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1. Introduction
[bookmark: _Hlk492027000]In RAN1 #102e meeting, RAN1 made following agreements on the enhancement of BM for M-TRP. 
Agreement
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing.
· Option-2: Non-group-based reporting
 
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
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response

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


In RAN1#102-e, the following combinations of physical channels were discussed but there was no consensus among the companies whether or not to study further in future meetings
Study simultaneous reception of the same type of channels/RS with different QCL-TypeD assumption, including at least the following combinations:
· PDCCH+PDCCH, CSI-RS + CSI-RS
Study simultaneous reception of different types of channels with different QCL-TypeD assumptions, including at least the following combinations:
· SSB+PDCCH/PDSCH, PDCCH+PDSCH, PDCCH+CSI-RS, PDSCH+CSI-RS
· Other combinations of channels/RS are not precluded.  

In this contribution, we provide further details considering mainly the agreed high priority topics. In particular, section 2 includes beam reporting enhancements and section 3 discuss beam failure recovery related aspects. 
2.    Enhancement on Beam Measurement and Reporting 
[bookmark: _Hlk528168953][bookmark: _Hlk23778132]2.1	Enhanced Group-based Beam Reporting  
In RAN1 #102e meeting, the following examples were discussed to enhance the group-based beam reporting, 
Example proposals for option1/2 of proposal 1-1. Note these examples are not exhaustive or exclusive. 
· Option-1:
· [bookmark: _Hlk54176006]Example 1: introduce higher-layer configured indices (labelled SSI, for discussion purpose only) configured to CMR resources, where UE is requested to report beams with the same or different SSIs within a reported group
· Example 2: One CSI resource setting can be configured with multiple CSI-RS resource sets (each of which corresponds to a TRP transparently), with a restriction/requirement for group based report.  E.g.-1 the maximum number of CSI-RS in a set to be reported in a group, e.g.,1, 2 or 4. E.g.-2, , each set should be with at least one CSI-RS resource to be reported, if multiple CSI-RS resources reported in a group.

When a group-based beam reporting is enabled, and reporting of the beam pairs should be enabled across TRP or per TRP. For that, there should be UE known association between NZP-CSI-RS resources or SSB to a TRP. We think that the SSB/NZP-CSI-RS resources can be grouped, and each group is assumed to be associated with a TRP. 
[image: ]
Figure 1: NZP-CSI Resource transmission group for Multi-TRP
There are two example methods have proposed for grouping CSI resources. 
The first option is using an explicit indication of a group per CSI resource, while the second option is to distinguish the group by configuring resources into the different NZP-CSI-RS resource set. Even though, the second option seems to be simple without introducing a new parameter, this cannot be used directly as the current CSI-Resource configuration is already allowing multiple (up to 16) NZP-CSI-resource sets for other reasons.  
Observation 1: Configuring multiple NZP-CSI-RS resource sets is already supported for the other purpose, and additional higher layer signalling for CSI-RS resource set association to a TRP is required.  
For SSB-based beam management, an indication of SSB group can be delivered to UE via RRC configuration, for example, grouping SSB resources in the CSI-SSB resource set. It is already possible to associate this information as a part of CSI-report configuration whenever the CSI-report is associated with multi-TRP beam management. For CSI-RS-based beam management, TCI state is included to represent the beam information, so information to indicate the grouping of TCI state (or QCL-information) can be provided to the UE, as in Figure 1. Since this happens when UE RX and gNB TX are equipping hybrid beamforming, the grouping information can be included if a TCI state/QCL information are including QCL-Type D property. For example, a group indication can be included as QCL parameter conditioned when QCL-typeD is configured.  
Observation 2: It is possible to introduce higher-layer configured indices configured to group SSB and CMR resources, where the UE understand the beams can be associated with a TRP. 
An alternative to above, it may also be possible only to group SSBs but use QCL chain to derive the grouping of CSI-RS beams. Rel-15 defines a set of different QCL rules that are leveraged in the beam indication and different estimation purposes (e.g. channel and delay spread, time- and frequency offset) at UE side. QCL-framework defines relationships between QCL source RSs and target signals and channels to be received in DL or transmitted in UL. Figure 2 shows an example of spatial relationships (QCL-typeD) for NZP-CSI-RS and SSB resources. Here, the starting point of the arrow defines a resource to be spatial source for the target resource associated at the end of the arrow. As can be observed, by following the path associated with the target and source resources, it enables to distinguish spatially different resources between each other. Therefore, it is beneficial to utilize existing spatial QCL-typeD relationships between different RSs for group-based beam reporting criteria enhancements. UE may manage the QCL relation between different RSs, and for an RS, if configured with QCL-TypeD, UE can derive the root QCL-TypeD source which is one of SSB.   
For M-TRP group-based beam reporting, UE shall report up to N-best measured CSI resources that do not share the same ending or crossing point reference resource(s) among QCL-type D path of measured CSI resources.  
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[bookmark: _GoBack]Figure 2: An example of spatial relations (QCL-typeD) defined in TS 38.214 for NZP-CSI-RS and SSB resources.

