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Introduction
This contribution describes our view on the maintenance of enhancements on multi-beam operation based on agreements in last RAN1 e-meetings.  
Efficient beam management 
Unified TCI framework
The following is the text in the latest 38.213[1]. According to the agreement in RAN1-108 e-meeting [2] below, we propose the following TP to 38.213.
	[bookmark: _Hlk92396614][bookmark: _Toc92093807]…
7	Uplink Power control
…
-	in clause 7.3.1, if p0-Alpha-CLID-SRS-Set is provided
-	if useIndicatedTCIState is provided for a SRS resource set, the values of , , and SRS power control adjustment state  are provided by p0-Alpha-CLID-SRS-Set associated with the indicated DLorJoint-TCIState or UL-TCIState
-	else, if useIndicatedTCIState is not provided for a SRS resource set and for a first SRS resource from the SRS resource set, the values of , , and SRS power control adjustment state  are provided by p0-Alpha-CLID-SRS-Set associated with DLorJoint-TCIState or UL-TCIState of an SRS resource with lowest SRS-ResourceId in the SRS resource set and a RS index  for obtaining a pathloss estimate for the SRS transmission is provided by PL-RS associated with or included in the indicated DLorJoint-TCIState or UL-TCIState of an SRS resource with lowest SRS-ResourceId in the SRS resource set
…


RAN1-108 e-meeting Agreements
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 UL PC parameter setting (including PL-RS) for the SRS resource set should be derived based on the setting associated with TCI indicated for the SRS resource with the lowest SRS-ResourceId in that SRS resource set
· The MAC-CE signaling for the Rel-17 mechanism(s) to update the spatial relation of the AP/SP-SRS not sharing the indicated Rel-17 TCI state shall provide an ID of Rel-17 UL or, if applicable, joint TCI state instead of an RS resource ID for each AP/SP-SRS resource 
· Reuse other aspects of the MAC-CE for the Rel-15/16 spatial relation info update (including 'SP SRS Activation/Deactivation MAC CE', 'Enhanced SP/AP SRS Spatial Relation Indication MAC CE', and 'Serving Cell Set based SRS Spatial Relation Indication MAC CE')
· Note:  The exact details are up to RAN2. 
· Note: A Rel-17 UE is not required to support both this feature and optional Rel-16 features of SRS spatial relation info within the same band.
Proposal 1: Adopt the following TP to 38.213
	-------------------------- Start of Text Proposal for TS 38.213 --------------------------
<Unchanged parts omitted>
…
7	Uplink Power control
…
-	in clause 7.3.1, if p0-Alpha-CLID-SRS-Set is provided
-	if useIndicatedTCIState is provided for a SRS resource set, the values of , , and SRS power control adjustment state  are provided by p0-Alpha-CLID-SRS-Set associated with the indicated DLorJoint-TCIState or UL-TCIState
-	else, if useIndicatedTCIState is not provided for a SRS resource set and for a first SRS resource from the SRS resource set, the values of , , and SRS power control adjustment state  are provided by p0-Alpha-CLID-SRS-Set associated with DLorJoint-TCIState or UL-TCIState of an SRS resource with lowest SRS-ResourceId in the SRS resource set and a RS index  for obtaining a pathloss estimate for the SRS transmission is provided by PL-RS associated with or included in the indicated DLorJoint-TCIState or UL-TCIState of an SRS resource with lowest SRS-ResourceId in the SRS resource set
…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.213 --------------------------


