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1 Introduction

Single-DCI based and multi-DCI based multi-TRP PDSCH transmission is specified in Rel-16. A UE may be required to hold two different beams at the same time for simultaneously PDSCH reception from different TRPs. Necessary enhancement on beam management for simultaneous multi-TRP transmission with multi-panel reception will be included in NR Rel-17 as the following approved WI for MIMO enhancement[1]:
	4. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:

a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 

b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception

c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception

d. Enhancement to support HST-SFN deployment scenario:

i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission

ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


And there are agreements and conclusions related to beam management for multi-TRP in RAN1 #106-e as follows [2]:
	Agreement

For aperiodic report of beam reporting option 2, 

· When associated with aperiodic resource setting, extend the existing RRC parameter CSI-AssociatedReportConfigInfo to be configured with two CMR resource sets where each may be configured with their corresponding QCL information.

· FFS: Detailed association scheme 

· When associated with periodic/semi-persist resource setting, the resource setting comprises two CMR resource sets. 

Conclusion

There is no consensus to support M>2 beams per group for beam reporting option 2 in Rel.17. 

Agreement

Support differential L1 RSRP reporting as a UCI reduction scheme for beam measurement/reporting option 2. 

Agreement

Differential reporting across all beam groups in a CSI-report

· Including 1-bit indicator of the CMR set associated with the largest RSRP value in all groups

· NOTE: best beam is assumed in the 1st group 

· 1-bit indicating CMR set with higher RSRP value (e.g. 0 indicating 1st SSBRI/CRI from 1st CMR set, 1 indicating 1st SSBRI/CRI from 2nd CMR set); UCI payload partitioning = 7/4 bits for 1st/2nd SSBRI/CRI in first beam group; 4 bits for all beams in other groups; 

Agreement

For extension of the existing RRC parameter CSI-AssociatedReportConfigInfo for the purpose of M-TRP beam reporting option 2, 

· Introduce a second ‘resourcesForChannel’ in CSI-AssociatedReportConfigInfo
Agreement

For option 2 with differential reporting 

· For each reported beam group other than the 1st beam group, the same SSBRI/CRI ordering as the 1st beam group is assumed. 

Agreement

For multi-TRP BFR, a single MAC-CE is used at least for BFRQ for all TRPs in all CCs in a cell group, which includes

· Indices of failed BFD-RS set (as an indication of failed TRP link)

· Indices of CC containing the failed TRP link

· An indicator whether a new candidate beam is identified in the NBI-RS set associated with the failed BFD-RS set, and an resource indicator representing the new candidate beam (if identified) based on the number of NBI-RS resources in the corresponding NBI-RS set. 

· FFS: Content of MAC-CE related to SpCell when transmitted on msg3, msgA

· Note: MAC-CE signaling design details are up to RAN2

· The term “failed TRP link” is used here for discussion purposes only

Agreement

The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 

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
Conclusion

BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET via implicit configuration for S-DCI mTRP is not supported in Rel-17.
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

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 this contribution, we will discuss the remaining issues of  beam management enhancement for multiple TRPs. In detail, some technical analysis are provided for some subtopics, i.e. group based beam reporting, beam failure recovery mechanism per TRP, simultaneous receiving channel/RS with different QCL-TypeD. Then, the further study points are proposed.  
2 Discussion
2.1 Enhancement on group based beam reporting

For multi-DCI based multi-TRP DL transmission, a UE may receive two PDCCHs transmitted from two TRPs with two different beams in FR2. Up to 5 CORESETs with different CORESETPoolIndex values can be configured for one UE in a BWP. For example, CORESET#1/2/3 configured with CORESETPoolIndex=0 are transmitted form one TRP, and CORESET#4/5 configured with CORESETPoolIndex=1 are transmitted form the other TRP. PDCCH from any of CORESET#1/2/3 may be simultaneously transmitted with another PDCCH from any of CORESET#4/5 to the same UE in a same slot. Therefore, any one TCI state of the TCI states activated for CORESET#1/2/3 should be simultaneously received by the UE with any one TCI state of the TCI states activated for CORESET#4/5.  

Different TRPs independently selects one TCI state from a TRP-specific TCI state pool for the scheduled PDSCH transmission. The selected two beams by the two TRPs from two different TCI pools transmitted in the same slot are required to be simultaneously received by the UE.  In other words, it require that any TCI state selected from the TCI states activated for one TRP can be simultaneously received with any TCI state selected from the TCI states activated for the other TRP.

