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1. Introduction
The WI on further NR mobility enhancements includes the following objectives for L1/2 based inter-cell mobility [1]: 

	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]




In RAN2 #119-e, the following preliminary agreements were made regarding measurements for L1/L2 mobility [2]:
Measurement delay can/may be considered in this work
Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)

In this contribution we provide further input regarding measurements for L1/L2 mobility.
2. Discussion

In NR/LTE, the UE performs measurements (for measurement reporting/CHO/CPAC) based on RSRP/RSRQ/RS-SINR at L1 and performs filtering of these measurements at L3 to ensure that unnecessary and ping pong handovers will not be performed due to short term fluctuations of the signal levels of serving and/or neighbour cells, which could cause unnecessary reconfigurations, signalling overhead and service interruption. These L3 filtered measurements are then reported (e.g., periodically, or when an event conditions are fulfilled) or CHO/CPAC is executed when associated measurement event conditions are fulfilled. 

For each serving cell, a UE can be configured with a CSI measurement configuration (csi-MeasConfig IE in spCellConfigDedicated IE of an SpCell or sCellConfigDedicated IE of an SCell). The CSI measurement configuration contains CSI resources to be measured as well as the configuration of the CSI reporting to be transmitted on PUCCH (periodic or semi-persistent) or PUSCH (aperiodic or semi-persistent).

In Rel-17, inter cell beam management (ICBM) introduced the concept of using multiple PCIs for the same cell that uses multiple transmission and reception points (mTRPs), and also the possibility to configure CSI-RS measurements for non-serving PCIs.

As agreed in RAN2 #119-e, it is desirable to use L1 measurements for L1/L2 mobility. However, the Rel-17 ICBM framework is not sufficient for the CSI-RS reporting of candidate cells for L1/L2 mobility, because the UE may not be capable of ICBM and also the L1/L2 use case is not limited to the mTRP scenario (i.e., the candidate cell could be a completely separate cell from a serving cell and not just another TRP of the serving cell that is using a different PCI). 

Observation 1: The CSI-RS reporting for non-serving cells introduced in ICBM for mTRP is not sufficient for enabling L1/L2 mobility (e.g., UE not capable of ICBM, candidate cell is a separate cell not just another TRP of the cell using a different PCI, etc.,)

[bookmark: _Hlk115354616]Proposal 1: For L1/L2 mobility, the UE can be configured for CSI-RS measurement and reporting of non-serving cells. 

For the intra-DU mobility case, it could be argued that the UE could be configured to send the (unfiltered) CSI-RS measurements of candidate cells (e.g., L1-RSRP) periodically or on a semi-persistent manner and the network could do the filtering and comparison with serving and other candidate/neighbour cell measurements to determine when to trigger the mobility. However, this will require a lot of UE signalling, that leads to unnecessary network resource utilization and unnecessary UE power consumption.

Observation 2: Direct utilization of L1 measurement reporting (i.e., periodic, semi-persistent, aperiodic) leads to inefficient operation (e.g., signalling overhead, unnecessary network resource utilization, UE power consumption, etc.,).

For the intra-DU handover case, ping pong handover may not be that costly (especially if the all the cells of the DU have similar capabilities and only minimal reconfiguration is needed at the UE and no UP reset/e-establishment is needed). However, doing mobility decisions based on unfiltered L1 measurements and resulting ping pong handover among the cells of different DUs is highly undesirable as it can lead to increased latency due to (at least) MAC reset and MAC/PHY reconfigurations, and the need to involve the CU as there is currently no specified interface between DUs.

Observation 3: Usage of unfiltered L1 measurements for mobility decisions could lead to unacceptable performance (in terms of latency, signalling overhead, etc., due to ping pong handovers).

To mitigate the signalling overhead, latency, and network resource consumption, an approach similar to L3 measurements could be applied to the L1 measurements, where measurement filtering is used to prevent ping pong handovers and event triggered reporting will ensure that measurements are sent only when the conditions for mobility are fulfilled (e.g., events like A3-A6 in RRC, that compare neighbour cell to an absolute threshold or relative threshold compared to a serving cell). The filtering parameters of the L1 measurements could be dependent on the severity of the ping pong problem (e.g., different filtering for intra-DU case as compared to the inter-DU case).

Proposal 2: To enable efficient L1/L2 mobility based on L1 measurements, the following needs to be specified:
· Filtering of L1 measurements
· Event triggered L1 measurements (e.g., candidate cell L1-RSRP becomes above a certain absolute threshold or becomes better than a serving cell by more than a certain threshold). 

In the cases where L3 measurements may be required (e.g., inter-DU handover), it may be beneficial to report the filtered L3 measurements at lower layers than RRC to reduce the signalling overhead, and hence the latency (e.g., no RRC processing time). One option is to enable the reporting of L3 filtered measurements at L2 (e.g., using a MAC CE). Consider an A3 event configuration (i.e., neighbour cell becomes a threshold level above the SpCell). Since the network already knows the configuration of the event, it is not necessarily required to send the full measurement report. It could be sufficient to let the network know what event was fulfilled and the neighbour/candidate cell that fulfilled the conditions. (e.g., the measurement ID associating the event with the measurement object, and the identity of the neighbour cell that fulfilled the conditions). Another example is an A2 event (i.e., serving becomes worse than absolute threshold). In this case, it will be sufficient just to identify the event, as the serving cell is implicitly known by the associated serving cell with that event.