Inter-cell beam management
Agreements in RAN1-104b[3], RAN1-105[4], RAN1-106b[5] and RAN1-107[6] e-meeting about the beam reporting for inter-cell beam management are shown as following:
RAN1-104-b-e-Agreements
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.
RAN1-105-e-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
RAN1-106-bis-e-Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table
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
RAN1-107-e-Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, 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
We have already come to an agreement that in one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell and correspondingly we have discussed the reporting format for inter-cell beam management especially for the case that the beams in one reporting instance are associated with more than one PCI. However, we have not decided whether this applies to periodic, semi-persistent, and/or aperiodic reporting yet. In Rel-15/16, the reporting format of periodic, semi-persistent and aperiodic reporting are the same and then the reporting format for inter-cell beam management should be applied to all these case. Namely, we prefer that mixing beam(s) associated with a non-serving cell and that associated with serving-cell should in one reporting instance based on NW configuration can be applied to periodic, semi-persistent, and aperiodic reporting.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: Prefer that mixing beam(s) associated with a non-serving cell with that associated with serving-cell in one reporting instance based on NW configuration can apply to periodic, semi-persistent, and aperiodic reporting.
Then, we should decide how to inform UE that beam(s) associated with a non-serving cell and that associated with serving-cell should be mixed in one reporting instance or not, which has not been discussed yet. 
Proposal 3: Specify indication to UE that beam(s) associated with a non-serving cell will be mixed with that associated with serving-cell in one reporting instance.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For periodic reporting, one simplest method is to configure multiple CSI-SSB-ResourceSet associated with serving cell and non-serving cell in the same CSI-ResourceConfig to implicitly indicate that the related beam measurement results should be reported together. However, as specified in TS 38.214, for periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to 1. Then, the restriction in 38.214 should be modified or other indicating method can be considered. For example, the PUCCH resources used to report the beam measurement results for serving cell and non-serving cell can be configured to be the same to indicate that these beam measurement results should be reported in one reporting instance and any other possible method will do.
Proposal 4: For periodic reporting, NW can configure the same PUCCH resources for serving cell and non-serving cell to implicitly indicate that the beam associated with both serving cell and non-serving cell should be reported in one reporting instance.
Unlike periodic reporting, semi-persistent reporting and aperiodic reporting can be activated/deactivated and triggered when needed. Then, for the sake of flexibility, whether the beam(s) related to a non-serving cell should be reported together with the beam(s) associated with serving cell can be indicated when semi-persistent/ aperiodic reporting is activated/triggered. 
Proposal 5: For semi-persistent and aperiodic reporting, to indicate the beam(s) associated with a non-serving cell will be mixed with that associated with serving-cell in one reporting instance when they are activated/triggered.
Dynamic TCI state update signaling medium
The following is the text in the latest 38.214[7] in Rel-17, which describes the HARQ-ACK mechanism for beam application with unified TCI state. But according to the agreements in RAN1-103 [8], RAN1-104b [3] and RAN1-105 [4] e-meeting, at least for DCI without DL assignment HARQ-ACK information with ACK can be used as an ACK for the DCI. While for DCI with DL assignment, we also propose that only the HARQ-ACK information with ACK can be used as an ACK for the DCI. Thus we propose the following TP to 38.214.
	5.1.5	Antenna ports quasi co-location
…
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information corresponding to the DCI carrying the TCI-State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI -State indication, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time.
…


RAN1-103 e-meeting Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
RAN1-104b e-meeting Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
RAN1-105 e-meeting 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.
Proposal 6: Adopt the following TP to 38.214

	-------------------------- Start of Text Proposal for TS 38.214 --------------------------
<Unchanged parts omitted>
5.1.5	Antenna ports quasi co-location
…
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information having ACK value corresponding to the DCI carrying the TCI-State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI -State indication, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time. 
…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.214 --------------------------


