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1   Introduction
In RAN2 #107 meeting[1], there is a clear majority that the following enhancements as currently described should be prioritized or captured in TR 38.821: Inclusion of location information in the measurement report and Conditional triggering of measurement reporting:
(1) Inclusion of location information in the measurement report: Location information may be piggy backed onto the measurement report to provide the network additional information when determining whether to HO.

(2) Conditional triggering of measurement reporting: The triggering of measurement reporting can be based on UE location. This may be based on UE location vs. a reference location, or a combination of location and RSRP/RSRQ.

In this contribution, we provide our consideration on measurement report related issues for LEO mobility in NTN.
2   Discussion
NTN supports various types of usage scenarios from Stationary scenario to Airplanes connectivity, which indicates a broad scope of moving speeds from 0 km/h to more than 1000 km/h. 
For stationary scenario, UE equipment is not moving. Location information from e.g. GNSS, is available for LEO satellite to determine the location of UE equipment, which is essential information for LEO mobility.
However, this is not the case for high speed scenarios. According to the conclusion in RAN2 #107[2], the maximal speed of user equipment mounted on aircrafts should be increased to 1200 km/h to cover all commercial aircrafts. High speed scenarios, in combination of the movement of LEO, complicate LEO mobility issue, especially when high speed UE equipment is near cell border and opposite to the moving direction of LEO satellite.

The same initial location with different moving speeds and moving directions can result in potential large difference in location estimations in LEO satellite at a specific future timeline. For high speed scenarios, location information is not adequate, and moving speed and moving direction are equally important information for LEO mobility when determining the exact location of a UE and whether to HO.
Observation 1: In NTN system, moving speed and moving direction are equally important information for LEO mobility when determining whether to HO, in addition to location information.
With moving speed and moving direction information, LEO can estimate the exact location of moving UEs, and forecast the location at near future timeline. It makes sense for high speed UEs to report moving speed and moving direction information besides location information.
Due to the introduced additional signalling overhead for reporting moving speed and moving direction information, whether to report moving speed and direction information for low speed scenario is FFS. 
Proposal 1: Besides location information, high speed UEs report moving speed and moving direction information to serving LEO to assist mobility management. 
Considering the large cell size of non-terrestrial networks, a very large number of devices may be served within a single cell. Depending on constellation assumptions and (e.g. propagation delay and satellite speed) and UE density, a potentially very large number of UEs may need to perform HO at a given time, leading to possibly large signalling overhead and service continuity challenges.
In TN systems, a UE can determine it is near the edge of a cell due to the near-far effect – a clear difference in RSRP in the center of a cell as compared to cell edge. Such an effect may not be as pronounced in NTN deployments, thus the difference in signal strength between two cells in overlap region may be low.
Weak near-far effect in NTN means adjacent UEs experience similar signal strength in NTN deployments, so it provides marginal assistance in LEO mobility for each UE to perform measurement and report.

As the Rel-15 handover mechanism is based on A3 measurement events in TN systems, the UE may have difficulty distinguishing the better cell in overlapping areas in NTN systems. In combination with possibly outdated measurements, such a challenge could lead to the UE ping-ponging HO between cells.
Observation 2: It provides marginal assistance in LEO mobility for each UE to perform measurement and report to serving LEO, which can also lead to possibly large signalling overhead in NTN deployments.
Statistically speaking, since adjacent UEs experience similar signal strength in NTN deployments, UEs served by LEO can be grouped according to their location, moving speed and moving direction. UEs in surrounding geographical areas presently are allocated in a group and treated by serving LEO as an entity in mobility management. Serving LEO assigns a UE as an agent for measurement report for a group. 

Upon LEO service start-up for a geographical area, LEO initiates the grouping process as follows, 1) trigger UE under serving beam to report location, moving speed and moving direction information; 2) allocate UEs in surrounding geographical areas presently to a specific group. 3) LEO creates a database containing the mapping relation between beams, groups and UEs.
In LEO normal serving state, UEs report its location, moving speed and moving direction information upon entering the cell of serving LEO. Serving LEO maintains and estimates UEs’ location information, and allocates a UE to a specific group. When LEO is aware of the state that a specific group is near the cell border, serving LEO can trigger the measurement process performed by agent UE to verify its estimation and assist handover.

Proposal 2: LEO groups its served UEs according to their location, moving speed and moving direction, and assign agent UE for measurement report. When a UE group is near cell border, measurement can be triggered by LEO and performed by the agent UE.
3   Conclusion
In this contribution, we considered LEO mobility issue, and we get the following observations and proposals:
Observation 1: In NTN system, moving speed and moving direction are equally important information for LEO mobility when determining whether to HO, in addition to location information.
Proposal 1: Besides location information, high speed UEs report moving speed and moving direction information to serving LEO to assist mobility management. 
Observation 2: It is meaningless for each UE to perform measurement and report result to serving LEO, which can also lead to possibly large signalling overhead in NTN deployments.
Proposal 2: LEO groups its served UEs according to their location, moving speed and moving direction, and assign agent UE for measurement report. When a UE group is near cell border, measurement can be triggered by LEO and performed by the agent UE.
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