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1. Introduction 
For Rel-18 NR NTN enhancements [1], one objective is to further enhance mobility performance as described below.
	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements

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]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]




In this paper, we provide our views on NTN cell reselection enhancements.
2. Discussion 
2.1 NTN-NTN cell reselection for earth moving cell
2.1.1 Estimation of cell stop time
In the topic of cell reselection enhancements, two solutions were specified during Rel-17 NTN, i.e., time based cell reselection and location based measurement initiation. Regarding the time based cell reselection, network provides the common cell stop time, and all idle/inactive UEs perform cell reselection before this cell stop time. As for location based measurement initiation, reference location of the serving cell and distance threshold are provided by network, if the distance between UE and the reference location of current serving cell is larger than the threshold, UE should perform neighbour cell measurement. But these two solutions are only for quasi-Earth fixed system, not for moving cell system. So, in Rel-18 RAN2 can further discuss how to enhance the performance of cell reselection for moving cell case.
In moving cell case, the satellite footprint slides over on the earth along with the movement of LEO satellite. Considering the NTN cell diameter size is at least 50km, and the typical LEO satellite speed is 7.56km/s, it means in 6.61 seconds all idle/inactive UEs in this cell need to be handed out (reselect another cell to camp on), while new UEs need to camp on this cell. The movement of a NTN cell coverage is illustrated in Figure 1 [2].
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Figure 1: Transition of UEs as a NTN cell moves
Since the frequency of cell change mainly depends on the cell diameter and satellite speed, it’s a network deployment/implementation issue which is out of scope of RAN2 discussion. From UE point of view, RAN2 can still focus on how to improve the efficiency and save UE power during cell reselection procedure.
Different from quasi-earth fixed cell, the cell stop time is different for each UE camping on earth moving cell. After a UE camps on a cell, if the location coordinates of cell center and the radius of cell coverage can be broadcast, the UE is able to predict the trajectory of cell center and the corresponding cell coverage on ground based on the satellite orbital parameters, i.e., the trajectory of cell center on ground can be aligned with the satellite orbit (as it could be considered as the projection of the satellite orbit).
Observation 1: if the location coordinates of NTN cell center and the radius of cell coverage are broadcast for earth moving cell, a UE is able to predict the trajectory of cell center and the corresponding cell coverage on ground based on the satellite orbital parameters.
After a UE camps on a cell, it needs to estimate when it leaves the cell coverage. As illustrated in Figure 2, at T0, the UE starts camping on a NTN cell. And at T1, the UE leaves this NTN cell, i.e., it’s the cell stop time for this UE. It could be up to UE implementation to estimate the time point T1 if the following parameters of serving cell are provisioned, i.e., satellite orbital parameters, location coordinates of cell center and the radius of cell coverage.


Figure 2: NTN cell service duration
Proposal 1: For NTN-NTN cell reselection with earth moving cell, to consider providing parameters of serving cell to UE for UE to estimate the stop time of serving cell. These parameters of the serving cell can be satellite orbital parameters, location coordinates of cell center and the radius of cell coverage.

2.1.2 Measurement relaxation based on cell stop time
Another potential enhancement is to apply relaxed measurements during service time of a NTN cell. Assuming that the time period while a UE camps on a serving cell is divided into two parts depending on whether relaxation of the measurements is performed, for example as illustrated in Figure 3 below. Time T0 is the start time point when the UE begins to camp on this cell, time T1 is the end time point when the UE leaves this serving cell. The time T0.9 is the time when UE begins to perform normal neighbour cell evaluation and become ready for cell reselection. So, during the time slot [T0, T0.9] the cell coverage is good enough (at least for outdoor UEs), the relaxed neighbour cell measurements can be performed. And during the time slot [T0.9, T1], the UE can perform normal neighbour cell measurements and get ready for next cell reselection.


