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1 Introduction

In RAN2#105 meeting, measurement variations in satellite systems was addressed during discussing report of email discussion [104#54] [NR - NTN]. The following agreements were captured.
Agreements:

=>
UE location and satellite ephemeris information would be beneficial.  

=>
The TR will capture the characteristic of the measurement variations in satellite systems 

In this contribution, we will discuss on the impacts caused by measurement variations in NTN.
2 Discussion
In Terrestrial Network, the distance between antenna of UE and antenna of gNB is approximately equal to the distance between UE and gNB because the latitude of gNB antenna is a minor element. Unlike Terrestrial Network, the latitude of a satellite is much larger than the radius of its cells. During the email discussion, it was observed that the difference in signal strength between the center and edge of an NTN beam is relatively small in satellite systems. An NTN cell of satellite systems may be a satellite footprint beam or several satellite footprint beams, which is not decided yet. Both NTN cell and beam of satellite systems have the characteristic.
Observation 1: The difference in signal strength between the center and the edge of an NTN cell is relatively small in satellite systems.
Due to the relatively small measurement variations in an NTN cell, the parameters of RSRP/RSRQ based A1/A2 events for measurement report triggering are hard to set. So the events may be not workable. 
A3 event is triggered while neighbor cell(s) becomes offset better than SpCell. There are 3 cases:

1) the SpCell and the neighbor cell are both NTN cells

2) the SpCell is a TN cell and the neighbor cell is an NTN cell

3) the SpCell is a NTN cell and the neighbor cell is an TN cell

For case 1, at the overlap part of the two cells, RSRP/RSRQ of the SpCell decreases slowly and RSRP/RSRQ of the neighbor cell increase slowly while the UE is moving into the neighbor cell from the SpCell. For case 2, at the overlap part of the two cells, RSRP/RSRQ of the SpCell decreases significantly and RSRP/RSRQ of the neighbor cell increase slowly while the UE is moving into the neighbor cell from the SpCell. For case 3, at the overlap part of the two cells, RSRP/RSRQ of the SpCell decreases slowly and RSRP/RSRQ of the neighbor cell increase significantly while the UE is moving into the neighbor cell from the SpCell. It’s foreseeable that parameters of A3 event for measurement report triggering is hard to set then the event may be not workable either in case 1 and 2. Similar analysis can be done for A4-6. 

However, RSRP/RSRQ at cell edge may be better for an NTN cell not at nadir, which makes the RSRP/RSRQ triggering mechanism worse for measurement report. Figure 1 (TS38.811 Figure 7.3.4.1.1-1) illustrates that in the cell the RSRP/RSRQ is best at the cell edge where is shortest to the satellite. 
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Figure 1
Observation 2: Due to the relatively small measurement variations in an NTN cell, parameters of Ax events for measurement report triggering may be hard to set and may be not workable in satellite systems.
In previous RAN2 meeting discussion, UE location and satellite ephemeris based measurement report triggering mechanism was proposed to handle long propagation. It may be workable for the small measurement variation too. So as to adding UE location into measurement report and handover triggering mechanism based on UE location and satellite ephemeris.
However, the UE location and satellite ephemeris based mechanism has quite impacts to the specification, e.g. adding more events, which is expected to avoid. 
Moreover, Adding UE location into measurement report causes a lot of UL overhead then low down the efficiency of NTN UL transmission. Another constraint should be considered is UE power consumption to send more information in measurement report.
Taking mobility between NTN cells and TN cells into consideration, a unified solution is expected. A possible way is to make RSRP/RSRQ variation between the center and the edge of an NTN cell like what it is in an TN cell. Then, all current mobility mechanisms can be reused in satellite systems without impacts to the specification. To weight RSRP/RSRQ by the UE’s location is proposed to be studied. For example, the weighted RSRP is RSRP*(R-d)/R, where R is the radius of the cell and d is the horizontal distance from the UE to the center of the cell. In this example, the weighted RSRP is equal to RSRP at the center of the cell while it is 0 at the edge of the cell. 
Proposal 1: RAN2 study weighting RSRP/RSRQ based on the location of the UE for NTN mobility.

3 Conclusion

Based on the discussions in this paper we have the following observations and proposal.
Observation 1: The difference in signal strength between the center and the edge of an NTN cell is relatively small in satellite systems.
Observation 2: Due to the relatively small measurement variations in an NTN cell, parameters of Ax events for measurement report triggering may be hard to set and may be not workable in satellite systems.
Proposal 1: RAN2 study weighting RSRP/RSRQ based on the location of the UE for NTN mobility.
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