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1	Introduction
RAN1 is currently specifying beam failure recovery for SCell as part of MIMO enhancements. SCell BFR was briefly discussed in RAN1 and RAN2 during Release 15 but due to time constraints it was postponed to further releases. In RAN1#97, LS was sent to RAN2 to inquire RAN2 input on the RAN1 designed beam failure recovery mechanism.
In this contribution we discuss and consider the input for the working assumption for SCell BFR from RAN2 perspective.
2	RAN1 LS on SCell BFR
In previous meeting (RAN1#97) RAN1 sent an LS [1] to RAN2 with following information and inquiry for input on the current working assumption:
1. Overall Description:
RAN1 has discussed beam failure recovery (BFR) on SCell with DL-only. For BFR on SCell with DL only, the UE monitors the quality of an SCell. In case of declaring beam failure, the UE sends the beam failure recovery request (BFRQ), and sends failed SCell index(s) and new beam information (if present) to the NW. 
For the BFRQ, RAN1 concluded on the following agreement and working assumption:
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

The purpose of step 1 is to inform the NW that beam failure occurred, whereas step 2 is used to provide the network with information about a new beam (if present).
The working assumption states that new beam information (if present) would be conveyed using MAC CE. In the same MAC CE, the UE would convey which SCell(s) failed.
Question: Does RAN2 have any input with reference to this working assumption from your specification work point of view considering your workload?  

3	Analysis of the RAN1 solution
3.1	Step 1
In PCell beam failure recovery procedure both the contention-free (CFRA) and contention-based (CBRA) signalling were supported for beam failure recovery. CBRA is used when CFRA candidates are below a quality threshold (i.e. are not suitable) or when CFRA recovery is not configured by network. The preamble used by the UE indicated the new candidate beam preferred by the UE.
In contrast to Release 15 BFR using CFRA, the SR-like signalling in Step 1 for SCell BFR does not directly indicate a new candidate and the actual information of which SCell failed is provided in a MAC CE in Step 2. Additionally, the MAC CE is considered to carry information on the new candidate beam for the failed SCell if present (i.e. signal quality is above threshold). Hence, in principle, only one SR-like PUCCH resource configuration is required for the UE to indicate the failure in one or more SCells and MAC CE will then specify the failed SCells as well as new candidates more specifically. Based on the SR-like PUCCH resource, NW can properly allocate UL resources on a non-failed cell (like PCell) for UE to send the SCell BFR MAC CE.
Considering the MAC procedure, the SR procedure defined in Rel-15 could be reused to big extend to implement the SR-like PUCCH indication for SCell BFR.
Observation 1: For the SR-like PUCCH resource for SCell BFR, the SR procedure defined in Rel-15 could be reused to big extend.
According to the current RAN1 agreement, it was not explicitly discussed when the SR-like PUCCH resource would not be configured by the NW, however, it seems natural to allow such configuration option (similarly to not configuring CFRA resources in case of PCell/PSCell recovery). Furthermore, similarly to SR failure, naturally the SR-like PUCCH signal transmission may lead to no action by the NW (e.g., when the SR cannot be decoded) and the attempt fails. In such case, similarly to PCell BFR, CBRA fallback via PCell could be used to ensure the granted UL resource for the PCell would not be issued on a failed SCell.
It should be noted that both SR-like PUCCH and CBRA options could use the same MAC CE design for indicating the failed SCell(s) and whether the failed SCell(s) has a new candidate.
[bookmark: _Hlk16581672]Proposal 1: From RAN2 point of view, the agreement to support SR-like PUCCH signalling in Step 1 is feasible and could to big extend reuse the SR procedure defined in Rel-15. 
[bookmark: _Hlk16581718]Proposal 2: Additionally, in case SR-like PUCCH resource is not configured or its transmission fails, CBRA fallback on PCell should be performed as Step 1 (similarly to PCell BFR and SR failure).
3.2	FFS on multiplexing MAC CE on PUSCH without Step 1
RAN1 working assumption left the multiplexing of SCell recovery information MAC CE as FFS in case UE had already UL resources available for transmission. MAC CE based indication of SCell BFR has the benefit of MAC being able to decide on which resources the MAC CE can be multiplexed. Hence, whenever the UE has already UL resources from the NW, the MAC entity may decide whether the MAC CE should be multiplexed on the concerned resources or not. Obviously, such information should not be multiplexed on the failed SCells, hence, only the UL resources provided on PCell or non-failed SCells should be considered – such mapping restrictions could follow the concept of LCH mapping restrictions defined for Rel-15. However, it seems natural to allow sending of the SCell BFR MAC CE in such a case without triggering first a transmission on PUCCH resource i.e. the Step 1 would not always be needed. 
In case UE already has valid UL grant where it is able to transmit the SCell BFR MAC CE it would not make sense to first wait for SR-Like PUCCH resource to trigger an UL grant and then send the MAC CE. This would only increase latency and would not bring any benefits as network could determine the recovery request already based on the MAC CE LCID. 
On the other hand, the UCI based solution that RAN1 was considering instead of MAC CE could not take advantage of such benefit as the NW does not expect to decode such UCI.
Observation 2: MAC CE based solution is advantageous as Step1 indication of SCell BFR is not always needed but existing UL grants may be used directly to convey the SCell BFR MAC CE in case the given UL resources are available on non-failed cells.
[bookmark: _Hlk16581748]Proposal 3: From RAN2 point of view, SCell BFR MAC CE can be multiplexed on PUSCH without Step1 indication as long as it is on a non-failed cell and the triggered step 1 can be cancelled.

