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Introduction

According to WID[1], RAN2 is going to do enhancement for NTN service continuity based on R17 discussion results, the objections are listed as below:

	This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]

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]
...


Below are agreements that had made from RAN2 [2][3][4]:
	119be
For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to  UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)

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.

System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.
In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE
120
RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.
121
TN coverage area information will be associated to the frequency information.

RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion, taking the signalling overhead into account (FFS on the accuracy of the information):

Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.

Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side.
Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.

As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC).
We don’t introduce additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17


In this contribution, we will provide our views based on last meeting agreements. 
Discussion
TN assistant information

In last RAN2 meeting, there are three options to represent TN coverage, below are our views of them:
Option1: Area center with radius
The method is similar to Location-base cell reselection which was introduced in Rel-17. The UE decide whether to do measurements through network provided reference location and distance threshold. The legacy location-based can be reused in Rel-18 which can offer low specification impact, easy maintenance of the network, and low effort for UE to store TN coverage information. For instance, the network can broadcast reference locations and corresponding distance thresholds for TN overlapping area and update, add or release, TN coverage information as needed, because the TN is static relative to moving cell which is not required to update frequently. UE lightly stores the broadcast TN coverage information and updates the stored information according to indications, i.e. paging notification, a timer.
Observation 1  Using reference location and radius to represent TN coverage information is low spec impact, is easy for network maintenance and has less storage effort for the UE.
Option 2: A boundary line (a list of location coordinates with TN side indication)
The method is to provide a list of coordination to form a boundary line and through an indication to indicate which side the TN it is belong to. This way may need to provide a lot of coordinates  information and the accuracy is questionable. On the other hand, the coordinates information are need to be updated frequently, which results in maintenance effort at both network and UE side. Regarding specification revision, it needs to deign how to provide and process these coordinates and indication.   
Observation 2  Using a boundary line to represent TN coverage information results in maintenance effort at both network and UE sides, and larger spec impact compare to option 1.
Option 6: Close shape of a polygon
The method is similar to option 2, through providing multiple locations and make connections to form a closed polygon shape to identify a TN available area. This way will meet the same problems as identified in option 2.

Observation 3  Using a close shape of a polygon to represent TN coverage information shall meet the same problems as identified in option 2 (a boundary line).
Proposal 1  RAN2 prioritize area center with radius for TN coverage information.
NTN-TN cell reselection enhancements

In Rel-17, RAN2 had agreed that there is no further enhancement for measurement of high priority neighbor TN cell. According to current measurement rules[5], while UE is served by an NTN cell that indicates neighbor TN cell measurement information, UE will keep measuring the high priority neighbor cells, even if it is not in the coverage of TN cell, which leads to UE power consumption.
Observation 4  Regarding NTN-TN measurements, based on current measurement rule for high priority cell, it will leads to UE power consumption.
In Rel-17, for equal and low priority neighbor cell, RAN2 had reached consensus on location-based NTN-NTN cell reselection by introducing a distance threshold as a measurement criteria, i.e. if the distance between UE and serving cell reference location is shorter than a threshold, UE may choose not to perform neighbor cell measurement, which can be a starting point of Rel-18 NTN-TN reselection enhancements.
As analyzed in above section, TN coverage information can be provided by reference locations and thresholds, and UE can realize that if it is within TN coverage and decide whether to perform TA cell measurements, which can reuse Rel-17 location-based cell reselection.
Proposal 2  RAN2 to consider to use reference locations and distance thresholds of TN coverage information to do NTN-TN cell reselection enhancement.
RAN2 had made agreement in 119be meeting that UE is not required to perform measurements for TN neighbour cells where it is in an area that is not covered by TN. UE can identify if it is currently within an area covered by TN network through network provided assistance information, reference locations and distance thresholds. Otherwise, UE can measurement for TN cells.

Proposal 3  UE can use network provided assistance information to decide whether to perform  TN cell measurement.

In Rel-16, RAN2 had introduced relaxed measurement for equal and lower priority cell measurements, the main purpose was for UE power saving in certain scenarios, which was developed on top of legacy measurement rule. That is, when UE detects a neighbor cell with equal or low priority and RSRP or RSRQ of servign cell is lower than nonIntrasearch criteria, UE shall perform neighbor cell measurement, after that, UE will evaluate if it’s satisfied another relax measurement criteria, lowMobilityEvaluation and/or cellEdgeEvaluation, if UE satisfied one of them, it can relax measurement as it was need to perform measurement, which results in lower UE power consumption. For example, while the current serving cell fulfils Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ,UE shall relax measurements once it is satisfied Srxlev > SSearchThresholdP (and Squal > SSearchThresholdQ) or the Srxlev variation is within a configured range, (SrxlevRef – Srxlev) < SSearchDeltaP. Therefore, in Rel-18 NTN-TN cell reselection enhancement, a relax measurement mechanism can be designed for high priority neighbor cell through referring to Rel-16 relax measurement mechanism.

Proposal 4  In Rel-18 NTN-TN cell reselection enhancement, a relax measurement mechanism can be designed for high priority neighbor TN cell.
As analyzed above, UE can identify if an area is covered by TN network through network provided assistance information, which can be a starting point for relax measurement mechanism for high priority neighbor. For example, if the distance between UE and TN reference location is larger than a threshold, the UE shall perform relax measurement.
Proposal 5  In Rel-18, NTN-TN cell reselection enhancement can introduce location-based relax measurement.
Conclusion

Based on the outcome of the above discussion, we would like to suggest the following proposals:

TN assistant information
Observation 1  Using reference location and radius to represent TN coverage information is low spec impact, is easy for network maintenance and has less storage effort for the UE.

Observation 2  Using a boundary line to represent TN coverage information results in maintenance effort at both network and UE sides, and larger spec impact compare to option 1.

Observation 3  Using a close shape of a polygon to represent TN coverage information shall meet the same problems as identified in option 2 (a boundary line).
Proposal 1  RAN2 prioritize area center with radius for TN coverage information.
NTN-TN cell reselection enhancements
Observation 4  Regarding NTN-TN measurements, based on current measurement rule for high priority cell, it will leads to UE power consumption.
Proposal 2  RAN2 to consider to use reference locations and distance thresholds of TN coverage information to do NTN-TN cell reselection enhancement.

Proposal 3  UE can use network provided assistance information to decide whether to perform  TN cell measurement.

Proposal 4  In Rel-18 NTN-TN cell reselection enhancement, a relax measurement mechanism can be designed for high priority neighbor TN cell.

Proposal 5  In Rel-18, NTN-TN cell reselection enhancement can introduce location-based relax measurement.
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