Observation 3: It is possible to utilize existing spatial QCL-typeD relationships between different RSs with the grouping of SSBs, where the UE understand the beams can be associated with a TRP. 
With the information of SSB or NZP-CSI-RS associated with each TRP, the UE can report the best two (or more depending on the enhancements) resources associated with DL TX beams which are associated with the same or different TRPs depending on the further network configurations (per TRP or across TRP) on group-based beam reporting. 
Proposal 1: For group-based beam reporting for multi-TRP operation, introduce higher-layer configuration for grouping SSB resources such that associating TRP can be known to the UE. The grouping of CSI-RS resources can be understood by the UE based on any of the following methods, 
· Alt-1: Introduce the same higher-layer indication for grouping CSI-RS resources to associate with TRPs, when QCL-typeD is configured. 
· Alt-2: QCL-typeD relationships between different RSs(with SSB grouping) are used for grouping CSI-RS resources to associate with TRPs. 

When group based beam reporting is configured in Rel-15, the single group based beam reporting instance does not explicitly indicate for a network whether reported N-resources (i.e. SSB or NZP-CSI-RS) can be received simultaneously at UE-side with multiple spatial filters or single spatial filter. For group-based beam reporting for multi-TRP, it is expected that multiple spatial filters are used by the UE and reporting should indicate the capability of simultaneous reception, not any other grouping that might see by the UE on switching certain beams. Also, the network may wish effectively utilize beam group reports to schedule simultaneous multi-beam DL transmission in single or multi-TRP scenario. To avoid the ambiguity problem associated with the group-based beam reporting, the network may configure criteria associated with group based reporting defining simultaneous reception for N-resources to be ‘ON/OFF’ or ‘across-TRP/per-TRP’. When the simultaneous reception criteria is configured to be ‘ON’ or ‘across TRP’, the UE shall only report N-different CSI resources (i.e. NZP-CSI-RS or SSB) that can be simultaneously received with multiple different spatial filters with spatial multiplexing capability. When the simultaneous reception criteria is configured to be ‘OFF’ or ‘per-TRP’, the UE shall only report N-different resources simultaneously received with a one (or more) spatial filter considering a single TRP reception.             
Observation 4: To avoid the ambiguity problem associated with the group based beam reporting, it is beneficial that the network configures criteria associated with group based reporting defining  simultaneous reception to be ‘across-TRP/per-TRP’.
Proposal 2: Support reporting criteria associated with group based beam reporting that defines simultaneous reception to be ‘across-TRP/per-TRP’.
· When the simultaneous reception criteria is configured to be ‘across-TRP’, UE shall only report N-different CSI resources (i.e. NZP-CSI-RS or SSB) that can be simultaneously received with multiple different spatial filters with spatial multiplexing capability.
· When the simultaneous reception criteria is configured to be ‘per-TRP’, UE shall only report N-different resources simultaneously received with a one (or more) spatial filters considering single TRP reception.