Proposal 1: To support multi-DCI based multi-TRP DL transmission,  UE can report two groups and M>=2 beams per group in a CSI-report. Different beams in different  groups can be received simultaneously.
Group based beam report with L1-RSRP cannot reflect inter-TRP interference. L1-SINR based beam reporting is specified in Rel-16, where one resource setting is configured for channel measurement and another resource setting can be configured for intra-cell inter-beam interference measurement. Each CSI-RS resource in the resource setting for channel measurement is associated with one CSI-RS resource in the resource setting for interference. For group-based beam reporting, two CSI-RS resources are reported by two different CRIs which can be used for simultaneously PDSCH reception. However, the inter-TRP interference is not well considered in the beam reporting with L1-SINRif Rel-16 method is adopted where only interference conducted based on the configured dedicated IMR is computed in the reported L1-SINR. The inter-TRP interference from the paired CMR is incorporated in L1-SINR, so L1-SINR shall be supported for group based beam reporting. So we have the following proposal

Proposal 2: Support L1-SINR report for Option 2.

· Support a single CSI-report consisting N beam pairs/groups with the measured L1-SINR values and M(M>1) beams per pair/group, and different beams within a pair/group can be received simultaneous. L1-SINR can also be reported.
Proposal 3: Include inter-TRP interference in L1-SINR in group based beam reporting.
2.2 TRP-specific BFRQ
2.2.1  PUCCH-SR resource selection
How to select one PUCCH-SR resource for TRP-specific BFR when 2 PUCCH-SR resources are configured are discussed for a long time and it’s still not decided. There are 4 alternatives agreed in RAN1#105-e where PUCCH-SR resource is selected up to UE implementation in Alt 2.5.2 A; PUCCH-SR resource transmitted to the non-failed TRP is selected when at most one BFD RS set fails per CC and all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, otherwise, PUCCH-SR resource selection is up to UE implementation in Alt 2.5.2 B and Alt 2.5.2 C; Only one PUCCH-SR resource can be configured for TRP-specific BFR and there is no need to select one PUCCH resource in Alt 2.5.2 D which revert the past agreement. In our opinion, two PUCCH-SR resources configured for TRP-specific BFR can increase the possibility to report TRP-specific BFR event successfully by using the PUCCH-SR resource transmitting to the non-failed TRP considering the case that only one TRP is failed but the other TRP is not failed. However, there is a very strict limitation for PUCCH-SR resource selection in Alt 2.5.2 B and Alt 2.5.2 C which is at most at most one BFD RS set fails per CC and all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource. As long as the select PUCCH-SR resource is transmitted to the non-failed TRP in the cell configured with two PUCCH-SR resources, there is no need to limit that at most one BFD-RS set fails in other cells by our understanding. Furthermore, how to define a BFD-RS set configured in another cell that is associated with a PUCCH-SR resource configured in a cell is not clear. In CA case, one TRP’s failure in a cell doesn’t mean it also fails in another cell. Because only up to two PUCCH-SR resources can be configured for all cells configured with TRP-specific BFR, we only need to select the PUCCH-SR resource of two PUCCH-SR resources transmitting to the non-failed TRPs in the cell configured with the PUCCH-SR resources. If TRP-specific BFR is configured in the cell where the two PUCCH-SR resources configured for TRP-specific BFR, UE can aware which TRP in the cell is failed according to the radio link quality of the configured BFD-RS sets in the cell. Therefore, UE can select the PUCCH-SR resource transmitting to the non-failed TRP if only one TRP is failed in the cell where two PUCCH-SR resources are configured for TRP-specific BFR to report the TRP-specific BFR successfully, otherwise, it’s up to UE implementation to select one PUCCH-SR resource. Based on the analysis above, we propose that:
Proposal 4: For PUCCH-SR resource selection, when SR is triggered and 2 PUCCH-SR resources are configured, adopt alt 1 or alt 2 (PUCCH-SR resource associated with other/non-failed BFD-RS set or PUCCH-SR resource associated with failed BFD-RS set) if one BFD RS set fails in a cell where the 2 PUCCH-SR resources are configured. Otherwise PUCCH-SR resource selection is up to UE implementation.
2.2.2 Priority of positive LRR of TRP-specific BFR

