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1	Introduction
[bookmark: _Hlk134451243]For mobility enhancement in the Release 19, the following objectives related to L1 measurement enhancement were agreed and captured in the WID[1].
	· Measurements related enhancements for purpose of supporting LTM: [RAN2, RAN1]
· Measurement related enhancements are applicable to Intra-CU MCG/SCG LTM and Inter-CU MCG/SCG LTM
· Specify necessary components to support event triggered L1 measurement reporting [RAN2, RAN1]
· RAN1 and RAN2 to progress independently on the event triggered measurements objectives of their respective MIMO and Mobility enhancement WIs. Review progress at RAN#105 to see if any modification of objectives is required to avoid/manage any overlap in the work
· Specify support for CSI-RS measurements for LTM procedures and enable CSI-RS based beam management, and/or other necessary physical layer operations on candidate cells before LTM [RAN1]



Besides, another related object is about the conditional LTM and the discussion is delayed after RAN#105 as shown below. 
	· Specify support of conditional LTM [RAN2, RAN3, RAN1]
· Specify UE evaluated conditions for triggering LTM
· Aim to support conditional LTM including subsequent LTM
· Prioritise intra-CU LTM
· Checkpoint to review objective at RAN#105. RAN WG work to not start before this checkpoint


Similar to the CHO, the event for L3 measurement report is reused to trigger the HO when UE evaluate the CHO conditions. Thus, the event designed for L1 measurement reporting could be the baseline for the condition to trigger conditional LTM. Although the study for Conditional LTM is delayed to RAN#105, we may keep conditional LTM in mind when discussing the event triggered L1 measurement report.
The L1 measurement enhancements are related to scenario extension, event triggered measurement reports and CSI-RS measurements. In this contribution, we give our initial thinking about the L1 measurement enhancement about the first two sub-objective which is more related to RAN2.
2 Discussion
In Rel-18 mobility enhancement WI, L1/L2 triggered mobility measurement (LTM) is introduced as a cell switch procedure while the gNB may trigger the procedure after receiving the L1 measurement report from UE. Enhancements on L1 measurement only realized the basic function with the support of the SSB-based L1 measurement for neighbour cells in the intra CU scenario. For the Rel-18 LTM, the legacy CSI report mechanism is reused as much as possible. All SSBs from all candidate cells are numbered so that the report only needs to include the SSBRI. Compared to the fixed number in the legacy report for the serving cell (and potential the neighbour cell as the additional PCI), the number of SSBRI reported in one CSI report is modified to L*M where L is the number of reported cells and M is the number of reported SSBRI/RSRP pair per cell. And the selection of the reported beam is up to UE implement.
Observation 1: In Rel-18, the CSI report only includes RS index and the corresponding RSRP for the SSB-based L1 measurement in intra-CU scenario.
For Rel-19, the applicable scenario is extended to inter-CU MCG/SCG in addition to intra-CU MCG/SCG in Rel-18. And, the discussion about CSI-RS based L1 measurement is re-triggered in Rel-19 since the study of Rel-18 LTM only finished the SSB-based L1 measurement and measurement report. What is more, event triggered enhancement is introduced for triggering L1 measurement reporting and conditional LTM execution. Considering the extension of scenarios and RS type mentioned above, impacts on the configuration, performing measurements and measurement reports are not evitable. Enhancements related to need to be introduced with the balance of impacts on the spec and availability/effectiveness. Separate discussions on the three sub-objectives may lead to some overlaps. We prefer a unified solution for L1 measurement enhancement in Rel-19 which covers event triggered L1 measurement reporting and LTM execution, SSB or CSI-RS based L1 measurement and both intra-CU and inter-CU scenario. That is, the UE could evaluate conditions for triggering LTM and the L1 measurement report by SSB-based L1 measurement or CSI-RS based L1 measurement in both inter-CU and intra-CU MCG/SCG scenario.
[bookmark: _Hlk163169689]Proposal 1: RAN2 strives to have a unified solution for L1 measurement enhancements in Rel-19 covering scenario extension for both inter/intra-CU MCG/SCG with SSB based or CSI-RS based L1 measurement on candidate cells.
Proposal 2: Event triggering L1 measurement report could be reused to evaluate the condition for LTM execution.
Based on the WID, CSI-RS based enhancement is mainly discussed in RAN1. RAN2 could only start the discussion only if triggered by RAN1. Thus, we tend to discuss L1 measurements related issues and the corresponding enhancements about event-triggered L1 measurement reporting. Considering the overall WID, we propose to confirm the scenario for the event-triggered L1 measurement reporting.
Proposal 3: Event-triggered L1 measurement reporting could be applicable in both inter-CU and intra-CU MCG/SCG.
Event triggered L1 measurement reporting is introduced to reduce the signalling burden and provide effective information for the mobility management. As mentioned in the WID, these is another one event triggered measurements objective in RAN1 led WI MIMO enhancement. RAN1 has started MIMO enhancement WI in the RAN1#116 meeting and already had some way-forwards about the enhancements at least for the beam management. 
For example, A3 like events was supported regarding trigger-event detection for beam reporting as shown in the agreement made by RAN1:
	Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, at least support Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
· At least L1-RSRP is supported as quality metrics used for Event-2 
· FFS: How the L1-RSRP is used to determine the triggering event (e.g. timer, counter, filter coefficient)
· FFS: Whether the network controls how the L1-RSRP is used to determine the triggering event 
· Regarding RS measurement for the new beam for Event-2, down-select one or more of the following:
· Option-3a (explicit manner): The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE
· Option-3b (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s).
· Option-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).
· Note-1: ‘New/current beam’ is for discussion purpose. 
· Note-2: Other trigger events/quality metrics (e.g., L1-SINR) are not precluded.
· Note-3: For above implicit manner(s), if there are two QCL RSs in a TCI state, the measurement RS is derived from RS w.r.t. QCL-TypeD, if applicable.
Agreement
· On UE-initiated/event-driven beam reporting, regarding Event-2, ‘current beam’ is a beam corresponding to the indicated TCI state. Regarding RS measurement for the current beam for Event-2, Option-2a is supported:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· FFS: The RS for current beam can be either the QCL RS in the indicated TCI state or the SSB which is QCLed with the QCL RS in the indicated TCI state.
· FFS: Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
· Note: SSB or CSI-RS can be configured