For beam-based operation in multi-TRP deployment scenarios, it is likely that measured received signal quality of CSI resources associated with different DL TX-RX beam pair links per TRP can significantly vary among different TRPs. Therefore, it is beneficial to configure beam reporting criteria parameter that imposes UE to report only measured CSI resources being within a certain power window (e.g. between maximum and minimum measured values) or above a power threshold. As a result of this, signaling overhead associated with reporting and latency associated with beam identification can be reduced.
Observation 5: It is beneficial to configure beam reporting criteria that imposes UE to report only measured CSI resources being within a certain power window or above a power threshold.
Proposal 3: Support beam reporting criteria that imposes UE to report only measured CSI resources being within a certain power window or above a power threshold.
To guarantee reliable beam based communication in Rel-17 multi-TRP operation with enhanced group based beam reporting, there is a need to develop a fallback mechanism/procedure that enables UE to recover from a situation where beam reporting condition is not fulfilled. For example, when UE is configured with the enhanced group based reporting, UE is not able to identify configured N different resources transmitted from one or more TRPs according to the enhanced group based beam reporting configuration. 
Observation 6: To guarantee reliable  beam based communication in Rel-17 multi-TRP operation with enhanced group based beam reporting, it is beneficial to develop a fallback mechanism/procedure that enables UE to recover from situation where enhanced beam reporting condition is not fulfilled.
Proposal 4: Consider different alternatives as fallback mechanisms, such as:
· Alt-1: use Rel-15 group reporting (with a restriction on ‘per TRP’ with predefined TRP)
· Alt-2: use Rel-15 non-group reporting (no restriction on simultaneous reception)
· Alt-3: network configures the fallback reporting (based on Alt-1 or Alt-2)

There was another discussion on the increase in the number of groups and/or beams per group beam-pair. It was also showed in some company results that increased number of groups and/or beams per group could improve the overall performance. We see that having more pairs reported may improve the efficiency of reporting but increasing the number of beams per group may not be essential in such scenarios. In summary, only one variant should be supported. 
Proposal 5: For enhanced group-based beam reporting for multi-TRP, support up to 4 group beam-pairs for the group-beam report.
Another issue that needs further discussion is that the UE Rx panel related beam measurements and reporting. 
First, there are proposals on UE panel specific reporting which handles UE to report beams per UE RX panel. In Rel-16 eMIMO discussion, we have failed to reach a consensus to specify any UE-panel specific operation. Because the UE panel is a part of the implementation, to use this concept may limit the flexibility in UE implementation. In addition, this UE-panel is related to many other aspects, it should be touched under the general beam management aspect.
Proposal 6: UE panel-specific report should be discussed only if we reach an agreement for the general beam management framework in Rel-17 beam management enhancement.  

2.2 	Enhanced non-group-based beam reporting. 
In RAN1 #102e meeting, it was noted that non-group-based beam reporting is important for supporting multi-TRP operation with non-ideal backhaul. And, it has been identified as one option to be enhanced in Rel-17. Moreover, some examples were discussed as listed below. 
Example proposals for option1/2 of proposal 1-1. Note these examples are not exhaustive or exclusive. 
· Option-2
· Example 1: Two non-group based reporting settings are configured for a UE to report L1-RSRP measurement results, with reporting setting 1 containing resources from TRP1, and another reporting setting 2 containing resources from the second TRP2. The two reporting settings are configured that UE knows the reported beams in the two reports could be received simultaneously
· Example 2: Two non-group based reporting settings are configured for a UE to report L1-RSRP measurement results, with reporting setting 1 containing resources from TRP1, and another reporting setting 2 containing resources from the second TRP2. An explicit ID is associated with each reported resources. For the reported resources associated with different IDs, they can be received simultaneously by the UE. For the reported resources associated with the same ID, they cannot be received simultaneously by the UE.

