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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 six different categories or issues identified in the previous meetings:
1. [bookmark: _Hlk52870223]Unified TCI framework (Issue 1)
1. L1/L2-centric inter-cell mobility (Issue 2)
1. Dynamic TCI state update signaling medium (Issue 3)
1. MP-UE assumption to facilitate fast UL panel selection (Issue 4)
1. MPE mitigation (Issue 5)
1. Other enhancements (Issue 6)

2	Discussion
2.1	On the unified TCI framework
Conclusions and agreements related to the unified TCI framework in RAN1#106-e are as follows [2]:
	Agreement
On Rel.17 unified TCI framework, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· Aperiodic CSI-RS resources for CSI
· FFS: Discuss if further restriction or further case is necessary
· Aperiodic CSI-RS resources for BM 
· FFS: Discuss if further restriction or further case is necessary
· FFS: Other CSI-RS time-domain behaviours and/or restriction(s)
Agreement
On Rel.17 unified TCI framework:
· Aperiodic SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· FFS: Discuss if/which restriction is necessary, e.g. only for aperiodic, apply to all resources in a set
· Note: This doesn’t imply that all time-domain behaviours are automatically supported
Agreement
On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
· Any other case, it is defined as beam misalignment

Agreement
The following working assumption is confirmed with revision in red.
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), Rel-17 mechanism(s) which reuse the Rel-15/16 TCI state update signaling/configuration design(s) are used to update/configure such DL RS(s) with Rel-17 TCI state(s).
· Applies for both intra-cell and inter-cell beam indication

Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH






2.1.1	On number of TCI states
Since RAN1#103-e it has been open that what are the supported (max) number of active TCI states and max number of configured TCI states. Regarding max number of configured TCI states the options could be 128 (current maximum per UE capability) and 256. Currently 64 is mandatory in FR2 and up to 128 TCI states can be configured if the UE supports it. So, in principle it’s seen that 128 would be enough also in Rel17 even with inter-cell beam management. In other words, we don’t see a strong need to increase maximum number of activated TCI states, even with separate DL and UL TCI states. 
[bookmark: _Ref84003323]Proposal 1: The maximum number of configured TCI states is 128.
Similarly, for the max number of active TCI states we consider that current maximum of eight activated TCI codepoints would be enough in Rel17. It would also mean that no changes would be needed to the DCI format 1_1/1_2. 
[bookmark: _Ref84003334]Proposal 2: The maximum number of active TCI states or TCI codepoints is 8.
Considering multiple active TCI states at a time, in the UL the UE may have lower capability than in DL what comes to the supported number of simultaneously active TCI states. E.g. in DL the UE may have multiple active panels and in UL only a single panel active at a time. Thus, it should be discussed whether gNB should be aware which TCI states can be active simultaneously (e.g. corresponding to the different beams of the same panel but not the different beams of the different panels) from which to indicate one. 
[bookmark: _Ref84003364]Proposal 3: Discuss whether gNB should be aware which TCI states can be active simultaneously for UL (e.g. corresponding to the different beams of the same panel compared to different beams of the different panels).

2.1.2	On supported source/target QCL relations
The following agreement was made in RAN1#106-e:
	Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP



Regarding the highlighted FFS point, non-UE-dedicated PUCCH is used for the PUCCH HARQ-ACK transmission for Msg4 PDSCH or for the MsgB PDSCH (2-step) in RACH procedure by the UE. Correspondingly, non-UE-dedicated PUSCH is Msg3 or MsgA transmission by the UE. For both non-UE-dedicated PUCCH and non-UE-dedicated PUSCH it is still expected that both would be transmitted with the same spatial TX filter as preceding PRACH preamble.  
[bookmark: _Ref84003395]Observation 1: Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH would be transmitted with the same TX spatial filter as preceding PRACH preamble.

2.1.3	CA
Related to unified TCI framework within a carrier aggregation scenario the following agreement was made in RAN1#106-e:
	Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (i.e. bwp-Id or cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC



In the above agreement, whether or not “configured” is included does not matter because the functionality is described in the bullets of the agreement. However, “configured” would provide clarity for the agreement in high level and thus we propose to remove brackets from “configured”.
[bookmark: _Ref84003481]Proposal 4: Remove brackets from the agreement “For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs”
Another open point is how to define reference BWP/CC. We think that most logical and simple would be to define the reference BWP/CC being the one in which R17 TCI state pool is configured.
[bookmark: _Ref84003965]Proposal 5: Reference BWP/CC is the one in which R17 TCI state pool is configured.

2.1.4	On target signals for indicated Rel17 TCI state
The following agreements were made in the RAN1#106-e:

	Agreement
On Rel.17 unified TCI framework, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· Aperiodic CSI-RS resources for CSI
· FFS: Discuss if further restriction or further case is necessary
· Aperiodic CSI-RS resources for BM 
· FFS: Discuss if further restriction or further case is necessary
· FFS: Other CSI-RS time-domain behaviours and/or restriction(s)

Agreement
On Rel.17 unified TCI framework:
· Aperiodic SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· FFS: Discuss if/which restriction is necessary, e.g. only for aperiodic, apply to all resources in a set
· Note: This doesn’t imply that all time-domain behaviours are automatically supported




[bookmark: _Hlk83806382]Regarding CSI-RS whether other CSI-RS than aperiodic CSI-RS for CSI and aperiodic CSI-RS for BM can share the same indicated Rel-17 TCI state as UE-dedicated PDSCH and PDCCH, in general it would make sense to support that periodic and semi-persistent CSI-RS could also share the same indicated TCI state. That is to support e.g. periodic, semi-persistent or aperiodic CSI reporting also with periodic or semi-persistent CSI-RS. Then, it could be defined/configured e.g. in CSI-RS resource level whether the resource follows indicated Rel-17 TCI state or configured/activated Rel-17 TCI state. 
[bookmark: _Ref79164589][bookmark: _Ref84004017]Proposal 6: Support also periodic and semi-persistent CSI-RS resources to share the same indicated Rel-17 TCI state as UE-dedicated PDCCH, PDSCH and aperiodic CSI-RS. 
[bookmark: _Ref84004031]Observation 2: It could be defined/configured e.g. in CSI-RS resource level whether the resource follows indicated Rel-17 TCI state or configured/activated Rel-17 TCI state.
Similarly, for SRS resources it would make sense to support that also periodic and semi-persistent SRS resources, when configured, could follow the indicated Rel-17 UL TCI state. Otherwise, the SRS resource would follow configured/provided Rel-17 joint DL/UL or separate UL TCI state.
[bookmark: _Ref84004054]Proposal 7: Support also periodic and semi-persistent SRS resource to share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH and UE dedicated PUCCH.

2.1.5	UL PC
In RAN1#106-e the following were agreed: 

	Agreement
On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
· Any other case, it is defined as beam misalignment

[bookmark: _Hlk79742541]Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· If not associated, the setting(s) of (P0, alpha, closed loop index) for SRS per BWP is independent of the UL or (if applicable) joint TCI states
· This is only applicable for SRS sets using Rel-17 TCI state to determine their spatial relation.
FFS: Whether more than one parameter sets can be configured, e.g. for different traffics




[bookmark: _Hlk83761626]One open issue is that how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical. Beam alignment can be realized in that case for instance if the PL-RS and the spatial relation RS are in the same QCL-TypeD chain. That would mean that e.g. PL-RS is QCL-TypeD RS of the spatial relation RS in the UL TCI state or that the spatial relation RS in the UL TCI state is QCL-TypeD RS of the PL-RS.

