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1	Introduction
The Rel-16 MIMO enhancement work item was approved in RAN#80 including the objective of specifying BFR for SCell [1], i.e., . 
	<Captured in latest Rel-16 eMIMO WID>
· 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  


Specifically, in Rel-15, beam failure recovery (BFR) is only supported on SpCell (i.e., PCell in SA, NR-DC, or NE-DC operation mode, and PSCell in NR-DC and EN-DC operation mode) but not on SCell. Provided that BFR mainly addresses FR2, which is often configured as SCell (e.g., it is a common deployment scenario where FR2 SCell(s) in SA provide high-throughput data connection), there was a strong desire to support BFR on SCell as well back in Rel-15. The issue was extensively discussed in RAN1/RAN2 but was terminated due to lack of time to complete this feature in Rel-15 scope, thus making the above-mentioned SCell BFR mechanism as one objective in Rel-16 MIMO enhancement work item. 
In previous RAN4 discussion, the following agreement for SCell BFR is achieved [3]: 
	<Agreement from RAN4#92Bis RRM Session>
· SCell Beam failure recovery: 
· The scenario of SCell BFD needs to be added for the introduction part of link recovery in TS38.133 Section 8.5.1 

<Way forward for BFR on SCell>
· To identify RRM requirement impact for beam failure recovery on SCell: 
· Link recovery procedure general: 
· FFS UE is required to perform BFD and CBD on a deactivated SCell;
· FFS UE is required to perform BFD and CBD SCell within active BWP of the configured CC.
· Beam failure detection: 
· FFS for whether only CSI-RS based BFD is applied for SCell BFD. 
· FFS RRM core requirement impact by BFD on SCell
· Candidate beam detection: 
· FFS RRM core requirement impact by CBD on SCell
· SCell BFRQ mechanism: 
· FFS RRM core requirement impact by SCell BFRQ mechanism
· UE Capability of Number of SCells for BFR:
· FFS whether/how to capture UE capability of number of SCell for BFR in RRM requirement


Hence, in this discussion paper, we would like to further provide our view for outstanding issues for SCell BFR RRM requirement.
2 Discussion
2.1 Link Recovery General Requirement
It should be noted that the intention of introducing SCell link recovery is: Rel-15 only supported link recovery on SpCell (i.e., PCell in SA, NR-DC, or NE-DC operation mode, and PSCell in NR-DC and EN-DC operation mode) but not on SCell, while the link recovery procedure will be useful especially for FR2 SCell (e.g., it is a common deployment scenario where FR2 SCell(s) in NR CA provide high-throughput data connection). 
Considering in the related scenario, FR2 SCell is always configured with activated SpCell, we think it is reasonable to assume that BFD and CBD is not required to be performed on deactivated SCell, which will better facilitate power saving for FR2. 
Proposal-1: In RAN4 RRM requirement, UE is not required to perform link recovery (BFD and CBD) on a deactivated SCell. 
Furthermore, for BFD and CBD on SCell, we don’t see the strong desire to perform BFD and CBD on SCell outside the active DL BWP of the configured CC.  
Proposal-2: UE is not required to perform BFD and CBD on SCell outside the active DL BWP of the configured CC.

2.2 Beam Failure Detection on SCell
For beam failure detection on SCell, there is no big difference from existing BFD on PCell or PSCell, while in the following related RAN1 agreement we provide the latest RAN1 agreement from previous RAN1 meeting (RAN1#98Bis): 
	<RAN1 agreement>
Agreement
· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 
· Down-select one of the following alternatives in RAN1#96:
· Alt 1: SCell BFD RS is in current CC
· Alt 2: SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration
· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration
· SCell BFD is measured based on hypothetical BLER

Agreement
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
Support that the BLER threshold for SCell BFD is the same as the default value of rlmInSyncOutOfSyncThreshold.

Agreement made in RAN1#98Bis
For SCell BFR, reuse beam failure detection procedure specified in Rel-15, where the beam failure detection is performed per SCell.
· The “beam failure detection procedure specified in Rel-15” includes the procedure on beam failure detection for each beam failure instance, interval for beam failure instance and corresponding parameter, i.e. beamFailureInstanceMaxCount.
· The parameters related to BFD are configured per BWP per cell
· Note: BFRQ transmission timing and condition will be decided by RAN2 for simultaneous multiple SCells failure cases
· Include as part of LS to RAN2  to be draft by Yushu (Apple)


Furthermore, from RAN1 agreement, it is clearly stated that “SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state.” To address the bullet in last meeting’s WF, i.e., “FFS for whether only CSI-RS based BFD is applied for SCell BFD”, we can conclude with the following proposal: 
Proposal-3: For SCell BFD, only CSI-RS based BFD (periodic 1-port CSI-RS) is applicable.   

