWP to another BWP, the UE may cancel (all) the
SR procedure.

[00249] In some implementations, The UE transmits the BFR-SR on a PUCCH
resource for BFR-SR transmission, and the PUCCH resource is configured on a BWP.
If the UE switches/deactivated the BWP to another BWP, the UE may transmit the
BFR-SR on another PUCCH resource for BFR-SR transmission, which is configured
on another BWP.

[00250]  Preferably, the corresponding BWP may be an active UL and/or DL BWP.
The corresponding BWP may be a BWP that is used to transmit the BFR-SR or BFR
MAC CE.

[00251]  Preferably, the corresponding BWP may be switched/deactivated by
PDCCH indicating a DL assignment or a UL grant, by the bwp-InactivityTimer, by
RRC signaling, or by the MAC entity itself upon initiation of an RA procedure. The
corresponding BWP switched for a Serving Cell is used to activate an inactive BWP

and deactivate an active BWP at a time.
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[00252]  Condition 6: the corresponding SCell(s) being deactivated

[00253] In some implementations, if beam failure is detected on an SCell(s), the UE
may trigger SR procedure for the SCell(s) for transmitting the BFR report (e.g., BFR
MAC CE). However, if the SCell(s) is deactivated, the UE may not need to recover the
beam failure of the SCell(s). Therefore, the UE may cancel the SR procedure for the
SCell(s) when the corresponding SCell(s) is deactivated.

[00254]  Preferably, the corresponding SCell(s) may be an activated SCell(s) which
triggers the BFR procedure. The corresponding SCell(s) may be an activated SCell(s)
that is used to transmit the BFR-SR or the BFR MAC CE.

[00255]  Preferably, the corresponding SCell(s) may be deactivated by a NW (e.g.,
based on SCell activation/deactivation MAC CE) or by the UE itself (e.g., based on an
SCell deactivation timer).

[00256]  Condition 7: the corresponding BFR procedure being determined complete
[00257] In some implementations, if a beam failure is detected on an SCell(s), the
UE may trigger a BFR procedure for the SCell(s). Subsequently, the UE may trigger a
SR procedure for the SCell(s). If the BFR procedure for the SCell(s) is determined
complete, the triggered SR procedures may be canceled.

[00258]  Preferably, when the UE receives the BFR response, the UE may determine
the corresponding BFR procedure is completed.

[00259]  Preferably, when the UE has transmitted the BFR MAC CE, the UE may
determine the corresponding BFR procedure is completed.

[00260]  Preferably, when the UE receives an indication to change/update the
serving beam(s) of the SCell(s), the UE may determine the BFR procedure for the

SCell(s) is completed.
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[00261]  Preferably, when the UE receives an indication, to change/update the
serving beam(s) of the SCell(s), the UE may determine the BFR procedure for the
SCell(s) as completed. The indication may be signaled via a MAC CE or RRC signaling.
[00262] In someimplementations, the UE may determine the BFR procedure for the
SCell(s) as completed if an indication (e.g., an indication of TCI state for a UE-specific
PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH MAC CE)
indicates the change of serving beam (e.g., change of TCI State ID) of the
PDCCH/PDSCH which corresponds to a cell.

[00263] In someimplementations, the UE may determine the BFR procedure for the
SCell(s) as completed if an indication (e.g., an indication of TCI state for a UE-specific
PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH MAC CE)
indicates the change of serving beam (e.g., change of TCI state ID) of the
PDCCH/PDSCH which corresponds to a specific cell/subset of a cell group/cell group.
The specific cell/subset of a cell group may be referred to the cell/subset of a cell group
which is included in the BFR MAC CE, the cell/subset of a cell group where the (SCell)
beam failure is detected, the cell/subset of a cell group where the SR procedure/BFR
procedure is triggered.

[00264] In some implementations, the UE may determine the BFR procedure as
completed if the RRC signaling reconfigures the set of serving beams (e.g., set of TCI
state IDs) of a PDCCH/PDSCH that corresponds to a cell.