[bookmark: _Ref84004274]Proposal 8: If the PL-RS and the spatial relation RS in the UL or joint TCI state are not identical, beam alignment is defined when PL-RS is QCL-TypeD RS of the spatial relation RS in the UL TCI state or that the spatial relation RS in the UL TCI state is QCL-TypeD RS of the PL-RS.
To support both eMBB and URLLC power control at least two parameter sets should be able to be configured. The configuration would take place in RRC and association of the set to a TCI state could be performed using MAC-CE while activating the TCI state. 
[bookmark: _Ref84004279]Proposal 9: Support multiple power control parameter sets where multiple sets are configured in RRC and the set is associated to a TCI state using MAC-CE while activating the TCI state with MAC. 
 
2.2		Inter-Cell Beam Management

Following updates to the feMIMO WI objectives were made in RAN#92 (RP-211586). Relevant for inter-cell beam management are highlighted with yellow. 

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 intra- and L1/L2-centric inter-cell mobility 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) 
4. The beam indication is based on Rel-17 unified TCI framework
5. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
6. This work shall only consider intra-DU and intra-frequency cases
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework

· Investigate if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN4]
· Specify higher layer support of enhancements listed above, at least including [RAN2]
· For inter-cell beam management: MAC (if any) and RRC enhancements (including signaling, measurement configuration and TCI state switching) assuming no impact to serving cell (i.e. serving cell does not change when beam selection is done)
· Specify signaling between CU and DU to enable inter-cell beam management if any [RAN3]
· Specify core requirements associated with the items specified by RAN1, at least including [RAN4]
· UE requirements for inter-cell beam management

[bookmark: _Ref54263051]RAN plenary agreed to update the scope of feMIMO with respect to the inter-cell beam management operation. Thus, it could be observed that the R17 objective currently aims to support inter-cell operation within the beam management framework in two ways: inter-cell beam management through unified TCI framework and inter-cell mTRP extending the R16 mTRP framework. 
[bookmark: _Ref79154675]2.2.1 On the RAN1 Reply LS to RAN2 LS on Inter-Cell Beam Management
RAN2 has sent an LS regarding the inter-cell beam management (and inter-cell mTRP) in R2-2108925. The LS has multiple questions on aspects that RAN1 has not yet agreed nor discussed answers for those should be clarified. Here we provide our views on the replies to be included in the RAN1 LS reply to RAN2.
Q1: 
[bookmark: _Hlk81856130]1) Applicability of inter-cell beam management to mTRP: RAN2 notes that WI objective 1 states  " The same beam measurement/reporting mechanism will be reused for inter-cell mTRP "). RAN2 would like to understand if the entire inter-cell BM is also applicable to inter-cell mTRP? If not, which part is not applicable to mTRP and how does that work?

As the mTRP and inter-cell beam management are considered to have mechanism the entire inter-cell beam management is not applicable for inter-cell mTRP (and vice versa). Only beam measurement and reporting. The inter-cell mTRP expand the Rel-16 mTRP operation and is based on the use CORESET pool index whereas the inter-cell beam management does not. UE capabilities are also assumed to be different for mTRP operation and inter-cell beam management. There are also differences in beam indication, mTRP also uses only legacy TCI framework while inter-cell beam management will use the Rel-17 unified TCI framework.

[bookmark: _Ref84007641]Proposal 10: For Q1: The inter-cell mTRP and inter-cell beam management have same L1 measurement and reporting mechanism but have difference in terms of beam indication (Unified TCI / legacy TCI framework), UE capabilities, RRC configuration ( CORESETPoolIndex/mTRP framework).

· 2) Basic Tx/Rx operation with inter-cell beam management: The WI states that "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)". Then, when the UE is configured to use both serving cell TRP and TRP with different PCI, RAN2 would like to understand the corresponding behaviour for: 
· a) UL and DL: Are UL and DL always processed at the same TRP or can the UE use e.g. serving cell TRP for UL transmissions and TRP with different PCI for DL reception or vice-versa?

RAN1 has agreed to support both joint and separate TCI state for inter-cell beam management, for UE-dedicated channels and signals. For joint indication UE assumes same TCI state for UL and DL transmission i.e. UL and DL are transmitted to and received from same cell.

Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from

RAN1 has concluded that both joint and separate DL/UL TCI is supported for inter-cell beam management, but has not concluded whether DL and UL TCI can have association to different PCIs. 

Agreement
On Rel.17 beam indication enhancements for inter-cell management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) apply to:
· Both joint TCI and separate DL/UL TCI
· FFS: For separate DL/UL TCI, whether the indicated DL TCI and UL TCI are associated with SSBs of a same physical cell ID 

For release 17 inter-cell beam management, we propose that in case of separate DL/UL TCI, the RS indicated by the TCIs are associated with (SSBs) of same PCI.

[bookmark: _Ref84007692]Proposal 11: For separate DL/UL TCI, the indicated DL TCI and UL TCI are associated with SSBs of a same PCI.
[bookmark: _Ref84007693]Proposal 12: Q2a, RAN1 has agreed to support both joint and separate TCI state for inter-cell beam management, for non UE-dedicated channels and signals. For both joint and separate DL/UL TCI, the indicated TCI are associated with SSBs of a same PCI.

· b) System information and short message (e.g. paging): If UE is receiving DL data from TRP with different PCI on dedicated channels, is the UE still able to receive short message (e.g. paging) and system information  from serving cell TRP at the same time?

RAN1 has agreed that in Release 17 beam indication for inter-cell beam management applies for UE dedicated channels only, thus UE receives common channels (i.e. PCH, BCH) from the serving cell:	
[bookmark: _Ref84007694]Proposal 13: for Q2b: RAN1 has agreed that for inter-cell beam management the beam indication applies to UE dedicated channels/signal and UE is assumed receive common channels/signals from serving cell.

· c) SSB reception: is the UE able to always receive CD-SSB from serving cell TRP when needed and is there any impact to RRM measurements of serving or neighbour cells?


The release-17  unified TCI state beam indication for inter-cell beam management does not differentiate between CD-SSB and SSB. RAN1 has agreed that SSB can be used as QCL reference for DL TCI (indirect) and for UL TCI (direct/indirect)

Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell


As per updated FeMIMO WID the assumption is that the L3 RRM measurements and mobility is not impacted by the inter-cell beam management and the beam indication. Thus, from RAN1 perspective there should be no impact to L3 RRM measurements for serving and non-serving cells. 
i. 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) 
7. The beam indication is based on Rel-17 unified TCI framework
8. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
9. This work shall only consider intra-DU and intra-frequency cases

[bookmark: _Ref84007695]Proposal 14: for Q2c: The release-17 unified TCI state beam indication for inter-cell beam management does not differentiate between CD-SSB and SSB
[bookmark: _Ref84007696]Proposal 15: for Q2c: RAN1 assumes L3 RRM measurements to be conducted as in legacy for serving and neighbour cells. 

· d) Number of TRPs: Is the number of TRPs involved in the operation restricted to two (i.e. serving cell TRP and TRP with different PCI? Are there any restrictions on TRPs from which UE may send/receive data, or TRPs from which the UE is assumed to be able to make L1 measurements?


RAN1 has agreed to support mixed mode reporting configuration where serving cell and non-serving cell beams can be reported in a single reporting instance. However, RAN1 has not agreed on any restriction how many reporting configurations can be active for UE and how many non-serving cells can be included in a single reporting instance: 


RAN1#104b Agreement
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.
 

In inter-cell mTRP track RAN1 has agreed that UE can be configured with no more than 7 additional PCIs via RRC configuration on a CC. Only one additional PCI can be associated with active TCI states.