As for RRM core requirement impact by BFD on SCell, we expect there is limited impact on detailed requirement for CSI-based BFD. As captured in above RAN1 agreement, beam failure detection procedure specified in Rel-15 will be reused for SCell BFD. Therefore, the corresponding change introduced in our accompanying CR on the general introduction for link recovery procedure should be enough to address the new function of BFD on SCell. 
Proposal-4: For SCell BFD, Rel-15 CSI-RS based BFD requirement shall be followed, and detailed requirement captured in Section 8.5.3 shall be reused for SCell BFD.   

2.3 Candidate Beam Identification
It has been agreed that new beam identification can be performed based on SSB and CSI-RS for beam management. The SSB/CSI-RS can be transmitted within the SCell or another CC within the same band. The gNB can configure N SSB/CSI-RS resources per BWP for new beam identification. The detailed RAN1 agreement is captured as below:
	<RAN1 agreement>
Agreement
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
Downlink RS for new beam identification can be based on SSB and CSI-RS for BM

Agreement
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
New beam identification threshold is based on L1-RSRP

Agreement
· 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
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell
Agreement
· For SCell BFR, support maximum number of RS for new beam identification per BWP to be 64.
· The range of threshold for SCell new beam identification is based on range specified in RSRP-Range.

Agreement
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

Agreement
· The new beam RS is mandatorily configured if SCell BFR is configured
· Include as part of LS to RAN2  to be draft by Yushu (Apple)
· The LS is endorsed in R1-1911619.


As analysed as above, for the procedure of candidate beam identification in UE itself, there is not big difference for Rel-16 candidate beam identification for SCell BFR, while the way of reporting candidate beam index can be different from Rel-15 CFRA-based mechanism. Therefore, we can reach the following proposal: 
Proposal-5: For SCell CBD, Rel-15 SSB-based and CSI-RS based BFD requirement shall be followed, and detailed requirement captured in Section 8.5.5 and 8.5.6 shall be reused for SCell BFD.   


2.4 Beam Failure Recovery Request (BFRQ)
Based on RAN1 discussion, the mechanism of BFRQ is introduced for SCell BFR, i.e., it has been agreed that after UE declares beam failure, it shall transmit BFRQ. Specifically, the following RAN1 agreements related are achieved: 
	<RAN1 agreement>
Agreement
Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure

Agreement
For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios

Agreement
· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure
· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold

Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 

Agreement
· 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
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell
Agreement
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

Agreement
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
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

Agreement
Send an LS to RAN2 suggesting higher priority for SCell BFR MAC CE than at least UL data, and to have a higher priority for SCell step 1 PUCCH than normal SR
· To be included as part of LS to RAN2

The draft LS for RAN2 is modified as follows and endorsed in R1-1909833.

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, is 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

Agreement
RAN1 will conclude on the following issue in RAN1#98bis
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).
Working Assumption
In addition to previous agreement that PUCCH-BFR is configured in PCell/PSCell, it is also agreed that PUCCH-BFR can be configured in PUCCH-SCell if PUCCH group is configured
· For non-DC case, down-select one of the following alternatives in RAN1#99
· Alt1a: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· If more than 1 PUCCH-BFR resources are configured for a UE, UE can pick one of them to transmit BFRQ
· Alt1b: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per PUCCH group
· PUCCH-BFR resource is shared among the CCs belonging to the respective PUCCH group
· Alt2: For a UE, up to 1 PUCCH-BFR resource for a BWP can be configured per UE
· The down-selection is based on the assumption of SR configuration behavior supported in current spec
The above PUCCH group refers to the existing PUCCH group description in TS38.213.