In addition, there is a scenario that a HARQ-ACK codebook in one PUCCH resource including multiple HARQ-ACK information for multiple DCI respectively. And multiple DCI can be transmitted in different slot and/or on different serving cell. If there are two DCIs indicating different TCI states, which one will be applied? During the discussion in RAN1-108 e-meeting, the following proposal is discussed:
Proposal: For DCI format 1_1 and 1_2 with PDSCH assignment indicating TCI state, the acknowledgement to the TCI state update is the ACK of the PDSCH
· Which one of indicated TCI states to be updated in case of HARQ-ACK multiplexing 
· For example, the TCI state(s) indicated in DCI corresponding to last position with ACK value in the HARQ-ACK codebook
First we support the main bullet. While for the sub-bullet, we prefer to revise it since two cases should be considered separately. Case 1 is the CC which is not included in any CC list for common TCI state ID update, and Case 2 is CCs which are included in a CC list for common TCI state ID update. For each case, a TCI state indicated in a reference DCI will be applied. And for case 1, the reference DCI is a DCI on the CC and corresponding to the last position with ACK value in the HARQ-ACK codebook. While for case 2, the reference DCI is a DCI on CCs in the CC list for common TCI state ID update and corresponding to the last position with ACK value in the HARQ-ACK codebook. Based on above analysis, we propose the proposal.    
Proposal 7: For DCI format 1_1 and 1_2 with PDSCH assignment indicating TCI state, the acknowledgement to the TCI state update is the ACK of the PDSCH
· In case of HARQ-ACK multiplexing, the TCI state(s) indicated in reference DCI is applied.
· If the CC is included in a CC list for common TCI state ID update, the reference DCI is a DCI on CCs in the CC list for common TCI state ID update and corresponding to the last position with ACK value in the HARQ-ACK codebook. 
· Else, the reference DCI is a DCI on the CC and corresponding to the last position with ACK value in the HARQ-ACK codebook.
Conclusion
In this contribution, we discuss about the remaining issues of enhancements on multi-beam operation. Based on above discusses, we provide the following proposals.
Proposal 1: Adopt the following TP to 38.213
	-------------------------- Start of Text Proposal for TS 38.213 --------------------------
<Unchanged parts omitted>
…
7	Uplink Power control
…
-	in clause 7.3.1, if p0-Alpha-CLID-SRS-Set is provided
-	if useIndicatedTCIState is provided for a SRS resource set, the values of , , and SRS power control adjustment state  are provided by p0-Alpha-CLID-SRS-Set associated with the indicated DLorJoint-TCIState or UL-TCIState
-	else, if useIndicatedTCIState is not provided for a SRS resource set and for a first SRS resource from the SRS resource set, the values of , , and SRS power control adjustment state  are provided by p0-Alpha-CLID-SRS-Set associated with DLorJoint-TCIState or UL-TCIState of an SRS resource with lowest SRS-ResourceId in the SRS resource set and a RS index  for obtaining a pathloss estimate for the SRS transmission is provided by PL-RS associated with or included in the indicated DLorJoint-TCIState or UL-TCIState of an SRS resource with lowest SRS-ResourceId in the SRS resource set
…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.213 --------------------------


Proposal 2: Prefer that mixing beam(s) associated with a non-serving cell with that associated with serving-cell in one reporting instance based on NW configuration can apply to periodic, semi-persistent, and aperiodic reporting.
Proposal 3: Specify indication to UE that beam(s) associated with a non-serving cell will be mixed with that associated with serving-cell in one reporting instance.
Proposal 4: For periodic reporting, NW can configure the same PUCCH resources for serving cell and non-serving cell to implicitly indicate that the beam associated with both serving cell and non-serving cell should be reported in one reporting instance.
Proposal 5: For semi-persistent and aperiodic reporting, to indicate the beam(s) associated with a non-serving cell will be mixed with that associated with serving-cell in one reporting instance when they are activated/triggered.
Proposal 6: Adopt the following TP to 38.214

	-------------------------- Start of Text Proposal for TS 38.214 --------------------------
<Unchanged parts omitted>
5.1.5	Antenna ports quasi co-location
…
When the UE would transmit the last symbol of a PUCCH with HARQ-ACK information having ACK value corresponding to the DCI carrying the TCI-State indication and without DL assignment, or corresponding to the PDSCH scheduling by the DCI carrying the TCI -State indication, and if the indicated TCI-State is different from the previously indicated one, the indicated [TCI-State] with [tci-StateId_r17] should be applied starting from the first slot that is at least  symbols after the last symbol of the PUCCH. The first slot and the  symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. The UE can assume one indicated [TCI-State] with [tci-StateId_r17] for DL and UL, for DL only, or for UL only at a time. 
…
<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.214 --------------------------


Proposal 7: For DCI format 1_1 and 1_2 with PDSCH assignment indicating TCI state, the acknowledgement to the TCI state update is the ACK of the PDSCH
· In case of HARQ-ACK multiplexing, the TCI state(s) indicated in reference DCI is applied.
· If the CC is included in a CC list for common TCI state ID update, the reference DCI is a DCI on CCs in the CC list for common TCI state ID update and corresponding to the last position with ACK value in the HARQ-ACK codebook. 
· Else, the reference DCI is a DCI on the CC and corresponding to the last position with ACK value in the HARQ-ACK codebook.
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