Agreement
Rel. 17 inter-cell MTRP , the maximum number of additional RRC -configured PCIs  per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS : Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
· The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States

As RAN1 has not yet agreed any restriction on how many cells (PCIs) are considered for the inter-cell reporting on L1 we propose for at least for release 17, for inter-cell beam management and inter-cell multi TRP, the maximum of two PCIs (i.e. one PCI in addition to serving cell) is considered to be active for L1 reporting.  

Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, for the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation):
· Support a UE feature on how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states 
· FFS: If UE is configured for only one physical cell ID, decide between the following two options:
· Opt1: the NW can activate TCI states associated with either the same physical cell ID as that of the serving cell or a different physical cell ID from that of the serving cell 
· Opt2: the NW can only activate TCI states associated with the same physical cell ID as that of the serving cell
Note: The above does not necessarily mean that more than 1 physical cell ID that is not serving cell in RRC

[bookmark: _Ref84007697]Proposal 16: for Q2d: For inter-cell beam management and inter-cell mTRP maximum of 1 additional PCI to serving cell is considered for reporting and being active for communication


· e) PCell/PSCell/SCell: Is the inter-cell beam management applicable to any serving cell (i.e. PCell/PSCell/SCell)? That is, can intercell beam management or intercell mTRP be configured for SCell and/or PSCell in addition to PCell?

RAN1 has not yet reached conclusion whether the inter-cell beam management applies for SpCell only or for all serving cells. Due to lack of time we propose that in rel-17 RAN1 considers that inter-cell beam management is applicable for only PCell.

[bookmark: _Ref84007698][bookmark: _Hlk83912662]Proposal 17: for Q2e: In release 17, inter-cell beam management is applicable only for PCell

· f) TCI switching signalling: Which signalling should be used for TCI switching for inter-cell beam management?

[bookmark: _Hlk83975325]For inter-cell beam management RAN1 has agreed that same rel-17 unified TCI state beam indication used for intra-cell beam management except for non-UE dedicated channels/signals. For inter-cell mTRP, the legacy beam indication framework is used.
[bookmark: _Ref84007699]Proposal 18: For Q2f: inter-cell beam management uses Rel-17 unified TCI state beam indication and inter-cell mTRP uses the legacy beam indication.

· h) Simultaneous Tx/Rx from and to “serving cell TRP” and “TRP with different PCI”: Is it correct understanding that such simultaneous Tx/Rx is not supported for “inter-cell beam management”, but is supported for “inter-cell mTRP”? If so, what is the difference regarding their configuration that needs to be introduced by RAN2?


[bookmark: _Hlk83975483][bookmark: _Hlk83976665][bookmark: _Hlk83976601]As per plenary agreement, in inter-cell beam management UE can transmit to or receive from only a single cell. This leaves some room for interpretation when combined with RAN1 agreement that the beam indication applies for dedicated signals/channels associated with PCI different from serving cell. In practise when the serving cell does not change, UE receives common channels (e.g. paging/SI) from the serving cell and if indicated, UE receives and transmits dedicated channels/signals from/to different cell (PCI). In some occasions the serving cell common channel reception (scheduled by CSS) and UE dedicated channel reception (scheduled by USS) from cell with different PCI may overlap and UE may not be capable of simultaneous reception.  


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) 

Furthermore, currently there is no RAN1 agreement on any restriction for UL and DL to be associated with different PCIs. For Rel-17 we propose that UE can assume to receive and transmit dedicated channels that are associated with the same PCI. 

[bookmark: _Ref84007700][bookmark: _Hlk83976923]Proposal 19: For inter-cell beam management, for Rel-17 UE can be assumed to receive and transmit dedicated channels associated with the same PCI and receive common channels associated with the same PCI as serving cell. UE may not be capable of simultaneous reception of common and dedicated channels in this case.


In inter-cell mTRP, since it extends the Rel-16 intra-cell mTRP framework to cover inter-cell operation (M-DCI) the UE can be assumed to receive simultaneously at least PDSCH scheduled from TRPs with different PCIs. This operation is configured by using the CORESETPoolIndex i.e. CORESETPoolindex values are for CORESETs associated with respective PCIs, which is not used in inter-cell beam management. 

[bookmark: _Ref84007701]Proposal 20: For inter-cell mTRP, the reception and transmission assumptions follow the same behavior specified in Rel-15/Rel-16. Inter-cell mTRP requires (more than one value of) CORESETPoolIndex to be configured for operation.

· 3) MAC aspects: RAN2 would like to understand the impacts to MAC operation, in particular:
· a) Timing advance: Is it assumed that TA is the same for both serving cell TRP and TRP with different PCI, or does UE maintain different TAs for each? 

RAN1#106 concluded that it cannot reach consensus whether to support different TA for the TRPs in Rel-17, thus the assumption is that both TRPs use the same TA. 

RAN1#106 Conclusion
On Rel.17 enhancements for inter-cell beam management, 
· In Rel-17, RAN1 cannot reach consensus in supporting same or different TA values across the serving cell and TRPs with different PCIs from that of the serving cell 

[bookmark: _Ref84007702]Proposal 21: For Q3a: UE assumes that single TA is maintained in Rel-17 inter-cell beam mangement 

· b) RACH: Are there any impacts to RACH operation with inter-cell beam management  ? That is, is it necessary to perform RACH toward TRP with different PCI e.g. for TA, BFR, etc? 

[bookmark: _Hlk83977942]RAN1 has not concluded on any impacts to RACH operation. As there is no conclusion on supporting multiple TA values across serving cell and other PCIs, we propose that RACH is performed towards serving cell.
[bookmark: _Ref84007703]Proposal 22: For Q3b: RACH is performed towards serving cell.

· c) UL PC/PHR: When UE is configured for TRP with different PCI for a cell with UL, is there an impact to UL power control or PHR?

RAN1 has not discussed/concluded on uplink power control or power head room related issues. Thus we propose that both PUSCH power control and PHR are calculated based on the TRP (serving cell/other PCI) used for PUSCH.
[bookmark: _Hlk83977920][bookmark: _Ref84007704]Proposal 23: For Q3c: PUSCH power control and PHR are calculated based on the TRP (serving cell/other PCI) used for PUSCH

· 4) HARQ operation: How does the HARQ operation work with the multi-beam operation? In particular:
· a) HARQ entity: Is there a single HARQ entity handling both the serving cell TRP and TRP with different PCI?

RAN1 has not concluded on using different HARQ entities on different cells, thus we propose for Rel-17 to use single HARQ entity for inter-cell beam management:

[bookmark: _Ref84007705][bookmark: _Hlk83978035]Proposal 24: For Q4a: RAN1 assumes single HARQ entity is used for both TRPs.

· b) HARQ retransmissions: Can retransmission occur from different TRP than initial transmission for the same HARQ process? E.g. can initial transmission be done from serving cell TRP and retransmission from TRP with different PCI?

RAN1 has not yet concluded on any restrictions for HARQ transmission. Thus we propose to reply that from RAN1 perspective there are no restrictions for HARQ retransmissions (i.e. same as in Rel-16 mTRP). 

[bookmark: _Ref84007706][bookmark: _Hlk83978275]Proposal 25: For Q4b: RAN1 assumes no restriction on HARQ retransmissions.

· 5）Physical layer configuration: Does the TRP with different PCI have an independent physical layer configuration, e.g. for PUSCH/PDSCH/PDCCH/PUCCH and PRACH?
· a) Configuration differences: Does RAN1 assume that only certain parameters can be different from the serving cell and if so, which ones? 

