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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:
· Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
· Unified TCI framework for DL and UL beam indication
· Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
· 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
[bookmark: _Hlk84321878]On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation, already assumed periodic) is either a periodic CSI-RS or an SSB. When a periodic CSI-RS is used as a PL-RS,
· Opt2. Both 1- and 2-port (reusing Rel-16 UE capability signalling) periodic CSI-RS are supported for PL-RS

Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC 
· FFS : MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI state
· Above is applicable for eMBB
· FFS : Details on power control setting for URLLC


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. We should also consider the case when an SRS resource is used as UL TCI spatial relation RS. Since PL RS should be a periodic CSI-RS or an SSB, it causes a problem for adopting PL RS if PL RS is not included or associated with UL TCI. In this case, it can be handled for PL RS of the target channel by following configured PL RS of the SRS.

Proposal #1. It should be clarified for PL RS configuration when SRS resource is used as spatial relation RS of UL TCI, e.g.
· PL RS is set to the configured PL RS of the SRS when PL RS is not included/associated with UL TCI

On UL PC setting, it was agreed in the last meeting that if the PC settings for PUSCH/PUCCH/SRS are associated with UL/joint TCI states per BWP, one individual setting is optionally associated with each of UL/joint TCI states via RRC. Regarding the FFS point on MAC-CE based update for the closed loop (CL) index associated with UL/joint TCI state, it may be beneficial especially when SRS is used as UL TCI, e.g. for dynamic update of CL index for SRS resources when UE rotates or moves.

Proposal #2. Support MAC-CE based update for closed loop index associated with UL or joint TCI state.

	Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8
· Further discuss and finalize in RAN1#106bis-e: the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s))

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC
· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For DL channels/signals that do not share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), all the QCL rules defined in section 5.1.5 in 38.214 are supported
· [bookmark: _Hlk84321626]Note: For CSI-RS used to provide QCL indication for non-UE dedicated channels, the CSI-RS should only be QCLed with SSB of the same PCID as that from the serving cell
· [bookmark: _Hlk84321692]For DL channels/signals that share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), the following options on source RSs and QCL-Types are supported
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
· Note: For inter-cell beam management, SSB with PCID different from that from the serving cell can be used as a QCL Type-C/D source RS for CSI-RS for BM and/or TRS 
· Further discuss and decide in RAN1#106bis-e whether CSI-RS for CSI can be used as a source RS or not, and if so whether some restriction(s) are needed

[bookmark: _Hlk84321752]Agreement
On Rel.17 unified TCI framework, remove the brackets and clarify as indicated in red from the following previous agreement:
	On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· …
· Just as Rel.16, the source RS in the Rel-17 TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· …



Agreement
On Rel.17 unified TCI framework, the source RS in the Rel-17 TCI state that provides QCL-TypeA or QCL-TypeB shall be in the same CC/BWP as the target channel or RS

Conclusion
On Rel.17 unified TCI framework, in case of separate DL/UL TCI, it is up to RAN2 whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI
· Note: By previous agreements, DL TCI shares the same TCI state pool as joint DL/UL TCI

Conclusion
On Rel.17 unified TCI framework, there is no consensus in supporting the following DL source RS type:
· SSB as QCL Type-D source RS, with TRS as QCL Type-A source RS
· SRS for BM as QCL Type-D source RS, optionally with TRS as QCL Type-A source RS

Agreement
On Rel.17 unified TCI framework, regarding the common TCI state ID update and activation for CA, 
· The details on how the PDSCH configuration (for each of those CCs/BWPs) contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC are up to RAN2

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, for DL or UL channels/signals that can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update):
· For DL: A non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI (per previous agreements) sharing the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
· For UL: An SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission (per previous agreements) sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
Note: The details of this RRC configuration (e.g. whether via a new RRC parameter or other means) is up to RAN2. This does not imply that a new RRC parameter(s) is necessary from RAN1 point of view.
FFS: Relevant UE capability to be discussed under UE feature agenda item.


For configuration of CSI-RS/SRS that share unified TCI, although the details are left to RAN2, we think that signaling granularity needs to be decided in RAN1 since 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 #3. For AP CSI-RS for CSI/BM, resource-level configurability on the applicability of unified TCI should be supported.

Proposal #4. For AP SRS for BM, resource-level or resource-set-level configurability on the applicability of unified TCI should be supported.

For power control, a conflict with existing power control setting may occur when performing power control using Rel-17 TCI state. For PUSCH, it needs to be clarified whether the conventional PC parameter setting by the codepoint of SRI field can still exist when Rel-17 TCI is used. For simplicity, it is preferred for UE always to follow the PC setting associated with the TCI state, not the one by SRI. For SRS, depending on the configuration granularity of sharing unified TCI, the PC setting may not be aligned within one SRS resource set which should be avoided. How to align PC setting within a set needs to be discussed further (e.g. whether it is updated for all resources when PC setting of a subset of resources are updated by unified TCI). 

