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Introduction 
For Rel-18 NR NTN enhancements [1], one objective is to further enhance NTN-NTN cell reselection for earth moving cell. And in RAN2#119, the following agreements were made as high-level guidance:
Agreements:
1. Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios 

In RAN2#119bis, further progress was made in this aspect.
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)

Agreements:
1. 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.
2. [bookmark: _Hlk118140196][bookmark: _Hlk118139160]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 paper, we continue discussing how the reference location and/or distance threshold are conveyed to the UE for earth-moving cell, while also providing our views on other cell reselection enhancements.
Discussion 
How to broadcast the reference location of serving cell
In RAN2#119bis, RAN2 agreed that network provides the reference location and distance threshold of serving cell for UE to estimate when the serving cell stops providing coverage at the present UE location. The system information is the basic means for providing this assistance information. Since distance threshold or cell radius is a stable value, it can be included in SIB without update. 
Proposal 1: the distance threshold of current serving cell is a value broadcast in SIB.
Regarding how to provide reference location of current serving cell, several options have been discussed as below:
List of current options:
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.
2.	multiple reference locations and its time information of Earth-moving cell.
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
4.	cell type (fixed or moving), reference location coordinates with a time stamp, and the velocity of reference location 
5.	cell type, reference location corresponding to the epochTime (reuse the existing epochTime).
In our view, option 1 and 2 are preferred, and they can be applied in different cases. According to TS 38.331, satellite ephemeris data is broadcast in SIB19, and it could be in two formats, i.e., 1) satellite orbital parameters and 2) PVT (Position, Velocity, Time) data as shown in the ASN.1 structure below. 
EphemerisInfo-r17 ::=          CHOICE {
    positionVelocity-r17           PositionVelocity-r17,
    orbital-r17                    Orbital-r17
}
Observation 1: two formats of satellite ephemeris data have been supported and specified in TS 38.331, i.e., 1) satellite orbital parameters and 2) PVT (Position, Velocity, Time) data.
Considering different formats of satellite ephemeris, these two cases should be discussed separately.
Case 1: if satellite orbital parameters are available for earth-moving cell, option 1 is applicable.
There are two formats of ephemeris data, one is for orbital parameters, and the other one is for PVT (Position, Velocity, Time) parameters. If satellite orbital parameters are available, a UE can know and predict where the serving satellite is at any time, and also the satellite coverage according to the location coordinates of the sub-satellite point. As agreed by RAN2 in RAN2#119bis meeting, i.e., “RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion”, although this is about how to predict next serving cell, the same capability can be applied to the prediction of coverage of current serving cell. In this case, if the reference location and distance threshold of the serving cell are provided at one time instant, the UE is able to predict the trajectory of reference location and the corresponding cell coverage on ground based on the satellite orbital parameters in the future, i.e., the trajectory of reference location on ground can be aligned with the satellite orbit (as it could be considered as the projection of the satellite orbit). This means, the UE does not need to acquire reference location information once it acquires it from SIB. The update of the reference location is for the other UE who just camps on this cell so that it needs to know the reference location for the first time.
As illustrated in Figure 1, at T0, the UE starts camping on an NTN cell. And at T0.5 the UE receives the SIB including the satellite orbital parameters, location coordinates of reference location and the distance threshold. Then the UE can calculate the cell stop time T1, i.e., the time when the serving cell stops providing coverage at the present UE location.
So, when the satellite orbital parameters are available for earth-moving cell, it’s sufficient to provide current reference location in SIB, and network is supposed to update the values every time when it is provided in SIB for Earth-moving cell.


Figure 1: NTN cell service duration
Observation 2: when the satellite orbital parameters are available for earth-moving cell, it’s sufficient to only provide current reference location in SIB for UE to estimate when the serving cell stops providing coverage at the present UE location, and network is supposed to update the value every time when it is provided in SIB for Earth-moving cell.
 
Case 2: if PVT ephemeris data is available for earth-moving cell, option 2 is applicable.
The PVT ephemeris refers to the instantaneous position and velocity state vector of satellite. It is not sufficient for UE to predict the satellite orbit only with PVT ephemeris, moreover the UE is not able to predict the trajectory of reference location either. In this case, network can broadcast a list of reference location and the corresponding time stamps (e.g., in UTC format for each reference location). It means the network provides the information of the trajectory of reference location to all UEs, and it would be better if the duration of information for this trajectory is longer than the longest service time of all UEs. For example, if the NTN cell diameter size is 50km, and considering the satellite speed is 7.56km/s, the longest service time is 6.61 seconds. So, the duration of the broadcast trajectory should be longer than 6.61 seconds. Then a UE can determine which reference location is the nearest location which corresponds to that the UE is at cell edge. So the corresponding time stamp can be used approximately as the cell stop time.
As illustrated in Figure 2, there are three reference locations and the corresponding time stamps broadcast in SIB, i.e., T0, T1, T2. And at time T2, the UE will be already out of coverage, but at time T1 the UE is still within the cell coverage. So the time T1 is considered as the rough cell stop time. Or, the UE may be able to calculate more exact time when it would exactly be out of coverage (e.g., it corresponds to a virtual reference location in Figure 2), e.g., by comparing the current location to that of the linear interpolation of a list of reference locations and the associated time stamps broadcasted. 



