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1 Introduction
In RAN#92 meeting, the revised WID for further enhancements on MIMO for NR was approved [1], where the following WI objectives on enhancements of multi-beam (MB) operations are listed:
	·  Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
· 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
· 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 share our view on the enhancements on UL/DL beam management.
2 Enhanced UL/DL beam management
In this section, we investigate categorized issues on MB operation [2] in each subsection, respectively.
2.1 Unified TCI framework
	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

Conclusion
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, there is no consensus in configuring the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component 
· Note: It has been agreed that “The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS” and hence the setting of (P0, alpha, closed loop index) is channel/signal dependent (separate settings for PUCCH, PUSCH, and SRS)

Offline email discussion by FL
[Topic 1.8] 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
· Alt1. Per QCL Type-D RS of either RS or both RSs:
· PL-RS = QCL Type-D RS of UL TCI spatial relation RS, or
· QCL Type-D RS of PL-RS = UL TCI spatial relation RS, or
· QCL Type-D RS of PL-RS = QCL Type-D RS of UL TCI spatial relation RS
· Alt2. Categorize as “beam misalignment”


Regarding the detailed aspect on PL RS, it is considerable to define a new PL RS pool applicable for UL/joint TCI. Since there can be UL channels/RSs not applicable for UL/joint TCI, relying on legacy power control mechanism, how to manage the number of simultaneously activated/tracked PL RS should be carefully investigated, e.g. whether to define/manage legacy and new PL RS tracking number separately. For the definition of “beam alignment” on PL RS, the current version on the offline e-mail discussion is that the periodic DL source RS for spatial relation in the UL/joint TCI state is also used as the PL RS. We should also consider the case when the spatial RS is an SRS for UL TCI. In this case, beam alignment can be assumed based on configured PL RS for the SRS. For example, it is beam-aligned when the PL RS and the configured PL RS for the SRS are identical or QCL Type-D RS for the above RSs are the same. Then, the simple solution for PL RS of the target channel(s) would be to follow the PL RS of the SRS when PL RS is not included or associated with UL/joint TCI. 

Proposal #1. Include the case if the source RS for spatial relation is SRS (applicable only for UL TCI) for defining “beam alignment”.
· PL RS = Configured PL RS for the SRS
· QCL Type-D RS of PL RS = QCL Type-D RS of configured PL RS for the SRS

[bookmark: _GoBack]Based on offline email discussion by FL, it has been discussed to determine the supported maximum number of active/configured TCI states as below. For the maximum number of active TCI states, there is no strong motivation to increase it considering single TCI indication case (i.e. M=N=1) only in Rel-17, as concluded in the last meeting. And for the maximum number of configured TCI states by RRC, supporting a larger max number seems beneficial when the TCI states can include joint and/or separate DL/UL TCI in the same TCI state pool to keep the same level of flexibility for configuring TCI states as is in Rel-15/16 and also for the purpose of inter-cell beam management.

Proposal #2. Support the maximum number of active TCI states to be 8 as in Rel-15/16.

Proposal #3. Support increasing the maximum number of configured TCI states to 256 when TCI states can include joint and/or separate DL/UL TCI.

	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 behaviors 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 behaviors are automatically supported

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

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

Conclusion
On Rel-17 unified TCI, for Rel-17, there is no consensus in supporting additional (M,N) values other than (M,N)=(1,1)



For the case of joint/separate TCI indication for DL and UL additionally applying to other RSs/channels as a beam applicability, association between the CORESET groups and the PUCCH resource groups is needed. The association of CORESETs and PUCCH resources can be determined by a certain rule or by gNB configuration. For this, it needs to be considered that the target channels/RSs of the joint TCI indication can include other channels/RSs such as CSI-RS and SRS. The functionality of multi-CC simultaneous beam update should also be taken into account. 
As shown in above agreement, aperiodic CSI-RS for CSI/BM and SRS for BM ‘can share’ the same indicated Rel-17 TCI state for common beam indication and this means that these target RSs are configurable. There are different granularities for this configuration, e.g. per resource, per resource set/group, per RS type, per RS usage, etc., that we need to make a decision. In our view, resource level configurability, which is the most flexible option, is preferred. This is because, for instance, CSI-RS resources up to 128 can be utilized for various purposes, and some can be cell-specifically beamformed, i.e. CSI-RS beams are fixed from network perspective while each UE selects one beam among those, and some others can be UE-specifically beamformed, i.e. one CSI-RS resource is dedicated to a UE and the CSI-RS beam is updated according to UE mobility. The common beam update is applicable only to the latter case, i.e. UE-specifically beamformed CSI-RS resources, and it does not make any sense to update QCL-D of all 128 CSI-RS resources. In addition, SRS resources for BM has two use cases. One is for UE Tx beam sweeping and the other is for gNB Rx beam sweeping. For the latter case, multiple BM SRS resources should use a same Tx beam while different Tx beams should be used for the former case. Therefore, unified TCI (i.e. same beam application) is only applicable for the latter case, and should not be applicable for the former case (UE Tx beam sweep). To support both functionalities of BM SRS, resource level or resource set level configuration is necessary.  

