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Introduction
In this paper, we provide our views on enhancements for multi-beam operation.
Unified TCI framework
Regarding unified TCI framework, the following was agreed in RAN1#105-e:
	Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic

Agreement
On Rel.17 unified TCI framework, 
· Any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)

Agreement
On Rel.17 unified TCI framework, discuss and decide by RAN1#106-e (August 2021)
· Whether each of 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
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs
· Whether some 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

Agreement
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), discuss and down-select by RAN1#106-e (August 2021) between the following two alternatives:
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state 
· Alt2. Rel-17 TCI state update signaling/configuration mechanism(s) are used, e.g. with Rel-17 MAC-CE/DCI-based beam indication for Rel-17 joint/separate TCI
Note: The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
Note: For some channels/signals, only one of the above two alternatives may apply (to be discussed).

Agreement
On Rel.17 unified TCI framework, 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
· The source RS determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for a target CC can be configured in the target CC or other CC
· For intra-band CA, the following configurations can be supported without additional QCL rules: 
· One source RS across CCs can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs 
· One source RS per CC can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, and the CC-specific source RSs are further associated with a same QCL-Type-D RS 
· “A set of configured CCs/BWPs” includes all the BWPs in the set of configured CCs 

Conclusion
On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling 
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)

Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states
· FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state

Agreement
On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
· If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)
Note:
· Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.
· The use case of simultaneous UL transmission from multiple UE panels are not to be considered in Rel-17 as it is out of scope



Target RS of unified TCI 
In RAN1#105-e, the issue of whether to apply the indicated joint/separate TCI to additional RS(s) were discussed, one remaining issue was on whether some SRS resources or resource sets for BM can be configured as a target signal. When it comes to UL, SRS for BM is configured for UL beam training, and applying the indicated UL TCI (targeting active PUCCH/PUSCH transmission) to SRS for BM would mandate the UE to use the same Tx beam to transmit them, with which the point of having SRS for BM could be lost. Similar as CSI-RS case, if the indicated UL TCI is applied to SRS for BM, the relation with the spatial relation indicated per SRS resource becomes unclear. To sum up, we don’t see a strong motivation to apply UL TCI (targeting active PUCCH/PUSCH transmission) to SRS for BM.  
Proposal 2-1: The UL TCI indicated for UE-specific PUxCH transmission should not be applied to SRS for BM.
The original motivation for introducing unified TCI was to apply to both PDCCH and PDSCH. It is still to be decided whether to apply to CSI-RS. For CSI-RS for CSI, not applying DL TCI for PDCCH/PDSCH would allow NW to configure UE to report CSI for a candidate beam pair before switching to it. For this reason, in Rel-15/16, TCI state for CSI-RS for CSI is indicated separate from PDCCH/PDSCH, and it is possible to update TCI state for AP-CSI-RS by DCI and that for SP-CSI-RS by MAC-CE. Regarding to CSI-RS for BM with repetition “off”, it may not be transmitted with a fixed beam pattern, thus the joint TCI should not be applied in this case. When it comes to CSI-RS for tracking, which is the primary source of QCL for PDCCH/PDSCH in Rel-15/16, applying DL TCI to CSI-RS for tracking may create a chicken-and-egg problem (i.e. whether PDCCH/PDSCH follow indicated DL TCI or CSI-RS for tracking?). Besides, the NW may configure multiple TRS configurations to a UE, it is not clear that the indicated TCI should apply to which one of them, hence it is not preferred. For a DL RS that does not share the same indicated TCI state as PDCCH/PDSCH, but can be configured as a target DL RS of a Rel-17 DL TCI, Rel-15/16 TCI state update signaling/configuration mechanism(s) can be reused to update/configure the Rel-17 TCI state.
Proposal 2-2: For the DL RS that does not share the same indicated unified TCI state(s) as PDCCH/PDSCH, Rel-15/16 TCI state update signaling/configuration mechanism(s) can be reused.
TCI state pooling and mapping
As analysed above, DL TCI and UL TCI have different use cases, which requires different types of source RS and chain rules. Expanding the definition of TCI state in R15/16 to allow all kinds of source RSs (e.g., to include SRS in DL TCI state) and thereby support a mixed TCI state pool for DL/UL would consume extra signalling overhead even when separate UL beam indication is not needed (e.g., for CPE/FWA, where MPE is not a major concern). In addition, having separate DL and UL TCI state pools is also beneficial for designing UL-specific aspect such as power control, with which a smaller addressing space and thereby signalling overhead can be achieved via the pool name itself. For these reasons, in the case of separate DL/UL TCI indication, we propose that DL TCI state and UL TCI state are taken from separate TCI state pools. For example, 2 TCI state pools are configured for DL and UL separately (similar to TCI state and spatial relation in R15/16), where the DL TCI state pool is configured in PDSCH-Config while the UL TCI state pool is configured in PUCCH-Config.
Proposal 2-3: For separate DL/UL TCI indication, DL TCI state is taken from DL TCI state pool, while UL TCI state is taken from UL TCI state pool that is separate from DL TCI state pool.

