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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to specify the beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception. In this contribution, the enhancements on beam management for multi-TRP are discussed.
2. Enhancements on group-based beam reporting for multi-TRP
In RAN1#104-e meeting [2], the following agreements were made to solve multi-TRP beam management issue,
	Agreement
For beam measurement in support of M-TRP simultaneous transmission 

· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 

· Support M = 2

· Support extending the maximum value of N > 1, exact value FFS

· N=1 and N=2

· FFS: Other values larger than 2

· FFS: Whether the UE could report beams are received with different RX beams

· Further study the support of option 1 and option 3

· The above applies at least for L1-RSRP

· FFS: L1-SINR 


The supported beam pairing method in above agreement is Option 2 discussed in RAN1#103-e meeting.  For Option 1, since different beams in different pairs/groups can be received simultaneously, the possible beam pairs for simultaneous reception can be any combination among the beams in different groups. For example, as shown in Table 1, if UE reports {CRI-1, CRI-2} & {CRI-3, CRI-4}, gNB could assume that all the four combinations {CRI-1 and CRI-3}, {CRI-1 and CRI-4}, {CRI-2 and CRI-3}, {CRI-2 and CRI-4} can be received simultaneously. However, from UE side, when considering interference between different TRP, it maybe that only the two combinations {CRI-1 and CRI-3}, {CRI-2 and CRI-4} are suitable for simultaneous reception, but gNB cannot obtain this information based on Option 1. In our understanding, Option 3 provides gNB the same information as Option 1, but with more spec impact, such as the association between different CSI-reports.  Therefore, we think there is no need to support Option 1 and Option 3. 

Table 1. Examples of Option 1/2/3

	Option 1
	One CSI-report
	{CRI-1, CRI-2} &
{CRI-3, CRI-4}
	CRI-1 and CRI-3 can be received simultaneously;

CRI-1 and CRI-4 can be received simultaneously;

CRI-2 and CRI-3 can be received simultaneously;

CRI-2 and CRI-4 can be received simultaneously.

	Option 2
	One CSI-report
	{CRI-1, CRI-3} &
{CRI-2, CRI-4}
	CRI-1 and CRI-3 can be received simultaneously;

CRI-2 and CRI-4 can be received simultaneously.

	Option 3
	1st CSI-report
	{CRI-1, CRI-2}
	CRI-1 and CRI-3 can be received simultaneously;

CRI-1 and CRI-4 can be received simultaneously;

CRI-2 and CRI-3 can be received simultaneously;

CRI-2 and CRI-4 can be received simultaneously.

	
	2nd CSI-report
	{CRI-3, CRI-4}
	


Proposal 1: For group-based beam reporting for multi-TRP, there is no need to support Option 1 and Option3.
For multi-panel UE, the reported two beams may be received with the same panel or different panels. Usually, it is more robust to receive beams with different panels since the blocking probability is lower.  As shown in Fig.1, if two beam pairs are configured in the CSI report, UE could report {CRI-1,CRI-7} and {CRI-4,CRI-7}. Both {CRI-1,CRI-7} and {CRI-4,CRI-7} are transmitted from two TRPs, but the former is received with the same panel, while the latter is received with different panels. It would be helpful for gNB to schedule the transmission beams if UE reports the information of whether the reported beams are received with different panels. For example, gNB could schedule the beam pairs with low interference to other UEs or with low blocking probability.
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Fig.1  M-TRP transmission with multi-panel reception
Proposal 2: For group-based beam reporting for multi-TRP, UE could report the information of whether the reported beams are received with different panels. 
3. Enhancements on beam failure recovery for multi-TRP
In RAN1#104-e meeting, the following agreements were made on per-TRP based beam failure recovery. 

