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[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]A WI [1] was agreed in RAN#86 for further enhancements on MIMO for NR. In particular Rel. 17 WI will specify enhancements on the support of multi-TRP deployments, targeting both FR1 and FR2. The objective on enhancements on multi beam operation for multi-TRP is:

1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception

Beam management related enhancements for simultaneous multi-TRP transmission with multi-panel reception are divided into two categories
1. Beam measurement/reporting enhancements
2. Beam failure recovery for multi-TRP. 

In this contribution, we present our views on both issues related to beam management enhancements for multi-TRP. 
Enhancements on Beam Measurement/Reporting
Multi-TRP transmission is a key enabler for robustness and high data rates for NR. Implementing multi-TRP transmission, however, especially in FR2, remains a challenge in the presence of blockage. In Rel. 16, the TCI framework was updated to account for new default QCL assumptions for multi-DCI and single DCI based multi-TRP transmission. Much remains to be specified, however, for multi-TRP operation in FR2, especially for UEs with multiple panel reception. 
Group-based beam reporting was introduced in Rel. 15 for L1-RSRP. Rel. 16 extended the framework to include beam reporting based on L1-SINR measurements. For UE beam reporting, UE group-based reporting can be used for multi-TRP enhancements. For non-group-based beam reporting, UE is not assumed to simultaneously receive reported CRIs associated with the L1-measurements. When group-based beam reporting is used, the UE is assumed to simultaneously receive up to a given number of reported beams. The network can configure one or more beam reporting groups, with each group including a given number of beams. 
One example of using the group-based beam reporting is to use a group-based scheme for a single TRP with a single beam group, while using a group-based scheme with multiple groups, each indicating beams corresponding to a given TRP for multi-TRP scheme. 
Another important aspect to enable multi-TRP joint transmission in the beam management framework is the consideration of inter-beam interference. One proposal is to leverage the L1-SINR reporting framework specified in Rel. 16. L1-SINR can be used for multi-TRP to find the beam that achieves the highest signal strength and the lowest interference. Evaluations are needed to check on the gains of using L1-SINR measurement framework in addition to L1-RSRP for multi-TRP joint transmission, and enhancements to the L1-SINR measurements and resources are needed.
Proposal 1: L1-SINR measurement framework is used for multi-TRP joint transmission with multi-panel reception, in addition to L1-RSRP
In RAN1#103e [2], the following was agreed for beam measurement/reporting enhancement for multi-TRP.
Agreement
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously 
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option

Specifying enhancements on group-based beam reporting and non-group based beam reporting should take into account applicability to single DCI and multi-DCI multi-TRP operation, with ideal and non-ideal backhaul, and consider multi-beam interference with the ability to use both L1-SINR and L1-RSRP measurement frameworks. 
Options 1 and 2 were similarly debated in Rel. 15, when group-based beam reporting was specified. Option 2 provides more flexibility to report on beam pairs that can be received simultaneously, while option 1 is more restrictive on the beam pairs that can be considered. Beam pairs according to option 2 can be more easily chosen according to L1-SINR measurement framework, in addition to L1-RSRP. Option 1 is suitable for L1-RSRP measurement framework in group beam reporting.  
On the other hand, having the ability to report on beams that belong to different groups that can be received simultaneously may be beneficial for applications that require differentiation between beams that correspond to different panels  and or different TRPs.  In this case, group based beam reporting according to option 1 can be used in conjunction with option 2 reporting to further reduce inter-beam interference. 
Option 3 advocates enhancements on non-group based beam reporting with multiple CSI-reports reporting on multiple beams that can be received simultaneously. This can be specified in the absence of option 2 for multi-DCI based multi-TRP with multiple CSI reports, corresponding for example to non-ideal backhaul operation. 
Proposal 2: Group-based beam reporting enhancements based on option 2 should be specified
Proposal 3: Non-group based beam reporting enhancements based on option 3, and group based beam reporting based on option 1 can be considered in addition to option 2.

