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Introduction
In the current WID, the main scope of RAN2 is given as follows. This contribution addresses the main issues that RAN2 needs to work on the objective of measurement related enhancements.   
	· 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]



2. Discussion 
2.1 Overall RAN2 work scope
According to the WID, it is clear that RAN2 needs to work on event-triggered L1 reporting. But it is not clear if what are the other enhancement than can be considered as a potential scope of the RAN2 work. 
In our view, event-triggered L1 reporting is mainly to reduce L1 signalling overhead, since, without the event-triggered L1 reporting, network has to rely on periodic transmission of reference signal and thus periodic L1 reporting is followed. 
In LTM, L1 signalling overhead is not the only non-trivial problem to solve. The burden of L1 measurements at UE can be significant due to multiple candidate cells and multiple reference signals for each candidate cell. Therefore, we think it is desirable for RAN2 to pursue the reduction of measurement at UE side as measurement related enhancements
Proposal 1: In addition to event-triggered L1 reporting, RAN2 also work on enhancements to reduce UE burden of excessive CSI measurements configured for LTM.  

2.2 Event-triggered L1 reporting  
Provided that the events for event-triggered L1 reporting are designed for optimization of mobility control, it is natural to consider the existing L3 event for event-triggered L3 measurement reporting as baseline as the target use cases are similar in principle.  
Let us roughly define the following metric to be used for evaluation of L1 events, Rs and Rc as follows. Then we can establish a set of L1 events as similar to existing L3 Ax events as provided in the following table:
Table 1. Ax-like L1 events
	Rough definition:
· Rs: Measurement result related to a RS set configured for a special cell (PCell or PSCell)  
· Rc: Measurement result related to a RS set configured for a candidate cell c.

	L3 events
	L3 events
	Similar L1 events
	Remark

	A1
	Ms > thres
	Rs < thres1
	Precise definition of Rs is FFS

	A2
	Ms < thres
	Rs < thres
	Precise definition of Rs is FFS

	A3
	Ms > Mn 
	Rs > Rn + offset
	Precise definition of Rs and Rn is FFS

	A4
	Mn > thres
	Rn > thres
	Precise definition of Rn is FFS

	A5
	Ms < thres1, Mn > thres2
	Rs < thres1, Rn > thres2
	Precise definition of Rs and Rn is FFS



