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1. Introduction
The Rel.17 MIMO enhancement includes the following objective [1]:
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
This contribution presents our views on remaining issues on beam reporting and beam failure recovery for multi-TRP.
2. Beam measurement and reporting
2.1. UE reporting of information related to Rx panel/antenna group
In RAN1 #106b-e, the following proposal related to Rx panel/antenna group reporting was discussed but no agreement was achieved.
	Updated FL Proposal 1.1: For group-based beam reporting, gNB configures/UE indicates:
· Alt-1: whether beams are associated to different Rx filters/panels


Considering that there is only one beam group in a single reporting instance in Rel.15 and further comparison is not needed, detailed Rx panel information is not important for gNB. Therefore, in legacy group based beam reporting, Rx panel implementation (either a single spatial domain receive filter or multiple simultaneous spatial domain receive filters) is determined by UE, which is not known to gNB. In Rel.17 group based beam reporting, the number of beam groups can be up to 4. In this case, Rx panel information might be beneficial for gNB to select a proper beam group in scheduling. It is assumed that UE reports two beam groups in a single reporting instance. The beams in the first beam group are received by the same Rx panel, while the beams in the second beam group are received by different Rx panels. If UE indicates panel related information in beam reporting and gNB knows only one Rx panel is active at the UE side in the following time duration, then the first beam group can be selected. Similarly, the second beam group can be selected by gNB to perform higher rank transmission or to reduce probability of blockage. Since detailed Rx panel information is determined by UE in the beam measurement, we prefer that UE indicates whether beams are associated to different Rx panels for each beam group or each reporting instance.
In order to acquire more detailed measurement results, gNB can also configure measurement hypothesis (same or different Rx panels) for UE in beam reporting. For example, gNB configures UE to measure and report the same CMR configuration with different measurement hypotheses in two reporting instances. The measurement hypothesis can be applied to each beam group or all beam groups, which can be further discussed. In this case, it is not required for UE to report measurement hypothesis. In another example, gNB configures UE to measure beam groups with either same or different Rx panels, and UE can choose one of hypothesis in measurement. In this case, measurement hypothesis can be reported jointly with other measurement results.
Based on the above analysis, we have the following proposal,
Proposal 1: For group-based beam reporting, gNB configures/UE indicates whether beams are associated to different Rx filters/panels.
2.2. Interference measurement
In RAN1#104-e, it was agreed that option 2 applies at least for L1-RSRP, whether it applies to L1-SINR is FFS.
	Agreement
For beam measurement in support of M-TRP simultaneous transmission 
· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
· FFS: L1-SINR


In Rel.16, L1-SINR based beam reporting was supported since L1-RSRP based beam reporting cannot always reflect the actual signal quality. A beam with largest L1-RSRP value may suffer server interference from other cells. Similarly, in M-TRP transmission with multi-panel reception scenario, a beam pair selected based on L1-RSRP metric may not be actually suitable for M-TRP transmission. For example, two beams which are measured in two time instants with larger L1-RSRP values might be reported by UE. Although the two beams can be received simultaneously, strong inter-TRP interference exists. L1-SINR should work better as it reflects the actual signal quality. Therefore, L1-SINR metric should also be supported for option 2.
Proposal 2: Support L1-SINR based beam reporting for option 2.
3. M-TRP beam failure recovery
In RAN1 #102-e, it was agreed to introduce beam failure recovery for M-TRP. The remaining issues include whether cell-specific and TRP-specific BFR can be configured in the same CC, details of explicit/implicit BFD-RS configuration, PUCCH-SR resources configuration/selection, beam and power control parameter adjustment after receiving BFR response and scenarios to trigger RACH-based BFR. In this section, the above-mentioned issues will be discussed.
3.1. Cell-specific vs. TRP-specific BFR
In RAN1#104b-e, it was agreed to support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs. It is FFS whether cell-specific and TRP-specific BFR can be configured in the same CC. 
	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. 