[00265] In some implementations, the UE may determine the BFR procedure as
completed if the RRC signaling reconfigures the set of serving beams (e.g., set of TCI
state IDs) of a PDCCH/PDSCH which corresponds to a specific cell/subset of a cell
group/cell group. The specific cell/subset of a cell group may be referred to the

cell/subset of a cell group which is included in the BFR MAC CE, the cell/subset of a
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cell group where the (SCell) beam failure is detected, the cell/subset of a cell group
where the SR procedure/BFR procedure is triggered.

[00266] In some implementations, the UE may determine the BFR procedure for the
SCell(s) as completed if an indication (e.g., an indication of TCI state for a UE-specific
PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH MAC CE)
indicates the change of serving beam (e.g., change of TCI state ID) of the
PDCCH/PDSCH which corresponds to a serving beam indicated in the BFR MAC CE.
[00267] In someimplementations, the UE may determine the BFR procedure for the
SCell(s) as completed if the UE successfully monitors/receives/decodes the
PDCCH/PDSCH after a (SCell) BFR procedure has been triggered.

[00268]  Condition 8: change of serving beam

[00269] In some implementations, an indication (e.g., an indication of TCI state for
a UE-specific PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH
MAC CE) indicates the change of serving beam (e.g., change of TCI State ID) of the
PDCCH/PDSCH that corresponds to a cell.

[00270] In some implementations, an indication (e.g., an indication of TCI state for
a UE-specific PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH
MAC CE) indicates the change of serving beam (e.g., change of TCI state ID) of the
PDCCH/PDSCH that corresponds to a specific cell/subset of a cell group/cell group.
The specific cell/subset of a cell group may be referred to the cell/subset of a cell group
which is included in the BFR MAC CE, the cell/subset of a cell group where the (SCell)
beam failure is detected, the cell/subset of a cell group where the SR procedure/BFR
procedure is triggered.

[00271]  In someimplementations, the RRC signaling reconfigures the set of serving

beams (e.g., set of TCI state IDs) of a PDCCH/PDSCH which corresponds to a cell.
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[00272]  In someimplementations, the RRC signaling reconfigures the set of serving
beams (e.g., set of TCI state IDs) of a PDCCH/PDSCH which corresponds to a specific
cell/subset of a cell group/cell group. The specific cell/subset of a cell group may be
referred to the cell/subset of a cell group which is included in the BFR MAC CE, the
cell/subset of a cell group where the (SCell) beam failure is detected, the cell/subset of
a cell group where the SR procedure/BFR procedure is triggered.

[00273] In some implementations, an indication (e.g., an indication of TCI state for
a UE-specific PDCCH MAC CE, activation/deactivation of a UE-specific PDSCH
MAC CE) indicates the change of serving beam (e.g., change of TCI state ID) of the
PDCCH/PDSCH which corresponds to a serving beam indicated in the BFR MAC CE.
[00274] Condition 9: the corresponding BFR procedure (for SCell) being
canceled/stopped/suspended/failed

[00275] In some implementations, if a beam failure is detected on an SCell(s), the
UE may trigger a BFR procedure for the SCell(s). The UE may trigger a SR procedure
for the SCell(s). If the BFR procedure for the SCell(s) is
canceled/stopped/suspended/failed due to some reasons, the SR procedure for the
SCell(s) may be canceled.

[00276]  Condition 10: reconfiguration of BFR related parameter(s)

[00277] In some implementations, the UE may cancel the SR procedure when a
BFR related parameters is reconfigured.

[00278]  Preferably, the BFR related parameter(s) may be any configuration of the
BFR configuration (for SCell) (e.g., a counter, timer).

[00279]  Preferably, the BFR related parameter(s) may be the corresponding UL
resource for BFR-SR, BFD RS and/or NBI RS.

