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Introduction
In RAN2#119bis-e meeting, cell reselection with earth-moving cell was discussed [1]. The following agreements were made. 
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. 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.
3. 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
Different options on how to provide reference location information for earth-moving cell were proposed. In this document, we provide our views on the reference location information for cell reselection enhancement with earth-moving cell.
Discussion
For cell reselection with earth-moving cell, it has been agreed in RAN2#119bis-e the reference location and distance threshold of serving cell are provided in system information. But how to provide the reference location information needs further discussion.
The following proposal was made in RAN2#119bis-e regarding how to provide the reference location and/or distance threshold [2].
 Proposal 2: In Earth-moving cell, regarding how to provide the reference location of serving cell, the following options can be further discussed:
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).
We notice the options can be categorized. One category is to directly indicate the reference location coordinates (Option 1, 2, 3, 4). The other category is to indicate the relative position w.r.t. the sub-satellite point (Option 3). 
First consider directly indicating the reference location coordinates. As the earth-moving beam footprint sliding on the ground, the reference location coordinates changes over time. Thus, the reference location coordinates need to be indicated with a timestamp. If the reference location coordinates at the epoch time are provided, the epoch time can be reused as the timestamp. But whether the reference location coordinates only at the epoch time are provided may need further discussion, which is related to how to update the reference location coordinates.
Proposal 1: If the reference location coordinates are provided for earth-moving cell, a timestamp is indicated for the coordinates. FFS whether epoch time is reused as the timestamp.
As stated in the agreement, the purpose of providing reference location and distance threshold is to enable the UE to estimate when the serving cell stops providing coverage at the present UE location. The intuitive way is to provide the motion information for the reference point, e.g., the velocity of reference location, so that the UE can derive the coordinates for any time instant. Specifically, given a starting coordinates at T1, the UE can calculate the coordinates for any time T2 if the velocity is known. 
Observation 1: Given a starting coordinates at T1, the UE can calculate the reference location coordinates for any time T2 if the velocity of reference location is known.
Furthermore, in the example of NTN implementation in TS 38.300 (B.4), for earth moving beams, the information about the beams direction and motion of the beam's footprint are expected to be available at the gNB. 
	At least the following NTN related parameters are expected to be provided by O&M to the gNB for its operation:
a) Earth-fixed beams: for each beam provided by a given NTN-payload:
-	The Cell identifier (NG and Uu) mapped to the beam;
-	The Cell's reference location (e.g. cell's center and range).
b) Quasi-Earth-fixed: for each beam provided by a given NTN payload:
-	The Cell identifier (NG and Uu) and time window mapped to a beam;
-	The Cell's/beam's reference location (e.g. cell's center and range);
-	The time window of the successive switch overs (feeder link, service link);
-	The identifier and time window of all serving satellites (resp. HAPS) and NTN Gateways.
c) Earth moving beams: for each beam provided by a given NTN payload:
-	The Uu Cell identifier mapped to a beam and mapping information to fixed geographical areas reported on NG, including information about the beams direction and motion of the beam's foot print on Earth;
-	Its elevation wrt NTN payload;
-	Schedule of successive serving NTN Gateways/gNBs;
-	Schedule of successive switch overs (feeder link, service link).


As the motion information of earth moving beam is available at the gNB, the gNB can easily provide the velocity of reference location for an earth moving cell/beam, and does not need to frequently update the reference location coordinates. The velocity information can also implicitly indicate the cell is earth-moving.
Proposal 2: For earth-moving cell, the reference location coordinates at a timestamp and the reference location velocity are provided.
On the other hand, consider the option of providing relative position information w.r.t. the sub-satellite point. In option 3, location offset between sub-satellite point and the cell reference location is broadcast. This option assumes that the UE first derives the sub-satellite point for a certain time instant based on satellite ephemeris, and then derives the reference location coordinates for that time instant by using the location offset between the sub-satellite point and the reference location. The first concern for this option is that the location offset may not be fixed but can change over time, then additional information for the location offset change is needed. Furthermore, from the NW perspective, it may need additional computational efforts to obtain the location offset between the sub-satellite point and the cell reference location, if the motion information of earth-moving beam is provided to the gNB independently from satellite ephemeris. From the UE perspective, additional computational effort is required to derive the sub-satellite point for a certain time instant based on the ephemeris. In case ephemeris is provided in the format of position and velocity state vector in ECEF, it may be difficult or even impossible for the UE to derive the sub-satellite point for arbitrary time instants. 
Observation 2: For providing relative position information w.r.t. the sub-satellite point, more computational efforts related to the sub-satellite point are required for both gNB and UE.
For option 1, only location coordinates are provided and updated. Assuming SI modification period is used to update the reference location coordinates. If the UE is not configured with an eDRX cycle longer than the modification period and SI change notification is received in Short Message, the UE acquires the SI from the start of the next modification period; if the UE is configured with an RRC_IDLE eDRX cycle longer than the modification period and SI change notification is received in Short Message, the UE acquires the SI from the start of the next eDRX acquisition period boundary. The modification period boundaries are defined by SFN values for which SFN mod m = 0, where m is the number of radio frames comprising the modification period. As configured in system information, m = modificationPeriodCoeff * defaultPagingCycle, where modificationPeriodCoeff has the smallest value 2 and the largest value 16, and defaultPagingCycle has the smallest value 320 ms and the largest value 2560 ms. So the modification period can be 640 ms to 40960 ms, during which the reference location can move with the satellite for 4.8 km to 309.6 km assuming LEO satellite with speed 7.56km/s. For an earth moving beam with a small beam diameter (e.g., 20 km, 50 km), the reference location moves quite a large distance before the update. The UE needs to derive reference location coordinates between the updates based on additional information. One solution is to provide reference location velocity so that the UE can interpolates the coordinates between updates. Another solution is to leverage the fixed location offset between the sub-satellite point and the reference location for each update. However, the fixed location offset cannot be assumed all the time and the sub-satellite point may not be derived for arbitrary time instants as mentioned for option 3. 
Observation 2: For only providing location coordinates, UE needs to derive reference location coordinates between the updates based on additional information.
In option 2, indicating multiple reference locations and the time information may require large overhead. As the goal is to enhance cell reselection in idle/inactive state, it is cumbersome for the UE in idle/inactive state to maintain the validity duration of each reference location. On the other hand, it is also difficult for the NW to control the granularity in location and in time. Considering the fast motion of reference location due to the high speed of LEO satellite, high granularity in location/time is needed, which must result in large overhead. As a comparison, a more straightforward way is to let the UE know the velocity of the reference location which can be valid for a long duration, and allow the UE to derive the coordinates for any time instant autonomously. 
Observation 3: For providing multiple reference locations and the associated time information, high granularity in location/time is required due to the high speed of LEO satellite, leading to high overhead.
Furthermore, it has been agreed that the distance threshold for the serving cell is provided. Based on the reference location information provided by the network, the UE can derive the distance between UE and the serving cell reference location, and use the distance threshold to evaluate whether to initiate neighbor cell measurement. This is similar to the location-based measurement initiation rule introduced in Release 17, and distanceThresh can be reused as the distance threshold.
Proposal 3: distanceThresh is reused as the distance threshold for cell reselection with earth-moving cell. 
Conclusion
Based on the discussion, we have the following observations and proposals.
Observation 1: Given a starting coordinates at T1, the UE can calculate the reference location coordinates for any time T2 if the velocity of reference location is known.
Observation 2: For providing relative position information w.r.t. the sub-satellite point, more computational efforts related to the sub-satellite point are required for both gNB and UE.
Observation 3: For only providing location coordinates, UE needs to derive reference location coordinates between the updates based on additional information.
Observation 4: For providing multiple reference locations and the associated time information, high granularity in location/time is required due to the high speed of LEO satellite, leading to high overhead.
Proposal 1: If the reference location coordinates are provided for earth-moving cell, a timestamp is indicated for the coordinates. FFS whether epoch time is reused as the timestamp. 
Proposal 2: For earth-moving cell, the reference location coordinates at a timestamp and the reference location velocity are provided.
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