Proposal #4. For AP CSI-RS for CSI/BM, resource-level configurability on the applicability of unified TCI should be supported.

Proposal #5. For AP SRS for BM, resource-level or resource-set-level configurability on the applicability of unified TCI should be supported.

Additionally, it should be considered how to update the target channels/RSs. When serving TRP is switched for both intra-/inter-cell mobility, it is difficult to share a same set of CSI-RS resources across different TRPs. We can consider following example: 
· CSI-RS resource group#0: TRP#0, cell-specifically beamformed
· CSI-RS resource group#1: TRP#0, UE-specifically beamformed
· CSI-RS resource group#2: TRP#1, cell-specifically beamformed
· CSI-RS resource group#3: TRP#1, UE-specifically beamformed
In above, if TRP#0 is a serving TRP, it would be beneficial if the unified TCI is applied to CSI-RS resources in group#1. If UE moves to TRP#1, the applicable channel/RS of unified TCI needs to be updated to include CSI-RS resources in group#3 and to exclude CSI-RS resources in group#1. For this purpose, we think that dynamic update of target channels/RSs is needed. Another example is when UE panel is switched. Analogous to Rel-16 PUCCH group based beam update, it is needed to update target channels/RSs dynamically (i.e. via MAC-CE and/or DCI).

Proposal #6. Support dynamic update of target channels/RSs of unified TCI via MAC-CE and/or DCI.

2.2 L1/L2-centric inter-cell mobility
	Agreement
On Rel.17 beam indication enhancements for inter-cell 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):
· Both MAC-CE based and MAC-CE+DCI-based beam indication schemes are supported
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 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

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

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
· 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

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

Conclusion
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in supporting additional value(s) of KMAX other than 4

Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, select NMAX (the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting) from the following alternatives (to be decided in RAN1#106bis-e): 
· Alt1: NMAX   is up to UE capability with candidate values of 1 and X.
· Note: X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE measures up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· Alt2. NMAX=1

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



Regarding the multi-beam measurement/reporting for inter-cell operation, L1-based event-driven reporting analogous to L3 measurement and reporting procedure would be efficient since beam report for non-serving cell would not always needed. For this L1-based reporting, the defined triggering condition(s) based on the cell quality for measurement reporting can be replaced with the condition(s) based on L1 beam quality, e.g. for modified (beam quality based) Event A3 triggering in ReportConfigNR. When the event is occurred, serving cell beam report could be replaced by non-serving cell beam report or non-serving cell beam report can be added into the serving cell report.

Proposal #7. Support Alt1 for L1-based event-driven reporting by modifying conventional L3 criteria for triggering of an NR measurement reporting event.

For UE DL Rx timing assumption, although exceeding CP case is technically considerable, the enhancement on multiple TA values across cells was concluded as no consensus in the last meeting, which would mean that within CP is assumed for UL. Hence, for the scope of Rel-17, it is sufficient to assume the UE DL Rx timing difference within CP.

Proposal #8. Inter-TRP UE DL Rx timing is assumed within CP in Rel-17.

2.3 
2.4 MP-UE
	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



In the last meeting, above two alternative schemes were listed. Key difference between scheme 1 and scheme 2 is whether to distinguish UE panel when number of antenna ports per panel is same. For example, assume that a UE has 3 panels, 1 panel with 2 ports and 2 panels with 4 ports. Scheme 1 provides a tool to distinguish the two panels with same number of ports while scheme 2 does not. In our view, even if the number of ports is same for multiple panels, other properties can be different. One example would be the coherence type captured in both schemes, one full coherent panel and another non-coherent panel. There are many other properties that can be different per panel as well, e.g. the max number of different beams/resources that can be generated from each panel, max power, beam/antenna gain, etc. Another important aspect is to handle the MPE issue. In recent RAN plenary discussion on Rel-18, MPUE enhancements are likely to be included in Rel-18, where the scope may include simultaneous multi-panel transmission, panel-specific timing/power control, etc. Considering other panel-specific parameters and forward-compatibility to other use cases, we think that scheme 1 is better approach. If we go with scheme 2, we may have to re-design UE reporting later and repeat same discussion again in later releases. 

