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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”[2]. 
During last 3GPP RAN WG1 meeting in Reno the calibration framework for single satellite simulations has been discussed and some agreements on the calibration procedure have been achieved [3] and captured in [2].
The first part of this document aims to share some considerations concerning the calibration procedure that may have been missed or not explicitly discussed during the last meeting. The second part of the document presents the first batch of calibration results.


2. Considerations and clarifications on calibration procedure
Beam layout definition
During last meeting, the following table was agreed concerning the beam layout parameters :
Table 6.1.1-6 : Beam layout parameters for single satellite simulation extracted from [2]
	Scenario
	Scenario A
	Scenario C2/D2

	Carrier frequency
	S-band : 2 GHz
Ka-band : 20 GHz for DL
	S-band : 2 GHz
Ka-band : 20 GHz for DL

	Adjacent beam spacing (ABS) on UV plane
	S-band : ABS = 0.0061
Ka-band : ABS = 0.0027
	S-band : ABS = 0.0668
Ka-band : ABS = 0.0267

	Satellite location
	Any position on the geostationary orbit
	Any position on the LEO orbit

	Central beam center elevation angle target
	Baseline : 
· Case 1 : Not considered
· Case 2 : 45 degrees
	Baseline :
· Case 1 : 90 degree
· Case 2 : FFS

	Central beam bore sight direction coordinates in UV plane
	Baseline : 
· Case 1 : Not considered
· Case 2 : (0.107,0)
	Baseline :
· Case 1 : (0,0)
· Case 2 : FFS

	Gateway direction coordinates in UV plane
	Baseline : Same as central beam bore sight direction coordinates in UV plane
Note : Not needed for calibration



It appears that the ABS values specified in this table are correct only if Set 1 satellite parameters are considered. However, additional ABS values should be provided if Set 2 parameters are considered instead. As a consequence this table in the TR should be updated as proposed below :
Table 1 : Update proposal for Table 6.1.1-6
	Scenario
	Scenario A
	Scenario C2/D2

	…
	…
	…

	Adjacent beam spacing (ABS) on UV plane
	S-band : 
· Set 1 : ABS = 0.0061
· Set 2 :ABS = 0.0122
Ka-band : 
· Set 1 : ABS = 0.0027
· Set 2 : ABS = 0.0061
	S-band : 
· Set 1 : ABS = 0.0668
· Set 2 : ABS = 0.1346
Ka-band : 
· Set 1 : ABS = 0.0267
· Set 2 : ABS = 0.0673

	…
	…
	…



An additional set of ABS values corresponding to Set 2 satellite parameters should be captured in Table 6.1.1-6 of [2].
Frequency / polarization reuse
During last meeting, some assumptions have been agreed concerning the frequency re-use factor options for calibration (see Table 6.1.1-5 in [2]) :
· Option 1 : frequency re-use factor = 1
· Option 2 : frequency re-use factor = 3
· Option 3 : frequency re-use factor = 2 and polarization re-use enabled
If the frequency re-use factor is higher than 1, the system frequency bandwidth is separated in sub-bands in the frequency domain and possibly in the polarization domain. The satellite beams are allocated on the different sub-bands. To keep things simple, one can assume a perfect orthogonality between the sub-bands. In other words, the interference between two beams allocated to two distinct sub-bands can be considered null.
: The frequency sub-bands defined when a frequency re-use factor superior to one is assumed should be considered perfectly orthogonal to each other.
However, in a real system, there will be some interference due to radio frequency leakages (which can be quite significant when OFDM  signal is amplified) and polarization misalignments.
UE dropping
The UE dropping procedure inside a beam has not been clearly defined. One can assume a UE is dropped properly inside a beam if the UE’s long-lat coordinates are included inside the beam HPBW (Half Power Beamwidth) footprint.
: The UE dropping procedure inside beams should consist in randomly draw the UE location on earth such that the UE’s long-lat coordinates are included inside the beam HPBW (Half Power Beamwidth) footprint.
Wrap Around methodology
During last meeting, the two following agreements were achieved concerning the wrap around methodology:
Agreement: 
For single satellite simulation : Baseline: 19-beam layout considering wrap-around mechanism (i.e. 18 beams surrounding the central beam and allocated on 2 distinct “tiers”)
Agreement:
Details on the wrap around methodology used should be provided by the companies together with their simulation results.
From our understanding, based on the adopted wrap-around methodology, a significant disparity among calibration SIR results will be observed. This may be an issue to finalize efficiently the calibration phase among the companies. As a consequence, it can be beneficial to agree on common wrap-around methodology  to be adopted for calibration only. 
RAN WG1 should agree on a simple wrap-around methodology to reduce the disparity between calibration results. The approach described below can be assumed as a starting point if considered sufficiently explicit.
One approach that can be considered and that is simple to apply is the following one : 
The calibration is performed inside the 19 beams composing the 19-beam layout. When computing geometry metrics, only the 19 beams should be considered. 
Note that this approach leads to an underestimation of the interference level inside the outer beams. However, the purpose of calibration is to ensure the good alignment between the companies and not to evaluate realistic values. The calibration results presented in the second part of this paper have been obtained based on this approach.
Pseudo-code for the proposed calibration wrap-around methodology :
beamList = … # list of beams composing the 19-beam layout
N = 19 #  number of beams in beamList

