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1. Introduction
In RP#86, a Rel-17 WID [1] for FeMIMO has been approved. According to item 2c in the WID as quoted below, RAN1 will evaluate and possibly specify beam management enhancement considering multiple TRP scenario. 
	1. 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 RAN1#103-e meeting, agreements related to Mul-TRP beam managements have been made and part of them are quoted below. 
	Agreement
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing.
· Option-2: Non-group-based reporting
 
Agreement
Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report
· NOTE: “UE panel” is used for discussion purpose only
 
Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response

Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD



Based on the above quotations, we will provide our views on some related issues, especially group-based beam report, TRP-specific BFR, and panel-related impacts. 
2. Discussion
2.1.  Enhancement on group-based beam report 
Group-based beam report has been introduced in NR since Rel-15. However, only two beams can be reported in a one reporting instance for such group-based beam report. Hence, it can be seen as that only two panels are assumed for simultaneous reception in Rel-15/16. 
For Rel-17 FeMIMO, RAN1 has started to discuss whether and how to set EVM (Evaluation Methodology) for simulations for each (sub-)items in WID. According to offline discussions in RAN1, item 2c in FeMIMO WID objectives may not have specific EVM tables, since companies thinks they can mostly be borrowed from EVM in Rel-16 and EVM of item 1 in FeMIMO WID objectives. From the EVM proposal of item 1, the equipped UE panels could be increased to 3 as baseline. Some companies are also considering UE device with 4 panels. 
RAN1 has not discussed whether the number of simultaneous reception of panels are increased. Nonetheless, potential benefits are observed to increase the number of beams in a reporting instance. It is also beneficial to consider panel dimension during beam reporting, that is, to discuss the relationship between reported beams and panels. Regarding the number of beams in a reporting instance, we think the number should be increased to at least 3 to comply with Rel-17 EVM for item 1. 
[bookmark: _Ref47777024]Proposal 1: To increase the number of reported beams in a reporting instance and discuss the relationship between the reported beams in a reporting instance and panels.
2.2.  TRP-specific BFR procedure
As agreements shown above, RAN1 has started discussion on whether to introduce TRP-specific BFR procedure in Rel-17. In NR Rel-15/16, BFRQ is triggered when UE detects quality of all BFD RS is below a threshold. When taking multiple TRP scenario into consideration, it may happen that beams/links related to a particular TRP has failed but not able to be detected/reported. The main reason results from the design of BFD RS configuration/determination is assuming single TRP scenario. Say UE is served by TRP A and TRP B, one possible case would be links to TRP B has failed, while BFRQ triggering condition is still not achieved. Under this case, the benefits of deploying multiple TRP scenario faces severe deduction. Meanwhile, UE may have unnecessary power waste for maintaining a half-functioning multiple-TRP mode. Having said that, for maximizing benefits harvesting from multiple TRP scenario, we support to introduce TRP-specific beam failure recovery in Rel-17. 
Proposal 2: Support TRP-specific beam failure recovery in Rel-17.
As we know, M-TRP scenario in Rel-16 can be operated in two modes: multiple DCI based M-TRP and single DCI based M-TRP. For M-DCI based M-TRP, it seems natural and easier to extend existing BFR procedures for each TRP. On the other hand, for S-DCI based M-TRP, companies seemed to have more concerns on it in last meeting. Indeed, S-DCI based M-TRP is more or less transparent to UE, which may affect introduction of TRP-specific BFR. Nonetheless, since both scenarios are possible to operate depending on network’s deployment, it makes no sense that we only consider M-SDI based M-TRP. In this way, it means when network is operating S-DCI based M-TRP, there still exists risk of undetected link failure with one of TRPs, which lowers down system performance hugely. In conclusion, regarding TRP-specific BFR, we need to consider both S-DCI based M-TRP and M-DCI based M-TRP. 
Proposal 3: TRP-specific beam failure recovery is applicable for both M-DCI and S-DCI based multiple TRP scenarios. 
BFR procedure at least involves: beam failure detection, new beam identification, BFRQ and gNB response. Hence, from the beginning, we may want to extend beam failure detection procedure for supporting TRP-specific BFR. From UE’s perspective, beam failure detection relies on measurement of BFD-RS. In order to identify the TRP suffering beam failure, it is sensible and important to configure separate BFD-RS corresponding to different TRPs. If network not configuring BFD-RS explicitly, UE also needs to determine separate BFD-RS set for different TRP. Hence, we have the following proposal. 
Proposal 4: For supporting TRP-specific BFR, BFD-RS is separately configured or determined per TRP. 
2.3.  Multi-panel Considerations
