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1	Introduction
RAN#92 updated the work item for further enhancements on MIMO for NR [1]. The objectives for multi-beam enhancements are stated as follows:
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
1.  Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 




In this contribution we discuss about the following issues having remaining open points:
1. [bookmark: _Hlk52870223]Unified TCI framework (Issue 1)
1. L1/L2-centric inter-cell mobility (Issue 2)
1. MP-UE assumption to facilitate fast UL panel selection (Issue 4)
1. MPE mitigation (Issue 5)

2	Discussion
2.1	On the unified TCI framework (Issue 1 and Issue 3)
2.1.1	On TCI/Spatial Relation Info
The following working assumption was made in RAN1#107-e:
	Working Assumption
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo if the UE is configured with Rel-17 TCI in any CC in a band
The CC list for Rel-16 multi-CC beam indication should not contain any CC configured with Rel-17 TCI



We are fine to confirm the working assumption. However, we think that spatial relation for positioning (SpatialRelationInfoPos) should be excluded. That is because SRS for position can have 'dl-PRS' as the spatial relation RS while other SRS resources (sets) cannot have. In addition, there are no agreements to include SRS for positioning as a target signal for the Rel17 TCI state.
[bookmark: _Ref95744131][bookmark: _Ref95744143]Proposal 1: Confirm Working assumption and exclude spatial relation for positioning:
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo (excluding SpatialRelationInfoPos) if the UE is configured with Rel-17 TCI in any CC in a band. The CC list for Rel-16 multi-CC beam indication should not contain any CC configured with Rel-17 TCI. 

2.1.2	TCI state signaling/configuration for SRS not sharing the indicated TCI state
Regarding the TCI state signaling and configuration for SRS not sharing the indicated TCI state the following was discussed in RAN1#107-e:
	Latest text from RAN1#107e (FL version):

[bookmark: _Hlk94617718]On Rel-17 unified TCI framework, for any SRS resource or resource set that does not share the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, but can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI (hence the Rel-17 UL or, if applicable, joint TCI state pool), Rel-17 mechanism(s) which reuse mechanisms similar to the Rel-15/16 spatial relation info update signaling/configuration design(s) are used to update/configure such SRS (s) with Rel-17 UL or, if applicable, joint TCI state(s).
· Applies for both intra-cell and inter-cell beam indication
· Preserve the Rel-15/16 principle of per-SRS-resource-set UL PC parameter configuration/activation. Down select (maintenance) at least between the following two options for the exact scheme:
· Opt1: In such a case, UE ignores the UL PC parameters associated with the UL or, if applicable, joint TCI state for SRS, and legacy Rel-15/16 UL PC parameter configuration/activation signaling is reused; otherwise, if SRS resource or resource set shares the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, UE does not expect legacy Rel-15/16 UL PC parameter configuration for SRS.
· Opt2. In such a case, the Rel-15/16 principle for SRS UL PC parameter setting configuration/activation per SRS resource set is used
· Note: Further clarification and/or possible compromise between the two are not precluded
· The MAC-CE signaling for the Rel-17 mechanism(s) shall fully reuse, to the fullest possible extent, the MAC-CE for the Rel-15/16 spatial relation info update
· Note: To the fullest possible extent, not to introduce any new MAC-CE. The exact details are up to RAN2. 
· Note: A Rel-17 UE is not required to support both this feature and Rel-16 AP SRS SpatialRelationInfo update within the same band.




From two options, Opt1 and Opt2, Opt2 seems to be more inline with the agreement that the UL PC parameters for SRS can be associated with the UL or Joint TCI state. However, also Opt2 is not according to earlier agreements since each SRS resource in the set may be provided a TCI state that is then associated to UL PC parameters. In other words, SRS resource set with multiple SRS resources and each resource having different UL PC parameters through the TCI state may have multiple UL PC parameter sets. Thus, it does not mean preserving Rel15/Rel16 principle with SRS resource set specific UL PC parameters. Principle of Rel17 according to our understanding is depicted in Figure 1 compared to Rel15/16.
[image: ]
[bookmark: _Ref95219862]Figure 1 Association of UL PC parameters regarding SRS resource set in Rel15/16 and Rel17. 
[bookmark: _Ref95744170]Observation 1: Based on the agreements so far in Rel17 the UL PC parameters are/can be associated to (UL) TCI state. This should be reflected in the further agreements. It’s also possible that NW configures the same UL PC parameters for different TCI states. 

