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Introduction
	Agreements from RAN1 #104bis-e [1]

Agreement
For beam reporting option 2
· On the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, discuss and down-select from the following two alternatives in RAN1#105-e: 
· Alt1: Support maximum value N = {1, 2} 
· Alt2: Support maximum value N = {1, 2, 3, 4} 
· FFS: Introduce a UE capability Ncap on the maximum value of N in Rel.17
· On the number of beam pairs/groups (N) reported in a single CSI-report, discuss and down select between the following two alternatives in RAN1#105-e
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 

Agreement
On CMR resource configuration for beam reporting option 2, adopt the following alternative: 
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS: extension to aperiodic CMR resource setting 
· Each reported beam pair in a single CSI-report consists of M = 2 SSB-RI / CRI values, where each SSB-RI / CRI points to a CMR resource in a different CMR resource set or subset.
· Decide in RAN1#104b-e whether to adopt “set” or “subset” in the above. 

Agreement
· Support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs.
· FFS: whether cell-specific and TRP-specific BFR can be configured in the same CC. 

Agreement
· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization

Agreement
On BFD-RS of TRP-specific BFR
· BFD-RS resource number: 
· The total number of RSs in two BFR-RS sets per DL BWP is a UE capability
· On the maximum number of RS per BFD-RS set, down-select from the following two alternatives in RAN1#105-e
· Alt1: max value is 2
· Alt2: max value is a UE capability, including possible candidate value of 1

Agreement
Adopt the following beam failure detection criteria for each BFD-RS set
· The physical layer in the UE assesses the radio link quality per BFD-RS set and indicates the BFD-RS set index to higher layers every X ms, if the hypothetical PDCCH BLER of all BFD-RS in the corresponding set of BFD-RS is higher than a threshold
· X is max{minimal periodicity of BFD RS in the set, 2ms}

Agreement 
A UE configured with TRP-specific BFR can be configured with 1 PUCCH-SR resource in a cell group
· NOTE: it has been agreed in RAN1#104-e that a UE can be configured with up to 2 PUCCH-SR resources in a cell group

Agreement
For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)

Agreement
On CMR resource configuration for beam reporting option 2, decide in RAN1#105-e whether to adopt “set” or “subset”:
· NOTE: the following has been agreed
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS : extension to aperiodic CMR resource setting if two CMR resource sets are supported
· Each reported beam pair in a single CSI -report consists of M = 2 SSBRI/CRI values, where each SSBRI /CRI points to a CMR resource in a different CMR resource set or subset.
· FFS : bitwidth of each SSBRI/CRI determined based on the number of SSB/CSI-RS resources from the associated set/subset, or across two sets/subsets

Agreements from RAN1 #105-e [2]

Agreement

For CMR configuration for option 2, adopt  
· Alt-1: “set”

Agreement

The bitwidth of each SSBRI/CRI is determined based on the number of SSB/CSI-RS resources in the associated CMR resource set
· FFS: specify the association between SSBRIs/CRIs in a reported group and CMR resource sets

Agreement

· For beam measurement/reporting option 2, the maximum number of beam groups in a single CSI-report is a UE capability and may take value from Nmax = {1,2,3,4} in Rel.17.
· FFS: If UCI payload reduction for Nmax>=2 is needed and if so, how
· The number of beam groups (N) reported in a single CSI-report
· Alt1: The value of N is configured by RRC signalling

Agreement

Select one of the following alternatives with possible modification in RAN1#106-e
· Alt 2.5.2 A:
· On PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, there is no consensus to adopt alt-1 or alt-2. PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 B: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 2 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 C: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 D: 
· [bookmark: _Hlk73050134]Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group. 




In this contribution, we provide our views on several items related to the beam management enhancements for multi-TRP based on the agreements and progress from past RAN1 meetings such as those from RAN1 #104bis-e [1] and RAN1 #105-e [2].
Beam measurement and reporting enhancements
1 
2 
In RAN1 #103-e [3], three options (Option-1, Option-2 and Option-3) for beam reporting enhancements were proposed for multi-TRP operation. In RAN1 #104-e [4], Option-2 was agreed and Option-1 and Option-3 are for further study. For Option-2, it has been agreed in RAN1 #105-e that the maximum number of groups/pairs per CSI-report (denoted by Nmax) could be {1, 2, 3, 4} depending on a UE capability. Furthermore, the number of beam groups N in a CSI-report is configured by higher layer RRC signalling. How to form/construct the CSI report/UCI for the beam group reporting is still open. Depending on various UE side’s configurations/settings such as how/which antenna panels are activated/deactivated and/or their orientation condition, not all of the N beam groups have satisfying beam metrics. That is, some of the N beam groups could be redundant, which would unnecessarily increase the decoding effort at the gNB side and UCI payload. To solve the above issues, the Rel. 15 two-part CSI reporting/UCI can be used. For instance, part 1 is of a fixed payload size, which includes the beam group report with the highest beam metrics; part 2 includes the remaining beam group reports. Part 1 is transmitted in its entirety before the transmission of part 2. The gNB could decode only part 1 if, e.g., the corresponding beam metrics are already good enough. The gNB could also decode both parts if necessary.   
Proposal 1: For Option-2 group based beam reporting, support reporting in a CSI-report a two-part beam group report using the Rel. 15 two-part CSI/UCI. 