[00280] Condition 11: no PUCCH resource available for the transmission of a BFR-

SR
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[00281] In some implementations, the PUCCH resource for BFR-SR transmission
may not be configured in the current UL BWP of the PCell. In this case, the UE may
cancel (all) the triggered SR procedure(s) and perform subsequent action(s) (e.g.,
initiate RA, trigger RACH-based BFR procedure).

[00282] In some implementations, the PUCCH resource for BFR-SR transmission
may be released due to the expiration of the configured timeAlignmentTimer.

[00283] Condition 12: the number of BFR-SR transmissions reaching to a
configured maximum value

[00284] In some implementations, if the number of BFR-SR transmissions reaches
or exceeds a configured maximum number, the UE may cancel (all) the triggered SR
procedure(s) and perform subsequent action(s) (e.g., initiate RA, trigger RACH-based
BFR procedure).

[00285]  Condition 13: MAC reset

[00286] In some implementations, if a reset of the MAC entity is requested by upper
layers, the UE may cancel all the triggered SR procedure(s).

[00287]  Condition 14: release of PUCCH resource

[00288] In some implementations, the triggered BFRQ-SR(s) may be canceled by
the MAC entity if the PUCCH resource (of the SpCell) is released by the UE. In one
example, a PUCCH resource may be released if the time alignment timer associated
with PTAG/STAG expires.

[00289]  On the other hand, BFR-SR transmission restriction is disclosed.

[00290] It is noted that while using the “SR procedure triggering” approach to
perform SCell BFR procedure mentioned above, a triggered SR procedure may be
considered as pending until it is canceled. When at least one triggered SR procedure is
pending, the UE may keep signaling the BFR-SR on valid PUCCH resource for BFR-

SR transmission since the UE may not successfully get available UL resource for BFR
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report by only attempting BFR-SR transmission a few times . It is noted that only the
PUCCH resource on a BWP which is active at the time of BFR-SR transmission
occasion may be considered valid.

[00291] In one implementation, the PHY layer may keep signaling the BFR-SR on
valid PUCCH resource for BFR-SR transmission after being instructed by MAC since
the UE may not successfully get available UL resource for BFR report by only
attempting BFR-SR transmission a few times. It is noted that only the PUCCH resource
on a BWP that is active at the time of BFR-SR transmission occasion may be considered
valid.

[00292] However, it is possible that the radio quality between the UE and NW is
poor, the UE may fail to transmit the BFR-SR for a period of time. For example, the
UE may transmit the BFR-SR for several times, but the UE still does not receive any
available UL resource(s). It’s not conducive to transmit the BFR-SR without limitation.
Accordingly, some mechanisms may be needed to restrict the BFR-SR transmission.
One or more or any combination of the following disclosed alternatives are available.
[00293]  Alternative 1: timer-based

[00294] A specific timer (which is referred to BFR-SR timer in this document) may
be used to control the BFR-SR transmission. For example, when the BFR-SR timer is
running, the UE could transmit the BFR-SR on a valid PUCCH resource for BFR-SR.
When the BFR-SR timer is not running, the UE could not transmit the BFR-SR (even
if the BFR-SR is pending). When the BFR-SR timer is running, the corresponding BFR-
SR may be considered as pending. When the BFR-SR timer expires, the corresponding
BFR-SR, BFRQ confirmation, and/or BFR procedure may be canceled.

[00295] The BFR-SR timer may be started or restarted when one or multiple of the
following conditions is satisfied:

[00296]  Condition 1. the corresponding SR procedure is triggered.
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[00297]  Condition 2. the corresponding BFR procedure (for SCell) is triggered.
[00298]  Condition 3. the corresponding beam failure (for SCell) is detected.
[00299]  Condition 4. the corresponding BWP is switched/deactivated.

