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Introduction
In RAN#94 meeting, a new Work Item [1] was agreed to support L1 enhancements for inter-cell beam management. Some agreements on intra-frequency and inter-frequency beam management were achieved during the last RAN1 meeting. 
This contribution provides further considerations on L1 enhancements for inter-cell beam management.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
L1 measurement
The choice of SMTC or periodicity and SSB position in burst is only one left issue in configurations for L1 measurement, from the following agreement, RAN2 has made decision that SMTC location is applied. So RAN1 can skip this part and directly align with RAN2 that SMTC location is provided to UE as time domain information of SSB-based measurement. 
	The location of RS configuration for SSB-based measurements of candidate cells is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. The RS configuration, per RAN1 agreement, can include PCI or logical ID, SMTC location, frequency location, and SCS.



Proposal 1. Align with RAN2 decision, SMTC location is provided to UE as time domain information of SSB-based measurement. 
L1 measurement reporting
Contents of gNB scheduled L1 measurement reporting
The following parts were agreed for gNB scheduled L1 measurement reporting. 
	Agreement
· Periodic and semi-persistent report on PUCCH are also supported for gNB scheduled L1-measurement reporting.
Agreement
For the beam selection for SSB based L1-RSRP measurement report,
· Beam selection is performed across the L cells from configured (or activated, if introduced) cells, i.e. M beams for each of the L cells 
· FFS: How to select the L cells and M beams per cells is up to UE
· M x L beams are reported in a single report instance
· Max values of M and L are based on UE capability, and at least M x L=4 is supported as a UE capability, other UE capabilities are FFS 
· FFS if UE is allowed to report less than M x L beams 
· The values of M and L are configured to the UE in the reporting configuration 
· FFS: The following configurability is introduced in the report configuration
· 1) Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· 2) at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency 



For the beam selection for SSB based L1-RSRP measurement report, the mechanism of select the L cells and M beams per cell is still open. Majority view is to up to UE implementation. One concern is when one cell has less beams than M, how UE do to select beams. From our understanding, if UE cannot select enough M beams for a cell, some paddings can be added. More reasonable solutions is up to gNB configuration, smaller M can be configured if there are not enough beams within a cell. Thus, considering the limited TU, how to select the L cells and M beams per cells is up to UE is a best way to go.
We do not support UE to report less than M x L beams, it would lead to non-unified UCI payload size, leading to inconsistent understanding of UE and gNB. So even if the beams besides the strongest beam are not good, their SSB-RSRP can be reported. 
For the last bullet FFS part, the first sub-bullet may not be needed. Because gNB can have serving cell’s SSB-RSRP through legacy measurement, not necessary from L1 LTM measurement. In additional, if serving cell is already bad, there is no gain that serving cell is always selected in the L cell selection. For the second sub-bullet, it can be realized by report configuration. Such as if gNB think inter-frequency cells are affected by path loss comparing to lower frequency cells, it can configure inter-frequency cells into different reports. Furthermore, considering the limited M*L value, it can be up to gNB configuration to handle the inter-frequency cell issue. So the last FFS point are not supported.   
Proposal 2. How to select the L cells and M beams per cells is up to UE for beam selection. 
Proposal 3. UE is not allowed to report less than M x L beams. Such as UE always report M x L beams in a report instance. 
Proposal 4. It is not a good idea to support configurability in the report configuration for the following two issue
· Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency
Configuration for gNB scheduled L1 measurement report
According to the configuration of gNB scheduled L1 measurement report, the following proposal from last meeting is a good starting point. 
	[FL Proposal 5-2-3-v5 for email approval]
· For L1 measurement report configuration for gNB scheduled reporting, companies are encouraged to study the following proposals until RAN1#113
· At least the following RRC parameters needs to be provided to a UE, e.g.
· Resource for channel measurement (i.e. SSB and CSI-RS if agreed) with the indication of associated cell, and exact indication signaling is up to RAN2, e.g. the indication can be explicit or implicit. 
· a set of initial activated RSs/cells, if activation of RSs/cells are introduced
· Type of report configuration, i.e. periodic/semi-persistent/aperiodic
· Uplink resource configuration in order to report serving cell and candidate cell L1 measurement result to serving cell
· Quantity, if agreed
· The detailed design of RRC structure is up to RAN2, and the similar options for L1 measurement RS are further considered in RAN2 



