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Introduction
In RANP#86 meeting, the WID on beam management for multi-TRP operation (highlighted) was established as below
	· 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


In this contribution, we present our views on the high priority issues which were identified in RAN1#102e. 
	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


Note that this contribution is revised from R1-2008349 which was submitted to RAN1#103e.
Group-based beam reporting for multi-TRP
In RAN1#102e, the following agreements were achieved to indicate the way forward on multi-beam enhancement for multi-TRP scenario. 
	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
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



Enhancement of group-based beam reporting
In Rel.15, the group-based beam reporting was supported with L (= 1) group and up to Q (= 2) Tx beams per group. Literally, the reported group-based beams could be simultaneously received by UE and therefore it facilitates with DL/UL multi-beam indication when multi-TRP/panel are deployed. However, it doesn’t put any constraint on whether the two reported beams come from either a single TRP or separated TRPs. In addition, there is no information from NW side on whether the reported Q beams can be transmitted by gNB simultaneously or not. The only thing for sure is that the UE can receive these beams at the same time either using a single spatial filter or multiple spatial filters. 
Without such information, the reported group-based DL beams may be not even valid from the perspective of NW transmission. For instance, in Figure 1 the reported Tx beam #0 and Tx beam #1 can be received by UE at the same time, but cannot be transmitted by Panel #3 from TRP #0 simultaneously. Moreover, one may observe that the UE may only report group-based beams from a single TRP, which somehow cannot support NW’s scheduling from multi-TRP. Illustrated in Figure 1 too, the UE only reports beams from Panel #1 and Panel #3, but no beams from Panel 4 through Panel #7. Therefore, we think it would be helpful that the clarity of group-based beam selection for multi-TRP can be enhanced. 


Figure 1 [bookmark: _Ref53995018] The group-based beam reporting for multi-TRP
Observation 1:  In Rel.15/16, the group-based beam reporting was not optimized for multi-panel/multi-TRP operation. 
Moreover, for intra-cell multi-TRP operation, the specified group-based beam reporting (only one beam group and up to 2 Tx beams per group) seems not flexible enough in the sense of NW scheduling. The reason lies in that fact that NW is aware of only one DL Tx beam group which can be applied to the UE, thereby the choice for selecting DL Tx beams from different TRPs is very limited.
Observation 2:  In Rel.15/16, the specified group-based beam reporting (only single group and up to 2 Tx beams per group) seems too restrictive for multi-TRP operation. 
With above observations, we have following proposal
Proposal 1: RAN1 should enhance the group-based beam reporting for multi-TRP operation in following aspects
· Study and specify if necessary, the constraint on beam selection to facilitate the inter-panel/inter-TRP operation
· Study and evaluate the benefits of increasing the number of groups and/or beams per group, specify the enhancement correspondingly if necessary
Per Rx beam set reporting vs. per panel reporting
In Rel.15, RAN1 made a working assumption which defined two types of group-based beam reporting. Conceptually, these alternatives could be named as per Rx beam set reporting and per UE panel reporting. Due to limited time in Rel.15, RAN1 left the down-selection of these two alternatives unsettled. Fortunately, the specified group-based beam reporting mechanism in Rel.15 can be interpreted in either way. 
In RAN1#103e, the group-based beam reporting was discussed again and agreed. Specifically, to elaborate our understanding on Option 1 and Option 2, we depict Figure 2.
	Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option


In our view, the group-based beam reporting of Option 1 can be interpreted as on a basis of per UE panel. For example, DL Tx beam #0 and DL Tx beam #2 (from UE antenna group 1) can be received by UE simultaneously. By the definition of Option 1, it aligns well with UL multi-panel beam selection which was concluded in Rel.16 and being processed in Rel.17. Since the Tx beams are reported from each UE antenna panel, it seems convenient that the UL beam indication can be conducted with specific panel ID and it seems to be well aligned with the newly defined unified TCI for either DL and UL usage.
As for Option 2, it selects DL Tx beam(s) by applying UE implemented Rx beam set(s). The reported Tx beams selected by the same Rx beam set (different beams within a pair/group) can be received simultaneously by UE. DL Tx beam #0 and Tx beam #1 can be received by Rx beam set #0 which is composed of 3 Rx beams from 3 Rx panels at UE side. For L1-SINR reporting, it is straightforward that CMR and IMR can be measured by the same Rx beam set(s) with potentially less overhead when compared with the measurement/reporting on a per UE panel basis (Option 1). 