2.1.3	On CORESETs in unified TCI framework
	Agreement
For Rel-17 unified TCI framework, on applying the indicated Rel-17 TCI state to PDCCH reception and the respective PDSCH reception:
· For discussion purposes, define as follows:
· ‘CORESET A’: A CORESET other than CORESET#0 associated with only UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with: 
· [USS and/or CSS Type 3]
· ‘CORESET B’:  A CORESET other than CORESET#0 associated with only non-UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with:
· [CSS or CSS other than Type 3]
· ‘CORESET C’: A CORESET other than CORESET#0 associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC
· CORESET#0
· For Rel-17 TCI state indication, support per CORESET determination as follows:
· For any PDCCH reception on a ‘CORESET A’ and the respective PDSCH reception, UE always applies the indicated Rel-17 TCI state.
· For any PDCCH reception on a ‘CORESET B’ and the respective PDSCH reception, whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC
· FFS: For intra-cell BM, whether CORESET C is supported or not 
· If CORESET C is supported, the TCI state of CORESET C
· FFS: For inter-cell BM, whether CORESET C is supported or not 
· If CORESET C is supported, the TCI state of CORESET C
· FFS: The TCI state of CORESET 0



Whether CSS Type 3 is associated with ‘CORESET A’ or ‘CORESET B’ we consider that at least one strong reason to associate CSS Type 3 with ‘CORESET A’ is the enable UL power control commands also in non-serving cell. Thus, we think that CSS Type should be associated with ‘CORESET A’. 
[bookmark: _Ref95744198]Proposal 2: USS and CSS Type 3 for ‘CORESET A’ and CSS other than Type 3 for ‘CORESET B’.
Then, whether or not to support ‘CORESET C’ we think it’s important not to have less flexibility than in Rel15/16. Thus, we think that ‘CORESET C’ should be supported at least in intra-cell case, and in that case can follow indicated TCI state. 
[bookmark: _Ref95744203]Proposal 3: CORESET C is supported in intra-cell case, and in that case it shares the indicated TCI state. 
CORESET#0 could follow CORESET B or legacy MAC CE based mechanism is used to provide Rel17 TCI state. TCI state in either case should comprise DL RSs of the serving cell as QCL sources.
[bookmark: _Ref95744208]Proposal 4: CORESET#0 follows CORESET B or legacy MAC CE based mechanism is used to provide Rel17 TCI state. TCI state in either case should comprise DL RSs of the serving cell as QCL sources.

2.2		Inter-Cell Beam Management (Issue 2)
In this section we discuss about the remaining issues in inter-cell beam management. The following earlier agreement is a basis for the discussion:
Agreement 
For Rel-17 unified TCI framework, on applying the indicated Rel-17 TCI state to PDCCH reception and the respective PDSCH reception: 
· For discussion purposes, define as follows: 
· ‘CORESET A’: A CORESET other than CORESET#0 associated with only UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with:  
· [USS and/or CSS Type 3] 
· ‘CORESET B’:  A CORESET other than CORESET#0 associated with only non-UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with: 
· [CSS or CSS other than Type 3] 
· ‘CORESET C’: A CORESET other than CORESET#0 associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC 
· CORESET#0 
· For Rel-17 TCI state indication, support per CORESET determination as follows: 
· For any PDCCH reception on a ‘CORESET A’ and the respective PDSCH reception, UE always applies the indicated Rel-17 TCI state. 
· For any PDCCH reception on a ‘CORESET B’ and the respective PDSCH reception, whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC 
· FFS: For intra-cell BM, whether CORESET C is supported or not  
· If CORESET C is supported, the TCI state of CORESET C 
· FFS: For inter-cell BM, whether CORESET C is supported or not  
· If CORESET C is supported, the TCI state of CORESET C 
· FFS: The TCI state of CORESET 0 
	Agreement 
For Rel-17 unified TCI framework, on applying the indicated Rel-17 TCI state to PDCCH reception and the respective PDSCH reception: 
· For discussion purposes, define as follows: 
· ‘CORESET A’: A CORESET other than CORESET#0 associated with only UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with:  
· [USS and/or CSS Type 3] 
· ‘CORESET B’:  A CORESET other than CORESET#0 associated with only non-UE-dedicated reception on PDCCH in a CC, comprising CORESETs in association with: 
· [CSS or CSS other than Type 3] 
· ‘CORESET C’: A CORESET other than CORESET#0 associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC 
· CORESET#0 
· For Rel-17 TCI state indication, support per CORESET determination as follows: 
· For any PDCCH reception on a ‘CORESET A’ and the respective PDSCH reception, UE always applies the indicated Rel-17 TCI state. 
· For any PDCCH reception on a ‘CORESET B’ and the respective PDSCH reception, whether or not UE to apply the indicated Rel-17 TCI state associated with the serving cell is determined per CORESET by RRC 
· FFS: For intra-cell BM, whether CORESET C is supported or not  
· If CORESET C is supported, the TCI state of CORESET C 
· FFS: For inter-cell BM, whether CORESET C is supported or not  
· If CORESET C is supported, the TCI state of CORESET C 
· FFS: The TCI state of CORESET 0 



2.2.1	On the default QCL assumption in inter-cell beam management:
Monitoring of the PDCCH on the ‘CORESET A’ is based on the indicated TCI state while monitoring of the PDCCH on the ‘CORESET B’ can be based on the activated TCI state for the CORESET. Indicated TCI state acts as a default beam as well replacing existing default PDSCH beam assumption. However, in inter-cell case that is not possible when the UE monitors ‘CORESET B’ because the indicated TCI state is not applied. And if the UE is scheduled from the ‘CORESET B’ with the scheduling offset less than timeDurationForQCL the UE applies the default QCL assumption for the reception of the PDSCH which is the TCI state of the CORESET monitored in the latest slot. The problem is illustrated in the following figure. In there, if the PDSCH(2) is scheduled for the UE, i.e. with scheduling offset of one slot when the timeDurationForQCL is two slots, the UE cannot basically receive the PDSCH (2) since the UE applying the indicated TCI state which is from the non-serving cell while the PDSCH (2) is transmitted from the serving cell.
[image: ]
[bookmark: _Ref95744265]Observation 2: In inter-cell beam management there may ambiguity in determining the default QCL assumption for PDSCH reception when the UE is having monitoring occasions for ‘CORESET B’ in serving cell and monitoring occasions for ‘CORESET B’ for the PCI different than PCI of the serving cell. 
[bookmark: _Ref95744274]Proposal 5: Default beam assumption for the PDSCH reception (and CSI-RS) needs to be defined for inter-cell case. 

2.2.2 On the Inter-cell beam indication and the serving cell TCI State for CORESET C

For network configuration flexibility the CORESET C should be supported for both intra- and inter cell beam management. For intra-cell operation, it is assumed that all search spaces of the CORESET C would follow R17 beam indication. In case of inter-cell beam indication, as per agreement the only UE dedicated channels (possible counting of CSS-type3 as UE dedicated) can be monitored on PCI different from serving cell: this would imply that for CORESET C the USS part would be monitored and the CSS part of the CORESET C would be monitored on the serving cell.  

[bookmark: _Ref95744292]Observation 3: Network configuration should not be limited for CORESETs in case of inter-cell beam management.
[bookmark: _Ref95744299]Observation 4: For CORESET C, the USS part can be indicated to be monitored on PCI different from serving cell and the CSS part would be monitored on serving cell.
[bookmark: _Ref95744358]Proposal 6: Support CORESET C for inter-cell BM.