In Rel-17, a UE with multiple panels are considered, and accordingly network scheduling for DL or UL could be panel-specific for a Rel-17 compatible UE. For DL, if not all panels could be used for DL receptions simultaneously, network may indicate UE which panel(s) are used for current DL reception. For UL, as implied by WI objectives, only one panel is indicated by network to perform a configured or scheduled UL transmission among a set of active panels. The set of active panels is most likely simply a subset of total UE panels. 
Therefore, it is sensible that UE and network maintain the same understanding on the panel status. Otherwise, network may schedule a DL or UL transmission, which is indicated to perform via a deactivated panel. From our perspective, the same understanding should be held at lease during a relatively long duration. Another aspect to consider such common understanding on UE panel status is activation/deactivation decisioning factors from UE side, e.g., power consumption. A UE may decide to minimize the number of activated panels based on energy level of UE battery. It is indeed important if UE panel(s) is allowed to be deactivated by UE itself, subject to certain conditions.
[bookmark: _Ref47777028]Proposal 5: Study mechanism to ensure the same understanding on UE panel status between the gNB and UE are ensured to have the same understanding on UE panel status.
Rel-15/16 NR beam management mechanism supports both DL-based and UL-based approaches. While it suffices to entirely rely on DL beam management for beam correspondent UE, it is beneficial to allow the synergy between DL-based and UL-based approach, as discussed during Rel-15/16 timeline. With panel dimension comes into consideration explicitly, it is crucial to make sure that the understanding to UE panel status is consistent between the gNB and the UE, no matter which (or both) of beam management schemes is applied for beam training. For this purpose, panel information needs to be considered during beam reporting and during beam management SRS resource configuration. 
From UE perspective, the number of active panels is directly related to power consumption. When the energy level of UE battery is low, it is desirable for UE to maintain less active UE panel(s). Reporting such desire or reporting the intention to deactivate a subset of currently active panels seems sensible. On the other hand, since gNB is empowered beam indication capability, knowing or even controlling active panels seems sensible. Based on the above discussion, we have the following proposal.
Proposal 6: To enable common understanding on UE panel status between the gNB and UE, support the following signaling:
· [bookmark: _Toc7786350][bookmark: _Toc7786660][bookmark: _Toc7786782][bookmark: _Toc7785234][bookmark: _Toc7785306][bookmark: _Toc7785864][bookmark: _Toc7786090][bookmark: _Toc7791079][bookmark: _Toc7791265][bookmark: _Toc7791469][bookmark: _Toc7791717][bookmark: _Hlk7791848]NW signaling
· [bookmark: _Toc7785307][bookmark: _Toc7785865][bookmark: _Toc7786091][bookmark: _Toc7786351][bookmark: _Toc7786661][bookmark: _Toc7786783][bookmark: _Toc7791080][bookmark: _Toc7791266][bookmark: _Toc7791470][bookmark: _Toc7791718]indication to select UL transmission panel from currently active panels
· [bookmark: _Toc7785308][bookmark: _Toc7785866][bookmark: _Toc7786092][bookmark: _Toc7786352][bookmark: _Toc7786662][bookmark: _Toc7786784][bookmark: _Toc7791081][bookmark: _Toc7791267][bookmark: _Toc7791471][bookmark: _Toc7791719]indication to request a number of panels to be activated/deactivated based on UE capability
· [bookmark: _Toc7785235][bookmark: _Toc7785309][bookmark: _Toc7785867][bookmark: _Toc7786093][bookmark: _Toc7786353][bookmark: _Toc7786663][bookmark: _Toc7786785][bookmark: _Toc7791082][bookmark: _Toc7791268][bookmark: _Toc7791472][bookmark: _Toc7791720]UE reporting
· [bookmark: _Toc7785310][bookmark: _Toc7785868][bookmark: _Toc7786094][bookmark: _Toc7786354][bookmark: _Toc7786664][bookmark: _Toc7786786][bookmark: _Toc7791083][bookmark: _Toc7791269][bookmark: _Toc7791473][bookmark: _Toc7791721]report to indicate information of currently activated panels
3. Conclusion
According to the discussion mentioned above, we have the following proposals. 
Proposal 1: To increase the number of reported beams in a reporting instance and discuss the relationship between the reported beams in a reporting instance and panels.
Proposal 2: Support TRP-specific beam failure recovery in Rel-17.
Proposal 3: TRP-specific beam failure recovery is applicable for both M-DCI and S-DCI based multiple TRP scenarios. 
Proposal 4: For supporting TRP-specific BFR, BFD-RS is separately configured or determined per TRP. 
Proposal 5: Study mechanism to ensure the same understanding on UE panel status between the gNB and UE are ensured to have the same understanding on UE panel status.
Proposal 6: To enable common understanding on UE panel status between the gNB and UE, support the following signaling:
· NW signaling
· indication to select UL transmission panel from currently active panels
· indication to request a number of panels to be activated/deactivated based on UE capability
· UE reporting
· report to indicate information of currently activated panels
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