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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]
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]


From last RAN2#119be[2] meeting, RAN2 had made agreements for NTN cell reselection enhancement.
	Agreements:

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.


	Agreements:

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


In this contribution, we will provide our views based on last meeting agreements. 
Discussion
NTN-NTN cell reselection enhancements for moving cell

In the last meeting, for earth-moving cell, RAN2 had discussed about how to provide reference location of serving cell and there were proposals from companies that had not been made consensus:

	only location coordinates of current cell center, and network is supposed to update the values every time when it is provided for Earth-moving cell

multiple reference locations and its time information of Earth-moving cell

based on the sub-satellite point derived by satellite ephemeris and the broadcasted location offset between sub-satellite point and the cell reference location

cell type (fixed or moving), reference location coordinates with a time stamp, and the velocity of reference location

cell type, reference location corresponding to the epochTime (reuse the existing epochTime).


There is a difference between moving cell and quasi-earth fixed cell or fixed cell, in the former case, the cell is keep moving and provided information is keep changing as well, but in the later case, the provided information is fixed or relative fixed for a certain time.
In Rel-17, RAN2 had introduced two cell reselection approaches, location-based and time-based, for fix cell and quasi-earth fixed scenarios. UE can detect if it is far from serving cell center and decide whether to perform neighbor cell measurement or UE can observed that the serving cell is going to stop serving current area and up to its implementation to perform neighbor cell measurement. These two approaches cannot be reused for moving cell scenario directly, for instance, the provided reference location is changing with time, at the same time, there are factors need to be taken into consideration, i.e. cell moving direction and/or UE moving direction. While UE is stationary or in low mobility relative to moving cell, even if the distance between UE and cell center is larger than a distance threshold, the UE may consider to hysteresis to perform measurement for neighbor upcoming cell if UE is located in the front of cell moving direction; otherwise, UE should start measurements for upcoming neighbor cell.
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Figure 1 Moving cell with different UE locations

Figure 1 gives an example of UEs located in different position within a moving cell. Both UE1 and UE2 are far away from cell center, both UE’s distance are larger than a threshold. According to Rel-17 location- based cell reselection, both of them need to perform neighbor cell measurement. For UE2, it is no problem to reuse Rel-17 location-based cell reselection mechansim. While regarding UE1, which is located in front of the path of the cell moving direction, that is, the cell can continue to provide service to UE1, if UE starts to perform measurement for neighbor upcoming cell it will cause UE power consumption. For this scenario, RAN2 can introduce enhanced mechanism based on Rel-17 location-based cell reselection.
Observation 1  If UE is located in front of the path of the cell moving direction and uses Rel-17 location-based cell reselection mechanism, the UE will perform measurement for upcoming neighbor cell which will result in UE power consumption.
Proposal 1  For moving cell NTN-NTN cell reselection, RAN2 can introduce enhanced mechanism based on Rel-17 location-based cell reselection.  
One means for the the above mentioned problem is that it can introduce another reference location and a corresponding distance threshold, the reference location can be a position in front of cell moving direction. i.e. a location near UE1’s location, once the UE approaches the reference location, it can delay to perform measurement for upcoming neighbor cell. Also in Rel-17, SIB19 had provided cell ephemeris information, which can be reused to moving cell, UE can use provided ephemeris information to update real-time reference location.
Proposal 2  RAN2 to introduce another reference location and a distance threshold for moving cell reselection enhancement.

