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1	Introduction
The study item on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 [1].
In the TR38.821, the different scenarios are captured:
Table 4.2-1: Reference scenarios [TR38.821]
	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:
steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:
the beams move with the satellite
	Scenario C2
	Scenario D2



For LEO, satellite fixed (C2, D2) or steerable (C1, D1) beams result, respectively, in Earth moving or Earth fixed beam foot print (and thus NR cells) on the ground. 
In this paper, we discuss differences in terms of hand-over rate between these two scenarios.

2 Hand-over rate in Earth fixed and Earth moving cells
The handover rate can be defined in this document as the number of users experiencing a handover per time unit. 
2. 1 Handover rate for Earth moving cells
In this scenario, UEs will be handed over gradually as the coverage area of the cells move. It is assumed that the old and new cells overlap 100 % for a short period of time to allow for the handover to be initiated and completed.
In this case, the maximum hand over rate will be reached with all users for the cell handed-over in one second. This us scenario could happen as the user density is not constant in a cell and as a moving satellite will be meeting different local time and geographical distribution profile (for instance the satellite could overlay a terrestrial network in case of partial / total temporary breakdown).  On the other hand, a uniform user density would be leading to the lowest possible value of the hand over cell rate.
It is therefore, for this type of Earth moving cells, up to the system designer to define (1) the target maximum users for any given cell, (2) the maximum density of users that should be acceptable.
NOTE: 	this adds therefore a constraint on the system design by removing some flexibility with respect to traffic and user distribution.


Figure 1: Maximum versus minimum hand-over rate configuration


The speed of the cell on ground is given by the following formula:

, in km/s.
The duration for which the total number of users in the equivalent cell will be scanned by the satellite is given by: 



Where , is the cell radius in km
The handover rate in this case is computed as follows:


2.2 	Handover rate for Earth fixed cells
In this scenario, two satellites will be serving an Earth fixed cells during for a common duration so as to allow total hand over from one outgoing satellite (which elevation angle decreases) to an incoming satellite (which elevation angle increases). 



In this case, the hand over rate is defined by the total number of UEs () in the cell, divided by the total time of visibility ( in seconds) of two satellites during which the satellite handover process will be performed.  In this case, the system design parameter in the satellite constellation settings (number of satellites, parameters of the satellite orbits) and system parameters (Earth station location) that will ultimately define the duration of dual satellite visibility for any cell. 
The handover rate in this case can be computed as follows:





Figure 2: Configuration for incoming and outgoing satellites for Earth fixed cells
With further details, the figure below indicates the situation for Earth fixed at the beginning and the end of a handover period, the handover period will be ensured through the separation between the satellites and the actual cell size.


Figure 3: situation at the beginning and at the end of hand over for Earth fixed cells

2.3 	Comparison of hand-rate in Earth fixed cell versus Earth moving cell cases

The following table shows an example of handover rate for a constellation including 13 satellites per strip, leading to an increase of operational elevation angle to initiate hand over from 10° to 11.8°. The duration of the handover is greater than 15 seconds for a cell radius of 100 km. 
Where:
· 
, is the cell radius
· 
, N being the number of satellites,  is the spacing between satellites on the same orbit (or strip);
· 
, is the Earth great circle of the out-going satellite with respect to the outer edge
· 

is the Earth circle as of the out-going satellite with respect to the outer, at minimum elevation angle .
· 
The duration of handover is given by: 
· Finally, assuming a constant an uniform user distribution, the ration of the hand over rate between the Earth fixed cell and the Earth moving cell is given by:


As an example, the handover rate has been computed below for a cell radius of 100 km:



In the case of Earth fixed cell, only UEs in cells at the field of view contour are subject to hand-over at a given time. UEs in other cells are not subject to hand-over.
In the case of Earth moving cell, UEs in all cells are subject to hand-over at a given time.
The table above provides the maximum hand-over rate for a cell. It corresponds to worst case for Earth fixed cell case and to nominal case for Earth moving cell case.
Assuming a similar number of cells and capacity in terms of UEs per satellite, the hand-over rate to be handled for one satellite depends on the hand-over rate computed in the table above and the number of cells subject to hand-over at a given time.
Hence, the higher the number of cells served by a satellite, the smaller the cells subject to hand-over at a given time.
This leads to an overall hand-over rate, at satellite level, to be handled is lower in the case of Earth Fixed cell compared to the one in Earth moving cell.

Observation 1: The overall hand-over rate to be handled (satellite level) in the case of LEO/Earth Fixed cell scenarios is lower that the one for LEO/Earth moving cell scenarios.

3	Conclusion
In section 2, we made the following observations:
Observation 1: The overall hand-over rate to be handled (satellite level) in the case of LEO/Earth Fixed cell scenarios is lower that the one for LEO/Earth moving cell scenarios.
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Earth moving cell characteristics

Cell speed at @Earth surface [km/h]: 24 869,1     

Cell size radius [km/cell]: 100,0          

Duration of cell scan [second]: 29,0

Earth fixed cell characteristics

Number of satellites per strip: 13

Separation angle per satellites [deg]: 27,7

Start hand over: outer edge, outgoing satellite, Earth Great Circle [deg]: 14,7

Start hand over: outer edge, outgoing satellite, elevation angle [deg]: 11,8

End hand over: outer edge, outgoing satellite, minimum elevation angle [deg]: 10,0

End hand over: outer edge, outgoing satellite, Earth Great Circle [deg]: 15,8

Duration of handover [sec]: 17,4

Comparison

Ratio of Earth Fixed / Earth Moving  Hand over rate: 1,7


Microsoft_Excel_Binary_Worksheet1.xlsb
Feuil1



								6378								100

								600		35,786				Satellite altitude [km]:		600		35,786

								1.09		6.61						14.9		70.5

								10								11.5		10.9

								15.8		71.4

								1932.2		40586.0						1834.0		40487.7

								10.2		1.1						9.7		1.1

																0.5		0.0



								6378

								600

								6978

								1.09

								3.986E+05

								3.72

								96.7



								24,869.1

								100.0

								29.0



								13

								27.7

								14.7

								11.8

								10.0

								15.8

								17.4



								1.7





Feuil2





Feuil3







1


2


3


4


5


6


7


8


A


B


C


Edge of coverage (Earth fixed cell)


R


e


: Earth radius [km]:


Satellite altitude [km]:


g 


Minimum elevation angle [deg]:


Earth great circle [deg]:



