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1	Introduction
The Rel-17 feMIMO WID [1] objective 2c states: 
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
In this paper, we provide Ericsson’s views related to this objective taking into account the agreements from RAN1#103-e.
2	Discussion
2.1  Beam measurement/reporting
In RAN1#103-e, the following agreement was made with respect to beam measurement/reporting enhancements: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


Among the above options, Options 1 and 2 correspond to group-based beam reporting, and both options were actually considered already in Rel-15, when group-based reporting was discussed.  We slightly prefer Option 2 since it is more suitable when inter-TRP/inter-beam interference for a reported beam pair needs to be considered (e.g., when reporting L1-SINR as part of the group-based report), and since it is a clear extension of the Rel-15 paradigm.  Furthermore, we do not prefer introducing multiple options as that would lead to higher specification impact, potential market fragmentation and to the introduction of more complicated UE capabilities in Rel-17.  Hence, we make the following proposal:

[bookmark: _Toc61897380]For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, support Option 2 in NR Rel-17.

In NR Rel-16, for PDSCH scheduling for NC-JT (with both single-DCI and multi-DCI based multi-TRP operations), the number of TRPs is limited to two.  Hence, keeping beam reporting overhead in mind, it is sufficient to report two beams per group.  Hence, we support M = 2.  Regarding the number of groups (N), a slightly larger number may provide the scheduler with some flexibly.  Hence, we proposed N =3. 

[bookmark: _Toc61897381]For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, support M = 2 and N = 3 with Option 2 in NR Rel-17.

2.2  M-TRP beam failure detection and new beam identification
In RAN1 #103-e, the following agreement was reached with regards to M-TRP BFD: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


Firstly, regarding explicit and implicit BFD-RS configuration, both these configurations are supported in NR Rel-15 and Rel-16.   With explicit BFD-RS configuration, multiple BFD-RS sets will need to be configured via higher layer signaling.  On the other hand, with implicit BFD-RS configuration, the BFD-RS sets can be determined implicitly via the activated TCI states of the CORESETs associated with different TRPs.  Since the activated TCI states for the CORESETs can be updated via MAC CE, the implicit approach provides more flexibility with regards to updating the RSs in the BFD-RS set.  Our preference is to support both explicit and implicit BFD-RS configuration in NR Rel-17.

[bookmark: _Toc61897382]In NR Rel-17, support both explicit and implicit BFD-RS configuration in order to support per-TRP beam failure detection.

For both multi-DCI based multi-TRP and single-DCI based multi-TRP features specified in NR Rel-16, the number of TRPs from which PDSCH can be received simultaneously is limited to 2.  Hence, it may be sufficient to limit the number of BFD-RS sets to 2 in NR Rel-17.  In NR Rel-15/16, up to 2 BFD RSs per BFD-RS set is supported.  It is natural to support this same number of BFD RSs per BFD-RS set in NR Rel-17. 

[bookmark: _Toc61897383]In NR Rel-17, support two BFD-RS resource sets and up to two BFD RSs per BFD RS set.

With regard to supporting explicit and implicit per-TRP BFD-RS configuration, a further open issue is whether one or both of multi-DCI based multi-TRP and single-DCI based multi-TRP.  In the case of explicitly configured BFD-RS resource sets, these can be used to support per-TRP beam failure detection for both multi-DCI based multi-TRP and single-DCI based multi-TRP.  Hence, we propose the following:

[bookmark: _Toc61897384]In NR Rel-17, support explicit per-TRP BFD-RS configurations for both multi-DCI based multi-TRP and single-DCI based multi-TRP.

In RAN1#103-e, companies proposed to only support implicit per-TRP BFD-RS configurations only for multi-DCI based multi-TRP.  The reasoning given is that the already specified CORESETPoolIndex (e.g., k = 0 or 1) can be leveraged when determining BFD-RS sets for multi-DCI based multi-TRP.  For instance, the BFD-RSs in BFD-RS sets #1 and #2 can be determined via the activated TCI states of the CORESETs associated with CORESETPoolIndex values 0 and 1, respectively.  On the other hand, for single-DCI based multi-TRP, supporting implicit per-TRP BFD-RS configurations would require introduction of a CORESET group identifier or something similar.  In terms of standardization effort, it appears that supporting implicit per-TRP BFD-RS configurations only for multi-DCI based multi-TRP requires less effort.  Hence, our preference is to support only multi-DCI based multi-TRP for implicit per-TRP BFD-RS configurations in NR Rel-17.

[bookmark: _Toc61897385]In NR Rel-17, support implicit per-TRP BFD-RS configurations only for multi-DCI based multi-TRP.