Regarding CMR configuration for Option-2 group based beam reporting for multi-TRP operation, it has been agreed in RAN1 #105-e that two separate CMR resource sets configured in a CSI resource setting shall be supported; the UE is expected to report in a single reporting instance two resource indicators such as SSBRIs/CRIs, each pointing to a CMR in a different CMR resource set. Furthermore, as the bitwidth of each SSBRI/CRI is determined based on the number of SSB/CSI-RS resources in the associated CMR resource set, there is a need to specify the association between SSBRIs/CRIs in a reported group and CMR resource sets. For example, the first SSBRI/CRI in the reported group can correspond to the first CMR resource set, e.g., with the lowest resource set ID, and the second SSBRI/CRI in the reported group can correspond to the second CMR resource set, e.g., with the highest resource set ID. Alternatively, the first SSBRI/CRI in the reported group can correspond to CORESETPoolIndex = ‘0’, while the second SSBRI/CRI in the reported group can correspond to CORESETPoolIndex = ‘1’. For another example, a one-bit flag could be used to indicate the association. Considering the spec. impact and overhead, the fixed association/mapping relationship between the SSBRIs/CRIs in the reported group and the CMR resource sets is preferred.    
Proposal 2: The association between SSBRIs/CRIs in a reported group and CMR resource sets shall be known to the network and UE sides a priori; the association can be via CMR resource ID and/or CORESETPoolIndex.

As discussed above, for the group based beam reporting for multi-TRP, the UE could report more than one pairs/groups of beams with each pair/group associated with a receiving hypothesis at the UE, e.g., whether the UE would activate all of their RX panels or only one of the RX panels, not to mention that the UE may activate/deactivate their RX panels due to various other reasons such as power saving, MPE mitigation and etc. In addition, a TRP-RX panel correspondence can be established such that the UE could use different panels to correspondingly receive from different TRPs. Such a RX panel-specific operation cannot be transparent to the network, implying that certain RX panel specific information need to be sent to the network. For instance, reporting the RX panel activation/deactivation information/status along with the beam report(s) to the network should be considered for the group based beam reporting enhancements in Rel. 17. 
Proposal 3: Support reporting the RX panel information/status including at least how the reported resource indictors/beam metrics are associated with different RX filters/panels to the network along with the beam report(s).
BFR enhancements 
During previous meetings, companies had different views on how to configure the BFD RSs (explicit, implicit, or both) for Rel. 17 multi-TRP BFR enhancements. In the Rel. 15/16 BFR, the BFD RSs can be explicitly configured (via RRC) as periodic SSBs or single-port CSI-RSs, or implicitly configured as the QCL reference RSs for the corresponding CORESETs. From our view, for the Rel. 17 BFR enhancements for multi-TRP, both the explicit and implicit configurations of the BFD RSs should therefore still be supported, and the corresponding association/mapping rules between the explicitly/implicitly configured BFD RSs and the coordinating TRPs need to be specified. For instance, consider two TRPs, e.g., TRP-1 and TRP-2, in the multi-TRP system. A single RS list/BFD RS beam set containing two BFD RSs can be explicitly configured to the UE via RRC. The first BFD RS in the BFD RS beam set could be associated with TRP-1, while the second BFD RS in the BFD RS beam set could be associated with TRP-2. Alternatively, two RS lists/BFD RS beam sets each containing one or more BFD RSs can be explicitly configured to the UE via RRC. The BFD RSs across the two lists/BFD RS beam sets could be time and/or frequency multiplexed, and the BFD RSs in the first RS list/BFD RS beam set could be mapped to TRP-1, while the BFD RSs in the second RS list/BFD RS beam set could be mapped to TRP-2. If the BFD RSs are implicitly configured, the QCL source RSs for the CORESETs with CORESETPoolIndex=0 could be associated with TRP-1 as the TRP-1 specific BFD RSs, while the QCL source RSs for the CORESETs with CORESETPoolIndex=1 could be mapped to TRP-2 as the TRP-2 specific BFD RSs, in a multi-DCI based multi-TRP system. For a single-DCI based multi-TRP system, the implicitly configured BFD RSs in a BFD RS beam set could be associated with a CORESETs subset.     
Proposal 4: Support both explicitly and implicitly configured BFD RSs for multi-TRP BFR enhancements
· For implicit BFD RSs configuration, strive for a unified solution for both single-DCI and multi-DCI based frameworks; support BFD RS set k (k = 0, 1) associating with CORESETs subset k (k = 0, 1)  