In SCell BFR, a priority is determined for positive LRR of SCell BFR compared with normal positive SR that is the priority of positive LRR is higher than positive SR considering that it’s more urgent to recovery SCells’ beams. Since TRP-specific BFR is supported in R17 which can be configured in PCell or SCells, the priority of positive LRR of TRP-specific BFR should be determined too.
Firstly, similar with positive LRR of SCell BFR, the priority of positive LRR of TRP-specific BFR should be higher than positive SR. Whether a priority should be determined for positive LRR of TRP-specific BFR and positive LRR of SCell BFR should be further discussed. Considering that PCell/PSCell can be configured with TRP-specific BFR as well as SCells while the priority of PCell/PSCell is much higher than any SCell, the priority of positive LRR of TRP-specific BFR compared with positive LRR of SCell BFR should consider whether PCell/PSCell is configured with TRP-specific BFR. Therefore, we propose that:
Proposal 5: The priority of positive LRR of TRP-specific BFR is higher than positive SR.

Proposal 6: Further study the priority of positive LRR of TRP-specific BFR and positive LRR of SCell BFR considering whether PCell/PSCell is configured with TRP-specific BFR.
2.2.3 PUSCH for carrying the BFR MAC CE
Since the BFR MAC CE is carried in a PUSCH to indicate that there is a TRP failure and its corresponding new beam index if it can be found, the PUSCH can’t be transmitted to the TRP whose beams have all failed. According to R16 SCell BFRQ, the SCell BFR MAC CE can be transmitted in a PUSCH which is not triggered by a PUCCH-SR resource configured for SCell BFRQ. It is also possible that the TRP-specific BFR MAC CE can be transmitted in a PUSCH which is not triggered by a PUCCH-SR resource configured for TRP-specific BFRQ. In this case, if UE doesn’t know the PUSCH is transmitted to which TRP, it may transmit the MAC CE to the TRP where there is beam failure. Therefore, we propose that:
Proposal 7: How to ensure the MAC CE is transmitted to the right TRP is FFS.
2.2.4 Simultaneous configuration of TRP-specific BFR and cell-specific BFR

For PCell/PSCell, TRP-specific BFR is beneficial for fast beam recovery since cell-specific BFR can only be triggered when the beams of two TRPs are failed. However, if only TRP-specific BFR is configured for PCell/PSCell, when two TRPs fail at the same time, it may cause a lot of time to recovery beam compared to cell-specific BFR. RACH based cell-specific BFR and is more robust than PUCCH-SR based TRP-specific for PCell/PSCell. For SCells, because TRP-specific BFR and cell-specific BFR are both based on PUCCH-SR transmission, the need of simultaneous configuration of TRP-specific BFR and cell-specific BFR is not needed. For PCell/PSCell, cell-specific BFR is triggered if two BFD-RS sets configured for TRP-specific BFR are failed. And RACH resources should be configured for PCell/PSCell where the configured RACH resources are associated with the two NBI-RS sets of TRP-specific BFR configured for PCell/PSCell. Besides, the RACH resource can be CF-RA resources or CB-RA resources since CF-RA based and CB-RA based cell-specific BFR for PCell/PSCell are both supported in R15. Based on the analysis above, therefore, we propose that:
Proposal 8: Support simultaneous configuration of TRP-specific BFR and cell-specific BFR for PCell/PSCell.
Proposal 9: RACH resources should be configured for cell-specific BFR where the configured RACH resources are associated with two NBI-RS sets of TRP-specific BFR configured for PCell/PSCell when TRP-specific BFR and cell-specific BFR are both supported for PCell/PSCell.
Proposal 10: Both CF-RA resources and CB-RA resources are supported when TRP-specific BFR and cell-specific BFR are both supported for PCell/PSCell.
2.2.5 Explicit BFD-RS set configuration  
Explicit configuration of BFD-RS sets in TRP-specific BFR is supported according to the agreement of last meeting. However, how to explicitly configure two BFD-RS sets are not decided yet. According to legacy cell-specific BFR, the explicit BFD-RS set configuration is by RRC configuration. Meanwhile, MAC CE based BFD-RS set configuration is proposed by some companies which can update BFD-RS sets fast which can follow the beam updating of CORESETs timely. In our opinion, RRC based BFD-RS set configuration is a baseline scheme for explicit BFD-RS configuration of TRP-specific BFR which should be at least supported since it’s a straightforward way by reusing the legacy scheme. Therefore, we proposal that:
Proposal 11: Support RRC based BFD-RS configuration for TRP-specific BFR.
2.2.6 UE behavior after gNB’s confirm

