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Introduction
In RAN1#113 meeting, the following agreements on L1 measurements for inter-cell beam management were achieved [1]:
	
Working Assumption
· For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L 
· the RRC configured candidate values are: 
· M = 1, 2, 3, 4
· L = [1], 2, 3, 4
· Note: the maximum value of M*L and combination of M and L is up to UE capability
Agreement 
A UE can be indicated and activated a single joint TCI state or a pair of UL/DL TCI state in the cell switch command.

Agreement
· For the configuration of SSB based L1-RSRP measurement, 
· periodicity of SSB, SSB position in burst are provided as time domain information for intra- and inter- frequency

Agreement
· [bookmark: _GoBack]Each TCI state included up to 2 qcl-types and each qcl-type source RS in a QCL-Info of the TCI state is provided at least based on the RS configuration for LTM
· FFS: other RS index outside measurement RS configuration for LTM
· FFS: Additional contents of TCI states for LTM
Agreement
· For TCI state activation for candidate cell(s) before the cell switch command, 
· MAC CE is used and the details of MAC-CE for TCI state activation for LTM is up to RAN2
· Further study if PDCCH order for candidate cell(s) can be used

Agreement
· For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e. serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells
· Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 
· Send an LS to RAN2 and RAN4 to ask their feedback
Agreement
· For the beam selection for SSB based L1-RSRP measurement report,
· The inclusion of current SpCell in the L1 measurement report is configurable.
· new UE capability(ies) are introduced and details can be discussed in UE feature
Agreement
· Send an LS to RAN2,3,4 on the RAN1 agreements in this meeting 
· All agreements in AI 9.10.1 and 9.10.2 in RAN1#113 are included
· The following information to RAN2 is included:
· Whether C-RNTI that is to be used by target cell needs to be included within the MAC-CE containing cell switch command will be left to RAN2 decision.
· It will be left to RAN2 decision whether the following fields are always present or not in the cell switch command:
· TA related information




In this contribution, our views on the remaining issues on L1 measurement reporting, and beam indication for inter-cell beam management are provided.
Discussion
L1 measurement reporting
In Rel-17 inter-cell beam management, K is defined as the number of beams associated at least with candidate cell(s) reported in a single CSI reporting instance, which is configured by NW based on the UE capability. The maximum value of K is 4, and Rel-15 RSRP table is reused for the reporting. In RAN1#112bis meeting, it was agreed that M beams for each of the L cells are reported in a single report instance for LTM. In the last meeting, there was a working assumption, where the candidate values of M are {1,2,3,4} and the candidate values of L are {[1],2,3,4}. In our opinion, the main concern is whether to support L=1. If L=1 is supported, according to the above agreement, when SpCell is configured to be included in the report, UE would only report the beams of the current cell, which could not be helpful for cell switch. On the other hand, if even SpCell is not included in the report, with the beams of only one candidate cell is reported, gNB has no choice to determine the target cell. Therefore, L=1 should not be supported from our point of view. Further, in Rel-17 ICBM, the maximum number of configured additional PCI is 7. This value could be reused in Rel-18 LTM.

Proposal 1: Confirm the working assumption of RAN1#113, where the candidate values of M are {1,2,3,4} and the candidate values of L are {2,3,4}.
Proposal 2: The maximum number of configured candidate cells is 7.

In the last meeting, the following proposal was made for the quantization of L1 measurement result:

	· For the report of SSB based L1-RSRP, 
· L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the remaining RSRP values are indicated with a differential L1-RSRP quantized to a 4-bit value where the differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured L1-RSRP value
· The following option is down-selected in RAN1#114
· Option A: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams
· Option B: a beam to apply absolute L1-RSRP is chosen among M *L beams and the differential L1-RSRP is applied to M*L-1 beams
· Option C:  Take the following 2-step approach 
· Step one: Differential encoding is performed per cell, i.e. for each cell, a beam to apply absolute L1-RSRP is chosen among M beams and the differential L1-RSRP is applied to M-1 beams.
· Step two: a beam to apply absolute L1-RSRP is chosen among L beams applying absolute L1-RSRP in step one and the differential L1-RSRP is applied to L-1 beams.



Since SSBs from different cell(s) have to be measured, larger dynamic range of L1-RSRP would be resulted. If Rel-15 L1-RSRP report format is reused for LTM (Option B), i.e. one absolute L1-RSRP and (M*L-1) differential L1-RSRP are reported, the required number of bits of the differential L1-RSRP would be large. In our opinion, the dynamic range of L1-RSRPs of the M beams within a cell would not be quite different. Therefore, Option A or Option C seems more reasonable. However, for Option A, L absolute L1-RSRPs have to be reported. For less number of bits, a two-stage differential L1-RSRP report is preferred (Option C). For details, in the first stage, differential L1-RSRP is calculated per cell, which results in one absolute L1-RSRP and M-1 differential L1-RSRP for each cell. Then, in the second stage, differential L1-RSRP is calculated among the absolute L1-RSRPs of the total L cells, which results in one absolute L1-RSRP and L-1 differential L1-RSRPs. Finally, one single report would include one absolute L1-RSRP, L-1 differential L1-RSRPs (second stage), and (M-1)*L differential L1-RSRPs (first stage).

Proposal 3: For the quantization of L1 measurement result, Option C (2-step approach) is supported.

Since SSB is periodic, for aperidic reporting, some kinds of UE may always measure these signals to prepare the report quantities before being triggerred. In Rel-17, up to 7 additional cells could be configured in a report setting. The power consumption of UE becomes significant due to the measurement of large number of SSBs. Based on the RRM results, it may be not necessary to measure each cell configured in the report setting. Therefore, it is beneficial to limit the measurement of SSBs of these cells. 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 4: MAC-CE can activate the measurement of certain cell(s) from all the configured cells.

