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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 some of the differences and trade-offs between these two scenarios, specifically the impact of the minimum elevation angle and the beam pointing error.
Definitions
We follow the following definitions:
2.1 Satellite Beam
Satellite beam is a beam generated by an antenna on-board a satellite [1].
Satellite beams may be considered moving or fixed with respect the Earth surface.
2.2 NR Cell
A 5G NR cell can be identified by a PCI value. It can be moving or fixed to Earth, depending whether the satellite beam carrying them is moving or fixed on Earth.
As a baseline in this contribution we assume that each satellite beam is mapped on one NR cell, identified by a unique PCI (Physical Cell Identifier).  Furthermore, each NR cell can provide one or several SSBs as provided in TS 38.213. 
[bookmark: _Hlk23852631]2.3 Registration area and tracking area
A Registration Area (RA) is a 5G logical concept of a list of tracking areas (TAs), assigned to a UE, indicating the area, where a UE can move around without updating the CN about its location. RA is utilized for UE access control, location registration, paging and mobility management.

Satellites may provide very large cells, covering hundreds of kilometres, and consequently would lead to large tracking and registration areas. This will lead to minimal mobility registration area updates; however the paging load could be high because it then relates to the number of devices in the registration area. On the other hand, small registration areas would lead to higher mobility registration area update signalling at a lower paging load. The exact dimensioning of registration area is an implementation choice of the operator based on the paging load that will like to support.

2	Comparison between Earth fixed and Earth moving cells
2.1 	Assumptions and definitions
Whilst UEs could have access simultaneously to more than one satellite that are geometrically visible, in particular at low to medium elevation angle, it is assumed in this clause that the satellite with the highest elevation angle (assumed to be providing the highest signal power and quality, which is statistically a correct assumption) will be used by a UE (the result of the analysis could be different with a different assumption). Impacts on criteria such as availability and capacity are therefore not taken into account.
To simplify the analysis, it is further assumed that satellite are placed in polar, non-optimised orbit, so that satellites are placed in strips of coverage. Other types of constellation, including polar ones, can be used to minimize the number of satellites. Cells which are few hundreds kilometre radius in this case are displayed. Satellites coverage (several thousands km diameters) overlap which each to ensure continuity of service.   



Figure 1: Strips of coverage of a satellite constellation
For Earth Fixed coverage, cells will fixed with respect to Earth, whilst for Earth moving coverage, cells would be moving with satellites coverage.
2.2 Minimum elevation angle on path loss
For Earth fixed cells we assume that the cells are fixated to a certain location on Earth from the time where the satellite (these cells belongs to), is at a certain elevation angle over the horizon until the same satellite has reached the same elevation angle at the opposite horizon. At that point in time, another satellite takes over and all RRC Connected UEs are handed over to a new cell at the new satellite.
One possible implementation for Earth fixed cells is that the UEs of each cell are handled by the satellite that provides signals with the best link budget or the satellites with higher elevation angle (note the two are not necessary the same due to the direction of the satellite beam pointing). In general, the satellite selection criteria is an implementation choice.

For Earth moving cells we assume that the cells follow the satellite coverage, and move with the speed of the satellite, i.e. 7.5 km/s. An illustration of earth fixed and Earth moving cells can be seen in Figure 2 and Figure 3 respectively. Figure 2 shows also the minimum and maximum elevation angles relative to a cell inside the satellite coverage. The elevation angle is minimum for cells that are far from the satellite and the satellite is low at the horizon. The maximum elevation angle is when the satellites is right above the cells. 
[image: ]
Figure 2: Earth fixed cells