Inter-cell beam management
Regarding L1/L2-centric inter-cell mobility, the following agreements and working assumption were achieved in RAN1#105-e. Note that L1/L2-centric inter-cell mobility has been updated as inter-cell beam management in RAN#92. 
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies

Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· 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) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· 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
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH

Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB


Measurement/reporting
For the number of beam qualities associated with non-serving cell(s) that can be reported in a single CSI reporting instance (i.e., K value in the agreement above), the value of 4 was agreed. In our view, the maximum K value for which a UE can support highly depends on UE capability. To restrict to a small value (such as 4) for all UEs in R17 seems unnecessarily restrictive for performance and NW planning. If a UE reports it can support 8 or 16 via UE capability reporting, with more candidate beams reported in one reporting instance, extra reliability and flexibility can be achieved. 
Proposal 3-1: The maximum number of beam qualities associated with non-serving cell(s) that can be reported in a single CSI reporting instance is 16 (subject to UE capability).
Beam indication
With current design for intra-cell BM, DCI can be used to indicate a TCI codepoint when multiple TCI states were activated by MAC-CE. First of all, the implementation complexity should be considered for activating TCI states from multiple cells in a single MAC-CE. In such case, UE may need to track the RSs from multiple cells simultaneously. Secondly, up to 8 TCI codepoints can be activated by MAC-CE. Those codepoints were designed to be used in one cell. If some of them are occupied for inter-cell beam indication, it may impact the flexibility for intra-cell beam indication. Lastly, the TCI state indication for inter-cell beam management is not expected to happen very often, with which the signaling delay may not be a critical issue.
Proposal 3-2: Support MAC-CE-only beam indication for inter-cell beam management.
Another issue discussed during last meeting was the QCL rule. With L1/L2 mobility where the serving cell is to be changed, there is no motivation to build an indirect QCL link between PDCCH in source cell and SSB in target cell. However, the WID was updated after last RAN plenary meeting and the objective has been changed to “inter-cell beam management”, where the serving cell is not to be changed. In this case, for PDCCH reception in current serving cell, the UE can be indicated with a TCI state containing CSI-RS which is QCLed to an SSB with a PCI that is different from current serving cell. 
Proposal 3-3: Support using SSB with a PCI that is different from the serving cell as indirect QCL reference for PDCCH in the serving cell.
As explicitly captured in the updated WID, 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). With this in mind, it is natural to assume the UE will continue to receive broadcast PDCCH/PDSCH from the serving cell only, i.e. not to receive broadcast PDCCH/PDSCH from the cell containing the SSB that is used for QCL indication for CSI-RS of serving cell but with PCI different from the serving cell.  
Proposal 3-4: UE is not expected to receive broadcast system information from the cell containing the SSB that is used for QCL indication for CSI-RS of serving cell but with PCI different from the serving cell.

Dynamic TCI update 
Regarding dynamic TCI update, the following was agreed in RAN1#105-e:
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 
· FFS: Whether inter-cell beam switching needs higher X/Y values than intra-cell
· FFS: Whether application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel without reverting previous RAN1 agreements

Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.


