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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID of ‘Further NR mobility enhancements’ was approved and the WID was further updated in RAN#97-e meeting [1]. 
In this contribution, we mainly discuss the enhancements for L1/L2 triggered inter-cell mobility (LTM), including L1 beam measurement and reporting, L1 beam indication, and L1/L2 cell switch indication. 

2. Scenario and procedure
In last RAN1 meeting, the scenario and procedure of Rel-18 LTM was discussed. And RAN1 made following agreement.
Agreement
-      RAN1 to further study the potential RAN1 enhancements and spec impact to perform at least the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption
-        DL synchronization for candidate cell(s)
-       TRS tracking for candidate cell(s)
-       CSI acquisition for candidate cell(s)
-       Activation/Selection of TCI states for candidate cell(s), if feasible
-       Note: Uplink synchronization aspect will not be discussed under this A.I.
-       FFS: Whether the above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell (if defined in RAN2)
-      Detailed discussion will be commenced after receiving RAN2 LS.



To reduce the latency between reception of cell switch command and data transmission on target cell, it is beneficial to perform and finish following procedures for candidate cells before cell switch happens, including DL/UL synchronization, TRS tracking, CSI acquisition, and activation of TCI states for candidate cells. Based on UE reported L1 beam measurement results, NW can select one or multiple target candidate cells to activate TCI states and to perform CSI acquisition. RAN2 has agreed that SCell can be also configured as candidate cell, thus, above procedure prior to the reception of L1/L2 cell switch command can be applied to deactivated SCell as well. In this case, the UE behavior on deactivated SCells can be enhanced.

Proposal 1
· Support to perform at least the following procedures prior to the reception of L1/L2 cell switch command,
· DL synchronization for candidate cell(s)
· TRS tracking for candidate cell(s)
· CSI acquisition for candidate cell(s)
· Activation/Selection of TCI states for candidate cell(s), if feasible
· Above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell

3. L1 beam measurement and reporting
In last RAN1 meeting, L1 intra-frequency measurement for candidate cells is supported, but L1 inter-frequency measurement is still for further study. For the definition and scenarios of L1 intra-/inter-frequency measurements, a LS has been sent to RAN4. For R18 LTM, it is beneficial to configure candidate cells on different frequencies. RAN2 also made following agreement in last RAN2 meeting. Hence, L1 inter-frequency measurement should be supported for R18 LTM.
RAN2 agreement
Inter-freq L1L2 mobility: R2 Confirms that For L1L2 mobility inter-freq scenarios in general should be supported (including mobility to inter-frequency cell that is not a current serving cell), including the support of inter-frequency L1 measurements, if feasible by R4 and R1.


Proposal 2
· Support inter-frequency L1 beam measurement/reporting for Rel-18 LTM.

Rel-17 ICBM has supported L1 intra-frequency measurement of candidate cells. Considering the commonality of measurement configuration for L1 intra-frequency and inter-frequency measurements, Rel-17 ICBM CSI configuration framework can be starting point for both L1 intra-frequency and L1 inter-frequency measurement configuration. 
· For the maximum number of configured candidate cells for L1 measurement/reporting, it is sufficient to support 7 for intra-frequency measurement, which is the same as Rel-17 ICBM. For inter-frequency measurement, considering the potential large number of CCs in CA scenario, a larger value may be needed. Note that at least the maximum number of configured candidate cells by RRC signaling can be larger than 7.
· For CMR configuration, the cell index should be explicitly configured for SSB/CSI-RS in CSI configuration signaling.
· If a large number of candidate cells are configured by RRC and up to 7 candidate cells are configured for L1 measurement/reporting, with UE movement, RRC-reconfiguration of candidate cells for L1 measurement/reporting may be needed and may happen frequently. To avoid frequent RRC-reconfiguration, MAC CE can be used to activate/deactivate beams/cells for L1 measurement.

Proposal 3
· Rel-17 ICBM CSI configuration framework is starting point for L1 intra-frequency and inter-frequency measurement configuration.
· For the maximum number of candidate cells for L1 measurement/reporting,
· Support 7 (same as Rel-17 ICBM) for intra-frequency measurement
· Support to study larger value than 7 for inter-frequency measurement
· Support to explicitly configure cell index for SSB/CSI-RS in CSI configuration signaling.
· Support to study MAC CE based activation/deactivation of candidate beams/cells for L1 measurement.