[00300] Condition 5. upon the MAC entity instructs PHY for BFR-SR transmission.
[00301] In addition, the BFR-SR timer may be stopped when one or more following
conditions is satisfied:

[00302] Condition 1. the corresponding triggered SR procedure is canceled.
[00303] Condition 2. the corresponding BFR procedure (for SCell) is canceled.
[00304] Condition 3. the corresponding BFR procedure (for SCell) is completed.
[00305] Condition 4. the corresponding BFR-SR configuration is reconfigured.
[00306] Condition 5. any configuration of the BFR configuration (for SCell) is
reconfigured (e.g., a counter, timer).

[00307]  Condition 6. the corresponding UL resource for BFR-SR, BFD RS and/or
NBI RS is reconfigured.

[00308] Condition 7. another BFR procedure (for SpCell or SCell) is triggered.
[00309] Condition 8. the corresponding SCell(s) is deactivated.

[00310] Condition 9. transmission of a MAC PDU that includes a BFR report (e.g.,
BFR MAC CE).

[00311] Condition 10. transmission of a MAC PDU that includes a BFR report (e.g.,
BFR MAC CE) which includes all the SCells which detect BFR prior to the MAC PDU
assembly.

[00312] Condition 11. cancellation of BFR procedure.

[00313] Condition 12. the corresponding BWP is switched/deactivated or a UL
resource becomes available for the transmission of a BFR report (e.g., BFR MAC CE).
[00314] In addition, when the BFR-SR timer expires, the UE may perform one or

more the following actions:
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[00315] Action 1. cancel the corresponding SR procedure (e.g., pending SR
procedure).

[00316]  Action 2. cancel the BFR procedure (for SCell).

[00317]  Action 3. trigger another BFR procedure (e.g., for PCell).

[00318]  Action 4. initiate an RA procedure (on the SpCell).

[00319]  Action 5. deactivate the corresponding SCell(s).

[00320]  Action 6. when the UE deactivates the corresponding SCell(s), the UE may
send an indication (e.g., a MAC CE) to NW to inform this condition.

[00321]  Another specific timer (“a BFR-SR prohibit timer”) may be used to control
the BFR-SR transmission in an opposite way. For example, when the BFR-SR prohibit
timer is running, the UE could not transmit the BFR-SR on a valid PUCCH resource
for BFR-SR (even the BFR-SR is pending). When the BFR-SR prohibit timer is not
running, the UE could transmit the BFR-SR.

[00322] The BFR-SR prohibit timer may be started or restarted when the
corresponding BFR-SR is signaled and/or when the BFR-SR prohibit timer is not
running at the time the BFR-SR is signaled.

[00323] Moreover, The BFR-SR prohibit timer may be stopped when one or more
following conditions is satisfied:

[00324]  Condition 1. the corresponding BFR procedure (for SCell) is canceled.
[00325]  Condition 2. the corresponding BFR procedure (for SCell) is completed.
[00326] Condition 3. the corresponding BFR-SR configuration is reconfigured.
[00327] Condition 4. any configuration of the BFR configuration (for SCell) is
reconfigured (e.g., counter, timer).

[00328]  Condition 5. the corresponding UL resource for BFR-SR, BFD RS and/or
NBI RS is reconfigured.

[00329]  Condition 6. another BFR procedure (for SpCell or SCell) is triggered.
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[00330] Condition 7. the corresponding BWP is switched/deactivated.

[00331] Condition 8. the corresponding SCell(s) is deactivated.

[00332] Condition 9. transmission of a MAC PDU that includes a BFR report (e.g.,
BFR MAC CE).

[00333] Condition 10. transmission of a MAC PDU that includes a BFR report (e.g.,
BFR MAC CE) that includes all the SCells which detects BFR prior to the MAC PDU
assembly.

[00334]  Alternative 2: counter-based

[00335] A specific counter (“BFR-SR counter”) may be used to control the BFR-
SR transmission. For example, the UE may use the BFR-SR counter to count how many
times the BFR-SR has been transmitted. NW may configure UE with a maximum
number for the BFR-SR counter. When the UE transmits the BFR-SR, the UE may
increment the BFR-SR counter by “1°.