Proposal 2: Existing Ax events (A1 to A5) are considered as baseline for L1 events for event-triggered L1 reporting. 
· Definition (The precise definition of evaluation metric Rs and Rn is FFS)
· Rs: Measurement result related to a RS set configured for a special cell (PCell or PSCell)  
· Rc: Measurement result related to a RS set configured for a candidate cell c.
· L1 events as baseline
· Rs < thres1
· Rs < thres
· Rs > Rn + offset
· Rn > thres
· Rs < thres1, Rn > thres2
For event triggering measurement reporting, evaluation metric(s) should be clearly defined. For existing L3 event cell-level measurements are used as an evaluation metric Hence, UE configured with event-triggered L3 measurement report is required to measure relevant reference signals and consolidates them to derive cell level measurements. Then, UE evaluates the L3 event based on the derived cell-level quality metric, and reports a measurement report if the L3 event is met. Network can use the measurement report for cell-level decision, e.g., whether to perform handover and/or which target cell to move towards for handover. 
In event-triggered L1 reporting, the evaluation of the events mainly concerns L1 measurement results, i.e., individual RS-level metric for fast measurement and reporting, rather than a cell-level metric as used by L3 measurement reporting. Nevertheless, we see that L1 event triggering based on consolidated result of multiple RSs, as similar to cell-level measurement evaluation can be still useful for LTM in terms of use cases and signalling efficiency.
In principle, we can consider two different kinds of evaluation metric of L1 events. 
a) L1 event evaluation based on consolidated metric of multiple reference signals of a cell: In this triggering type, the event evaluation is executed based on consolidated metric of measurement result(s) of multiple reference signals configured for a cell (serving or candidate cell). For instance, if four reference signals are configured to a UE for a LTM candidate cell with an L1 event for the candidate cell, the event takes all (or a subset of) the reference signals for evaluation of the event. Such consolidated L1 event can be useful for network’s cell-level decision. For instance, if the L1 event indicates that a consolidated result of a candidate cell is reasonably good, network may decide to actually prepare candidate cell resources towards the reported candidate cell in preparation of potential LTM, or network may choose an appropriate candidate cell based on the provided L1 report(s), or network may directly decide to execute LTM to the reported candidate directly based on the consolidated L1 report. 
b) L1 event evaluation based on individual RS-level metric: In this triggering type, the event evaluation is executed for a measurement result of a single reference signal configured for a cell. For instance, L1 event is configured for a candidate cell for which four reference signals are configured, the L1 event only takes measurement result of a particular reference signal for evaluation of the event. The particular reference signal may be configured (thus fixed but reconfigurable) by network via L1 event configuration, or it can be selected based on the QCL property of the concerned RS or the measured quality of the RS, which needs further discussion. 
Such L1 events can be used by network for RS-level decision, such as decision of which TCI state of a candidate cell to activate for LTM execution or investigation of a good reference signal set to be configured for the UE for the candidate cell. Furthermore, when one reference signal quality transmitted by a candidate cell is superior, network may want to know RS-level quality of other reference signals transmitted by the candidate cell to determine whether to trigger LTM towards the candidate cell, considering various factors such as expected service time, overall link stability, potential beam switching/failure etc. 
As discussed above, different L1 evaluation metrics can serve more efficiently for different purposes. Thus, we propose: 
Proposal 3: For L1 event evaluation, RAN2 to consider both a) event-triggering based on individual RS-level metric as well as b) event-triggering based on consolidated metric of multiple reference signals. 
TimeToTrigger (TTT) is used in L3 event-triggered measurement reporting to ensure that the evaluation result is not so temporary. The L3 event is considered to be met only if the entry/leaving condition is continuously met for the TTT duration. For event-triggered L1 reporting, TTT is not only beneficial but also necessary, considering higher dynamicity of L1 measurement results, compared to L3 measurement results that are already L3-filtered in a exponential weighted moving average manner.  
Proposal 4: TimeToTrigger (TTT) is supported for L1 events. 
In L3 event-triggered measurement reporting, all Ax events are defined with both entry and leaving conditions. Once UE sends a measurement reporting triggered by entry condition, leaving condition is then used by the UE to inform network that the event condition is no longer met or a cell no longer satisfies the event. Network can configure UE via reportOnLeave to send a measurement report if a triggering cell (the cell previously satisfied the entry condition) now satisfies the leaving condition. Similar mechanism is beneficial and necessary for L1 event as well, to enable timely and precise awareness of L1 event status at network side. 
Proposal 5: Entry and leaving conditions are defined for L1 events, whenever applicable.    
In the existing L3 measurement report configuration structure, UE is configured with measurement objects and report configurations. Then, network can activate measurement reporting (periodic or event-triggered) by configuring a list of measurement IDs, where the measurement ID associates one measurement object and pne report configuration. For configuration structure of event-triggered L1 reporting, it seems reasonable to follow theexisting L3 measurement report configuration structure, given the flexibility and maturity. For the signalling of the configuration RRC signalling must be taken as baseline.  
Proposal 6: For event-triggered L1 reporting, UE is configured via RRC with a list of RS measurement objects, a list of report configurations with each including an L1 event, and association between one RS measurement object and one L1 event.   
It is premature to determine the content of L1 report, as the precise content of the L1 report can be decided only after the use cases and details of the L1 events are determined. Furthermore, the UL signalling of the L1 report (UCI over PUCCH or UCI over PUSCH or MAC CE, with various UL scheduling options) also affects the contents, as different UL signalling/scheduling methods may enforce different upper limits to the content size. However, as a starting point, we think RAN2 can assume that if network receives a L1 report, network should be able to identify, from the content of the report, which event has been met (or unmet) (i.e., event identification) which reference signals have been evaluated (i.e., measurement RS identification), and the actual measurement result of the reference signal(s) satisfying the event (measurement result identification). 
Proposal 7: The content of measurement report triggered by an L1 event are designed to enable network to be aware of i) L1 event triggering the reporting, ii) RS or RS set evaluated for the reporting, and iii) the L1 measurement result (FFS granularity) of the reference signal(s) satisfying the event.   
In L3 event-triggered periodical reporting, event-triggered periodical reporting is a baseline. That is, once the reporting is triggered by an event, it periodically transmits subsequent measurement report up to a certain amount as configured by reportAmount, as long as the triggering cell list (cellsTriggeredList) remains non-empty. For L1 event-triggered reporting, subsequent periodical reporting is beneficial for network awareness, but such subsequent periodical reporting may incur significant signalling overhead. Therefore, RAN2 needs to carefully evaluate the necessity and overhead of the subsequent periodical reporting for event-triggered L1 reporting. 
We are positive in supporting event-triggered periodic L1 reporting, as long as report amount and reporting periodicity are configurable by network. One alternative compromise could be such that initial L1 event-triggered periodical reporting is firstly triggered by entry condition and subsequent reporting only by leaving condition, i.e., no periodical reporting in-between is generated.
Proposal 8: RAN2 to discuss if subsequent periodical reporting is justified for event-triggered L1 reporting in terms of signalling overhead and necessity.

