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1. Introduction
The Rel.16 MIMO enhancement WID was updated in RAN#85 and has the following scope
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify beam failure recovery for SCell with DL/UL as well as UL-only, where PCell can be operating on FR1 as well as FR2

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
A host of agreements were reached in RAN1. An LS was sent to RAN2 to notify about the RAN1 agreements on SCell beam failure recovery, together with RAN1’s answer to an earlier RAN2 LS. This contribution discusses these issues and potential work needed in RAN2
2. Beam failure recovery on SCell
SCell beam failure recovery is conducted in a two-step framework. In step 1, UE report beam failure event (if found in at least one SCell) on a dedicated BFR-PUCCH resource, which can be configured to be PUCCH format 0 or 1. In step 2, BFR-MAC-CE is used to report failed CC indices and one new candidate beam index per failed CC (if there is at least one new beam satisfying the L1-RSRP threshold). 

An LS was sent to RAN2 to update on these agreements, together with answer to an earlier RAN2 LS. 
	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. 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 the LS sent to RAN2, RAN1 considers that there should not be any constraint on the UL grant that schedules BFR-MAC-CE (e.g. it can be sent any SCell, including failed CC). This is natural as NW is unaware of failed CC indices when dynamically scheduling UL resources for BFR-MAC-CE. On the other hand, if BFR-MAC-CE is to be multiplexed on an already existing PUSCH resource (e.g. configured grant), it is desirable for UE to not multiplex BFR-MAC-CE on failed CC. This is due to that DL/UL channels are correlated and an SCell with failed DL will highly likely experience UL beam blockage as well, so it is preferable to avoid using  the failed CC UL for sending BFR-MAC-CE. 
Proposal 1 If BFR-MAC-CE is multiplexed on existing PUSCH resources NOT triggered by BFR-PUCCH, UE should avoid transmitting BFR-MAC-CE on failed CC. 

In RAN1#98 it was agreed that BFR-PUCCH is not configured for each SCell, but it is FFS whether one BFR-PUCCH resource should be configured for all SCells of a UE, or one BFR-PUCCH is configured per cell group. Given that SCells in different cell groups may be asynchronous, BFR-PUCCH per cell group is preferable to avoid complicated UL signal collision handling across cell groups. 

Proposal 2 One BFR-PUCCH resource is configured per cell group. 
For all SCells (within a cell group), a BFR-MAC-CE is transmitted to indicate failed CC indices and new beam indices. For SCell indices report in BFR-MAC-CE, the following options are possible:
· Indices of failed SCell indices are explicitly reported. Indices of non-failed CC are not reported.

· A length-L bitmap signals SCell failure status (e.g. failed or non-failed), where L is the number of total number of SCells within the Cell group.

Option 2 is preferable due to its simplicity.

Proposal 3 A length-L bitmap is used to indicate the SCell failure status ( e.g. failed vs. non-failed). 

The length of the bitmap (e.g. L) may be determined based on the maximum number of SCells that can be configured per group in NR, or equals to the actual number of configured SCell. To maintain a single MAC-CE payload, the first option seems natural. Bit values corresponding to not-configured SCells can be reserved. 

Proposal 4 The length of the bitmap for beam failure status reporting is equal to the maximum number of SCells that can be configured (per cell group) in NR.  
It was agreed in RAN1 that new beam detection will be based on the same performance metric (e.g. L1-RSRP) as PCell BFR in Rel.15. For each failed SCell, if UE finds at least one new beam above the threshold, UE reports one new beam index in the BFR-MAC-CE. Which beam among the set of the candidate new beams exceeding the performance requirement to report is left to UE implementation. It is also agreed that the maximum number of new beam detection RS is 64 for SCell in Rel.16. One open issue is the new beam reporting content if such a new beam is not found.  At least two options are possible: 

· Option 1: NBI field has 7 bits: 6 bits are used to report new beam index (if found), and 1 bit indicates whether a new beam is found. 

· Option 2: One state of the NBI field indicates the event of “no new beam found”, while the other states are used for actual new beam reporting. 

This would still require log2(64+1) = 7 bits, or log2 (63+1) = 6 bits to achieve any overhead reduction than option 1. The latter would essentially decrease the number of effective candidate beam RS to 63, even though 64 RS can be configured. In this case UE may choose to not measure/report a candidate RS (e.g. 1st or the last), even if this RS is configured. 

From spec simplicity perspective, both option 1 and option 2 with 7 bits reporting are acceptable. 
Proposal 5 NBI field has 7 bits.

3. Conclusions
Based on the discussions, we have the following proposals.
due to that DL/UL channels are correlated and an SCell with failed DL will highly likely experience UL beam blockage as well, so it is preferable to avoid using  the failed CC UL for sending BFR-MAC-CE. 

Proposal 6 If BFR-MAC-CE is multiplexed on existing PUSCH resources NOT triggered by BFR-PUCCH, UE should avoid transmitting BFR-MAC-CE on failed CC. 

Proposal 7 One BFR-PUCCH resource is configured per cell group. 
Proposal 8 A length-L bitmap is used to indicate the SCell failure status ( e.g. failed vs. non-failed). 

Proposal 9 The length of the bitmap for beam failure status reporting is equal to the maximum number of SCells that can be configured (per cell group) in NR.  
Proposal 10 NBI field has 7 bits.
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