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Introduction
Beam failure recovery (BFR) for NR SCells will be specified in Rel-16. The objective is as follows [1]:
	· Extend specification support in the following areas [RAN1]
· […]
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· […] 
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· […]



Remaining issues on SCell BFR are discussed below.
Discussion
Beam Failure Detection (BFD)
The following agreements related to BFD were made in RAN1#96bis, RAN1#97 and RAN1#98:
	Agreement-1
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration

Agreement-2
When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.

Agreement-3
A UE can be configured to perform BFR for any configured SCells
The maximum number of SCells for which the UE performs BFR is a UE capability


According to Agreement-3 above, a UE capability limits the number of SCells for which the UE performs BFR. However, it is not clear exactly what “performs BFR” means. Since the purpose of the UE capability is to limit the overall UE complexity and energy consumption related to BFR, it should focus on the most complex and energy consuming part, which is beam failure detection. Furthermore, the number of cells the UE monitors for beam failure can be quite different from the number of cells on which the UE monitors BFD-RS, since BFD-RS can be transmitted in another cell. Two alternative interpretations of the “number of SCells for which the UE performs BFR” could be:
· Alt 1: the number of SCells for which the UE performs BFD, including SCells with only implicitly configured BFD RS on another cell,
· Alt 2: the number of SCells for which the UE performs BFD, excluding SCells with only implicitly configured BFD RS on another cell,
For example, consider a UE with 4 activated SCells for which the UE performs BFD, but the BFD RS monitored for all 4 SCells are transmitted in only one cell. In Alt 1, the “number of SCells for which the UE performs BFR” would be 4, while it would be 1 in Alt 2.
In our view, Alt 2 treats the unlikely special case with implicitly configured BFD RS on another cell. Hence, Alt 1 is the simpler and preferred interpretation.
It can be noted that two UE capabilities for BFD and one UE capability for new beam identification (suffix “-CBD”) were already defined in Rel-15, see below. Hence, it should be clarified that the “number of SCells for which the UE performs BFR” refers to the number of cells for which the UE performs BFD.
Proposal 1: The UE capability regarding “the maximum number of SCells for which the UE performs BFR” refers to the number of SCells for which the UE performs BFD, including SCells with only implicitly configured BFD RS on another cell.
The BFR-related UE capabilities from Rel-15 are pasted below (see [3][4]):
    maxNumberCSI-RS-BFD                 INTEGER (1..64)                               OPTIONAL,
    maxNumberSSB-BFD                    INTEGER (1..64)                               OPTIONAL,
    maxNumberCSI-RS-SSB-CBD             INTEGER (1..256)                              OPTIONAL,

	Definitions for parameters
	Per
	Mandatory
	FDDTDD
DIFF
	FR1
FR2
DIFF

	maxNumberCSI-RS-BFD
Indicates maximal number of CSI-RS resources across all CCs, and across MCG and SCG in case of NR-DC, for UE to monitor PDCCH quality. In this release, the maximum value supported by the UE is upto 16. It is mandatory with capability signalling for FR2 and optional for FR1.
	Band
	CY
(Conditional mandatory)
	No
	No

	maxNumberSSB-BFD
Defines maximal number of different SSBs across all CCs, and across MCG and SCG in case of NR-DC, for UE to monitor PDCCH quality. In this release, the maximum value supported by the UE is upto 16. It is mandatory with capability signalling for FR2 and optional for FR1.
	Band
	CY
(Conditional mandatory)
	No
	No

	maxNumberCSI-RS-SSB-CBD
Defines maximal number of different CSI-RS [and/or SSB] resources across all CCs, and across MCG and SCG in case of NR-DC, for new beam identifications. In this release, the maximum value supported by the UE is upto 128. It is mandatory with capability signalling for FR2 and optional for FR1. The UE is mandated to report at least 32 for FR2.
	Band
	CY
(Conditional mandatory)
	No
	No