Based on our understanding, the event triggered L1 measurement reporting could be useful for both beam management of the serving cell and the cell switch like LTM. The event triggered L1 measurement reporting for the cell switch for the cell switch could be start point of the RAN2 discussion. 
Proposal 4: To avoid overlapping with RAN1, RAN2 could focus on the event triggered L1 measurement reporting related to the cell switch.
Measurement event is already introduced to trigger L3 measurement report. For the L3 measurement report performed in RRC_CONNECTED, the NW may configure the report criterion, RS type, reporting format to UE. For the event triggered L1 measurement reporting, we could perform the discussion about configuration on these three aspects and achieve some way-forwards.
For the report criterion of intra-RAT L3 measurement, A1~A5 events are introduced as the trigger condition for the measurement events. Take the cell switch into consideration, A3/A5 is more suitable when comparing the serving cell and the neighbour cell. Thus, for L1 measurement events, we could take the A3/A5-like events as the baseline to provide the information for the cell switch. And some modifications are needed since the comparison is between the beams belonging to the serving cell and neighbour cell. Our proposal is as follows:
Proposal 5: Introduce A3/A5-like events to trigger the L1 measurement reporting for cell switch. The baseline concepts of the L1 events for cell switch are as follows:
	L3: Beam of neighbour becomes a threshold value better than the serving;
	L5: Beam of serving becomes worse than threshold 1 and beam of neighbour becomes better than threshold 2.
During their discussion, more and more events were on the table for the UE-initiated/event-driven beam reporting as follows:
	Agreement
On UE-initiated/event-driven beam reporting, further study the following trigger events: 
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Event-5: Absolute value of the difference between the quality of the current beam and the quality of at least one new beam is lower than a threshold.
· Event-6: When the current beam is not in the best K>1 beams (out of configured beams for measurement and reporting).
· Event-7a: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.
· Event-9: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the configured reference RS (can be SSB or CSI-RS).