[bookmark: _Ref84007707]Proposal 26: For Q5a RAN1 assumes that PxSCH parameters can be TRP-specific for inter-cell mTRP.



· b) Configuration of inter-cell beam management measurements and reporting: Which RRC configuration(s) need to be provided for inter-cell beam measurement and reporting? ‎		 

[bookmark: _Hlk83978472][bookmark: _Ref84007708]Proposal 27: for Q5b: L1 CSI measurement and reporting are configured by RRC. See RRC parameter list.

· c) Feature differences: Are the RRC parameters/configurations different for inter-cell mTRP and inter-cell beam management? 

[bookmark: _Ref84007710][bookmark: _Hlk83978458]Proposal 28: Q5c: Most parameters are the same but there are some differences. See RRC parameter list.



2.2.2 On the UE Timing Assumption on Reception of Signals from TRPs with Different PCIs
Regarding UE receive timing assumption from multiple TRPs with different PCIs the following conclusion and agreement were made in RAN1#106-e:
Conclusion
On Rel.17 enhancements for inter-cell beam management, 
· In Rel-17, RAN1 cannot reach consensus in supporting same or different TA values across the serving cell and TRPs with different PCIs from that of the serving cell 

Agreement
On Rel.17 enhancements for inter-cell beam management, 
· To be finalized in RAN1#106bis-e): UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell
In our view in Rel17 the UE uses the same TA value across the serving cell and TRPs with different PCIs from that of the serving cell. That also means that UE should be able to assume that the signals from different TRPs arrive within a CP at the UE.
[bookmark: _Ref84007711]Proposal 29: UE assumes the timing difference for reception of signals with different PCIs to be within CP. 



2.2.3. Beam failure Recovery and Radio Link Monitoring for Inter-cell Beam Management

RAN1 has not yet concluded or agreed any aspect regarding on the radio link monitoring and beam failure recovery for Inter-cell beam management operation. The rel15 beam failure recovery was specified for a single serving cell (Primary Cell) operation and rel-16 extended the Rel-15 framework to cover SCells as well. Although the SCell BFR considers failure detection and recovery for multiple serving cell cells it does not cover directly the inter-cell beam management nor the inter-cell mTRP where there is only 1 serving cell per each carrier.
In mTRP track (feMIMO objective 2) the failure recovery enhancements cover the multi-TRP operation but so far the focus has been on intra-cell mTRP (M-DCI) scenario where UE monitors two BFD-RS sets for TRP specific failure detection and the RS included into the sets is based on the active TCI states for respective CORESETs associated with the CORESETPoolndex (for mTRP there are two sets of beam failure detection RS). 
Observation 3: RAN1 is currently specifying beam failure recovery for multiple-TRPs
As the CORESETpoolindex is not used for inter-cell beam management it may not be possible to use it directly to determine which CORESETs are associated with specific BFD-RS sets. However UE could determine the RS to be included into two BFD-RS based on the PCI association of the RS indicated by the active TCI States. 
For beam failure recovery, UE could use the mTRP beam failure recovery mechanisms. 
Observation 4: In case the mTRP BFR framework is extended to apply for inter-cell beam management, UE monitors beam failure on both serving cell and cell with different PCI, using respective sets of BFD-RS where the RS are included into two sets based on PCI.
In another option, if the mTRP BFR framework is not applied for inter-cell beam management, UE could be configured to monitor beam failure only on the cell where it has been indicated to monitor dedicated channels. Thus, only one BFD-RS set would need to be assumed for inter-cell beam management.
Observation 5: In case one BFD-RS set is assumed UE could be configured to monitor beam failure on the RS of the PCI that is not the serving cell 
For radio link monitoring e.g. even in case of CA, UE only monitors the primary cells and none of the secondary cells. Although the CA and inter-cell BM are very different features for considering multiple cell communication the similar approach could be used here. for RLM in inter-cell BM, UE should monitor only reference signals from the serving cell. This would include the case where UE receives beam indication for dedicated channels (PDCCH for example) and the TCI State indicates RS associated with different PCI than serving cell. In other words, UE would not include the RS to the RLM RS set.  
[bookmark: _Ref84007715]Proposal 30: For radio link monitoring UE monitors only serving cell RSs.

2.2.4 On the Event-based Activation of Inter-Cell Beam Reporting

[bookmark: _Hlk83743004]Agreement 
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#106bis-e, select one of the following alternatives:
· Alt1. Support L1-based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt2. Support MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt3. In Rel-17, event-driven beam reporting is not supported for inter-cell beam management and inter-cell mTRP

Network may configure UE with RRC level reporting events (e.g. A3/A4) of neighbour cells to determine potential candidate cells for L1 beam reporting. Once the UE has reported to NW that e.g. A4 event has been triggered for a non-serving cell, NW can configure UE with SSB/CSI-RS measurements and reporting. It should be noted that RRC level reporting operates on cell quality level (considers all the SSB in the cell) and it does allow to limit the SSB measurements to a smaller subset as can be done in the beam management measurements/reporting.
Alternative way (to RRC level reporting) would be define UE event triggered indication that some beam management reporting configuration for a non-serving cell could be activated. Based on the indication, network could signal to UE to activate specific reporting configuration or reporting of non-serving cell signals. NW activation of a reporting configuration could be done e.g. using a MAC CE. 
In one option, when UE is configured with mixed mode reporting, the reported downlink RS are configured by network e.g. for serving cell and cell with different PCI than serving cell and network can determine whether indicate the TRP with other PCI for PDCCH reception based on the provided information in the beam report i.e. based on the reported SSB (and the association with cell identifier). 
[bookmark: _Ref84007716]Proposal 31: Support UE event triggered indication that an inter-cell beam management reporting configuration should be activated.

2.2.5 Monitoring PDCCH candidates in overlapping monitoring occasions
In Rel-16, there is a limitation for monitoring PDCCH candidates in overlapping monitoring occasions if the CORESETs have different QCL-TypeD properties. A certain rule is applied to prioritize monitoring of PDCCH candidates [TS 38.213]:
“If a UE
- is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
- monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells
- the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
- the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions”

If the same rule is applied for inter-cell beam management in overlapping search spaces on CORESETs, the PDCCH candidates (mainly from non-serving cell/ cell with different PCI than serving-cell) that schedule UE dedicated signals/channels will not be monitored. If the non-serving cell PDCCH candidates are not monitored, the UE may not be able to schedule with UE dedicated signals and channels. 
We think it is important to extend this prioritization rule such that the UE selects two different QCL-TypeDs corresponding to serving cell PCI and the PCI different than the serving cell.  
[bookmark: _Ref84007717]Proposal 32: For inter-cell beam management, support extension of Rel-15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD. 
· The UE select a first QCL-TypeD considering the legacy CSS/USS rules (USS applied when there is no CSS). The UE may consider the cell with the lowest ID as applied in legacy behaviors where RAN1 may decide the considered cells are associated with a single PCI, single or two PCI, or only two PCIs. 
· The UE selects a second QCL-TypeD considering the USS rule, and only among the cells that associated with two PCIs.
· Note: cells with two PCIs refer as the PCIs associated with the activated TCI states within the activated BWP within a cell.

2.3 On Dynamic TCI State Update Signaling Medium
Agreements related to the dynamic TCI state update signalling medium in RAN1#106-e are as follows [2]:
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols.
· FFS whether Y is configured per BWP , per CC or per band or per SCS , or independent of BWP/CC/SCS
· Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted

Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, in RAN1#106-bis-e, further down select one from the following alternatives for the case of CA:
· Alt1: The first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication
· Alt2: The first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment
· Alt3: The first slot and the Y symbols are both determined on the UL carrier carrying the acknowledgment.