[00336]  If the BFR-SR counter reaches the maximum number, the UE may perform
one or more following actions:

[00337]  Action 1. not transmit the BFR-SR.

[00338] Action 2. cancel the corresponding SR procedure (e.g., pending SR
procedure).

[00339]  Action 3. cancel the BFR procedure (for SCell).

[00340]  Action 4. trigger another BFR procedure (e.g., for PCell).

[00341]  Action 5. initiate an RA procedure (on the SpCell).

[00342]  Action 6. notify RRC to release PUCCH (for the corresponding SCell(s) or
for all Serving Cells).

[00343] Action 7. notify RRC to release SRS (for the corresponding SCell(s) or

for all Serving Cells).
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[00344]  Action 8. clear configured DL assignment and/or UL grant (of the
corresponding SCell(s) or for all Serving Cells).

[00345]  Action 9. clear PUSCH resource for semi-persistent CSI reporting.
[00346]  Action 10. deactivate the corresponding SCell(s). When the UE deactivates
the corresponding SCell(s), the UE may send an indication (e.g., a MAC CE) to NW to
inform condition.

[00347] In addition, the BFR-SR counter may be reset when one or more following
conditions happen:

[00348] Condition 1. a reset of the MAC entity is requested by an upper layer.
[00349]  Condition 2. the corresponding BFR-SR configuration is reconfigured.
[00350] Condition 3. any configuration of the BFR configuration (for SCell) is
reconfigured (e.g., counter, timer).

[00351] Condition 4. the corresponding UL resource for BFR-SR, BFD RS and/or
NBI RS is reconfigured.

[00352]  Condition 5. the corresponding BFR procedure (for SCell) is completed.
[00353] Condition 6. the corresponding BWP is switched/deactivated.

[00354]  Condition 7. the corresponding SCell(s) is deactivated.

[00355] Condition 8. a SR procedure is triggered and there is no other SR procedure
pending.

[00356] Condition 9. a BFR procedure is triggered and there is no other triggered
and uncancelled BFR procedure(s).

[00357] Condition 10. BFR-SR counter reaches the maximum number.

[00358] Condition 11. the BFR-SR timer is stopped or expires.

[00359]  More specifically, the corresponding BWP may be an active UL and/or DL

BWP. The corresponding BWP may be a BWP which is used to transmit the BFR-SR.
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The corresponding BWP may be a BWP that is used to transmit the BFR report. The
corresponding BWP may be a BWP of a SpCell or SCell.

[00360] More specifically, the corresponding BWP may be switched/deactivated by
PDCCH indicating a downlink assignment or a UL grant, by the bwp-InactivityTimer,
by RRC signaling, or by the MAC entity itself upon initiation of RA procedure. The
corresponding BWP for a Serving Cell is used to activate an inactive BWP and
deactivate an active BWP at a time.

[00361] More specifically, the corresponding SCell(s) may be an activated SCell(s)
that triggers the BFR procedure (for SCell). The corresponding SCell(s) may be an
activated SCell(s) which is used to transmit the BFR-SR. The corresponding SCell(s)
may be an SCell that is used to transit the BFR report.

[00362] More specifically, the corresponding SCell(s) may be deactivated by the
NW (e.g., based on SCell activation/deactivation MAC CE) or by the UE itself (e.g.,
based on an SCell deactivation timer).

[00363] In some implementations, the ongoing RA procedure (on SpCell/SCell) or
ongoing BFR procedure (on SpCell/SCell) triggered due to the expiration of BFR-SR
counter/BFR-SR timer may be stopped/canceled if one or more following conditions is
satistied:

[00364] Condition 1: transmission of a BFR MAC CE

[00365] In one example, the ongoing RA procedure (on SpCell/SCell) or BFR
procedure (on SpCell/SCell) may be stopped upon transmission of a MAC PDU on a
UL resource provided by dynamic grant/configured grant/RAR, and the MAC PDU
includes a BFR MAC CE.