In this type of operation, each TRP may configure different CSI-report configurations at each TRP. If two CSI-reports are independent, the UE’s capability to receive multiple beams via multiple TRPs at the same time is hardly handled by the network. In order to solve the problem, it is beneficial to support UE-assisted method. 
In order to get simultaneous reception related CSI feedback, two options in the above examples are proposed. The option in the example 1 can be implemented by associating two reporting settings corresponding to two TRPs. By the association, the UE shall use the additional association when reporting quantities are determined. If a reporting setting for L1-RSRP report is associated with another reporting setting, the SSBRI or CRI to be reported in the reporting setting should be selected with the consideration of simultaneous reception by the UE with the SSB or CSI-RS resources reported in the associated reporting setting. From such a CSI reporting enhancement, gNB can select transmission beams to enable simultaneous reception at the UE. 
For the option in example 2, UE may include an explicit ID for each beam indication what UE panel is associated with the beam. This can be helpful when two TRPs are under ideal-backhaul. However, for non-ideal backhaul, because each TRP doesn’t know the scheduling of the other TRP, the information is still ambiguous.  
Proposal 7: For non-group based beam reporting, support association of a reporting setting to another reporting setting to ensure the UE’s simultaneous reception from multi-TRP for multi-DCI based multi-TRP operation, and UE shall select beams to be reported with the consideration of the simultaneous reception from two TRP.

2.3	Dynamic beam management for multi-TRP simultaneous reception 
After reception of group or non-group based beam reporting, gNB may select potential scheduled beam or beam pair, and the UE may receive a MAC-CE to activate one or two TCI state per TCI codepoint. Though gNB may acquire UE’s simultaneous reception capability via beam reporting, due to UE’s movement or rotation, it is possible that suddenly the UE cannot receive PDSCH with some of TCI codepoints. 
In this case, a dynamic report from the UE is useful to avoid UE’s failing the reception. When the UE detects one or more TCI codepoints are not able to be received, UE informs gNB of the list of the incapable TCI codepoints. Figure 3 shows an example of UE feedback. UE receives a MAC-CE with 7 TCI codepoints with one or two TCI states. If codepoint 5 (CP5) and 6 (CP6) correspond to TCI state pairs that cannot be received simultaneously by the UE, the UE shall report NACK for CP5 and CP6 with the bitmap set 0 for CP5 and CP6. The feedback can be sent periodically by UCI or event-driven by UL MAC-CE. Based on such fast feedback, gNB can schedule beams in a more reliable manner. We foresee that this kind of reporting is essential for single DCI based URLLC scenarios where the target is to support very low BLER targets.

[image: ]
Figure 3: Bit map of UE feedback to indicate suitable beams pairs. CP4 and CP7 beam pairs can be received simultaneously.  

Proposal 8: Support UE’s dynamic feedback of its capability about the simultaneous reception for the TCI codepoints signaled in PDSCH MAC-CE. 



3. Beam Failure Recovery Enhancements for Multi-TRP
Here we discuss the remaining issues related to the beam failure recovery in multi-TRP operation. 
3.1 Issue 1: TRP-specific BFD
In release 15/16 beam failure detection, UE determines the set of q0 to include the RSs indicated by the active TCI states for the respective CORESETs. To indicate beam failure instance indication (BFI) to higher layer, all the RSs in the set of q0 have to be in failure condition. The failure detection is similar for any SCell that has been configured with BFR. To support TRP specific failure detection or failure detection of subset BFD-RS would require changes to the failure detection procedure. 

To support TRP specific failure detection, the proposal is to have more than one set of failure detection resources (q0). As an example, two BFD-RS sets could be configured and those would be individual. Supporting both configuration modes (explicit and implicit) would align the TPR specific failure detection with Rel-15/rel16 operation.  

In the explicit configuration, the network could configure the RSs that are included in each of the set of q0 (e.g. set 0/q0-0 and set 1/ q0-1) in a similar manner as in Rel-15/16.

In the implicit configuration, the RSs to be included in the failure detection resource sets would be determined by the active TCI states for respective CORESETs. To determine which of the RSs are included in each failure detection resources sets (e.g. q0-0 and q0-1), the CORESETpoolIndex value associated with a respective CORESET could be used. 

Proposal 9: Support configuration of multiple beam failure detection resource sets (q0) per serving cell.
Proposal 10: Support configuration of beam failure detection resource sets (q0) per CoresetPoolIndex value. 