Upon receiving the beam indication for the PCI different from the serving cell, UE should have the QCL assumption for CSS monitoring on the serving cell. One option would be to use default TCI state for the CORESET. Also, for the serving cell, the QCL assumption/ TCI state CSS part of the CORESET C may need to be updated. When the USS part is monitored on the PCI different from serving cell, the QCL assumption could be updated using CORESET specific TCI state indication.

2.2.3 On the inter cell beam indication and CORESET B 

When UE has been configured with a CORESET B that has been configured to follow the serving cell beam indication and UE receives beam state indication where the TCI state indicates RS with different PCI (than the serving cell) the UE may not be able to apply the indicated TCI i.e., is not possible does not apply the indicated TCI state for the CORESET type B if it has been configured to follow the serving cell beam indication or indicated TCI state. In this case UE could assume temporarily, that the CORESET does not follow the beam indication, when the indication indicates RS of cell with other PCI than serving cell. For CORESET type B which is configured to follow indicated TCI state, and then the indicated TCI state is for cell other than serving cell, UE could assume that separate indication is provided for CORESET type B which is monitored on serving cell. When the beam indication for inter-cell operation is received, UE could a assume the last indicated TCI state that is having QCL source RS(s) from the serving cell (e.g. until reconfigured). Also, NW should be able to indicate new beam/TCI state for PDCCH monitoring on CORESET B.   

[bookmark: _Ref95744368]Proposal 7: CORESET B that is configured to follow serving cell beam indication does not follow the R17 beam indication if the beam indication indicates TCI state associated with RS of PCI different from serving cell. 

When UE has been configured with a CORESET B that has been configured to follow the serving cell beam indication and UE receives beam state indication where the TCI state indicates RS with different PCI (than the serving cell) the UE may is be able to apply the indicated TCI i.e. is not possible does not apply the indicated TCI state for the CORESET type B if it has been configured to follow the serving cell beam indication or indicated TCI state. 
In this UE assumes, temporarily, that the CORESET does not follow the beam indication, when the indication indicates RS of cell with other PCI than serving cell. For CORESET type B which is configured to follow indicated TCI state, and then the indicated TCI state is for cell other than serving cell, UE assumes that separate indication is provided for CORESET type B which is monitored on serving cell. o For CORESET type B UE assumes the TCI state based on the CORESET specific TCI state indication - UE may assume the last indicated TCI state that is having QCL source RS(s) from the serving cell (e.g. until reconfigured). However, also, NW should be able to indicate new beam/TCI state for PDCCH monitoring on CORESET B.  

[bookmark: _Ref95744393]Observation 5: When UE receives beam indication indicating PCI different from serving cell the CORESET B cannot follow the beam indication. 
[bookmark: _Ref95744413]Observation 6: Network should be able to update the TCI state/QCL assumption for the CORESET B.
[bookmark: _Ref95744429]Proposal 8: In case of beam indication for PCI different from serving cell, the CORESET B TCI state does not follow the indicated TCI state and can be indicated separately.  
  
2.2.4 On the support of only one activated TCI state
If a UE supports only one activated TCI state for any CORESET type combination and it receives beam indication for TCI state indicating RS associated with PCI different than serving cell, it should still have the QCL assumption for the PDCCH monitoring on the CSS on the serving cell. Also, the QCL should be able to be updated by network, although UE would support only one TCI state (UE still needs to monitor the USS using the indicated TCI state on the different PCI and CSS (e.g. for short message). As one example network could update the QCL assumption by indicating a TCI state that indicates an SSB of the serving cell, this indication would be then applied for CSS monitoring for serving cell.
[bookmark: _Ref95744500]Observation 7: If UE supports only one activated TCI state in inter-cell beam management a QCL update mechanism is needed to facilitate CSS monitoring in the serving cell while performing USS monitoring associated to PCI different than PCI of the serving cell.

