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1. Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]The following objective of the work item aims at specifying measurement related enhancements for New WID [1] on NR mobility 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]



This contribution will provide more consideration on the measurement related enhancements including event-triggered L1 measurement reporting and CSI-RS measurement for LTM.
2. Discussion
2.1 Event-triggered L1 measurement reporting 
Motivation and use cases
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]As discussed in the RAN meetings, the UE-evaluated event-triggered L3 measurement reporting can be supported for L3 mobility, e.g. handover. However, for the LTM cell switch, such event triggering is not supported for the L1 measurements reporting. To reduce the signalling overhead compared to the periodic measurement reporting, event-triggered L1 measurement reporting is introduced for LTM.
Considering the existing LTM procedure, L1 measurement results can be used for LTM decision, i.e. which candidate cell can be the target cell for the LTM cell switch. In addition, UL synchronization with candidate cells via RACH without RAR is supported for the LTM procedure. To implement this, L1 measurement results can be considered for the source DU to determine if RACH towards the candidate cell should be triggered and to provide the RACH resources in the PDCCH order. Also, TCI states for candidate cell(s) can be activated or deactivated before the LTM cell switch execution. For this, L1 measurement results should be reported. So, the design of event-triggered L1 measurement reporting should consider different use cases including LTM decision, triggering of early TA acquisition and TCI state activation/deactivation.
Proposal 1: The design of event-triggered L1 measurement reporting takes the following into account:
· LTM decision
· Triggering of early TA acquisition
· TCI state activation/deactivation
Definition of event(s)
The following Ax events are defined for L3 measurement reporting:
· Event A1 (Serving becomes better than threshold)
· Event A2 (Serving becomes worse than threshold)
· Event A3 (Neighbour becomes offset better than SpCell)
· Event A4 (Neighbour becomes better than threshold)
· Event A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2)
· Event A6 (Neighbour becomes offset better than SCell)
In some of these Ax events, measurement results of either serving cell (e.g. Event A1, A2) or neighbouring cell (e.g. Event A4) are considered for the triggering of L3 measurement reporting. Or, measurement results of both serving cell (e.g. Event A3, A5 and A6) and neighbouring cell are used to define the event. 
These Ax events are defined for L3 measurement reporting so that the network can trigger reconfiguration with synch procedure. So, the event(s) for the LTM cell switch decision can be defined using these Ax events as a starting point. If the serving cell is good, the LTM cell switch should not be executed to avoid the interruption time incurred by the LTM cell switch. Also, the LTM cell switch should be executed towards a good candidate cell to reduce the risk of LTM cell switch failure or radio link failure after the LTM cell switch execution. Therefore, both serving cell and candidate cell should be involved to define the event(s) for LTM cell switch decision.
In addition, to address transmission failure of the L3 measurement report, a timer T312 can be configured for the L3 measurement. The timer T312 can be started if the L3 measurement report is triggered. Failure reporting or connection re-establishment procedure is initiated when the timer expired. A similar mechanism can be used for the L1 measurement reporting triggered by the events defined for LTM decision.
Proposal 2: Quality of both serving cell and candidate cell will be considered to define the event configured for LTM decision, e.g. A3 or A5-like event.
Proposal 2bis: If the event is configured for LTM decision, RAN2 considers T312-like mechanism.
These Ax events can also be the baseline to define the event(s) for early TA acquisition or TCI state activation/ deactivation. If the candidate cell is not good enough, on one hand, the RA preamble during early TA acquisition procedure cannot be received by the candidate cell. In this case, RACH resource is wasted. On the other hand, the TCI state activation of candidate cell before the LTM cell switch command is used to shorten the time for UE to perform the first DL/UL reception/transmission on the indicated beam of the target cell. In Rel-18 LTM, the UE will deactivate all activated LTM TCI states other than the TCI state indicated in the LTM cell switch command after receiving the command. So, it is better to only activate the TCI states of the candidate cell with good quality, which has high possibility to be the target cell. Therefore, at least candidate cell should be involved if the event is defined for early TA acquisition or TCI state activation/deactivation.
Then, if the quality of candidate cell changes, the activated TCI states could be deactivated. Depending on the quality of the candidate cell, the network may or may not transmit the PDCCH order to trigger early TA acquisition again e.g. when the TA becomes invalid. So, multiple or periodic reporting after the event-triggered L1 measurement reporting needs to be considered.
