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Introduction
In the past RAN2 meetings, cell reselection with earth-moving cell was discussed. The following agreements were made. 
	Agreements 119bis:
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
Agreements 121:
1. In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
2. A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
3. For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell
4. For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.



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 earth-moving cell.
Discussion
Earth-moving cell information
For cell reselection with earth-moving cell, RAN2 has agreed 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.
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. To avoid to introduce a new timestamp for the reference location, the NW can always provide the reference location coordinates at the epoch time.
Proposal 1: For earth moving cell, broadcast serving cell reference location at the epoch time.
[bookmark: _Hlk131523485]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. Given the serving cell’s reference location at the epoch time, whether the UE can derive the trajectory of the serving cell reference location solely based on ephemeris was extensively discussed in RAN2#121 meeting [1]. For the option of using ephemeris and reference location at the epoch time, there are two underlying assumptions.
1. The first assumption is that UE derives the trajectory of sub-satellite point based on the ephemeris, 
2. The second assumption is that the non-steerable beam makes the serving cell reference location relatively static with respect to the sub-satellite point, so the UE can derive the trajectory of the serving cell reference location. 
For the first assumption, the concern is that from the UE perspective, additional computational effort is required to derive the trajectory of sub-satellite point based on the ephemeris, which is not required for any feature in Release-17 NTN. For the second assumption, the concern is that how accurately the reference location can be derived based on the assumption that the reference location is relatively static with respect to the sub-satellite point considering the fast movement of earth moving cell. If the additional computation is affordable and rough estimation of serving cell reference location is acceptable, this option can be applicable, meaning the trajectory of the serving cell reference location derived based on ephemeris and reference location at the epoch time is sufficient for location-based measurement initiation for earth-moving cell. However, this is questionable .
Observation 1: Deriving the trajectory of the serving cell reference location based on ephemeris and reference location at the epoch time requires additional computational effort to derive the trajectory of sub-satellite point based on the ephemeris and the derived reference location may not be accurate.
Instead of deriving the trajectory of the reference location based on ephemeris, the straightforward way is to provide the velocity of the reference point, so that the UE can derive the real-time coordinates easily. In the example of NTN implementation in TS 38.300 (B.4), for earth moving beams, the information about the beam 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 provide other information. The velocity information can also implicitly indicate the cell is earth-moving.
Proposal 2: For earth-moving cell, the serving cell reference location velocity is provided.
Time-based measurement initiation
Due to the fixed TN cell constellation and predictable NTN cell constellation based on satellite information, the NW has knowledge of the incoming cell(s) that will replace the current serving cell to serve the area. To save UE power consumption on neighbor cell search and measurement in cell reselection, the NW can provide the incoming cell information associated with the current serving cell service stop time, i.e., t-Service. In other words, the NW can provide the incoming cell ID and frequency band associated with the t-Service, and the UE can prioritize the incoming cell in measurement and/or ranking. 
Observation 2: NW has knowledge of the incoming cell(s) that will replace the current serving cell approaching t-Service and the incoming cell information can bring UE power saving in measurement.
Proposal 3: RAN2 to discuss providing the incoming cell information associated with the t-Service.
In case that the serving cell or neighbor cells are earth-moving cells, due to the relative movement of cells, the information of when the serving cell cell is neighboring to a neighbor cell is useful for UE to initiate neighbor cell measurement. For a neighbor cell configured in SIB3/4, this information is helpful for UE to save power so that the UE only need to measure the neighbor cell when the serving cell is neighboring to it.
Proposal 4: RAN2 to discuss providing the time information of when the serving cell is neighboring to a neighbor cell for neighbor cell measurement initiation.
Conclusion
Based on the discussion, we have the following observations and proposals.
Observation 1: Deriving the trajectory of the serving cell reference location based on ephemeris and reference location at the epoch time requires additional computational effort to derive the trajectory of sub-satellite point based on the ephemeris and the derived reference location may not be accurate.
Observation 2: NW has knowledge of the incoming cell(s) that will replace the current serving cell approaching t-Service and the incoming cell information can bring UE power saving in measurement.
[bookmark: _GoBack]Proposal 1: For earth moving cell, broadcast serving cell reference location at the epoch time. 
Proposal 2: For earth-moving cell, the serving cell reference location velocity is provided.
Proposal 3: RAN2 to discuss providing the incoming cell information associated with the t-Service.
Proposal 4: RAN2 to discuss providing the time information of when the serving cell is neighboring to a neighbor cell for neighbor cell measurement initiation.
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