
[bookmark: _Hlk145670493]3GPP TSG RAN WG1 #115			R1-2311350
Chicago, USA, November 13th – November 17th, 2023

Source:	CATT
[bookmark: Title]Title:	Remaining issues on L1 enhancements for inter-cell beam management
[bookmark: Source]Agenda Item:	8.7.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN1#114bis meeting, the following agreements on L1 measurements for inter-cell beam management were achieved [1]:

	Conclusion
· For the necessity of Padding bit in the L1 measurement report for LTM in the case where the report size is less than 12-bits, no enhancements are specified in the spec
Conclusion 
· No specific specification change in RAN1 is pursued for scenario 3 for LTM (i.e. Beam indication after cell switch command) 

Agreement
· For the LTM L1 measurement report, 
· When a UE is configured is configured with SpCellInclusion, the SpCell measurements are the entries in the LTM-CSI-SSB-ResourceSet where the PCI and frequency information [SSB frequency/ARFCN] of the candidate cell is equal to the PCI and frequency information [SSB frequency/ARFCN] of the current SpCell.




In this contribution, our views on the remaining issues on L1 measurement reporting, beam indication for inter-cell beam management, and TCI state activation are provided.
Discussion
L1 measurement reporting
For Rel-18 LTM, it has been agreed that periodic report on PUCCH, semi-persistent report on PUCCH/PUSCH and aperiodic report on PUSCH are all supported. By the existing mechanism, semi-persistent reporting could be activated or deactivated by MAC-CE. But for periodic reporting, UE has to always measure the configured SSBs to calculate the report quantities. Similarly, for aperiodic reporting, some kinds of UE may always measure these signals to prepare the report quantities before being triggered. The power consumption of UE becomes significant due to the measurement of large number of SSBs. In Rel-18, in a single report instance, UE reports beams of L cells from configured cells with M beams for each of the L cells and how to select the L cells is up to UE. The candidate values of M and L are both {1, 2, 3, 4}, which are smaller than the configured number of cells and SSBs. Therefore, for some cases, based on RRM results, UE doesn’t have to measure all the configured candidate cells and corresponding SSBs to select M beams for each of the L cells. It is beneficial to limit the measurement of certain cells or certain SSBs. From our point of view, MAC-CE based measurement restriction scheme could be used. For example, based on reporing during RRM, measurements of multiple cells from all the configured cells would be activated by MAC-CE. Beam selection is then performed across the L cells from these activated cells.

Proposal 1: MAC-CE can activate the measurement of certain cell(s) from all the configured cells.

In Rel-15, a priority rule for different types of CSI report has been defined, which is used for CSI dropping when multiple CSI reports collide with each other. The priority value is related to the timing behavior of the CSI, report quantity, serving cell index and reportConfigID. For Rel-18 LTM L1 measurement reporting, a new ltm-CSI-ReportConfig is introduced, which is different to the legacy CSI-ReportConfig. Since these two ReportConfig IEs would have the same ID value, a new priority rule should be defined for ltm-CSI-ReportConfig. In our opinion, CSI report for LTM is more important, since it is used for handover decisions. Therefore, it should have higher priority than legacy CSI report.

Proposal 2: Define a higher priority for LTM CSI report than that for legacy CSI report. 

Beam indication
It has been agreed that if both serving cell and candidate cell support Rel-17 unified TCI framework, beam indication for Rel-18 LTM is designed based on Rel-17 unified TCI framework. In Rel-17, there are signals (e.g. CSI-RS/SRS) and channels (e.g. CORESET associated with CSS) that don’t follow Rel-17 unified TCI, and legacy Rel-15/16 mechanism would be used instead. From our point of view, these channels or signals at the target cell will not result in data transmission interruption and impact mobility latency. Their beam information needs not to be prepared in advance and could be configured by the target cell after cell switch. For 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 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.
Proposal 3: 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, support Alt. 4 as follows: 
· 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
According to the reply LS from RAN4 [2], current cell switch delay defined in RAN4 can cover the TCI state application time, and there is no need to include additional beam application time component in the cell switch delay requirements. In addition, considering different scenarios, e.g. intra-frequency or inter-frequency, different cell switch delay values have been supported. In our opinion, the target of beam application time could be fully replaced by such cell switch delay. When cell switch delay, denoted by X, is configured by RRC, TCI state(s) for the target cell could be applied starting from the first slot that is Xms/slots after the ACK corresponding to the PDSCH carrying the cell switch command. 
Proposal 4: RAN1 needs not to define beam application time. Cell switch delay configured by RRC is used to determine the application time of the TCI state(s) for the target cell.

In Rel-17 unified TCI framework, for CA scenarios, the beam indication in cell switch command could be applied to multiple CCs (e.g. Pcell and Scells). These CCs are included in the same list of simultaneous TCI state updating (i.e. SimultaneousU-TCI-statelist). In this way, beam indication for each CC is avoided and siganling overhead is reduced. The same scheme should be reused for Rel-18 LTM to support CA scenarios and TCI state indication for Scells. Namely, SimultaneousU-TCI-statelist is provided under ServingCellConfig for the target cell.
Proposal 5: For CA scenarios, the beam indication in cell switch command could be applied to multiple CCs in SimultaneousU-TCI-statelist provided under ServingCellConfig for the target cell.