Beam application time
Considering the scenario of cross-carrier beam indication and common TCI state ID update across a set of configured CCs, if the CCs have different SCSs, it is worth clarifying which SCS is used to determine the beam application time. In our view, the symbol duration of beam application time of Y symbols can be determined based on smallest SCS among involved CC and active BWPs, which gives sufficient processing time to the UE. 
Proposal 4-1: For cross-carrier beam indication and common TCI state ID update across CCs with different SCSs, the symbol duration of beam application time of Y symbols is determined based on smallest SCS among involved CC and active BWPs.
Default codepoint
Due to the enthusiasm on DCI-based TCI indication, so far there is not much agreement on MAC-CE TCI state activation/selection. It should be clear that DCI-based TCI indication cannot work without MAC-CE activation. As captured in previous agreement, there is one FFS point on whether to apply TCI states corresponding to the lowest codepoint right after MAC-CE activation. In our view, it is beneficial to support this add-on feature, which can be turned on or off by RRC or inside the activation MAC-CE. With this feature, NW can map the TCI states (that are to be applied immediately right after TCI activation) to the lowest codepoint, with which there is no need to send in a DCI for TCI indication immediately (hence saving one DCI and associated ACK), while further DCI-based TCI indication (to select among the activated ones) can still be performed when needed (possibly at a later time). 
Proposal 4-2: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied.

Fast UL panel selection
Regarding fast UE Tx panel selection, the following was agreed in RAN1#104bis-e:
	Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, for CSI/beam measurement/reporting, down select and/or modify from the following candidates:
· Opt1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS: How to inform through CSI/beam reporting framework
· FFS: Detailed design of the correspondence including the conveyed information 
· 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)
· Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports
· FFS: Detailed design of the new panel ID including the information conveyed by the new panel ID
· Note: The association between the new panel ID and the panel entity is determined by the UE
· Opt1-3: No additional specification support
· The duration in which the above panel entity reference is valid and the respective setting are FFS
Note: “panel entity” is only used for discussion purpose

Agreement
On Rel.17 enhancements for MPUE, for codebook based UL transmission, decide by August RAN1 meeting whether to support CB-based SRS resources with different numbers of ports
· FFS details (e.g. per resource or per resource set)
· Note: the above is not for Rel-16 full power transmission but for Rel-17 panel-specific UL transmission
· FFS: non-codebook based UL transmission for MPUE 
FFS whether existing BWP switch based mechanism (discussed previously in Rel-16 power saving WI) can serve such purpose

Agreement
On Rel.17 enhancements for MPUE, investigate and, if needed, specify the following:
· UE reporting of panel-specific information as a UE capability, for example:
· 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
· Information related to panel selection delay
· Information related to panel activation delay 
· UE reporting information related to minimal activation/selection delay for a panel based on L1 or L2 signaling
· UE reporting of panel activation/selection status of a panel entity, e.g. active state for both DL and UL, or active state for DL only
· FFS: details of this information (e.g. minimal activation/selection delay for a panel) and signaling (e.g. L1 or L2 signaling)
· UE-reported information in MPE report (if supported) is used to indicate the minimal activation/selection delay and panel activation/selection status 
· Note: above ‘panel entity’ is a logical entity and how to map physical panels to the logical entities is up to UE implementation
· Note: This will depend on the final outcome of whether specification support for UE-initiated panel activation/selection is agreed 



Definition of UE panel entity
In the last meeting, three options on how to define UE panel entity were discussed.
· Option 1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
· Option 1-2: A panel entity is referring to a new panel ID within CSI/beam reports
· Option 1-3: No additional specification support
To us, Option 1-1 and 1-2 above are not mutually exclusive. For a given measurement resource, if the UE is able to turn on multiple panels to perform measurement, it seems reasonable to allow the UE to compare results measured from multiple panels and then report the highest one, with which a resource index and a virtual panel ID (not implying specific UE antenna architecture) would both be needed. We understand there can be UEs not able to support this mode, with which separate measurement resources may be needed for such UEs. In this case, multiple measurement resource sets can be configured for this UE, each set is to be measured by one UE panel, and the reported resource index would implicitly correspond to UE panel entity already, with which a new panel ID may not be needed. 
Proposal 5-1: A UE panel entity corresponds to a reported CSI-RS/SSB resource index (if gNB has indicated which UE panel is to be used for measurement) or a new virtual UE panel ID in beam report (if it is left to UE to select panel for measurement).

