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Introduction

In this contribution, the remaining issues in multi-beam operation enhancements are discussed. The first section discusses the TCI-state configuration, signaling and application in the unified TCI framework. The second section discusses the issue of panel selection and reporting. 
Unified TCI framework

The remaining issues in the unified TCI framework mainly constitute the application of the Rel. 17 TCI common TCI-state indication to CORESETs, the configuration of UL power control parameters and the co-existence of the unified TCI framework with earlier TCI frameworks. Each of these issues is discussed in detail in the upcoming subsections.
Co-existence of unified TCI with Rel. 15/16 TCI and spatial relation

The following working assumption was agreed in RAN1#107-e [1]:

	Working Assumption
The UE is not expected to be configured with Rel-15/Rel-16 TCI/SpatialRelationInfo if the UE is configured with Rel-17 TCI in any CC in a band
The CC list for Rel-16 multi-CC beam indication should not contain any CC configured with Rel-17 TCI



Ideally, Rel. 17 unified TCI framework can be considered a replacement for the Rel. 15/16 TCI/spatial relation framework that is separately configured and indicated for various channels, and hence leading to a disjoint and high-overhead beam management framework. With unified TCI, pools of TCI states would be configured via RRC that could be used for the indication of the TCI in DL and/or UL using the joint or separate TCI methods. If any signal or channel uses a TCI or spatial relation pool for the indication of the TCI/spatial relation, they would readily be replaced with the DL and/or UL TCI pool(s) in the indication. With this design intent of the Rel. 17 TCI pools, it is obvious that any TCI or spatial relation pools from Rel. 15/16 need not be configured in Rel. 17 as their utility is fully replaced by the Rel. 17 TCI pools. In the case of channel(s)/signal(s) that have RRC configured TCI or spatial relations that do not use any TCI or spatial relation pools such as SRS resources, the configuration of the spatial relation via RRC may take place using a TCI-state from the Rel. 17 TCI pools. Hence, the whole beam/TCI indication framework of the old can be fully replaced by the Rel. 17 unified TCI framework in a given CC. One exception in this case has been the spatial relations configured for positioning purposes. Since it is out of the scope of this work item or working group, it may be left out. In the case of CA, it must be taken care that any CC using Rel. 15/16 framework is not configured for Rel. 17 TCI application.

Proposal 1: If the UE is configured with Rel. 17 TCI pool(s) in a CC, Rel-15/Rel-16 TCI/SpatialRelationInfo are not configured in that CC
· For CA, any CC using Rel. 15/16 framework is not configured for Rel. 17 TCI application
· Positioning spatial relations can be exempted from this condition
Pathloss RS indication in unified TCI framework

The following progress was made in this topic in RAN1#107-e [1] and the offline discussions that followed [2]:

	Agreement from RAN1#107e:
On Rel-17 unified TCI framework, for any SRS resource or resource set that does not share the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, but can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI (hence the Rel-17 UL or, if applicable, joint TCI state pool), Rel-17 mechanism(s) which reuse mechanisms similar to the Rel-15/16 spatial relation info update signaling/configuration design(s) are used to update/configure such SRS (s) with Rel-17 UL or, if applicable, joint TCI state(s).
· Applies for both intra-cell and inter-cell beam indication
· Preserve the Rel-15/16 principle of per-SRS-resource-set UL PC parameter configuration/activation. Down select (maintenance) at least between the following two options for the exact scheme:
· Opt1: In such a case, UE ignores the UL PC parameters associated with the UL or, if applicable, joint TCI state for SRS, and legacy Rel-15/16 UL PC parameter configuration/activation signaling is reused; otherwise, if SRS resource or resource set shares the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, UE does not expect legacy Rel-15/16 UL PC parameter configuration for SRS.
· Opt2. In such a case, the Rel-15/16 principle for SRS UL PC parameter setting configuration/activation per SRS resource set is used
· Note: Further clarification and/or possible compromise between the two are not precluded
· The MAC-CE signaling for the Rel-17 mechanism(s) shall fully reuse, to the fullest possible extent, the MAC-CE for the Rel-15/16 spatial relation info update
· Note: To the fullest possible extent, not to introduce any new MAC-CE. The exact details are up to RAN2. 
· Note: A Rel-17 UE is not required to support both this feature and Rel-16 AP SRS SpatialRelationInfo update within the same band.

