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1 Introduction
Due to the movement of satellites in LEO NTN deployments, the propagation delays between the UE and the serving and neighbour satellites change dynamically with time. The timing of the SMTC and measurement gap windows changes with the serving satellite propagation delay change, while the neighbour cell SSB to measure within these windows is linked to the neighbour satellite propagation delay for a particular UE. As the propagation delays change independently, it may be difficult to ensure that the neighbour satellite SSB will fall within the SMTC/measurement gap window.
During the RAN2#115-e meeting, this impact has been discussed and the following agreements were reached [1]: 
	· The UE can be configured with multiple SMTCs per carrier. FFS if the UE can use only a partial set or all of them in parallel, and in case FFS whether based on network configuration or UE implementation
· The specific maximum number of SMTC configuration in one measurement object with the same ssbFrequency can be 4. And a LS will be sent to RAN4 to confirm the conclusion.
· In NTN, NW-based solution is supported, i.e. the final SMTC/measurement gap configuration is generated and provided by NW in NTN to a given UE (based on the propagation delay difference between at least one target cell and the serving cell of a given UE). FFS whether UE-based solution is supported or not.
· In NTN, it is necessary of the UE to report assistant information to the NW (which can be configured by NW or upon NW’s request) to assist NW calculating the offset for SMTC/GAP configurations. FFS the detailed information.



In this contribution, we discuss the remaining issues related to the SMTC and measurement gap configuration in the LEO NTN scenario and provide potential solutions.
2 Discussion
2.1 Background
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Figure 1: Impact of satellite movement in LEO NTN scenario
In LEO NTN scenario, due to the movement of satellites, the propagation delay for the neighbour cell SSBs to reach the UE constantly changes. Therefore the SMTC/measurement gap configuration needs to take this delay variation into account. The delays can be different based on relative position of the UE on the ground as illustrated for UE1 and UE2 below. The window for SSB measurement should take all possible neighbour cell SSB delays into account, i.e. for all possible delays between UE1 and UE2. The neighbour cell delay also changes in time for a UE as the satellite moves. In the illustration below, the propagation delay that a UE in UE1’s position experiences will change to the propagation delays that a UE in UE2’s position will experience as the satellite beams moves on the ground. With this movement, the neighbour cell SSB timing as measured by the UE will also drift. Note that the UE may also move, but its effect can be largely ignored, as it is negligible when compared to satellite speed.
2.2 Initial SMTC/Gap time offset determination
As outlined in the previous section, the timing of an SMTC and a corresponding measurement gap depends on the position of the UE within the cell. As this information is not known to the NW, we have agreed that it is necessary for the UE to report assistance information to the NW to aid calculating the offset for SMTC and measurement gap configuration. There are primarily two solutions [2] that were discussed in R2#115e with regards to the nature of this assistance information, namely propagation delay information or UE location.
The propagation delay assistance information involves the NW providing some form of location information of neighbour satellites to the UE (e.g. PVT information) and the UE calculating and reporting the neighbour satellite propagation delay information to the NW, based on its known location information. The NW can then configure the UE with an SMTC/gap with a valid time offset to find and measure the neighbour cell strength. This solution is feasible, but it comes with the signalling overhead of providing up-to-date neighbour satellite PVT information to each UE. 
The UE location based assistance information moves the determination of SMTC/gap time offset to the NW. The UE provides the NW with its location information (even if coarse) and as the NW is aware of its satellite network topology, it can determine the correct SMTC/gap time offset for the UE to find and measure the neighbour satellite. Unlike the propagation delay based solution, this option has limited signalling overhead. However, it is not immediately clear if UE location can be provided to the NW without user consent, until RAN2 gets a response to the LS that sent to SA3 on this question [3]. 
We therefore propose to wait until we get a response from SA3 before deciding on a solution to determine the nature of UE assistance for initial SMTC/gap timing.
Proposal 1: Wait for SA3 response on user consent for UE location before determining the nature of UE assistance information for initial SMTC/Gap timing determination.
2.3 SMTC/Gap time maintenance
Once the initial timing of the SMTC/Gap is correctly determined, satellite movement can cause the SSB to fall outside this measurement window as explained in [4]. It is therefore necessary for the SMTC/Gap timing to shift with the satellite’s movement. A simple solution to ensure that the SMTC/Gap can shift in time with the satellite’s movement, is to configure the UE with multiple SMTC/Gap configurations. A drift threshold can be introduced to switch between these different configurations. For example, when the neighbour cell delay changes by a certain threshold, the UE can update the measurement gap (or SMTC window) it uses to measure the neighbour cell. Any such update will be reported to the network by the UE using a MAC CE to ensure that the NW and the UE are in sync.
Proposal 2: A drift threshold is introduced to switch between different SMTC/Gap configurations to measure a neighbour satellite. When the neighbour cell delay changes by a certain threshold, the UE can update the measurement gap (or SMTC window) configuration and report this update to the network using a MAC CE.

3 Conclusion
In this contribution, we have the following proposals on SMTC and measurement gaps for NR-NTN:
Proposal 1: Wait for SA3 response on user consent for UE location before determining the nature of UE assistance information for initial SMTC/Gap timing determination.
Proposal 2: A drift threshold is introduced to switch between different SMTC/Gap configurations to measure a neighbour satellite. When the neighbour cell delay changes by a certain threshold, the UE can update the measurement gap (or SMTC window) configuration and report this update to the network using a MAC CE.
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