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1 Introduction
The LTE mobility state estimation (MSE) mechanism has been introduced into NR as a baseline, i.e. the UE can estimate its mobility state via counting the number of cell reselections during a period of time. Some key characteristics identified for NTN, including cell size and cell movement, may have impact on MSE availability and accuracy and thus lead to wrong speed-based scaling. This contribution identify the issues both in NTN GEO and LEO scenarios, and propose to discuss enhancements and new solutions for UE MSE with NTN deployment.
2 Discussion
2.1 MSE
The LTE MSE mechanism has been introduced into NR as a baseline. As defined in TS38.304[1], 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.

If the UE is in High- or Medium-mobility state, the UE shall apply the speed dependent scaling rules:

-
If neither Medium- nor High-mobility state is detected:

-
no scaling is applied.

-
If High-mobility state is detected:

-
Add the sf-High of "Speed dependent ScalingFactor for Qhyst" to Qhyst if broadcasted in system information;

-
For NR cells, multiply TreselectionNR by the sf-High of "Speed dependent ScalingFactor for TreselectionNR" if broadcasted in system information;

-
For EUTRA cells, multiply TreselectionEUTRA by the sf-High of "Speed dependent ScalingFactor for TreselectionEUTRA" if broadcasted in system information.

-
If Medium-mobility state is detected:
-
Add the sf-Medium of "Speed dependent ScalingFactor for Qhyst" to Qhyst if broadcasted in system information;

-
For NR cells, multiply TreselectionNR by the sf-Medium of "Speed dependent ScalingFactor for TreselectionNR" if broadcasted in system information;

-
For EUTRA cells, multiply TreselectionEUTRA by the sf-Medium of "Speed dependent ScalingFactor for TreselectionEUTRA" if broadcasted in system information.
And Qhyst will impact the cell-ranking criterion Rs for serving cell in intra-frequency and equal priority inter-frequency cell reselection by:

Rs = Qmeas,s +Qhyst - Qoffsettemp
If the MSE result is inaccurate, wrong scaling factor will be applied and thus cell ranking is affected.
2.2 NTN GEO impact on MSE

According to TR38.811[2], the maximum cell size of NTN GEO can be about 300km, which is hundreds of times larger than that of a normal ground cell. Considering the current MSE mechanism and NTN characteristics mentioned above, at least 2 issues are revealed for GEO:

#1  An NTN cell reselection indicates much larger distance that UE passes than that of a normal ground cell reselection.
#2  Evaluating time TCRmax is NOT long enough to cover the time of passing through an NTN cell.

For Issue #1, a UE that travels hundreds of kilometres through an NTN cell will consider itself as travelling only hundreds of meters in the same time duration, which will result in a much lower estimated mobility state.

Observation 1: A UE in NTN coverage may probably only change very few cells though it has actually travelled a quite long distance in a certain period, which may lead the scaling factor  less effective or even helpless.
To solve this issue, the LTE parameter “cellEquivalentSize” configured in LTE SIB3 can be reused considering the size of the NTN cell, so that the UE counts the number of cell reselections for this cell as cellEquivalentSize instead of one. This can be implemented by broadcasting parameter “cellEquivalentSize” in NR SIB2 to indicate the number of equivalent cells for MSE.
Proposal 1: At least for GEO, each NTN cell can indicate the number of equivalent cells for MSE in system information.
For Issue #2, it takes up to 1 hour for a high-speed-train at 300km/h to travel across an NTN cell. In TS38.331[3], the evaluation time “t-Evaluation” is described as:
MobilityStateParameters information element

-- ASN1START

-- TAG-MOBILITY-STATE-PARAMETERS-START

MobilityStateParameters ::=


SEQUENCE{


t-Evaluation





ENUMERATED {












s30, s60, s120, s180, s240, spare3, spare2, spare1},


t-HystNormal





ENUMERATED {












s30, s60, s120, s180, s240, spare3, spare2, spare1},


n-CellChangeMedium




INTEGER (1..16),


n-CellChangeHigh




INTEGER (1..16)

}

-- TAG-MOBILITY-STATE-PARAMETERS-STOP

-- ASN1STOP

Taking 480s (240s*2) as an example, a UE with 300km/h speed will travel up to 40km and still stay in the same NTN cell. In this case, no cell reselection is performed so that the counter of the cell reselection still is 0, hence the UE will consider itself in normal mobility state, which is obviously inaccurate.

Observation 2: For current t-Evaluation range, A UE may not cross 1 NTN cell during the maximum t-Evaluation.
Therefore we propose to extend the t-Evaluation in TS38.331, i.e. TCRmax in TS38.304.

Proposal 2: At least for GEO, the t-Evaluation for NTN should be extended to allow UE with high speed can cross at least one NTN cell.

2.3 NTN LEO impact on MSE
Meanwhile in TR38.811, it is also 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”. Which may cause another issue:

#3 Estimation is NOT accurate if the NTN cell movement is NOT considered.

For issue #3, current MSE mechanism assumes that the cells never move so that the estimated velocity is the ground velocity of the UE. In NTN 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. 
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Figure 1 Impact of NTN cell movement on MSE
Observation 3: NTN cell movement leads to inaccurate mobility state estimation of the UE in current MSE mechanism.
Furthermore, in TR38.811, the Doppler shift is computed with the formula: ∆F = Fo*V* cos (θ)/c

Noting that V = UE velocity and 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.
Proposal 3: RAN2 is kindly asked to discuss the necessity of indicating NTN cell velocity information to the UEs to help MSE for LEO.
3 Conclusions
In this contribution we discuss issues of MSE considering cell size and cell movement of NTN. It is observed that:

Observation 1: A UE in NTN coverage may probably only change very few cells though it has actually travelled a quite long distance in a certain period, which may lead the scaling factor  less effective or even helpless.
Observation 2: For current t-Evaluation range, A UE may not cross 1 NTN cell during the maximum t-Evaluation.
Observation 3: NTN cell movement leads to inaccurate mobility state estimation of the UE in current MSE mechanism.
Therefore we would like to propose:
Proposal 1: Each NTN cell can indicate the number of equivalent cells for MSE in system information.
Proposal 2: The t-Evaluation for NTN should be extended to allow UE with high speed can cross at least one NTN cell.

Proposal 3: RAN2 is kindly asked to discuss the necessity of indicating NTN cell velocity information to the UEs to help MSE.
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