2.2.5 PDCCH DMRS in inter-cell BM
In the inter cell BM, the CORESETs may be shared between the serving cell UEs and inter-cell BM UEs. When no scrambling ID for PDCCH DMRS is configured, the CORESET utilizes the PCI for scrambling that of the serving cell which may require network to schedule with more than one DMRS scrambling (and precoder granularity) assumption for a specific CORESET. This may limit the network scheduling flexibility and reduce the network and UE specific throughput. The scrambling parameter should be dependent on the associated PCI indicated by the RS of the TCI state. 
[bookmark: _Ref95744524]Proposal 9: CORESET parameters (PDCCH DMRS scrambling) can be conditionally changed based on the TCI state activation for the CORESET and PCI association of the indicated RS.

2.3 [bookmark: _Hlk54263756]Enhancements on MPUE to facilitate fast UL panel selection (Issue 4)

	Working assumption
· Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises [at least] the max supported number of SRS ports
· For any two different value sets, at least one capability value needs to be different 
· FFS: If in addition also identical value sets are allowed.
· FFS: which type(s) of UE capability other than the max supported number of SRS ports is included in a UE capability value set 
· Whether the UE capability value set can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session
Conclusion: 
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection via UE reporting a list of UE capability value sets, other than the max supported number of SRS ports (note: currently pending endorsement in proposal 4.A), there is no consensus on supporting another UE capability type.

Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection via UE reporting a list of UE capability value sets, the correspondence between each reported CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. 
· The Rel-15/16 beam reporting is reused framework is used, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI and support down select (maintenance) between the following two options in (selected by RRC with Option 2 as default one):
· Option 1: UE can report one index for all the reported CRIs/SSBRIs in one beam reporting
· Option 2: UE can report one index for each reported CRI/SSBRI in one beam reporting.
· FFS: whether/how to take DL-only panel into account in the report
· FFS: Time-domain behaviour, e.g. the support periodic, semi-persistent, and aperiodic reporting 
· FFS: Semi-persistent and/or aperiodic reporting is triggered only when periodic reporting is configured
· (Working assumptions): Support acknowledgement mechanism of the reported correspondence from NW to UE, which doesn't preclude reusing/reinterpreting existing signaling/procedure
· FFS (maintenance): the application time for the reported correspondence (if any), the exact acknowledgement mechanism and whether spec impact is needed, e.g. based on TCI state update, BFR response like mechanism, including the application time for the reported correspondence, if any
· No new DCI format and no new RNTI are introduced for this function.




We support to confirm the WA with allowing to report identical value sets. Allowing to report identical value sets would be future-proof for the potential simultaneous two-panel uplink transmission in Rel18.
[bookmark: _Ref95744535]Proposal 10: Support capability value set index reporting allowing to report identical value sets. 
Regarding reporting format for the capability value set index reporting together with SSBRI/CRI and L1-RSRP/SINR two options were defined in RAN1#107-e:
	· The Rel-15/16 beam reporting is reused framework is used, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI and support down select (maintenance) between the following two options in (selected by RRC with Option 2 as default one):
· Option 1: UE can report one index for all the reported CRIs/SSBRIs in one beam reporting
· Option 2: UE can report one index for each reported CRI/SSBRI in one beam reporting.
· FFS: whether/how to take DL-only panel into account in the report