As agreed in last meeting, the beam of a CORESET activated or configured with one TCI state which is associated with a failed BFD-RS set will be updated as the new beam according to the failed BFD-RS set if found. However, how to build the association between a BFD-RS set and a CORESET is a FFS point. For implicit BFD-RS set configuration, since it can only be supported for M-DCI multiple TRPs where each BFD-RS set is determined by the TCI states of all CORESETs associated with one CORESETPoolIndex value of two CORESETPoolIndex values. Therefore, each CORESET is associated with one BFD-RS set of two BFD-RS sets according to its associated CORESETPoolIndex value of the CORESET. While for explicit BFD-RS set configuration, there is no association between a CORESET and a BFD-RS set yet. Therefore, CORESET configuration should be enhanced to build an association between a CORESET and a BFD-RS set to update the beam of CORESETs after gNB’s confirm of TRP-specific BFR.  There are at least two options to indicate the association. The first option is that a CORESET is indicated by a RRC signalling to be associated with one BFD-RS set of two BFD-RS sets. The second option is that a CORESET is indicated by a MAC CE to be associated with one BFD-RS set of two BFD-RS sets. Considering that there is a MAC CE for a CORESET’s TCI activation, the MAC CE can be enhanced to further indicate the association between the CORESET and one BFD-RS set of two BFD-RS sets. Based on the analysis above, we propose that:

Proposal 12: For implicit BFD-RS set configuration, one CORESET configured or activated with one TCI state is associated with one out of two BFD-RS sets according to its associated CORESETPoolIndex value of the CORESET.
Proposal 13: For explicit BFD-RS set configuration, one CORESET configured or activated with one TCI state can be indicated to associate with one out of two BFD-RS sets either by RRC signalling or MAC CE.
However, only the CORESETs configured or activated with only one TCI state can be updated the beams with the new beam according to the agreement in last meeting. As we know that two TCI states are activated for a CORESET for SFN PDCCH transmission where PDCCH is transmitted from two TRPs which is agreed in agenda of 8.1.2.4. Therefore, a CORESET activated with two TCI states are associated with two BFD-RS sets since each BFD-RS set can identify one TRP. Whether the beam of CORESET activated with two TCI states can be updated after gNB’s confirm of TRP-specific BFR should be further decided. In our opinion, it is beneficial to update the beam associated with the failed BFD-RS sets with the new beam for the CORESETs activated with two TCI states since it can improve the robustness of the CORESETs if the beam associated with the failed BFD-RS set can be updated accordingly. Although a CORESET activated with two TCI states are associated with two BFD-RS sets actually, however, each TCI state of the CORESET should be indicated to be associated with which BFD-RS set in order to update the beam(s) of the CORESET after gNB’s confirm of TRP-specific BFR. Similarly with the case that a CORESET is configured or activated with one TCI state, a RRC signalling or a MAC CE can indicate each TCI state of two TCI states activated for a CORESET is associated with which BFD-RS set of two BFD-RS sets. Since there is a MAC CE to activate two TCI state for a CORESET, the MAC CE can be enhanced to further indicate each TCI state activated for the CORESET is associated with which BFD-RS set. Besides, as we know that the two activated TCI states of a CORESET should be able to be received simultaneously, therefore, the updating of beam(s) of the CORESET should consider whether the updated beams can be able to be received simultaneously after gNB’s confirm of TRP-specific BFR. Thus, the updated beams of a CORESET which is activated with two TCI states previously should satisfy the restriction. Otherwise, only one beam can be used for PDCCH monitoring in the CORESET, or stop monitoring PDCCHs in the CORESET until receiving a MAC CE to activate new TCI state(s) for the CORESET. Based on the analysis, we propose that:
Proposal 14: Further decide whether to support the beam updating of CORESETs activated with two TCI states after gNB’s confirm of TRP-specific BFR.
Proposal 15: If beam updating of CORESETs activated with two TCI states after gNB’s confirm of TRP-specific BFR is supported, 

· build an association between each TCI state of a CORESET activated with two TCI states and one BFD-RS set of two BFD-RS sets by RRC signalling or MAC CE.

· update the beam(s) of a CORESET activated with two TCI states to satisfy the restriction that the updated beams of the CORESET can be able to be received simultaneously.