Regarding 
· FFS whether Y is configured per BWP , per CC or per band or per SCS , or independent of BWP/CC/SCS
· Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted

we think that Y should be configured per SCS. That is to determine the slot boundary based on the carrier with the smallest SCS so that the new indicated TCI state is applied at the same time in each BWP/CC potentially with different SCS on which beam indication is applied.
[bookmark: _Ref84004549]Proposal 33: Y is configured per SCS.   
As said, it would be important that new indicated TCI state would be applied at the same time in each BWP/CC in case of CA even when different SCSs used in different BWPs/CCs. To facilitate that our understanding is that either Alt1 or Alt2 would be needed.
[bookmark: _Ref84004571]Proposal 34: Select between Alt1: The first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication and Alt2: The first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment.

2.4 [bookmark: _Hlk54263756]Enhancements on MPUE to facilitate fast UL panel selection
Agreements related to the enhancements on MPUE to facilitate fast UL panel selection in RAN1#106-e are as follows [3]:
	Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, down select or modify from the following two schemes in RAN1#106bis-e:
· Scheme 1:
· A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance (i.e. Opt1-1 per RAN1#104-bis-e agreement)
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS : Detailed design of how to inform the correspondence to NW
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Support UE reporting of maximum number of SRS ports and coherence type for each panel entity as a UE capability
· Support multiple codebook-based SRS resource sets with different maximum number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE capability for the panel entity
· Scheme 2:
· Support UE reporting one of the following (to be down selected in RAN1#106bis-e):
· Opt1. A list of supported UL ranks (number of UL transmission layers)
· Opt2. A list of supported number of SRS antenna ports
· Opt3. A list of coherence types (as in Rel-15) indicating a subset of ports
· The NW configures an association between an rank index and rank/number of SRS antenna ports/coherence type
· Include at least one of the index, the maximum UL rank or SRS antenna ports or coherence type corresponding to a reported SSBRI/CRI in a beam reporting instance
· FFS : timeline to apply above result in the beam report instance
· Support multiple codebook-based SRS resource sets with different number of SRS antenna ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE reported info corresponding to the index




The UE may exhibit panels with different capabilities, thus different performance depending on the active panel, e.g. 
· different number of antenna elements among the panels which impact e.g. on the number of receive and transmit beams the panel would require to fill the certain spatial aperture with the maximum gain
· different number of antenna ports among the panels which impact e.g. on the SRS resource configuration for codebook based PUSCH
· different EIRP capabilities for the UL transmissions of the different panels

We think that there is some common ground in the Scheme 1 and 2. In both schemes there is a need for a  logical index that would be associated to a panel specific capability. In other words, as we are having possibility to have different capabilities among the UE panels e.g. in terms of number antenna ports, there is a need to be able to report SSB resource index and/or CSI-RS resource index corresponding the logical index so that the correct SRS resource set is triggered for correct UL beam pair link. So, essentially the following components would be needed:
· a logical index that is associated to panel specific capability/capabilities
· association between SRS resource set(s) and the logical index
· reporting of SSB resource indices and/or CSI-RS resource indices per logical index

However, this dynamic panel capability knowledge does not require a panel ID which would represent additional signalling that would require to be updated frequently. Panel ID is not beneficial for optimizing the network performance, and basically not needed. The current UE capability rather relates to the current active TCI state (or to the corresponding QCL source DL RS to be used). As such, a panel entity correspondence is not needed and it is clearer to directly relate to a DL RS. 
[bookmark: _Ref84004758]Proposal 35: Do not support Scheme 1 as panel entity correspondence is not needed. The UE dynamic capability rather relates to the current active TCI state (or to the corresponding QCL source DL RS to be used).

The knowledge regarding the current capability of the UE serving panel can be indicated to the network only based on the used reference signals. Indeed, the UE could provide e.g. dynamic capability information associated to each reported DL RS in beam reporting. In general, current DL RS reporting for DL and UL beam selection is UE panel agnostic but having different panel capabilities reflected e.g. in the SRS resource configuration (number of ports) may lead to more optimal spatial source configuration per SRS resource.
[bookmark: _Ref79165275]
Observation 6: In the Rel-16 framework, the gNB is missing dynamic knowledge on UE serving panel capability which may depend on current channel conditions. 
[bookmark: _Ref79165298]Proposal 36: Support Scheme 2 and consider associating reported DL RS in beam report (for DL and/or UL beam selection) with an index reflecting current dynamic panel capability.  

Regarding the proposed options within scheme 2:
RAN1 104b-e meeting reached an agreement to support dynamic panel switching for codebook-based UL transmission, as an enhancement for MPUE. There are two issues related to this agreement. However, the usage of uplink codebook-based transmission scheme to support dynamic panel switching for MPUE is unclear and questions the relevance to the Rel-16 feature of uplink full Tx power transmission (ULFPTx). 
Indeed, the determination of PUSCH transmission precoder is based on SRI, TPMI, and the transmission rank, which are provided by DCI fields of SRS resource indicator and Precoding information and number of layers for DCI format 0_1 and 0_2, as specified in TS 38.214. Up to two SRS resources are supported when the SRS-resourceSet is configured with usage as “codebook”. In the context of MPUE operation, the main issue is that if one SRS resource is configured per UE panel, then only up to a maximum of two UE panels can be supported where the UE can dynamically switch its PUSCH Tx precoder based on DCI indications of SRI, TPMI, and the transmission rank. 
Related to the Rel-16 ULFPTx feature, if the UE indicates its UE mode 2 capability, up to 4 SRS resource can be configured to support full Tx power transmission. Hence, if one SRS resource is configured per UE panel, up to four UE panels can be supported, where the UE can dynamically switch its PUSCH Tx precoder based on DCI indications of SRI, TPMI, and the transmission rank. The UE mode capability assumes that the antenna port virtualization is used so that full Tx power can be reached. Although there might be some similarity on the SRS resource configuration to UE dynamic panel switching, the function to support dynamic panel switching shall be specified in Rel-17, independently from Rel-16 ULFPTx feature.
Therefore, SRS port number for current UE condition, or the maximum rank for current UE beam shall be indicated to gNB. gNB shall have this information for PUSCH scheduling. 
[bookmark: _Ref84005627]Proposal 37: Support Opt2 of scheme 2, where number of SRS ports dynamically associated to current DL RS is indicated to gNB for PUSCH scheduling. 
Furthermore, we propose to extend the listed options 1-3 to also include:
· Opt4. dynamic awareness of UE receive beam training capability 

Opt4 refers to a use case where Rx beam refinement may be only feasible for certain panels of the UE. Such feasibility information could be included in e.g. L1-RSRP reporting to help gNB accurately evaluating alternative links to optimize link budget.  In addition, the UE’s ability to refine its beam does not only depend on the panel characteristics (e.g. number of elements, phase shifter granularity) but also depends on the channel characteristics (i.e. dynamic change of PDP profiles). 
Since, the ability to align the UE narrow beam may change the link budget by up to 6 dB for 1 x4 array compared to a single-element design, it would be beneficial to dynamically report such feasibility on candidate beams to the network in order to enhance beam decision mechanisms.
Such indication cannot be always reliable when reported as a static capability and the gNB would benefit from dynamic indication instead. In the two examples below, the candidate beam may not be able to provide a similar gain to the serving beam, because the arrays are of different sizes (on the left figure) or because the environment does not support narrow beam alignment (in the right figure).
[image: ]   [image: ]
Figure 1: Examples where the gNB is not aware whether switching to a candidate SSB will improve (left) or degrade (right) the link budget, as it is missing the information on potential UE beam refinement gain (of the candidate UE beam in the current channel conditions).
[bookmark: _Ref71642792]Proposal 38: Add Opt4 to scheme 2 to address a UE beam refinement index that may be different for each SSBRI/CRI (or DL RS or active TCI state) to assist UE Rx beam training with possible level of UE beam refinement.

