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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 on the remaining issues related to this objective considering the progress made until RAN1#106-e.
2	Discussion
RAN1#104-e, the following agreement was made with respect to beam measurement/reporting enhancements:
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 


One of the issues that is still open is whether to support Option 1 (UE reporting N>1 pair/groups and M>=1 beams per pair/group in a CSI report) and Option 3 (UE reporting M>=1 beams in N >1 CSI-reports corresponding to N report setting) for beam measurement/reporting enhancements.  Given that Option 2 is already agreed, we do not prefer introducing multiple options as that would lead to higher specification impact, potential market fragmentation and more complicated UE capabilities in NR Rel-17.  Hence, we make the following proposal:
[bookmark: _Toc84028880]For beam measurement/reporting enhancement to facilitate inter-TRP beam pairing, Option 1 (UE reporting N>1 pair/groups and M>=1 beams per pair/group in a CSI report) and Option 3 (UE reporting M>=1 beams in N >1 CSI-reports corresponding to N report setting) are not supported in NR Rel-17.

In the above agreement, it was not clarified if the different beams within a pair/group can be received simultaneously with different Rx spatial filters.  It should be kept in mind that objective 2c in the WID [1] clearly states that this enhancement is for ‘simultaneous multi-TRP transmission with multi-panel reception’.  As shown in the results of our previous contribution [2], significant system-level performance gains are observed from enhancing group-based reporting for the simultaneous multi-TRP transmission with multi-panel reception use case to ensure 4 layers reception in FR2.  However, if the two beams from a pair/group are received with the same Rx spatial filter at the UE, 4 layer reception may not be possible and there may not be peak throughput improvement.  Hence, simultaneous reception of the two beams from a pair/group with different Rx spatial filters is needed in order to see benefits of this enhancement.  In NR Rel-16, the following UE capability was introduced for simultaneous reception with different QCL Type D assumption, which allows the UE to receive with two different receive beams the signals transmitted from two different TRPs:

	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].
	Band
	No
	N/A
	FR2 only



It is quite natural to assume that a UE that supports the above capability can simultaneously receive the beams transmitted from within a pair/group with different receive beams.  Hence, a new UE capability is not needed in NR Rel-17 to indicate whether a UE could report that the beams within a pair/group are received with different RX beams.
[bookmark: _Toc84028881]Reuse simultaneousReceptionDiffTypeD-r16 UE capability to indicate if the UE is capable of receiving beams within a beam pair/group with different Rx spatial filters.
With regards to the issue of UE panel/antenna related feedback, the following proposal is captured in [3] although there was no agreement in RAN1#106-e.
Offline proposal 
Discuss whether to support UE panel/antenna related feedback within group based reporting option 2, and if so, down select from the following three options, by RAN1#106b-e 
· Alt-2.1: whether beams are associated to different Rx filters/panels 
· Alt-2.2: whether beams are received for spatial multiplexing or diversity 
· Alt-2.3: maximum number of supported layer per DL RS in a group
· Alt-2.4: Not support

Note that in prior meetings, some companies proposed reporting panel ID or antenna-group ID associated with the beams in each group.  In general, the notion of panel ID is an implementation issue and hence we prefer to avoid specification of panel IDs or antenna-group IDs.  Furthermore, whether to specify panel ID or not is being discussed in the multi-beam agenda, and hence we prefer not to duplicate the discussion in this agenda.  Having said that there is a need for the network to know whether two beams in the group-based beam report were simultaneously received by the UE using different RX spatial filters.  In current specifications TS 38.214, the following is captured with regards to spatial RX filter assumption for group-based beam reporting:
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. 
According to the yellow highlighted part above, the UE may use either a single spatial domain RX filter or multiple simultaneous spatial domain filters to receive the two beams in each group.  It should be noted that Alt-2.3 in the above proposal provides the information needed by the gNB since in Alt-2.3, the UE will report the maximum number of layers per each beam in the beam-group.

[bookmark: _Toc84028882]For potential UE panel related information feedback for group-based beam reporting, support the following:
[bookmark: _Toc84028883]->  the indication of the maximum number of layers supported per beam in a group-based beam report (i.e., support Alt-2.3)

In RAN1#106-e, the following proposals were captured with regards to the number of BFD-RS sets that can be configured in each DL CC/BWP [3]:
Offline proposal (version A): 
· At most 2 BFD-RS sets can be configured in each DL CC/BWP (including SCell and SpCell)
Offline proposal (version B)
· Support a UE feature on the maximum number of BFD-RS sets in each DL CC/BWP , where the candidate values include 2.

The proponents of version A argued that allowing more than 2 BFD-RS sets would lead to increase in UE complexity and RS overhead.  While version B would provide UE’s to support different maximum number of BFD-RS sets in each DL CC/BWP up to UE capability, it would lead to additional UE capabilities be defined which may be undesirable.  Hence, we propose to agree version A of the above proposal:
[bookmark: _Toc84028884]In NR Rel-17, at most 2 BFD-RS sets can be configured in each DL CC/BWP (including SCell and SpCell).