[00366] In one example, the ongoing RA procedure (on SpCell/SCell) or BFR
procedure (on SpCell/SCell) may be stopped only if the BFR MAC CE includes all the

SCells of a cell group that detects beam failure prior to the MAC PDU assembly.
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[00367] Condition 2: UL resource being available for transmission

[00368] In one example, the ongoing RA procedure (on SpCell/SCell) or BFR
procedure (on SpCell/SCell) may be stopped by the MAC entity if a UL resource is
available for transmission of a BFR MAC CE.

[00369] In one example, the BFR procedure(s) may be either cell-based or cell-
group-based. The examples of a cell-based/cell-group based BFR procedure is
disclosed.

[00370] In one example, the UL resource may be provided by a dynamic grant, a
configured UL grant Type 1/Type 2, and/or UL grant in RAR.

[00371] In one example, the UL resource may be a resource dedicated to the
transmission of a BFR MAC CE. In this case, NW may indicate, via DCI or RRC
signaling, that the corresponding UL resource is for transmission of a BFR MAC CE.
[00372] In one example, the UL resource is available for transmission means the
UL resource can accommodate the BFR MAC CE (with its subheader).

[00373] In one example, the UL resource is available for transmission means the
UL resource may be used for BFR MAC CE based on some restrictions. More
specifically, the BFR MAC CE could only be transmitted on a specific UL resource
(e.g., the specific UL resource implicitly or explicitly indicates a specific information).
If the received UL resource indicates the specific information, the UL resource may be
allowed to be used for BFR MAC CE.

[00374] In one example, the UL resource(s) may be considered available if it is not
allocated in a cell where beam failure has been detected and/or it is not allocated in a
cell where SR procedure/BFR procedure has been triggered and not canceled.

[00375]  FIG. 5 illustrates a node 500 for wireless communication according to the

present disclosure.
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[00376]  As illustrated in FIG. 5, the node 500 may include a transceiver 520, a
processor 526, memory 528, one or more presentation components 534, and at least one
antenna 536. The node 500 may also include a Radio Frequency (RF) spectrum band
module, a BS communications module, a network communications module, and a
system communications management module, input/output (I/O) ports, I/O components,
and a power supply (not illustrated). Each of these components may be in
communication with each other, directly or indirectly, over one or more buses 540. The
node 500 may be a UE that performs various disclosed functions as illustrated in FIG.
1.

[00377]  The transceiver 520 includes a transmitter 522 (with transmitting circuitry)
and a receiver 524 (with receiving circuitry) and may be configured to transmit and/or
receive time and/or frequency resource partitioning information. The transceiver 520
may be configured to transmit in different types of subframes and slots including, but
not limited to, usable, non-usable and flexibly usable subframes and slot formats. The
transceiver 520 may be configured to receive data and control channels.

[00378] The node 500 may include a variety of computer-readable media.
Computer-readable media may be any media that can be accessed by the node 500 and
include both volatile and non-volatile media, removable and non-removable media.
Computer-readable media may include computer storage media and communication
media. Computer storage media includes both volatile and non-volatile, as well as
removable and non-removable media implemented in any method or technology for
storage of information such as computer-readable instructions, data structures, program
modules or other data.

[00379] Computer storage media includes RAM, ROM, EEPROM, flash memory
or other memory technology, Compact Disc Read-Only Memory (CD-ROM), digital

