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1. [bookmark: _Hlk31184113]Introduction
The work item on Rel-17 MIMO enhancements has been specified [1]. 
FeMIMO WI from RP-193133
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
[…]
       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



[bookmark: _Hlk525732985]This contribution focuses on the feature 2-c in R17 FeMIMO WID.  
2. [bookmark: _Hlk31296548]Enhanced Group Based Beam Report
In R15/16, when the UE is configured with groupBasedBeamReporting set to ‘enabled’, the UE is required to report in a single reporting instance two different CRI or SSBRI for each report setting, where the reported CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single receive beam or multiple simultaneous receive beams. There is a possibility, however, that the gNB cannot transmit simultaneously the two reported resources. This is the case, for example, when the two reported resources are transmitted using the same TRP and the group-based beam report would be discarded by the gNB almost certainly. This leads to unwanted reporting overhead and power consumption. Alternatively, we propose to introduce simultaneously transmittable beam set index per candidate beam so that the UE shall report only simultaneously receivable beams with different beam set indices.

Proposal 1: For group-based beam report, introduce beam set (or TRP) index per candidate beam. UE shall report simultaneously receivable beams with different beam set indices.
[bookmark: _Hlk20502450]Another potential issue with the current group-based beam reporting framework arises when the report quantity is set to ‘cri-SINR’ or ‘ssb-Index-SINR’. In this scenario, the reported SINR metric of one CRI or SSBRI may not correctly reflect the cross-beam interference due to the other CRI or SSBRI, depending on the CMR and IMR configurations of the respective CRI or SSBRI. Consequently, if the gNB schedules a multi-TRP and/or multi-panel communication using the reported two different CRIs or SSBRIs, the actual L1-SINR seen at the UE would be different, potentially degrading the performance. For addressing this situation, we have the following proposal:
[bookmark: _GoBack]Proposal 2: For L1-SINR based group report, gNB configures multiple candidate beam groups, among which UE reports beam group(s) such that the two beams per group can be received simultaneously.
· The corresponding CMR/IMR per beam in each candidate group should be configured such that the reported L1-SINR per beam reflects cross-beam interference from the other beam in the group.

