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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#112-e meeting, this impact has been discussed and the following agreements were made [1]: 
	· Legacy SSB periods (as in TN) shall be supported in NTN
· RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN
· SMTC and gap configuration in NTN are configured based on the timing of PCell
· RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.
· RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN
· UE along with the network in NTN should also have the same understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN



Furthermore in RAN2#113bis-e meeting, enhancements on SMTC and Measurement gaps for NR-NTN were discussed and the following agreements were made [2]:
· For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap configuration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).
· Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.
· Enhancements of the SMTC configuration is supported for Rel-17 NTN.
· Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap
· For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
-	The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
-	The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
FFS the following open questions: 
	(a) Can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
	(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
	(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
	(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
	(e) What about the feeder link delay? Is it considered anywhere?
· The configuration of one or multiple offsets is left up to the network implementation.
· It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays
· Measurement gaps enhancements should be supported. FFS on the details

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
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.
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Figure 2 Impact of satellite movement in LEO NTN scenario

As mentioned before it has already been agreed in RAN2#113bis-e that Rel-17 NR-NTN will support enhancements of the SMTC configuration with optional new UE assistance for network to properly (re)configure the SMTC and/or measurement gap. One or more SMTC configuration(s) associated to one frequency can be configured and multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. The configuration of one or multiple offsets is left up to the network implementation and it is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays. However the synchronization between UEs and network regarding the enhancements on SMTC and measurement gaps are yet to be agreed. It is also agreed that in Connected mode the network can configure location based triggers for measurements and handovers [3]. Hence, it is imperative that in connected mode, location of the UEs are reported to the network
Observation 1: In connected mode, it is expected that the location of the UEs are reported to the network.
For inter-frequency satellites, the network should ideally only select one neighbor satellite for the UE to measure. Selecting multiple inter-frequency neighbor satellites can significantly impact the NW’s scheduling capabilities due to the need for independent measurement gaps at the UE corresponding to each neighbor satellite. To aid the selection of an appropriate inter-frequency neighbour satellite to measure, the Network can use the UE’s location information (even if coarse) to select an appropriate neighbor satellite for the UE to measure. The Network can then provide this selected inter-frequency satellite’s information to the UE along with a corresponding measurement gap configuration.
Proposal 1: Network can use the UE’s location information (even if coarse) to select a neighbor satellite for the UE to measure. 
After receiving the inter-frequency neighbor satellite’s measurement configuration, the UE will measure the neighbour cell in the configured measurement gap. Due to drifts in the propagation delays between the serving and neighbour satellite, the neighbour satellite’s timing in the measurement gap will change over time. To ensure that this drift in timing doesn’t result in the neighbour cell’s SSB to fall outside the measurement gap, a drift threshold can be introduced to switch between gaps configurations to measure the neighbor satellite. For example, when the neighbor cell delay changes by a certain threshold, the UE can update the configuration of measurement gap (or SMTC window). Any such update will be reported to the network by the UE using a MAC CE.
Proposal 2: A drift threshold is introduced to switch between gaps configurations to measure a neighbor satellite. When the neighbor cell delay changes by a certain threshold, the UE can update the configuration of measurement gaps (or SMTC window) and report this update to the network using a MAC CE.

3 Conclusion
In this contribution, we have the following observations and proposals on SMTC and measurement gaps for NR-NTN:
Observation 1: In connected mode location of the UEs are reported to the network.
Proposal 1: Network can use the UE’s location information (even if coarse) to select a neighbor satellite for the UE to measure. 
Proposal 2: A drift threshold is introduced to switch between gaps configurations to measure a neighbor satellite. When the neighbor cell delay changes by a certain threshold, the UE can update the configuration of measurement gaps (or SMTC window) and report this update to the network using a MAC CE.
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