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Introduction 
In RAN#86, the Rel-17 WID of further enhancements on MIMO (FeMIMO) for NR is approved [1], and the objectives related to multi-TRP in the FeMIMO WID are the shown as follows:
[bookmark: _GoBack]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:
a. 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
b. 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, two potential enhancements on beam management for multi-TRP are identified as follows and we will share our views on these enhancements.
· DL beam section for simultaneous multi-TRP transmission
· Collision handling for simultaneous multi-TRP transmission
Discussion
DL beam section for simultaneous multi-TRP transmission
In Rel-15/16, through group-based beam reporting, UE can inform gNB one pair of DL RSs that can be received simultaneously, and gNB can schedule simultaneous DL transmission according to the pair of DL RSs. In order to perform DL reception from different directions simultaneously in FR2, a typical UE has to activate more than one panels, where each panel can only form one Rx beam toward one direction at a time. When a group-based beam report is configured/triggered for UE, UE has to activate multiple panels for DL measurement to determine a pair of DL RSs that are measured from different panels with good qualities, then report them to gNB. After the report, once the pair of DL RSs act as spatial QCL sources in active TCI sates, UE has to activate the two panels corresponding to the DL RSs for DL reception. However, in the case if UE plans to activate only one panel for DL reception at a time due to e.g., power saving, or UE cannot find a second panel with feasible performance during DL measurement, UE still has to activate multiple panels for DL measurement to determine a second DL RS measured by a panel other than the best one, and it is still possible to require UE to perform DL reception using multiple panels simultaneously. It should be cautious that a UE working with more than one active panels for a long time will suffer from considerable energy consumption and might trigger thermal issue.
Observation 1: Group-based beam reporting mandates UE to always activate multiple panels at a time even UE plans to activate only one panel at a time due to e.g., power saving, or UE cannot find a second panel with feasible performance during DL measurement.
In order to avoid high energy consumption and thermal issue due to multiple active panels, it is necessary to introduce enhancement to beam reporting that not only facilitates DL beam section for simultaneous multi-TRP transmission, but also allows UE flexibility to control panel activation/deactivation based on DL measurements and/or UE power control.

Proposal 1: Introduce enhancement to beam reporting that facilitates DL beam section for simultaneous multi-TRP transmission and allows UE flexibility to control panel activation/deactivation

Collision handling for simultaneous multi-TRP transmission
In Rel-15, for operation in FR2, one active panel at a time for both DL and UL is generally assumed for a UE, and the UE is usually only capable to perform DL reception using one Rx beam at a given time instant. Thus, some collision handling rules are specified if multiple DL channels are transmitted simultaneously from same CC (or different CCs in the same frequency band) with different QCL assumptions, as listed in Table 1.
Table 1. Rel-15 collision handling rules for simultaneous transmission of DL channels
	Combination
	Collision handling rule

	PDCCH+PDCCH
	Only monitor on CORESET(s) prioritized according to CSS/USS and SS index

	PDCCH+PDSCH
	Prioritize reception of PDCCH


In Rel-16, PDSCH/PDCCH can be transmitted from different TRPs simultaneously and UE may be capable to support simultaneous DL reception with different spatial QCL assumptions thought e.g., multiple active panels. However, the collision handling rules defined in Rel-15 are not changed accordingly. In other words, according to current specification, even UE is able to form more than Rx beams simultaneously, UE may skip low-priority DL reception from other TPR if multiple DL channels with different spatial QCL assumptions are collided. Therefore, we see enhancement on collision handling for simultaneous transmission of DL channels is needed, at least for PDCCH+PDCCH and PDCCH+PDSCH. 

Proposal 2: Collision handling for simultaneous transmission of DL channels should be enhanced at least for PDCCH+PDCCH and PDCCH+PDSCH
In Rel-15, collision handling for simultaneous PDCCH and CSI-RS reception is also specified. According to current specification, for a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are spatially QCLed. However, for multi-TRP deployment, CSI-RS and PDCCH may be transmitted from different TRPs and UE may be able to support simultaneous PDCCH and CSI-RS reception with independent Rx beam-related behaviours, e.g., performing beam sweeping for CSI-RS measurement and forming a fixed Rx beam for PDCCH monitoring on separate panels, respectively, as shown in Figure 1. In Rel-17, at least for multi-panel UE, it might be beneficial to allow simultaneous CSI-RS and PDCCH reception with different Rx beam behaviours.
Proposal 3: Study whether to allow simultaneous CSI-RS and PDCCH transmissions from multi-TRP with independent UE Rx beam-related behaviours assumptions, at least for multi-panel UE
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Figure 1. Independent Rx beam-related behaviours for simultaneous PDCCH and CSI-RS reception

Conclusion
In this contribution, potential enhancements on beam management for multi-TRP were discussed. Based on the discussion in the previous sections, we made the following observations and proposals:

DL beam section for simultaneous multi-TRP transmission 
Observation 1: Group-based beam reporting mandates UE to always activate multiple panels at a time even UE plans to activate only one panel at a time due to e.g., power saving, or UE cannot find a second panel with feasible performance during DL measurement.
Proposal 1: Introduce enhancement to beam reporting that facilitates DL beam section for simultaneous multi-TRP transmission and allows UE flexibility to control panel activation/deactivation

Collision handling for simultaneous multi-TRP transmission
Proposal 2: Collision handling for simultaneous transmission of DL channels should be enhanced at least for PDCCH+PDCCH and PDCCH+PDSCH
Proposal 3: Study whether to allow simultaneous CSI-RS and PDCCH transmissions from multi-TRP with independent UE Rx beam-related behaviours assumptions, at least for a multi-panel UE
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