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Introduction
[bookmark: _Hlk66110521]In RAN2#115-e meeting [1], RAN2 agreed that the NW-based solution is supported for the SMTC configuration in NTN, with the understanding that the NW-based solution is generally applicable for the UE in RRC_CONNECTED. In RAN2#116-e meeting [2], RAN2 further agreed that the UE-based solution is also supported for the SMTC configuration, particularly for the RRC_IDLE and RRC_INACTIVE UE. The relevant agreements are shown in the following. 
	Agreement in RAN2#115-e:
· 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.
Agreement in RAN2#116-e:
· UE-based solution for SMTC adjustments in NTN is supported for IDLE/INACTIVE UEs. FFS how does the UE perform the necessary shifts in SMTC.


In this paper, we focus on the UE-based solution for the SMTC adjustment, and provide the observation regarding the constraints and power saving issue of the UE-based solution. With the intention to enhance/improve the UE-based solution, we propose some remedies in this paper that may rely on some additional signaling broadcasted by the network. Those additional signaling may ease UE’s requirement and reduce UE’s power consumption while using the UE-based solution for the SMTC adjustment.

Discussion
When configuring a UE with an SMTC, it should be noted that there could be slight timing difference between the timing of the PCell and the timing of the measurement target, contributed by the propagation delay difference experienced by the UE. Such a slight timing difference can be neglected in the TN case as the propagation delay difference is very small and hence is not required to be reflected in the timing offset setting. Therefore, only one timing offset is configurable among the up to two SMTCs configured in a frequency band, according to 3GPP TS 38.331 (v16.7.0) [3]. However, for the NTN NGSO (Non-Geosynchronous Orbit) case, since the propagation delay between a satellite and a UE could be up to 25.77 ms and the variation for different satellites could be significant (e.g., from 8 ms to 25.77 ms, according to TR 38.821, v16.1.0, section 7.1.1 [4]), there might be a need to have an individual timing offset associated to each measurement target (i.e., a satellite) configured in one frequency band. As a result, it could end up having multiple timing offsets or even multiple SMTCs configured in one frequency band. The relevant discussions have been concluded in previous RAN2 meetings [1][2][5], with the agreements being captured as follows.

	Agreements in RAN2#113bis e-meeting
· 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.
Agreements in RAN2#115 e-meeting
· 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.
Agreements in RAN2#116 e-meeting
· In NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e. there is no switching between or activation/deactivation of configured SMTCs. FFS whether this (UE support for 2 SMTCs) requires a UE capability. A UE can optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel).



As the SMTC is a common feature/configuration for UEs regardless of their RRC states (i.e., RRC_CONNECTED, RRC_IDLE, RRC_INACTIVE) and it appears in both the system information and the measurement object, the above agreements regarding the multiple SMTCs should be applicable to both the RRC_CONNECTED UE and RRC_IDLE/INACTIVE UE.
The previous agreements regarding the maximum number of SMTCs supported per frequency for RRC_CONNECTED UEs are also applicable to RRC_IDLE/RRC_INACTIVE UEs (i.e., there can be up to four SMTCs configured in one SIB).
[bookmark: _GoBack]Since the propagation delay plays an important role in determining the SMTC time offset, the network needs to know the geolocation of a UE and the position of a target satellite before it can determine the SMTC for the UE. Different from the SMTC in a measurement object, the SMTC in the system information should be configured/determined based on a ‘reference’ UE location instead of a real UE location, as the SMTC is not for a particular UE but for all the UEs in RRC_IDLE/RRC_INACTIVE.
The network takes the ephemeris information and a UE reference location into account while determining the configurations for an SMTC listed in one SIB.
It should be noted that the SMTC could be only valid for a very short period due to the fast movement of the satellite. To catch up with the rapid offset change due to the fast satellite movement, the network may need to provide the up-to-date SMTC configuration to UE very frequently. However for RRC_IDLE and RRC_INACTIVE UEs, the network may not be able to update the SMTC timely in the system information, as updating a value in the system information is only possible in the next modification period, which typically takes hundreds or thousands seconds to take effect. Therefore, a feasible solution is to allow the RRC_IDLE or RRC_INACTIVE UE to adjust the SMTC settings by itself as time goes on, as being agreed in the RAN2#116-e meeting [2]. 
However, completely relying on the UE to adjust the SMTC setting has several challenges. First, it requires the UE to have the full and up-to-date knowledge about the ephemeris information in order to calculate/estimate the propagation delays between it and the concerned neighboring satellites, which is not always possible especially for the UE in RRC_IDLE or RRC_INACTIVE state. Second, it is going to consume a lot of power from the UE, as the UE needs to check its current geolocation and then calculates/estimates the distance/propagation delay between the UE and the concerned neighboring satellites all the time, which is not desirable for a UE in RRC_IDLE or RRC_INACTIVE state.
Completely relying on the UE itself to adjust the SMTC setting is not always feasible for RRC_IDLE/RRC_INACTIVE UEs, and may consume UE’s power in a way that is not desirable for RRC_IDLE/RRC_INACTIVE UEs.
Due to the above observation, it is more desirable if the network can provide in the system information the parameter(s) or configuration(s) on how to adjust/shift the SMTC setting as time goes on, to save UE’s burden and to avoid frequently updating the SMTC. The parameter(s) can be a drifting rate parameter indicating the amount of offset shifted per time unit regarding an SMTC, can be a validity timer associated with an SMTC, or can be a start and end time pair (absolute time) associated with an SMTC. The network may also provide a list of SMTCs that the UE shall apply one by one sequentially from the first SMTC until the last SMTC in the list, with each SMTC being associated with a start and end time pair. 
[bookmark: _Toc85725080]The network associates each SMTC in the SIB with the parameter(s) that can assist the RRC_IDLE/RRC_INACTIVE UE to apply/adjust/shift the SMTC as the time goes on.
Since an RRC_IDLE/RRC_INACTIVE UE may camp to a new/different cell any time within the SI modification period, it might be beneficial if the network can let UEs know that when (in the form of absolute time or SFN + subframe number) an SMTC started taking effect. By knowing such a reference time, the UE configured with the drifting rate or the validity timer is able to calculate the time elapsed since the SMTC took effect and is able to apply/adjust/shift the SMTC properly. 
The network may provide a reference time in the system information to indicate from which time point the associated SMTC started taking effect. 
Conclusion
In this paper, several observations are made with regard to the issues on SMTC adjustment for IDLE and INACTIVE UEs in NTN. 
1. The network takes the ephemeris information and a UE reference location into account while determining the configurations for an SMTC listed in one SIB.
1. Completely relying on the UE itself to adjust the SMTC setting is not always feasible for RRC_IDLE/RRC_INACTIVE UEs, and may consume UE’s power in a way that is not desirable for RRC_IDLE/RRC_INACTIVE UEs.
Based on the observations, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	The previous agreements regarding the maximum number of SMTCs supported per frequency for RRC_CONNECTED UEs are also applicable to RRC_IDLE/RRC_INACTIVE UEs (i.e., there can be up to four SMTCs configured in one SIB.
Proposal 2	The network associates each SMTC in the SIB with the parameter(s) that can assist the RRC_IDLE/RRC_INACTIVE UE to apply/adjust/shift the SMTC as the time goes on.
Proposal 3	The network may provide a reference time in the system information to indicate from which time point the associated SMTC started taking effect.
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