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Introduction
The approved WID [1] includes enhancements on MIMO for NR, and main target of the enhancements is to enhance multi-beam operation, multi-TRP transmission and reception, SRS and CSI measurement and reporting. Specifically for multi-TRP enhancements, there are four sub-topics, regarding reliability enhancements on PDCCH, PUSCH and PUCCH using multi-TRP, inter-cell multi-TRP operations, beam management for multi-TRP, and HST-SFN deployment, respectively.
	2. 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 discuss the enhancements on beam management for multi-TRP including simultaneous multi-TRP transmission with UE multi-panel reception.
Discussion
Beam measurement and reporting enhancements for per-TRP beam management
Rel-15/16 beam management had been designed for S-TRP operation and there is some room to optimize it for M-TRP. In order to facilitate M-TRP operation in FR2, UE would need to activate multiple panels for MTRP reception as discussed in Rel-16, i.e., one Rx panel activated for each TRP. With this assumption, beam management can be operated per TRP-UE panel pair basis, i.e., BM for TRP#0-UE panel#0 pair and BM for TRP#1-UE panel#1 pair. 
Proposal #1: Beam management enhancement can be considered for multiple pairs of TRP-UE panel.

One potential enhancement is the beam measurement and reporting. Regarding beam management for simultaneous multi-TRP transmission with multi-panel reception, SSB/CSI-RS based beam reporting mechanism can be enhanced. In the current specification, for SSB/CSI-RS based beam reporting, a CSI-ResourceConfig which is composed of NZP-CSI-RS resource set(s) and/or SSB resource set(s) can be configured for a CSI-ReportConfig. Then, according to the reportQuantity of the CSI-ReportConfig, maximum 4 best CSI-RS beam(s) or SSB beam(s) within the CSI-ResourceConfig are reported by UE with measuring their L1-RSRPs or L1-SINRs, if the group-based reporting is disabled. Otherwise, if the group-based reporting is enabled, best 2 CSI-RS beam(s) or SSB beam(s) within the CSI-ResourceConfig are reported by UE, where the best 2 beams can be received simultaneously.

In the last meeting, enhancement on the beam measurement and reporting for M-TRP had been discussed and it had been agreed as below:
	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



Firstly, for M-TRP beam measurement and reporting, both option-1(group-based beam reporting) and option-2(Non-group-based reporting) should be considered to facilitate inter-TRP beam pairing as a baseline. 
In order to support M-TRP specific non-group-based beam reporting, NZP-CSI-RS resource set(s) and/or SSB resource set(s) can be grouped with two or more groups in a CSI-ResourceConfig. If each group is intended for each pair of TRP-UE panel, a UE can report each best N beam(s) per each group of NZP-CSI-RS resource(s) or SSB resource(s). In this way, TRP/panel-specific beam reporting can be achieved with ‘a’ CSI-ReportConfig, which brings lower RRC configuration overhead for M-TRP beam reporting to CSI-ReportConfig and saving UL resource for M-TRP beam report as a single PUCCH resource can be used for the TRP/panel-specific beam reporting, compared with legacy method based on M beam reports using M PUCCH resources. Moreover, for a scenario with different TDD DL/UL configuration across multiple TRPs, it is also considerable to allow SRS to be configured in CSI-ResourceConfig for cross-link beam management, e.g., to control UE Tx beam to UE Rx beam interference when TRP#0 is in UL and TRP#1 is in DL, where this scenario can happen frequently in typical NR FR2 deployments.
Proposal #2: Both group-based beam reporting and non-group-based beam reporting should be considered to facilitate inter-TRP beam pairing.
Proposal #3: Consider beam measurement and reporting enhancement for different TDD DL/UL configuration across multiple TRPs.

[bookmark: _GoBack]Furthermore, regarding M-TRP specific group-based reporting, in order to report best transmission beam pair/group for NCJT, NZP-CSI-RS resource(s) from a TRP (TRP#1) and NZP-CSI-RS resource(s) from another TRP (TRP#2) can be paired/grouped for both CMR and IMR measurement which can be configured as group candidate(s) as shown in figure 1. In each pair/group, UE can simultaneously measure L1-SINR of TRP#1 (channel from NZP-CSI-RS of TRP#1, interference from NZP-CSI-RS of TRP2) and L1-SINR of TRP#2 (channel from NZP-CSI-RS of TRP#2, interference from NZP-CSI-RS of TRP#1) using multiple Rx panels, and then report best N pair(s)/group(s) of NZP-CSI-RS resources. It means the best pair/group of transmission beams from two different TRPs can be reported with consideration of interference between those 2 TRPs.
Proposal #4: For group-based beam reporting, L1-SINR based NCJT beam pair reporting can be considered by reporting best N beam pair(s), each of which corresponds to (NZP-CSI-RS of TRP# 1, NZP-CSI-RS of TRP #2).
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Figure 1. Potential enhancements for group-based based beam reporting

Beam failure recovery for multi-TRP
In the Rel-15 NR, PRACH-based beam failure recovery was specified for SpCell when beam failure event is occurred on all of the CORESET beams in the SpCell or occurred on the UE-specific beam failure detection RS. Additionally, in Rel-16 eMIMO beam management enhancement, PUCCH-based beam failure recovery was introduced for SCell beam failure.
Another potential area in beam management for M-TRP to be enhanced is beam failure recovery. Regarding BFR enhancement for M-TRP, it had been discussed in RAN1#102-e meeting including entire procedure of TRP-specific BFR behavior as follows.
	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