It has been agreed that 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. Considering RACH-based LTM, for CBRA, UE can perform the beam alignment with the gNB based on beam selection among SSBs, and thus should ignore the TCI state in the LTM command. For the RRC pre-configured CFRA, UE can also perform beam alignment with the gNB based on selecting the best reference signal, and thus should also ignore the TCI state in the LTM command. For the CFRA resource included in the LTM command, as we had agreed to include the preamble index, UL/SUL indicator, SSB index, PRACH mask index in the MAC CE, UE should follow the indicated SSB index instead of using the beam indicated by the TCI state field. Therefore, we prefer that UE ignores the TCI state information in the LTM command if UE executes RACH based LTM.

Proposal 6: For RACH-based LTM, the following UE behaviors are supported:
· CFRA: During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated SSB index in the cell switch command. 
· CBRA: During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the SSB identified during the most recent RACH procedure. 

In Rel-18 LTM, TCI state lists are separately configured for LTM and legacy BM. The TCI state indicated in the cell switch command is associated with the TCI state list under LTM-candidate-r18. After cell switch, such TCI state is maintained until a TCI state associated with the TCI state list under ServingCellConfig of the new serving cell is indicated for legacy BM. To reduce the UE complexity to manage these two TCI state lists, one solution is to require the TCI state list be the same for LTM and legacy BM, and the indicated TCI state index can point the same TCI state. However, such restriction would result in a quite large TCI state list for LTM, considering the number of TCI states is the total number of TCI states of all the candidate cells. In our opinion, since different activation MAC-CEs have been supported, we prefer to not to impact the two procedure with each other and support independent TCI state list management for LTM and legacy BM.

Proposal 7: Support independent TCI state list management for LTM and legacy BM.

TCI state activation
Both SSB and TRS were agreed as the QCL source of the TCI state before/during the cell switch command. Since CSI-RS measurement for LTM would be introduced in Rel-19, at the maintenance phase, it is not preferred to support TRS measurement and detailed TRS configuration for the candidate cell before cell switch. Instead, one alternative is to pre-configure each TRS with its associated qcl-type source SSB for each candidate cell. In this way, with the mapping between TRS and source SSB known by UE, when TCI states are activated before cell switch, UE would measure the corresponding SSB of these TCI states. After cell switch, UE obtains the TRS configuration of the target cell. Then, it could measure TRS used as the source RS of the TCI state. 
Proposal 8: Pre-configure each TRS with its associated qcl-type source SSB for each candidate cell. UE would measure the corresponding SSB of the TCI states with TRS as QCL source.

There is an issue on TCI state after LTM, which has been disucssed in the last meeting. The corresponding options are shown in the following [3]:
	After cell switch, for the activated LTM TCI states, 
- Option 1: UE retains the activated LTM TCI states only for the target cell 
- Option 3: UE retains the activated LTM TCI states for all candidate cells (may need RRC configuration / MAC CE to deactivate– FFS condition) 
- Option 4: UE deactivates all activated LTM TCI states other than indicated TCI state 



In our opinion, after cell switch, UE would receive legacy MAC-CE to activate or deactivate TCI states in the list of the serving cell. On the other hand, the serving cell has no information about the activated TCI states (by LTM MAC-CE) of the UE before cell switch command. Basically, it is not necessary for UE to retain the activated TCI states for LTM. As an optimization method, retaining the activated TCI states for LTM may reduce the TCI state activation latency. However, there would be futher issues to deal with the relationship between the TCI state lists and the retained TCI states. Considering the fact that it’s maintenance phase, we prefer to deactivate all TCI states for LTM other than indicated TCI state after the reception of the cell switch command.
Proposal 9: UE deactivates all activated LTM TCI states other than indicated TCI state (Option 4).

Conclusions
In this contribution, we discuss the remaining issues on L1 enhancements for Rel-18 LTM. We have the following proposals:

Proposal 1: MAC-CE can activate the measurement of certain cell(s) from all the configured cells.
Proposal 2: Define a higher priority for LTM CSI report than that for legacy CSI report. 
Proposal 3: 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, support Alt. 4 as follows: 
· 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
Proposal 4: RAN1 needs not to define beam application time. Cell switch delay configured by RRC is used to determine the application time of the TCI state(s) for the target cell.
Proposal 5: For CA scenarios, the beam indication in cell switch command could be applied to multiple CCs in SimultaneousU-TCI-statelist provided under ServingCellConfig for the target cell.
Proposal 6: For RACH-based LTM, the following UE behavior is supported:
· CFRA: During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the indicated SSB index in the cell switch command. 
· CBRA: During and after RACH procedure until a new TCI state is indicated by the target cell, a UE follows the SSB identified during the most recent RACH procedure. 
Proposal 7: Support independent TCI state list management for LTM and legacy BM.
Proposal 8: Pre-configure each TRS with its associated qcl-type source SSB for each candidate cell. UE would measure the corresponding SSB of the TCI states with TRS as QCL source.
Proposal 9: UE deactivates all activated LTM TCI states other than indicated TCI state (Option 4).
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