The updating of other channels expect for CORESETs after gNB’s confirm of TRP-specific BFR is still FFS. In our opinion, the updating of PUCCH is very essential since the performance of HARQ-ACK on PUCCH is very important for network throughput. Therefore, the updating of PUCCH according to the new beam after gNB’s confirm of TRP-specific should be supported. Thus, we propose that:

Proposal 16: Support updating of PUCCH after gNB’s confirm of TRP-specific BFR.
As we know that UE can’t aware a PUCCH resource activated with only one beam is associated with which TRP in both S-DCI based and M-DCI based multiple TRPs.  In order to update the beam of a PUCCH resource associated with the failed TRP, an association between the PUCCH resource and a BFD-RS set of two BFD-RS sets should be indicated for UE in advance. Besides, a PUCCH resource can be activated with up to 2 spatial relation information where different repetitions of the PUCCH resource will be transmitted to different TRPs as agreed in 8.1.2.1. In order to update the beam(s) of a PUCCH resource activated with two spatial relation information previously, an association between each spatial relation information and a BFD-RS set of two BFD-RS sets should be indicated for UE in advance too. Therefore, for PUCCH resources activated with either one or two spatial relation information, an association between each spatial relation information and one BFD-RS set of two BFD-RS sets should be indicated for the PUCCH resource to update the beam of the PUCCH resource. And the beam(s) and pathloss reference RS(s) of a PUCCH resource associated with at least one failed BFD-RS set can be updated according to new beam(s) found for the failed BFD-RS set(s). Besides, the other power control parameters such as P0 value of PUCCH resources associated with different BFD-RS sets should be different after gNB’s confirm of TRP-specific BFR considering PUCCH resources associated with different BFD-RS sets are transmitted to different TRPs. Therefore, we propose that:
Proposal 17: Build an association between each spatial relation information of a PUCCH resource and one BFD-RS set of two BFD-RS sets in order to update the beam(s) of the PUCCH resource after gNB’s confirm of TRP-specific BFR.

Proposal 18: Determine different P0 value for PUCCH resources associated with different BFD-RS sets after gNB’s confirm of TRP-specific BFR.
2.3 Discussion on simultaneous receiving channel/RS with different QCL-TypeD
With multiple panels, UE can receive channel/RS with different QCL-TypeD simultaneously. For related enhanced schemes, they can provide more flexibility for simultaneous transmission of multiple channel/RS. Thus, in principle they can reduce the transmission latency and improve transmission efficiency. They are meaningful enhancement if there is enough time for study and discussion. At least, simultaneous receiving same type of channel/RS with different QCL-TypeD, including PDCCH+PDCCH and CSI-RS + CSI-RS can be further discussed since the number of combination item is limited and required time or workload may be relatively small. The motivation and benefit are explained in detail as follows for supporting simultaneous receiving PDCCH + PDCCH, CSI-RS + CSI-RS with different QCL-Type D.

In current NR system, the prioritization rule is specified to monitor PDCCH candidates in overlapped PDCCH monitoring occasions in multiple CORESETs with different QCL-TypeD on active DL BWPs of one or more cells. In detail, the highest priority QCL-Type D is associated with CSS set with the lowest index in the cell with the lowest index containing CSS; if there is no CSS, the highest priority QCL-Type D is associated USS set with lowest index in the cell with the lowest index. Based on the defined priority rule, it cannot support monitoring common search space set and UE specific search space set simultaneously for FR2 when common search space set with coarse transmit beam and UE specific search space set with refined transmit beam have different QCL-TypeDs. From another view, FDM/SFN based PDCCH enhancement is discussing in Rel-17 currently, which has the same requirement for simultaneous receiving PDCCH with different QCL-TypeD. From realization view, multiple panels at UE’s side is a typical configuration for FR2. It can support receiving one or multiple PDCCHs with different QCL-TypeD simultaneously for most of UEs working on FR2. Thus, we can further study simultaneous receiving PDCCH with different QCL-TypeD if time is available in Rel-17. 
In current NR system, NZP-CSI-RS resource set with the higher layer parameter repetition set to 'on' is configured to UE for Rx beam refinement. If a UE is configured with NZP-CSI-RS resource set with repetition ‘on’, the UE may assume that the CSI-RS resources within the NZP-CSI-RS resource set are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS resource set are transmitted in different OFDM symbols. With simultaneous CSI-RS transmission with different beams from different TRP, UE can make simultaneous Rx beam refinement if it has multiple panels and can generate multiple receiving beams simultaneously. As one example shown in Fig.1, UE with 2 panels can make simultaneous Rx beam refinement based simultaneously transmitted CSI-RS with 2 beams from 2 TRPs. With simultaneously receiving CSI-RS with different QCL-typeD, it can support enhanced Rx beam refinement and thus achieve the following benefits: 
· Reducing time for multiple Rx beam refinement; 

· Reducing slot/OFDM symbol number with scheduling restriction for PDSCH transmission with the same Tx beam for Rx beam refinement; 

· Supporting joint Rx beam refinement with more accurate refined beam selection result on account of interaction of simultaneous receiving multiple beams and simultaneous transmission for multiple Tx beams.
Therefore, further study is proposed to be made on simultaneously receiving CSI-RS with different QCL-TypeD if time is available in Rel.17.