Proposal #5. Clarify whether UE should follow PC setting by the indicated SRI or by the unified TCI for PUSCH.

2.2 L1/L2-centric inter-cell mobility
	Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP 

Conclusion
On Rel-17 beam indication enhancements for inter-cell beam management, for separate DL/UL TCI, there is no consensus in restricting the indicated DL TCI and UL TCI to be associated with SSBs of a same physical cell ID.
· Whether a corresponding UE feature can be introduced can be discussed in UE feature agenda

Conclusion
On Rel-17 beam indication enhancements for inter-cell beam management, the supported number of physical cell IDs different from that of the serving cell that are associated with activated TCI states 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) will be decided as a part of UE feature discussion.
· Decide in conjunction with inter-cell mTRP, where the candidate value(s) include at least 1

Conclusion
[bookmark: _Hlk84843602]On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in RAN1 on UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell



Regarding the paging with one activated (non-serving) TCI state, it has been discussed from the last meeting and the offline email discussion as follows.
	Offline proposal: On Rel-17 enhancements for inter-cell beam management, on QCL assumption for paging and short message reception after being activated with [only one] TCI state[(s)] associated with PCI different from serving cell, in RAN1#107-e, further discuss and select one of the following alternatives:
· Alt0. The UE is not required to monitor paging and short message associated with the newly indicated TCI state associated with a PCI different from the serving cell
· Alt1. The UE is to monitor paging and short message in USS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell
· Alt2. The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell


On LS reply to RAN2 in RAN1#106bis-e, it was agreed that the system information (SI) is always received from serving cell. Based on this, it is not desirable to support reception of separation between SI and paging reception points that the reception of SI is from the serving cell while that of paging is from the cell with a different PCI as in Alt1 or Alt2. Also, the paging signal scheduled by Type2 PDCCH CSS is non-UE-dedicated and it conflicts the previous agreement that the supported Rel-17 MAC-CE-based and/or DCI-based beam indication applies the channels/RSs as for intra-cell beam management except for non-UE-dedicated channels/RSs. 

Proposal #6. UE is not required to monitor paging/short message associated with the newly activated TCI state associated with a PCI different from serving cell.

Next issue is the selection on L1-RSRP reporting format between two alternatives as captured above and the related proposals are discussed in the offline email discussion from the following.
	Offline proposal 2.H.1:
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all SSBRI-RSRP pairs in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per non-serving cell/serving cell is used: When more than one SSBRI/L1-RSRP pairs associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for pairs associated with the same PCI, i.e. 4-bit differential L1-RSRP(s) calculated relative to the PCI-specific reference (absolute) 7-bit L1-RSRP

Offline proposal 2.H.2:
Whether to consider SSB Tx power difference (e.g., >10 dB) between serving-cell SSB and non-serving cell SSB for determining SSBRI-RSRP pair to be reported, e.g., for assiting UL Tx beam determination?

FYI, 44 dBm for Macro layer, and 33dBm for Micro layer in Dense urban in TS 38.802

For example, the candidates can include:
· RSRP value to be reported should be compensated according to Tx power corresponding to non-serving-cell/serving-cell SSB.
· SSBRI-RSRP selection rule is based on difference between receiving L1-RSRP and transmit power, like path loss …


On offline proposal 2.H.1, the benefit of new L1-RSRP reporting format (i.e. Alt2) is unclear from the perspective on performance/overhead trade-off since UCI payload size is varying depending on the number of SSBRI-RSRP pairs (i.e. K) and the number of serving cells with different PCIs. We think that Alt1 well supports inter-cell BM because the current 4-bit differential RSRP covers up to 30 dB RSRP difference.

Proposal #7. Rel-15 L1-RSRP reporting format is reused for all SSBRI-RSRP pairs in one L1-RSRP reporting instance.

On offline proposal 2.H.2, performing beam selection in the beam report could be addressed by UE implementation based on measured RSRP values with or without considering SSB Tx power difference between serving cell and a cell with different PCI. Also, Tx power of SSBs from different cell is known at gNB and the gNB can compensate the Tx power difference with the reported L1-RSRP by implementation.

Proposal #8. Not support enhancement on considering SSB Tx power difference between serving cell and a cell with different PCI for determining SSBRI-RSRP pair to be reported.