Offline proposal 1.2: 
On Rel-17 unified TCI framework, for any SRS resource or resource set that does not share the same indicated Rel-17 TCI state(s) as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, but can be configured as a target signal of a Rel-17 UL or, if applicable, joint TCI (hence the Rel-17 UL or, if applicable, joint TCI state pool), Rel-17 mechanism(s) which reuse mechanisms similar to the Rel-15/16 spatial relation info update signaling/configuration design(s) are used to update/configure such SRS (s) with Rel-17 UL or, if applicable, joint TCI state(s).
· Including inter-cell case, where SSB with PCI different from the serving cell can be used as a source RS in Rel-17 UL, or if applicable joint, TCI state for these SRS resources
· The same UL PC parameter setting/configuration/activation (including PL-RS) is guaranteed for SRS resources in the same SRS resource set
· [The MAC-CE signaling for the Rel-17 mechanism(s) to update the spatial relation of the SRS not sharing the indicated Rel-17 TCI state shall strive to reuse the MAC-CE for the Rel-15/16 spatial relation info update
· Note:  The exact details are up to RAN2.] 
· Note: A Rel-17 UE is not required to support both this feature and Rel-16 AP SRS SpatialRelationInfo update within the same band.



Pathloss reference RS for SRS is indicated with a granularity of an SRS resource set in Rel. 15/16, i.e., a pathloss reference RS is indicated or configured per SRS resource set. This also applies to power control settings for SRS. A continuation of such a resolution is also desirable in Rel. 17. But, with the association of the PL RS with the UL TCI-state, i.e., spatial relation which is indicated per SRS resource in a resource set, implementing the PL RS indication granularity in Rel. 17 would mean an implementation-based solution (which has specification impact) – the UE shall expect that all SRS resources in an SRS resource set are indicated with the same PL RS (and also the same UL PC setting).

And, for the spatial relation indication for SRS resources not included in the Rel. 17 common TCI-state indication, the reuse of the Rel. 15/16 signaling mechanisms using the Rel. 17 TCI-state pools is a straight-forward solution. In our perspective, it would also align with the earlier proposal on the replacement of the spatial relation configurations of Rel. 15/16 with Rel. 17 TCI configurations. For concerns regarding the design of the MAC-CE being done in RAN1 when saying ‘reuse Rel. 15/16 MAC-CE’, the proposal could state that reusing Rel. 15/16 MAC-CE is only an option and the design the details are up to RAN2 instead of the current wording. 

Proposal 2: The UE shall expect that all SRS resources in an SRS resource set are indicated with the same PL RS (and also the same UL PC setting)

Proposal 3: For the spatial relation indication for SRS resources not included in the Rel. 17 common TCI-state indication, reuse of the Rel. 15/16 signaling mechanisms using the Rel. 17 TCI-state pools.

Proposal 4: For the MAC-CE signaling for the Rel-17 mechanism(s) to update the spatial relation of the SRS not sharing the indicated Rel-17 TCI state, reusing the MAC-CE for the Rel-15/16 spatial relation info update in an option.
· The exact details are left to RAN2.
Application of Rel. 17 common TCI-state indication to various CORESETs

The following progress was made in this topic in RAN1#107-e and the offline discussions that followed:

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

Offline proposal 1.3: 
For Rel-17 unified TCI framework, on applying the indicated Rel-17 TCI state to PDCCH reception and the respective PDSCH reception for a CORESET other than CORESET#0 that is associated with both UE-dedicated and non-UE-dedicated reception on PDCCH in a CC and its respective PDSCH reception, at least for intra-cell, UE always applies the indicated Rel-17 TCI state
· TBD (RAN1#108-e): For inter-cell

Offline proposal 1.4: 
For Rel-17 unified TCI framework, in RAN1#107-e, for the Rel-17 TCI state indication of CORESET 0, at least for intra-cell:
· Follow the same rule as ‘CORESET B’, i.e. whether to apply the indicated Rel-17 TCI state associated with the serving cell is configured per CORESET by RRC – if not applied, use the legacy MAC-CE/RACH signalling mechanism 
· Note: The CSI-RS associated with the Rel-17 TCI state applied to CORESET 0 should be QCLed with an SSB (same as Rel-15)
TBD (RAN1#108-e): For inter-cell



For the CORESET classification in the agreement in RAN1#107-e, various methods of TCI-state application with the common-TCI-update signalling were proposed. In Rel. 15/16, there was no restriction of the configuration of a type of CORESET for a given CC and hence, restricting any of the 3 classification of CORESETs (A/B/C) for configuration would be a step back from Rel. 15/16.