Proposal #9. Support scheme 1 for panel-specific parameters other than max rank such as the max number of resources that can be generated for each SRS resource set, the coherence type, etc. and for forward compatibility in later releases.

Scheme1/scheme2 only address CB PUSCH. For NCB PUSCH, similar enhancement can be considered to support different max layers per panel. Multiple NCB SRS resource sets/groups can be configured by RRC. SRS resources of each resource set/group can be transmitted from each activated panel entity. According to dynamic panel activation/selection status, SRI codepoints in DCI can be mapped to a specific SRS resource group. Alternatively, we could use an ID to be attached to each SRS resource so that SRS resources with same ID comprises a resource group. From functionality perspective, both approaches are equivalent.

Proposal #10. Support gNB to configure multiple NCB-based SRS resource sets.

It should also be noted that the existence of DL only panel, i.e. Rx only panel, has also been agreed as a possible UE implementation assumption. If UE reports a best DL RS based on DL only panel, the RS is undesirable for UL TCI since UE cannot be able to transmit any signal from the panel. So, this information needs also be reported to gNB. Regarding the information related to panel activation/switching delay, we think that these are also useful information, however, it may also be possible to define common fixed values as minimum requirements for these values. 

Proposal #11. Support UE to report at least the following as a UE capability.
· Information related to the total number of DL/UL panel entities
· Information related to the number of max antenna ports/layers per panel entity
· Information related to the maximum number of resources per panel entity for SRS BM and for NCB-based SRS

In the last meeting, it was agreed that a panel entity corresponds to one or more RS resources. Since one beam is maintained per panel, beam needs to be updated on a per-panel basis. To support this functionality, UL resource grouping is required analogous to Rel-16 PUCCH resource grouping based simultaneous beam update. In Rel-16, PUCCH resource grouping based simultaneous spatial relation update was introduced, where different PUCCH resource group can be mapped to different UE panel so that their spatial relation can be updated simultaneously. It also needs to be noted that considering up to 4 UE panels, it was agreed to support up to 4 PUCCH resource groups in Rel-16. This principle needs to be extended to other UL resources for per-panel beam update. Especially, simultaneous beam update for PUCCH and PUSCH can be supported if we support an association between CB/NCB SRS resources and PUCCH resources, where the beam for the associated/linked resources is updated together. After configuring multiple resource groups, a specific UL resource group can be indicated/activated for transmission for panel selective transmission. This is useful for UE power saving as well since UE can power off the panels that are not activated for transmission according to the resource group activation status.

Proposal #12. Support association/grouping of UL resources.
· At least association/grouping of PUCCH resource groups and CB/NCB SRS resources should be supported for simultaneous per-panel UL beam update for PUCCH and PUSCH.

2 
2.4 
2.5 MPE mitigation
	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



In the last meeting, MPE mitigation method was agreed to be designed based on the Rel-16 event-triggered P-MPR reporting via MAC-CE. The difference compared to the conventional scheme is mainly to report N (≥1) P-MPR values. To address the meaning of N, it would be important to conclude the MPE mitigation scheme applying whether beam or panel level. For the MPE mitigation on beam vs. panel level, considering different orientation or location of different panels, the human body impact can severe for one panel while it is not for another panel. Based on this understanding, MPE issue should be handled per panel, not per beam. Then, it is feasible if a UE can report the occurrence of MPE event of a panel(s) which is associated with SSBRI(s)/CRI(s) in addition to the corresponding P-MPR value(s) to gNB. For indicating preferred or non-preferred panel(s), it would be based on the ordering of P-MPR values with the corresponding SSBRIs/CRIs for the panel indication. When N=3, for example, three P-MPR values are reported together with each SSBRI/CRI. Then, it can be assumed that a panel related to the first P-MPR value can be regarded as preferred panel and a panel related to the last P-MPR value corresponds to non-preferred panel. Also, it is possible from additional reporting quantities of SSBRI/CRI to indicate preferred/non-preferred panel. 

Proposal #13. Panel-level MPE handling is sufficient.

Proposal #14. Support the following values of N and M for the MPE mitigation.
· The value of N: It aligns with the number of UE panels
· The value of M: M=1 (i.e. Each SSBRI/CRI is associated with panel)

The usage of preferred/non-preferred UL panel reporting may not necessarily be limited to the MPE handling. For example, UE could report preferred/non-preferred UL panel for the purpose of UE power saving as well as for the handling of MPE event as agreed in RAN1#103-e as below.
	Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 


For this usage, it would be beneficial if UE can report an information regarding the panel activation delay, i.e. from when the inactive panel(s) can be used for transmission in addition to the preferred/non-preferred panel information. 