Beam Failure Recovery for Multi-TRP
A topic of importance for multi-TRP operation is how to handle beam failure from one or multiple TRPs. In fact, blockage - be it self-blocking or environment blocking - is one of the main problems for operation in FR2, and it is detrimental to multi-TRP operation. In Rel. 15, beam failure recovery procedure is triggered only when all the beams in the beam failure detection set have failed. For the case of multi-TRP, that implies that beam failure recovery is triggered only when all the transmissions to the UE from all TRPs have failed. Such a case should be prevented. In Rel. 17, enhancements to enable per-TRP based beam failure recovery were agreed to be evaluated. These enhancements are needed in all aspects of the beam failure recovery procedure. 
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

To enable per-TRP beam failure recovery, we first need to configure TRP-specific BFD RSs. In RAN1#103e, the following agreement was made on TRP-specific beam failure detection. 
Agreement
· For M-TRP beam failure detection, support independent BFD-RS configuration per-TRP, where each TRP is associated with a BFD-RS set.
· FFS: The number of BFD RSs per BFD-RS set, the number of BFD-RS sets, and number of BFD RSs across all BFD-RS sets per DL BWP
· Support at least one of explicit and implicit BFD-RS configuration
· With explicit BFD-RS configuration, each BFD-RS set is explicitly configured
· FFS: Further study QCL relationship between BFD-RS and CORESET
· FFS: How to determine implicit BFD-RS configuration, if supported
· For M-TRP new beam identification
· Support independent configuration of new beam identification RS (NBI-RS) set per TRP if NBI-RS set per TRP is configured
· FFS: detail on association of BFD-RS and NBI-RS
· Support the same new beam identification and configuration criteria as Rel.16, including  L1-RSRP, threshold

Independent BFD-RS configurations were agreed to be supported per TRP, where each TRP is associated with a BFD-RS set. Whether the configuration is explicit or implicit is, however, yet to be determined. In Rel. 15 BFR procedure and Rel. 16 BFR procedure for Scell, both explicit and implicit BFD-RS configurations are supported. Explicit configuration via periodic SSB and CSI-RS or implicit configuration via QCL information with the corresponding CORESETs. For Rel. 17 per TRP beam failure detection, both explicit and implicit configurations should also be supported. 
Proposal 4: Support both implicit and explicit BFD-RS configuration
For both configurations, we need to specify how to associate the configured BFD-RSs with the TRPs. 
For implicit configuration, two possible options exist. Per the discussion in RAN1#103e,
· Option 1: all CORESETs in the BWP/CC are divided into multiple groups (e.g. each corresponding to a TRP/panel), and BFD-RS set k is implicitly derived from the corresponding CORESET group k (e.g. k = 0,1,2,…).
· Option 2: BFD-RS is explicitly derived from CORESETS with a given CORESETPoolIndex (e.g. k = 0,1).

For option 2, BFD-RS are explicitly derived from CORESETs with a given CORESETPoolIndex. The BFD-RSs QCLed with CORESETs with a CORESETPoolIndex  = 0 could be associated with TRP1, and the BFD-RSs QCLed with CORESETs with a CORESETPoolIndex = 1 could be associated with TRP2. This is straightforwardly applicable to M-DCI based multi-TRP operation. 
For option 1, CORESETs are divided into multiple groups and the BFD-RSs are divided into sets, where each set is QCLed with a corresponding CORESET group. For example, if the CORESETs are divided into two groups, group 1 and group 2, the BFD-RSs are divided into two sets, with the first set corresponds to CORESET group 1, and the second set corresponds to CORESET group 2. These CORESET groups can, for example, correspond to different TRPs or different panels.  Option 1 is a general framework that is easily applicable to M-DCI based multi-TRP, and at the same time applicable to S-DCI based multi-TRP, as well as single TRP use cases that require partial beam failure recovery to decrease the latency and improve the efficiency of beam failure recovery procedure. It is a more flexible and forward compatible solution. Note that in RAN1#101e, the group has agreed to include partial beam failure recovery in a common framework with multi-TRP beam failure recovery. 
Proposal 5: Support implicit BFD-RS configuration where CORESETs in the BWP are divided into multiple groups (e.g. each corresponding to a TRP/panel) and the BFD-RS set k is implicitly derived from the corresponding CORESET group. 