Proposal 19: Further study simultaneously receiving PDCCH+PDCCH and simultaneously receiving CSI-RS+CSI-RS with different QCL-TypeD for multi-panel UE if time is available. 
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Fig.1 Simultaneous receiving CSI-RS with different QCL-TypeD for enhanced Rx beam refinement 

3 Conclusion
As a summary, we have the following proposals on beam management enhancement for multiple TRPs:

Proposal 1: To support multi-DCI based multi-TRP DL transmission,  UE can report two groups and M>=2 beams per group in a CSI-report. Different beams in different  groups can be received simultaneously.
Proposal 2: Support L1-SINR report for Option 2.

· Support a single CSI-report consisting N beam pairs/groups with the measured L1-SINR values and M(M>1) beams per pair/group, and different beams within a pair/group can be received simultaneous. L1-SINR can also be reported.
Proposal 3: Include inter-TRP interference in L1-SINR in group based beam reporting.
Proposal 4: For PUCCH-SR resource selection, when SR is triggered and 2 PUCCH-SR resources are configured, adopt alt 1 or alt 2 (PUCCH-SR resource associated with other/non-failed BFD-RS set or PUCCH-SR resource associated with failed BFD-RS set) if one BFD RS set fails in a cell where the 2 PUCCH-SR resources are configured. Otherwise PUCCH-SR resource selection is up to UE implementation.
Proposal 5: The priority of positive LRR of TRP-specific BFR is higher than positive SR.

Proposal 6: Further study the priority of positive LRR of TRP-specific BFR and positive LRR of SCell BFR considering whether PCell/PSCell is configured with TRP-specific BFR.
Proposal 7: How to ensure the MAC CE is transmitted to the right TRP is FFS.

Proposal 8: Support simultaneous configuration of TRP-specific BFR and cell-specific BFR for PCell/PSCell.
Proposal 9: RACH resources should be configured for cell-specific BFR where the configured RACH resources are associated with two NBI-RS sets of TRP-specific BFR configured for PCell/PSCell when TRP-specific BFR and cell-specific BFR are both supported for PCell/PSCell.
Proposal 10: Both CF-RA resources and CB-RA resources are supported when TRP-specific BFR and cell-specific BFR are both supported for PCell/PSCell.
Proposal 11: Support RRC based BFD-RS configuration for TRP-specific BFR.
Proposal 12: For implicit BFD-RS set configuration, one CORESET configured or activated with one TCI state is associated with one out of two BFD-RS sets according to its associated CORESETPoolIndex value of the CORESET.
Proposal 13: For explicit BFD-RS set configuration, one CORESET configured or activated with one TCI state can be indicated to associate with one out of two BFD-RS sets either by RRC signalling or MAC CE.
Proposal 14: Further decide whether to support the beam updating of CORESETs activated with two TCI states after gNB’s confirm of TRP-specific BFR.
Proposal 15: If beam updating of CORESETs activated with two TCI states after gNB’s confirm of TRP-specific BFR is supported, 

· build an association between each TCI state of a CORESET activated with two TCI states and one BFD-RS set of two BFD-RS sets by RRC signalling or MAC CE.

· update the beam(s) of a CORESET activated with two TCI states to satisfy the restriction that the updated beams of the CORESET can be able to be received simultaneously.

Proposal 16: Support updating of PUCCH after gNB’s confirm of TRP-specific BFR.
Proposal 17: Build an association between each spatial relation information of a PUCCH resource and one BFD-RS set of two BFD-RS sets in order to update the beam(s) of the PUCCH resource after gNB’s confirm of TRP-specific BFR.

Proposal 18: Determine different P0 value for PUCCH resources associated with different BFD-RS sets after gNB’s confirm of TRP-specific BFR.

Proposal 19: Further study simultaneously receiving PDCCH+PDCCH and simultaneously receiving CSI-RS+CSI-RS with different QCL-TypeD for multi-panel UE if time is available. 
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