In typical M-TRP scenario, one TRP(TRP#1) may transmit system information, paging and RACH message and another TRP(TRP#2) just transmits UE dedicated PDSCH to improve DL throughput without broadcast information. According to the current specification, if hypothetical BLERs of CORESET beams for TRP#1 are above a threshold and not for all of CORESET beams within a BWP, beam failure event may not occur (i.e., BF is claimed only when all CORESET TCIs within a BWP fail), but UE cannot receive broadcast information such as SIB, unfortunately. In that regard, two approaches can be considered for BFD in M-TRP scenario.
Approach 1: BFD is performed on the primary TRP only
Approach 2: BFD is performed per TRP
For Approach 1, BFD needs to be enhanced to when all of CORESET beams for default/primary TRP are in beam failure event (i.e., but not for all of the CORESET beams within a CC/BWP).
For Approach 2, two separated BFR procedures can be defined within a CC/BWP, i.e., BFD is performed per CORESET pool or BFD RS set. New beam RS candidates can be configured separately for each TRP.
Proposal #5: Support BFR enhancement for M-TRP, where BFD is operated on the primary TRP only or on each TRP.
· TRP-specific BFD can be performed for a specific CORESET pool or per CORESET pool

When TRP-specific beam failure event is occurred, UE should declare the event to gNB. Both Rel-15(PRACH-based) and Rel-16(PUCCH-based) BFRQ procedure can be considered for M-TRP BFRQ. However, since M-TRP transmission/reception can be operated even on SCell, Rel-16 PUCCH-based approach is more natural for TRP-specific BFRQ operation. For Approach 2, separate BFR-PUCCH resource can be assigned for each TRP but this would consume more SR-PUCCH resources for BFRQ. Accordingly, it is also considerable to use a common BFR-PUCCH resource and report BF status by BFR MAC-CE. The BF status can indicate which TRP(s) is in beam failure, and this status can also include that all TRPs are in beam failure.  
Proposal #6: Rel-16(PUCCH-based) BFR is the starting point for TRP-specific BFR
Proposal#7: A single BFR-PUCCH resource can be used for BFRQ and Rel-16 BFR MAC-CE can be enhanced by including a BF status report, where the BF status indicates the TRP(s) in beam failure.

Enhancements related to enhanced PDCCH transmission for multi-TRP 
Based on the Rel-16 M-TRP enhancement, a UE can receive a PDCCH from a TRP since only a single TCI state can be activated for a CORESET. In Rel-17 M-TRP enhancement, in order to improve PDCCH reliability, PDCCH can be transmitted from multiple TRPs using FDM/TDM or in SFN manner. Potential schemes for PDCCH can be found in our companion contribution [2]. As discussed in [2], PDCCH MTRP transmission would likely require allowing multiple TCI state(s) configuration/activation on a CORESET. This enhancement is required from QCL type-D RS indication perspective as well as for other QCL parameters. With this enhancement, QCL type-D indication method for PDSCH should be carefully investigated as CORESET TCI is often used for PDSCH TCI, e.g., DCI format 1_0, no TCI in DCI, PDSCH within the threshold timeDurationForQCL. 
Proposal #8: Beam indication for PDCCH needs to be enhanced by taking M-TRP PDCCH reliability enhancement into account.
Proposal #9: Beam indication for PDSCH should also be investigated according to the enhanced beam indication for MTRP PDCCH, e.g., PDCCH repetition from M-TRP. 

Simultaneous reception of same/different type of channel/RS with different QCL-TypeD
According to the agreement below in the last meeting, the enhancements on simultaneous reception of same/different type of channel/RS with different QCL-TypeD are considered as low priority topic for study. We think prioritized topics such as M-TRP beam measurement/reporting framework should firstly be handled and finished, and the deprioritized topics can be studied/discussed if the time allows. 
	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 addition, it should be guaranteed the enhancements on simultaneous reception of same/different type of channel/RS are targeting multiple Rx panel UE, not targeting single Rx panel UE as the WID objective is clearly written as ‘simultaneous multi-TRP transmission with multi-panel reception’. 
Proposal #10: Enhancement related to simultaneous reception, if any, should be applicable only to multi-panel UE.

Conclusion
In this contribution, we discuss our views for Rel-17 enhancements on beam management for multi-TRP including simultaneous multi-TRP transmission with UE multi-panel reception, and propose the followings based on the discussion.
Proposal #1: Beam management enhancement can be considered for multiple pairs of TRP-UE panel.
Proposal #2: Both group-based beam reporting and non-group-based beam reporting should be considered to facilitate inter-TRP beam pairing.
Proposal #3: Consider beam measurement and reporting enhancement for different TDD DL/UL configuration across multiple TRPs.
Proposal #4: For group-based beam reporting, L1-SINR based NCJT beam pair reporting can be considered by reporting best N beam pair(s), each of which corresponds to (NZP-CSI-RS of TRP# 1, NZP-CSI-RS of TRP #2).
Proposal #5: Support BFR enhancement for M-TRP, where BFD is operated on the primary TRP only or on each TRP.
· TRP-specific BFD can be performed for a specific CORESET pool or per CORESET pool
Proposal #6: Rel-16(PUCCH-based) BFR is the starting point for TRP-specific BFR
Proposal#7: A single BFR-PUCCH resource can be used for BFRQ and Rel-16 BFR MAC-CE can be enhanced by including a BF status report, where the BF status indicates the TRP(s) in beam failure.
Proposal #8: Beam indication for PDCCH needs to be enhanced by taking M-TRP PDCCH reliability enhancement into account.
Proposal #9: Beam indication for PDSCH should also be investigated according to the enhanced beam indication for MTRP PDCCH, e.g., PDCCH repetition from M-TRP. 
Proposal #10: Enhancement related to simultaneous reception, if any, should be applicable only to multi-panel UE.
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