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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. 
CMR configuration

	Agreement
On CMR resource configuration for beam reporting option 2, adopt the following alternative: 
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS: extension to aperiodic CMR resource setting 
· Each reported beam pair in a single CSI-report consists of M = 2 SSB-RI / CRI values, where each SSB-RI / CRI points to a CMR resource in a different CMR resource set or subset.
· Decide in RAN1#104b-e whether to adopt “set” or “subset” in the above. 




The CMR configuration for mTRP BM has a different focus than mTRP CSI. Particularly for BM it is beneficial to have the ability to configure large number of CMR resources. Also aligning with CMR resource sets minimizes specification impact for introducing group based beam reporting enhancements.  

Proposal-1: Associate two CMR resource sets, each representing a TRP/panel in a CSI-ResourceConfig/CSI Resource Setting  (when mTRP measurement and reporting is enabled) 

Value of N

	Agreement
For beam reporting option 2
· On the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, discuss and down-select from the following two alternatives in RAN1#105-e: 
· Alt1: Support maximum value N = {1, 2} 
· Alt2: Support maximum value N = {1, 2, 3, 4} 
· FFS: Introduce a UE capability Ncap on the maximum value of N in Rel.17
· On the number of beam pairs/groups (N) reported in a single CSI-report, discuss and down select between the following two alternatives in RAN1#105-e
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 



On the number of beam pairs (N), we are supportive of a larger set N = {1, 2, 3, 4}. We also believe that a baseline assumption could be that the value of N can be fixed by RRC configuration without the need for dynamic UE indication (dynamic indication can be part of further efficiency improvement studies).

Proposal-2: Maximum value of N can be set to {1, 2, 3, 4} and the value of N can be fixed by RRC configuration as a starting point.
UE panel/antenna related feedback


	FL Proposal: For potential UE panel related information feedback for beam reporting option 2, further study the following alternatives:
· Alt-1: UE reports panel ID / antenna-group ID or the reporting setting is associated with panel ID/antenna-group ID
· the reporting setting is associated with panel ID/ antenna-group ID
· Alt-2: UE indicates if reported beams are associated to different RX spatial filters, or maximum number of supported layers corresponding to DL RS in a group, or whether two beams in a beam pair can be used for spatial multiplexing or diversity
· Other alternatives are not precluded
· NOTE: study of these alternatives with beam reporting option 1/3 is not precluded 



In our view Alt-2 may be sufficient to support the agreed reporting option-2 of beam-pairs. Further Alt-2 enables more accurate beam-pair selection at the UE as it has full information to optimally select a beam-pair (inter-beam interference is not known at the gNB). Alt-1 provides additional information to the gNB in terms of UE panels but it may not be beneficial because beam selection at the gNB may be constrained by the UE reported beam pairs anyways as we describe later. As part of Alt-2, we think UE can indicate reported beam pairs from different Rx spatial filters. We are also supportive of UE indication on whether the reported beam-pair can be used for spatial multiplexing for diversity.

Proposal-3: for the agreed group based beam reporting enhancement (option-2) and the reporting of beam-pairs, Alt-2 may be supported. Support UE indication (or alternatively gNB request) of whether the reported beam-pair can be used for spatial multiplexing for diversity
L1-SINR and interference measurement

In order to obtain accurate beam-pairing information at the gNB, we think L1-SINR reporting should be an integral part of group based beam reporting framework. Given that a UE identifies a beam-pair for reporting as part of group-based beam reporting framework, it can also calculate L1-SINR for such candidate beam-pairs. 
Proposal-3: Support L1-SINR reporting as part of enhanced group based beam reporting and for interference measurement include interference due to the paired beam for L1-SINR determination
UE reception during beam switching 

UE panel architecture 1
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Figure 1: UE with 2-TRP Rx panel combinations {0,1},{0,2},{0,3},{1,2},{1, 3},{2, 3}



Let us assume that each panel for the example UE above comprises of 2 Rx antennas and the UE is able to receive downlink transmissions from any 2 of the 4 Rx panels (4 Rx ports in base-band). Let us also assume that the UE reports beam pairs corresponding to panel-ids {0, 2} and {1, 3}. The gNB may consider a joint/time-synchronous beam switch (TRP-1 and TRP-2) leading to switching the UE panels from {0, 2} → {1, 3} or an independent/asynchronous beam switch (switching one beam at a time) leading to switching the UE panels from {0, 2} → {1, 2} → {1, 3}. In this situation, UE reception due to panel combination {1, 2}, which was not reported as a beam-pair) may lead to poor downlink reception quality during the transition.
UE panel architecture 2

	[image: ]
Figure 2: UE with 2-TRP Rx panel combinations {0,2},{1,3} only



Let us assume that each panel for the example UE above comprises of 2 Rx antennas and the UE is able to receive downlink transmissions from only 2 combinations of the 4 Rx panels {0,2} and {1,3}. Let us also assume that the UE reports beam pairs corresponding to panel-ids {0, 2} and {1, 3}. The gNB may consider a joint/time-synchronous beam switch (TRP-1 and TRP-2) leading to switching the UE panels from {0, 2} → {1, 3} or an independent/time-asynchronous beam switch leading to switching the UE panels from {0, 2} → {1, 2} → {1, 3}. In this situation, UE reception due to panel combination {1, 2} during the transition (which was not reported) may not be possible due to UE architecture constraints (and may trigger BFR).