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. As discussed in the last meeting, 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 5: 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
In the last meeting, there were conclusions on the supportive of CSI acquisition and TRS tracking for candidate cells:
	Conclusion
There is no consensus to support the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
· CSI acquisition for candidate before reception of cell switch command
Note: At least for the candidate cells which are current serving cells, the CSI acquisition prior to cell switch command will be supported

Conclusion
There is no consensus to introduce additional mechanism to support the following procedures prior to and joint with the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption in Rel-18 LTM
-        TRS tracking for candidate cells 
FFS: Whether/How the QCL reference information of TCI states of the candidate cell should be mapped to the source SSB
Note: At least for the candidate cells which are current serving cells, TRS tracking prior to cell switch command is supported



In legacy NR system, the qcl-type source RS in a QCL-Info of a TCI state could be SSB, TRS or CSI-RS. According to the agreement of the last meeting, such source RS is provided at least based on the RS configuration for LTM. This means that at least SSB could be used as the qcl-type source RS. In our opinion, legacy QCL rules should be followed, where TRS and CSI-RS should be additionally allowed as source RS. Since CSI-RS and TRS would not be configured as measurement RS for LTM, UE could not obtain the corresponding RS configuration for the candidate cell before cell switch. Therefore, the mapping between CSI-RS/TRS and source SSB has to be known by UE. One alternative is to pre-configure each CSI-RS/TRS with its associated qcl-type source SSB for each candidate cell. In this way, when TCI states are activated before cell switch, UE would measure the corresponding SSB of these TCI states. After cell switch, UE obtains the CSI-RS/TRS configuration of the target cell. Then, it could measure CSI-RS/TRS used as the source RS of the TCI state. In addition, considering the unified TCI state type, both joint TCI mode or separate DL/UL TCI mode are supported. For Rel-18 LTM, considering network configuration flexibility, it is not necessary to require all the candidate cells belong to the same unified TCI state type. Therefore, unifiedTCI-StateType should be configured independently for each cell.

Proposal 6: Each qcl-type source RS in a QCL-Info of the TCI state could also be provided based on RS index outside measurement RS configuration for LTM.
Proposal 7: Pre-configure each CSI-RS/TRS with its associated qcl-type source SSB for each candidate cell.
Proposal 8: unifiedTCI-StateType should be configured independently for each cell.

Cell switch command
In RAN1#112bis meeting [2], the following working assumption on the presence of beam indication field was proposed:
	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.



According to the agreements of the last meeting, in order to activate multiple TCI states, TCI state activation is received before the reception of beam indication. If only one TCI state (or a pair of DL/UL TCI states) is activated, TCI state activation is performed together with beam indication in the cell switch command. In our opinion, a unique design is desired for both cases. One solution is that a field indicating the TCI state of the target cell should always be present in the cell switch command. Irrespective of the number of TCI states being activated, the field would always indicate the TCI state ID in the TCI state list of the target cell. Therefore, the bitwidth of the field is same for both cases.

Proposal 9: Confirm the working assumption, i.e. 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. Irrespective of the number of TCI states being activated, the field would always indicate the TCI state ID in the TCI state list of the candidate cell.

In Rel-17 unified TCI framework, for CA scenarios, the beam indication in cell switch command could be applied to multiple CCs. These CCs are included in the same list of simultaneous TCI state updating. 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, if CA scenarios are supported.

Proposal 10: For CA scenarios, the beam indication in cell switch command could be applied to multiple CCs, where these CCs are included in the same list of simultaneous TCI state updating as that including target cell.
Preparation for LTM
As mentioned above, TCI state activation is performed together with TCI state indication or is performed prior to TCI state indication. For the latter case, before beam indication in cell switch command, UE has already measured the source RS of the activated TCI states, which requires less beam switching time. On the other hand, for the former case, UE starts to measure the source RS of the activated TCI state when it receives the beam indication. This would result in longer beam switching time due to the measuring procedure. Therefore, different beam application time should be defined for these two cases.

Proposal 11: Beam application time for the multiple TCI states activation case (where TCI state activation is performed prior to TCI state indication ) is different to that for the single TCI state activation case (where TCI state activation is performed together with TCI state indication).

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

Proposal 1: Confirm the working assumption of RAN1#113, where the candidate values of M are {1,2,3,4} and the candidate values of L are {2,3,4}.
Proposal 2: The maximum number of configured candidate cells is 7.
Proposal 3: For the quantization of L1 measurement result, Option C (2-step approach) is supported.
Proposal 4: MAC-CE can activate the measurement of certain cell(s) from all the configured cells.
Proposal 5: 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 6: Each qcl-type source RS in a QCL-Info of the TCI state could also be provided based on RS index outside measurement RS configuration for LTM.
Proposal 7: Pre-configure each CSI-RS/TRS with its associated qcl-type source SSB for each candidate cell.
Proposal 8: unifiedTCI-StateType should be configured independently for each cell.
Proposal 9: Confirm the working assumption, i.e. 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. Irrespective of the number of TCI states being activated, the field would always indicate the TCI state ID in the TCI state list of the candidate cell.
Proposal 10: For CA scenarios, the beam indication in cell switch command could be applied to multiple CCs, where these CCs are included in the same list of simultaneous TCI state updating as that including target cell.
Proposal 11: Beam application time for the multiple TCI states activation case (where TCI state activation is performed prior to TCI state indication ) is different to that for the single TCI state activation case (where TCI state activation is performed together with TCI state indication).

References
[1] [bookmark: _Ref111209059][bookmark: _Ref100851788][bookmark: _Ref108528885][bookmark: _Ref111211700][bookmark: _Ref94456732][bookmark: _Ref67497235]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #113.
[2] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #112bis.