2.3 Dynamic TCI state update signaling medium
	Agreement (105-e)
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 (106bis-e)
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, 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. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
How to capture this in the specifications is up to the editors


On Rel-17 DCI-based beam indication, it is supported that unified TCI can be updated by the DCI format with/without DL assignment. When there is UL-SCH or UCI to send from UE to gNB, it is already well supported that PUSCH beam can be updated/indicated by DCI format 0_1/0_2 with SRI field in the DCI, i.e. the spatial relation of the indicated SRI is applied for transmission of the scheduled PUSCH. Since the introduction of joint/separated TCI is for common beam operation, i.e. single beam per UE or per panel, it is desirable to apply the indicated beam for scheduled PUSCH into the subsequent UL transmission, e.g. for CSI PUCCH, meaning that UL TCI is automatically updated by the spatial relation of the indicated SRI in DCI format 0_1/0_2. Currently, PUSCH beam can be updated by DCI using SRI field but PUCCH beam can be updated by RRC/MAC-CE only. In practice, gNB would mostly likely choose a best UL beam for the UE when allocating the PUSCH by most recent measurement, e.g. by aperiodic beam report or aperiodic SRS transmission and the same beam RS is likely to be updated for PUCCH by separated RRC/MAC-CE signaling which is often redundant. Therefore, it can give a benefit to support automatic update of the PUCCH spatial relation from the updated spatial relation for PUSCH, which would reduce signaling overhead and latency for updating beam RS for control channels. For example, the spatial relation of a PUCCH resource for a periodic CSI reporting can be updated whenever PUSCH beam is updated by UL DCI. For this operation, no modification of the existing DCI formats is needed and this operation can be enabled/disabled by RRC. 

Proposal #9. Spatial relation RS for PUCCH that shares unified UL TCI is automatically updated by the updated/indicated spatial relation RS for dynamic grant PUSCH (i.e. spatial relation of the indicated SRI in DCI). 
· Note: above does not require any modification of existing DCI format 0_1/0_2.

2.4 MP-UE
	Agreement (106-e)
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 RAN1#106-e meeting, above two alternative schemes were listed. During and after the meeting, a harmonized proposal has been under discussion as captured below:
	Updated offline proposal 4.A: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,  
· Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises at least the max supported number of SRS ports
· FFS: which type(s) of UE capability other than the max supported number of SRS ports is included in a UE capability value set and whether the UE capability value set can be common across all BWPs/CCs in same band or BC are discussed under UE feature agenda item 
· The correspondence between a CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. 
· The Rel-15/16 beam reporting is reused, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR  (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI
· Support multiple codebook-based SRS resource sets with different number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to a selected SRS resource set [which need to be aligned with the UE capability based on the informed correspondence]
· FFS: Decide in RAN1#107e, whether the SRS resource set is selected by the UE or NW


During the discussion, one controversial point was whether to support multiple capability values for each set or 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 should define an extendable signaling framework to include multiple UE capability values in each set.

Proposal #10. Rel-17 MPUE signaling framework should be flexible and extendable for future extension.

Proposal #11. Support UE to report at least the following in each UE capability value set.
· The maximum supported number of SRS ports 
· The maximum supported number of SRS resources per set (for NCB PUSCH and for BM)

For the enhanced beam reporting for panel selection, we support the offline proposal.

Proposal #12. The correspondence between a CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance.
· The Rel-15/16 beam reporting is reused, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI 

For the panel selection, several companies proposed to consider BWP-switching based approach but it is not appropriate to use for panel switching due to the following reasons:
· It is not feasible to support periodic/semi-persistent SRS transmission across multiple panels. With BWP switching approach, only way is to trigger aperiodic SRS after switching BWP.
· Activated channels/RSs in previous BWP are all automatically deactivated when BWP switching is performed, which will require re-activating UL transmission for those channels/RSs unnecessarily, e.g. for CSI/beam report on PUCCH, etc.
Regarding the controversial point between UE selection and NW selection of SRS resource set(s), we think that UE decides and selects which panel(s) are activated and the activation status can be reported using the enhanced beam report. If only one panel is activated, this information can be delivered to NW via the enhanced beam report so that the corresponding panel capability (e.g. 2 port or 4 port) will be used by NW, e.g. via selecting the corresponding SRS resource set among the RRC configured multiple SRS resource sets (e.g. one set with 2-ports, another set with 4-ports). If two panels are activated, NW can select one SRS resource set among the activated two SRS resource sets. Exemplary operation for 3 panel UE is described as below:
1. UE reports 3 UE capability value sets (first bullet)
2. Via enhanced beam report, UE reports correspondence between UE capability value set ID & CRI/SSBRI (second bullet)
· If UE activates two panels out of 3 panels, UE will report only the two capability value set IDs across all CRIs/SSBRIs
· If UE activates one panel out of 3 panels, UE will report only the one capability value set ID across all CRIs/SSBRIs
3. For PUSCH, NW indicates one SRI among RRC configured 3 SRS resource sets (third bullet)
· NW will choose one SRI and SRS resource set according to the reported capability & correspondence (i.e. if UE activated two panels, NW can choose one among the two via SRI. If UE activates one panel, NW will indicate SRI for the activated panel)
Thus, we support the third bullet of the offline proposal with removing the FFS point.