There could be different ways of resolving this, we propose a scheduling restriction:
Proposal-4: a UE is not expected to receive downlink signals/channels or transmit uplink signals/channels in a time overlapping manner with a beam pair combination that it has not reported within a certain interval of time.

Beam failure recovery for multi-TRP

Cell-specific and TRP specific BFR
	Agreement
· Support simultaneous configuration of cell-specific BFR and TRP-specific BFR in different CCs.
· FFS: whether cell-specific and TRP-specific BFR can be configured in the same CC. 



We do not see a use-case for the gNB to configure cell-specific and TRP-specific BFR in the same CC. Generally we think TRP specific BFR should be a standalone and complete procedure including RACH-based fall-back. Also it is not expected that gNB would not take into account certain TRPs (in a serving cell) while configuring TRP specific BFR. It would also be additional work to define interaction between both these procedures running in parallel.

Proposal-5: Cell-specific and TRP-specific BFR configuration in the same CC is not supported

SCell configured with single BFD-RS set
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Figure 3: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. 

Proposal-6: 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. 

Implicit/Explicit BFD-RS set configuration

	Agreement
· Support S-DCI and M-DCI in TRP-specific BFR in Rel.17
· S-DCI is low priority, M-DCI is high priority
· Unified design for S-DCI and M-DCI should not be precluded due to the prioritization



We support BFR enhancements for both S-DCI and M-DCI as there is no technical motivation to differentiate the two cases. It is beneficial to support implicit BFD-RS set configuration for both S-DCI and M-DCI because the BFD-RS set k generally have few entries (2 at most) and 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.
Proposal-7: Support implicit BFD-RS configuration, where BFD-RS set k is derived from TCI states of CORESET with the same CORESETPoolIndex. Extend configuration of CORESETPoolIndex to S-DCI in Rel.17 when TRP-specific BFR is configured

BFD-RS and NBI-RS set association

	Agreement
For M-TRP BFR 
Support 1-to-1 association between each BFD-RS set and an NBI-RS set
· FFS: Association details



We believe that the first BFD-RS set can be associated with the first NBI-RS set, and second to the second. The RRC signaling details can be left to RAN2.

Proposal-8: the first BFD-RS set can be associated with the first NBI-RS set, and second to the second.

PUCCH-SR

	Agreement
For the TRP specific BFR, for a UE configured with two PUCCH-SR resources in a cell group when beam failure is detected in a one or more CCs in one or more of BFD-RS sets configured in one or more of CCs,
· Down select one of the following PUCCH-SR resource selection rules when SR is triggered (or their combinations) for the study, without precluding other alternatives, in RAN1#105-e
· Alt-1: PUCCH-SR resource associated with other/non-failed BFD-RS set, association details FFS
· Alt-2: PUCCH-SR resource associated with failed BFD-RS set, association details FFS
· Alt-3: Leave it up to UE implementation
· Note: PUCCH-SR resource is PUCCH resource carrying SR
· FFS: Whether two PUCCH-SR resources are under the same or different SR resource configuration or SR configuration (eventual decision may or may not happen in RAN1)




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 (Rel-15)
	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-9: 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.

RACH-based fall-back

As shown in the table above, 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: CBRA-based transmission can be triggered on a SpCell for per-TRP BFR when beam failure is detected on all BFD-RS sets on the SpCell 

The case of no dedicated PUCCH-SR resource can be supported if an uplink grant is already available at a PCell or PScell and a UE is aware that such a grant is associated with a non-failed link. This issue may be discussed later.

PUCCH-SpatialRelationInfo


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-11: Support a single PUCCH-SpatialRelationInfo configuration for each dedicated PUCCH-SR as a baseline.


BFRA MAC-CE content


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-12: 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]



Conclusions

Proposal-1: Associate two CMR resource sets, each representing a TRP/panel in a CSI-ResourceConfig/CSI Resource Setting  (when mTRP measurement and reporting is enabled) 
Proposal-2: Maximum value of N can be set to {1, 2, 3, 4} and the value of N can be fixed by RRC configuration as a starting point.
Proposal-3: for the agreed group based beam reporting enhancement (option-2) and the reporting of beam-pairs, Alt-2 may be supported. Support UE indication (or alternatively gNB request) of whether the reported beam-pair can be used for spatial multiplexing for diversity
Proposal-4: a UE is not expected to receive downlink signals/channels or transmit uplink signals/channels in a time overlapping manner with a beam pair combination that it has not reported within a certain interval of time.
Proposal-5: Cell-specific and TRP-specific BFR configuration in the same CC is not supported
Proposal-6: 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. 
Proposal-7: Support implicit BFD-RS configuration, where BFD-RS set k is derived from TCI states of CORESET with the same CORESETPoolIndex. Extend configuration of CORESETPoolIndex to S-DCI in Rel.17 when TRP-specific BFR is configured
Proposal-8: the first BFD-RS set can be associated with the first NBI-RS set, and second to the second.
Proposal-9: 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-10: CBRA-based transmission can be triggered on a SpCell for per-TRP BFR when beam failure is detected on all BFD-RS sets on the SpCell
Proposal-11: Support a single PUCCH-SpatialRelationInfo configuration for each dedicated PUCCH-SR as a baseline.
Proposal-12: 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]
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