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Introduction
The Rel.17 MIMO enhancement includes the following objective:
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
This contribution presents our views on this issue. 
Enhancements on beam reporting
NR CSI/beam measurement is designed with a unified framework in mind. Although understandable from complexity perspective, it may result in scheduling limitation or inflexibility when extended to M-TRP/panel. For instance, when a single beam (out of a CSI-RS resource set of N resources) is reported, one may expect the CSI-RS resource set to correspond to different beams on a panel. When extended for M-TRP/panel operation, the following enhancements are possible:
· Alt-1: The CSI resource config consists of two CSI-RS resource sets as CMR, each mapped to a different panel/TRP.
· Alt-2: The CSI resource config consists of one CSI-RS resource sets as CMR, mapped over the aggregation of two panels/TRPs. 
Alt-1 probably offers more flexibility down the road, but is a significant departure from Rel.16 and expectedly more complicated. Alt-2 reuses the Rel.16 framework, but requires certain measurement restriction to better suit M-TRP. Weighing the pros/cons, alt-2 is slightly preferable.

Proposal 1: Reuse the same CSI measurement framework in Rel.16 for M-TRP, with additional measurement restriction tailored for M-TRP. 

Beam/CSI measurement for M-TRP in Rel.16 is mainly enabled with group-based reporting, where UE reports N beam indices (CRI or SSBRI) that can be “received simultaneously”. Assuming the CSI-RS set (for CMR) is mapped over the aggregation of two panels/TRPs, some grouping candidates are not possible. For instance if the first N/2 CSI-RS resources are mapped to the first panel/TRP, and the second N/2 CSI-RS resources are mapped to the second panel/TRP, group reporting should only be allowed when paired beams are from two sub-groups, respectively.
Proposal 2: Amend group-based reporting with restrictions on beam pairing for M-TRP. 

The Rx panel assumed for beam measurement is up to UE implementation. For instance the following are possible:
· Alt-1: Each TRP is measured with a single Rx panel. 
· Alt-2: Each TRP is measured over the aggregated Rx panels. 
Both should be supported in Rel.17. If alt-1 is used, it is likely that different Rx panels are used for measuring different TRP, and TRP 2 would impose interference on receiving panel of TRP 1. If alt-2 is used, TRP 1 and 2 may be superposed constructively.  Interference measurement needs to take into account these different assumptions.
The first case may be supported with L1-SINR measurement. Take TRP 1 as example, CMR is mapped to TRP1 and IMR is mapped to TRP2. However given the 1-to-1 resource association between CMR/IMR, independent CMR and IMR resource selection does not seem possible based on Rel.16, unless two TRP exhaustively cycle their beam combinations – which leads to large overhead. A possible enhancement is that IMR is not explicitly configured for L1-SINR measurement, while reported beams (e.g. CRI1, CRI2) point to channel and interference resources respectively.  For instance, CRI1/2 points to the CMR resources (mapped to TRP1/2 respectively), and interference comes from the other reported beam. This allows network to know the best beam combinations on TRP1 and 2. 
The second case can be supported with L1-RSRP reporting based on Rel.16. 
Proposal 3: For L1-SINR group-based reporting, only CMR is configured, while for each beam index (e.g. CRI1, CRI2), the other reported beam index points to the interference resource. 

Group measurement result may vary when different Rx panels are used. For Rx panel 1, {CRI1, CRI2} acts as channel and interference respectively. For Rx panel 2, {CRI1, CRI2} acts as interference and channel. Rx panel-specific beam reporting is beneficial to assist beam pairing on two TRPs. 
Proposal 4: Introduce Rx-panel-specific group based reporting, where multiple CSI reporting configs, when enabled, shall be measured on different Rx panels. 
Multiplexing of different channels and RSs
Multiplexing of PDCCH and PDSCH
According to the rule in Rel-15, if scheduling offset of a potential PDSCH is smaller than the threshold and there is another CORESET present in the symbols where UE attempts to receives PDSCH,  the UE is expected to prioritize the reception of PDCCH. In multi-TRP scenario, the number of PDSCHs scheduled by two TRPs in the same symbol can be 2. At the same time, whether to support monitoring CORESETs with different QCL-typeD properties in one monitoring occasion is under discussion in Rel-16. Therefore, at most four channels can overlap in one symbol (2 PDCCHs and 2 PDSCHs). If one PDCCH and 2 PDSCHs overlap, and there are 3 TCI states in total, the UE might prioritize the reception of the PDCCH and one PDSCH. However, how to determine the prioritized PDSCH needs much standardization work, and the performance gain is not clear. Therefore, we propose to always prioritize the reception PDCCH, no matter one or two PDCCHs overlap with PDSCHs.
Proposal 5: The rule in Rel-15 can be reused to handle the multiplexing of PDCCH and PDSCH. 
Multiplexing of PDCCH and CSI-RS
[bookmark: _GoBack]In Rel-15, if a CSI-RS resource and a PDCCH overlap in one symbol, the UE may assume that the CSI-RS and the PDCCH DM-RS are QCLed with 'QCL-TypeD'. If two CSI-RSs are transmitted by two TRPs, and they overlap with two PDCCHs, the UE shall assume that these two CSI-RS resources and PDCCH DM-RSs are QCLed with 'QCL-TypeD'. If presence (and TCI) of CSI-RS is known, CORESET should have higher priority than CSI-RS, and UE may use CORESET TCI for CSI-RS QCL assumption. If presence of CSI-RS is unknown, the same holds. In some cases it is possible to define an association between CSI-RS resources and configured CORESETs in the same symbol. 
Proposal 6: Define association relation between a CSI-RS resource and PDCCH (or CORESET, or CORESET group) in the same symbol.
Partial beam failure recovery
In Rel-15, BFR was standardized for PCell. In Rel-16, SCell based BFR was introduced. In RAN1 #101-e, it was proposed to support M-TRP based partial failure recovery [2]. If two TRPs have the same cell ID and one of the TRP fails, according to current specification, BFR will not be triggered. For the failed TRP, especially when independent scheduling is performed by this TRP, traffic transmission will be interrupted until link quality recovers automatically. It is possible to consider M-TRP based partial beam failure recovery, if independent recovery for each TRP is desirable.
Proposal 7: M-TRP based partial failure recovery can be considered in Rel-17.
Conclusions
Proposal 1: Reuse the same CSI measurement framework in Rel.16 for M-TRP, with additional measurement restriction tailored for M-TRP. 
Proposal 2: Amend group-based reporting with restrictions on beam pairing for M-TRP. 
Proposal 3: For L1-SINR group-based reporting, only CMR is configured, while for each beam index (e.g. CRI1, CRI2), the other reported beam index points to the interference resource. 
Proposal 4: Introduce Rx-panel-specific group-based reporting, where multiple CSI reporting configs, when enabled, shall be measured on different Rx panels. 
Proposal 5: The rule in Rel-15 can be reused to handle the multiplexing of PDCCH and PDSCH. 
Proposal 6: Define association relation between a CSI-RS resource and PDCCH (or CORESET, or CORESET group) in the same symbol.
Proposal 7: M-TRP based partial failure recovery can be considered in Rel-17.
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