Agreement
At least for PDCCH, after K symbols after receiving response to step 2 MAC-CE, UE applies the new beam indicated in step 2 MAC-CE at least for the DL reception on the failed SCell if a new beam is identified.
· Applies for all CORESETs in the failed SCell
· FFS: Any other channel
· FFS: value of K

Agreement
· When PUCCH-BFR collides with SRS, the SRS should be dropped\



Based on the above RAN1 agreement, we can conclude that: 
(1) For SCell with downlink only, the BFRQ can be conveyed by two steps:
Step 1 is carried by a dedicatedly configured SR-like PUCCH in PCell or PSCell to inform gNB beam failure happens
Step 2 is carried by a MAC CE to report detail information, e.g. failed CC index and new beam index
· If new candidate beam RS and corresponding threshold is configured
· If at least one new beam is identified (L1-RSRP is higher or equal to the threshold)
· UE reports 1 new beam index and failed CC index
· Else
· UE reports no new beam identified and failed CC index
· Else: No such case since RAN1 agreed that “When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured”.  
(2) For SCell with both uplink and downlink, at least the above BFRQ procedure as SCell with DL only can be used. 
· MAC CE transmission for BFR in Rel-16 is possible on any SCell. 
· RACH-based BFRQ is not yet precluded.

With the above analysis, the following observation can be achieved: 
Observation-1: In Rel-16 eMIMO WI, RAN1 introduced new mechanism of beam failure recovery request (BFRQ), with two steps relying on SR-like PUCCH and MAC CE on SpCell:
Step 1 is carried by a dedicatedly configured SR-like PUCCH in PCell or PSCell to inform gNB beam failure happens
Step 2 is carried by a MAC CE to report detail information, e.g. failed CC index and new beam index
· If at least one new beam is identified (L1-RSRP is higher or equal to the threshold)
· UE reports 1 new beam index and failed CC index
· Else
· UE reports no new beam identified and failed CC index
Observation-2: In SCell BFRQ, the procedure of informing gNB beam failure happens and reporting detailed information (failed CC and new beam index (or no beam identified)), has no big impact on existing core requirement of BFD and CBD.

With the above into account, we can reach the following proposal for how to deal with SCell BFR requirement in TS38.133:
Proposal-6: For SCell BFRQ mechanism introduced in Rel-16, RAN4 still define RRM requirement by following Rel-15 specification architecture for BFD and CBD. The new procedure of informing gNB beam failure happens and reporting detailed information will not have core requirement impact on TS38.133. 

2.5 UE Capability of Number of SCells for BFR
It has been agreed that gNB can configure UE to perform BFR for any configured SCells, and the maximum number of SCells for BFR is one UE capability, as captured in following RAN1 agreement.
	<RAN1 agreement>
Agreement
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



Accordingly, we have the following proposal: 
Proposal-7: The maximum number of SCell for which UE performs BFR is a UE capability. 

3 Conclusion
In this paper, we further provided our view and analysis on SCell BFR which is introduced in Rel-16 MIMO enhancement work item, with the following observations and proposals obtained: 
Proposal-1: In RAN4 RRM requirement, UE is not required to perform link recovery (BFD and CBD) on a deactivated SCell. 
Proposal-2: UE is not required to perform BFD and CBD on SCell within active BWP of the configured CC.
Proposal-3: For SCell BFD, only CSI-RS based BFD (periodic 1-port CSI-RS) is applicable.   
Proposal-4: For SCell BFD, Rel-15 CSI-RS based BFD requirement shall be followed, and detailed requirement captured in Section 8.5.3 shall be reused for SCell BFD.   
Proposal-5: For SCell CBD, Rel-15 SSB-based and CSI-RS based BFD requirement shall be followed, and detailed requirement captured in Section 8.5.5 and 8.5.6 shall be reused for SCell BFD.   
Observation-1: In Rel-16 eMIMO WI, RAN1 introduced new mechanism of beam failure recovery request (BFRQ), with two steps relying on SR-like PUCCH and MAC CE on SpCell:
Step 1 is carried by a dedicatedly configured SR-like PUCCH in PCell or PSCell to inform gNB beam failure happens
Step 2 is carried by a MAC CE to report detail information, e.g. failed CC index and new beam index
· If at least one new beam is identified (L1-RSRP is higher or equal to the threshold)
· UE reports 1 new beam index and failed CC index
· Else
· UE reports no new beam identified and failed CC index
Observation-2: In SCell BFRQ, the procedure of informing gNB beam failure happens and reporting detailed information (failed CC and new beam index (or no beam identified)), has no big impact on existing core requirement of BFD and CBD.
Proposal-6: For SCell BFRQ mechanism introduced in Rel-16, RAN4 still define RRM requirement by following Rel-15 specification architecture for BFD and CBD. The new procedure of informing gNB beam failure happens and reporting detailed information will not have core requirement impact on TS38.133. 
Proposal-7: The maximum number of SCell for which UE performs BFR is a UE capability. 
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