Proposal #13. Support multiple codebook-based SRS resource sets with different number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to one selected SRS resource set which is aligned with the UE capability based on the informed correspondence.

For NCB PUSCH, in addition, 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. 

Proposal #14. Support gNB to configure multiple NCB-based SRS resource sets with different number of SRS resources.

2.5 MPE mitigation
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support N=1, 2, 3, and 4
· N is defined as the number of reported measurements
· UE reports supported largest N value as a UE capability

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
	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) 
· Support M=1
· FFS: The supported value(s) of M 
· 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



Agreement
On Rel.17 enhancements to facilitate MPE mitigation, the candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2)



In RAN1#106bis-e, Rel-17 MPE mitigation method is mainly to report N (≥1) P-MPR values and single SSBRI/CRI for each P-MPR. The remaining issue is to select N from a candidate SSB/CSI-RS resource pool as discussed in the last meeting as:
	Proposal 5.C: On Rel.17 enhancements to facilitate MPE mitigation, for selection of N from a candidate SSB/CSI-RS resource pool: 
· Down-select by RAN1#107-e between the following alternatives:
· Alt1. Based on L1-RSRP minus P-MPR value for each resource 
· Alt2. Based on calculated Virtual PHR for each resource
· Virtual PHR is modified by considering virtual P-MPR
· Alt3. Based on L1-RSRP for each resource among the resources with P-MPR values less than a threshold
· FFS: Reporting when there are only less than N P-MPR values under the threshold
· Alt4. No RAN1 spec impact (possibly left to RAN4) 
· The candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2) 


Among the above alternatives in Proposal 5.C, we think that the selection from candidate resource pool for MPE can be left to UE implementation. Especially for Alt1 and Alt3, a DL resource with a large P-MPR value can be selected and used for UL transmission, which is not much aligned with the original intention for MPE mitigation and may bring an additional issue on comparison of L1-RSRP quality with different P-MPR values.

Proposal #15. The selection of N from a candidate SSB/CSI-RS resource pool for MPE mitigation can be up to RAN4.

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. It should be clarified for PL RS configuration when SRS resource is used as spatial relation RS of UL TCI, e.g.
· PL RS is set to the configured PL RS of the SRS when PL RS is not included/associated with UL TCI
[bookmark: _GoBack]Proposal #2. Support MAC-CE based update for closed loop index associated with UL or joint TCI state.
Proposal #3. For AP CSI-RS for CSI/BM, resource-level configurability on the applicability of unified TCI should be supported.
Proposal #4. For AP SRS for BM, resource-level or resource-set-level configurability on the applicability of unified TCI should be supported.
Proposal #5. Clarify whether UE should follow PC setting by the indicated SRI or by the unified TCI for PUSCH.
Proposal #6. UE is not required to monitor paging/short message associated with the newly activated TCI state associated with a PCI different from serving cell.
Proposal #7. Rel-15 L1-RSRP reporting format is reused for all SSBRI-RSRP pairs in one L1-RSRP reporting instance.
Proposal #8. Not support enhancement on considering SSB Tx power difference between serving cell and a cell with different PCI for determining SSBRI-RSRP pair to be reported.
Proposal #9. Spatial relation RS for PUCCH that shares unified UL TCI is automatically updated by the updated/indicated spatial relation RS for dynamic grant PUSCH (i.e. spatial relation of the indicated SRI in DCI). 
1. Note: above does not require any modification of existing DCI format 0_1/0_2.
Proposal #10. Rel-17 MPUE signaling framework should be flexible and extendable for future extension.
Proposal #11. Support UE to report at least the following in each UE capability value set.
1. The maximum supported number of SRS ports 
1. The maximum supported number of SRS resources per set (for NCB PUSCH and for BM)
Proposal #12. The correspondence between a CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance.
1. The Rel-15/16 beam reporting is reused, i.e. the index of corresponding UE capability value set is reported along with the pair of SSBRI/CRI and L1-RSRP/SINR (up to 4 pairs, with 7-bit absolute and 4-bit differential) in the beam reporting UCI 
Proposal #13. Support multiple codebook-based SRS resource sets with different number of SRS ports
1. The indicated SRI is based on the SRS resources corresponding to one selected SRS resource set which is aligned with the UE capability based on the informed correspondence.
Proposal #14. Support gNB to configure multiple NCB-based SRS resource sets with different number of SRS resources.
Proposal #15. The selection of N from a candidate SSB/CSI-RS resource pool for MPE mitigation can be up to RAN4.
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