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1. Introduction
In previous meetings, agreements related to Mul-TRP beam managements have been made and part of them are quoted below. 
	Agreement
Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report
· NOTE: “UE panel” is used for discussion purpose only

Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD

Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold

Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure

Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option



Based on the above quotations, we will provide our views on some related issues, especially group-based/non-group-based beam report, TRP-specific BFR, and panel-related impacts. 
2. Discussion
2.1.  Group-based and non-group-based beam report 
In Rel-17, a UE with multiple panels is explicitly considered, and accordingly network scheduling for DL or UL could be panel-specific for a Rel-17 compatible UE. For DL, if not all panels could be used for DL receptions simultaneously, network may indicate UE which panel(s) are used for current DL reception. For UL, as implied by WI objectives, only one panel is indicated by network to perform a configured or scheduled UL transmission among a set of active panels. Therefore, it is sensible that UE and network maintain the same understanding on the panel status, in addition to applicable beams
Associating TRPs with UE panels may be beneficial for performance enhancement in a multi-TRP deployment scenario. To provide gNB more information, enhanced beam report mechanisms are considered, i.e., enhancement for group-based beam report and non-group-based beam report. Group-based beam report has been introduced in NR since Rel-15. There, only two beams can be reported in a one reporting instance for such group-based beam report. Hence, it can be considered as that only two panels are assumed for simultaneous reception in Rel-15/16. Group-based beam report can somehow show which combination of DL beams from different TRPs can be received simultaneously. On the other hand, non-group-based beam report in Rel-15/16 has no intention to reveal relationship between TRP and UE panel. It is foreseen that more revisions on non-group-based beam report are needed to achieve the goal. 
As we shown in above section, RAN1 has listed three options: 
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group; 
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group; 
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting. 
Among them, Option 1 and 2 are related to group-based beam report; Option 3 can be related to both non-group-based beam report and conceptually group-based beam report. From our perspective, all options can be used to reveal more information on TRP and/or UE panel. However, required changes for supporting Option 3 is not well-studied and there is no common understanding on the impact within the group. On the other hands, Option 1 and 2 receive much attention since Rel-15 and are well-understood. Additionally, less companies showed interest in Option 3. For sake of progress, we suggest agreeing on Option 1 and Option 2 first, and FFS whether to further support Option 3. 
Proposal 1: For facilitating inter-TRP beam pairing, support Option 1 and Option 2. 
· FFS: whether to further support Option 3
2.2.  TRP-specific BFR procedure
In RAN1 #103e, RAN1 agreed to introduce TRP-specific BFR procedure in Rel-17. One of open issues for TRP-specific BFR is whether to support it for both M-DCI and S-DCI M-TRP. As we know, M-TRP scenario in Rel-16 can be operated in two modes: multiple DCI based M-TRP and single DCI based M-TRP. For M-DCI based M-TRP, it seems natural and is straightforward to extend existing BFR procedures for each TRP. On the other hand, for S-DCI based M-TRP, companies seemed to have more concerns on it over previous meeting. Indeed, S-DCI based M-TRP is more or less transparent to UE, which may affect introduction of TRP-specific BFR. Nonetheless, since both scenarios are possible to operate depending on network’s deployment, it makes no sense for us to consider only M-DCI based M-TRP and leaves S-DCI case untouched. Without TRP-specific BFR support for S-DCI based M-TRP, the risk of undetected link failure in such a scenario still exists, rather than cured. System performance degradation is expected as such. In conclusion, regarding TRP-specific BFR, we propose to support both S-DCI based M-TRP and M-DCI based M-TRP. 
Proposal 2: Support TRP-specific beam failure recovery for both M-DCI and S-DCI based multiple TRP scenarios. 
Another one heated issue in last meeting is that whether to support both explicit BFD-RS set and implicit BFD-RS set for TRP-specific BFR procedure. In Rel-15/16, BFD-RS set determination can be either explicitly configured by RRC parameters or implicitly configured by monitored PDCCH DMRS. Explicit way may provide network flexibility of adjusting measured period to be different from PDCCH DMRS; implicit way may enable network to quickly changing elements in BFD-RS set by using MAC-CE for PDCCH TCI state activation. In our opinion, it is natural and sensible to apply both ways for determining BFD-RS set in TRP-specific BFR procedure.
Proposal 3: Support both explicit and implicit BFD-RS configuration for TRP-specific BFR procedure. 
BFR procedure at least involves: beam failure detection (BFD), new beam identification (NBI), BFRQ and beam failure response. In last meeting, RAN1 has touched those issues and discussed potential impact one by one to some extent. It has been agreed that Rel-17 supports per-TRP configured BFD-RS set and NBI-RS set.  However, for BFD-RS set and NBI-RS set, there are still some unsolved issues as below: 
· The number of BFD-RS sets 
· The maximum number of BFD-RS(s) in one BFD-RS set
· The maximum number of all BFD-RS in a BWP
Given that the maximum number of assumed TRP is two, it makes more sense that the number of BFD-RS sets is at least two for TRP-specific BFR procedure. As to the maximum number of BFD-RS per set, we are standing on a conservative position that the number of BFD-RS per is set as two as starting point, which is equal to cell-specific BFR in Rel-15/16. Lastly, the maximum number of BFD-RS per-BWP should be set as five when taking consideration that maximum number of CORESETs per-BWP is five. There is no doubt to apply the limitation for implicit BFD-RS determination (if supported). For explicit BFD-RS determination (if supported), UE should not expect the total number of configured BFD-RS to be larger than 5 per BWP. 
Proposal 4: For TRP-specific BFD-RS, the following details are agreed: 
· The number of BFD-RS sets is two, 
· The maximum number of BFD-RS(s) per set is two as starting point, 
· The maximum number of all BFD-RS in a BWP is five. 
In last meeting, RAN1 group also discussed that whether to introduce a fallback scheme for BFRQ in TRP-specific BFR procedure (like RACH-based mechanism). In addition, an involved issue is regarding the co-existence/interaction between cell-specific BFR procedure and TRP-specific procedure. In our opinion, we suggest dealing with this issue from perspective of SpCell and SCell respectively. 
· From perspective of SpCell: 
· We suggest not introducing RACH-based BFRQ transmission as fallback mechanism for TRP-specific BFR. Otherwise, we may need to prepare two sets of dedicated PRACH resources for purpose of recovering per-TRP beam links. In that regard, too many resources are consumed. Not to mention if cell-specific (Rel-15/16) BFRQ transmission can be enabled simultaneously.  
· For co-existence/interaction between cell-specific BFR and TRP-specific procedure, we should prohibit that UE monitors two TRP-specific BFD-RS sets and one cell-specific BFD-RS set at the same time. It may cause too much UE power consumption and resources waste. Nonetheless, when two TRP-specific BFD-RS sets are detected below certain quality, we may treat it as beam failure event of the whole serving cell. Correspondingly, we may send cell-specific (Rel-15/16) BFRQ transmission in this case. When such cell-specific BFRQ transmission is received, gNB learns that both TRP links are failed and the UE requests to recover one of TRP links. To some extent, this coexistence can be considered as fallback mechanism, but without much more additional PRACH resources demand.
· From perspective of SCell: 
· We do not see the need to introduce RACH-based BFRQ for TRP-specific BFR in SCell. It should be noted that in Rel-16, cell-specific BFRQ transmission for recovering SCell is performed based on MAC-CE. There is no fallback mechanism for Rel-16 SCell BFRQ. Even the UE is facing difficulty on transmit BFRQ by PUSCH in concerned serving cell, the BFR MAC-CE can be transmitted by PUSCH(s) in other serving cell(s). 
· For co-existence/interaction between cell-specific BFR and TRP-specific BFR, we share similar view as that of SpCell. There is no need to monitor TRP-specific BFD-RS and cell-specific BFD-RS at the same time. However, when all TRP-specific beam links are measured below quality, it is straightforward for UE to transmit a Rel-16 MAC-based BFRQ as we promoted in SpCell case. In this sense, gNB not only receives one new beam for recovery, but also learns that both TRP links of the serving cell has failed. One thing different from SpCell case is that Rel-16 SCell BFRQ and Rel-17 SCell TRP-specific BFRQ are both performed based MAC-CE. Hence, we may need to postpone related discussion until the design of TRP-specific MAC-CE is ready. 
Proposal 5: For PCell/PSCell, agree the followings for TRP-specific BFRQ
· Do not introduce RACH-based BFRQ transmission as fallback mechanism for TRP-specific BFR; 
· When both TRP-specific BFD-RS sets are measured below quality, UE transmits cell-specific BFRQ as Rel-15/16. 
Proposal 6: For SCell, agree the followings for TRP-specific BFRQ
· Do not introduce RACH-based BFRQ transmission as fallback mechanism for TRP-specific BFR; 
· Postpone relationship between cell-specific BFRQ and TRP-specific BFRQ until the design of MAC-CE for TRP-specific BFRQ is ready. 
In RAN1#102-e and RAN1#103-e, a CORESET with 2 activated TCI states has been supported for SFN scheme:
	Agreement (RAN1#102-e)
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
Agreement (RAN1#102-e)
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 
Agreement (RAN1#103-e)
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR


With the existence of 2-TCI-state CORESET, how it fits into BFR procedure is not clear. For example, how BFD RSs should be selected in implicit configuration case and should there be any restriction on BFD RS explicit configuration. Essentially, 2-TCI-state CORESET assumes the reception of an associated PDCCH from two TRPs simultaneously for robustness. The associated PDDCH is likely failed for decoding only when the channel quality of both TRP links indicated by the two TCI states is poor. In this sense, a BFRQ seems to be triggered only when both links failed. On the other hand, since the two TCI states correspond to two TRP links, TRP-specific BFR framework should be applicable to such case, though it is not clear how.
Proposal 7: RAN1 to clarify BFD RS configuration and BFRQ triggering condition for a CORESET with two TCI states.
3. Conclusion
According to the discussion mentioned above, we have the following proposals. 
Proposal 1: For facilitating inter-TRP beam pairing, support Option 1 and Option 2. 
· FFS: whether to further support Option 3
Proposal 2: Support TRP-specific beam failure recovery for both M-DCI and S-DCI based multiple TRP scenarios. 
Proposal 3: Support both explicit and implicit BFD-RS configuration for TRP-specific BFR procedure. 
Proposal 4: For TRP-specific BFD-RS, the following details are agreed: 
· The number of BFD-RS sets is two, 
· The maximum number of BFD-RS(s) per set is two as starting point, 
· The maximum number of all BFD-RS in a BWP is five. 
Proposal 5: For PCell/PSCell, agree the followings for TRP-specific BFRQ
· Do not introduce RACH-based BFRQ transmission as fallback mechanism for TRP-specific BFR; 
· When both TRP-specific BFD-RS sets are measured below quality, UE transmits cell-specific BFRQ as Rel-15/16. 
Proposal 6: For SCell, agree the followings for TRP-specific BFRQ
· Do not introduce RACH-based BFRQ transmission as fallback mechanism for TRP-specific BFR; 
· Postpone relationship between cell-specific BFRQ and TRP-specific BFRQ until the design of MAC-CE for TRP-specific BFRQ is ready. 
Proposal 7: RAN1 to clarify BFD RS configuration and BFRQ triggering condition for a CORESET with two TCI states.
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