On the measurement RS and measurement quantity configured for L1 measurement, there was discussion in last meeting and following agreements were made.
 Agreement
· For Rel-18 L1/L2 mobility,
· SSB is supported for L1 intra-frequency measurement
· SSB is supported for L1 inter-frequency measurement if inter-frequency L1 measurements are supported
· Further study the following L1 measurement RS for candidate cell
· CSI-RS for tracking, beam management, CSI and mobility, CSI-IM, which is for L1 intra-frequency and L1 inter-frequency (if supported) 
Agreement
· For candidate cell measurement for Rel-18 L1/L2 mobility, 
· L1-RSRP is supported for intra-frequency candidate cell measurement.
· Further study the following measurement quantities for candidate cell measurement
· L1-RSRP for inter-frequency (if supported)
· L1-SINR for intra-frequency and inter-frequency (if supported)
· FFS: to assess the use case and the benefit of UL measurement instead of/in addition to DL L1 measurement, which includes:
· How the UL measurement result is used, e.g. handover decision
· Signals/channels used for UL measurement, e.g. SRS
· Spec impact including other WGs, e.g. definition of gNB measurement, interface to transfer RS configuration or measurement results
· Note: The next discussion will take place based on companies’ contribution in future meeting.



First, we think SSB should be also supported for L1 inter-frequency measurement, and the SSB can be associated with serving cell or candidate cell. Second, we also support CSI-RS for both L1 intra-frequency and inter-frequency measurements. In this case, CSI-RS for tracking, BM, and CSI can be configured as CMR, and CSI-IM (i.e., ZP-CSI-RS) can be configured as IMR.

Proposal 4
· On L1 measurement RS configuration,
· Support to use SSB associated with serving cell and candidate cells for L1 inter-frequency measurement 
· Support to use CSI-RS associated with serving cell and candidate cells for both L1 intra-frequency and inter-frequency measurements
· Support CSI-RS for tracking, BM, and CSI to be configured as CMR
· Support CSI-IM (ZP-CSI-RS) to be configured as IMR

On L1 measurement quantity, since L1-RSRP and L1-SINR have been supported in Rel-17 for intra-frequency measurement, they should be supported in Rel-18 LTM for intra-frequency measurement as well. For inter-frequency measurement, L1-SINR is important as it can reflect different interference level on different frequencies. L1-RSRP may be less useful than L1-SINR for inter-frequency measurement, but it can be used together with L1-SINR to select a beam with both good signal quality and low interference. Otherwise, a selected beam with high L1-SINR only may be because of low interference while its signal quality is also low. Hence, both L1-SINR and L1-RSRP should be supported for inter-frequency measurement.

Proposal 5
· On L1 measurement quantity configuration,
· Support L1-RSRP for inter-frequency measurement
· Support L1-SINR for intra-frequency and inter-frequency measurement

Since the triggering of cell switch is based on L1 measurement results, some enhancements are needed for current L1 beam measurement/reporting. For example, L1 measurement results may vary fast, it is difficult for NW to make proper mobility decision based on varied measurement results. If NW makes improper decision on L1/L2 cell switch, frequent cell switch or frequent ping-pong may happen. In addition, cell switch decision is made by NW based on L1 measurement reporting from UE, since NW does not know the variation of DL channel condition timely, the cell switch decision may be late in some cases. In addition, in order to timely know the DL channel condition, frequent beam reporting can be configured, but it will increase CSI reporting overhead. Hence, we could observe three main motivations for L1 beam measurement/reporting enhancement.