2.5 MPE Mitigation
Agreements related to the MPE mitigation in RAN1#106-e are as follows [2]:
	Agreement
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:​
· (Working Assumption) 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)​
· FFS: The supported value(s) of M​
· FFS: Whether N represents the number of selected beams or the number of panels​
· FFS: Supported values of N​
· FFS: Whether beam-specific and/or panel-specific PHR is also reported ​
· FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR​
· FFS: additional signaling (e.g. CSI triggering) from the NW




MPE mitigation requires network support. Contrarily to SAR in FR1, MPE in FR2 may require significantly larger power back-off values and is triggered at significantly larger distances. Therefore, MPE has a substantial impact on UL coverage and is triggered more frequently, since the user hand is likely to cover multiple panels simultaneously and the proximity sensors may be triggered by any nearby objects. Simply switching the UE beam is not a robust mitigation technique due to the inherent spatial filtering of FR2 UE beams, i.e. another UE beam not experiencing MPE will not necessarily be able to point towards the gNB serving beam, hence not solve the MPE issue. Therefore, a robust MPE mitigation technique requires the ability to switch UL beam pair link, which involves network coordination .
Furthermore, MPE issues are not necessarily seen in DL based reporting as the hand dielectric properties are mostly reflective in mmW frequencies (as opposed to absorptive as in FR1). UL duty cycle reduction can only compensate up to 15% UL scheduling (i.e. 8 dB) which is not enough to avoid UE Tx power reduction to comply with MPE regulation. Therefore, a dedicated MPE solution for UL beam selection is needed.
In order to support a complete solution, at least the following components in UE reporting are needed:
· the UE can provide MPE issue on the current UL beam, and 
· the UE can provide new candidate UL beams feasible from UL transmission capability point of view (e.g. MPE)

In order to inform UL transmission capability on certain gNB beams (i.e. corresponding SSBRI/CRI), the virtual PHR is a logical metric as it reveals the actual transmission power situation taking into account the required power reductions due to P-MPR but also the required transmission power. In some situations, while the P-MPR would be high the UE may be in such conditions that the available transmission power would still be higher than the required transmission power. Thus, the metric should be virtual PHR for the candidate UL transmit beams. Another important functionality would be the gNB’s capability to configure/trigger the related reporting from the UE in addition to event-triggered reporting. That is to provide network control as for other CSI reporting.
[bookmark: _Ref84005934]Proposal 39: Support UE to report M ≥1 SSBRI(s)/CRI(s) together with P-MPR and modified virtual PHR values in addition to the existing field in the PHR MAC-CE.
[bookmark: _Ref84005942]Proposal 40: Support NW configured and/or triggered UE reporting of SSBRI(s)/CRI(s) together with P-MPR and modified virtual PHR values. 

Regarding FFS: how to perform the selection of M SSBRIs/CRIs from the candidate SSB/CSI-RS resource pool
The SSBRI/CRI pool is assumed to be the same as configured for the UE for L1-RSRP reporting, i.e. for DL and UL beam selection in general. The pool of candidates needs to provide enough beams for the UE to receive them with enough spatial diversity such as to increase the probability in multipath environments that at least one gNB beam may be seen from an MPE-free UE beam. The UE selection of M SSBRIs/CRIs should be from UL transmission capability point of view. In other words, the UE should select the ones based on which the UE is able to transmit in uplink with the required transmission power. Ideally that would mean that UE would select the M SSBRIs/CRIs based on power headroom metric or alike. 
[bookmark: _Ref84006075]Proposal 41: UE selects M SSBRIs/CRIs based on the uplink power headroom or similar metric that reveals the uplink transmission capability.

Regarding FFS: The supported value(s) of M:
In principle, M may go up to the maximum number of SSBRI/CRI and may be dynamically configured by the network. Nonetheless, a reasonable value for M may be M=4 to be in adequation with L1-RSRP reporting.
[bookmark: _Ref84006265]Proposal 42: M may go up to 4 to be aligned with current L1-RSRP reporting mechanism.

Regarding FFS: Whether N represents the number of selected beams or the number of panels​: 
In Rel-16, P-MPR values are defined as follows in TS38.133:
Table 10.1.26.1-1 Mapping of P-MPR
	Reported value
	Measured quantity value
	Unit

	P-MPR_00
	3 £ PMP-R < 6
	dBm

	P-MPR_01
	6 £ PMP-R < 9
	dBm

	P-MPR_02
	9 £ PMP-R < 12
	dBm

	P-MPR_03
	PMP-R ³ 12
	dBm



In the above agreement, N refers to N≥1 P-MPR values and it is for FFS whether N corresponds to the number of UE beams or UE panels. As the UL TX beam is the actual result of the beamforming determined based on the spatial source reference signal it’s seen logical that N corresponds to the number of UE beams. 
[bookmark: _Ref84006956]Proposal 43: N corresponds to the number of UE beams.

Regarding FFS: the supported values of N:
N is the number of P-MPR reports. There is at least one P-MPR report per SSBRI/CRI beam measured for MPE. As such, N=M ≤ 4.
[bookmark: _Ref84006967]Proposal 44: N=M ≤ 4.

Regarding FFS: Whether beam-specific and/or panel-specific PHR is also reported
As we already discussed we see PHR reporting important to provide the feasible solution together with beam-specific reporting.   
[bookmark: _Ref84007425]Proposal 45: Support beam-specific (virtual) PHR.