We support Option 2 as it provides better flexibility and can reveal the actual best beam pair links. As the reporting is for UL transmission purposes we don’t see strong need for the DL-only panel reporting. If the DL-only panel was reported it should be made sure that the UE would report also SSBRI/CRI for the UL panel as well. 
[bookmark: _Ref95744563]Proposal 11: Support Option2: UE can report one index for each reported CRI/SSBRI in one beam reporting.
Observation 8: As the reporting is for UL transmission purposes we don’t see strong need for the DL-only panel reporting. If the DL-only panel was reported it should be made sure that the UE would report also SSBRI/CRI for the UL panel as well.
Considering time domain behaviours, we think that new reporting shall support all time domain behaviours without any additional rule similar to current L1-RSRP reporting. 
[bookmark: _Ref95744571]Proposal 12: Support all time domain behaviours without any additional rule.
We think it’s important to provide a robust mechanism to keep NW and UE aligned with the correct assumption of the number of SRS ports the UE is able to have for the uplink transmissions. Thus, the acknowledgement mechanism should be supported. The application time can reuse the application time of the MAC-CE based TCI state activation.
[bookmark: _Ref95744590]Proposal 13: Support the acknowledgement mechanism in order to keep NW and UE aligned. 
[bookmark: _Ref95744602]Proposal 14: The application time for MAC-CE based TCI state activation is reused for the reported correspondence in acknowledgement mechanism. 
Most logical acknowledgement mechanism would be based on the TCI state activation/update mechanism. MAC-CE based TCI state update could be targeted to certain SRS resource set which would then activate the SRS resource set if the target set is different from the previous used set. Also, another possibility could be that acknowledgement mechanism is based on TCI state activation/update mechanism where the activated TCI state includes as QCL-TypeD RS or is QCLed in terms of QCL-TypeD with one of the reported RS (SSBRI or CSI-RS) in the report. Then UE can assume that the SRS resource set which can be triggered (aperiodic) or which is to be used (periodic or semi-persistent) is the one that is associated with the same capability set index as the UE provided in the report together with the reported RS (and included in the activated TCI state). We prefer the latter one. 
[bookmark: _Ref95744628]Proposal 15: Acknowledgement mechanism is based on TCI state activation/update mechanism where the activated TCI state includes as QCL-TypeD RS or is QCLed in terms of QCL-TypeD with one of the reported RS (SSBRI or CSI-RS) in the report. Then UE can assume that the SRS resource set which can be triggered (aperiodic) or which is to be used (periodic or semi-persistent) is the one that is associated with the same capability set index as the UE provided in the report together with the reported RS (and included in the activated TCI state).
Before the first acknowledged application of the correspondence info the SRS resource(s) or the SRS resource set with lowest capability in terms of the SRS antenna ports can be assumed. Similarly, it could be defined a fallback to the lowest capability SRS resource set if the UE has not provided the correspondence report for the certain time in order to avoid misalignment due to not having up-to-date correspondence information. 
[bookmark: _Ref95744634]Proposal 16: Before the first acknowledged application of the correspondence info the SRS resource(s) or the SRS resource set with lowest capability in terms of the SRS antenna ports is assumed. 
[bookmark: _Ref95744645]Proposal 17: Consider a fallback to the lowest capability SRS resource set if the UE has not provided the correspondence report for the certain time in order to avoid misalignment due to not having up-to-date correspondence information.
Furthermore, the dynamic adaptation of UL transmission assumptions based on the reported correspondence impact also UL DCI fields like ‘precoding information and number of layers’ field and ‘SRS resource indicator’ which should be further discussed. In addition, there may also be an impact on how UE determines the UL transmission parameters for the CG PUSCH.
[bookmark: _Ref95744659]Proposal 18: Study further whether there are impacts on how UE determines the UL DCI fields like ‘precoding information and number of layers’ field and ‘SRS resource indicator’ when dynamic adaptation of UL transmission assumptions based on the reported correspondence takes place. 
[bookmark: _Ref95744679]Proposal 19: Study further potential impact on how UE determines the UL transmission parameters for the CG PUSCH when dynamic adaptation of UL transmission assumptions based on the reported correspondence takes place.

