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Discussion and Decision
1 Introduction
NTN-NTN cell reselection enhancement is one of the objectives in R18 NTN enhancement WID [1]. RAN2 discussed this topic and made the following agreements in RAN#120 and RAN2#119bis-e meeting. In this contribution, enhancements on cell reselection in both NTN-NTN is discussed according to agreements made in RAN2#119bis-e.
In RAN2#119bis-e: 
	Agreements

1. 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)

2. 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.

3. 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.

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

5. 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.

6. 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.


In RAN2#120 agreements, there are not further decisions based on above agreements. This contribution focus on the NTN-NTN cell reselection enhancement. In this contribution, we provide our analyses and proposals to resolve the remaining issues involved in the following three aspects:
· Time-based cell reselection enhancement
· Location-based cell reselection enhancement

· Angle-based cell reselection
In earth-moving cell, NW should provide reference location/distance threshold of serving cells to estimate when serving cell will stop providing coverage, Since existing specs already allows NW to provide reference location(i.e., referenceLocation-r17 ) for quasi-earth fixed cell through SIB19,it can be to use the comparable mechanism in earth-moving cell.
2 Discussion

For quasi-earth fixed cell, the location-based and time-based cell selection/reselection measurement are supported in R17. Network configures the reference location and the distance threshold. In the configuration, the reference location is the cell center, and the distance threshold is relevant to the cell radius. If the distance between UE location and the reference location is greater than the distance threshold, UE will start the neighbor cell measurement for cell selection/reselection. The time information provided by network refers to the time point for measurement for cell reselection, when the serving cell is going to stop serving a geographical area. 
In R18, NTN-NTN cell reselection enhancement is focusing on the earth-moving cell scenario. And the characteristics of the earth moving cell is that the cell coverage covers different geographical areas in different timepoints. To solve the FFS how the reference location and/or distance threshold are provided to the UE, we need clarify some issues:
Firstly, in the coverage of earth-moving cell scenario, there is big probability some UEs are covered by the same satellite in different time, such as UE1 in Fig.1, or are covered by different satellite in different timepoints, such as UE2 in Fig.1:
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Fig1: The coverage of the earth moving cell 
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Observation 1：if UE is covered by same satellite in different timepoints, the time that UE arrives the edge of these two areas (A area, B area) is different, and more precise sub-regions of the area of NTN covering should be considered to estimate the time and distance of arriving the NTN cell edge. UE need to know when trigger measurement or HO.
Proposal 1: Setting more smaller zone as sub-regions in one NTN cell is helpful to improve the accuracy of estimated UE location, Therefore, the number of sub-cells divided can be based on the ground conditions of satellite coverage and the distribution of TN cell in the satellite coverage area, and UE provides assistant information so that NTN sub-cells can be divided more accurately. As shown in Fig1: sub-cells include NTN1,NTN2,NTN3….
Proposal 2: The related information of sub-regions in NTN coverage should be informed by NW.
Observation 2： According to the dynamically changed coverage of the earth moving cell, UE needs some assistance information to help estimate whether it would close to the cell edge, so as to enable the neighbor cell/frequency measurement for cell reselection in time. Considering two formats of ephemeris data provided by satellite , one is for orbital parameters, and the other one is for PVT (Position, Velocity, Time) parameters，if satellite orbital parameters are available for earth-moving cell, a UE can obtain coordinates of the sub-satellite point and can predict itself serving time to the serving satellite at any time in satellite move orbit. Therefore, location-based cell reselection enhancement, time-based cell reselection enhancement and angle-based measurement trigger will be more useful and more valuable in earth moving cell.
Proposal 3: For time-based measurement trigger, see the Fig. 2, based on the offset distance between reference location and sub-satellite point, d1 and d2 can be predicted, and    
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α1 and α2 are the angles of the reference position connected to UE and the angles of the sub-satellite point connected to UE in the Fig.2.   
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Fig2: The plane figure of the earth moving cell 


Whatever UE is located in A area at T0 or is located in B area at T1, UE knows which sub-cells it located, d2 can be predicted.  α1 can be gotted through OTDOA positioning or GNSS assistment information. It means that the UE can obtain its distance to the cell edge when it is in area B. UE can also know and predict itself service time in B area with the satellite's moving speed and orbit. According to the distance and service time, UE can determine when it will trigger the measurement.
Proposal4: For location-based cell reselection enhancement, according to the dynamically changed coverage of the earth moving cell, UE can know which sub-region it belongs to in sub-regions, Then, UE can estimate the distance to the edge of NTN cell based on some assistance information.
Proposal5: For angle-based measurement trigger, through sub-regions of NTN cells, when the satellite moves to a certain position at T1, the offset angle of the current satellite can be obtained by the distance the current service link and the distance between the sub-satellite point and satellite. According to Fig.1, in the satellite’s orbit, it can be approximately considered that the height of each sub-satellite point is the same. So, when UE to trigger measurement depends the distance between the terminal equipment and the network equipment corresponding to the NTN cell, depends the height of the network equipment corresponding to the NTN cell from the ground. the direction angle of the antenna of the network equipment corresponding to the NTN cell and a sub-region in the NTN cell.
3 Conclusion
According to the analysis, we propose that:
Proposal 1: Setting more smaller zone as sub-cells in one NTN cell is to more precise estimated UE location, Therefore, how many sub-cells can be divided based on the ground conditions of satellite coverage and the distribution of TN cell in the satellite coverage area, and UE provides assistant information so that NTN sub- cells can be divided more accurately. As shown in Fig1: Sub-cells include NTN1,NTN2,NTN3….

Proposal 2: The information of sub-regions related in NTN covering should be informed by NW.
Proposal 3: For time-based measurement trigger, d1and d2 can be predicted related with reference location sub-satellite point, and sub-regions. UE can obtain the distance from the cell edge when it is in area B. UE can also know and predict itself service time in B area by the satellite's moving speed and orbit. According to the distance and service time of the edge, UE can determine when it will trigger the measurement.
Proposal4: For location-based cell reselection enhancement, according to the dynamically changed coverage of the earth moving cell, UE can know which sub-region does it belong to in sub-regions，Then, UE can estimated the distance to the edge of NTN cell based on some assistance information.
Proposal5: For angle-based measurement trigger: through sub-regions of NTN cells, when the satellite moves to a certain position at T1, the offset angle of the current satellite can be obtained by the distance between the current service link and the distance between the sub-satellite point: according to Fig1, in the satellite’s orbit, it can be approximately considered that the height of each sub-satellite point from the satellite is the same. The coverage area of the satellite will be considered; So, when UE trigger measurement based on servicing time and angle-based covered, UE depend the distance between the terminal equipment and the network equipment corresponding to the NTN cell; The height of the network equipment corresponding to the NTN cell from the ground; The direction angle of the antenna of the network equipment corresponding to the NTN cell; as well as a sub-regions in the NTN cell.

4 References

[1] RP-223534, Revised WID: NR NTN (Non-Terrestrial Networks) enhancements, Thales

B area
Fig1: The coverage of the earth moving cell
Offset
UE1
A area
NTN2
NTN2
NTN1
NTN3
Reference point
T0
T1
Sub point
NTN1
NTN3
UE2



UE
Reference Location
Sub- satellite point
Offset
α1
α2
Satellite moving track
A area
B area
d1
d2
Fig2: The plane figure of the earth moving cell