In addition, keeping the TCI-state application per CORESET instead of per SS set (as in Rel. 15/16) is desirable to maintain the TCI-state - PDCCH mapping implementation complexity. 

[bookmark: _GoBack]For CORESET ‘A’, it is straight-forward to apply the Rel. 17 common TCI-state indication if Rel. 17 TCI is supported. For CORESET ‘C’, with at least one UE-specific SS set associated, the application can either be configured to apply or automatically apply the common TCI indication along with CORESET ‘A’. In our opinion, at least for the intra-cell case, CORESET ‘C’ should be automatically applied with the common TCI-state signalling in Rel. 17. In the case of CORESET ‘B’, the UE can be configured with an RRC enable parameter indicating whether to apply the common TCI-state signalling or not. This feature could also be handled separately for the intra-cell and inter-cell case – intra-cell can be agreed first with inter-cell case up for further discussion. 

Proposal 5: Apply the Rel. 17 unified TCI-state indication to CORESET ‘C’ at least for the intra-cell case.

Proposal 6: The UE can be configured to apply the Rel. 17 unified TCI-state indication to CORESET ‘B’ at least for the intra-cell case.
Panel specific UL transmission

The following progress was made in RAN1#107-e in this topic:
	Working Assumption
Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises the max supported number of SRS ports
· For any two different value sets, at least one capability value needs to be different 
· FFS: If in addition also identical value sets are allowed.
· Whether the UE capability value set can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session

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



The specifics of UE-initiated panel activation and selection are discussed in this section. 
3.1	UE capability sets reporting

From a list of 5 possible UE capability values that could be reported, it was agreed in RAN1#107-e that a list of supported maximum number of SRS ports would be reported by the UE. In the offline discussions following RAN1#107-e, the following offline proposal was made in this topic:

	Offline proposal 4.1a: Confirm the following working assumption as an agreement with the following refinement (highlighted in red):
Support the UE reporting a list of UE capability value sets 
· Each UE capability value set comprises the max supported number of SRS ports
· For any two different value sets, at least one capability value needs to be different 
· FFS: If iIn addition also identical value sets are allowed.
· Whether the UE capability value set can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session

Offline proposal 4.1b: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection,
· From the perspective of UE capability, maximum number of supported UL Tx layers = min{maximum number of SRS ports for a reported set, maximum number of UL Tx layers reported by UE capability}



If multiple panels at the UE exist with the same value for the supported maximum number of SRS ports, then the NW may not obtain any useful information regarding UE panels for scheduling. Therefore, the UE may report as many values of the value as there are UE panels and each set may be identified with an index or identifier. This means that there may be two different UE capability sets, each with identical sets of values, i.e., repetition of the UE capability sets is possible in the reporting.

Proposal 7: Allow two different sets of UE capability values to have identical sets of value(s) in them.

Proposal 8: Each set is identified with a unique ID or index.
3.2 	Beam reporting for panel-specific UL transmission

The following proposals were made in this topic during the offline discussions following RAN1#107-e:

	Offline proposal 4.2a: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, UE can report one index of UE capability value set for each reported CRI/SSBRI in one beam reporting.

[Offline proposal 4.2b: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, one value of the max supported number of SRS ports (e.g., 0) is reserved to indicate the DL-only panel]

Offline proposal 4.3: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, all types of time-domain behavior, i.e., periodic, semi-persistent, and aperiodic reporting, are supported for the enhanced beam report with index(es) of UE capability value set.
· [FFS: Semi-persistent and/or aperiodic reporting is triggered only when periodic reporting is configured]
· [In such case, the candidate periodicities for periodic report are subjective to UE capability]

Offline proposal 4.4: Regarding acknowledgement mechanism of the reported correspondence from NW to UE, down-select the following alternatives:
· Alt-1: Being based on TCI state activation/update mechanism where the activated TCI state includes reported RS (SSBRI or CSI-RS) [and is additionally associated with the index of UE capability value set];
· Alt-2: A dedicated SS can be configured to send the ACK, which is like PCell-BFR.
· Alt-3: A scheme based on the BFR response in SCell BFR
· Alt-4: acknowledgement mechanism is not supported.

[Offline proposal 4.5 (from LGE): Regarding how to update the number of SRS ports according to UE reporting, down-select the following alternatives:
· [Alt1: via UL BWP switching where each UL BWP has different number of SRS ports
· FFS: BWP fallback mechanism which would let NW to control UE panel, i.e. switch to a specific UE panel or panel type when timer expires.]
· Alt2: via SRS resource set selection by DCI where each set has different number of ports
· Note1: ‘SRS resource set indicator’ is already specified in DCI format 0_1/0_2 and it provides functionality to select one SRS resource set by the DCI between two SRS resource sets configured by RRC
· Note2: TPMI/TRI mapping for varying number of SRS ports is already specified for fullpowerMode2.