Proposal 3: At least quality of candidate cell will be considered to define the event configured for early TA acquisition or TCI state activation/deactivation, e.g. A4-like event. 
Proposal 3bis: If the event is configured for early TA acquisition or TCI state activation/deactivation, multiple or periodic reporting after the event-triggered reporting is considered.
Container
In Rel-18 LTM, the IE LTM-CSI-ReportConfig is used to configure a periodic, semi-persistent or aperiodic L1 measurement report. The resources are pre-configured or triggered by the network. This cannot be applied for the event-triggered L1 measurement reporting because the network cannot predict when and how many the resources will be used by the event-triggered L1 measurement reporting. If UCI is used for the event-triggered L1 measurement reporting, the resources may be wasted since the L1 measurement report is not transmitted when the condition is not satisfied. Instead, the resource for the L1 measurement report can be e.g. requested by the UE and thus the resource waste can be avoided if MAC CE is used. Also, the variable size of the L1 measurement report can be supported. So, a new MAC CE should be defined for the event-triggered L1 measurement reporting.
Proposal 4: A new MAC CE is introduced for event-triggered L1 measurement reporting.
Regarding the content of the MAC CE, at least the measurement results should be included. The measurement quantity to be reported and if only single measurement quantity to be reported need to be discussed in RAN1. In addition, how to identify a measurement result, e.g. for which RS or for which candidate cell, should be in the scope of RAN1.
In Rel-18 LTM, the IE LTM-CSI-ReportConfig is also used to configure the content of L1 measurement report, e.g. the number of reported cells, the number of reported RS per cell. If such consideration for event-triggered L1 measurement reporting is needed, RAN1 will discuss this.
Therefore, although a MAC CE is used as the container of event-triggered L1 measurement report, the details of the content need some RAN1 inputs.
Proposal 4bis: Regarding the content of the MAC CE, RAN1 input is required.
Mechanism(s) to avoid Ping-pong 
In some cases, the events are used to trigger the L1 measurement reporting so that the network can send the LTM cell switch command to the UE and the LTM cell switch is executed. Inter-CU LTM cell switch will be supported in which more signaling exchange between the network nodes and more interruption are incurred. So, at least for inter-CU LTM, a mechanism to avoid Ping-pong should be introduced.
Proposal 5: A mechanism to avoid Ping-pong needs to be considered, at least for event(s) designed for inter-CU LTM decision.
For the events to trigger L3 measurement reporting, leaving condition, timeToTrigger and the hysteresis parameter can be configured by the network. These can be options to avoid Ping-pong. In addition, if the number of consecutive indications, i.e. successive two indications are received within a configured time, reaches a configured value, beam failure is detected. A BFD-like or counter-based mechanism can be used to avoid Ping-pong. Besides, a mechanism involving both in-sync and out-of-sync indications, like the indications used for RLF detection, can be considered as well. 
The event to trigger L1 measurement reporting will be defined based on the L1 measurement results. So, the mechanism to avoid Ping-pong can be considered from L1 measurement perspective. For example, L1 filtering can be used. The filter factor can be configured by the network. 
In addition, if cell level measurement is used to define the event(s), e.g. all or a configured number of beams, DL RS or configured resources, more than one beam are good and beam switching can be used when one of beams become poor after the LTM cell switch. thus, the Ping-pong can be avoided.
Proposal 5bis: The following alternatives are considered to avoid Ping-pong:
· timeToTrigger
· Hysteresis
· leaving condition
· counter-based mechanism
· BFD-like mechanism
· in-sync/out-of-sync indication like mechanism
· L1 filtering with configured filter factor
· cell level measurement
Framework
Regarding the framework for event-triggered L1 measurement reporting, one possibility is to reuse the framework of the event-triggered L3 measurement reporting. For event-triggered L3 measurement reporting, it involves measurement configuration, performing of measurement, measurement report triggering and measurement reporting. Similarly, event-triggered L1 measurement reporting can include L1 measurement configuration, performing of L1 measurement, measurement report triggering and measurement reporting. 
Proposal 6: RAN2 to confirm that event-triggered L1 measurement reporting takes L3 measurement as baseline, comprising L1 measurement configuration, performing of L1 measurement, measurement report triggering and L1 measurement reporting.