If more than one sets of q0 are supported, it would also have an impact to higher layer BFD procedure. The failure detection procedure at MAC layer considers BFI indication for one set of q0 per serving cell. Currently, the beam failure detection procedure is run per serving cell i.e. MAC layer runs the BFD procedure for each serving cell e.g. PCell and one or more SCells for which the BFD is configured. To support TRP specific, or rather to support failure detection for more than one failure detection resource sets per serving cell, the MAC layer would be required to run the respective amount of BFD processes by handling BFI (beam failure instance indications) per failure detection resource set per serving cell. The failure detection enhancement would have MAC layer impact.
  
Observation 7:	Failure detection/failure instance indication to the upper layer (L2) is done per set of q0.
Observation 8: Supporting multiple BFD procedures would have also impact on layer 2 which uses the L1 indications to determine when to declared beam failure and initiate recovery procedures.
Proposal 11: For TRP specific failure detection, the beam failure detection procedure should be carried out per failure detection resource set (q0#n) of a serving cell. 

Another discussion point related to beam failure detection is the maximum number of BFD-RS in a set of q0. Currently, the maximum number of BFD-RS is 2 although UE can be configured with up to 3 CORESETs with the active TCI States (in non-mTRP scenario). In Rel-16 the number of CORESETs with the active TCI States in mTPR scenario was increased up to 5 CORESET, but the number of BFD-RS remained the same. 

Observation 9: The current maximum number of BFD-RS in set of q0 is 2 even in mTRP scenario. 
Furthermore, the selection of BFD-RS to be included in the set of q0 is up to UE implementation (as opposed to e.g. selection of RLM-RS) and considering the mTRP scenario, it is not clear how the performs beam failure detection in release 16 (with a single set of q0) when more than 2 CORESETs are configured with active TCI States. For example, the network cannot know whether UE has included any RS for failure detection from a CORESET associated with different coresetPoolIndexes. To clarify the failure detection, when UE is configured with more than one coresetPoolIndex value, it should select at least one RS per each coresetPoolIndex to be included in the set of q0, at a minimum in mTRP, 

Furthermore, it should also be discussed in RAN1 that how to handle the potential increase of the maximum number of BFD-RS or how to determine the RS for failure detection with e.g. two sets of q0 if the current maximum number of BFD-RS remains the same as in Rel-15 and Rel-16.         
Proposal 12: To cope with the increased maximum number of CORESETs with active TCI states the total maximum number of BFD-RS should be considered, at least in multi-TRP configuration. 
For the above proposal, the starting point of discussion could be e.g. if the current maximum number should be aligned with the maximum number of CORESETs with active TCI states.  

3.2 Issue 2: TRP-specific new candidate beam identification
In CFRA and SCell BFR the new candidate beam indication is based on the explicit indication of a candidate RS index in the configured candidate-beam-rs-list. When the CBRA BFR is used to recover PCell the candidate beam identification is implicit, based on the selected resource SSB for random access procedure. To consider TRP specific candidate beam enhancement. For CBRA based recovery there is no explicit candidate-beam-rs-list and UE considers all the SSBs as candidates. Since the Rel-17 enhancement aims for TRP-specific recovery, UE would need to be able to associate the specific set of candidate beams (be it NZP-CSI-RS of SSB) to the failed TRP. This association could be done via association of a candidate-beam-rs list and a set of q0 i.e. each set of q0 would be associated with a respective candidate-beam-rs list. 

Proposal 13: If multiple sets of q0 are supported, each failure detection resource set is associated with a respective candidate beam reference signals list (candidate-beam-rs-list)
· NOTE: the exact way to indicate candidate beams depends on solution in issue 3. 