In NR Rel-16, multi-DCI based multi-TRP operation was limited to intra-cell operation (i.e., both TRPs correspond to the same PCI).  In NR Rel-17, multi-DCI based multi-TRP operation is being extended to inter-cell operation (i.e., both TRPs correspond to the different PCIs).  Hence, when introducing per-TRP BFD-RS configurations in Rel-17, it is beneficial to support both intra-cell and inter-cell multi-DCI based multi-TRP operations.

[bookmark: _Toc61897386]In NR Rel-17, support per-TRP BFD-RS configurations for both intra-cell and inter-cell multi-DCI based multi-TRP operation.

Regarding the FFS on ‘detail on association of BFD-RS and NBI-RS’, a one to one association between a BFD-RS set and NBI-RS set can be supported.  That is, BFD-RS set k (k =0, 1) is associated with NBI-RS set k.  Hence, we make the following proposal:

[bookmark: _Toc61897387]In NR Rel-17, introduce a 1-1 associated between a BFD-RS set and a NBI-RS set.

In RAN1#103-e, SFN based PDDCH reliability was agreed.  Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR


In the above scenario, a CORESET will be activated with two TCI states.  Then, the open question is which TCI state the UE should use for determining the BFD-RS.  Note that the SFN scheme + Alt 1-1 is essentially a single-DCI based multi-TRP scheme since the same DCI is transmitted from two TRPs in SFN fashion.  If implicit per-TRP BFD-RS configuration is not supported for single-DCI based multi-TRP in Rel-17, then there will be only a single BFD-RS set.  A simple solution is to let the UE assume that the reference signals used as QCL-Type D sources in the two activated TCI states for the CORESET can be used as BFD-RSs in the single BFD-RS set.  As shown in the example of Figure 1,  QCL-Type D source reference signal with CSI-RS resource IDx (or SSB IDx) corresponding to the 1st activated TCI state and QCL-Type D source reference signal with CSI-RS resource IDy (or SSB IDy) corresponding to the 2nd activated TCI state shall be included by the UE in the beam failure detection resource set .   
[bookmark: _Toc61897388]When two TCI states are activated for a CORESET, support inclusion of reference signals used as QCL-Type D sources in the two activated TCI states as BFD-RSs in the single BFD-RS set .


[image: ]
[bookmark: _Ref61725175]Figure 1.  An example of BFD resource determination with single BFD resource set when CORESET is configured for SFN-based PDCCH diversity

2.3  BFRQ
With regards to BFRQ framework, the following agreement was reached in RAN1#103-e: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




Among the above two options, supporting a one dedicated PUCCH-SR resource in a cell group seems sufficient.  With regards to the number of spatial filters associated with the PUCCH-SR resources, we think two spatial filters (i.e., one for each TRP) can be associated with the PUCCH-SR resources.  Which spatial filter the UE should use may be up to the UE to select depending on which TRP does not have BFR.  Hence, we make the following proposals:
     
[bookmark: _Toc61897389]For BFRQ, support up to one dedicated PUCCH-SR resource in a cell group with two spatial filters associated with the PUCCH-SR resource.

3	Conclusion
Based on the discussion in the previous section, we make the following observation and proposal:
Proposal 1	For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, support Option 2 in NR Rel-17.
Proposal 2	For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, support M = 2 and N = 3 with Option 2 in NR Rel-17.
Proposal 3	In NR Rel-17, support both explicit and implicit BFD-RS configuration in order to support per-TRP beam failure detection.
Proposal 4	In NR Rel-17, support two BFD-RS resource sets and up to two BFD RSs per BFD RS set.
Proposal 5	In NR Rel-17, support explicit per-TRP BFD-RS configurations for both multi-DCI based multi-TRP and single-DCI based multi-TRP.
Proposal 6	In NR Rel-17, support implicit per-TRP BFD-RS configurations only for multi-DCI based multi-TRP.
Proposal 7	In NR Rel-17, support per-TRP BFD-RS configurations for both intra-cell and inter-cell multi-DCI based multi-TRP operation.
Proposal 8	In NR Rel-17, introduce a 1-1 associated between a BFD-RS set and a NBI-RS set.
Proposal 9	When two TCI states are activated for a CORESET, support inclusion of reference signals used as QCL-Type D sources in the two activated TCI states as BFD-RSs in the single BFD-RS set .
Proposal 10	For BFRQ, support up to one dedicated PUCCH-SR resource in a cell group with two spatial filters associated with the PUCCH-SR resource.
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