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1. INTRODUCTION
The work on the WID for Rel-17 eMIMO [1] kicked off in the RAN1 #102-e meeting. The following agreements were made during the multi-TRP beam management session:

	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

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

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

· 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

In RAN1#102-e, the following combinations of physical channels were discussed but there was no consensus among the companies whether or not to study further in future meetings
Study simultaneous reception of the same type of channels/RS with different QCL-TypeD assumption, including at least the following combinations:
· PDCCH+PDCCH, CSI-RS + CSI-RS
Study simultaneous reception of different types of channels with different QCL-TypeD assumptions, including at least the following combinations:
· SSB+PDCCH/PDSCH,  PDCCH+PDSCH, PDCCH+CSI-RS, PDSCH+CSI-RS
· Other combinations of channels/RS are not precluded.  




In this contribution, we provide our views on beam management measurement/reporting and per-TRP BFR for a M-TRP deployment. 
 
2. BEAM MEASUREMENT/REPORTING ENHANCEMENT

In NR Rel-16, beam management allows group-based beam reporting. When a CSI report is configured for group-based reporting, a UE reports its two best CRI/SSBRI as an indication of best beams. In the case of a single panel UE, there are no issues as the gNB can determine that a given beam report based on an RS is related to which TRP. In other words, the gNB is aware of the beams transmitted by each TRP and it can resolve any ambiguity on the reported beams. However, for the case of a multi-panel UE in a M-TRP deployment, the gNB cannot easily determine whether the reporting beam pair corresponds to an RS received on the same or different panels as seen in Figure 1. This is an issue that affects both group-based and non-group based reporting. 



[bookmark: _Ref54104482]Figure 1 Collision on UE antenna panel 1


One enhancement is to associate a beam report to a UE panel. This could be done with an explicit panel ID that is included per beam report or per RS in a beam report. Then, by association of SRI to an explicit panel ID, the PUCCH resource linked to the SRI can be used as an indication of the panel ID related to the CSI report contents. 

Observation 1: For the case of a multi-panel UE in a M-TRP deployment, the gNB cannot easily determine whether the reporting beam pair corresponds to an RS received on the same or different panels.

Proposal 1: Support association of beam reports to a UE panel, for example by including a panel ID. 

[bookmark: _Hlk54128369]In Rel-16, group-based reporting is supported where in each beam report a fixed number of beams are reported to the gNB. The main problem arising with such mechanism is that there is no control on how the reported beams are spread over the TRPs. Therefore, if all reported beams are related to a same TRP, then gNB cannot determine the best beam-pair. In Rel-17 some enhancements are being discussed aiming to improve beam-pair selection for reporting, namely, group-based and non-group-based reporting.
  
Assuming an enhancement based on group-based reporting, the problem of beam-pair selection can be addressed in a couple of ways. 
· For example, for each beam within the group, we can introduce and assign an index corresponding to each TRP. Therefore, every reported measurement would have an index to indicate its reference source, i.e., TRP. Hence, gNB would be able to distinguish between the cases where all reported measurements by a UE are related to a same TRP or not. Also, by inclusion of an index, a UE can be restricted from reporting only RSs of a single TRP. In other words, UE can be forced to report at least one qualified beam from each TRP. Then, in case the UE fails to do so, gNB may refrain from configuring the UE for M-TRP transmission till a proper set of beams are reported.
· Another potential enhancement that has been suggested is to simply increase the number of reported beams. This is beneficial for the network to find the best possible beam pair and to reduce the number of reports; however, it doesn’t guarantee that all the beams in the report are suitable for pairing across TRPs. This enhancement can be considered in addition to other restrictions on which beams to include in a report. 

In case of a non-group-based solution, the solutions can rely on using multiple reports. The potential beams can be configured into sub-groups, where each sub-group may be assigned to a different TRP. Beam reports may be done in multiple steps where in each step, a beam report correspond to a TRP is indicated. The benefit of using non-group-based solution is that the existing report structure in Rel-16 can remain the same; however, the gNB needs to configure the UE with multiple beam measurement objects. The beam indices can be associated to a TRP index similarly to the group-based report. Alternatively, since multiple reports are used, each report configuration can be associated with the TRP index. For example, the UE can be configured with multiple PUCCH configurations where each one is associated to a TRP. The UE can be restricted to use a PUCCH configuration associated to TRP1 to report CSI for beams from TRP1.  