To answer this question, a common understanding on the definition of “cell-specific BFR” and “TRP-specific BFR” needs to be reached. Our view is that this depends on the number of BFD-RS sets, e.g. a CC with a single BFD-RS set is configured in “cell-specific BFR”, while a CC configured with two BFD-RS sets is configured with “TRP-specific BFR”. It is not expected that more than two BFD-RS sets are configured in one CC for UE to monitor both cell-specific BFR and TRP-specific BFR simultaneously. 
For a CC not configured with BFD-RS set, either “cell-specific BFR” or “TRP-specific BFR” can be configured for UE to derive implicit BFD-RS set(s) properly. If “cell-specific BFR” is configured, UE will derive one BFD-RS set according to the rule in Rel.15/16. If “TRP-specific BFR” is configured, UE will derive two BFD-RS sets based on X TCI states of CORESETs with CORESETPoolIndex = k in M-DCI case. It is not expected that both “cell-specific BFR” and “TRP-specific BFR” are configured for one CC simultaneously; otherwise it is unclear for UE how many BFD-RS sets need to be derived.
For a CC with a single BFD-RS set or configured with “cell-specific BFR”, the BFD-RS set may be used to monitor BFR in both TRPs (as in Rel.15/16). It is also possible the single BFD-RS set monitors beam failure of one out of the two TRPs, or even a few CORESETS of a single TRP. This corresponds to a deployment where the NW is not intended to monitor beam quality for the other TRP, or not all CORESETs. For a CC with two BFD-RS sets or configured with “TRP-specific BFR”, each BFD-RS set is used to monitor beam failure of one TRP. If one BFD-RS set fails, TRP-specific BFR can be triggered. For SpCell, if both BFD-RS sets fail, RACH based transmission can also be triggered. However, it doesn’t mean that “cell-specific BFR” and “TRP-specific BFR” are configured simultaneously for one CC.
Proposal 3: A UE can be configured with either “cell-specific BFR” (i.e., 1 BFD-RS set) or “TRP-specific BFR” (i.e. 2 BFD-RS sets) on one CC.
3.2. BFD-RS set
In RAN1#106-e, it was agreed that both explicit and implicit BFD-RS set configurations were supported in Rel.17 for UEs with one activated TCI state per CORESET. The remaining issues include the detailed design in explicit/implicit BFD-RS set configuration and whether/how to support the case of CORESETs with more than one activated TCI state. In this section, the detailed design in explicit/implicit BFD-RS set configuration will be discussed. Whether/how to support the case of CORESETs with more than one activated TCI state will be discussed in Section 3.6.
	Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· FFS: CORESETs with more than 1 activated TCI states
Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1
· FFS: CORESETs with more than 1 activated TCI state.


In explicit BFD-RS set configuration, it is natural to reuse the mechanism in Rel.15 and adopt RRC signaling to configure BFD-RS (set). In RAN1#106b-e, whether MAC-CE signaling can be used additionally was discussed and two possible alternatives were proposed by companies. In Alt-1, BFD-RS resource(s) in the explicit BFD-RS set can be updated by MAC-CE signaling directly. In Alt-2, QCL assumption(s) of BFD-RS resource(s) can be updated by MAC-CE signaling. In general, TCI states of CORESETs are dynamically updated by MAC-CE signaling. In order to assess failure event properly, the detected BFD-RS (set) shall be updated accordingly. From this point of view, both alternatives can work. In order to minimize standardization impact, Alt-1 is preferred.
If MAC-CE signaling is not supported, another option can be considered to update the detected BFD-RS (set) dynamically. The option is that the number of BFD RSs configured in one BFD-RS set is large enough to include RSs corresponding to recently activated TCI states of CORESETs. With this option, UE can assess the radio link quality only according to RSs that are quasi co-located with the DM-RS of PDCCH receptions monitored by the UE. 
Proposal 4: In explicit BFD-RS set configuration, the following options can be considered to update the detected BFD-RS (set) dynamically:
· Option 1: MAC-CE signaling is used to update BFD-RS (set) dynamically.