During a beam reporting instance, the UE may associate a CRI/SSBRI with an index/ID of a UE capability value set, which may be realized by either one of the two options mentioned in the agreement: reporting one index of UE capability value set for all reported CRIs/SSBRIs, or reporting one index for each reported CRI/SSBRI. With option 1, it could be understood as a UE’s sole recommendation of UE panel thereby restricting scheduling decisions at the gNB, thereby providing almost all control over UE panel selection/switching to the UE. In the case of option 2, the UE provides options for the gNB for scheduling, providing the network more control over scheduling and offering more flexibility in terms of panel selection. In our perspective, the flexibility of option 2 shall be chosen which may also be helpful for any further extensions in the future releases.

The objective of the reporting of DL-only panel in the beam report to support panel specific UL transmission is unclear. The mapping between CRI/SSBRI and panels enabled with UL transmission can be reported, and the reported information is sufficient for the gNB to make scheduling decisions. Hence, reporting of DL-only panel information is not necessary.

Proposal 9: The UE may associate each CRI/SSBRI with an index/ID of a UE capability value set during a beam reporting instance.

Proposal 10: Reporting of DL-only panel information for UL panel selection is not required.

Regarding the types of reporting to be supported, we are open to periodic, semi-persistent and aperiodic reporting of the panel information.

Proposal 11: Support P/SP/AP reporting of panel information to facilitate UE-initiate panel activation and selection.
3.3 	Acknowledgement mechanism

In our perspective, the UL scheduling signalling (a TCI-state indication) after a beam reporting instance with panel information can be considered or used as an implicit acknowledgement of the beam reporting. The necessity for the use of a separate acknowledgement mechanism for this beam reporting while there is none for the legacy beam reporting is unclear. The TCI-state indication after a beam report with panel information, if the beam report is successfully received at the gNB, would take the latest panel reporting into account. If a transmitted beam report with panel information fails, the TCI-state indication would be based on old panel association until the next panel information is successfully received. In our understanding, the panel information shared is an additional scheduling recommendation that serves a similar purpose to the legacy beam reporting and, as explained above, operates similar to legacy beam operation with implicit acknowledgement via TCI-state indication itself. An explicit acknowledgement, in our opinion, is not necessary for carrying out UE-initiated panel activation and selection. 

Proposal 12: The TCI-state indication following a beam reporting comprising panel information may be used as an implicit acknowledgement. No explicit acknowledgement is required.
Conclusion

Proposal 1: If the UE is configured with Rel. 17 TCI pool(s) in a CC, Rel-15/Rel-16 TCI/SpatialRelationInfo are not configured in that CC
· For CA, any CC using Rel. 15/16 framework is not configured for Rel. 17 TCI application
· Positioning spatial relations can be exempted from this condition
Proposal 2: The UE shall expect that all SRS resources in an SRS resource set are indicated with the same PL RS (and also the same UL PC setting)

Proposal 3: For the spatial relation indication for SRS resources not included in the Rel. 17 common TCI-state indication, reuse of the Rel. 15/16 signaling mechanisms using the Rel. 17 TCI-state pools.

Proposal 4: For the MAC-CE signaling for the Rel-17 mechanism(s) to update the spatial relation of the SRS not sharing the indicated Rel-17 TCI state, reusing the MAC-CE for the Rel-15/16 spatial relation info update in an option.
· The exact details are left to RAN2.
Proposal 5: Apply the Rel. 17 unified TCI-state indication to CORESET ‘C’ at least for the intra-cell case.

Proposal 6: The UE can be configured to apply the Rel. 17 unified TCI-state indication to CORESET ‘B’ at least for the intra-cell case.

Proposal 7: Allow two different sets of UE capability values to have identical sets of value(s) in them.

Proposal 8: Each set is identified with a unique ID or index.

Proposal 9: The UE may associate each CRI/SSBRI with an index/ID of a UE capability value set during a beam reporting instance.

Proposal 10: Reporting of DL-only panel information for UL panel selection is not required.

Proposal 11: Support P/SP/AP reporting of panel information to facilitate UE-initiate panel activation and selection.

Proposal 12: The TCI-state indication following a beam reporting comprising panel information may be used as an implicit acknowledgement. No explicit acknowledgement is required.
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