Observation 4: Even when the network needs a L3 filtered measurement to make L1/L2 mobility decision, it may not be necessary to report all the measurement results (e.g., just indication of the neighbour cell that fulfilled the event triggering conditions is sufficient).

Proposal 3: UE can inform the network that the conditions for a L1 or L3 event have been fulfilled and optionally, depending on the event type, a candidate/neighbour cell that fulfilled the conditions of the event, without necessarily including the measurement results. Exact signalling (e.g., SR, MAC CE, etc.,) is FFS. 

In response to such an indication of an event fulfilment, in some cases (e.g., event A3 indication), the network may immediately trigger a L1/L2 mobility. In other cases (e.g., event A2 indication), the network may decide to activate a L1 measurement reporting for candidate cells only at this time (e.g., activate L1/L3 measurement reporting of certain candidate cell(s) if the PCell is below a certain threshold) 

Proposal 4: In response to the indication received from the UE according to proposal 3, the network may send to the UE a L1/L2 mobility indication (e.g., if the UE was indicating A3 event fulfilment) or activates L1/L3 measurements for certain candidate cell(s) (e.g., if the UE was indicating A2 event fulfilment).

In addition to investigating a more efficient mechanism for measurement reporting at L1/2, it is desirable to be able to compare to compare serving cells (e.g., for role switching between an SCell and an SpCell). No measurement event exists currently for comparing serving cells. The network may be able to achieve this by configuring the UE with periodic measurements. However, this leads to high signalling load. The network may also configure several A1 (serving cell better than a threshold) and A2 (serving cell lower than a threshold) events for the different serving cells and try to deduce, for example, the relative strength among serving cells. However, this is not a scalable solution (e.g., UE may easily run out of measurement IDs). 

Observation 5: Current measurement events are not suitable to support role switching between an SCell and an SpCell (e.g., no event exists currently that compares two serving cells).

A more scalable solution that is also signalling efficient that enables a role switch between an SCell and SpCell is a measurement event that could be triggered based on the comparison of SCells and an SpCell. New events might also be needed for candidate set management, e.g., for adding or removing cells to the candidate set, by comparing several neighbour cells. 

Proposal 5: New measurement events (e.g., that compare signal levels of serving cells) are needed to support L1/2 triggered handover and candidate cell management. If proposal 2 is agreed (i.e., measurement events at L1), similar events need to be introduced at L1 as well.

3. Conclusion
In this paper the following observations are made regarding measurements for L1/L2 mobility:

Observation 1: The CSI-RS reporting for non-serving cells introduced in ICBM for mTRP is not sufficient for enabling L1/L2 mobility (e.g., UE not capable of ICBM, candidate cell is a separate cell not just another TRP of the cell using a different PCI, etc.,)

Observation 2: Direct utilization of L1 measurement reporting (i.e., periodic, semi-persistent, aperiodic) leads to inefficient operation (e.g., signalling overhead, unnecessary network resource utilization, UE power consumption, etc.,).

Observation 3: Usage of unfiltered L1 measurements for mobility decisions could lead to unacceptable performance (in terms of latency, signalling overhead, etc., due to ping pong handovers).

Observation 4: Even when the network needs a L3 filtered measurement to make L1/L2 mobility decision, it may not be necessary to report all the measurement results (e.g., just indication of the neighbour cell that fulfilled the event triggering conditions is sufficient).

Observation 5: Current measurement events are not suitable to support role switching between an SCell and an SpCell (e.g., no event exists currently that compares two serving cells).

Based on the above observations, the following are proposed:

Proposal 1: For L1/L2 mobility, the UE can be configured for CSI-RS measurement and reporting of non-serving cells. 

Proposal 2: To enable efficient L1/L2 mobility based on L1 measurements, the following needs to be specified:
· Filtering of L1 measurements
· Event triggered L1 measurements (e.g., candidate cell L1-RSRP becomes above a certain absolute threshold or becomes better than a serving cell by more than a certain threshold). 

Proposal 3: UE can inform the network that the conditions for a L1 or L3 event have been fulfilled and optionally, depending on the event type, a candidate/neighbour cell that fulfilled the conditions of the event, without necessarily including the measurement results. Exact signalling (e.g., SR, MAC CE, etc.,) is FFS. 

Proposal 4: In response to the indication received from the UE according to proposal 3, the network may send to the UE a L1/L2 mobility indication (e.g., if the UE was indicating A3 event fulfilment) or activates L1/L3 measurements for certain candidate cell(s) (e.g., if the UE was indicating A2 event fulfilment).

Proposal 5: New measurement events (e.g., that compare signal levels of serving cells) are needed to support L1/2 triggered handover and candidate cell management. If proposal 2 is agreed (i.e., measurement events at L1), similar events need to be introduced at L1 as well.
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