The UE BFR capability would in many cases be lower than the number of activated SCells. For example, a UE may be capable of “performing BFR” on two SCells, but the number of activated SCells may be 4. Hence, BFR on a subset of the activated SCells needs to be supported.
Agreement-3 states that the UE can be RRC configured with BFR on any serving SCell. In typical operation, all SCells (in FR2) would be RRC configured with BFR already at SCell addition or at BWP addition. The sets of BFD RS would have to be occasionally updated, while the much larger sets of candidate beam RS would be rarely updated, if ever. Note that the setup of BeamFailureRecoveryConfig for one BWP can involve quite many bits, in particular since the maximum number of candidate beams per SCell BWP has been increased to 64.
Furthermore, relying on the slow RRC setup/release mechanism to control the set of SCells with BFR might not be suitable since SCell activation/deactivation is performed on the MAC layer, in particular considering the enhancements for fast SCell activation/deactivation.
Observation 1: RRC setup/release of BeamFailureRecoveryConfig on SCell BWPs for the purpose of controlling on which SCells the UE performs BFR involves a large overhead and delay.
Hence, RRC release and setup of BeamFailureRecoveryConfig for the purpose of managing the set of activated SCells on which the UE performs BFR should be avoided. Instead, the network could limit the number of activated SCells (in FR2) so that the UE BFR capability is not exceeded. However, this could severely impact the maximum UE throughput. A better alternative would be to allow the network to activate more SCells (with BFR RRC configured) than the UE BFR capability. In this case, the UE would not be expected to perform BFR on more SCells than its capability.
Proposal 2: A UE can have more activated SCells/BWPs with BFR configured than its BFR capability. The UE is not expected to perform BFR on more SCells than its capability.
New Beam Identification (NBI)
In RAN1#96bis, the following was agreed.
	Agreement-4
Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.

Agreement-5
Downlink RS for new beam identification can be based on SSB and CSI-RS for BM

Agreement-6
[bookmark: _Hlk5796618]Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band

Agreement-7
New beam identification threshold is based on L1-RSRP


Further agreement were made in RAN1#97 and RAN1#98:
	Agreement-8
· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured
· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell

Agreement-9
Down-select one of the following alternatives on UE behavior when no new beam RS is configured in RAN1#98bis
· Alt 1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured
· Alt 3: If new beam RS is not configured, all SSBs are considered as new beam RS candidates


For SpCell BFR in Rel-15, a random access procedure is initiated upon beam failure. During random access initialization, the UE switches to the initial UL BWP and initial DL BWP if the active UL BWP has no configured PRACH occasions. This allows the network to setup BeamFailureRecoveryConfig in only the initial UL BWP, which has the following clear benefits:
1. In a multi-user scenario, the network needs to reserve PRACH resources only in a single UL BWP (the initial UL BWP).
2. In a multi-user scenario, the network needs to transmit the periodic CB RS only in a single DL BWP (the initial DL BWP), with a single numerology.
3. BFR RRC reconfiguration, e.g. update the set of CB RS, can be done to a single UL BWP.
Under normal conditions, a connected-mode UE and the network maintain a common understanding of the UE’s active BWPs in each time instance. This is essential for efficient communication without disruption. However, since a detected beam failure indicates that the link is anyway disrupted on the active DL BWP, the UE is allowed to autonomously switch both DL and UL BWPs. 
Observation 2: Rel-15 SpCell BFR supports the configuration of BFR and transmission of candidate beam RS in a single BWP. Upon beam failure, the UE autonomously switches to this BWP for new beam identification.
The benefits of UE autonomous BWP switching upon beam failure largely apply also to SCell BFR (except the first advantage listed above), and should therefore be supported.
 Proposal 3: Support UE autonomous DL BWP switching to another DL BWP of the failed SCell for new beam identification. 
According to Agreement-6, CB RS can be transmitted in the SCell monitored for beam failure, or in another CC. However, there can be different levels of configuration flexibility. For CB RS configured for an SCell DL BWP, the following alternatives can be considered.
· Alt 1: each CB RS can be transmitted in a different cell and DL BWP (within the same band)
· E.g. 8 CB RS configured for a DL BWP are transmitted in 8 different DL BWPs across 4 different cells (in the same band)
· Alt 2: each CB RS configured for a DL BWP is transmitted in one cell (which may be another cell in the same band)
· Alt 3: each CB RS configured for a DL BWP is transmitted either in the monitored SCell or another cell (in the same band)
Proposal 4: For CB RS configured for an SCell DL BWP, down-select among the following alternatives:
· Alt 1: each CB RS can be transmitted in a different cell and DL BWP (within the same band)
· E.g. 8 CB RS configured for a DL BWP are transmitted in 8 different DL BWPs across 4 different cells (in the same band)
· Alt 2: each CB RS configured for a DL BWP is transmitted in one cell (which may be another cell in the same band)
· Alt 3: each CB RS configured for a DL BWP is transmitted either in the monitored SCell or another cell (in the same band)
It was agreed in Agreement-5 that CB RS can be SSB, which is periodic, or CSI-RS for BM, which in general can be periodic, semi-persistent or aperiodic. In SpCell BFR in Rel-15, however, the CB RS can only be periodic, i.e. SSB or periodic CSI-RS have to be used. The more dynamic and on-demand operation of SCells motivates the use of semi-persistent and aperiodic CSI-RS for BM on SCells. Hence, in order not to impose the use of periodic CSI-RS in SCells, also semi-persistent CSI-RS for BM should be supported as CB RS. 
Proposal 5: CSI-RS for new beam identification on SCells can be based on periodic and/or semi-persistent CSI-RS for BM, in addition to SSB.
Beam Failure Recovery Request (BFRQ)
In RAN1#97 and RAN1#98, the following agreements were made.
	Agreement-10
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell

Agreement-11
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only
Send an LS to RAN2 to ask their input with reference to this agreement from their specification work point of view considering their workload. The draft LS in R1-1907850 is modified and endorsed in R1-1907870.

Agreement-12
For SCell with both UL and DL, at least reuse the same BFRQ procedure as SCell with DL only.
· Note: Whether to support CBRA/CFRA based BFRQ for both scenarios is a separate issue.
· Note: At least from RAN1 perspective, there is no need for introducing restrictions on MAC CE transmission for BFR in Rel-16 
· FFS: Whether PUCCH-BFR can be configured on SCells

Agreement-13
Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1
· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).

Conclusion
· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2
· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs

Q1: Can the UE transmit BFR MAC CE using UL grant of any serving cell or should there be a restriction not to send it on failed serving cell(s)?
R1: At least from RAN1 perspective, there is no need for introducing such restrictions on MAC CE transmission for BFR in Rel-16.
Q2: If the UE already has the UL grant on serving cell(s) on which BFR MAC CE can be transmitted based on the answer to question 1, CFRAs the UE still required to transmit SR-like indication for BFR?
R2: In this case, UE is not required to transmit SR-like indication for SCell BFR.
Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).
R3: RAN1 did not discuss this case and will leave it to RAN2. RAN1 plans to conclude on this by RAN1#98bis.
Q4: Is the SR-like dedicated PUCCH resource for SCell BFR configured for each SCell separately or is it common for all SCell(s) of the same cell group (i.e. MCG/SCG)?
R4: The SR-like dedicated PUCCH resource for SCell BFR is not configured separately for each SCell. 
Q5: What conditions are used for the (successful) completion of the SCell BFR?
R5: When UE receives beam failure recovery response (BFRR) to step 2, UE can consider BFR procedure is finished, where the BFRR to step 2 is a normal uplink grant to schedule a new transmission for the same HARQ process as PUSCH carrying the step 2 MAC CE, which is the same as normal “ACK” for PUSCH.
Additional information
RAN1 would like to provide the following additional information on SCell BFR to RAN2.
· RAN1 suggests RAN2 to give higher priority for SCell BFR MAC CE than at least UL data, and also higher priority for SCell BFR PUCCH than normal SR
· The details on MAC CE for BFR, and whether to transmit a MAC CE to carry BFRQ information for 1 SCell or multiple SCells is up to RAN2
· RAN1 identified that beam failure on multiple SCells can occur simultaneously but have not reached consensus on how often this occurs