NW-initiated panel activation
UE-initiated UL panel selection/activation was agreed in RAN1#103e and further discussed in RAN1#104e and RAN1#104bis-e. To some extent, this UE-initiated UL panel selection/activation can help with link re-adaptation in the cases of UE movement, rotation, and blockage that requires switching panel at UE side. Still, in some cases like UE movement, due to the nature of UE-initiated procedure, the overall latency may not be small, i.e., not that ‘fast’. To speed up UL panel selection, one possible solution is to support gNB-initiated/controlled UE panel activation. Note that gNB-initiated UE panel selection (instead of activation) has been agreed to be supported reusing R17 TCI state update mechanism.
Performance-wise, it is preferable to turn on all UE panels, but it may be excessive in terms of power consumption. To support gNB-initiated UE panel activation (instead of selection), proper balancing between performance and power consumption needs to be established. To this end, a handshake mechanism can be considered as shown the figure below. For instance, a gNB first sends a panel activation request to UE, then a UE respond with acceptance or rejection, possibly on per-panel basis. As these signaling are used for preparation of fast UL panel selection instead of indicating fast UL panel selection directly, they can be transmitted via MAC-CE, with which the existing timeline can reused. 
[image: ]
Figure 1: Handshake mechanism for NE-initiated UE panel activation
Proposal 5-2: Introduce a handshake mechanism including gNB request and UE response (acceptance/rejection) for gNB-initiated UE panel activation.

SRS for different UE panels
It was discussed whether SRS resources for codebook-based UL transmission can be configured with different numbers of ports. In Rel-15, SRS resources for codebook-based UL transmission in a SRS resource set should have the same number of ports. This implies SRS resources corresponding to different UE panels cannot be configured in the same SRS resource set if the UE panels have different number of ports. In our view, it would be beneficial to allow for configuring different number of ports for SRS resource in one SRS resource set for codebook-based UL transmission. 
[bookmark: _GoBack]Proposal 5-3: Support configuring different number of ports for SRS resources in one SRS resource set for codebook-based UL transmission.

MPE mitigation
Regarding MPE mitigation, the following was agreed in RAN1#104bis-e:
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
· Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + Virtual PHR or a modified version 
· The modified version may be associated with each activated UL TCI or, if applicable, joint TCI, or associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured) from candidate pool, if reported.
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· FFS: how to determine the virtual PHR or the modified version.
· Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· Opt 2A. {SSBRI(s)/CRI(s) and/or panel indication} + L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· FFS: When multiple SSBRIs/CRIs and their corresponding metrics are reported in the same reporting instance, whether to allow mixture between the SSBRI(s)/CRI(s)) intended for MPE mitigation and for DL beam reporting 
· FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
· FFS: If Opt2A is selected and there is no consensus on a modified L1-RSRP definition, at least the Rel-15 L1-RSRP definition is reused and virtual PHR may be added
FFS: If gNB acknowledges MPE report from UE for UE-initiated (event-driven) reporting 
· FFS: If differential report is supported when multiple UL beams are reported in the same report


It was agreed to down-select at least one or combine solutions on MPE mitigation. One is to extend the P-PMR reporting based on R16 framework (e.g., per panel or per beam) with/without virtual PHR (Option 1A or 1D), and the other is to implicitly/explicitly report alternative UE panel/beam for UL transmission via SSBRI/CRI and (modified) L1-RSRP/L1-SINR (Opt. 2A). 
In our view, Option 1D is a natural extension of R16 framework, which maximizes utilization of previous design and specification support, and hence is relatively more preferable to us. In our understanding, with regular periodic DL beam/panel reporting, plus UE-initiated per-panel/beam P-MPR reporting, gNB would have been provided with enough information for fast MPE mitigation. As the P-MPR reporting is UE-initiated, there seems no strong motivation to merge them into one reporting configuration (i.e., unnecessary DL reporting overhead when there is no MPE event).
In addition, RAN4 has better expertise on how to account for MPE effects, i.e. R16 P-MPR-based reporting was introduced by RAN4. Regarding whether to include virtual PHR or modified L1-RSRP/SINR for MPE mitigation purpose, we believe it is better to first discuss the feasibility in RAN4, as RAN1 may not have the required expertise on how to modify L1-RSRP/SINR for MPE purpose. 
Proposal 6-1: Support Option 1D, i.e., per-panel P-MPR reporting for MPE mitigation, or send three alternatives to RAN4 for down-selection.
Option 1D may still not work well in standalone FR2 deployment where MPE event may lead to reporting failure. In this case, it would be more interesting to investigate the possibility of linking SRS transmissions with UE panels, from which the gNB would be able to detect the dropping of received signal strength (implicitly reflecting MPE event at UE) and indicate UE to switch panel in a faster manner. 
Proposal 6-2: Support mapping SRS resources with UE panels to enable gNB-controlled fast UL panel selection for MPE mitigation.