Proposal #15. Support UE to report the ID of preferred/non-preferred UL panel with considering the occurrence of MPE event on the panel and/or panel activation status.

2.6 Advanced beam refinement/tracking
	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



In RAN1#106-e meeting, it was agreed to further study and specify, if needed, UE-initiated beam selection/activation for enhancing advanced beam refinement/tracking that beam management with reduced DL signaling to reduce latency. Among three candidates on the UE-initiated beam selection/activation schemes, we consider that UE-initiated beam activation based on beam reporting can provide some benefit. To be specific, it is possible by automatically applying a specific measurement RS from BM to the reference RS of the CORESET TCI state for PDCCH reception since currently the beam measurement and reporting is decoupled with CORESET/PDSCH TCI state configuration for beam indication, where the beam measurement and report can be based on a larger set (e.g. 64 RSs) compared with the candidate RSs for CORESET/PDSCH. For PDSCH, for example, updating TCI state activation (up to 8 TCI states) would be necessary via MAC CE if UE reports best RS(s) which have not been activated. If TCI activation can be automatically done by the beam report at the UE side, it can save MAC-CE signaling overhead/latency which takes about 30ms. 
On the above, we may additionally consider gNB confirmation of the update via DCI or MAC-CE to handle the case when the gNB may miss UCI. For example, after the UCI transmission by UE, the candidate CORESET beams can be updated by DCI confirmation where the corresponding DCI is transmitted through one of the candidate CORESET beams to be updated.

Proposal #16. Support UE-initiated beam activation based on beam reporting considering an automatic update of the candidate TCI states for CORESET/PDSCH by the CRI/SSBRI report with L1-RSRP/SINR.

3 Conclusions
In this contribution, we have discussed the issues for further enhancements on MB operation. Based on the discussions above, the following observations and proposals are given as:

Proposal #1. Include the case if the source RS for spatial relation is SRS (applicable only for UL TCI) for defining “beam alignment”.
1. PL RS = Configured PL RS for the SRS
1. QCL Type-D RS of PL RS = QCL Type-D RS of configured PL RS for the SRS
Proposal #2. Support the maximum number of active TCI states to be 8 as in Rel-15/16.
Proposal #3. Support increasing the maximum number of configured TCI states to 256 when TCI states can include joint and/or separate DL/UL TCI.
Proposal #4. For AP CSI-RS for CSI/BM, resource-level configurability on the applicability of unified TCI should be supported.
Proposal #5. For AP SRS for BM, resource-level or resource-set-level configurability on the applicability of unified TCI should be supported.
Proposal #6. Support dynamic update of target channels/RSs of unified TCI via MAC-CE and/or DCI.
Proposal #7. Support Alt1 for L1-based event-driven reporting by modifying conventional L3 criteria for triggering of an NR measurement reporting event.
Proposal #8. Inter-TRP UE DL Rx timing is assumed within CP in Rel-17.
Proposal #9. Support scheme 1 for panel-specific parameters other than max rank such as the max number of resources that can be generated for each SRS resource set, the coherence type, etc. and for forward compatibility in later releases.
Proposal #10. Support gNB to configure multiple NCB-based SRS resource sets.
Proposal #11. Support UE to report at least the following as a UE capability.
1. Information related to the total number of DL/UL panel entities
1. Information related to the number of max antenna ports/layers per panel entity
1. Information related to the maximum number of resources per panel entity for SRS BM and for NCB-based SRS
Proposal #12: Support association/grouping of UL resources.
1. At least association/grouping of PUCCH resource groups and CB/NCB SRS resources should be supported for simultaneous per-panel UL beam update for PUCCH and PUSCH.
Proposal #13. Panel-level MPE handling is sufficient.
Proposal #14. Support the following values of N and M for the MPE mitigation.
1. The value of N: It aligns with the number of UE panels
1. The value of M: M=1 (i.e. Each SSBRI/CRI is associated with panel)
Proposal #15. Support UE to report the ID of preferred/non-preferred UL panel with considering the occurrence of MPE event on the panel and/or panel activation status.
Proposal #16. Support UE-initiated beam activation based on beam reporting considering an automatic update of the candidate TCI states for CORESET/PDSCH by the CRI/SSBRI report with L1-RSRP/SINR.
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