 
Figure 2 [bookmark: _Ref53997680] The group-based beam reporting of Option 1 and Option 2 for multi-TRP
For Option 3, UE has to report the group-based beams via N (N>=2) report settings CSI-ReportConfig. Given the current CSI reporting framework, the UE needs to conduct beam reporting via at least twice PUCCH/PUSCH. If any of PUCCH/PUSCH cannot be successfully decoded by NW, the other reported beam(s) cannot be valid until NW collects all the beams in the group/pair. Secondly, we don’t think a single group-based beam reporting (in Option 1 or Option 2) would take too much UL payload. Therefore, it seems not necessary to split the group-based beam reporting into ‘groups’ (meaning multiple reports) again. 
Therefore, given these aspects of Rel.17 beam management for multi-TRP, we prefer Option 1 and have following 
Proposal 2: For M-TRP, support Option 1 that a UE can report N>1 pair/groups and M>=1 beams per pair/group in a single CSI report. Different beams in different pairs/groups can be received simultaneously. 
BFR enhancement for multi-TRP
In Rel.15, one BFR procedure for primary cell has been designed and specified to handle the events of beam failure in PCell. Afterwards in Rel.16, a newly designed BFR procedure for secondary cell(s) was specified to cover beam failure events of all the serving cell(s) of a UE. In addition, RAN2 further enhanced the SpCell BFR by reusing the MAC CE which was initially specified for SCell BFR. However, these procedures originally aim for the single-TRP scenario and leave the multi-TRP scenario nearly untouched. 
One may argue that current BFR procedures can be simply extended from single-TRP to multi-TRP. When two TRPs have different serving cell IDs, they can be treated as SpCell and SCell(s) separately. When two TRPs share the same serving cell ID, they can be treated as either SpCell or SCell. But for the latter case, current spec has some unnecessary limitation which needs to be further considered for facilitating TRP-specific in Rel.17. 
Besides TRP-specific BFR, we would like to elaborate the concept of partial BFR. For instance, if q0 contains up to two BFD RS and only one of the two BFD RS is faded, it could be beneficial for the UE to trigger a BFR procedure to partially recovery one of the two links. Another example could be that assuming there are two TRPs in a serving cell, and each TRP is configured with a single BFD RS, these two BFD RS can be included into a set q0. In this sense, TRP-specific BFR can be viewed as a partial BFR, so we think TRP-specific BFR and partial BFR are somehow aligned and not conflict to each other.
In RAN1#102e, one agreement on TRP-specific BFR was achieved and listed as below for reference
	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 behaviour on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response


Before we expand the discussion into next-level details, we first would like to provide our general proposal as
Proposal 3: In Rel.17, RAN1 supports TRP-specific or partial BFR procedure including BFD, NBI, BFRQ, BFRR and UE behavior on automatic beam updating after successful BFR. 
TRP-specific/partial BFD and NBI
In RAN1#103e, the TRP-specific BFD and NBI for multi-TRP was agreed.
	Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including L1-RSRP, threshold


In Rel.15/16, the BFD set q0 can only contain up to two periodic CSI-RS resources as BFD RS. Assuming for multi-TRP deployment, reasonable configuration on BFD would be to assign one BFD RS for each TRP illustrated in Figure 3 (a). This is aligned with above agreement on that each TRP is associated with a BFD RS set. In this case, each BFD RS set only contain one BFD RS. When the TRP allocated with RS #0 as BFD RS is blocked and the other TRP allocated with RS #1 may still work well, the BFR procedure will not be triggered according to Rel.15/16 specifications. Since the TRP-specific BFD is now supported in Rel.17, it seems no harm to also support the legacy Rel.15/16 BFD for multi-TRP scenario. 
Proposal 4: Supports partial BFD for UE to detect beam failure instance from any configured TRP by reusing Rel.15/16 BFD.


Figure 3 [bookmark: _Ref60839488] Partial BFR happened when only one BFD RS is with worse channel condition
To facilitate partial BFR, we think the NBI should be partially carried out as well. Considering the case in Figure 3 again, when UE detect partial BFR on RS #0, the UE should select new beam from the same failed TRP. In other words, the partial NBI somehow aligns with TRP-specific NBI, and we have
Proposal 5: Support partial NBI from the TRP in which UE experiences beam failure.
TRP-specific/partial BFRQ
In RAN1#103e, the Rel.16 BFRQ was discussed and finally agreed as for Rel.17 framework of multi-TRP BFRQ.
	Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure


From signaling perspective, the BFRQ MAC CE should provide enough information on BFR to NW. First of all, since each TRP can be identified by a CORESETPoolIndex, it is straight forward for a UE to report such TRP “ID” to NW. Therefore, NW can be aware of in which TRP a UE experiences beam failure. Secondly, when multiple TRPs serve a UE in different component carriers, the CC index associated with failed TRP should be reported same as Rel.16 SCell BFR. Next, if the UE finds proper new beam via NBI procedure, it should report the new beam ID to NW for recovery purpose. But if the UE cannot find any proper new beam, it should let NW know that there is no such good quality beam for recovery. One codepoint in MAC CE can be saved to indicate such event of ‘no new beam found’. Moreover, when more than one TRP fail, a UE should be able to send the BFRQ via single MAC CE. This is similarly design in Rel.16 for multiple SCell BFRQ. Hence, given the about discussion, we think
Proposal 6: [bookmark: _Hlk61601950]From signaling perspective, the BFRQ MAC CE for multi-TRP should include failed TRP ID(s), CC index (if applicable), new candidate beam index (if any), and availability of new beam. 
· CORESETPoolIndex can be used as TRP “ID” in BFRQ MAC CE.
RS overhead issue for multi-panels/BWPs/CCs
During beam management phase, UE/TRP needs to identify suitable DL/UL beam with beam sweeping from TRP/UE. The beam sweeping is performed using CSI-RS/SRS resource set. Each CSI-RS/SRS resource in a CSI-RS resource set is corresponding to each directional beam.
Especially for UL beam management, since UE has several panels as described below, many beam sweeping procedures may happen which cause SRS resource overhead issue. In Figure 4, 8 beam sweeping procedures may be required. There are red color antenna panels and blue color antenna panels. The panels with same color face to the same direction. The panels with different colors face to different directions. More specifically, the panels facing to the same direction can provide same beam sweeping property. In current NR specification, there is a QCL relationship between reference signal resources. If there is a QCL relationship between reference signal resource set, gNodeB/TRP can reduce UL beam management procedures. One beam sweeping in UE side is required for 4 blue antenna panels and one beam sweeping is required for 4 red antenna panels. Totally two beam sweeping procedures are needed for below antenna panel deployment which can reduce SRS resource overhead. The QCL relationship between SRS resource sets on the different antenna panels needs to be specified to reduce SRS resource overhead.
[image: ]
Figure 4 [bookmark: _Ref528673795] UE side antenna panel deployment
Proposal 7: Specify the QCL relationship among SRS resource sets on different directional antenna panels.
In case of the TRP having same directional antenna panels as same as UE side, the QCL relationship between SSB/CSI-RS on different directional antenna panels is needed to be specified to reduce UE’s burden in monitoring SSB/CSI-RS during beam management.
Proposal 8: Specify the QCL relationship among CSI-RS resource sets/SSBs on different directional antenna panels.
As same as QCL definition in multi-TRPs, we can discuss same issue for multi- BWPs/CCs. UE can handle maximum 4 BWPs and 32 CCs in Rel16 specification. When each BWP/CC requires independent beam sweeping procedure, UE burden to monitor them would happen. We think the QCL relationship among SRS-resource sets/CSI-RS resource sets/SSBs on different BWPs/CCs needs to be considered.
Proposal 9: Specify the QCL relationship among SRS resource sets/CSI-RS resource sets/SSBs on different BWPs/CCs (intra band).
Antenna panels
Though the term of “antenna panel” has been intensively used in the discussion so far, a clear definition of antenna panel is still absence, which may cause difficulty for further progress on the topics relates to multiple panel operation. So we have following 
Observation 3:  A definition of “antenna panel” is needed to pave the road for the progress on multi-panel operation. 
A more intensive discussion on the possible definition of antenna panel and the possible panel specific transmission has been provided in [2]. We would like to reiterate here that the definition of antenna panel may vary from implementation to implementation. However, to enable an effective multiple panel operation, we suggest that the definition of a UE-panel shall be formulated in such a way that it can be associated with one or more of the properties listed below. 
1. A UE-panel supports Y beams
1. Whether a UE-panel supports beam correspondence (BC)
1. A UE-panel supports YRX independent Rx/TX-beams (from the Y set of beams)
1. Each beam from a UE-panel may support one or two polarizations when receiving/transmitting 
Even for multi-TRP scenario, a panel ID explicitly configured in spatialRelationInfo or unified TCI can be beneficial for panel specific operation. Therefore we have 
Proposal 10: A panel ID explicitly configured in spatialRelationInfo or unified TCI can be beneficial for panel specific operation.
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1: RAN1 should enhance the group-based beam reporting for multi-TRP operation in following aspects
· Study and specify if necessary, the constraint on beam selection to facilitate the inter-panel/inter-TRP operation
· Study and evaluate the benefits of increasing the number of groups and/or beams per group, specify the enhancement correspondingly if necessary
Proposal 2: For M-TRP, support Option 1 that a UE can report N>1 pair/groups and M>=1 beams per pair/group in a single CSI report. Different beams in different pairs/groups can be received simultaneously. 
Proposal 3: In Rel.17, RAN1 supports TRP-specific or partial BFR procedure including BFD, NBI, BFRQ, BFRR and UE behavior on automatic beam updating after successful BFR. 
Proposal 4: Supports partial BFD for UE to detect beam failure instance from any configured TRP by reusing Rel.15/16 BFD.
Proposal 5: Support partial NBI from the TRP in which UE experiences beam failure.
Proposal 6: From signaling perspective, the BFRQ MAC CE for multi-TRP should include failed TRP ID(s), CC index (if applicable), new candidate beam index (if any), and availability of new beam. 
· CORESETPoolIndex can be used as TRP “ID” in BFRQ MAC CE.
Proposal 7: Specify the QCL relationship among SRS resource sets on different directional antenna panels.
Proposal 8: Specify the QCL relationship among CSI-RS resource sets/SSBs on different directional antenna panels.
Proposal 9: Specify the QCL relationship among SRS resource sets/CSI-RS resource sets/SSBs on different BWPs/CCs (intra band).
Proposal 10: A panel ID explicitly configured in spatialRelationInfo or unified TCI can be beneficial for panel specific operation.
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