Proposal 3  UE can based on its location information and the received new reference location and distance threshold to decide whether to delay perform neighbor cell measurements.
Proposal 4  In Rel-18, moving cell can reuse Rel-17 SIB19 to provide ephemeris information for UE to update real-time reference location.
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[3], while UE is served by a NTN cell which had indicate 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 2  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.
Proposal 5  In Rel-18 NTN-TN cell reselection enhancements, RAN2 can take Rel-17 location-based mechanism as a starting point.
According to last RAN2#119b meeting[2], there were proposed approaches that didn’t reach consensus, which these were about what kinds of assistance information should be provided to UE to identify TN coverage information:

	The cell center and cell radius of TN neighbour cells, or in other terms, the reference location and a distance threshold of TN neighbour cells

The boundary line between TN area and NTN area

For quasi-earth fixed cells, TN coverage is described by a distance range from the cell center and an angle range based on a reference direction

An indication could be included in system information to indicate NTN cell’s coverage overlaps with terrestrial TN cell’s coverage

NTN cell can be divided to several virtual areas based on certain criteria. The virtual areas and the corresponding TN frequency information are broadcast as assistance information to help UE perform more accurate TN measurements.

Introduce a parameter using the polygon shape captured in TS 23.032 to describe the coverage area of a TN neighbour cell.


Regarding approach 1, which reuses Rel-17 mechanism that network provides TN cell’s reference location and a distance threshold to UE to combine its location information to identify whether it is in an area that have TN cells or whether it is within a TN cell coverage, it may results in less effort to modify specification. At the same time, through reusing the Rel-17 mechanism, it can provide the same effects of knowing the boundaries or overlapping areas of TN and NTN. For instance, the reference location can represent a center of an area, which can be combined with a distance threshold to represent its coverage, which implies that it is a TN cell available area, then UEs within this area can perform measurement for TN cells.

Observation 3  For NTN-TN cell reselection enhancements, RAN2 reusing Rel-17 mechanism can have less specification modification and provide the same effects as another approaches.
Proposal 6  RAN2 to consider to reuse Rel-17 location-based mechanism to provide UE reference location and a distance threshold as a NTN-TN cell reselection assistance information.
RAN2 had made agreement in 119be meeting that UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage. UE can identify if it is currently within an area covered by TN network through network provided assistance information. Therefore, when a UE detects that it’s within TN covered area, it can perform measurement, otherwise, UE can skip measurement for those TN cells.

Proposal 7  UE can use network provided assistance information to identify a area covered by TN network and UE can perform measurement while it is within this area.
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 8  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.
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, when UE detects it is not in a TN available area according to location-based or distance-based approach, it then decides whether to perform relax measurement. That is, if the distance between UE and reference location is larger than a threshold, the UE shall perform relax measurement.
Proposal 9   In Rel-18, NTN-TN cell reselection enhancement can introduce distance-based or location-based relax measurement.
Conclusion

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

NTN-NTN cell reselection enhancements
Observation 1  If UE is located in front of the path of the cell moving direction and uses Rel-17 location-based cell reselection mechanism, the UE will perform measurement for upcoming neighbor cell which will result in UE power consumption.
Proposal 1  For moving cell NTN-NTN cell reselection, RAN2 can introduce enhanced mechanism based on Rel-17 location-based cell reselection.  
Proposal 2  RAN2 to introduce another reference location and a distance threshold for moving cell reselection enhancement.

Proposal 3  UE can based on its location information and the received new reference location and distance threshold to decide whether to delay perform neighbor cell measurements.
Proposal 4  In Rel-18, moving cell can reuse Rel-17 SIB19 to provide ephemeris information for UE to update real-time reference location.
NTN-TN ecll reselection enhancements
Observation 2  Regarding NTN-TN measurements, based on current measurement rule for high priority cell, it will leads to UE power consumption.
Proposal 5  In Rel-18 NTN-TN cell reselection enhancements, RAN2 can take Rel-17 location-based mechanism as a starting point.
Observation 3  For NTN-TN cell reselection enhancements, RAN2 reusing Rel-17 mechanism can have less specification modification and provide the same effects as another approaches.
Proposal 6  RAN2 to consider to reuse Rel-17 location-based mechanism to provide UE reference location and a distance threshold as a NTN-TN cell reselection assistance information.
Proposal 7  UE can use network provided assistance information to identify a area covered by TN network and UE can perform measurement while it is within this area.
Proposal 8  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 9   In Rel-18, NTN-TN cell reselection enhancement can introduce distance-based or location-based relax measurement.
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