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Introduction

According to NR MIMO WID RP-193133, the following is the scope of work in this AI.
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception



In this contribution we provide our views on the features that should be considered for beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception.
Enhancements for beam measurement and reporting

	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



We believe option 1 provides the same functionality as in Option 2 (group based beam reporting) using a different formulation while providing no added benefit. 
Option 3 corresponds to non-group based reporting. It is not clear that Option 3 can provide additional information to the NW compared to Option 2. In fact, option 3 provides less information to the NW because the beam-pairs are not indicated naturally and additional specifications is needed to provide such information to the network (association between different CSI-reports). We believe in non-ideal backhaul scenarios, group based L1-RSRP and L1-SINR reports (option-2) can be reused because CSI reports can be used in a latency non-critical way (filtered etc) at the gNB side. 
Multiple CMR resource sets

	Agreement RAN1#102-e
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



The motivation for this agreement is to allow a UE to be aware that certain transmit beams are associated with the same panel/TRP and is not suitable for multi-TRP operation. This can be achieved by grouping SSB indices into two mutually exclusive groups which can be sufficient to also partition the associated QCL-ed CSI-RS resources. As an example, when groupBasedBeamReporting is enabled in a CSI-ReportConfig, the associated CSI-ResourceConfig may comprise of two CSI-SSB-ResourceSets, each representing a TRP/panel. Note that a CSI-SSB-ResourceSet representing TRP-1 also acts as a resource for NZP-IM for the CSI-SSB-ResourceSet representing TRP-2.

Proposal-1: Associate two CSI-SSB-ResourceSets, each representing a TRP/panel in a CSI-ResourceConfig (when mTRP measurement and reporting is enabled) 

Differentiation between s-TRP and m-TRP reception


	Agreement RAN1#102-e
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



inter-beam interference and Rx-panel related feedback
If groupBasedBeamReporting is enabled, UE should report CRI-1 and CRI-2 in a single reporting instance for both the cases of single Rx beam or 2 Rx beams as shown in  Fig 1 and Fig 2 respectively. In both cases it is possible that high value of L1-RSRP is observed for both CRI-1 and CRI-2. However, in Fig 2, significant cross-beam interference is expected compared to Fig.1 and it may not be suitable for mTRP reception. Due to the lack of consideration of cross-beam interference, current groupBasedBeamReporting is not sufficient for the gNB to make determination of beam-pairs for mTRP scheduling. 
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Figure 1: 2 spatial domain Rx filter used, small cross-beam interference
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Figure 2: 1 spatial domain Rx filter used, large cross-beam interference



As observed above, a UE needs to consider both L1-RSRP and inter-beam interference for determining the simultaneous reception criteria and ranking the beam pairs for groupBasedBeamReporting. The exact details can be left to UE implementation but it should be clarified that enabling groupBasedBeamReporting implies an indication to the UE of a mTRP reception hypothesis - in  particular this impacts the following UE behaviors – L1-RSRP reporting is based on reception from the selected best UE Rx panel (and not based on reception due to multiple panels), L1-SINR reported includes interference due to the other reported beam-pair. 

Similarly, an sTRP reception hypothesis can be indicated to the UE - in  particular this impacts the following UE behaviors – L1-RSRP reported may be based on reception from one or more Rx panels, L1-SINR reported includes interference due to other cells.

mTRP and sTRP hypotheses is illustrated in the figures below:
	[image: ]
Figure 3: L1-RSRP measurement based on mTRP reception hypothesis
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Figure 4: L1-RSRP measurement based on sTRP reception hypothesis



Proposal-2: For Rx panel related feedback, specify an indication for mTRP (simultaneous) reception hypothesis or sTRP reception hypothesis. mTRP hypothesis means a) L1-RSRP reported is based on reception from the selected best UE Rx panel (and not based on reception due to multiple panels) and b) L1-SINR reported includes interference due to the other reported beam-pair. sTRP hypothesis means a) L1-RSRP reported may be based on reception from one or more Rx panels and b) L1-SINR reported includes interference due to other cells.