L1 measurement configuration should be provided by RRC signalling, as legacy. However, for other aspects, the following modelling methods should be discussed, as shown in the figure below:
· Model 1:
· MAC layer: measurement report triggering and L1 measurement reporting
· Physical layer: performing of L1 measurement
· Model 2:
· MAC layer: L1 measurement reporting
· Physical layer: performing of L1 measurement and measurement report triggering


Figure: Modelling of event-triggered L1 measurement reporting
For Model 1, measurement report triggering can reuse the events for L3 measurement as much as possible. In this model, other metrics in addition to L1 measurement results can be considered, e.g. a timer or counting of some bad indications provided by the PHY layer for a serving cell. 
For Model 2, measurement report triggering can take into account an immediate L1 measurement result of serving cell(s) or the candidate cell(s). 
Because the Modelling of event-triggered L1 measurement reporting has impact to the RAN1/RAN2 work split, it is better to discuss this issue first. Model 1 is more aligned with the objectives in WID, i.e. led by RAN2. So, we slightly prefer Model 1.
[bookmark: _GoBack]Proposal 7: RAN2 to discuss the modelling of event-triggered L1 measurement reporting.
2.2 Support for CSI-RS measurements for LTM procedure
L1 measurements for the existing LTM procedure are limited to SSB measurements. Expanding L1 measurements to include CSI-RS can address this limitation and can be expected to enable greater throughput on the target cell immediately after the LTM cell switch. So, support for CSI-RS measurements for LTM procedures and CSI-RS based beam management are measurement related enhancements. 
Regarding this, RAN1 is the major RAN group. RAN2 needs to work on e.g. measurement configuration including CSI-RS. Also, other RAN2 impacts are observed. For example, if CSI-RS is used to identify the UL TX beam during early TA acquisition procedure, i.e. preamble transmission towards a candidate cell, the UL beam may change even if the SSB indicated by the PDCCH order which triggers the early TA acquisition procedure is same. In this case, notification for suspending power ramping counter from e.g. physical layer may be reused for the early TA acquisition procedure. However, duplicated discussions should be avoided. So, we propose to not work on these until RAN1 makes a progress.
Observation: Regarding the CSI-RS measurement enhancements for LTM, RAN2 will work on the following aspects:
· Configuration of CSI-RS measurement, e.g. as one RS type for event definitions or reporting;
· Power ramping during early TA acquisition procedure
Proposal 8: RAN2 aspects on the CSI-RS measurement enhancements for LTM depend on RAN1 progress. 
3. Conclusion
[bookmark: OLE_LINK3]In this contribution, we have some discussions on potential measurement enhancements for LTM and made the following proposals:
Proposal 1: The design of event-triggered L1 measurement reporting takes the following into account:
· LTM decision
· Triggering of early TA acquisition
· TCI state activation/deactivation
Proposal 2: Quality of both serving cell and candidate cell will be considered to define the event configured for LTM decision, e.g. A3 or A5-like event.
Proposal 2bis: If the event is configured for LTM decision, RAN2 considers T312-like mechanism.
Proposal 3: At least quality of candidate cell will be considered to define the event configured for early TA acquisition or TCI state activation/deactivation, e.g. A4-like event. 
Proposal 3bis: If the event is configured for early TA acquisition or TCI state activation/deactivation, multiple or periodic reporting after the event-triggered reporting is considered.
Proposal 4: A new MAC CE is introduced for event-triggered L1 measurement reporting.
Proposal 4bis: Regarding the content of the MAC CE, RAN1 input is required.
Proposal 5: A mechanism to avoid Ping-pong needs to be considered, at least for event(s) designed for inter-CU LTM decision.
Proposal 5bis: The following alternatives are considered to avoid Ping-pong:
· timeToTrigger
· Hysteresis
· leaving condition
· counter-based mechanism
· BFD-like mechanism
· in-sync/out-of-sync indication like mechanism
· L1 filtering with configured filter factor
· cell level measurement
Proposal 6: RAN2 to confirm that event-triggered L1 measurement reporting takes L3 measurement as baseline, comprising L1 measurement configuration, performing of L1 measurement, measurement report triggering and L1 measurement reporting.
Proposal 7: RAN2 to discuss the modelling of event-triggered L1 measurement reporting.
Observation: Regarding the CSI-RS measurement enhancements for LTM, RAN2 will work on the following aspects:
· Configuration of CSI-RS measurement, e.g. as one RS type for event definitions or reporting;
· Power ramping during early TA acquisition procedure
Proposal 8: RAN2 aspects on the CSI-RS measurement enhancements for LTM depend on RAN1 progress. 
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