In some scenarios, it is suitable to configure BFRQ(-SR) on the SpCell, for example if the SCell is DL-only or cross-carrier control signaling is used, e.g. if the SpCell and SCell are transmitted by different TRPs that are connected with ideal backhaul as shown in Figure 1 (a) and (b). When the SpCell has unused UL capacity or if the SCell UL reliability is low upon DL beam failure, it may be suitable to have the SpCell perform BFRQ for failed SCells.  
In other scenarios, it may be suitable to configure BFRQ(-SR) on the SCell instead, e.g. if cross-carrier control signaling is not used such as if the SpCell and the failed SCell are transmitted by different TRPs that are connected with non-ideal backhaul as shown in Figure 2 (a) and (b). For heterogeneous network, an SpCell in FR1 may be operated by one TRP whereas an SCell in FR2 may be operated by another TRP. In this deployment scenario, it is better to transmit the BFRQ directly to the TRP that operates the failed SCell than to relay it through the another TRP. In practice, an SCell in FR2 would operate with higher subcarrier spacing or different numerology than an SpCell in FR1, which typically would give a faster recovery procedure if BFR perform on the (failed) SCell.        
Proposal 6: Dedicated SR-like PUCCH resource for BFR can be configured on any cell in the cell group.
Furthermore, for an SCell with DL+UL, the Rel-15 BFR could be completely reused, as a configurable complement, i.e. BFRQ based on CFRA/CBRA.
Proposal 7: Also support Rel-15 BFR based on CFRA/CBRA for SCells with DL+UL.


[bookmark: _Ref16627612]Figure 1 Cross-carrier BFRQ (a) SCell is configured with DL only (b) SCell and SpCell are with different TRPs and ideal back-haul


[bookmark: _Ref21115687]Figure 2 Non cross-carrier BFRQ (a) SCell is configured with both DL and UL (b) SCell and SpCell are with different TRPs and non-ideal back-haul

Conclusion
In this contribution, BFR for SCell was discussed. 
The following observations and proposals were made regarding beam failure detection (BFD):
Proposal 1: The UE capability regarding “the maximum number of SCells for which the UE performs BFR” refers to the number of SCells for which the UE performs BFD, including SCells with only implicitly configured BFD RS on another cell.
Observation 1: RRC setup/release of BeamFailureRecoveryConfig on SCell BWPs for the purpose of controlling on which SCells the UE performs BFR involves a large overhead and delay.
Proposal 2: A UE can have more activated SCells/BWPs with BFR configured than its BFR capability. The UE is not expected to perform BFR on more SCells than its capability.
The following observations and proposals were made regarding new beam identification (NBI):
Observation 2: Rel-15 SpCell BFR supports the configuration of BFR and transmission of candidate beam RS in a single BWP. Upon beam failure, the UE autonomously switches to this BWP for new beam identification.
Proposal 3: Support UE autonomous DL BWP switching to another DL BWP of the failed SCell for new beam identification. 
Proposal 4: For CB RS configured for an SCell DL BWP, down-select among the following alternatives:
· Alt 1: each CB RS can be transmitted in a different cell and DL BWP (within the same band)
· E.g. 8 CB RS configured for a DL BWP are transmitted in 8 different DL BWPs across 4 different cells (in the same band)
· Alt 2: each CB RS configured for a DL BWP is transmitted in one cell (which may be another cell in the same band)
· Alt 3: each CB RS configured for a DL BWP is transmitted either in the monitored SCell or another cell (in the same band)
Proposal 5: CSI-RS for new beam identification on SCells can be based on periodic and/or semi-persistent CSI-RS for BM, in addition to SSB.
The following observations and proposals were made regarding beam failure recovery request (BFRQ):
Proposal 6: Dedicated SR-like PUCCH resource for BFR can be configured on any cell in the cell group.
Proposal 7: Also support Rel-15 BFR based on CFRA/CBRA for SCells with DL+UL.
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