For the resource for channel measurement, it does not need to mention the associated cell, due to RAN2 has already agreed that RS configuration is external to the serving cell and candidate cells, they can include PCI or logical ID. Thus it is quite clear that the associated cell for the channel measurement resource is supported and agreed in RAN2. RAN1 does not need to raise it again. 
For the sub-bullet of a set of initial activated RSs/cells, it needs more clarifications and we are not sure about this part. For progress, we are open to further discuss it if more is elaborated. But it can remove first. 
Proposal 5. Support the following FL Proposal 5-2-3-v5 with update:
· For L1 measurement report configuration for gNB scheduled reporting, companies are encouraged to study the following proposals until RAN1#113
· At least the following RRC parameters needs to be provided to a UE, e.g.
· Resource for channel measurement (i.e. SSB and CSI-RS if agreed) with the indication of associated cell, and exact indication signaling is up to RAN2, e.g. the indication can be explicit or implicit. 
· a set of initial activated RSs/cells, if activation of RSs/cells are introduced
· Type of report configuration, i.e. periodic/semi-persistent/aperiodic
· Uplink resource configuration in order to report serving cell and candidate cell L1 measurement result to serving cell
· Quantity, if agreed
· The detailed design of RRC structure is up to RAN2, and the similar options for L1 measurement RS are further considered in RAN2
Beam indication
Configuration for TCI states based on Rel-17 unified TCI framework
Regarding TCI state pool for LTM, RAN2 gave their preference that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells. We suggest to adopt this configuration.
	RAN2 assumes that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration).



Although TCI state pool of the candidate cells was agreed to be external to the serving cell and candidate cell, the TCI state mode can still be configured per candidate cell. The reason is TCI state mode granularity is cell specific, not TCI state granularity. So we support the FL proposal. 
	[FL Proposal 5-3-2-v4 for email approval]
Conclusion
· Similar as r17 TCI state mode indication with unifiedTCI-StateType-r17, Per candidate cell TCI state mode is provided before cell switch command to UE to determine the type of TCI state indication in the cell switch command



Proposal 6. Support TCI configuration made by RAN2, the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells
Proposal 7. Support FL Proposal 5-3-2-v4 for email approval
· Similar as r17 TCI state mode indication with unifiedTCI-StateType-r17, per candidate cell TCI state mode is provided before cell switch command to UE to determine the type of TCI state indication in the cell switch command
Beam indication mechanism based on Rel-17 unified TCI framework
Beam indication mechanism based on Rel-17 unified TCI framework was agreed to use TCI state index. A leftover issue is CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets. 
	Agreement
· Adopt Alt.2 for beam indication of target cell(s) and TCI state activation for candidate cell(s) (if supported) , 
· Alt. 1: By indicating RS identifier, i.e. mapping between RS identifier and Rel-17 unified TCI state is done by a UE
· Alt. 2: By indicating Rel-17 TCI state index
 
[FL Proposal 5-3-1a-v5 for email approval]
· For beam indication of target cell based on Rel-17 unified TCI framework applied to CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets where no TCI state activation is provided, followUnifiedTCI-state is not enabled or not provided, the following alternatives are further studied, and one alternative will be down-selected at RAN1#113. 
· Alt.1: Follow the indicated TCI state until a new TCI state is configured or activated by the target cell
· Alt.4: No new behaviour is introduced on top of Rel-17 unified TCI 
· i.e. the network schedules transmission only based on the CORESET following Rel-17 unified TCI, and/or the corresponding beam information would be configured by the target cell after cell switch



The issue is UE behaviours, such as how to monitoring CORESET0 and other CSS associated CORESET, if we go with Alt 4 and it is interpreted as network schedules transmission only based on the CORESET following Rel-17 unified TCI after cell switch. Clearly, UE have to monitoring those CORESETs, if they are configured with search space sets. The result is UE cannot monitoring those CORESETs although UE is required to do, since there is no TCI assumptions, even if network schedules transmission only based on the CORESET following Rel-17 unified TCI after cell switch. In summary, we think Alt 4 is also not a complete solution. As many companies commented, Alt 1 is a new behaviour, it requires significant impacts to CORESET’s TCI state. So we prefer not to solve this issue, such as followUnifiedTCI-state is enabled or provided, or TCI state activation is provided.  
Proposal 8. The UE is not expected no TCI state activation is provided and followUnifiedTCI-state is not enabled or not provided for CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets.
Beam application time
For the definition of the beam application time of scenario 2 (beam indication within LTM CSC), the following agreement was achieved during the last meeting. 
	Agreement
· Companies are encouraged to study the beam application time for Rel-18 LTM, which may be different from that without serving cell change
· Definition of the beam application time
· The exact value(s), condition and UE capability
· Consider the interaction with the application of the candidate RRC configuration.