3.3	MAC CE Format for SCell BFR
Considering the RAN1 agreements on the SCell BFR design, the MAC CE should carry information on the failed SCell index and candidate beam index if a candidate is present (i.e. candidate beam above quality threshold has been detected). As BFR is supported for multiple SCells, MAC CE format should be able to carry failure indication for multiple SCells. Exact number may depend on the UE capability, however from signalling design perspective RAN2 should consider options even to support maximum number of SCells that can be configured. 
Each failed SCell may be associated with new candidate beam information and this should be considered in the MAC CE format design. Also, RAN1 has agreed that if a failed SCell has no candidate, it should be indicated. According to RAN1#97 agreement only 1 candidate above threshold is indicated, however, from network perspective it would be preferred if multiple candidates could be indicated in case such multiple good beams exist on the UE side.
Observation 3: MAC CE format should be able to provide indication of failed SCell, candidate information (if present) and indication if no suitable candidate is found. 
Such information in a single MAC CE can be enabled similarly to Multiple entry PHR MAC CE with a bitmap indicating the SCell indices that have failed complemented by the new candidate/no candidate information following the bitmap for the SCells that have failed. The size of a bitmap can be FFS depending on the number of SCells that the UE could eventually monitor. Furthermore, the information about the new candidate(s) (e.g., beam index, quality, etc.) the UE should indicate in the MAC CE is to RAN1 and mainly requires only RAN2 to implement after the information is known.
Proposal 4: The SCell BFR MAC CE includes a bitmap indicating failed SCell indices followed by the new candidate/no candidate information for the failed SCells. The size of the bitmap can be FFS depending on the number of SCells that the UE could monitor.
Observation 4: The information about the new candidate(s) (e.g., beam index, quality, etc.) the UE should indicate in the MAC CE is up to RAN1 and mainly requires RAN2 to only implement after the information is known.
3.4	Response to RAN1
As analysed above, given the fact that the existing MAC procedures can be used to far extend to implement the SCell beam failure detection and recovery procedures based on the made agreements by RAN1, it seems there is no concerns regarding the RAN1 made working assumption to use MAC CE based indication. In fact, it seems that any other solution would result to much more specification impacts.
[bookmark: _Hlk16581534]Proposal 5: RAN2 responds to RAN1 that the made Working Assumption on MAC CE based indication is feasible and works towards defining suitable MAC CE format based on the required information provided by RAN1.
The draft response LS is provided in [2].
4	Conclusion
In this contribution, we analysed the SCell BFR design as currently agreed by RAN1 and asked in their LS to RAN2 [1]. The following was observed and proposed:
Observation 1: For the SR-like PUCCH resource for SCell BFR, the SR procedure defined in Rel-15 could be reused to big extend.
Proposal 1: From RAN2 point of view, the WA to support SR-like PUCCH signalling in Step 1 is feasible and could to big extend reuse the SR procedure defined in Rel-15. 
Proposal 2: Additionally, in case SR-like PUCCH resource is not configured or its transmission fails, CBRA fallback on PCell should be performed as Step 1 (similarly to PCell BFR and SR failure).
Observation 2: MAC CE based solution is advantageous as Step1 indication of SCell BFR is not always needed but existing UL grants may be used directly to convey the SCell BFR MAC CE in case the given UL resources are available on non-failed cells.
Proposal 3: From RAN2 point of view, SCell BFR MAC CE can be multiplexed on PUSCH without Step1 indication as long as it is on a non-failed cell and the triggered step 1 can be cancelled.
Observation 3: MAC CE format should be able to provide indication of failed SCell, candidate information (if present) and indication if no suitable candidate is found in a MAC CE. 
Proposal 4: The SCell BFR MAC CE includes a bitmap indicating failed SCell indices followed by the new candidate/no candidate information for the failed SCells. The size of the bitmap can be FFS depending on the number of SCells that the UE could monitor.
[bookmark: _GoBack]Observation 4: The information about the new candidate(s) (e.g., beam index, quality, etc.) the UE should indicate in the MAC CE is up to RAN1 and mainly requires RAN2 to only implement after the information is known.
Proposal 5: RAN2 responds to RAN1 that the made Working Assumption on MAC CE based indication is feasible and works towards defining suitable MAC CE format based on the required information provided by RAN1.
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