[image: ]
Figure 3: Earth moving cells

The elevation angle for UEs located in a cell is computed vs the satellite the cell is associated with, whether this cell is Earth moving or Earth fixed. In case the satellite beams are pointing straight down to earth for both Earth fixed and Earth moving cells, and always connecting to the best satellite from a path gain point of view the minimum elevation angle is similar.
Observation 1: The minimum elevation angle for Earth fixed cells and Earth moving cells is similar in case of antennas pointing straight down to Earth and UE always connecting to the best cell from a path gain point of view.
Meanwhile minimum elevation angles will vary due to the size of the satellite footprint and beams may not be steered straight to Earth. Table 1 shows the normalised maximum and minimum free space path gain (no shadowing, no obstructions, no atmospheric effects, always LOS) for the case of the LEO satellite being at 600 km altitude. The path gain is normalised to the path gain at the maximum elevation angle, where the path gain is largest. This path gain is the same for all the different cases, as also in the Earth fixed cells and Earth moving cells, as it just depends on the elevation angle.
Table 1 Normalised maximum, minimum path gain for Earth moving and Earth fixed cells with different elevation angle over horizon for a LEO satellite at 600 km altitude.
	[bookmark: _Hlk23926213]Elevation angle
	Normalised max path gain
	Normalised min path gain

	30°
	0 dB
	-2.5 dB

	50°
	1 
	-1.0 dB 

	70°
	2 
	-0.2 dB 



Observation 2: Lower elevation angles lead to lower path gain values

3.2 Handover rate
The handover rate can be defined in this document as the number of users experiencing a handover per time unit. 
· In case of the Earth moving cells the UEs in the satellite coverage have to be handed over gradually as the coverage area of the cells moves.
· In Earth fixed cells scenario, only UEs in cells at the satellite coverage border are subject to the handover. 

The handover rate, that is the number of users experiencing a handover per time unit, of the Earth fixed cells can be lower because the same satellite and cell can serve the specific area for longer time. However, if we take the scenario shown in Figure 2 and 3, where the satellite beams point straight down to Earth and we connect always to the satellite with the best path gain, it is easy to understand that the handover rates of both cases is similar as:
· For Earth moving cells, as the satellites move, users get handed over gradually when they see a better cell. At some point, after time T, all users in the cell see a better cell at the next satellite, and all user have been handed over.
· For Earth fixed cells, the natural choice for the determination of the better cell is due to the user in the middle of the fixed cell. Once that user could have a better path gain to the next cell, the network should create a new cell at the same spot such that the users can switch to the new cell. This will happen every time T, so the average handover rate will be the same.
Even though the average handover rate is the same, the behaviour is slightly different: in case of the Earth moving cells the UEs have to be handed over gradually as the coverage area of the cells moves; while in the Earth fixed cells scenario, all UEs would need to be handed over to the new cell from the new satellite, in relatively much shorter time compared to the scenario with earth moving cells. For the Earth fixed cells scenario, 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.
The handover rates below are normalised to the handover rate for Earth moving cells and represents the long-term average handover rate. The handover rate for Earth moving cells is calculated according to the following equation (for explanation of the equations see appendix B):
[bookmark: _Hlk19532685]
where #UE is the number of UEs in the cell, R is the radius of earth and h is the height of the satellite.
The handover rate for Earth fixed cells can be calculated from the speed of the satellite and the switching elevation angles in the different scenarios. The switching elevation angle is the angle at which a cell is handing over the coverage of the fixed area on Earth to the next cell. We used the following equation (for explanation of the equations see appendix B):

Where D1 is given by:


Table 2 shows the results for different elevation angles in the case of a satellite at 600 km height and cells with a 50 km diameter. For getting the same numbers for Earth moving and Earth fixed cells, i.e. the scenario of Figure 1, the switching angle needs to be very close to 90 degrees.
Table 2 Normalised handover rate for earth moving and earth fixed cells with different switch elevation angles over horizon for a LEO satellite at 600 km altitude and a 50 km diameter beam. 
	[bookmark: _Hlk23926226]
	Normalised handover rate