Figure 3: application of relaxed measurements before cell reselection
Since the detailed relaxed measurement related UE behaviour has been specified in TS 38.133, RAN2 needs to introduce a new relaxed measurement criterion, e.g., after UE camps in a cell, or for certain time “x”, UE may be allowed to relax neighbour cell measurements until the estimated cell stop time or certain time “y” before the estimated stop time, a UE may choose to perform relaxed neighbour cell measurements.
Proposal 2: If proposal 1 is agreed, to define a new trigger for the measurement relaxation considering the estimated cell stop time. For example, after UE camps in a cell, or for certain time “x”, UE may be allowed to relax neighbour cell measurements until the estimated cell stop time or certain time “y” before the estimated stop time.

2.1.3 Estimation of upcoming cells
In Rel-17 NTN, a solution was proposed that the information of upcoming cells can be broadcast. Since a NTN cell could be very large, and different UEs at different locations may face different upcoming cells. If the following parameters of neighbour cells are also provisioned, i.e., satellite orbital parameters, location coordinates of cell center and the radius of cell coverage, it could allow UE to estimate which cells are the upcoming cells for itself. So, it can be more efficient when the UE can shorten the list of neighbour cells for cell reselection.
Proposal 3: The parameters explained in Proposal 1 can also be for neighbour cells for UE to estimate which cells are the upcoming cells for cell reselection. I.e., these parameters of the neighbour cell can be satellite orbital parameters, location coordinates of cell center and the radius of cell coverage.

2.2 NTN-TN cell reselection
The coverage area of an NTN cell can be very large considering the cell diameter could be up to 1000km. For example, an NTN cell may cover both parts of oceanic and terrestrial areas as illustrated in Figure 4. It is possible that there are many terrestrial cells available within a given NTN cell. So the UEs in the common area of both TN cells and NTN cells and the UEs in NTN-only area may need to consider how to perform cell reselection between the TN and NTN cells efficiently.
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Figure 4: NTN cell coverage area
In Rel-17, for the UEs in the common area of both TN cells and NTN cells, RAN2 understanding is that UE can rely on existing frequency priority based TN and NTN differentiation, or network can assign different cell specific offset values to prioritize TN cells in case of intra-frequency deployment. But there was no further discussion for UEs in an NTN only area.
For those UEs in NTN only area, the TN neighbour cells can be configured with high frequency priority or equal priority in system information, but it is just a waste of UE power to keep searching for these TN cells as these cells are not deployed in this NTN only area. In this case, it would be beneficial to indicate the geographical area of TN neighbour cells within this NTN cell. Therefore when a UE is in TN area, it performs TN neighbour cell measurements; while in NTN only-area, a UE does not need to perform TN neighbour cell measurements.
The following information could be provided in system information to assist UEs for this purpose:
1. Cell type of a neighbour cell, i.e., TN cell or NTN cell. It could be done in an explicit way (a new field in system information is used to indicate the cell type) or an implicit way (if there is the corresponding satellite ephemeris data associated with this neighbour cell, it’s an NTN cell. Otherwise, it’s a TN cell). 
2. Geographical information about TN area. There are several options to describe a geographical area:
Option 1: for each TN neighbour cell, the corresponding geographical area information is provided by network, e.g., approximate cell center and cell radius, as illustrated in Figure 5 there are 3 TN neighbour cells within an NTN cell.  




Figure 5: TN area for each cell

[bookmark: _Hlk106374508]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 (e.g., location coordinates of a TN point), as illustrated in Figure 6. 



Figure 6: boundary line between TN area and NTN only area
On summary, we understand that it would be helpful for UE to differentiate NTN only area vs other ones and to enable corresponding relaxation mechanisms when performing measurements.
Proposal 4: To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping on “NTN only area” vs “NTN-TN area”. “NTN only area” refers to areas where UE does not have TN coverage and can only have coverage with NTN.
Proposal 4.1. If proposal 4 is agreed, cell type of a neighbour cell is indicated to UE (e.g. explicitly or implicitly).
Proposal 4.2. If proposal 4 is agreed, network provides assistance information of NTN-only area (e.g., cell center and cell radius of TN neighbour cells and NTN serving cell, or the boundary line between TN area and NTN area).
Proposal 4.2. If proposal 4 is agreed, when a UE is in NTN only area, UE is not required to perform neighbour cell measurements for TN neighbour cells.