In RAN1#106-e, the following agreement was reached with regards to implicit configuration of BFD-RS for M-DCI based M-TRP:
Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· FFS: CORESETs with more than 1 activated TCI states


One of the open issues is the number X of TCI states of CORESETs with CORESETPoolIndex = k that are used to derive BFD-RS set k.  Given that in Rel-16 specifications (Clause 6 of 38.213), the UE expects to include up to two RS indexes in a BFD-RS resource set, a similar procedure can be adopted here which means the value of X=2 which is determined in the specification.  Furthermore, when the number of CORESETs with CORESETPoolIndex = k exceeds X, the BFD-RS selection is left up to UE implementation.  Hence, we propose the following:
[bookmark: _Toc84028885]In NR Rel-17, for implicit BFD-RS configuration for M-DCI based M-TRP, X=2 TCI states corresponding to CORESETs with CORESETPoolIndex = k are used to derive the RSs in BFD-RS set k.  The value X=2 is specified in TS 38.213.
[bookmark: _Toc84028886]In NR Rel-17, for implicit BFD-RS configuration for M-DCI based M-TRP, when the number of CORESETs with CORESETPoolIndex = k is less than X=2, then the determination of RSs in BFD-RS set k is left up to UE implementation.

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: _Toc84028887]In NR Rel-17, support per-TRP BFD-RS configurations for both intra-cell and inter-cell multi-DCI based multi-TRP operation.

In RAN1#103-e, SFN based PDCCH 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.  A simple solution is to let the UE assume that the reference signals used as QCL sources (if each TCI state contains two reference signal, the UE will utilize the QCL-TypeD RS) 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,  the QCL source reference signal with CSI-RS resource IDx corresponding to the 1st activated TCI state and QCL source reference signal with CSI-RS resource IDy corresponding to the 2nd activated TCI state shall be included by the UE in the beam failure detection resource set .   
[bookmark: _Toc84028888]When two TCI states are activated for a CORESET, the reference signals used as QCL sources in the two activated TCI states will be used as BFD-RSs in a single BFD-RS set . If any of the activated TCI states contains two reference signals, the UE will use the reference signal configured with QCL-TypeD


[image: ]
[bookmark: _Ref61725175]Figure 1.  An example of BFD resource determination with single BFD resource set when a CORESET is activated with 2 TCI states

With regards to PUCCH-SR resource selection rules for TRP specific BFR, the following agreement was reached in RAN1#104bis-e:
Agreement
Select one of the following alternatives with possible modification in RAN1#106-e
· Alt 2.5.2 A:
· On PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, there is no consensus to adopt alt-1 or alt-2. PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 B: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 2 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 C: 
· On the PUCCH-SR resource selection rule when SR is triggered and 2 PUCCH-SR resources are configured, and at most one BFD RS set fails per CC, adopt alt 1 if all failed BFD RS sets cross CCs are associated with the same PUCCH SR resource, else PUCCH-SR resource selection is up to UE implementation.
· Alt 2.5.2 D: 
· [bookmark: _Hlk73050134]Revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group. 

Among the alternatives above, Alts 2.5.2B and 2.5.2C define selection rule for case when at most one BFD RS set fails per CC, and for all other cases PUCCH-SR resource selection is up to UE implementation.  We do not see any benefit of leaving PUCCH-SR resource selection up to UE implementation when two PUCCH-SR resources are configured.  Alt 2.5.2A has a similar issue that PUCCH-SR resource selection is left up to UE implementation.  Hence, our preference is to make an agreement on Alt 2.5.2D.

[bookmark: _Toc84028889]Regarding PUCCH-SR resource selection when SR is triggered when beam failure is detected, revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group.

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, Option 1 (UE reporting N>1 pair/groups and M>=1 beams per pair/group in a CSI report) and Option 3 (UE reporting M>=1 beams in N >1 CSI-reports corresponding to N report setting) are not supported in NR Rel-17.
Proposal 2	Reuse simultaneousReceptionDiffTypeD-r16 UE capability to indicate if the UE is capable of receiving beams within a beam pair/group with different Rx spatial filters.
Proposal 3	For potential UE panel related information feedback for group-based beam reporting, support the following:
->  the indication of the maximum number of layers supported per beam in a group-based beam report (i.e., support Alt-2.3)
Proposal 4	In NR Rel-17, at most 2 BFD-RS sets can be configured in each DL CC/BWP (including SCell and SpCell).
Proposal 5	In NR Rel-17, for implicit BFD-RS configuration for M-DCI based M-TRP, X=2 TCI states corresponding to CORESETs with CORESETPoolIndex = k are used to derive the RSs in BFD-RS set k.  The value X=2 is specified in TS 38.213.
Proposal 6	In NR Rel-17, for implicit BFD-RS configuration for M-DCI based M-TRP, when the number of CORESETs with CORESETPoolIndex = k is less than X=2, then the determination of RSs in BFD-RS set k is left up to UE implementation.
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	When two TCI states are activated for a CORESET, the reference signals used as QCL sources in the two activated TCI states will be used as BFD-RSs in a single BFD-RS set . If any of the activated TCI states contains two reference signals, the UE will use the reference signal configured with QCL-TypeD
Proposal 9	Regarding PUCCH-SR resource selection when SR is triggered when beam failure is detected, revert the past agreement on supporting configuration of up to 2 PUCCH-SR resources. A UE can be configured up to 1 PUCCH-SR resource in a cell group.
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