· Option 2: The number of BFD RSs configured in one BFD-RS set is large enough to include RSs corresponding to recently activated TCI states of CORESETs.
In implicit BFD-RS set configuration, the number of TCI states of CORESETs with CORESETPoolIndex = k is at most 5 for UEs with one activated TCI state per CORESET. Among these TCI states, X TCI states can be used to derive implicit BFD-RS set k. One option is that all TCI states can be used to derive BFD-RS set, i.e., X is equal to the number of TCI states corresponding to CORESETs with CORESETPoolIndex = k. When the number of BFD RSs in one set is smaller than X, UE can select RSs corresponding to some of the TCI states based on predefined rule or UE implementation. When the number of BFD RSs in one set is larger than X, UE can select RSs corresponding to all TCI states. Another option is that some of TCI states can be used to derive BFD-RS set, i.e., X is smaller than the number of TCI states corresponding to CORESETs with CORESETPoolIndex = k. In this case, how to select X TCI states among all TCI states should be considered. Besides, if X is larger than the number of BFD RSs in one set, UE still needs to select RSs corresponding to some of the TCI states (smaller than X) based on predefined rule or UE implementation. Even if X can be smaller than or equal to the number of BFD RSs in one set through design (e.g., X is defined as the number of BFD RSs in one set), standardization effort is needed to select X TCI states. It can be seen that BFD RSs are derived directly in the first option, which is aligned with implicit BFD RS determination in Rel.15. However, in the second option, X TCI states are selected before BFD RSs are derived, which complicates RS selection procedure and benefit is unclear. Therefore, the first option is preferred and X is defined as the number of TCI states of CORESETs with CORESETPoolIndex = k (i.e., X is determined in spec). Furthermore, TCI selection rule is not needed.
Proposal 5: In implicit BFD-RS set configuration, X is determined in spec and it is defined as the number of TCI states of CORESETs with CORESETPoolIndex = k.
3.3. PUCCH-SR configuration and selection
In RAN1#106b-e, it was agreed to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR for M-DCI case. Whether to support the above mentioned association for SCell is for further study.
	Agreement
Support to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource / SR configuration for per TRP BFR.
· FFS: Configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration for per TRP BFR
A UE capability signaling is introduced for indicating the support of this association. Above applies only for multi-DCI case.


For SpCell, the configured association between BFD-RS set and PUCCH-SR resource/configuration can be used to facilitate PUCCH-SR selection when at least one BFD-RS set fails and no UL grant is available. For SCell, no matter whether similar association is supported or not, PUCCH-SR selection rule is needed. If the configured association is not supported, how to establish the association between BFD-RS set and PUCCH-SR resource/ configuration for SCell needs further discussion. Besides, two different PUCCH-SR selection rules might be needed for SpCell and SCell. However, benefit brought by this complicated design is unclear. In order to minimize standardization effort, we propose to configure an association between a BFD-RS set on SCell and a PUCCH-SR resource / SR configuration.
Proposal 6: Configuration of an association between a BFD-RS set on Scell and a PUCCH-SR resource / SR configuration for per TRP BFR is supported.
With regard to PUCCH-SR selection rule, two alternatives were discussed in RAN1#106b-e for the case that all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource/SR configurations. In Alt-1, the PUCCH-SR associated to failed BFD-RS set(s) is selected. In Alt-2, the PUCCH-SR associated to non-failed BFD-RS set(s) is selected. Actually, there is no big difference between these two alternatives, and both of them can work. With either Alt-1 or Alt-2, UL spatial filter depends on gNB implementation and requires no specification support. Even if Alt-1 is adopted, UL spatial filter of the PUCCH-SR resource can still point to the non-failed TRP. Therefore, Alt-1 is slightly preferred for simplicity. If all failed BFD-RS sets cross CCs are associated with different PUCCH SR resources/configurations, PUCCH-SR resource/configuration can be selected by UE implementation.