3. Conclusion
In this paper, we discuss the NTN cell reselection enhancements, and we have the following observation and proposals:
Observation 1: if the location coordinates of NTN cell center and the radius of cell coverage are broadcast for earth moving cell, a UE is able to predict the trajectory of cell center and the corresponding cell coverage on ground based on the satellite orbital parameters.
Proposal 1: For NTN-NTN cell reselection with earth moving cell, to consider providing parameters of serving cell to UE for UE to estimate the stop time of serving cell. These parameters of the serving cell can be satellite orbital parameters, location coordinates of cell center and the radius of cell coverage.
Proposal 2: If proposal 1 is agreed, to define a new trigger for the measurement relaxation considering the estimated cell stop time. For example, after UE camps in a cell, or for certain time “x”, UE may be allowed to relax neighbour cell measurements until the estimated cell stop time or certain time “y” before the estimated stop time.
Proposal 3: The parameters explained in Proposal 1 can also be for neighbour cells for UE to estimate which cells are the upcoming cells for cell reselection. I.e., these parameters of the neighbour cell can be satellite orbital parameters, location coordinates of cell center and the radius of cell coverage.
Proposal 4: To enhance NTN-TN cell reselection, means are defined for a UE to differentiate when camping on “NTN only area” vs “NTN-TN area”. “NTN only area” refers to areas where UE does not have TN coverage and can only have coverage with NTN.
Proposal 4.1. If proposal 4 is agreed, cell type of a neighbour cell is indicated to UE (e.g. explicitly or implicitly).
Proposal 4.2. If proposal 4 is agreed, network provides assistance information of NTN-only area (e.g., cell center and cell radius of TN neighbour cells and NTN serving cell, or the boundary line between TN area and NTN area).
Proposal 4.2. If proposal 4 is agreed, when a UE is in NTN only area, UE is not required to perform neighbour cell measurements for TN neighbour cells.

4. References
[1] RP-221819		Revised WID: NR NTN (Non-Terrestrial Networks) enhancements	Thales
[2] TR 38.821		Solutions for NR to support non-terrestrial networks (NTN)
image1.png
No mobility
required

Area requiring UEs /w

Area requiring
to “hand-out” N

UEs to “hand-in”




image2.emf
Time T1

Time T0

UE 

At T0, UE starts camping on this NTN cell.

At T1, UE leaves this NTN cell.

So the service duration is [T0, T1].

Cell center

Satellite 

orbit

Trajectory of 

cell center

Time T0.5

UE location


Microsoft_Visio_Drawing.vsdx
Time T1
Time T0
UE
At T0, UE starts camping on this NTN cell.
At T1, UE leaves this NTN cell.
So the service duration is [T0, T1].
Cell center
Satellite orbit
Trajectory of cell center
Time T0.5
UE location



image3.emf
UE begins to camp 

on this cell

Relaxed neighbour cell 

measurements

Normal neighbour 

cell measurements

T0

T0.9

T1

UE leaves this cell


Microsoft_Visio_Drawing1.vsdx
UE begins to camp 
on this cell

Relaxed neighbour cell measurements

Normal neighbour 
cell measurements
T0
T0.9
T1
UE leaves this cell



image4.png
Atlantic
Ocean




image5.emf
NTN cell

TN cell 1

TN cell 2

TN cell 3


Microsoft_Visio_Drawing2.vsdx
NTN cell
TN cell 1
TN cell 2
TN cell 3



image6.emf
NTN cell

Point 1

Point 2

Point 3

Point 4

Point 5

Point 6

Point 7

TN area 


Microsoft_Visio_Drawing3.vsdx
NTN cell
Point 1
Point 2
Point 3
Point 4
Point 5
Point 6
Point 7
TN area