	Earth moving cells
	1

	Earth fixed cells, switch elevation angle = 30°
	0.023

	Earth fixed cells, switch elevation angle = 50°
	0.044

	Earth fixed cells, switch elevation angle = 70°  
	0.099



Observation 3: Handover rates for fixed cells depends on the switching angle and can be lower for Earth fixed cells than for Earth moving cells. However, in case of similar minimum elevation angles and path gain values they are the same.
As can be seen when comparing these results with the results from the previous section, there is a tradeoff between the path gain and the handover rate, depending on the minimum switching elevation angle.
Meanwhile current LTE deployments have proven to be able to deal with quite high handover rates, especially in areas with small cells, like in the centers of large cities.
The Earth fixed cell scenario requires that all UEs in a beam are handed over during the time both satellite coverage overlap (This is implementation dependent) , when the target satellite starts to provide coverage in the current cell area and the source satellite moves below the minimum elevation angle for the considered cell (the switching elevation angle). This can lead to a large peak in processing power and will potentially overload the RACH resources of the target satellite cell This is illustrated in Figure 4, where three cases are shown:
· Earth moving cells: handover rate is constant over time (assuming uniform distribution of traffic.
· Earth fixed cells, instant switch. The cell switch is done in one go. All UE are handed over to the new cell
· Earth fixed cells, switch with overlapping period. The source and candidate cell overlap for a period of time during which the cells are handed over.
 Exactly how high the peak in processing is depends on the number of UEs and the exact implementation of the handovers. The time between consecutive peaks is in the range of minutes depending on the actual design of the satellite constellation and number of satellites.

[image: ]
Figure 4 Schematic illustration of the number of handovers vs. time for moving cells and with fixed cells.
Observation 4: The Earth fixed cell scenario may lead to periodic peaks (bursts) in the number of handovers required to be executed during the time both satellite coverage overlap, when the cell switching happens.
Observation 5: The peak in number of handovers for earth fixed cells can be lowered by extending the overlapping period (this is implementation dependent, e.g. constellation design).
Observation 5bis: 	For Earth fixed cells scenario, only UEs in cells at the satellite coverage border are subject to handover. While, for Earth moving cells scenario, the handover level applies to all cells served by a given satellite.

3.3 Satellite beam pointing errors
In addition to the aspects discussed before, the actual number of handovers may be larger due to errors in the satellite beam pointing direction. The effect of this is shown in Figure 5, where the beam diameter displacement and beam diameter stretch are shown as a function of the elevation angle for different beam pointing errors, under flat Earth assumption.
We assumed a cell diameter of 50km at nadir (90 ° elevation); this also implies larger beam diameters are obtained towards the satellite coverage edge. As expected, the beam displacement (how much the center of the beam moves) and the beam stretch (how much the beam diameter changes) grow when the satellite gets closer to the horizon, at lower elevation angles. This will result in UE handovers, as the service area of the cell changes, and may also lead to interference issues between beams of neighboring satellites (assuming that the beam pointing error is the same for all cells originating from the same satellite). For instance, at 30° elevation angle above the horizon, the displacement is as large as 45 km, which is as large as the diameter of the cell (50km), when considering a beam pointing error of 1° . 
Figure 6 show the beam displacements and stretch values vs. elevation angle in the scenario where the satellite can shape the beam width according to the beam pointing angle to ensure 50 km diameter for all beams (though not compensating for any beam pointing error). In this case, as expected, the beam stretch values are reduced compared to the case presented in Figure 5. Nevertheless, the same trends and large errors are still observed vs. the elevation angle for the beam displacement. Additionally, the beam shaping mechanism assumed for the results in Figure 6, leads to the requirement to realize the beamwidth values as depicted in Figure 7. E.g. beamwidths below 2 ° would be needed for all elevation angles below 40° , which implies additional complexity in the satellite antenna system implementation, both in terms of obtaining such narrow beamwidths and in terms of continuously adjusting the beamwidth as the satellite moves over the cell (for the earth fixed cell scenario).
Obviously, the effect of satellite beam pointing errors exists in both the Earth moving and Earth fixed cells scenario. and depends mainly on the elevation angles. Additionally, during the cell switch in the fixed cell scenario, the cells ideally overlap perfectly, which will be challenging with beam pointing errors.
Observation 6: Satellite beam pointing errors affects both Earth fixed and moving beams. However, the Earth fixed beam scenario suffers more from satellite beam pointing errors due to the requirement of overlapping cell areas on Earth during inter satellite cell switching.
Observation 7: For the Earth fixed and Earth moving cell scenario, the beam width adjustment for low elevation angles may be beneficial to avoid cell stretching due to varying satellite beam nadir angle.
[image: ]
Figure 5 Cell center displacement and beam diameter stretch as a function of elevation angle. Note the beamwidth is assumed to be fixed to ensure 50 km diameter only for the beam at nadir.
[image: ]
Figure 6 Cell center displacement and beam diameter stretch as a function of elevation angle. Note the beamwidth is adjusted depending on the beam pointing angle to ensure 50 km diameter for all beams (without beam pointing error).
[image: ]
Figure 7 Required beam width as a function of elevation angle when the target is to maintain a 50 km cell diameter for all beams.
3.4 Impact on NR
In this section we try to compare what the impacts of moving and fixed cells are on NR. They are summarized in Table 3
Table 3 Impacting factors of moving and fixed cell on NR
	