Another important step to specify in the per-TRP beam failure recovery procedure is per-TRP BFRQ. The following agreement was made in RAN1#103e.
Agreement
· Support a BFRQ framework based on Rel.16 SCell BFR BFRQ 
· In RAN1#104-e, select one from the following options
· Option 1: Up to one dedicated PUCCH-SR resource in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: number of spatial filters associated with the PUCCH-SR resources  
· FFS: How the SR configuration is done
· Option 2:  Up to two (or more) dedicated PUCCH-SR resources in a cell group
· A cell group refers to either MCG, SCG, or PUCCH cell group
· FFS: whether each PUCCH-SR resource is restricted to be associated to one spatial filter
· FFS: How the SR configuration is done
· FFS: Whether no dedicated PUCCH-SR resource can be supported in addition to Option 1 or Option 2
· Study whether and how to provide the following information in BFRQ MAC-CE 
· Index information of failed TRP(s)
· CC index (if applicable)
· New candidate beam index (if found)
· Indication whether new beam(s) is found 
· FFS: whether/how to incorporate multi-TRP failure

The per-TRP BFRQ framework was agreed to be based on Rel. 16 SCell BFR BFRQ as a baseline. For the case of two TRPs, 2 PUCCH-SR resources can be defined for the two TRPs. If beam failure is detected on TRP-1, PUCCH-SR-1 can be used to send the BFRQ for the TRP-1 failed SCell. Similarly PUCCH-SR-2 can be used to send the BFRQ for the TRP-2 failed SCell. Conversely, the BFRQ for the failed TRP-2 can be sent on TRP-1 PCell, and the BFRQ for the failed TRP-1 can be sent on the TRP-2 Pcell. For the case of one PUCCH-SR resource, multiple beams are to be configured for the PUCCH-SR such that a given beam is chosen to indicate the beam failure recovery on a given TRP. This is more restrictive than configuring multiple PUCCH-SR resources. Using 2 or more PUCCH-SR to indicate per-TRP BFRQ allows more options to indicate beam failure recovery response, and can thus be more flexible and reliable.    
Proposal 6: For per-TRP BFRQ, up to two (or more) dedicated PUCCH-SR resources per cell group can be used. 

Conclusions
[bookmark: _Ref450342757]In this contribution we described our views on enhancements for Release 17 feMIMO WI related to multi-beam for multi-TRP transmission. We made the following proposals:
Proposal 1: L1-SINR measurement framework is used for multi-TRP joint transmission with multi-panel reception, in addition to L1-RSRP
Proposal 2: Group-based beam reporting enhancements based on option 2 should be specified
Proposal 3: Non-group based beam reporting enhancements based on option 3, and group based beam reporting based on option 1 can be considered in addition to option 2.
Proposal 4: Support both implicit and explicit BFD-RS configuration
Proposal 5: Support implicit BFD-RS configuration where CORESETs in the BWP are divided into multiple groups (e.g. each corresponding to a TRP/panel) and the BFD-RS set k is implicitly derived from the corresponding CORESET group. 
Proposal 6: For per-TRP BFRQ, up to two (or more) dedicated PUCCH-SR resources per cell group can be used. 
References
[1] RP-193133 New WID: Further Enhancements on MIMO for NR, 3GPP TSG RAN Meeting #86, Sitges, Spain, Dec. 2019   
[2] RAN1#103e chairman’s notes, e-meeting, October  26th – November 13th , 2020. 








1/21
