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1. Introduction 
In RAN2#119bis-e meeting, following agreements were made regarding TN neighbour cell measurements.
Agreements:

1. To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.

2. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.

In this document, we provide further details on how UE can estimate the TN coverage presence and how to handle the inaccuracy of coverage prediction.
2. Discussion 

TN coverage area

There have been a lot of discussion to broadcast the coverage information such as reference location and coverage radius via system information. However, one issue with this approach is that there can be multiple TN coverage areas the NTN cell is covering and the TN coverage area size is not in the level of TN cell coverage but rather it should a larger region or urban or rural area where TN coverage is available.

Providing details of such information incurs a lot of signaling overhead in SIB. Therefore, we think a new mechanism to provide the coverage information should be considered.
One option is to divide an NTN cell coverage into multiple virtual zones and indicate to UE which zones are likely to have the TN coverage as shown in Figure 1. For example, if the NTN cell coverage is divided into 8 zones, only the 8 bits of bitmap can be signalled. This can be good option for GSO and quasi-earth fixed cell scenario but it may not be perfect in terms of accuracy of coverage information.
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Figure 1 An example of NTN cell divided into zones
SA2 also discussed discontinuous coverage solutions where coverage information can be provided to UE. SA2 has recommended following in TS 23.700-28.
Regarding which information UE has and how UE retrieves it:

-
If possible, accurate UE coverage information is shared with UE, i.e. UE coverage information received from the network with enhanced solution compared to Rel-17.

-
Satellite coverage data may be transferred to a UE from an external server or an AF.
-
Following Rel-17, the UE has satellite assistance information for predication of discontinuous coverage from RAN broadcasts.
It is also possible that same solution to be used to provide UE with the TN coverage information, i.e., together with the satellite coverage data, the TN coverage data could be provided. Therefore, we think the conclusion from SA2 SI should also be considered.

Proposal 1 Providing TN coverage data via dedicated UE signaling should be supported. 

Proposal 2 Send LS to SA2 if TN coverage data can be provided together with satellite coverage data.
TN neighbor cell relaxation

When providing TN coverage data to UE, 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.
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Figure 2 Example of 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 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 3 Introduce indication to identify TN cells from inter-frequency list and inter-RAT frequency list.
Proposal 4 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
Providing TN coverage data via dedicated UE signaling should be supported.
Proposal 2
Send LS to SA2 if TN coverage data can be provided together with satellite coverage data.
Proposal 3
Introduce indication to identify TN cells from inter-frequency list and inter-RAT frequency list.
Proposal 4
Introduce relaxed measurement for TN frequency for which the reselection priority is higher than current NTN cell reselection priority.
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