	Moving cells
	Fixed cells
	Comments

	Processing load related to handovers
	Constant
	Bursty
	As handovers come in short periods of time in the case of fixed cells, the processing load will be high in shorts periods, while zero at other times.

	Load on C-plane to AMF
	Constant
	Bursty
	As handovers come in short periods of time in the case of fixed cells, the C-plane load towards the AMF will be high in shorts periods, while zero at other times.

	Load on RACH
	Constant
	Bursty
	This may lead to call blocking for new calls happening at the same time and potentially handover failures.

	Service (u-plane) interruption
	Likely similar[footnoteRef:2] [2:  Assuming enough RACH resources, i.e. the cell switch period for earth fixed cells is long enough to avoid RACH blocking.] 

	

	Tracking Area
	Can support moving and fixed tracking areas
	Fixed tracking areas natural choice
	With moving cells both moving and fixed tracking areas can be supported. Both require changes to the specs though with several identified solutions in [1], while for fixed tracking areas no changes are required.



3.5 Mobility enhancements
Taking as starting point the impacting factors on NR, shown in Table 3 in the previous section we can deduct what is needed to solve the different issues and the specification impact. This is done in Table 4
Table 4 Solutions to the impacting factors of moving and fixed cell on NR
	
	Moving cells
	Fixed cells
	Comments

	Processing load related to handovers
	No specs changes needed (implementation issue)
	No specs changes needed (implementation issue)
	The peak in processing in the fixed cell case could be relaxed through spreading the period during which the handover happen. This required larger time for cell overlap. 

	Load on C-plane to AMF
	No specs changes needed (implementation issue)
	No specs changes needed (implementation issue)
	The load on the C-plane in the fixed cell case could be relaxed through spreading the period during which the handover happen. This required larger time for cell overlap.

	Load on RACH
	No specs changes needed. (implementation issue)
	Spreading the handover of all users over longer time (implementation issue)
	The solution for fixed cells requires more cell overlap, as during the handover both source and target cell need to overlap.

	Service (u-plane) interruption
	no spec changes
	

	Tracking Area
	Can support moving and fixed tracking areas
(standard impact)
	Fixed tracking areas natural choice
(implementation issue)
	For Earth moving cells scenarios, both moving and fixed tracking areas can be supported. Both require changes to the specs though with several identified solutions in [1]
For Earth fixed cell scenario, no change to specifications are necessary



[bookmark: _GoBack]Furthermore several mobility enhancements are proposed in [2]: enhancements to measurement reporting, conditional handover, mobility configuration, random access enhancements. These concepts are applicable to both moving as fixed cells.
Observation 8: The Rel-15’s control plane procedures apply to NTN with some enhancements to the mobility management (idle and connected mode) procedures when considering Earth moving cell option. The solutions defined for Earth moving cells can also be applied for Earth fixed cells. No additional changes to the specifications would be required for Earth fixed cells. 
Observation 9: Fixed tracking area are the natural choice for Earth fixed cells and does not require changes in the specification
Observation 10 Earth moving cells support both moving and fixed tracking areas. Solutions for both are included in the TR and require minor changes in the specifications. 
Proposal 1: RAN2 to discuss the above analysis and observations and capture the below TP to TR 38.821 
4	Conclusion
In this document we made the following observations:
Observation 1: The minimum elevation angle for Earth fixed cells and Earth moving cells is similar in case of antennas pointing straight down to Earth and UE always connecting to the best cell from a path gain point of view.
Observation 2: Lower elevation angles lead to lower path gain values
Observation 3: Handover rates for fixed cells depends on the switching angle and can be lower for Earth fixed cells than for Earth moving cells. However, in case of similar minimum elevation angles and path gain values they are the same.
Observation 4: The Earth fixed cell scenario may lead to periodic peaks (bursts) in the number of handovers required to be executed during the time both satellite coverage overlap, when the cell switching happens.
Observation 5: The peak in number of handovers for earth fixed cells can be lowered by extending the overlapping period (this is implementation dependent, e.g. constellation design).
Observation 5bis: 	For Earth fixed cells scenario, only UEs in cells at the satellite coverage border are subject to handover. While, for Earth moving cells scenario, the handover level applies to all cells served by a given satellite.
Observation 6: Satellite beam pointing errors affects both Earth fixed and moving beams. However, the Earth fixed beam scenario suffers more from satellite beam pointing errors due to the requirement of overlapping cell areas on Earth during inter satellite cell switching.
Observation 7: For the Earth fixed and Earth moving cell scenario, the beam width adjustment for low elevation angles may be beneficial to avoid cell stretching due to varying satellite beam nadir angle.
Observation 8: The Rel-15’s control plane procedures apply to NTN with some enhancements to the mobility management (idle and connected mode) procedures when considering Earth moving cell option. The solutions defined for Earth moving cells can also be applied for Earth fixed cells. No additional changes to the specifications would be required for Earth fixed cells. 
Observation 9: Fixed tracking area are the natural choice for Earth fixed cells and does not require changes in the specification
Observation 10 Earth moving cells support both moving and fixed tracking areas. Solutions for both are included in the TR and require minor changes in the specifications. 
Proposal 1: RAN2 to discuss the above analysis and observations and capture the below TP to TR 38.821 
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[bookmark: _Toc9617053]3.1	Definitions
Satellite beam is a beam generated by an antenna on-board a satellite [1]. Satellite beams may be considered moving or fixed with respect the Earth surface.
A 5G NR cell can be identified by a PCI value. It can be moving or fixed to Earth, depending whether the satellite beam carrying them is moving or fixed on Earth.

7.2.1.x Fixed cells vs moving cells
For Earth fixed cells we assume that the cells are fixated to a certain location on Earth from the time where the satellite (these cells belongs to), is at a certain elevation angle over the horizon until the same satellite has reached the same elevation angle at the opposite horizon. At that point in time, another satellite takes over and all RRC Connected UEs are handed over to a new cell at the new satellite.
One possible implementation for Earth fixed cells is that the UEs of each cell are handled by the satellite that provides signals with the best link budget or the satellites with higher elevation angle (note the two are not necessary the same due to the direction of the satellite beam pointing). In general, the satellite selection criteria is an implementation choice.
For Earth moving cells we assume that the cells follow the satellite coverage, and move with the speed of the satellite, i.e. 7.5 km/s. An illustration of earth fixed and Earth moving cells can be seen in Figure x.1 and Figure x.2 respectively. Figure x.1 shows also the minimum and maximum elevation angles relative to a cell inside the satellite coverage. The elevation angle is minimum for cells that are far from the satellite and the satellite is low at the horizon. The maximum elevation angle is when the satellites is right above the cells. 

[image: ]
Figure x.1: Earth fixed cells

[image: ]
Figure x.2: Earth moving cells
The elevation angle for UEs located in a cell is computed vs the satellite the cell is associated with, whether this cell is Earth moving or Earth fixed. In case the satellite beams are pointing straight down to earth for both Earth fixed and Earth moving cells, and always connecting to the best satellite from a path gain point of view the minimum elevation angle is similar.
Meanwhile minimum elevation angles will vary due to the size of the satellite footprint and beams may not be steered straight to Earth. Table x.1 shows the normalised maximum and minimum free space path gain (no shadowing, no obstructions, no atmospheric effects, always LOS) for the case of the LEO satellite being at 600 km altitude. The path gain is normalised to the path gain at the maximum elevation angle, where the path gain is largest. This path gain is the same for all the different cases, as also in the Earth fixed cells and Earth moving cells, as it just depends on the elevation angle.

Table x.1 Normalised maximum, minimum path gain for earth moving and earth fixed cells with different elevation angle over horizon for a LEO satellite at 600 km altitude.
	Elevation angle
	Normalised max path gain
	Normalised min path gain

	30°
	0 dB
	-2.5 dB

	50°
	1 
	-1.0 dB 

	70°
	2 
	-0.2 dB 



The handover rate, that is the number of users experiencing a handover per time unit, of the Earth fixed cells can be lower because the same satellite and cell can serve the specific area for longer time. However, if we take the scenario shown in Figure x.1 and x.2, where the satellite beams point straight down to Earth and we connect always to the satellite with the best path gain, it is easy to understand that the handover rates of both cases is similar as:
· For Earth moving cells, as the satellites move, users get handed over gradually when they see a better cell. At some point, after time T, all users in the cell see a better cell at the next satellite, and all user have been handed over.
· For Earth fixed cells, the natural choice for the determination of the better cell is due to the user in the middle of the fixed cell. Once that user could have a better path gain to the next cell, the network should create a new cell at the same spot such that the users can switch to the new cell. This will happen every time T, so the average handover rate will be the same.
Even though the average handover rate is the same, the behaviour is slightly different: in case of the Earth moving cells the UEs have to be handed over gradually as the coverage area of the cells moves; while in the Earth fixed cells scenario, all UEs would need to be handed over to the new cell from the new satellite, in relatively much shorter time compared to the scenario with earth moving cells. For the Earth fixed cells scenario, 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 general, the handover rate for moving cells can be calculated based on the following equation, assuming UEs movement is not significant:

where #UE is the number of UEs in the cell, R is the radius of earth and h is the height of the satellite.
The handover rate for earth fixed cells is can be calculated as follows:

where D1 is given by:

Further explanation can be found in the APPENDIX B.
The normalised handover rates for moving cells and earth fixed cells with different switching elevation angles can be seen in Table x.2.
Table x.2 Normalised handover rate for earth moving and earth fixed cells with different switch elevation angles over horizon for a LEO satellite at 600 km altitude and a 50 km diameter beam. 
	
	Normalised handover rate

	Earth moving cells
	1

	Earth fixed cells, switch elevation angle = 30°
	0.023

	Earth fixed cells, switch elevation angle = 50°
	0.044

	Earth fixed cells, switch elevation angle = 70°  
	0.099



As can be seen when comparing these results with the results from the previous section, there is a tradeoff between the path gain  and the handover rate, depending on the minimum switching elevation angle.
The earth fixed cell scenario requires that all UEs in a beam are handed over in very short time, when the target satellite starts to provide coverage in the current cell area and the source satellite moves below the minimum elevation angle for the considered cell (the switching elevation angle). This leads to a large peak in processing power and will potentially overload the RACH resources of the target satellite cell. This can be mitigated by introducing a overlapping period, where the source and candidate cell overlap and during which the cells are handed over.
Furthermore beampointing errors may impact the performance as they lead to movement of the cell and potentially stretching of the cell. As can be seen from Figure x.3 the effects are largest for small elevation angles.  
[image: ]
Figure x.3 Cell center displacement and beam diameter stretch as a function of elevation angle. Note the beamwidth is assumed to be fixed to ensure 50 km diameter only for the beam at nadir.
The effect of satellite beam pointing errors exists in both the moving and fixed cells scenario. However, as the elevation angles above the horizon are likely larger (see examples in Figures 1 and 2), the relative beam displacements and stretch values are smaller for moving cells. Additionally, during the cell switch in the fixed cell scenario, the cells ideally overlap perfectly, which will be challenging with beam pointing errors.
In Table x.3 the effects on the NR specification of moving vs fixed cells are summarized. It can be concluded that only the tracking area in case of moving cells requires spec changes. For this, different solutions are already included in this TR. For fixed cells no additional changes are required to the specifications and the mobility enhancements proposed for moving cells are also applicable for fixed cells.
Table x.3 Impacting factors of moving and fixed cell on NR
	
	Moving cells
	Fixed cells
	Comments

	Processing load related to handovers
	Constant
	Bursty
	As handovers come in short periods of time in the case of fixed cells, the processing load will be high in shorts periods, while zero at other times.