Observation 1
· L1 beam measurement/reporting enhancement is needed for following motivations.
· robustness (e.g., to avoid frequent cell switch or ping-pong)
· timely reporting (e.g., to avoid late cell switch)
· overhead reduction (e.g., to avoid frequent UE reporting to reduce reporting overhead)

For above motivations, there are mainly two enhancements discussed in last meeting, including filtering of L1 measurement results and UE/event triggered report. The two methods can be discussed separately based on legacy measurement/reporting. In addition, the combination of these two methods also needs discussion, i.e., UE/event triggered report based on filtered L1 results. The comparison and analysis of the three methods are shown in Table I.
Table I Comparison and analysis of three methods for L1 beam measurement/reporting enhancement
	Methods
	Design details
	Robustness
	Timely reporting
	Overhead reduction

	#1, 
Filtering of L1 measurement results 
	Time domain filtering of multiple measurement instances and/or
cell-level (spatial domain) filtering of multiple beams
	Yes. 
(the reported filtered results are more stable)
	No. (same as legacy.)
(gNB configured P/SP/AP reporting as legacy)
	No. (even worse.)
(The legacy non-filtered L1 results may be still needed. So additional reporting of P/SP/AP filtered results increase reporting overhead.)

	#2, 
UE/event triggered report for legacy L1 results (non-filtered)
	A reporting is triggered when certain condition is met for a time duration or multiple beams (Note that time domain filtering and cell-level filtering can be considered in event design)
	Yes.
(The event could consider time domain and spatial domain variations)
	Yes.
(UE triggered)
	Yes.
(Periodic report with short periodicity is not needed)

	#3, 
UE/event triggered report for filtered L1 results
	A reporting is triggered when a simple RSRP/SINR threshold condition is met for the filtered L1 result
	Yes.
(The robustness is achieved by filtered results)
	Yes.
(UE triggered)
	Yes.
(Periodic report with short periodicity is not needed)



For #1 filtering of L1 measurement results, time domain filtering of multiple measurement instances and/or cell-level filtering of multiple beams can be studied. The filtered results become more stable for L1L2 cell switch decision. But it cannot resolve the issues of late reporting or large reporting overhead. Because NW configures P/SP/AP reporting as legacy, the reporting timing is the same as legacy. In addition to the filtered L1 results reporting, NW may also configure the legacy non-filtered L1 results for dynamic beam switching purpose, hence, the CSI reporting overhead is increased compared with legacy. In this case, to relax the burden on reporting overhead, filtering of L1 measurement results could be configured for SP/AP CSI reporting only.
For #2 UE/event triggered report for legacy L1 results, a beam reporting is triggered when certain conditional is met. The impact of time domain filtering and cell-level filtering can be considered in event design to improve the robustness. For example, the condition could be defined as when certain measurement threshold is met for a time duration or multiple beams. With event triggered report, periodic report with short periodicity is not needed, thus, CSI reporting overhead can be reduced. Timely reporting can be also achieved.
For #3 UE/event triggered report for filtered L1 results, since time domain filtering and cell-level filtering have been considered in filtered L1 results, the condition could be much simpler, e.g., a beam reporting is triggered when certain measurement threshold is met for the filtered L1 result. This method has the benefits of robustness, timely reporting, and overhead reduction.
Based on above discussion, it is observed that UE/event triggered report has more advantages than filtering of L1 measurement results. And the impact of time domain filtering and cell-level filtering could be considered either in event design or in filtered results. So the last two methods can be further studied.

Observation 2
· It is beneficial to consider UE/event triggered report with mitigating time domain and spatial domain variations at the same time.

Proposal 6
· Support UE/event triggered L1 report. Support to further study following two methods for UE/event triggered L1 report.
· Opt1: UE/event triggered report for legacy non-filtered L1 results, with the new event(s) considering time domain and/or spatial domain variations, e.g., a report is triggered when certain measurement threshold condition is met for a time duration or multiple beams. 
· Opt2: UE/event triggered report for filtered L1 results, with the new event(s) mainly considering one-shot comparison, e.g., a report is triggered when certain measurement threshold condition is met for the filtered L1 results, while the filtered L1 results consider time domain and/or spatial domain filtering.


4. L1 beam indication and L1/L2 cell switch indication
On TCI framework used for Rel-18 LTM, following agreement was made in last meeting.
Agreement
· RAN1 to further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed for a specific TCI framework below, and their potential RAN1 spec impact. 
· Option A:  Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-17 TCI framework mechanism
· Option B: Beam indication for Rel-18 L1/L2 mobility is designed based on Rel-15 TCI framework mechanism 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms 



Rel-17 ICBM is based on Rel-17 TCI framework, so that at least Rel-17 TCI framework should be supported. In addition, it is beneficial to also support Rel-16 TCI framework. Hence, Option C is preferred.