Joint reporting of reference signals of multiple candidate cells
For joint intra-CU and inter-CU LTM, non-trivial number of candidate cells may be configured to UE, where multiple reference signals are configured for each candidate cell, In such case, if L1 report can be triggered by UE to inform network of the best N candidate cells and/or the best M reference signal set across multiple candidate cells, the L1 report can provide network with sufficient information to down-select the LTM candidate list or the best LTM target cell and the best beam for the selected target cell for the UE, without requiring the network to wait for further L1 reports triggered by other events, each being related to individual candidate cell. 
Proposal 9: RAN2 to consider an event for event-triggered L1 reporting, where the event is triggered to inform network of the best N candidate cells and/or best M reference signals across multiple candidate cells.  

If at least one LTM candidate for a frequency is configured to UE, it is likely to be true that the UE has been already configured with L3 measurement object for the frequency. L3 measurement results provide relatively long-term measurement results due to L3-filterig, compared to the L1 reporting. L3 events for event-triggered L3 measurement reporting provide a reliable cell quality status due to the L3 filtering and TTT. On the other hand, L1 report is relatively fast and therefore capable of providing short-term measurement results. So, if both L1 reporting and L3 reporting are available for a candidate cell, network can make a better mobility control toward the candidate cell. 
If network configure both L3 reporting events and L1 reporting events, it can get to know L3 results and L1 results once it receives L3 reporting at one time and L1 reporting at another other time. But, we can easily see that this network implementation is not signalling-efficient nor delay-minimized due to independent triggering of each event. If L1 report triggered based on L1 measurement results can also include coarse-information of available L3 measurement results as well as L1 measurement results, the L1 report can provide to network more decisive and timely information with less signalling overhead for LTM control. For example, when L1 report is triggered by L1 event A3 for a candidate cell, the L1 report also includes quantized L3 measurement result of the candidate cell. Combining L3 event and L1 event to generate a combined reporting condition can be also considered for better network awareness of L1 and L3 results. For example, if L3 event A2 (Ms < thres) and L1 event A4 (Rc > thres) are combined as a single reporting condition, the combined reporting condition can be used to inform network of the joint status that the serving cell indeed needs to be changed (via the reporting content related to L3 event A2) and there is a good LTM target (via the reporting content related to L1 event A4).       
Proposal 10: RAN2 to consider an L1 event that can assist network to be aware of both L1 measurement results and some-coarse grained L3 measurement results.   

