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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
In previous meetings, 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

Agreement
For beam measurement in support of M-TRP simultaneous transmission 
· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
· FFS: L1-SINR



For M-TRP beam measurement and reporting, option 2(group-based beam reporting) had been agreed to be supported. 
For option 2, we prefer 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 M is 2. Additionally, regarding “FFS: Whether the UE could report beams are received with different RX beams”, it can be naturally resolved if received panel ID reporting per reported CMR is supported within a group in option 2. When the Rx panel IDs for CMRs within a group are different, then gNB can be aware that the CMRs are received with different Rx beams. Subsequently, the CMRs can be associated to multiple UE panels.
Proposal #1: For option 2, support only M=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. Specifically, In order to enable best beam pair/group reporting with consideration of cross-beam (cross-TRP) interference 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.
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, it enables UE to report legacy group-based beam report in addition to the M-TRP beam report in a single report. Specifically, gNB can configure group 2 to report S-TRP best beam pair to be received simultaneously, considering fallback mode from M-TRP DL transmission in case of strong cross interference between M-TRP pair or severe blockage from one TRP. With above assessment, option 2 based solution can improve flexibility and expandability of group-based beam reporting.
Proposal #2: For option 2, support L1-SINR based beam pair/group reporting.
· Cross-beam (cross-TRP) interference can be considered for option 2.
· UE can report 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

	Draft Proposal 1.2: 
· Down-select from the following alternatives in RAN1#104b-e
· Alt-1: For option 2, support configuration of S=2 CMR resource sets corresponding to a periodic/semi-persistent CMR resource setting or an aperiodic trigger state
· UE reports M beams (e.g. CMR resource indices) from S=2 different CMR resource sets which can be received simultaneously
· NOTE: UE may assume that different CMR resources in different CMR sets can be received simultaneously, and CMR resources in the same CMR set cannot be received simultaneously
· FFS: whether S = M  
· Alt-2: For option 2, support configuration of two CMR resource subsets in a CMR resource set corresponding to a CMR resource setting
· UE reports M beams (e.g. CMR resource indices) from different CMR resource subsets, which can be received simultaneously
· NOTE: UE may assume that different CMR resources in different CMR subsets can be received simultaneously, and CMR resources in the same CMR subset cannot be received simultaneously 
· FFS: a specific ID can be used to differentiate CMR resource subsets in a CMR resource set.
· Alt-3: For option 2, support indication of S=2 SSB sets, where CMRs are implicitly mapped to a CMR set where a CMR in the set is QCLed (Type D) with a SSB in the same SSB set
· UE reports M=2 beams (e.g. CMR resource indices) from S=2 CMR sets 
· NOTE: UE may assume that different CMR resources in different CMR sets can be received simultaneously, and CMR resources in the same CMR set cannot be received simultaneously



In the last meeting, the discussion on enhancement for M-TRP specific CSI resource configuration was captured as above in the feature lead summary [2]. We think above alt 1(two different CMR resource sets) and alt 2(two different CMR resource subsets) can basically achieve the same functionality, so alt 2 can be a natural choice as CMR resource subset was agreed in M-TRP CSI enhancement agenda captured as below, in order to keep the consistency of CSI related configuration. Also, the detailed solution of alt 2 including how to distinguish two different CMR subset/group can be inherited from that of M-TRP CSI enhancement.
Proposal #3: Two different CMR resource subsets within a CMR resource set can be used for M-TRP specific CMR resource configuration, for the consistency of configuration with the agreed design for M-TRP CSI.

	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis



Regarding beam measurement and reporting enhancement, another aspect is to support BM functionality for a scenario with different TDD DL/UL configuration across different TRPs. For example, it is 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 #4: Consider beam measurement and reporting enhancement for different TDD DL/UL configuration across multiple TRPs.

Beam failure recovery for multi-TRP
Regarding BFR enhancement for M-TRP, it had been discussed in the last meeting including beam failure recovery request procedure.
	Agreement
For M-TRP BFR
· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set
· FFS: value of N (e.g. fixed in specification, or UE capability)
· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)

Agreement
For M-TRP BFR 
Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association details

Agreement
For BFRQ of M-TRP BFR
· Option 3: Up to two dedicated PUCCH-SR resources in a cell group
· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP
· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found
· Support at least indication of a single TRP failure 
· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE
· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)
· FFS: UE behavior when TRP failure status is different across cells
· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations



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.
Both Approach 1 and Approach 2 are valid depending on different M-TRP operation scenarios. So far, the focus of discussion was on Approach 2 while Approach 1 needs also to be supported. Regarding TRP-specific BFD-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 previous 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, 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.
Proposal #5: 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. 
Moreover, regarding the number of BFD-RS resources per BFD-RS set and BFD-RS resources across all BFD-RS sets per DL BWP, relevant UE capability reporting needs to be supported in order to address the increased UE complexity for tracking hypothetical BLER of more than two BFD RSs.
Proposal #6: Support UE capability report on the number of BFD-RSs for M-TRP BFR.