2.4 MPE Mitigation (Issue 5)
2.4.1 SSBRI/CRI resource pool selection
In RAN1#106-e (R1-2108557), we discussed how to perform the selection of SSB/CSI-RS resource pool.
	Agreement RAN1#106-e
On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following: 
· For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection)
· Support M=1



In RAN1#106bis-e (R1-2110514), we agreed on a RRC configuration with details up to RAN2.
	Proposal 5.C: On Rel.17 enhancements to facilitate MPE mitigation, for selection of N from a candidate SSB/CSI-RS resource pool: 
· Down-select by RAN1#107-e between the following alternatives:
· Alt1. Based on L1-RSRP minus P-MPR value for each resource 
· Alt2. Based on calculated Virtual PHR for each resource
· Virtual PHR is modified by considering virtual P-MPR
· Alt3. Based on L1-RSRP for each resource among the resources with P-MPR values less than a threshold
· FFS: Reporting when there are only less than N P-MPR values under the threshold
· Alt4. No RAN1 spec impact (possibly left to RAN4) 
· The candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2)




When UE reports SSBRI/CRI of candidate beam to mitigate MPE, it is clear that the larger the pool is the higher likelihood for UE to find a beam with lowest MPE. Furthermore, the more diverse the pool, the better chance for UE to report an MPE-free beam to network. Therefore, it is proposed to set the resource pool to the maximum number of reference signals, i.e. 64.
[bookmark: _Ref95744693]Proposal 20: Candidate resource pool for SSBRI/CRI is up to 64 RS.
Furthermore, configuring the resource pool to include multiple TRPs enhances diversity within the pool. In other words, when a UE panel is under MPE, the UE may look for candidate beams from another panel which is likely to point towards another TRP. Therefore, enhancing the pool configuration to mTRP will enable the UE to report the best candidate beam to mitigate MPE.
[bookmark: _Ref95744700]Proposal 21: Extend SSRI/CRI resource pool configuration to include mTRP framework.
2.4.2 MPE extension to mTRP framework
RAN1 received LS from RAN2 in R1-2200859 (R2-2111600) regarding whether MPE reporting changes would also apply to the multi-TRP (mTRP) framework. Our view is detailed in R1-2202313 and summarized below:
MPE Rel-17 in FeMIMO WI agreed on the following parameters: mpe-Reporting-FR2-r17, numberOfN and mpe-ResourcePool subsequent from P-MPR reporting in MAC CE for multiple beams according to RRC configuration. While it is the case that this was discussed and agreed under the “Multi-Beam feature”, we do not see reasons why it should not be extended to mTRP framework.
The goal of MPE Rel-17 feature is to enable the UE to report an alternative candidate beam which has better UL condition (i.e. no or less P-MPR). This may likely be a beam in a different direction. Therefore, extending the feature to mTRP provides more diversity for the pool and candidate beams, thus increases the likelihood that the UE can find a better suited beam. The benefit of the MPE Rel-17 feature is clearly enhanced by extending the pool of candidate beams to mTRP. 
The RAN1 impact of applying MPE reporting changes to mTRP framework is viewed as manageable since any configuration can be part of the resource pool, this is detailed below for the different use cases:
a. mTRP intra-cell 
· single DCI: the beam indexing is up to gNB implementation and the relation to each TRP is transparent to UE. UE can report candidate beams with SSBRI/CRI independently of TRP association knowledge. This extension is straightforward from the current RAN1 MPE agreement.
· multi-DCI: this may be enabled with the coresetPoolIndex for the SSBRI/CRI MPE reporting. This is controlled in gNB implementation by configuring the CORESET Pool. As such, small changes from current framework are required and only minor changes to MPE resource pool configuration are needed.
b. mTRP inter-cell: with different PCI, this extension is similar to inter-cell beam management framework and is straightforward to implement as already agreed.
Therefore, RAN1 does not see road-blockers for applying MPE reporting changes to the mTRP framework and recommends implementing such extension in Rel-17 in RAN2.
[bookmark: _Ref95744708]Proposal 22: MPE Rel-17 reporting applies to mTRP framework including intra-cell mTRP as well and inter-cell mTRP.
 