Proposal 7: On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources/SR configurations are configured: 
· If all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource/SR configurations, Alt-1 is slightly preferred. 
· Alt-1: select the PUCCH SR/SR configurations associated to failed BFD-RS set
· Else PUCCH-SR resource/SR configurations selection is up to UE implementation.
3.4. Beam and power control parameter adjustment after receiving BFR response
In RAN1#106b-e and RAN1#106-e, the following agreements related to QCL assumption adjustment for CORESETs after receiving the BFR response were agreed, and some details need further discussion.
	Agreement
For the case of all CORESETs with 1 activated TCI state per CORESET , after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs associated with CORESETPoolIndex  k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP-specific BFR 
· The above applies to Scell and SpCell 
· The above applies for the multi-DCI case
Agreement
· For the case of all CORESETs with 1 activated TCI state per CORESET, after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs associated with the failed BFD-RS set reported in the MAC-CE for TRP-specific BFR is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD-RS set
· FFS: How to associate CORESET(s) with failed BFD-RS set
· FFS: SCS configuration of 28 symbols
· FFS: Update of QCL assumption for other DL channels/RSs, UL spatial filter/power control assumption for PUCCH, and other UL channels/RSs 
· FFS: the case of CORESETs with 2 activated TCI states per CORESET. 
· The above applies to SCell and SpCell
· The above applies at least for the multi-DCI case


One issue is related to channels/RSs which can be updated after receiving BFR response. In Rel.16 SCell BFR, QCL assumption of CORESETs and UL spatial filter/power control assumption for PUCCH are updated after receiving BFR response. Considering that Rel.16 SCell BFRQ framework is reused for M-TRP BFR, at least PDCCH and PUCCH can be updated. It has already been agreed that QCL assumption of all CORESETs associated with the failed BFD-RS set reported in the MAC-CE is updated, UL spatial filter/power control assumption update for PUCCH should also be supported. To facilitate update, association between PUCCH resources and BFD-RS set indices can be established.
Proposal 8: UL spatial filter/power control assumption for PUCCH can be updated after receiving BFR response. Association between PUCCH resources and BFD-RS set indices can be established to facilitate the update.
Another issue is QCL assumption adjustment for CORESETs in S-DCI case. So far, there is no association between CORESETs and TRP in S-DCI case. In order to determine which CORESETs can be updated after receiving BFR response, a simple solution is to divide existing CORESETs in two separate groups (e.g. associated with different BFD-RS set indices or different higher layer parameter through gNB implementation). Correspondingly, QCL assumption of CORESETs associated with failed BFD-RS set will be updated.
Proposal 9: The QCL assumption of all CORESETs associated with BFD -RS set k (k=0,1) or associated with a higher layer parameter k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP -specific BFR.
3.5. RACH-based BFR
In RAN1#106b-e, it was agreed that RACH-based transmission can be triggered on a SpCell at least when beam failure is detected on all BFD-RS sets on the SpCell, and other scenarios are FFS.
	Agreement
RACH-based transmission can be triggered on a SpCell at least in the following scenarios
· Scenario 1: When beam failure is detected on all BFD-RS sets on the SpCell 
· FFS: other scenarios
· Scenario 2: at least one TRP fails on SpCell
· Scenario 3: at least one pre-defined TRP fails on SpCell
· Scenario 4: at least one TRP fails and no PUCCH-SR is configured, and no UL grant is available
· Scenario 5: If MAC-CE based reporting does not work (details FFS)
· Scenario 6: When no PUCCH-SR is configured


It has been agreed that BFRQ MAC-CE is supported at least to indicate a single TRP failure. Therefore, there is no need to trigger RACH-based BFR for scenario 2, 3 and 4. As for scenario 5 and 6, RACH-based BFR was not triggered for Rel.16 SCell BFR. Similarly, it is also not necessary to utilize RACH-based BFR for TRP-specific BFR. If MAC-CE based reporting does not work (e.g. no available PUSCH resource) or no PUCCH-SR is configured, UE can wait for available PUSCH resource to carry BFR MAC-CE.