[bookmark: _GoBack]As agreed in the last meeting, BFRQ procedure using up to two dedicated PUCCH-SR resources in a cell group is supported. Regarding the “FFS: Whether PUCCH-SR resource can be configured with 2 spatial relations”, we think that the solution is useful especially for the case that the single PUCCH-SR resource in cell group is configured for M-TRP BFR. UE can choose one spatial relation among the two depending on TRP failure status, and both TRPs can monitor the single PUCCH-SR resource. We think that the choice between the two spatial relations can be left to UE implementation because both TRPs anyhow need to monitor the PUCCH-SR resource regardless of UE’s choice of the spatial relation. 
Similarly, when two dedicated PUCCH-SR resources in a cell group are configured, the selection rule between the two PUCCH resources does not need to be specified because each TRP will monitor each respective PUCCH-SR resource, and there is less motivation for gNB to know which PUCCH resource is chosen by UE when which TRP is in beam failure because UE will report the information about failed TRP(s) using BFR MAC-CE as agreed in the last meeting. Another issue for defining the selection rule is that the selection rule is ambiguous when TRP failure status is different across different CCs within a cell group, which could happen in real deployment according to different interference situation, beam patterns, etc. across different CCs. It might be decided depending on the number of CCs in beam failure, but it is not a perfect solution due to the limitation of binary decision.
Proposal #7: PUCCH-SR resource can be configured with up to two spatialRelationInfo.
Proposal #8: In case of multiple dedicated PUCCH-SR resources in a cell group, the selection rule between the two PUCCH-SR resources may not need to be specified.

Lastly, regarding the PRACH-based fallback behavior, it can be naturally supported if simultaneous configuration of Rel-15 cell-specific BFR and Rel-17 TRP-specific BFR in a SpCell is supported. Then, if single TRP is failed in the SpCell, Rel-17 TRP-specific BFRQ can be triggered with PUCCH-SR resource, and if both TRPs are failed in the SpCell, Rel-15 PRACH-based cell-specific BFRQ can be triggered. These two BFR procedures are independently configured and operated. One issue is when more than two CORESETs are configured in the SpCell with different TCIs. UE would select only two of the TCIs for BFD for the cell-specific BFR which may be transmitted from only one of the TRPs if we follow the legacy specification for the cell-specific BFD. Thus, this may need to be enhanced that cell-specific BFD-RS set can well include both BFD-RS sets for M-TRP BFR. 
For SCell BFR procedure, Rel-17 TRP-specific BFR can include Rel-16 SCell BFR functionality, i.e., unified operation is possible, if the BFR MAC-CE can indicate that all TRPs are in beam failure. In other words, one or two failed TRP index(es) can be conveyed by BFR MAC-CE.
Proposal #9: Support indication of both TRP failure as well as a single TRP failure via BFR MAC-CE.
· One or two failed TRP index(es) can be conveyed by BFR MAC-CE in case of SCell M-TPR beam failure.
· TRP index can be BFD RS set index from specification perspective
· One failed TRP index can be conveyed by BFR MAC-CE in case of SpCell M-TRP beam failure.
· If both TRP is failed in SpCell, PRACH-based BFR procedure can be triggered.

Beam enhancements related to multi-TRP  PDCCH transmission 
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. In previous 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 #10: 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 #11: 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, in addition, 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 #12: 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: For option 2, support only M=2.
Proposal #2: For option 2, support L1-SINR based beam pair/group reporting.
· Cross-beam (cross-TRP) interference can be considered for option 2.
· UE can report best N beam pair(s), each of which corresponds to (NZP-CSI-RS of TRP# 1, NZP-CSI-RS of TRP #2).
Proposal #3: Two different CMR resource subsets within a CMR resource set can be used for M-TRP specific CMR resource configuration, for the consistency of configuration with the agreed design for M-TRP CSI.
Proposal #4: Consider beam measurement and reporting enhancement for different TDD DL/UL configuration across multiple TRPs.
Proposal #5: 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 #6: Support UE capability report on the number of BFD-RSs for M-TRP BFR.
Proposal #7: PUCCH-SR resource can be configured with up to two spatialRelationInfo.
Proposal #8: In case of multiple dedicated PUCCH-SR resources in a cell group, the selection rule between the two PUCCH-SR resources may not need to be specified.
Proposal #9: Support indication of both TRP failure as well as a single TRP failure via BFR MAC-CE.
· One or two failed TRP index(es) can be conveyed by BFR MAC-CE in case of SCell M-TPR beam failure.
· TRP index can be BFD RS set index from specification perspective
· One failed TRP index can be conveyed by BFR MAC-CE in case of SpCell M-TRP beam failure.
· If both TRP is failed in SpCell, PRACH-based BFR procedure can be triggered.
Proposal #10: 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 #11: Clarify the BFD behavior for Rel-17 BFR and for Rel-15/16 BFR when two TCI states are configured for a CORESET.
Proposal #12: Clarify UE behavior when CORESET with multiple QCL type-D RSs is overlapped with another CORESET(s).
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