Figure 2: estimated cell center that corresponds to the time when UE is at cell edge 
Observation 3: when the PVT ephemeris is broadcast for earth-moving cell, multiple reference locations and its time information in SIB for UE are must-have to estimate when the serving cell stops providing coverage at the present UE location.
From the list of options under consideration included above, in comparison with option 1 and 2, option 3 seems not so straightforward as it needs to specify the concept of sub-satellite point and the corresponding offset between cell reference location and sub-satellite point. Option 4 mentions velocity, but this velocity information is already reflected in orbital parameters or provided in PVT ephemeris. In option 5, the epoch time is included, however it seems natural to reuse the epoch time when the satellite assistance information is time-varying. As it has already been specified in Rel-17, no further spec change is expected on this.
Proposal 2: When case satellite ephemeris is in format of orbital parameters, only current reference location of serving cell is broadcast in Earth-moving cell.
Proposal 3: When case satellite ephemeris is in format of PVT, multiple reference locations and its time information of Earth-moving serving cell are broadcast.

Measurement relaxation based on cell stop time
Another potential enhancement is to apply relaxed measurements during service time of an NTN cell. For this, the time period while a UE camps on a serving cell can be divided into two parts depending on whether relaxation of the measurements is performed or not, 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), and the relaxed neighbour cell measurements can be performed. However, during the time slot [T0.9, T1], the UE has to perform normal neighbour cell measurements and get ready for next cell reselection. Moreover in some scenarios, it can also be possible that UE may relax neighbour cell measurements until the estimated cell stop time.


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. Similarly, a distance threshold can also be applied for the same purpose.
Proposal 4: define a new criterion for the measurement relaxation before a UE leaves current NTN cell. When this criterion to relax measurement is met, this allows a UE to relax neighbour cell measurements until certain trigger is met, such as, the estimated cell stop time.

Estimation of upcoming cells
In Rel-17 NTN, a solution was proposed that the information of upcoming cells can be broadcast. Since an 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 reference location and the distance threshold 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.
In RAN2#119bis, the following agreement was made
Agreements:
1. RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)

Since the assistance information mentioned above, i.e., predefined satellite orbits, are common for both connected and idle/inactive UEs, RAN2 can also confirm idle/inactive UEs can also predict which cells are the upcoming cells for cell reselection based on similar assistance information, e.g., satellite orbital parameters, the reference location and distance threshold of neighbour cells.
Proposal 5: RAN2 confirms that UEs in idle/inactive can predict which cells are the upcoming cells for cell reselection based on assistance information, e.g., satellite orbital parameters, the reference location and distance threshold of each neighbour cell.

Conclusion
In this paper, we discuss the NTN cell reselection enhancements, and we have the following observations:
Observation 1: two formats of satellite ephemeris data have been supported and specified in TS 38.331, i.e., 1) satellite orbital parameters and 2) PVT (Position, Velocity, Time) data.
Observation 2: when the satellite orbital parameters are available for earth-moving cell, it’s sufficient to only provide current reference location in SIB for UE to estimate when the serving cell stops providing coverage at the present UE location, and network is supposed to update the value every time when it is provided in SIB for Earth-moving cell.
Observation 3: when the PVT ephemeris is broadcast for earth-moving cell, multiple reference locations and its time information in SIB for UE are must-have to estimate when the serving cell stops providing coverage at the present UE location.
And we propose:
Proposal 1: the distance threshold of current serving cell is a value broadcast in SIB.
Proposal 2: When case satellite ephemeris is in format of orbital parameters, only current reference location of serving cell is broadcast in Earth-moving cell.
Proposal 3: When case satellite ephemeris is in format of PVT, multiple reference locations and its time information of Earth-moving serving cell are broadcast.
Proposal 4: define a new criterion for the measurement relaxation before a UE leaves current NTN cell. When this criterion to relax measurement is met, this allows a UE to relax neighbour cell measurements until certain trigger is met, such as, the estimated cell stop time.
Proposal 5: RAN2 confirms that UEs in idle/inactive can predict which cells are the upcoming cells for cell reselection based on assistance information, e.g., satellite orbital parameters, the reference location and distance threshold of each neighbour cell.
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