2. 3 Measurement overhead reduction 
To reduce L1 measurement overhead for LTM, reduction or relaxation of L1 measurements can be considered. Reduction of L1 measurements could be done by, e.g., skipping less essential L1 measurements, and relaxation of L1 measurements could be done by, e.g., increasing measurement interval for a target RS. Since L1 measurement relaxation is considered to be RAN4-centric work, this approach is not a viable option for Rel-19 MOB WI. 
Focusing on skipping less essential L1 measurements, we note that in case L3 measurement quality of a candidate cell is not good enough, it is not obvious if LTM to the candidate cell based on a good L1 measurement quality is really beneficial, because network cannot make sure if the good L1 quality is only for a short term or the L3 quality will get better shortly as well. If LTM to a candidate cell whose L3 measurement quality is not good is not pursued, skipping measurements of reference signals associated with the candidate cell can be considered. Another approach could be that UE starts from a smaller set of reference signals and then switches to a larger set of reference signals only when necessary, which allows the chance of reducing necessary L1 measurements. 
Regarding the control of selecting reference signals to measure among the configured reference signals, network may explicitly command UE via L1/L2 signalling to deactivate a subset of RSs or deactivate a certain candidate cell and thus allow UE to deactivate measuring reference signals associated with the deactivated candidate cell. Activation/deactivation of measurements of some reference signals based on UE decision could be also considered, if considered beneficial.
Proposal 11: For measurement related enhancements, RAN2 to consider measurement overhead reduction via dynamic (down-)selection of reference signals for which UE needs to perform L1 measurements for LTM. 
 
3. Conclusion 

Overall RAN2 work scope
Proposal 1: In addition to event-triggered L1 reporting, RAN2 also work on enhancements to reduce UE burden of excessive CSI measurements configured for LTM.  

Event-triggered L1 reporting
Proposal 2: Existing Ax events (A1 to A5) are considered as baseline for L1 events for event-triggered L1 reporting. 
· Definition (The precise definition of evaluation metric Rs and Rn is FFS)
· Rs: Measurement result related to a RS set configured for a special cell (PCell or PSCell)  
· Rc: Measurement result related to a RS set configured for a candidate cell c.
· L1 events as baseline
· Rs < thres1
· Rs < thres
· Rs > Rn + offset
· Rn > thres
· Rs < thres1, Rn > thres2

Proposal 3: For L1 event evaluation, RAN2 to consider both a) event-triggering based on individual RS-level
Proposal 4: TimeToTrigger (TTT) is supported for L1 events. 
Proposal 5: Entry and leaving conditions are defined for L1 events, whenever applicable.    
Proposal 6: For event-triggered L1 reporting, UE is configured via RRC with a list of RS measurement objects, a list of report configurations with each including an L1 event, and association between one RS measurement object and one L1 event.   
Proposal 7: The content of measurement report triggered by an L1 event are designed to enable network to be aware of i) L1 event triggering the reporting, ii) RS or RS set evaluated for the reporting, and iii) the L1 measurement result (FFS granularity) of the reference signal(s) satisfying the event.   
Proposal 8: RAN2 to discuss if subsequent periodical reporting is justified for event-triggered L1 reporting in terms of signalling overhead and necessity.
Proposal 9: RAN2 to consider an event for event-triggered L1 reporting, where the event is triggered to inform network of the best N candidate cells and/or best M reference signals across multiple candidate cells.  
Proposal 10: RAN2 to consider an L1 event that can assist network to be aware of both L1 measurement results and some-coarse grained L3 measurement results.   

Measurement overhead reduction 
Proposal 11: For measurement related enhancements, RAN2 to consider measurement overhead reduction via dynamic (down-)selection of reference signals for which UE needs to perform L1 measurements for LTM. 
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