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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 M-TRP 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 agreed as below:
	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



Firstly, for M-TRP beam measurement and reporting, both option 2(group-based beam reporting) and option 3(non-group-based reporting) should be considered to facilitate inter-TRP beam pairing. 
For group-based reporting, we prefer option 2. Option 2 based solution is for UE to report the N best beam pairs/groups wherein different beams within a pair/group can be received simultaneously. We think option 2 can simply enable inter-TRP beam pairing in the beam reporting, if UE knows which CMR(s) are from which TRP in a CSI-ResourceConfig. And, if L1-SINR based beam reporting is supported for option 2, cross-beam(cross-TRP) interference can be easily exploited for best beam pair reporting. Furthermore, more flexible beam reporting can be achieved with option 2, when ‘per-group reporting quantity’ is defined. For example, gNB may configure two beam pairs/groups, where group 1 is to report the best M-TRP beam pair based on option 2 and group 2 is to report any best beam pair to be received simultaneously in a conventional way. Then, gNB knows the best Tx beams for M-TRP simultaneous transmission from group 1 reporting and the best Tx beams for S-TRP transmission from group 2 reporting, where both information is derived from the same beam measurements and reported at the same time. With above assessment, option 2 based solution can improve flexibility and expandability of group-based beam reporting.
For option 2, only the number of pairs/groups needs to be increased compared to the legacy group-based beam reporting, but to keep the number of beams within a pair/group as 2 since up to 2 TRPs can be cooperated for M-TRP transmission. So, N can be {1, 2, 4}, and M is 2.
Proposal #2: Support option 2 for group-based beam reporting to facilitate inter-TRP beam pairing. N is {1, 2, 4}, and M is 2.

In order to report best transmission beam pair/group for NCJT using option 2, 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 channel and interference 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 that the best pair/group of transmission beams from two different TRPs can be reported with consideration of interference between those 2 TRPs.
Proposal #3: With option 2, 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

For non-group-based beam reporting, option 3 is straightforward solution. Different CSI-ReportConfig can be explicitly/implicitly associated for a UE to report best M beams within each CSI-ReportConfig. We think M can be at most 4 as legacy non-group-based beam reporting, and N is 2 considering 2-TRP simultaneous DL transmission/reception. With option 3, it is possible for UE to report both M-TRP specific best beam and S-TRP specific best beam with in each CSI-ReportConfig, if gNB configures which CMR(s) are from which TRP in each CSI-ResourceConfig. Then, gNB can selectively schedule M-TRP or S-TRP transmission for the UE, depending on multi-UE channel/interference circumstance. To enable both S-TRP based beam reporting and M-TRP based beam reporting along with the associated two CSI-ReportConfig, UE assumes last m beam(s) within M beams in a CSI-ReportConfig can be received simultaneously with other last m beam(s) in another CSI-ReportConfig, where m can be configured by gNB. 
For the above two FFS point “FFS: Association between different beams in above options and different TRP/UE panels” and “FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option”, we prefer to restrict that different beams within a pair/group cannot be received by same spatial filter on option 2, if the group is configured to report the best M-TRP beam pair based on option 2. For that case, the reported M-TRP beam pair within the group should be received by different UE Rx panels. Regarding option 3, different m beam(s) in different reports cannot be received by same spatial filter. This is because the WID said that the M-TRP beam management enhancements is for simultaneous multi-TRP transmission with multi-panel reception.
Proposal #4: Support option 3 for non-group-based beam reporting to facilitate inter-TRP beam pairing. M can be maximum 4 as legacy beam reporting, and N is 2.

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 #5: Consider beam measurement and reporting enhancement for different TDD DL/UL configuration across multiple TRPs.

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#103-e meeting including entire procedure of TRP-specific BFR behavior as follows.
	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

Agreement
Support TRP-specific BFD counter and timer in the MAC procedure
· The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

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



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.