versatile disks (DVD) or other optical disk storage, magnetic cassettes, magnetic tape,
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magnetic disk storage or other magnetic storage devices. Computer storage media does
not include a propagated data signal. Communication media typically embodies
computer-readable instructions, data structures, program modules or other data in a
modulated data signal such as a carrier wave or other transport mechanism and includes
any information delivery media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such a manner as to encode
information in the signal. Communication media includes wired media such as a wired
network or direct-wired connection, and wireless media such as acoustic, radio
frequency (RF), infrared and other wireless media. Combinations of any of the
disclosed media should be included within the scope of computer-readable media.
[00380] The memory 528 may include computer-storage media in the form of
volatile and/or non-volatile memory. The memory 528 may be removable, non-
removable, or a combination thereof. Memory includes solid-state memory, hard drives,
and optical-disc drives. As illustrated in FIG. 5, the memory 528 may store computer-
readable, computer-executable instructions 532 (e.g., software codes) that are
configured to cause the processor 526 (e.g., processing circuitry) to perform various
disclosed functions. Alternatively, the instructions 532 may be configured to cause the
node 500 (e.g., when compiled and executed) to perform various disclosed functions.
[00381] The processor 526 may include an intelligent hardware device (e.g., a
central processing unit (CPU), a microcontroller, an Application Specific Integrated
Circuit (ASIC), etc.). The processor 526 may include memory. The processor 526 may
process the data 530 and the instructions 532 received from the memory 528, and
information received via the transceiver 520, the baseband communications module,
and/or the network communications module. The processor 526 may also process
information to be sent to the transceiver 520 for transmission via the antenna 536, to

the network communications module for transmission to a CN.
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[00382]  One or more presentation components 534 present data to a person or other
device. Presentation components 534 include a display device, speaker, printing
component, and vibrating component.

[00383] From the present disclosure, it is evident that various techniques can be
utilized for implementing the concepts of the present disclosure without departing from
the scope of those concepts. Moreover, while the concepts have been described with
specific reference to certain implementations, a person of ordinary skill in the art would
recognize that changes can be made in form and detail without departing from the scope
of those concepts. As such, the disclosure is to be considered in all respects as
illustrative and not restrictive. It should also be understood that the present disclosure
is not limited to the particular described implementations, but that many rearrangements,
modifications, and substitutions are possible without departing from the scope of the

present disclosure.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for a user equipment (UE) performing a beam failure recovery
(BFR) procedure, the method comprising:

performing a first beam failure detection (BFD) procedure on a first cell,

performing a second BFD procedure on a second cell;

triggering a first BFR procedure for the first cell in response to a beam failure
being detected on the first cell by the first BFD procedure;

triggering a second BFR procedure for the second cell in response to a beam
failure being detected on the second cell by the second BFD procedure; and

canceling the triggered first BFR procedure for the first cell in response to a
BFR report corresponding to at least one of the first and second BFR procedures being
successfully transmitted to a base station (BS), wherein the BFR report includes BFR

information of the first cell.

2. The method of claim 1, further comprising:
canceling the triggered second BFR procedure for the second cell in response

to the BFR report further including BFR information of the second cell.

3. The method of claim 1, further comprising:

determining the BFR report is successfully transmitted to the BS when a BFR
response corresponding to the transmitted BFR report is received from the BS; and

determining the first BFR procedure is completed when the BFR response is

received from the BS.

4. The method of claim 1, further comprising:
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canceling the triggered first BFR procedure for the first cell in response to the
first cell being deactivated; and
canceling the triggered second BFR procedure for the second cell in response

to the second cell being deactivated.

5. The method of claim 4, further comprising:

canceling the triggered first BFR procedure for the first cell in response to one
of a first deactivation timer associated with the first cell expiring and a first deactivation
command for deactivating the first cell being received from the BS; and

canceling the triggered second BFR procedure for the second cell in response
to one of a second deactivation timer associated with the second cell being deactivated
and a second deactivation command for deactivating the second cell being received

from the BS.

6. The method of claim 1, further comprising:

determining whether an uplink (UL) resource is available for transmitting the
BFR report;

triggering a first scheduling request (SR) procedure for the first cell and
triggering a second SR procedure for the second cell when the UL resource is
determined to be not available for transmitting the BFR report;

canceling the triggered first SR procedure for the first cell in response to one of
the BFR report being transmitted and the first cell being deactivated; and

canceling the triggered second SR procedure for the second cell in response to

one of the BFR report being transmitted and the second cell being deactivated.
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7. The method of claim 1, wherein the BFR information of the first cell
includes both a cell identity of the first cell and a measured candidate beam of the first

cell.