Proposal 7
· On TCI framework, support Option C. 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms.
On beam indication timing for candidate cells, following agreement was made in last meeting.
Agreement
-       From RAN1 perspective, the following scenarios can be considered for Rel-18 L1/L2 mobility for beam indication timing. This will be updated depending on further RAN1 assessment and RAN2 decision on the time chart
-       Scenario 1: Beam indication before cell switch command
-       Scenario 2: Beam indication together with cell switch command
-       Scenario 3: Beam indication after cell switch command
-       Interested companies are encouraged to further study the validity of the scenarios and the potential spec impact.



To ensure fast data transmission after cell switch, it is better that UE knows the beam for data transmission before cell switch or when cell switch happens. It may cause additional latency on data transmission after cell switch if beam is indicated after cell switch command. Hence, both scenario 1 and scenario 2 can be supported. When Rel-17 ICBM is also configured, beam indication to a TCI state associated with additional PCI can be performed before cell switch command. For other cases, beam of the target cell can be indicated in the same L1/L2 signaling for cell switch. 

Proposal 8
· On beam indication timing, support both scenario 1 and scenario 2. 
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command

When UE moves in the NW, there are two use cases for cell switch, single cell switch and cell group switch. Figure 1 shows an example of single cell switch (e.g., SpCell switch) based on L1/L2 signaling. In Figure 1, 6 candidate cells are configured for L1/L2 mobility. Those candidate cells can be from different frequencies. Note that different row in the figure means different frequency. Based on L1 measurement/reporting of those candidate cells, NW may decide target cell to be candidate cell#3 for SpCell switch and send cell switch indication. In this case, new L1/L2 signaling is needed to indicate cell switch. At least the cell ID of target cell should be indicated. 

[image: ]
Figure 1: Example of SpCell/SCell switch based on L1/L2 signaling

[image: ]
Figure 2: Example of cell group switch based on L1/L2 signaling
Figure 2 shows an example of cell group switch based on L1/L2 signaling. In Figure 2, the cells in the same column may be CCs deployed at the same gNB location. When UE moves to the gNB with cell#3, UE moves into not only the coverage of cell#3, but also the coverage of all the CCs (e.g., cell#4 and cell#5) at the gNB. Hence, cell group switch is needed, and cell#3 becomes new SpCell, cell#4 and cell#5 become new SCells. In this case, new L1/L2 signaling is needed to indicate cell group switch. At least the cell group ID of target should be indicated.

Regarding the cell switch command, RAN2 has made following agreement. RAN2 assumes L1/L2 mobility trigger information is conveyed in MAC CE, and the MAC CE may also perform SCell activation/deactivation. The signaling for actual triggering is still FFS.
RAN2 agreement
RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. 
RAN2 assumes the MAC CE for L1/2 mobility trigger contains at least a candidate configuration index. 
FFS if it should be possible to perform SCell activation/deactivation (amongst SCells associated with the candidate configuration) simultaneously with L1 L2 mobility trigger MAC CE (if so, FFS how this is determined).



MAC CE based indication is more flexible to carry any information with large bit size, while DCI based indication is more dynamic and the latency of cell switch command is smaller. Since L1 beam indication of candidate cell can be indicated by DCI, we prefer to use DCI to indicate cell switch command as well.

After receiving cell switch command, UE changes its serving cell and receives/transmits to the new serving cell. To ensure fast data transmission after cell switch, it is better that UE knows the beam for data transmission in advance. Hence, the beam of the target cell can be also indicated in the same L1/L2 signaling for cell switch. Since Rel-17 has supported L1 beam indication to a TCI state associated with an additional PCI, such beam indication method can be starting point for Rel-18 L1/L2 inter-cell mobility. In addition, if beam of target cell is indicated by DCI, the cell/cell group ID of target cell/cell group should be indicated by DCI as well. In the new cell switch command, target cell/cell group ID (with or without BWP ID) should be indicated. The TCI state of the target cell/cell group can be also indicated. If Rel-17 ICBM is configured and indicated together with Rel-18 LTM, a flag to indicate cell switch or beam switch only may be needed.