In a multi-TRP system, in addition to the per TRP BFR, the cell-specific full BFR can also be triggered. Hence, in the same CC, both cell-specific and TRP-specific BFR need to be supported. For instance, if two TRP-specific BFRs are initiated/triggered within a configured time window, the cell-specific BFR is triggered instead of the two separate TRP-specific BFRs. This does not necessarily mean that an additional BFD RS beam set for the cell-specific BFR is needed in addition to the two BFD RS beam sets for the per TRP BFR. Hence, the relationship between various BFR strategies for multi-TRP needs to be clarified, and the corresponding UE behaviors need to be specified.           
Proposal 5: In the same CC, if two separate TRP-specific BFRs are detected within a time window configured by the network, a cell-specific BFR is triggered.     

Regarding PUCCH-SR resource configuration for per-TRP BFR, it has been agreed in RAN1 #104-e that up to two PUCCH-SR resources can be configured in a cell group. Whether a single uplink spatial domain transmission filter or two separate uplink spatial domain transmission filters can be associated with a PUCCH-SR resource still needs further discussions. For a UE configured with two PUCCH-SR resources, how to select the PUCCH-SR resource to indicate the beam failure(s) could depend on the number of UL spatial filters associated with a PUCCH-SR resource. When a PUCCH-SR resource is associated with only one UL spatial filter and beam failure is detected/declared for one BFD RS beam set in a CC, the PUCCH-SR resource associated with the working/non-failed BFD RS beam set shall be selected to indicate the beam failure. When a PUCCH-SR resource is associated with two separate UL spatial filters, it could be up to UE’s implementation and/or subject to network’s indication to select which PUCCH-SR resource (associated with either working/non-failed BFD RS beam set or failed BFD RS beam set) to indicate the beam failure. It has been agreed in RAN1 #105-e that one out of the four design alternatives (Alt. 2.5.2A, Alt. 2.5.2B, Alt. 2.5.2C and Alt. 2.5.2D) ought to be selected in RAN1 #106-e. According to the above analysis, Alt. 2.5.2C shall be supported. Additionally, based on the output from the offline discussions, supporting to configure an association between a BFD-RS set and a PUCCH-SR resource on SpCell is a good starting point to proceed.     
Proposal 6: For the association between the BFD RS beam set and the PUCCH-SR resources,
· Support to configure association between BFD RS beam sets and PUCCH-SR resources.
· Support Alt. 2.5.2C, i.e., on the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
Conclusion
In this contribution, we provide the following proposals regarding Rel. 17 BM enhancements for multi-TRP: 
Proposal 1: For Option-2 group based beam reporting, support reporting in a CSI-report a two-part beam group report using the Rel. 15 two-part CSI/UCI. 
Proposal 2: The association between SSBRIs/CRIs in a reported group and CMR resource sets shall be known to the network and UE sides a priori; the association can be via CMR resource ID and/or CORESETPoolIndex.
Proposal 3: Support reporting the RX panel information/status including at least how the reported resource indictors/beam metrics are associated with different RX filters/panels to the network along with the beam report(s).
Proposal 4: Support both explicitly and implicitly configured BFD RSs for multi-TRP BFR enhancements
· For implicit BFD RSs configuration, strive for a unified solution for both single-DCI and multi-DCI based frameworks; support BFD RS set k (k = 0, 1) associating with CORESETs subset k (k = 0, 1)  
Proposal 5: In the same CC, if two separate TRP-specific BFRs are detected within a time window configured by the network, a cell-specific BFR is triggered.     
Proposal 6: For the association between the BFD RS beam set and the PUCCH-SR resources,
· [bookmark: _GoBack]Support to configure association between BFD RS beam sets and PUCCH-SR resources.
· Support Alt. 2.5.2C, i.e., on the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
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