Observation 2: Rel.16 beam reports do not provide the identity of the TRP for the contents. Therefore, if all reported beams are related to a same TRP, gNB cannot determine the best beam-pair.

Proposal 2: Support association of a beam reports to TRP index. 

3. BEAM FAILURE RECOVERY FOR MULTI-TRP

Rel-17 enhancements to BFR aim to enable per-TRP beam failure procedures. In Rel-16, beam failure procedures are configured on a per BWP basis. Beam failure is declared when all beam failure detection (BFD) RS monitored on the BWP fail. This becomes an issue in a multi-TRP scenario where the set of monitored BFD RS are configured with two different TRPs. For example, all the BFD RSs of TRP2 fail while the BFD RSs of TRP1 do not. Then beam failure is not declared for TRP2 because TRP1 still has a suitable connection. The UE will maintain a poor connection to TRP2 which will cause many retransmissions increasing the cell traffic load and interference. It is preferable to enable per TRP BFR such that in the cases similar to the example given above, beam failure can be declared at TRP2 only and enable the UE to perform beam reselection for TRP2. 
[bookmark: _Hlk54359952]The first aspect of BFR to consider is BFD. The UE needs to be able to identify the failing TRP by identifying to which TRP the failing BFD RSs belong to. Grouping BFD RSs per TRP enables the BFR procedure to be performed on a per group basis. Instead of declaring BFR when all BFD RS fail, beam failure per TRP can be declared when all BFD RSs belonging to the group associated to a TRP fail. This can be handled by configuring the BFD RS sets into groups that are associated per TRP. In addition, especially for TRP1, enhanced reliability can be provided by using BFD based on partial beam failure (i.e., when partial BFD RSs belonging to the group associated to the TRP1 fail). 
In terms of new beam identification, candidate RSs per TRP can be considered as well as BFD RSs. For example, if all BFD RSs belonging to a group associated to a TRP fail, associated candidate RSs with the group can be used for new beam identification. Based on the identified new beam, TRP specific report can be considered. For example, if BFR occurs on TRP1, a UE can report a new beam candidate for TRP1 independently. In addition, a new beam candidate for simultaneous PDCCH transmission from multi-TRPs can be considered as well as a single TRP PDCCH transmission. For example, if BFR occurs on TRP2, the UE reports a new beam candidate for TRP2 which may be the best beam for TRP2 but it may not form the best pair with the ongoing beam on TRP1 (e.g. causing high interference). 
The UE reports for BFR has some relation to the discussion on increasing the number of beams in a group-based beam report. A similar idea can be used for BFR to give more flexibility to the TRP and to remove ambiguity by increasing the number of candidate beams a UE can report per cell in a BFR. It provides more beam choices to the gNB based on the multiple reported candidates to either keep the same pair across TRPs or determine a new pair. As such, for BFRQ, UE addresses the beam failure request transmission to the failing TRP. Using RACH for per TRP BFR seems like a natural choice. It allows the BFR process to be completed per TRP with slight modification to existing procedures. 
Observation 3: Grouping BFD RSs per TRP enables the BFR procedure to be performed on a per group basis.

Proposal 3: Support group specific configuration of BFD RSs, candidate RSs and PRACH resources for BFR for multi-TRP

Proposal 4: Enhanced reliability should be considered for TRP1 by supporting partial BFR. 

4. CONCLUSIONS
This contribution discussed the enhancements to beam management for multi-TRP operation with multi-panel UEs. Based on the presented discussion, we make the following observations:

Observation 1: For the case of a multi-panel UE in a M-TRP deployment, the gNB cannot easily determine whether the reporting beam pair corresponds to an RS received on the same or different panels.

Observation 2: Rel.16 beam reports do not provide the identity of the TRP for the contents. Therefore, if all reported beams are related to a same TRP, gNB cannot determine the best beam-pair.

Observation 3: Grouping BFD RSs per TRP enables the BFR procedure to be performed on a per group basis.

Proposal 1: Support association of beam reports to a UE panel, for example by including a panel ID. 

Proposal 2: Support association of a beam reports to TRP index. 

Proposal 3: Support group specific configuration of BFD RSs, candidate RSs and PRACH resources for BFR for multi-TRP

Proposal 4: Enhanced reliability should be considered for TRP1 by supporting partial BFR. 
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