Proposal 10: RACH-based transmission is not triggered for Scenario 2-5.
3.6. The case of CORESETs with two activated TCI states per CORESET
Another issue is whether/how to support the case of CORESETs with more than one activated TCI state. If the number of activated TCI states in one CORESET is two, these two TCI states can be associated with two TRPs, respectively. If the number of activated TCI states in one CORESET is one, this TCI state can be associated with any one of the two TRPs, which needs further standardization effort to establish the association between TCI state and TRP/BFD-RS (set). Therefore, whether to support the case that a UE configured with some CORESETs with one activated TCI state but other CORESETs with two activated TCI states needs further discussion. At least when all CORESETs are configured with two activated TCI states, implicit BFD-RS set configuration can be supported. The BFD-RS set k (k = 0, 1) is derived based on the k-th TCI states of CORESETs.
With regard to QCL assumption adjustment for CORESETs with two activated TCI states, the association between CORESETs and TRP is also needed. Similar to implicit BFD-RS set configuration, the k-th (k = 0, 1) TCI states of all CORESETs can be updated when the BFD-RS set k (k = 0, 1) is reported in BFR MAC-CE.
Proposal 11: If all CORESETs are configured with two activated TCI states, 
· BFD-RS set k (k = 0, 1) is derived based on the k-th (k = 0, 1) TCI states of CORESETs.
· After 28 symbols from receiving the BFR response, the k-th (k = 0, 1) TCI states of all CORESETs are updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0, 1) in the MAC-CE for TRP -specific BFR.
4. Conclusions
In this contribution we provide our views on remaining issues of beam management for multi-TRP. Based on the above discussion, we have the following proposals:
Proposal 1: For group-based beam reporting, gNB configures/UE indicates whether beams are associated to different Rx filters/panels.
Proposal 2: Support L1-SINR based beam reporting for option 2.
Proposal 3: A UE can be configured with either “cell-specific BFR” (i.e., 1 BFD-RS set) or “TRP-specific BFR” (i.e. 2 BFD-RS sets) on one CC.
Proposal 4: In explicit BFD-RS set configuration, the following options can be considered to update the detected BFD-RS (set) dynamically:
· Option 1: MAC-CE signaling is used to update BFD-RS (set) dynamically.
· Option 2: The number of BFD RSs configured in one BFD-RS set is large enough to include RSs corresponding to recently activated TCI states of CORESETs.
Proposal 5: In implicit BFD-RS set configuration, X is determined in spec and it is defined as the number of TCI states of CORESETs with CORESETPoolIndex = k.
Proposal 6: Configuration of an association between a BFD-RS set on Scell and a PUCCH-SR resource / SR configuration for per TRP BFR is supported.
Proposal 7: On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources/SR configurations are configured: 
· If all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource/SR configurations, Alt-1 is slightly preferred. 
· Alt-1: select the PUCCH SR/SR configurations associated to failed BFD-RS set
· Else PUCCH-SR resource/SR configurations selection is up to UE implementation.
Proposal 8: UL spatial filter/power control assumption for PUCCH can be updated after receiving BFR response. Association between PUCCH resources and BFD-RS set indices can be established to facilitate the update.
Proposal 9: The QCL assumption of all CORESETs associated with BFD -RS set k (k=0,1) or associated with a higher layer parameter k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP -specific BFR.
Proposal 10: RACH-based transmission is not triggered for Scenario 2-5.
Proposal 11: If all CORESETs are configured with two activated TCI states, 
· BFD-RS set k (k = 0, 1) is derived based on the k-th (k = 0, 1) TCI state of CORESETs.
· After 28 symbols from receiving the BFR response, the k-th (k = 0, 1) TCI states of all CORESETs are updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0, 1) in the MAC-CE for TRP -specific BFR.
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