Regarding FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR
An enhancement that Rel-17 may offer compared to Rel-16 is to inform the network in advance of the upcoming MPE event as well as the severity of it. Thus, it is understood that the Rel-17 reporting solution is done prior to the MPE event. This is what is understood by Virtual PHR, where the UE may report using the MPE bits the estimated required P-MPR value for a given beam, before the MPE event is triggered.
[bookmark: _Ref79165415]Observation 7: The virtual PHR refers to the estimated MPE event and P-MPR level on each active UL TCI. The UE indicates the estimated P-MPR per link – if used for PUSCH. 
Virtual PHR definition is detailed in this paragraph. Currently per Rel16 framework the UE provides P-MPR for MPE only for the UL beam used for PUSCH to transmit MAC-CE. The Rel-16 MPE reporting solution (Figure 6.1.3.8-1: Single Entry PHR MAC CE from TS38.321) is as follows.
[image: ]
An enhancement that Rel-17 may offer with the virtual PHR (compared to Rel-16) is to inform the network in advance of the upcoming MPE event as well as the severity of it. It is understood that the Rel-17 reporting solution is done prior to the MPE event. This is what is understood by Virtual PHR, where the UE may report using the MPE bits the estimated required P-MPR value for a given beam, before the MPE event is triggered, i.e. on candidate gNB beams (not yet active TCI states).
Virtual PHR informs the network on the virtual P-MPR levels that will be applied if this beam is selected/activated. It is a pro-active solution.
Virtual PHR relies on virtual P-MPR definition for calculating Pcmax. It is understood that virtual P-MPR is the P-MPR that would be applied by the UE if this link is activated/selected.
[bookmark: _Ref79165442]Proposal 46: Define virtual PHR and virtual P-MPR for candidate beams.
It informs on time and severity aspects; therefore, the network can prioritize solutions to mitigate UL degradation and RLF.
[bookmark: _Ref68611121]Furthermore, virtual PHR stand alone is not enough to mitigate MPE events as it only addresses active TCI states. In cases where the number of active TCI states supported by the UE is very low, virtual PHR alone will not necessarily improve MPE mitigation. Therefore, SSBRI/CRI, MPR+DL RSRP is needed in connection with virtual PHR.
[bookmark: _Ref71642856]It is understood that SSBRI/CRI, MPR+DL RSRP aims at formulating a solution for candidate beams. It is also understood that virtual PHR reporting is done prior or upon the MPE event on the used/serving beam pair link(s) (e.g. indicated UL TCI states). The user blockage is not necessarily impacting the DL due to the user position and dielectrical properties in mmW spectrum. Therefore, L1-RSRP reporting alone will not be able to identify links that may break under MPE once activated. The solution needs to comprise indication of potential MPE event on the candidate link, as well as indication of the severity of the MPE event on the candidate link, associated to L1-RSPR DL reporting. Only then, the network has all the information needed to optimally mitigate MPE events.
As a metric a virtual power headroom per candidate spatial source i.e. DL RS would be feasible to represent the uplink transmission capability because it takes into account EIRP, P-MPR and target received power level. Thus, virtual PH + L1-RSRP + SSBRI/CRI would provide to the gNB an indication for all candidate links:
· UL beam quality (virtual PH)
· DL beam quality (L1-RSRP)
· Candidate beam index (SSBRI/CRI)

Virtual Pcmax is scaled with virtual P-MPR which is the UE predicted P-MPR when/if this link becomes active.
[bookmark: _Ref79165529]Proposal 47: Support reporting quantities : modified Virtual PHR associated with each activated UL TCI + L1-RSRP including modified virtual PHR with each candidate beam. 
[bookmark: _Ref79165536]Proposal 48: Inform RAN2 and RAN4 of the decision.
Regarding FFS: additional signaling (e.g. CSI triggering) from the NW
Lastly, MPE - if not addressed appropriately - may result in beam failures hence beam failure recovery procedures. However, the CFRA resources for recovery are configured before the MPE event is triggered. Nonetheless, MPE may affect all configured resources thereby forcing the UE to fall-back on a contention-based mechanism for recovery. While, configuring a very large number of recovery resources will mitigate this issue, it will have a high cost in resources.
[bookmark: _Ref68612119]Proposal 49: For MPE context, consider enhancements to configuration of CFRA resource for beam failure recovery.
After UE indication of MPE event, the gNB has a list of preferred SSBRI/CRI and may schedule for at least one of those CSI-RS repetition ‘on’ in order to prioritize CFRA configuration on the trained CSI-RS beam for faster beam recovery. With P-MPR indication of SSBRI/CRI, network can also schedule CSI-RS repetition ‘on’ to enable the UE to realign its UE beam (e.g. using another UE panel) and avoid MPE event as well as beam failure.
[bookmark: _Ref84008663]Observation 8: N≥1 P-MPR values may be used by network for scheduling aperiodic CSI-RS repetitions and enable UE to change its beam and avoid MPE (e.g. by changing UE beam).

2.6 Other enhancements
Regarding issue 6, the following agreement was made in RAN1#106-e [2]:
	Agreement
On Rel-17 enhancements to facilitate advanced beam refinement/tracking, in Rel-17, further focus study (including down-selection) and, if needed, specification effort on Opt 1-A as agreed in RAN1#105-e (UE -initiated beam selection/activation based on beam measurement and/or reporting, without beam indication or activation from NW) comprising: 
· UE -initiated (DL-only or DL/UL) beam selection, including the following options
· Opt1. The selected beam is reported by an event-triggered UE beam reporting via, e.g. UCI , MAC CE, UL CG, or Type 1/Type 2 CBRA/CFRA
· Opt2. The selected beam is reported by a legacy UE beam report (NW-configured)
· FFS on triggering condition and NW-indication of a beam group in which the UE is allowed to do the beam selection, e.g., the NW-indication via MAC-CE
· FFS : NW confirmation, e.g. if no NW beam selection command overwriting the selected beam is received in a time window after the report
· UE-initiated beam activation based on beam reporting  
· The reported beam(s) are activated as active TCI/spatial relation RS(s) automatically w/o NW activation command after receiving gNB response signalling , e.g. DCI/MAC CE
· FFS : The reported beam is applied directly if the number of supported activated beam by the UE is one and/or after receiving gNB response signaling, or if no NW activation command overwrites the beam(s) activated by the report in a time window after the report
· UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams
· The UE can select an alternative beam from the other beams in the gNB -configured set containing more than one UL beam




First, we think that different options are not mutually exclusive. And further we see that first and last option are having some common ground, i.e. both are considering UE beam selection also without beam reporting component while the second one is having beam reporting as a core component.  
Regarding
· UE -initiated (DL-only or DL/UL) beam selection and 
· UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams

one option could be that gNB would associate e.g. CFRA resources or SRS resources to active Rel-17 TCI states or subset of active Rel-17 TCI states be them joint DL/UL TCI states or like UL TCI states. The UE could then select the indicated TCI state, e.g. joint or separate UL TCI state, from among the TCI states for which gNB has provided the associated CFRA resource or SRS. gNB could then provide ACK or NACK for the UE beam selection in the DCI transmitted on PDCCH as a response to the CFRA transmission or SRS transmission.
[bookmark: _Ref84008722]Proposal 50: Consider further under ”UE -initiated (DL-only or DL/UL) beam selection” and “•	UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams”
· UE is provided association between all or subset of active joint or separate TCI states and CFRA or SRS resources
· UE can signal selection by the selection of the CFRA resource or SRS resource
· gNB can send ACK or NACK for the selection in the DCI on PDCCH as a response to the CFRA transmission or SRS transmission

Regarding 
· UE-initiated beam activation based on beam reporting

One approach to simplify and potentially also fasten the beam switching could be to directly provide gNB response to the beam report where the gNB could confirm that whether the current QCL/spatial source of the current indicated TCI state (e.g. TCI state of the unified TCI framework) is switched to the reported DL RS or certain one of them if more than one is reported at a time. gNB response/confirmation is important so that gNB and UE remains synchronized in “beam” domain. The scheme could work as such for the UL as the reported RS can be used as a QCL-TypeD source RS but for the DL it should be considered how the UE would be provided QCL-TypeA RS in the new beam pair link. 
[bookmark: _Ref84008756]Proposal 51: Consider further under “UE-initiated beam activation based on beam reporting”
· QCL-TypeD RS of the current indicated TCI state is switched to the reported DL RS in the beam report if the gNB sends ACK as a response.
· FFS: how to determine QCL-TypeA RS for DL TCI state


3	Conclusions
Based on the discussion the following observations and proposals were made:
[bookmark: _Hlk54404629]On the unified TCI framework (issue 1):
Proposal 1: The maximum number of configured TCI states is 128.
Proposal 2: The maximum number of active TCI states or TCI codepoints is 8.
Proposal 3: Discuss whether gNB should be aware which TCI states can be active simultaneously for UL (e.g. corresponding to the different beams of the same panel compared to different beams of the different panels).
Observation 1: Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH would be transmitted with the same TX spatial filter as preceding PRACH preamble.
Proposal 4: Remove brackets from the agreement “For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs”
Proposal 5: Reference BWP/CC is the one in which R17 TCI state pool is configured.
Proposal 6: Support also periodic and semi-persistent CSI-RS resources to share the same indicated Rel-17 TCI state as UE-dedicated PDCCH, PDSCH and aperiodic CSI-RS.
Observation 2: It could be defined/configured e.g. in CSI-RS resource level whether the resource follows indicated Rel-17 TCI state or configured/activated Rel-17 TCI state.
Proposal 7: Support also periodic and semi-persistent SRS resource to share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH and UE dedicated PUCCH.
Proposal 8: If the PL-RS and the spatial relation RS in the UL or joint TCI state are not identical, beam alignment is defined when PL-RS is QCL-TypeD RS of the spatial relation RS in the UL TCI state or that the spatial relation RS in the UL TCI state is QCL-TypeD RS of the PL-RS.
Proposal 9: Support multiple power control parameter sets where multiple sets are configured in RRC and the set is associated to a TCI state using MAC-CE while activating the TCI state with MAC.