Advanced beam refinement/tracking 
Regarding advanced beam refinement/tracking, the following was agreed in RAN1#105-e:
	Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, focus study (including down-selection) and, if needed, specification effort on the following options:
· Group 1: Aim for at most one solution for Group 1 in Rel-17 to address issue 6
· Opt 1-A. UE-initiated beam selection/activation based on beam measurement and/or reporting (without beam indication or activation from NW)
· Opt 1-B. Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-C. Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Group 2: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-C: One-shot timing update for TCI state update



There are three options in Group 1 to be down selected. For Option 1-A, it is intended to reduce the delay for beam selection, as the UE does not need to wait beam indication from NW after reporting. For Option 1-B, it is intended to reduce the latency on beam/CSI acquisition, with which the NW does not need to wait for the newly indicated TCI to become valid and then sending in beam/CSI request. For Option 1-C, more than one resource sets can be triggered aperiodically which may reduce the latency and brings more flexibility. It appears the three options in Group 1 are targeting at reducing different types of latency, and it is difficult to estimate which one is more important at this stage. The situation is similar for Group 2. 
With the remaining time in Rel-17, it is very challenging to finish the specification work on any option above, as there are many details to be considered. Take Option 1-A as an example, there are quite some questions to be clarified/addressed, such as: How to ensure the reliability of beam switching without indication/activation from NW? How does such UE-initiated beam selection/activation coexist with existing beam indication mechanism? What is the relation with beam failure recovery, which is also one kind of UE-initiated beam switching?
With all these uncertainty, we slightly prefer to postpone the study and specification work on advanced beam refinement/tracking (i.e. Issue 6) to a future release.
Proposal 7-1: The study and specification work on advanced beam refinement/tracking (i.e. Issue 6) can be postponed to a future release.

Summary and conclusion
In this contribution, we propose the following:

Proposal 2-1: The UL TCI indicated for UE-specific PUxCH transmission should not be applied to SRS for BM.
Proposal 2-2: For the DL RS that does not share the same indicated unified TCI state(s) as PDCCH/PDSCH, Rel-15/16 TCI state update signaling/configuration mechanism(s) can be reused.
Proposal 2-3: For separate DL/UL TCI indication, DL TCI state is taken from DL TCI state pool, while UL TCI state is taken from UL TCI state pool that is separate from DL TCI state pool.

Proposal 3-1: The maximum number of beam qualities associated with non-serving cell(s) that can be reported in a single CSI reporting instance is 16 (subject to UE capability).
Proposal 3-2: Support MAC-CE-only beam indication for inter-cell beam management.
Proposal 3-3: Support using SSB with a PCI that is different from the serving cell as indirect QCL reference for PDCCH in the serving cell.
Proposal 3-4: UE is not expected to receive broadcast system information from the cell containing the SSB that is used for QCL indication for CSI-RS of serving cell but with PCI different from the serving cell.

Proposal 4-1: For cross-carrier beam indication and common TCI state ID update across CCs with different SCSs, the symbol duration of beam application time of Y symbols is determined based on smallest SCS among involved CC and active BWPs.
Proposal 4-2: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied.

Proposal 5-1: A UE panel entity corresponds to a reported CSI-RS/SSB resource index (if gNB has indicated which UE panel is to be used for measurement) or a new virtual UE panel ID in beam report (if it is left to UE to select panel for measurement).
Proposal 5-2: Introduce a handshake mechanism including gNB request and UE response (acceptance/rejection) for gNB-initiated UE panel activation.
Proposal 5-3: Support configuring different number of ports for SRS resources in one SRS resource set for codebook-based UL transmission.

Proposal 6-1: Support Option 1D, i.e., per-panel P-MPR reporting for MPE mitigation, or send three alternatives to RAN4 for down-selection.
Proposal 6-2: Support mapping SRS resources with UE panels to enable gNB-controlled fast UL panel selection for MPE mitigation.

Proposal 7-1: The study and specification work on advanced beam refinement/tracking (i.e. Issue 6) can be postponed to a future release.
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