	Load on C-plane to AMF
	Constant
	Bursty
	As handovers come in short periods of time in the case of fixed cells, the C-plane load towards the AMF will be high in shorts periods, while zero at other times.

	Load on RACH
	Constant
	Bursty
	This may lead to call blocking for new calls happening at the same time and potentially handover failures.

	Service (u-plane) interruption
	Likely similar[footnoteRef:3] [3:  Assuming enough RACH resources, i.e. the cell switch period for earth fixed cells is long enough to avoid RACH blocking.] 

	

	Tracking Area
	Can support moving and fixed tracking areas
	Fixed tracking areas natural choice
	With moving cells both moving and fixed tracking areas can be supported. Both require changes to the specs though with several identified solutions in [1], while for fixed tracking areas no changes are required.



<End of TP>
Appendix
A. Calculation of elevation angle

In this appendix we provide the methodology used to calculate the minimum elevation angles corresponding to the edge of a satellite coverage area of diameter , using a spherical Earth model. Figure 7 shows an illustrative image of a cross-section of the Earth and the satellite coverage in the plane that intersects the nadir. The red arch  in this figure represents the maximum diameter of the coverage area, such that . If Earth’s radius is assumed equal to  than it directly that:

where   is the angle formed by the points  where O is the center of the Earth. 
If D = 4000 km, then, by simple substitution 0.6278 rad = 36 degrees.
From Figure 8, then, it is possible to infer the distance between the cell edge and the satellite, at an altitude h, by using the following trigonometric relationship:
 		[Eq. 1]

If  h=600 km, then, D1= 2170 km. And by a reverse process it is possible to find the elevation angle, , corresponding to the angle between the UE located at the cell edge and the satellite. 
 				[Eq. 2]
0.12 rad = 6.9 degrees
[image: ]
Figure 7. The picture illustrates the cross section of the coverage area for the satellite, corresponding to the red arch ( where R represents Earth’s radius. 

[image: ]
Figure 8. The picture shows the geometric relationship between the distance between the satellite and the cell edge (D1), the elevation angle () and the inner angle , for a satellite placed at altitude h. 

B. Calculation of Handover Rate
Moving cells 
For any given UE within a NTN cell, the “average time in coverage” for that particular cell is given by the time where that UE is within the area covered by a moving beam. This depends on the length of the chord that crosses the cell area parallel to the satellite orbit movement. 
If the cell diameter is assumed to be a circumference of radius L, the average chord size is  By looking at figure 7, this corresponds to an angular movement on Earth equal to
.
If the satellite is travelling at a speed v, its angular movement, in relation to the center of the Earth, is given by 
  Therefore, the average time corresponding to the satellite moving past the coverage distance for a random UE in one of its cells is:


Consequently, the handover rate, for the moving cells scenarios when all users are considered is:


Steerable (fixed on Earth) cells 
The average time a satellite can cover the same cell on Earth depends on the switching angle,  For a first approximation, the problem is simplified such that a satellite is considered to start covering a cell when the elevation angle between the closest cell edge and the satellite is equal to  while the satellite is considered to stop covering a cell when the angle between the opposite end and the satellite is below  . 

With this simplification, if the cell diameter is represented by  in Figure 8, the average time the cell is covered by a given satellite is related to an angular movement of the satellite equal to the angle 
By replacing the value of  in equations 1 and 2, one can find that:

Therefore: 

So, once again, using the angular velocity of the satellite it is possible to estimate the time the satellite will be covering this particular cell: 

And by consequence:



Where, D1 can be found from eq. 2:
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