In R16, when the UE is configured with groupBasedBeamReporting set to ‘enabled’, the supported values for reportQuantity are ‘cri-RSRP’, ‘cri-SINR’, ‘ssb-Index-RSRP’ or ‘ssb-Index-SINR’ of the reported two different CRI or SSBRI. However, the throughput enhancements and/or the macro-diversity benefits using simultaneous multi-beam communication may not be accurately captured using L1-RSRP and/or L1-SINR of the individual resources. For this we propose to support additional report metric, such as sum of CQI that more closely represent the achievable data rate using the reported beam group, when the UE is configured with groupBasedBeamReporting set to ‘enabled’.
Proposal 3: For group-based beam report, it can be considered for UE to report throughput related metric per reported beam group, including sum of CQI, capacity, mutual info.
In the current group-based beam report, only one group consisting of two different CRI or SSBRI is reported by the UE in a single reporting instance when groupBasedBeamReporting is set to ‘enabled’. In the event that multi-beam communication using the reported group cannot be scheduled, the gNB may request the UE to identify and report a new group of beams. This may be the case, for example, when the initially reported group of beams fail due to UE mobility. The repeated request for group-based beam report followed by the reporting of a single group of beams is hence disadvantageous in terms of signalling overhead. Hence, we propose to support the framework wherein multiple groups of beams can be reported by the UE when the gNB makes a single group-based beam report request. For this case, the UE could sort the reported groups based on the reported metric per group.
Proposal 4: For group-based beam report, UE can report more than one beam group, which can be sorted based on metric per group.
For the group-based report, gNB may have various purposes for the two reported beams. They could be used to maximize throughput or improve reliability. In R15/16, the beam pair selection is up to UE, which may not be aware of gNB’s intention. If the intention is to maximize throughput, UE may report two gNB Tx beams, which can be simultaneously received by two UE Rx beams with good SINR per Rx beam. If the intention is to maximize reliability, UE may report two gNB Tx beams, which can be simultaneously received by a single UE Rx beam with best combined SINR. In addition, gNB can also instruct UE to order the beam pairs based on certain criterion, e.g. based on sum or minimum of the two SINRs, where the former may favour the total throughput, while the latter may provide better reliability against beam blocking by selecting two beams with similar strengths. 
Proposal 5: For group report, gNB can signal the purpose (for throughput or reliability), operation mode (FDM/SDM/TDM), and corresponding beam pair selection criterion (based on sum or minimum of metrics of the two reported beams).
3. Other Enhancements for Simultaneous Rx
In R15, if a UE, configured for single cell operation or intra-band CA, monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETS that have QCL-TypeD properties on active DL BWPs of one or more cells, the prioritization rule is specified. That is, the UE monitors PDCCHs only in a CORESET (or multiple CORESETS having same QCL-TypeD as the CORESET) corresponding to the CSS set with the lowest index in the cell with the lowest index containing CSS. If no cell contains CSS, the UE monitors PDCCH in a CORESET corresponding to the USS set with the lowest index in the cell with lowest index. 
In case of mDCI based mTRP, the above QCL prioritization rule for overlapped CORESETs can be extended such that one QCL is prioritized per TRP by apply the rule among the CORESETs associated with the same TRP. Therefore, PDCCHs from two TRPs can be received simultaneously at the UE. 
Proposal 6: In multi-DCI based mTRP, the existing QCL prioritization rule for overlapped CORESETs should be applied within CORESETs with same CORESETPoolIndex.
In R15/16, BFR/RLM is performed per serving cell, and the beam failure or RLF is detected when all failure detection RSs have quality below the threshold. In case of mDCI based mTRP, UE may report failure only when both TRPs fail. In case of single TRP failure, gNB may take a while to realize the TRP failure based on A/N for the scheduled traffic, and this may not be efficient. 
To improve the recovery latency in case of single failed TRP, BFR/RLM can be configured per TRP, and UE can report the failed TRP via the other working TRP once all failure detection RSs for a given TRP have quality below the threshold. In this way, failed TRP can be recovered soon, instead of waiting until both TRPs fail. 
Proposal 7: Support BFR per TRP or partial BFR at least for multi-DCI based mTRP.
In R16, simultaneous dual default PDSCH beams have been introduced in multi-TRP. The two features related to multi-DCI based and single-DCI based multi-TRP/panel transmission are agreed to be part of UE capability. While these features are indicated by separate UE capability, the UE may prefer to disable it for power saving purposes. For example, a capable UE with short remaining battery life may only activate a single Rx panel at one time and keep the other panels in sleep mode. In this scenario, it would be beneficial for UE to recommend disabling the dual default PDSCH beam operation. 
Proposal 8: For power saving, UE can request to disable the dual default PDSCH beams in mTRP.
4. [bookmark: _Hlk31296570]Conclusion
In this contribution we discussed beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception. Below are the observations and proposals
Proposal 1: For group-based beam report, introduce beam set (or TRP) index per candidate beam. UE shall report simultaneously receivable beams with different beam set indices.
Proposal 2: For L1-SINR based group report, gNB configures multiple candidate beam groups, among which UE reports beam group(s) such that the two beams per group can be received simultaneously.
· The corresponding CMR/IMR per beam in each candidate group should be configured such that the reported L1-SINR per beam reflects cross-beam interference from the other beam in the group.

Proposal 3: For group-based beam report, it can be considered for UE to report throughput related metric per reported beam group, including sum of CQI, capacity, mutual info.
Proposal 4: For group-based beam report, UE can report more than one beam group, which can be sorted based on metric per group.
Proposal 5: For group report, gNB can signal the purpose (for throughput or reliability), operation mode (FDM/SDM/TDM), and corresponding beam pair selection criterion (based on sum or minimum of metrics of the two reported beams).
Proposal 6: In multi-DCI based mTRP, the existing QCL prioritization rule for overlapped CORESETs should be applied within CORESETs with same CORESETPoolIndex.
Proposal 7: Support BFR per TRP or partial BFR at least for multi-DCI based mTRP.
Proposal 8: For power saving, UE can request to disable the dual default PDSCH beams in mTRP.
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