	Agreement
For M-TRP BFR 

Support 1-to-1 association between each BFD-RS set and an NBI-RS set

· FFS: Association details

Agreement

BFRQ response 

· Support at least the same gNB response as in Rel.16 SCell BFR (i.e. DCI with toggled NDI scheduling a same HARQ process ID as the PUSCH carrying BFRQ MAC-CE)

Agreement

For BFRQ of M-TRP BFR

· Option 3: Up to two dedicated PUCCH-SR resources in a cell group

· FFS: Whether PUCCH-SR for SCell can be reused for M-TRP

· Support BFRQ MAC-CE that can convey information of failed CC indices, one new candidate beam for the failed TRP/CC (if found), and whether new candidate beam is found

· Support at least indication of a single TRP failure 

· FFS: whether/what information of failed TRP(s) is conveyed in the MAC-CE

· FFS: whether/how to support  indication of more than one TRP failure, corresponding BFR procedure, and applicable cell type (SCell vs. SpCell)

· FFS: UE behavior when TRP failure status is different across cells

· FFS: Whether PUCCH SR resource can be configured with 2 spatial relations


In RAN1#103, it was agreed that each TRP is associated with a BFD-RS set to detect per-TRP based beam failure. For BFD-RS configuration, we think for Multi-DCI, both explicit and implicit method can be supported as Rel-15/16. For explicit configuration, an index can be configured in each BFD-RS set to associate a TRP. For implicit configuration, BFD-RS can be derived from CORESETs, and the association between BFD-RS set and TRP can be indicated by CORESETPoolIndex.  For Single-DCI, CORESETPoolIndex is not configured, the BFD-RS set can be configured in an explicit way. Similar as BFD-RS set, the new beam identification RS (NBI-RS) set also needs to be associated to a TRP or a BFD-RS set. An index/flag can be configured in the BFD-RS and NBI-RS set, and the association can be indicated by configuring the same index.
Proposal 3: The association between each BFD-RS set and an NBI-RS set can be indicated by configuring the same index/flag in the BFD-RS and NBI-RS set.
For TRP-specific beam failure recovery, it was agreed that up to two dedicated PUCCH-SR resources can be configured in a cell group. If two dedicated PUCCH-SR resources are configured, the spatial relations of the two resources can be associated to two TRPs, respectively. When one TRP is failed, the BFRQ can be transmitted to the non-failed TRP to ensure fast recovery. For example, PUCCH-SR resource 1 and PUCCH-SR resource 2 are associated to TRP 0 and TRP1, respectively. The spatial relation of PUCCH-SR resource 1 is configured for UE to transmit to TRP1, and the spatial relation of PUCCH-SR resource 2 is configured for UE to transmit to TRP0. When TRP 0 failed, UE would transmit BFRQ in PUCCH-SR resource 1, and it is expected that TRP1 would receive the BFRQ.  If only one PUCCH-SR resource is configured for M-TRP BFR, the PUCCH-SR resource can be configured with 2 spatial relations to ensure that the BFRQ can be received by the non-failed TRP.  In this case, PUCCH-SR for SCell can also be reused for M-TRP to save the PUCCH overhead.
For the case of more than one TRP failure, we think it is necessary to handle this issue for fast recovery. The Rel-15 or Rel-16 mechanism may be work, but the uplink resource overhead may be large and a more efficient mechanism can be considered. We propose to consider the more than one TRP failure case when more details design of TRP-specific BFRQ is agreed.
Proposal 4: It is necessary to consider the case of more than one TRP failure, and the mechanism can be discussed when more details design of TRP-specific BFRQ is agreed.
4. Conclusions

Based on the above discussions, the proposal is as follows:
Proposal 1: For group-based beam reporting for multi-TRP, there is no need to support Option 1 and Option3.
Proposal 2: For group-based beam reporting for multi-TRP, UE could report the information of whether the reported beams are received with different panels. 
Proposal 3: The association between each BFD-RS set and an NBI-RS set can be indicated by configuring the same index/flag in the BFD-RS and NBI-RS set.
Proposal 4: It is necessary to consider the case of more than one TRP failure, and the mechanism can be discussed when more details design of TRP-specific BFRQ is agreed.
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