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1	Introduction
RAN1 is currently specifying beam failure recovery for SCell as part of MIMO enhancements. In the previous RAN2#107 meeting, it was concluded to support the MAC CE based SCell BFR reporting and an LS was sent to RAN1 in R2-1911795 to confirm this along with specific questions – RAN1 in turns replied to these in R1-1909833. The information in the RAN1 LS concerning the MAC CE design is reflected below for convenience:
	1. Response/information on SCell BFR:
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 this contribution, we discuss the candidate beam selection and the resulting MAC CE design options for SCell BFR.
2	Discussion
2.1	Candidate beam selection
As per agreement in RAN1#98, up to 64 candidate RS is supported per BWP for new beam indication for SCell BFR. Furthermore, RAN1 agreed to down-select the principle on UE behaviour when no new candidate RS information is configured.
	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


 
Whether UE would always need to be configured with the candidate RS list is still under discussion in RAN1. However, from network point of view, it is necessary to support both configuration options when the candidate RS list is configured and when it is not. For instance, NW may configure the candidate RS list on a certain DL BWP only but not the other one – in this case, the UE behaviour would depend on the active DL BWP. Furthermore, in case only SSBs are considered as new beam RS candidates, these may not exist on the active DL BWP of an SCell.
Similarly, for PCell BFR, NW can configure candidates as CSI-RS or SSB (CFRA resources) or alternatively all the SSBs are considered as candidates (CBRA through fallback or no CFRA resources configured). Besides, NW can enforce a BWP switch for a UE to search candidate RS only from the initial BWP by not configuring RACH on the active DL BWP.
Observation 1: For PCell BFR, NW can configure candidates as CSI-RS or SSB (CFRA BFR) or alternatively all the SSBs are considered as candidates (CBRA BFR).
Observation 2: For PCell BFR, NW can enforce a BWP switch for a UE to be performed upon candidate RS search by not configuring RACH on the active DL BWP.
Proposal 1: Support both configuration options where candidate RS list is either configured or not for a given DL BWP.
64 for possible candidate indices will require 6-bit field to indicate the new candidate RS in the MAC CE for each failed SCell (if a new candidate beam can be indicated). Since the NW could configure only limited set of candidates for the UE, e.g., based on CSI-RS that could be used for TCI state for PDCCH, it would seem beneficial to consider all the SSBs as fallback if no candidates configured in the candidate RS list can be found by the UE – this would require 1 bit to indicate if the 6-bit field indicates an index from a candidate RS list or the SSB index. 6-bit field can support the indication of up to 64 SSBs, which is the maximum number of SSB indices in a cell.
Proposal 2: If no new candidate based on the candidate RS list can be found, the UE falls back to identify any SSB as new candidate for the failed SCell. Hence, an indication in the MAC CE is required to differentiate between the index from a candidate RS list or the SSB index.
RAN1 defined the candidate beam threshold for indicating a suitable candidate, i.e. RSRP of the candidate beam has to be above the threshold. As the threshold-based indication is used, there is no need to include the measured RSRP value of the indicated candidate in the MAC CE. However, when no candidate is found for the failed SCell from the candidate RS list nor from the SSBs, it should be indicated to the network in the MAC CE.
2.2	MAC CE format for the SCell BFR
Referring to 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, and according to additional information provided by RAN1 in the Reply LS (R1-1909833), the beam failure can occur simultaneously on multiple SCells. Thus, the MAC CE format should be able to carry the failure information for each of the failed SCells.
Observation 3: As beam failure may occur simultaneously on multiple SCells, the MAC CE format should be able to carry failure information for each of the failed SCells.
In addition, as discussed above, each failed SCell may be associated with new candidate beam information or a no candidate information is indicated. Furthermore, according to previous RAN1#97 agreement, only 1 candidate above threshold is indicated, although from network perspective it would be preferred if multiple candidates could be indicated. This would provide more flexibility for network to activate/configure new TCI state for PDCCH reception.
Observation 4: 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 bitmap following the bitmap for the failed SCell indices. The size of a bitmap can be FFS depending on the number of SCells that the UE could eventually monitor. The exact number of SCells may depend on the UE capability, however, from signalling design perspective, RAN2 should consider options even to support the maximum number of SCells that can be configured.
Proposal 3: 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.
An example of the envisioned SCell BFR MAC CE is provided in the following Figure 1.
[image: ]
[bookmark: _Ref20905183]Figure 1. MAC CE for SCell BFR with SCell Index and Candidate indication bitmaps
In the above figure:
	-	Ci field indicates the beam failure detection in the corresponding SCell;
	-	ACi field indicates the information whether a new candidate is available for the corresponding SCell;
	-	F field indicates whether the Candidate RS Index points to the index from candidate RS list or SSB index;
	-	Candidate RS Index indicates the new candidate for the corresponding SCell either based on the index from 			candidate RS list of SSB index.
Proposal 4: Consider the above presented MAC CE format as baseline for SCell BFR.
3	Conclusion
In this contribution, the candidate detection as well as MAC CE design for SCell BFR was discussed, the following was observed and proposed.
Observation 1: For PCell BFR, NW can configure candidates as CSI-RS or SSB (CFRA BFR) or alternatively all the SSBs are considered as candidates (CBRA BFR).
Observation 2: For PCell BFR, NW can enforce a BWP switch for a UE to be performed upon candidate RS search by not configuring RACH on the active DL BWP.
Proposal 1: Support both configuration options where candidate RS list is either configured or not for a given DL BWP.
Proposal 2: If no new candidate based on the candidate RS list can be found, the UE falls back to identify any SSB as new candidate for the failed SCell. Hence, an indication in the MAC CE is required to differentiate between the index from a candidate RS list or the SSB index.
Observation 3: As beam failure may occur simultaneously on multiple SCells, the MAC CE format should be able to carry failure information for each of the failed SCells.
Observation 4: MAC CE format should be able to provide indication of failed SCell, candidate information (if present) and indication if no suitable candidate is found.
Proposal 3: 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]Proposal 4: Consider the above presented MAC CE format as baseline for SCell BFR.
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