With RAN1’s way-forwardss in mind, we could see that different events could be applied in different scenario. That means, we could specify multiple events for L1 measurement in addition to A3/A5 like events since reports triggered by different events could provide different kind of information. For example, A1-like event indicates the good quality of the serving cell which could be used to trigger the suspend of the inter-cell measurement. A2-like event indicating the bad quality of the serving cell and A4-like event indicating the good quality of the neighbour cell could be used to trigger the start of the inter-cell measurement. Since measurement is one of the important parts for the mobility management, the suspend and trigger of the L1 measurement is the potential use case for the event-triggered L1 measurement report.
Proposal 6: In addition to cell switch, RAN2 to discuss the L1 measurement event for other the use cases (e.g., measurement triggering and suspend).
Thus, to achieve different effects via different events, multiple events may be configured to one beam which is similar to the L3 measurement report.
Proposal 7: Multiple events may be configured simultaneously for one beam.
In the current specification, the L3 measurement report has introduced other parameters like hysteresis and TimetoTrigger. The TimetoTrigger is applied to monitor the entering condition and leaving condition for event over a period of time. From another perspective, this time duration could improve the robustness of the reported result at the expense of delaying the report of the qualified cell. Based on our understanding, NW could guarantee the robustness of the L1 measurement based on the NW implementation. For example, L3 measurement could be configured ahead of L1 measurement as assumed in Rel-18. Even more, NW could only configure/trigger the L1 measurement for the specific beam after the L3 measurement results become good enough. However, L1 measurement is employed for the low-latency with the common understanding that the result may not be that reliable. 
Proposal 8: TimetoTrigger are not introduced when triggering the L1 measurement report.
Besides, to get a smoother measurement result, two stage filtering is applied when deriving L3 measurement: L1 filtering to derive the beam quality and the L3 filtering to derive cell quality from multiple beams while only L3 Beam filtering and its related parameters are specified. As stated in the current, L3 beam filtering is applied even when deriving the measurement information reported per beam in the L3 measurement report and the L3 beam filter do not introduce any delay in the sample availability. Thus, related to the filtering for L1 measurement, we propose that  
Proposal 9: Simplified filter could be introduced in the derivation of the L1 measurement result to improve the robustness.
[bookmark: _Hlk163171350]For the RS type, besides the SSB used for L1 measurement report in Rel-18, CSI-RS is within the scope of the rel-19. Align with the previous proposal, the L1 measurement report could be based on CSI-RS measurement. Based on measurements with different RS type, multiple RS type could be included in one L3 measurement report. However, considering the limited size of the L1/L2 signalling, whether measurement results based on different RS type is included in one L1 measurement report is for further study. Thus, we propose that
Proposal 10: Both SSB and CSI-RS can be the RS type for the event triggered L1 measurement reporting. FFS whether measurement results based on different RS type could be included in one L1 measurement report.
However, unlike the SSBRI in the Rel-18 L1 measurement report and the indexes reported in L3 measurement, based on different L1 measurement configuration in the inter-CU scenario, the associated index could be different. For example, similar to the SSBRIs in Rel-18 LTM L1 measurement report, RS among cells in intra-DUs intra-CU are unified numbering. If the RS index is configured following the mechanism in Rel-18, we may need to extend the number of the candidate beams to cover the candidates from both intra-CU and inter-CU. Another solution is to take the same mechanism as Rel-18 which means the RSs are unified numbering among the CU. Last but not least, format similar to L3 measurement report may also works fine based on detail information like candidate configuration index and RS index.
Proposal 11: RAN2 to discuss the three formats of the beam information:
a. beam index based on unified numbering between CUs.
b. CU related index and beam index based on intra-CU unified numbering.
c. Candidate configuration index and beam index.
For the reporting content, except the L1 measurement result per beam and the associated RS index that UE includes in the L1 measurement report, other associated information could also be needed. For example, the information of the triggered event could provide more information of the beam satisfying the L1 measurement event. For this meeting, we propose to only confirm the potential contents for the event triggered L1 measurement reporting as follows:
Proposal 12: RAN2 to confirm the potential contents for the event triggered L1 measurement report: beam information, measurement results per beam, event index. 
RAN1 had listed the signalling content of the UE-initiated/event-driven beam reporting with variable or fixed number of beam(s) satisfying the event or at least one of the beams satisfying the event:
	Agreement
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, in a report instance, the following options are provided for down-selection (other options are not precluded) in RAN1#117
· Option-1 (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· Option-1a (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· At least one of N reported beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· FFS: Details on how value of N is determined by the UE
· Option-1b: N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· Payload size does not vary as a function of N
· FFS: Zero-padding can be provided if N is less than Nmax.
· Option-2: Only N=1 beam is reported in the report instance 
· The reported beam should satisfy the condition of Event-2
· Option-3: N ≥ 1 beam(s) are reported in the report instance,  
· At least one of N reported beam(s) should satisfy the condition of Event-2
· N is configured by gNB 
· Other options are not precluded.
· FFS: Whether the measurement results for current beam is always reported or can be enabled by RRC.
· FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.




