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1 Introduction
The NTN employs airborne or space-borne vehicles, including Non Geostationary Satellites orbiting around the Earth with a period that varies approximately between 1.5 hour and 10 hours, to embark transmission equipment such as relay nodes or base stations. As a result there will be a relative velocity up to 7.5km/s between these satellites (as well as the NTN cells) and a fixed point on the Earth. This contribution discusses the impact of NTN cell movement on UE mobility state estimation (MSE) and Doppler shifting computation.
2 Discussion
For conventional ground deployment (i.e. PLMN) it is assumed that the gNBs and cells are statically deployed on the ground, and the relative velocity vector between a UE and a cell is equal to the velocity vector of the UE itself. However according to TR38.811[1], it is mentioned that “non-geostationary systems, at lowest altitude (i.e. 600 km), where the speed of the satellite embedding transmission equipment is 7.5 km/s”. The above-mentioned relative velocity vector has to take the movement of NTN cells into consideration. For instance, mechanisms that ignore cell movement such as UE MSE and Doppler shifting computation may not work accurately and even output wrong results for UEs served by NTN cells.
(1) MSE
The LTE MSE mechanism has been introduced into NR as a baseline. As defined in TS38.304[2], the UE can estimate its mobility state via counting the number of cell reselections during a period of time TCRmax:
State detection criteria:

Normal-mobility state criteria:

-
If number of cell reselections during time period TCRmax is less than NCR_M.

Medium-mobility state criteria:

-
If number of cell reselections during time period TCRmax is greater than or equal to NCR_M but less than NCR_H.

High-mobility state criteria:

-
If number of cell reselections during time period TCRmax is greater than NCR_H.

This mechanism assumes that the cells never move so that the estimated velocity is the ground velocity of the UE. As shown in Figure 1, an error will occur if the cell is not static: 1) when the decomposed vector of the UE velocity on the direction of NTN cell movement is the same with the velocity vector of the NTN cell, a lower number of cell reselections will be counted and thus a lower mobility state will be estimated; 2) when the decomposed vector of the UE velocity on the direction of NTN cell movement is the different with the velocity vector of the NTN cell, a higher number of cell reselections will be counted and thus a higher mobility state will be estimated. Since that different speed dependent scaling factors for cell reselection are applied according to the estimated mobility velocity of the UE, a wrong mobility state will cause error in cell reselection rules, especially when the UE reselects from an NTN cell to a normal one on the ground.
Observation 1: NTN cell movement leads to inaccurate mobility state estimation of the UE that will cause error in applying proper speed dependent scaling factor.
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Figure 1 Impact of NTN cell movement on MSE
(2) Doppler shift computation
In TR38.811[1], the Doppler shift is computed with the formula: 
Doppler shift formula: ∆F = Fo*V* cos (θ)/c

Where 

-
Fo: nominal carrier frequency

-
V = UE velocity

-
Θ is the angle between the velocity vector V of the mobile (Transmitter or receiver ) and the direction of propagation of the signal between the UE and the space/airborne platform.

Noting that the cell movement is not considered in this formula, an error will occur as well in Doppler shift computation if the cell is not static: 1) when the decomposed vector of the UE velocity on the direction of NTN cell movement is the same with the velocity vector of the NTN cell, a higher shift will be computed; 2) when the decomposed vector of the UE velocity on the direction of NTN cell movement is the different with the velocity vector of the NTN cell, a lower shift will be computed.
Observation 2: NTN cell movement leads to inaccurate Doppler shift computation of the UE.
To solve the issues mentioned above and other ones that maybe caused by NTN cell movement, the UE needs to be aware of velocity information of an NTN cell, with the help of which the UE can perform MSE and Doppler shift computation accurately.

Proposal 1: RAN2 is kindly asked to discuss the necessity of indicating NTN cell velocity information to the UEs to help MSE and Doppler shift computation.
3 Conclusions
In this contribution we discuss the impact of NTN cell movement on UE mobility state estimation (MSE) and Doppler shifting computation. It is observed that:

Observation 1: NTN cell movement leads to inaccurate mobility state estimation of the UE that will cause error in applying proper speed dependent scaling factor.
Observation 2: NTN cell movement leads to inaccurate Doppler shift computation of the UE.
Therefore we would like to propose:
Proposal 1: RAN2 is kindly asked to discuss the necessity of indicating NTN cell velocity information to the UEs to help MSE and Doppler shift computation.
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