Regarding the above first agreement for TRP-specific BFD-RS set and NBI-RS set, we think both implicit and explicit BFD-RS configuration should be supported for M-TRP specific BFR as legacy BFR procedure. In Rel-15/16 BFR discussion/decision, both methods were agreed because they have different use cases. Implicit BFD was firstly introduced as it is very natural to use PDCCH beam(s) to chase quality of serving beam(s). Explicit BFD was additionally introduced because gNB/TRP may use UE-specifically beamformed CSI-RS as serving beam RS for the UE, where the beam for the CSI-RS can be updated according to UE mobility by gNB implementation, e.g., via sounding signal from UE. Due to the reason, only RRC based CSI-RS was agreed for explicit BFD. In summary, implicit BFD is for cell-specifically beamformed or UE-group specifically beamformed CSI-RS/TRS and explicit BFD is for UE-specifically beamformed CSI-RS. Thus, we think both implicit and explicit BFD need to be supported to address various ways of network implementation. 
In the last meeting, there were debates whether each implicit BFD-RS set should be determined by CORESET pool configuration or it can be determined by a separated configuration of CORESET groups. The former approach is more straight-forward because main use case of TRP-specific BFR is for M-DCI based M-TRP by reminding that BFD is based on ‘serving’ beam, i.e., PDCCH beam, so no need for considering S-DCI based M-TRP for BFD. On the other hand, a benefit of the latter approach may be to cover additional use case(s), e.g. for partial BFD within a TRP. In our view, the former should be supported by default as the main objective of this agenda is for M-TRP, and could consider the latter approach additionally according to gNB configuration for better flexibility.
 In the last meeting, we have agreed independent NBI-RS set for each TRP. Accordingly, it is natural to map each implicit/explicit BFD-RS set with each NBI-RS set.
Proposal #6: Support both implicit and explicit BFD-RS configuration.
· For implicit BFD, TRP-specific BFD can be performed for a specific CORESET pool or per CORESET pool by default
· Further consider gNB configuration of CORESET group(s) within a CORESET pool when only one CORESET pool exists in the BWP. 
Proposal #7: Support 1-to-1 association between BFD-RS set and NBI-RS set.

As agreed in the last meeting, Rel-16 BFR is the baseline for TRP-specific BFR, and two options were agreed. Comparing both options, Option 2(separate BFR-PUCCH resource per TRP) would consume more SR-PUCCH resources for BFRQ than Option 1(single BFR-PUCCH resource for both TRPs). Noting that the number of SR-PUCCH resources is very limited and these resources is only available in PCell and PSCell, we think Option 1 should be supported. In addition, it is worthwhile to use a common BFR-PUCCH resource for both TRP-specific BFR and Rel-16 BFR since UE can 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 #8: Support option 1 with up to one dedicated PUCCH-SR resource in a cell group.
· A single BFR-PUCCH resource can be used for BFRQ and BFR MAC-CE can be enhanced by including a BF status report, where the BF status indicates the TRP(s) in beam failure, including all TRP failure status for fallback operation.

Beam enhancements related to multi-TRP  PDCCH transmission 
Based on the current specification, 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 TDM or in SFN manner. Potential schemes for PDCCH can be found in our companion contribution [2, 3]. In the last meeting, it was agreed to support SFN scheme for PDCCH reliability enhancements, which requires multiple TCI state(s) configuration/activation on a CORESET. This enhancement can include multiple QCL type-D RS indication as well as 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., PDSCH scheduled by DCI format 1_0 or by DCI format 1_1 without TCI field, and PDSCH within the threshold timeDurationForQCL. Specifically, since 2 TCI states are utilized for PDCCH scheduling a PDSCH, whether one or two TCI states of the PDCCH is used for the PDSCH reception should be discussed.
Proposal #9: Beam determination for PDSCH should also be investigated according to the enhanced beam indication for M-TRP PDCCH, e.g., PDCCH repetition and SFN based PDCCH transmission from M-TRP. 