Proposal-3: Support L1-SINR reporting and for interference measurement corresponding to mTRP reception hypothesis, include interference due to the paired beam for L1-SINR reporting

Beam failure recovery for multi-TRP

BFD configuration

	Agreement
For M-TRP BFR
· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set
· FFS: value of N (e.g. fixed in specification, or UE capability)
FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)




In terms of BFD-RS configuration we consider the option where BFD-RS set k is derived from QCL-type-D RS of TCI state of CORESETS configured in a CORESET subset k, e.g. k = 0, 1 (Implicit option-1 from FL summary in RAN1#103-e). In this case the BFD-RS set k can be adapted by MAC-CE through the natural activation/de-activation process of TCI state associated with a CORESET. Thus RRC reconfiguration is minimized as the UE moves through the network and there is no need to support a large number of BFD-RS. It is also applicable to all use cases – single DCI, multi-DCI and partial BFR.

Proposal-4: BFD-RS set k is derived from QCL-type-D RS of TCI state of CORESETS configured in a CORESET subset k, e.g. k = 0, 1

BFRQ

	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
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Figure 5:Example scenario for MTRP BFR where some SCells have 1 BFD/NBI-RS set and some other SCells have 2 BFD/NBI RS sets

In the above figure we show an example of a general use-case where there is a mix of SCells configured with 2 BFD/NBI-RS sets and 1 BFD/NBI RS sets. In this case it is desirable that LRR generated as a result of beam failure in a SCell configured with a single BFD-RS/NBI-RS set is carried by one of the two configured PUCCH-SR resources for MTRP-BFR. It can be left to UE implementation to choose one of the two PUCCH-SR resources.

Proposal-5: LRR generated as a result of beam failure in a SCell configured with a single BFD /NBI-RS set can be carried by one of two configured PUCCH-SR resources for MTRP-BFR. It is up to UE implementation to choose one of the two PUCCH-SR resources.

It is agreed that one or two dedicated PUCCH-SR resources can be configured in a cell group. We believe a single PUCCH-SpatialRelationInfo configuration for each dedicated PUCCH-SR should be baseline configuration. Multiple PUCCH-SpatialRelationInfo associated with a single configured PUCCH-SR resource needs further discussion as it leads to the possibility that both TRPs successfully receive PUCCH-SR from a UE and follows up with conflicting uplink grants.   

Proposal-6: Support a single PUCCH-SpatialRelationInfo configuration for each dedicated PUCCH-SR as a baseline.

If 2 PUCCH-SR configurations are used by the gNB, in all cases UE selects 1 out of the 2 PUCCH-SRs for transmission. The selection method can be left to UE implementation. This is shown in the table below:

Table 1: PUCCH-SR transmission behaviour for 2 PUCCH SR configurations
	
	1 TRP failure
	2 TRP failure

	SCell configured with 1 BFD/NBI set
	UE selects 1 out of 2 PUCCH-SRs
	Not applicable

	SCell configured with 2 BFD/NBI set
	UE selects 1 out of 2 PUCCH-SRs
	UE selects 1 out of 2 PUCCH-SRs

	PCell configured with 1 BFD/NBI set
	No MAC-CE, RACH fall-back
	Not applicable

	PCell configured with 2 BFD/NBI set
	UE selects 1 out of 2 PUCCH-SR
	No MAC-CE, RACH fall-back



Obviously, in case only a single PUCCH-SR is configured, UE uses that PUCCH-SR.

Proposal-7: If 2 PUCCH-SRs are configured for BFR, in all cases UE selects 1 out of the 2 PUCCH-SRs for transmission. The selection method can be left to UE implementation.

The case of no dedicated PUCCH-SR resource can be supported because PUCCH-SR is not needed if an uplink grant is already available at a PCell or PScell. This includes cases of 1 or 2 TRP beam failure in SCell or 1 TRP failure in PCell.
Proposal-8: The case of no dedicated PUCCH-SR resource can be supported in the case of multi-TRP BFR. 

The information carried by MAC-CE in Step 2 of the BFRQ process can be defined on a per CC basis and depending on whether 1 TRP or 2 TRP failure has occurred on that CC. 

When a SCell or PCell is configured with 2 BFD/NBI-RS sets and 1 TRP failure is observed, we believe it is beneficial to include NBI set index in the MAC-CE. This supports the situation where only 1 PUCCH-SR is configured (e.g. PCell in FR1), or no PUCCH-SR is configured. This also allows the UE to select either PUCCH-SR resources or serve as a confirmation of the failed TRP to the gNB.