Similarly, it is reasonable to have these beams included in the L1 measurement report. Firstly, beam(s) of neighbour satisfying the event is the basic option since it is useful to help the NW determine the target beam. Secondly, the quality of the serving beam is needed when determining cell switch since the determination should be made based on the comparison between the serving and the neighbour. Considering the variety of L1 measurement, the result of the serving beam could be carried in the same report instance with the result of beam(s) of neighbour satisfying the event. Last but not least, beams of neighbour with at least one beam satisfying the event is another option for the signalling content. As the current L3 measurement and report mechanism, the UE measures several beams to derive the cell quality to ensure that UE could receive good service under the cell with more good beams. Even the LTM is based on beam measurement, it provides more robust if the target has multiple good beams within the cell or CU.
Proposal 13: RAN2 to study which beam is included in the report, for example the beam(s) of neighbour satisfying the event, serving beam, FFS beams of neighbour with at least one beam satisfying the event.
Considering the UE-initiated/event-driven beam report for beam management, RAN1 listed the potential issues such as the general procedure, signalling for the beam report transmission, signalling content in the first R19 meeting. During RAN1#116 meeting, they further studied the UCI-based L1 measurement report and agreed the following modes for the beam report transmission procedure:
	Agreement
On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· [bookmark: OLE_LINK25]Mode A (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· FFS: Request format, e.g., SR or a new UCI type.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· This mode is basic UE capability (i.e. all UE supporting UE-initiated/event-driven beam reporting should support this feature).
· No new DCI format is introduced.
· Mode B (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· FFS: Notification format, e.g., SR or a new UCI type.
· Step 2: UE transmits the beam report in the second UL channel. 
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
FFS: Whether UE receives acknowledge information with response to each step for all modes
For above procedures, cross-CC beam reporting is supported for both modes.
· FFS: Details.




Considering the large amount of potential information carrying in the event triggered L1 measurement reporting, we propose to take the MAC CE as the baseline for the L1 measurement report in Rel-19 mobility WI.
Proposal 14: Confirm that MAC CE carrying L1 measurement report is the starting point for RAN2. FFS UCI based beam report from RAN1 could be reused.

3	Conclusions
In this contribution, we discussed the L1 measurement enhancement for Rel-19 mobility WI. Based on the discussion, the following observation and proposals are concluded:
Observation 1: In Rel-18, the CSI report only includes RS index and the corresponding RSRP for the SSB-based L1 measurement in intra-CU scenario.
Proposal 1: RAN2 strives to have a unified solution for L1 measurement enhancements in Rel-19 covering scenario extension for both inter/intra-CU MCG/SCG with SSB based or CSI-RS based L1 measurement on candidate cells.
Proposal 2: Event triggering L1 measurement report could be reused to evaluate the condition for LTM execution.
Proposal 3: Event-triggered L1 measurement reporting could be applicable in both inter-CU and intra-CU MCG/SCG.
Proposal 4: To avoid overlapping with RAN1, RAN2 could focus on the event triggered L1 measurement reporting related to the cell switch.
Proposal 5: Introduce A3/A5-like events to trigger the L1 measurement reporting for cell switch. The baseline concepts of the L1 events for cell switch are as follows:
	L3: Beam of neighbour becomes a threshold value better than the serving;
	L5: Beam of serving becomes worse than threshold 1 and beam of neighbour becomes better than threshold 
Proposal 6: In addition to cell switch, RAN2 to discuss the L1 measurement event for other the use cases (e.g., measurement triggering and suspend).
Proposal 7: Multiple events may be configured simultaneously for one beam.
Proposal 8: TimetoTrigger are not introduced when triggering the L1 measurement report.
Proposal 9: Simplified filter could be introduced in the derivation of the L1 measurement result to improve the robustness.
Proposal 10: Both SSB and CSI-RS can be the RS type for the event triggered L1 measurement reporting. FFS whether measurement results based on different RS type could be included in one L1 measurement report.
Proposal 11: RAN2 to discuss the three formats of the beam information:
a. beam index based on unified numbering between CUs.
b. CU related index and beam index based on intra-CU unified numbering.
c. Candidate configuration index and beam index.
Proposal 12: RAN2 to confirm the potential contents for the event triggered L1 measurement report: beam information, measurement results per beam, event index. 
Proposal 13: RAN2 to study which beam is included in the report, for example the beam(s) of neighbour satisfying the event, serving beam, FFS beams of neighbour with at least one beam satisfying the event.
Proposal 14: Confirm that MAC CE carrying L1 measurement report is the starting point for RAN2. FFS UCI based beam report from RAN1 could be reused.
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