Furthermore, the UE behavior regarding beam failure for the case when two TCI states are configured for a CORESET should be discussed and clarified. The issue is related to relationship between BFD RS sets and two TCI states configured for a CORESET. The UE should know how to use two TCI states for BFD. For example, if TRP-specific BFD is supported, two TCI states can be related to different TRPs. So, mapping rule between TCI state and TRP should be clarified. If the 1st and 2nd TCI state of the CORESET corresponds to TRP 1 and 2, respectively, 1st TCI state needs to be included in BFD RS set for TRP 1 but 2nd TCI state should be included in BFD RS set for TRP 2. For legacy BFD, i.e., for Rel-15/16 BFR, it should also be clarified whether both TCIs should be included as BFD RSs considering UE complexity on BFD/RLM. 
Proposal #10: Clarify the BFD behavior for Rel-17 BFR and for Rel-15/16 BFR when two TCI states are configured for a CORESET.

For SFN based M-TRP PDCCH transmission, 2 TCI states are configured for a CORESET. Therefore, PDCCH monitoring behavior in case of colliding multiple CORESETs with different QCL type-D should be carefully investigated. For example, if only one of two QCL type-D properties of SFNed CORESET is the same as monitoring CORESET, PDCCH from the SFNed CORESET should not be transmitted in SFN manner, which means dynamic fallback to non-SFN transmission. 
Proposal #11: Clarify UE behavior when CORESET with multiple QCL type-D RSs is overlapped with another CORESET(s).

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: Support option 2 for group-based beam reporting to facilitate inter-TRP beam pairing. N is {1, 2, 4}, and M is 2.
Proposal #3: With option 2, 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 #4: Support option 3 for non-group-based beam reporting to facilitate inter-TRP beam pairing. M can be maximum 4 as legacy beam reporting, and N is 2.
Proposal #5: Consider beam measurement and reporting enhancement for different TDD DL/UL configuration across multiple TRPs.
Proposal #6: Support both implicit and explicit BFD-RS configuration.
· For implicit BFD, TRP-specific BFD can be performed for a specific CORESET pool or per CORESET pool by default
· Further consider gNB configuration of CORESET group(s) within a CORESET pool when only one CORESET pool exists in the BWP. 
Proposal #7: Support 1-to-1 association between BFD-RS set and NBI-RS set.
Proposal #8: Support option 1 with up to one dedicated PUCCH-SR resource in a cell group.
· A single BFR-PUCCH resource can be used for BFRQ and BFR MAC-CE can be enhanced by including a BF status report, where the BF status indicates the TRP(s) in beam failure, including all TRP failure status for fallback operation.
Proposal #9: Beam determination for PDSCH should also be investigated according to the enhanced beam indication for M-TRP PDCCH, e.g., PDCCH repetition and SFN based PDCCH transmission from M-TRP. 
Proposal #10: Clarify the BFD behavior for Rel-17 BFR and for Rel-15/16 BFR when two TCI states are configured for a CORESET.
Proposal #11: Clarify UE behavior when CORESET with multiple QCL type-D RSs is overlapped with another CORESET(s).
[bookmark: _GoBack]
References
[1] RP-193133, WID proposal for Rel.17 enhancements on MIMO for NR
[2] R1-2006597, Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH, LG Electronics
[3] R1-2100622, Enhancements on HST-SFN deployment, LG Electronics
9/9
image1.png
Enhanced group-based beam reporting (L1-SINR)

Report best N CMR(beam) pair(s)/group(s)

((.)) with consideration of L1-SINR ((.))
R Q)

TRP #1 TRP #2

CMR pair(group) 1: (#1, #4)
CMR pair(group) 2: (#1, #5)
CMR pair(group) 3: (#2, #5)
CMR pair(group) 4: (#2, #6) panel 1
CMR pair(group) 5: (#3, #4)

Panel 2

UE