When a SCell is configured with 2 BFD/NBI-RS sets and 2 TRP failure is observed, then NBI information corresponding to 1 or both TRPs can be sent. Although sending information for 1 TRP could be sufficient in most cases, we propose to send NBI information for both TRPs to support use-cases where recovery latency is critical.

In summary our proposal is follows:

Proposal-9: The MAC-CE contents for SCell/PCell for 1 and 2 TRP failure cases are summarized below:


	
	1 TRP failure
	2 TRP failure

	SCell configured with 1 BFD/NBI set
	(a new beam index or no new beam identified) + failed CC index [Rel-16 behaviour]
	Not applicable

	SCell configured with 2 BFD/NBI set
	((a new beam index + NBI set index) or (no new beam identified)) and failed CC index
	((a new beam index + NBI set index) or (no new beam identified)) for TRP1, TRP2 and failed CC index

	PCell configured with 1 BFD/NBI set
	No MAC-CE, RACH fall-back [Rel-15 behaviour]
	Not applicable

	PCell configured with 2 BFD/NBI set
	((a new beam index + NBI set index) or (no new beam identified)) and failed CC index
	No MAC-CE, RACH fall-back [Rel-15]




If beam failure is observed in both TRP-1 and TRP-2 BFD-RS sets on a PCell or PScell, UE proceeds with dedicated RACH provided by PRACH-ResourceDedicatedBFR following Rel-15 BFR procedure. If beam failure is observed in both TRP-1 and TRP-2 BFD-RS sets on a SCell. It is up to the UE to select one of the two PUCCH-SR resources for BFRQ.

Proposal-10: If beam failure is observed in both TRP-1 and TRP-2 on a PCell or PScell, UE proceeds with dedicated RACH following Rel-15 BFR procedure. 


Conclusions

Proposal-1: Associate two CSI-SSB-ResourceSets, each representing a TRP/panel in a CSI-ResourceConfig (when mTRP measurement and reporting is enabled) 
Proposal-2: For Rx panel related feedback, specify an indication for mTRP (simultaneous) reception hypothesis or sTRP reception hypothesis. mTRP hypothesis means a) L1-RSRP reported is based on reception from the selected best UE Rx panel (and not based on reception due to multiple panels) and b) L1-SINR reported includes interference due to the other reported beam-pair. sTRP hypothesis means a) L1-RSRP reported may be based on reception from one or more Rx panels and b) L1-SINR reported includes interference due to other cells.
Proposal-3: Support L1-SINR reporting and for interference measurement corresponding to mTRP reception hypothesis, include interference due to the paired beam for L1-SINR reporting
Proposal-4: BFD-RS set k is derived from QCL-type-D RS of TCI state of CORESETS configured in a CORESET subset k, e.g. k = 0, 1
Proposal-5: LRR generated as a result of beam failure in a SCell configured with a single BFD /NBI-RS set can be carried by one of two configured PUCCH-SR resources for MTRP-BFR. It is up to UE implementation to choose one of the two PUCCH-SR resources.
Proposal-6: Support a single PUCCH-SpatialRelationInfo configuration for each dedicated PUCCH-SR as a baseline.
Proposal-7: If 2 PUCCH-SRs are configured for BFR, in all cases UE selects 1 out of the 2 PUCCH-SRs for transmission. The selection method can be left to UE implementation.
Proposal-8: The case of no dedicated PUCCH-SR resource can be supported in the case of multi-TRP BFR. 
Proposal-9: The MAC-CE contents for SCell/PCell for 1 and 2 TRP failure cases are summarized below:
	
	1 TRP failure
	2 TRP failure

	SCell configured with 1 BFD/NBI set
	(a new beam index or no new beam identified) + failed CC index [Rel-16 behaviour]
	Not applicable

	SCell configured with 2 BFD/NBI set
	((a new beam index + NBI set index) or (no new beam identified)) and failed CC index
	((a new beam index + NBI set index) or (no new beam identified)) for TRP1, TRP2 and failed CC index

	PCell configured with 1 BFD/NBI set
	No MAC-CE, RACH fall-back [Rel-15 behaviour]
	Not applicable

	PCell configured with 2 BFD/NBI set
	((a new beam index + NBI set index) or (no new beam identified)) and failed CC index
	No MAC-CE, RACH fall-back [Rel-15]


Proposal-10: If beam failure is observed in both TRP-1 and TRP-2 on a PCell or PScell, UE proceeds with dedicated RACH following Rel-15 BFR procedure. 
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