The time duration from CSC to the first data which can use the indicated beam, it contains the following parts, e.g. LTM CSC is received in slot n:
· The legacy MAC CE application time starts at the first slot after: 
· HARQ-ACK feedback timing, it needs m slots, depending on PDSCH to HARQ-ACK timing indicated in DCI, which is not fixed, and 
· MAC-CE processing time, 3ms
· The application time of the candidate RRC configuration, which is up to RAN2
· Rx beam retuning time


Figure 1: Time duration from CSC to the first data
Therefore, it is hard for RAN1 to decide the exact definition of beam application time, since there are several parts, especially the application time of candidate RRC configuration should be decided by RAN2. Our suggestion is to give the components of time duration from CSC to the first data which can use the indicated beam, and decide beam application time later.
Proposal 9. The time duration from CSC to the first data which can use the indicated beam, it contains the following parts
· The legacy MAC CE application time starts at the first slot after: 
· The application time of the candidate RRC configuration and handover complete, which is up to RAN2
· Rx beam retuning time
Cell switch command
Presence of parameters in CSC
According to cell switch command, the parameters should be always present or configurable are open, and also some FFS need to decide.  
	Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)
Working Assumption
On the presence of beam indication within cell switch command, at least for scenario 2, following is supported:
· A field to indicate 1 joint or 1 pair of UL and DL unified TCI State index for the target cell field is always present in the cell switch command.
Note: If scenarios 1 and 3 are agreed to be supported in R18 LTM other solutions may be considered.



The benefit of triggering of aperiodic TRS, CSI acquisition and aperiodic SRS transmission to the target cell in the CSC are not clear. In additional, those functions are all optimize, not basic function of LTM. So we suggest not to include those three parameters in CSC. 
For C-RNTI, it can up to RAN2, since it is kind of a RAN2 expertise. 

DL synchronization
DL synchronization and TCI state indication/activation was discussed. When TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell in CSC, UE can perform DL synchronization after the TCI state activation to track the QCL source. So this procedure is just the step 2 discussed in 2-step DL synchronization. From this perspective, Step 2 is required. Some companies commented Step 1 does not have any specification impact, all can be up to UE implementation. So only Step 2 can be discussed further. We also agree with this direction. 
Proposal 10. UE maintains DL synchronization for PDSCH/PDCCH reception with the QCL source of the activated TCI states in one or more candidate cells when TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell in CSC
· Total number activated TCI states and/or QCL sources is a UE capability, to be handled during UE capability session
Conclusion
In this contribution, we made the following proposals.
Proposal 1. Align with RAN2 decision, SMTC location is provided to UE as time domain information of SSB-based measurement. 
Proposal 2. How to select the L cells and M beams per cells is up to UE for beam selection. 
Proposal 3. UE is not allowed to report less than M x L beams. Such as UE always report M x L beams in a report instance. 
Proposal 4. It is not a good idea to support configurability in the report configuration for the following two issue
· Whether serving cell is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2
· at least one of the inter-frequency cells is always selected in the L cell selection performed by the UE, and applicable when a UE is configured with L>=2 and at least one cell in inter-frequency
Proposal 5. Support the following FL Proposal 5-2-3-v5 with update:
· For L1 measurement report configuration for gNB scheduled reporting, companies are encouraged to study the following proposals until RAN1#113
· At least the following RRC parameters needs to be provided to a UE, e.g.
· Resource for channel measurement (i.e. SSB and CSI-RS if agreed) with the indication of associated cell, and exact indication signaling is up to RAN2, e.g. the indication can be explicit or implicit. 
· a set of initial activated RSs/cells, if activation of RSs/cells are introduced
· Type of report configuration, i.e. periodic/semi-persistent/aperiodic
· Uplink resource configuration in order to report serving cell and candidate cell L1 measurement result to serving cell
· Quantity, if agreed
· The detailed design of RRC structure is up to RAN2, and the similar options for L1 measurement RS are further considered in RAN2
Proposal 6. Confirm TCI configuration made by RAN2, the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells
Proposal 7. Support FL Proposal 5-3-2-v4 for email approval
· Similar as r17 TCI state mode indication with unifiedTCI-StateType-r17, per candidate cell TCI state mode is provided before cell switch command to UE to determine the type of TCI state indication in the cell switch command
Proposal 8. The UE is not expected no TCI state activation is provided and followUnifiedTCI-state is not enabled or not provided for CORESET#0 and CORESETs (other than CORESET#0) associated with Type 0A/1/2-PDCCH CSS sets.
Proposal 9. The time duration from CSC to the first data which can use the indicated beam, it contains the following parts
· The legacy MAC CE application time starts at the first slot after: 
· The application time of the candidate RRC configuration, which is up to RAN2
· Rx beam retuning time
Proposal 10. UE maintains DL synchronization for PDSCH/PDCCH reception with the QCL source of the activated TCI states in one or more candidate cells when TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell in CSC
· Total number activated TCI states and/or QCL sources is a UE capability, to be handled during UE capability session
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