3.3 Issue 3: TRP-specific BFRQ

For TRP specific BFRQ we have identified the following potential ways based on the Rel15/16 baseline:
 
1) CFRA BFR

In CFRA recovery the UE can be configured with a candidate RS-list (or the set of q1) and for failure recovery UE can indicate one of the candidates in the set of q1 that are above the RSRP threshold. For TRP specific indication, UE would need to be able to associate specific candidate beams to the failed TRP. After indication, the rel15 procedure could be used i.e. UE would monitor gNB response on the configured CORESET. However, the CFRA based recovery needs a fallback operation since if UE cannot detect any suitable candidate beams for the failed TRP (i.e. the none of the candidates in set of q1 are above the threshold), it would need to indicate at least the failed TRP and the candidate beam ( if such exists). For this purpose, a MAC CE based signalling could be used.  
· 
2)  TRP Specific UL indication + MAC CE

In SCell BFR (rel16), UE can be configured with an SR resource to indicate failure of one or more SCells. By transmitting the SR to indicate SCell failure, UE indicates the network that it requires UL resources for transmitting the (SCell) BFR MAC CE. MAC CE provides the information on the failed SCell(s), indication of candidate beam availability and the candidate beam index if available (i.e. the RSRP of at least one candidate beam in the candidate-beam-rs-list is above threshold). It should be noted that although the network may configure or assign SR for indicating SCell BFR, the SR may be associated with other UL logical channels thus the SR may not specifically indicate only SCell failure.

In that sense, if we assume that for multi-TRP in general there could be TRP specific SR configured, UE could use the configured SR to request resources for mTRP BFR and provide the TRP specific candidate beam information in a MAC CE. The TRP specific BFRQ, a MAC CE, could be also provided on available uplink grant without preceding the transmission with SR e.g. when UL grant is available or SR is not configured. 


3)  CBRA (MAC CE)

In this option, the MAC CE would be providing the same information as in option 1 (CBRA fallback) and option 2 (UL signal + MAC CE). MAC CE has the flexibility to be used in various scenarios; It can be multiplexed on UL grant or it may be transmitted using the CBRA procedure in case SR is/cannot used or is not configured. 

Although the above mechanisms are not mutually exclusive (such as CFRA and MAC CE based) our preference would be to consider the SCell BFR as starting point for mTRP failure recovery as it is MAC CE based and MAC CE would be anyway needed as a fallback in case CFRA option is defined.

In case a MAC CE based solution is defined, the RAN1 can discuss first what information needs to be conveyed in the MAC CE for TPR specific failure recovery (e.g. failed TRP, candidate beam information) and request RAN2 to design the MAC CE.

Observation 10: The release 16 mechanism for SCell BFR could be considered as a guideline for mTRP BFR.
Proposal 14: Consider the use of MAC CE for mTRP BFRQ.
Proposal 15: MAC CE is used convey information on failed TRP and potential candidate beam information.
Observation 11: RAN1 discusses what information need to be provided in the MAC CE and it would be up to RAN2 to design the MAC CE.

3.4 Remaining Issues on BFR Recovery enhancements for mTRP
In our view the issues 4 (gNB response enhancement) and 5 (UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response) should not be discussed before the actual detection and recovery mechanisms are decided. As an example, considering the issue 4, Rel15/Rel16 baseline allows discussion on CFRA and (SR +) MAC CE based procedures that differ greatly in terms of gNB response and it may not be feasible to discuss any enhancements yet since there is no agreement on the recovery mechanism yet. Similarly, as the issue 5 considers QCL assumption after receiving the gNB response, it is not feasible to discuss it yet.
Proposal 16: Postpone the discussion or handle with lower priority the issues 4 and 5 until issues 1-3 are discussed and agreed. 

4. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss remaining details related to multi-TRP/panel transmission. The following observations and proposals are made.
BM Related observations/proposals
Observation 1: Configuring multiple NZP-CSI-RS resource sets is already supported for the other purpose, and additional higher layer signalling for CSI-RS resource set association to a TRP is required.  
Observation 2: It is possible to introduce higher-layer configured indices configured to group SSB and CMR resources, where the UE understand the beams can be associated with a TRP. 
Observation 3: It is possible to utilize existing spatial QCL-typeD relationships between different RSs with the grouping of SSBs, where the UE understand the beams can be associated with a TRP. 
Proposal 1: For group-based beam reporting for multi-TRP operation, introduce higher-layer configuration for grouping SSB resources such that associating TRP can be known to the UE. The grouping of CSI-RS resources can be understood by the UE based on any of the following methods, 
· Alt-1: Introduce the same higher-layer indication for grouping CSI-RS resources to associate with TRPs, when QCL-typeD is configured. 
· Alt-2: QCL-typeD relationships between different RSs(with SSB grouping) are used for grouping CSI-RS resources to associate with TRPs. 
Observation 4: To avoid the ambiguity problem associated with the group based beam reporting, it is beneficial that the network configures criteria associated with group based reporting defining simultaneous reception to be ‘across-TRP/per-TRP’.
Proposal 2: Support reporting criteria associated with group based beam reporting that defines simultaneous reception to be ‘across-TRP/per-TRP’.
· When the simultaneous reception criteria is configured to be ‘across-TRP’, UE shall only report N-different CSI resources (i.e. NZP-CSI-RS or SSB) that can be simultaneously received with multiple different spatial filters with spatial multiplexing capability.
· When the simultaneous reception criteria is configured to be ‘per-TRP’, UE shall only report N-different resources simultaneously received with a one (or more) spatial filters considering single TRP reception
Observation 5: It is beneficial to configure beam reporting criteria that imposes UE to report only measured CSI resources being within a certain power window or above a power threshold.
Proposal 3: Support beam reporting criteria that imposes UE to report only measured CSI resources being within a certain power window or above a power threshold.
Observation 6: To guarantee reliable  beam based communication in Rel-17 multi-TRP operation with enhanced group based beam reporting, it is beneficial to develop a fallback mechanism/procedure that enables UE to recover from situation where enhanced beam reporting condition is not fulfilled.
Proposal 4: Consider different alternatives as fallback mechanisms, such as:
· Alt-1: use Rel-15 group reporting (with a restriction on ‘per TRP’ with predefined TRP)
· Alt-2: use Rel-15 non-group reporting (no restriction on simultaneous reception)
· Alt-3: network configures the fallback reporting (based on Alt-1 or Alt-2)

Proposal 5: For enhanced group-based beam reporting for multi-TRP, support up to 4 group beam-pairs for the group-beam report.
Proposal 6: UE panel-specific report should be discussed only if we reach an agreement for the general beam management framework in Rel-17 beam management enhancement.  
Proposal 7: For non-group based beam reporting, support association of a reporting setting to another reporting setting to ensure the UE’s simultaneous reception from multi-TRP for multi-DCI based multi-TRP operation, and UE shall select beams to be reported with the consideration of the simultaneous reception from two TRP.
Proposal 8: Support UE’s dynamic feedback of its capability about the simultaneous reception for the TCI codepoints signaled in PDSCH MAC-CE. 

BFR Related observations/proposals
Proposal 9: Support configuration of multiple beam failure detection resource sets (q0) per serving cell.
Proposal 10: Support configuration of beam failure detection resource sets (q0) per CoresetPoolIndex value. 
Observation 7:	Failure detection/failure instance indication to the upper layer (L2) is done per set of q0.
Observation 8: Supporting multiple BFD procedures would have also impact on layer 2 which uses the L1 indications to determine when to declared beam failure and initiate recovery procedures.
Proposal 11: For TRP specific failure detection, the beam failure detection procedure should be carried out per failure detection resource set (q0#n) of a serving cell. 
Proposal 12: To cope with the increased maximum number of CORESETs with active TCI states the total maximum number of BFD-RS should be considered, at least in multi-TRP configuration. 
Proposal 13: If multiple sets of q0 are supported, each failure detection resource set is associated with a respective candidate beam reference signals list (candidate-beam-rs-list)
· NOTE: the exact way to indicate candidate beams depends on solution in issue 3. 
Observation 10: The release 16 mechanism for SCell BFR could be considered as a guideline for mTRP BFR.
Proposal 14: Consider the use of MAC CE for mTRP BFRQ.
Proposal 15: MAC CE is used convey information on failed TRP and potential candidate beam information.
Observation 11: RAN1 discusses what information need to be provided in the MAC CE and it would be up to RAN2 to design the MAC CE.
Proposal 16: Postpone the discussion or handle with lower priority the issues 4 and 5 until issues 1-3 are discussed and agreed. 
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