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Abstract
The objective of this document is to correct a clause on Doppler in the TR 38.811.



Proposed text for approval

It is proposed to clarify how the Doppler shift and Doppler shift variation are being computed in TR 38.811 “Study on NR to support Non-Terrestrial Networks”.
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[bookmark: _Toc494837638]5.3.2.3	Doppler shift
In principle, the Geostationary satellite is fixed and therefore no Doppler shift is induced except the one due to the UE possible motion.
In reality the satellite is moving around its nominal orbital position, due to some second order terms of the terrestrial potential.
The satellite must be kept to inside a box described here below. The satellite is typically maintained inside a box that has the following dimensions, by thrust or plasmic propulsion.
[image: ]
Figure 5.3.2.3-1: Trajectory box for a Geostationary satellite
Without maintaining the satellite inside the box, the motion could be a higher value like inclination up to +/6 °.
We take the hypothesis that the satellite is kept in the limited box. The trajectory that the satellite follows is an “8” as shown in next figure. The plane is seen from the centre of the Earth. The blue arrows in the next figure indicate the sense of motion of the satellite around its orbital position So.
[image: ]
Figure 5.3.2.3-2: Geostationary satellite trajectory
In the figure above, the trajectory of the satellite is represented as seen from a point at the equator having same longitude as the nominal Geostationary satellite orbital position.
A geostationary satellite will cover the whole trajectory in 24 Hours.
The average tangential velocity of a geostationary satellite with respect to an earth point is around 2.74 m/s.
Satellite maintained in a typical trajectory box (see figure 2) characterizsed by
-	+/- 37.5 km in both latitude and longitude directions corresponding to an aperture angle of +/- 0.05 °.
-	+/- 17.5 km in the equatorial plane.

To illustrate the Doppler shift computation using the Doppler Shift formula, we shall consider some concrete cases:
-	Geostationary Satellite at 10 ° E (over Europe)
-	First a High Speed Train (500 km/h) from Paris to Lille (France) and from Paris to Strasbourg (France)
-	Secondly an air plane (1000 km/h and 10 km altitude) moving in the same directions.

We first compute the Doppler shift while supposing the satellite has no motion, but on a moving UE, and secondly we evaluate the impact of the satellite motion on a fixed UE.
First case: Satellite is considered fixed with respect to earth point
In the high speed train going north from Paris the obtained Doppler shift is provided here below
Table 5.3.2.3-1: Examples of Doppler shift with GEO and a terminal on board a High Speed Train in opposition direction
	Frequency
	2GHz
	20 GHz
	30 GHz

	Doppler shift (Hz)
	-707
	-7074
	-10612



Table 5.3.2.3-2: Example of Doppler shift with GEO and a terminal on board an aircraft in opposition direction
	Frequency
	2GHz
	20 GHz
	30 GHz

	Doppler shift (Hz)
	-1414
	-14149
	-21224



And going from Paris to east.
Table 5.3.2.3-3: Example of Doppler shift with GEO and in High Speed Train
	Frequency
	2GHz
	20 GHz
	30 GHz

	Doppler shift (Hz) in Paris
	147
	1478
	2217

	Doppler shift (Hz) in Lille
	138
	1383
	2075



Table 5.3.2.3-4: Example of Doppler shift with GEO and in a plane
	Frequency
	2GHz
	20 GHz
	30 GHz

	Doppler shift (Hz)
	295
	2956
	4434



The Doppler shift is highest for a platform moving along longitude compared to a moving platform along latitude.
In the figure below, we consider a train travelling North from Equator at constant speed of 500 km/h. The two extreme points in the figure are 3600 seconds apart. The Doppler shift plotted as a function of the latitude. The maximum rate of change of Doppler shift is approximately -23 mHz/s

Figure 1: Doppler Shift at 2 GHz for a High Speed Train travelling along a longitude (North direction)

In the figure below, we consider an aircraft travelling North from Equator at constant speed of 1000 km/h. Similarly to the previous plot, the two extreme points are 1800 seconds apart. The Doppler shift plotted as a function of the latitude. The maximum rate of change of Doppler shift is approximately -90 mHz/s.


Figure 2: Doppler Shift at 2 GHz for an aircraft travelling north 



For instance a train moving from Paris to Lille at 500 km/h will take 30 mn to reach Lille.
The Doppler  variation is only  -2 Hz. The Doppler variation is therefore less than -1 mHz/s.
Note that the maximum absolute Doppler shift value due the motion of an air plane is
-	1.851 kHz in S band, and
-	18.51 kHz at 20 GHz, and 
-	27.7 KHz at 30 GHz, 

However these values are reached only when cos (θ) is equal to 1 or -1. Where θ is the angle between the vector speed and the direction of wave propagation (the axis UE-Satellite).
Second case: Satellite is moving on its "8" 
When satellite is moving from S2 to S1, the Doppler shift in Paris is the following
Table 5.3.2.3-4:Example of Doppler shift when satellite is moving
	Frequency
	2 GHz
	20 GHz
	30 GHz

	Doppler shift (Hz)
	-0.25
	-2.4
	-4.0



When satellite is moving from S1 to S4, the Doppler shift in Paris is the following
Table 5.3.2.3-5:Example of Doppler shift when satellite is moving
	Frequency
	2 GHz
	20 GHz
	30 GHz

	Doppler shift (Hz)
	2.25
	22.5
	34



Doppler shift is higher than in the previous case, though still very low compared to the case of Non GEO satellites.
When satellite is in near GEO orbit with inclination up to 6°, the Doppler shift can reach around 300 Hz at 2 GHz, then 3000 Hz at 20 GHz and 4500 Hz at 30 GHz, which are still compatible with OFDM.
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* * * Start of changes * * * * (new text)

5.3.4.4 Doppler Shift and variation rate
The following picture summarizes the methodology used to compute Doppler shift for Non Geostationary satellite systems. It assumes a Cartesian coordinate system such that the moving satellite and the receiver are on the y-z plane. The Doppler shift experienced by a stationary receiver can be computed as follows as a function of time:

where f0 is the carrier frequency, d(t) is the distance vector between the satellite and the receiver, and xSAT(t) is the vector of the satellite position. These vectors can be expressed as:


where RE is the Earth radius, h is the satellite altitude, and  is the satellite angular velocity.
[image: ]
Figure 3: System geometry for Doppler computation (Satellite moves in the Y-Z plane)
After some mathematical manipulation [7], the Doppler shift as a function of the elevation angle is computed in a closed-form expression as follows:

where the angular velocity is , with G the gravitational constant and ME the Earth mass.

If the receiver is placed on board an aircraft or a high speed train, there will be an additional term of Doppler shift resulting from its own velocity. In case of Non Geostationary satellites, the Doppler shift due to satellite movement is much higher that the one caused by UE movement. For GEO and HAPS, the Doppler shift component is mainly caused by the UE movement.

* * * End of Changes * * * *
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