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Discussion and Decision
1 Introduction
NTN-NTN cell reselection enhancement is one of the objectives in R18 NTN enhancement WID. RAN2 discussed this topic and made the following agreements in RAN2#119bis meeting. 

	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.


This contribution gives our view on the NTN-NTN cell reselection enhancement.  
2 Discussion

In R17, we only support the location-based and time-based cell selection/reselection measurement for quasi-earth fixed cell scenario. 
· Location-based measurement for cell reselection

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.

· Time-based measurement for cell reselection
The time information (i.e. t-Service, UTC time) provided by network refers to the time point when the serving cell is going to stop serving a geographical area. 
UE shall perform the neighbor cell/frequency measurement for cell reselection before t-Service. 
In R18, NTN-NTN cell reselection enhancement is focusing on earth-moving cell scenario. And the characteristics of the earth moving cell is that the cell coverage covers different geographical areas at different time instances. 
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Figure-1. Example of coverage of the earth moving cell in different timepoints

According to the characteristics of earth moving cell with dynamically coverage change, UE needs the time related location assistance information to help estimate whether it has been at the cell edge, so as to enable the neighbor cell/frequency measurement for cell reselection in time. 
About the time related location assistance information, RAN2 made the following agreement in RAN2#119bis meeting and several options were proposed for further discussion. 
	Agreements:
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, but FFS how the reference location and/or distance threshold are provided to the UE.

	Options:

· Option 1: 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.

· Option 2: multiple reference locations and its time information of Earth-moving cell.

· Option 3: based on the sub-satellite point derived by satellite ephemeris and the broadcasted location offset between sub-satellite point and the cell reference location

· Option 4: cell type (fixed or moving), reference location coordinates with a time stamp, and the velocity of reference location 

· Option 5: cell type, reference location corresponding to the epochTime (reuse the existing epochTime).


Following is our view on the 5 options. 

For Option 1, it requires frequently update of the location info via SIB update procedure by explicit signaling, and it will lead to heavy signaling load. Furthermore, current system information update speed may not keep up with the speed of location info change for the fast earth-moving cell. Therefore, Option 1 should be excluded. 

For the other 4 options, they can be divided into two categories from the reference location aquisition perspective:
· Cat 1: UE adjusts the reference location by itself (Option 5) 
In option 5, network provides one reference location to UE, and UE can adjust the reference location based on the satellite’s orbit and velocity which is derived from the ephemeris info of the serving cell. 
UE operation in category-1 could be like this:
1> When receiving the assistance info, UE associates the reference location info with the timepoint indicated by Epochtime.
2> UE obtains the cell type, satellite’s orbit and velocity information from the ephemeris info of the serving cell. 
3> UE adjusts the reference location of the cell center by itself. 
For example, the reference location of the current cell center can be calculated in the following rough formula:

ReferenceLocation (T) = ReferenceLocation (configured value) + Vsatellite*(T-Tepoch)
· Cat 2: Network configures multiple reference locations and the related time information (Option 2, 3, 4)
	· Option 2: multiple reference locations and its time information of Earth-moving cell.
· Option 3: based on the sub-satellite point derived by satellite ephemeris and the broadcasted location offset between sub-satellite point and the cell reference location
· Option 4: cell type (fixed or moving), reference location coordinates with a time stamp, and the velocity of reference location 


In all options, network provides multiple reference locations and the corresponding time info to UE.

Option 3 and Option 4 can be covered by Option 2. In Option 3, multiple reference locations at different times can be represented by different sub-satellite points and location offsets. In Option 4, if cell type and velocity info are assumed to be derived from the existing ephemeris info, it will be same as the option 2. 
UE operation in category-2 could be like this:

1> UE finds the nearest time in the configured list, and fine the reference location information associated with the time. 
2> UE calculates the distance between its current and the founded reference location, and starts the neighbor cell/frequency measurement if the estimated distance > threshold.
Both categories can work with each has its pros and cons.  
	Category
	Pro
	Con

	Cat-1: UE adjusts the reference location by itself
	· No or less signaling overhead
	·  The accuracy of UE autonomous adjustment on the reference location needs further check with RAN1 and RAN4. 

	Cat-2: NW configures multiple time related reference locations 
	· Simplify the UE implementation
	·  If the number of reference location is relatively large, signaling overhead will be heavy.

·  If the number of reference location is relatively small, the UE can find fewer reference points, and the accuracy will be low.


If two categories can be used together for UE to estimate the reference location and the coverage, it could be much better than we only use Cat-1 or Cat-2. 

For example, if NW provides multiple reference locations with the corresponding time information, UE can first find the most matching configuration (nearest time and the reference location) to use; if not found, UE can autonomously adjust the reference location by itself. 
Proposal 1: NW can provide multiple reference locations with the corresponding time information of earth-moving cell. 

Proposal 2: If the reference location and its time info in the configuration is matched to the UE current situation, UE use the information directly; otherwise, UE autonomously adjust the reference location by itself.  
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: NW can provide multiple reference locations with the corresponding time information of earth-moving cell. 

Proposal 2: If the reference location and its time info in the configuration is matched to the UE current situation, UE use the information directly; otherwise, UE autonomously adjust the reference location by itself.  