3	Conclusions
Based on the discussion the following observations and proposals were made:
[bookmark: _Hlk54404629]On the unified TCI framework (issue 1):
Proposal 1: Confirm Working assumption and exclude spatial relation for positioning:
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo (excluding SpatialRelationInfoPos) if the UE is configured with Rel-17 TCI in any CC in a band. The CC list for Rel-16 multi-CC beam indication should not contain any CC configured with Rel-17 TCI. 
Observation 1: Based on the agreements so far in Rel17 the UL PC parameters are/can be associated to (UL) TCI state. This should be reflected in the further agreements. It’s also possible that NW configures the same UL PC parameters for different TCI states.
Proposal 2: USS and CSS Type 3 for ‘CORESET A’ and CSS other than Type 3 for ‘CORESET B’.
Proposal 3: CORESET C is supported in intra-cell case, and in that case it shares the indicated TCI state.
Proposal 4: CORESET#0 follows CORESET B or legacy MAC CE based mechanism is used to provide Rel17 TCI state. TCI state in either case should comprise DL RSs of the serving cell as QCL sources.

On inter-cell beam management (issue 2).
Observation 2: In inter-cell beam management there may ambiguity in determining the default QCL assumption for PDSCH reception when the UE is having monitoring occasions for ‘CORESET B’ in serving cell and monitoring occasions for ‘CORESET B’ for the PCI different than PCI of the serving cell.
Proposal 5: Default beam assumption for the PDSCH reception (and CSI-RS) needs to be defined for inter-cell case.
Observation 3: Network configuration should not be limited for CORESETs in case of inter-cell beam management.
Observation 4: For CORESET C, the USS part can be indicated to be monitored on PCI different from serving cell and the CSS part would be monitored on serving cell.
Proposal 6: Support CORESET C for inter-cell BM.
Proposal 7: CORESET B that is configured to follow serving cell beam indication does not follow the R17 beam indication if the beam indication indicates TCI state associated with RS of PCI different from serving cell.
Observation 5: When UE receives beam indication indicating PCI different from serving cell the CORESET B cannot follow the beam indication.
Observation 6: Network should be able to update the TCI state/QCL assumption for the CORESET B.
Proposal 8: In case of beam indication for PCI different from serving cell, the CORESET B TCI state does not follow the indicated TCI state and can be indicated separately.
Observation 7: If UE supports only one activated TCI state in inter-cell beam management a QCL update mechanism is needed to facilitate CSS monitoring in the serving cell while performing USS monitoring associated to PCI different than PCI of the serving cell.
Proposal 9: CORESET parameters (PDCCH DMRS scrambling) can be conditionally changed based on the TCI state activation for the CORESET and PCI association of the indicated RS.

Enhancements on MPUE fast panel selection (issue 4):
Proposal 10: Support capability value set index reporting allowing to report identical value sets.
Proposal 11: Support Option2: UE can report one index for each reported CRI/SSBRI in one beam reporting.
Proposal 12: Support all time domain behaviours without any additional rule.
Proposal 13: Support the acknowledgement mechanism in order to keep NW and UE aligned.
Proposal 14: The application time for MAC-CE based TCI state activation is reused for the reported correspondence in acknowledgement mechanism.
Proposal 15: Acknowledgement mechanism is based on TCI state activation/update mechanism where the activated TCI state includes as QCL-TypeD RS or is QCLed in terms of QCL-TypeD with one of the reported RS (SSBRI or CSI-RS) in the report. Then UE can assume that the SRS resource set which can be triggered (aperiodic) or which is to be used (periodic or semi-persistent) is the one that is associated with the same capability set index as the UE provided in the report together with the reported RS (and included in the activated TCI state).
Proposal 16: Before the first acknowledged application of the correspondence info the SRS resource(s) or the SRS resource set with lowest capability in terms of the SRS antenna ports is assumed.
Proposal 17: Consider a fallback to the lowest capability SRS resource set if the UE has not provided the correspondence report for the certain time in order to avoid misalignment due to not having up-to-date correspondence information.
MPE mitigation (issue 5):
Proposal 20: Candidate resource pool for SSBRI/CRI is up to 64 RS.
Proposal 21: Extend SSRI/CRI resource pool configuration to include mTRP framework.
Proposal 22: MPE Rel-17 reporting applies to mTRP framework including intra-cell mTRP as well and inter-cell mTRP.
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