8. The method of claim 2, wherein the BFR information of the second cell
includes both a cell identity of the second cell and a measured candidate beam of the

second cell.

9. The method of claim 1, further comprising:

setting a number of detected beam failure events on the first cell in the first BFD
procedure to a first initial value in response to the first cell being deactivated; and

setting a second number of detected beam failure events on the second cell in
the second BFD procedure to a second initial value in response to the second cell being

deactivated.

10. A user equipment (UE) for performing a beam failure recovery (BFR)
procedure, the UE comprising:

a processor, for executing computer-executable instructions; and

a non-transitory machine-readable medium, coupled to the processor, for storing
the computer-executable instructions, wherein the computer-executable instructions
instruct the processor to:

perform a first beam failure detection (BFD) procedure on a first cell;

perform a second BFD procedure on a second cell,

trigger a first BFR procedure for the first cell in response to a beam failure being

detected on the first cell by the first BFD procedure;
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trigger a second BFR procedure for the second cell in response to a beam failure
being detected on the second cell by the second BFD procedure; and

cancel the triggered first BFR procedure for the first cell in response to a BFR
report corresponding to at least one of the first and second BFR procedures being
successfully transmitted to a base station (BS), wherein the BFR report includes BFR

information of the first cell.

11. The UE of claim 10, wherein the computer-executable instructions further
instruct the processor to:
cancel the triggered second BFR procedure for the second cell in response to

the BFR report further including BFR information of the second cell.

12. The UE of claim 10, wherein the computer-executable instructions further
instruct the processor to:

determine the BFR report is successfully transmitted to the BS when a BFR
response corresponding to the transmitted BFR report is received from the BS; and

determining the first BFR procedure is completed when the BFR response is

received from the BS.

13.  The UE of claim 10, wherein the computer-executable instructions further
instruct the processor to:

cancel the triggered first BFR procedure for the first cell in response to the first
cell being deactivated; and

cancel the triggered second BFR procedure for the second cell in response to

the second cell being deactivated.
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14. The UE of claim 13, wherein the computer-executable instructions further
instruct the processor to:

cancel the triggered first BFR procedure for the first cell in response to one of a
first deactivation timer associated with the first cell expiring and a first deactivation
command for deactivating the first cell being received from the BS; and

cancel the triggered second BFR procedure for the second cell in response to
one of a second deactivation timer associated with the second cell being deactivated
and a second deactivation command for deactivating the second cell being received

from the BS.

15. The UE of claim 10, wherein the computer-executable instructions further
instruct the processor to:

determine whether an uplink (UL) resource is available for transmitting the BFR
report;

trigger a first scheduling request (SR) procedure for the first cell and triggering
a second SR procedure for the second cell when the UL resource is determined to be
not available for transmitting the BFR report;

cancel the triggered first SR procedure for the first cell in response to one of the
BFR report being transmitted and the first cell being deactivated; and

cancel the triggered second SR procedure for the second cell in response to one

of the BFR report being transmitted and the second cell being deactivated.

16. The UE of claim 10, wherein the BFR information of the first cell includes

both a cell identity of the first cell and a measured candidate beam of the first cell.
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17. The UE of claim 11, wherein the BFR information of the second cell
includes both a cell identity of the second cell and a measured candidate beam of the

second cell.

18. The UE of claim 10, wherein the computer-executable instructions further
instruct the processor to:

set a number of detected beam failure events on the first cell in the first BFD
procedure to a first initial value in response to the first cell being deactivated; and

set a second number of detected beam failure events on the second cell in the
second BFD procedure to a second initial value in response to the second cell being

deactivated.
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