Proposal 9
· On cell switch command, support DCI based indication. Support at least following indication information in cell switch command,
· Target cell/cell group ID (with or without BWP ID)
· TCI state of target cell/cell group
· A flag to indicate cell switch or beam switching in R17 ICBM (explicitly/implicitly) 

[bookmark: _Hlk117860374]After UE receives cell switch command, when to apply the cell switch should be discussed. In addition, to void misunderstanding between NW and UE brought by DCI miss detection, a confirm/acknowledgement of the cell switch command is needed. These two issues are discussed for Rel-17 ICBM, and they should be also discussed for Rel-18 LTM.

Proposal 10
· Support to study the acknowledgement of the cell switch command.
· Support to study cell application timing for the cell switch command.


5.  Conclusion
In this contribution, we discussed the L1 enhancements for inter-cell mobility. We have following observations and proposals.

Observation 1
· L1 beam measurement/reporting enhancement is needed for following motivations.
· robustness (e.g., to avoid frequent cell switch or ping-pong)
· timely reporting (e.g., to avoid late cell switch)
· overhead reduction (e.g., to avoid frequent UE reporting to reduce reporting overhead)

Observation 2
· It is beneficial to consider UE/event triggered report with mitigating time domain and spatial domain variations at the same time.

Proposal 1
· Support to perform at least the following procedures prior to the reception of L1/L2 cell switch command,
· DL synchronization for candidate cell(s)
· TRS tracking for candidate cell(s)
· CSI acquisition for candidate cell(s)
· Activation/Selection of TCI states for candidate cell(s), if feasible
· Above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell

Proposal 2
· Support inter-frequency L1 beam measurement/reporting for Rel-18 LTM.

Proposal 3
· Rel-17 ICBM CSI configuration framework is starting point for L1 intra-frequency and inter-frequency measurement configuration.
· For the maximum number of candidate cells for L1 measurement/reporting,
· Support 7 (same as Rel-17 ICBM) for intra-frequency measurement
· Support to study larger value than 7 for inter-frequency measurement
· Support to explicitly configure cell index for SSB/CSI-RS in CSI configuration signaling.
· Support to study MAC CE based activation/deactivation of candidate beams/cells for L1 measurement.

Proposal 4
· On L1 measurement RS configuration,
· Support to use SSB associated with serving cell and candidate cells for L1 inter-frequency measurement 
· Support to use CSI-RS associated with serving cell and candidate cells for both L1 intra-frequency and inter-frequency measurements
· Support CSI-RS for tracking, BM, and CSI to be configured as CMR
· Support CSI-IM (ZP-CSI-RS) to be configured as IMR

Proposal 5
· On L1 measurement quantity configuration,
· Support L1-RSRP for inter-frequency measurement
· Support L1-SINR for intra-frequency and inter-frequency measurement

Proposal 6
· Support UE/event triggered L1 report. Support to further study following two methods for UE/event triggered L1 report.
· Opt1: UE/event triggered report for legacy non-filtered L1 results, with the new event(s) considering time domain and/or spatial domain variations, e.g., a report is triggered when certain measurement threshold condition is met for a time duration or multiple beams. 
· Opt2: UE/event triggered report for filtered L1 results, with the new event(s) mainly considering one-shot comparison, e.g., a report is triggered when certain measurement threshold condition is met for the filtered L1 results, while the filtered L1 results consider time domain and/or spatial domain filtering.

Proposal 7
· On TCI framework, support Option C. 
· Option C: Beam indication for Rel-18 L1/L2 mobility is designed based on both Rel-15 and Rel-17 TCI framework mechanisms.

Proposal 8
· On beam indication timing, support both scenario 1 and scenario 2. 
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command

Proposal 9
· On cell switch command, support DCI based indication. Support at least following indication information in cell switch command,
· Target cell/cell group ID (with or without BWP ID)
· TCI state of target cell/cell group
· A flag to indicate cell switch or beam switching in R17 ICBM (explicitly/implicitly) 

Proposal 10
· Support to study the acknowledgement of the cell switch command.
· Support to study cell application timing for the cell switch command.
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