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1. Introduction 
In Rel-18 WID, Following objectives are specified for IDLE mode mobility enhancements.
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
When TN frequency is set to higher priority, the UE periodically measures and tries to find the cell in the higher priority frequency regardless of any measurement rules as specified in TS 38.304. As NTN cell covers large part of area where there may be no TN coverage. In such area, unnecessary frequency search can lead to more power consumption. 

In this document, we provide potential solutions to reduce power consumption due to unnecessary TN cell search.
2. Discussion 

The issue of unnecessary TN cell search has been brought up before in Rel-17. One solution that has been proposed is to provide the TN cell coverage information to UE as shown in Figure 1. However, the concern is how accurately such information can be provided to UE. The cell level coverage information may not be provided to UE due to privacy issue. In addition, how does UE know whether the frequency to be measured is TN or NTN is also not clear.
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Figure 1 Example if unnecessary TN cell measurements
A cell could be a GSO cell which could be very large. The GSO cell can cover multiple cities where there can be TN coverage and, remote area and ocean where there is no TN coverage. Therefore, GEO cell, network broadcasting possible area of TN frequency search can be helpful for UE but it will not be accurate and the UE may not search TN frequency when needed, i.e., even when there is TN cell coverage.

In addition, a cell could be NGSO moving cell but frequent change in neighbor frequency list in system information could be very inefficient due to SI change modification procedure. Therefore, the NGSO moving cell could broadcast list of TN frequencies covering vast number of areas where the cell provides coverage at different times and the frequency list can be updated infrequently.
For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE performs measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133. When a UE is camping in NTN cell, the TN frequency is likely to have a reselection priority higher than the reselection priority of current NTN frequency. 

Therefore, a new solution as TN frequency relaxation can be defined to resolve the issue. The solution works as follows:

(1) As in legacy, inter-frequency list is provided to UE.
(2) The UE identifies whether the frequency is TN or NTN.

a. If not identified, simply the other NTN frequency can have reselection priority higher than current cell frequency.

b. The inter frequency list (NR NTN or TN) and inter-RAT frequency list (IoT NTN or TN) can be extended to add TN/NTN indication.

(3) For a TN frequency that has higher reselection priority, a detection threshold, say an integer X number of measurement occasions, is defined.

a. RAN4 feedback can be used to define the threshold.

(4) If the UE does not detect the cell for X number of measurement occasions in the TN frequency, the UE relaxes the measurement of the TN frequency.

a. The UE is not required to measure the higher priority TN frequency periodically. However, it is possible to define this relaxation regardless of reselection priority.
b. When in TN cell measurement relaxation, the UE still follows the existing serving cell RSRP based equal or lower priority frequency measurement rules.
(5) The UE exits the TN frequency relaxed measurement if it moves by a threshold distance.
a. Similarly, a time threshold can be defined, i.e., time T to exit the relaxed measurement.

b. If the UE detects SSB in the frequency, the UE also exits the relaxed measurement.

The solution defined can be used on the top of provided TN coverage information, i.e., the above-described solution is used when the UE is outside of the TN coverage radius provided by the network. However, it is not necessary as the solution can be used without any information of TN coverage area.
Proposal 1 Introduce indication to identify TN cells from inter-frequency list and inter-RAT frequency list.
Proposal 2 Introduce relaxed measurement for TN frequency for which the reselection priority is higher than current NTN cell reselection priority.

3. Conclusion

Following proposals are made.
Proposal 1
Introduce indication to identify TN cells from inter-frequency list and inter-RAT frequency list.
Proposal 2
Introduce relaxed measurement for TN frequency for which the reselection priority is higher than current NTN cell reselection priority.
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