On inter-cell beam management we have following observations and proposals (issue 2).
Proposal 10: For Q1: The inter-cell mTRP and inter-cell beam management have same L1 measurement and reporting mechanism but have difference in terms of beam indication (Unified TCI / legacy TCI framework), UE capabilities, RRC configuration ( CORESETPoolIndex/mTRP framework).
Proposal 11: For separate DL/UL TCI, the indicated DL TCI and UL TCI are associated with SSBs of a same PCI.
Proposal 12: Q2a, RAN1 has agreed to support both joint and separate TCI state for inter-cell beam management, for non UE-dedicated channels and signals. For both joint and separate DL/UL TCI, the indicated TCI are associated with SSBs of a same PCI.
Proposal 13: for Q2b: RAN1 has agreed that for inter-cell beam management the beam indication applies to UE dedicated channels/signal and UE is assumed receive common channels/signals from serving cell.
Proposal 14: for Q2c: The release-17 unified TCI state beam indication for inter-cell beam management does not differentiate between CD-SSB and SSB
Proposal 15: for Q2c: RAN1 assumes L3 RRM measurements to be conducted as in legacy for serving and neighbour cells.
Proposal 16: for Q2d: For inter-cell beam management and inter-cell mTRP maximum of 1 additional PCI to serving cell is considered for reporting and being active for communication
Proposal 17: for Q2e: In release 17, inter-cell beam management is applicable only for PCell
Proposal 18: For Q2f: inter-cell beam management uses Rel-17 unified TCI state beam indication and inter-cell mTRP uses the legacy beam indication.
Proposal 19: For inter-cell beam management, for Rel-17 UE can be assumed to receive and transmit dedicated channels associated with the same PCI and receive common channels associated with the same PCI as serving cell. UE may not be capable of simultaneous reception of common and dedicated channels in this case.
Proposal 20: For inter-cell mTRP, the reception and transmission assumptions follow the same behavior specified in Rel-15/Rel-16. Inter-cell mTRP requires (more than one value of) CORESETPoolIndex to be configured for operation.
Proposal 21: For Q3a: UE assumes that single TA is maintained in Rel-17 inter-cell beam mangement
Proposal 22: For Q3b: RACH is performed towards serving cell.
Proposal 23: For Q3c: PUSCH power control and PHR are calculated based on the TRP (serving cell/other PCI) used for PUSCH
Proposal 24: For Q4a: RAN1 assumes single HARQ entity is used for both TRPs.
Proposal 25: For Q4b: RAN1 assumes no restriction on HARQ retransmissions.
Proposal 26: For Q5a RAN1 assumes that PxSCH parameters can be TRP-specific for inter-cell mTRP.
Proposal 27: for Q5b: L1 CSI measurement and reporting are configured by RRC. See RRC parameter list.
Proposal 28: Q5c: Most parameters are the same but there are some differences. See RRC parameter list.
Proposal 29: UE assumes the timing difference for reception of signals with different PCIs to be within CP.
Proposal 30: For radio link monitoring UE monitors only serving cell RSs.
Proposal 31: Support UE event triggered indication that an inter-cell beam management reporting configuration should be activated.
Proposal 32: For inter-cell beam management, support extension of Rel-15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD.

On Dynamic TCI State Update Signaling Medium (issue 3):
Proposal 33: Y is configured per SCS.
Proposal 34: Select between Alt1: The first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication and Alt2: The first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment.

Enhancements on MPUE fast panel selection (issue 4):
Proposal 35: Do not support Scheme 1 as panel entity correspondence is not needed. The UE dynamic capability rather relates to the current active TCI state (or to the corresponding QCL source DL RS to be used).
Observation 6: In the Rel-16 framework, the gNB is missing dynamic knowledge on UE serving panel capability which may depend on current channel conditions. 
Proposal 36: Support Scheme 2 and consider associating reported DL RS in beam report (for DL and/or UL beam selection) with an index reflecting current dynamic panel capability.  
Proposal 37: Support Opt2 of scheme 2, where number of SRS ports dynamically associated to current DL RS is indicated to gNB for PUSCH scheduling.
Proposal 38: Add Opt4 to scheme 2 to address a UE beam refinement index that may be different for each SSBRI/CRI (or DL RS or active TCI state) to assist UE Rx beam training with possible level of UE beam refinement.
Proposal 38: Add Opt4 to scheme 2 to address a UE beam refinement index that may be different for each SSBRI/CRI (or DL RS or active TCI state) to assist UE Rx beam training with possible level of UE beam refinement.

MPE mitigation (issue 5):
Proposal 39: Support UE to report M ≥1 SSBRI(s)/CRI(s) together with P-MPR and modified virtual PHR values in addition to the existing field in the PHR MAC-CE.
Proposal 40: Support NW configured and/or triggered UE reporting of SSBRI(s)/CRI(s) together with P-MPR and modified virtual PHR values.
Proposal 41: UE selects M SSBRIs/CRIs based on the uplink power headroom or similar metric that reveals the uplink transmission capability.
Proposal 42: M may go up to 4 to be aligned with current L1-RSRP reporting mechanism.
Proposal 43: N corresponds to the number of UE beams.
Proposal 44: N=M ≤ 4.
Proposal 45: Support beam-specific (virtual) PHR.
Observation 7: The virtual PHR refers to the estimated MPE event and P-MPR level on each active UL TCI. The UE indicates the estimated P-MPR per link – if used for PUSCH.
Proposal 46: Define virtual PHR and virtual P-MPR for candidate beams.
Proposal 47: Support reporting quantities : modified Virtual PHR associated with each activated UL TCI + L1-RSRP including modified virtual PHR with each candidate beam.
Proposal 48: Inform RAN2 and RAN4 of the decision.
Proposal 49: For MPE context, consider enhancements to configuration of CFRA resource for beam failure recovery.
Other enhancements (issue 6):
Proposal 50: Consider further under ”UE -initiated (DL-only or DL/UL) beam selection” and “•	UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams”
· UE is provided association between all or subset of active joint or separate TCI states and CFRA or SRS resources
· UE can signal selection by the selection of the CFRA resource or SRS resource
· gNB can send ACK or NACK for the selection in the DCI on PDCCH as a response to the CFRA transmission or SRS transmission

Proposal 51: Consider further under “UE-initiated beam activation based on beam reporting”
· QCL-TypeD RS of the current indicated TCI state is switched to the reported DL RS in the beam report if the gNB sends ACK as a response.
· FFS: how to determine QCL-TypeA RS for DL TCI state
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