for n in {1, …,N} 
	beam = beamList[n]
	performCalibration(beam, beamList) # Perform geometry calibration inside beam considering all the beams included in beamList. 
end
For performance evaluation it is up to the companies to consider the wrap-around methodology that suits them.
Calibration of large scale parameter
For large scale calibration, fast fading is not modelled : the large scale model described in section 6.6 of [1] is preferred.
2.1.1 LOS probability
It is proposed to assume LOS conditions are always fulfilled when performing calibration. It should help finalizing efficiently the calibration phase.
LOS conditions should always be assumed fulfilled for calibration.
For the performance evaluation stage, the LOS conditions should be discussed depending on the foreseen scenarios. For instance, maybe LOS conditions should always be assumed fulfilled when fixed directive terminal are considered in combination with a GEO satellite.
2.1.2 Shadow Fading
To simplify the calibration stage, it is simpler to assume that shadow fading should be considered for all foreseen configuration. This assumption has been made when computing the calibration results presented in the second part of the document.
However, for the performance evaluation stage, the shadow fading model should be discussed depending on the scenario (type of satellite, type of terminal). For instance, it would be more accurate to discard shadow fading when VSATs are considered in combination with a GEO satellite. Indeed, in most cases the VSAT will be building-mounted and aimed directly at the satellite such that no obstacle blocks the LOS path.
Shadow fading. introduction should be discussed for performance evaluation depending on the foreseen scenarios.
Furthermore, it should be clarified that the shadow fading draw should be the same for the down link between the serving beam and the terminal and for the interfering down links between the interfering beams and the terminal. This is due to the fact that the beam transmission points are collocated for single satellite simulations. Note the situation is different on the uplink since the interfering terminals are dropped in different locations on earth. This deserves to be clarified to avoid calibration misalignment.
In single satellite simulations, the shadow fading draw should be the same for the down link between the serving beam and the terminal and for the interfering down links between the interfering beams and the terminal.
2.1.3 Atmospheric Loss
The methodology to derive the atmospheric attenuation is detailed in section 6.6.4 of [1]. The formula depends on the zenith attenuation  and the elevation angle. The zenith attenuation can be extracted from Figure 6 of ITU R P.676 reported below.
[image: ]
Figure 1 : Zenith attenuation (dB) as a function of the operational frequency [extracted from ITU R P.676]
To limit disparity among calibration results, the  values for the frequencies of interest are explicitly defined in Table 1.
The zenith attenuation values reported in Table 1 should be considered for calibration.
[bookmark: _Ref16068909]Table 2 : Zenith attenuation values considered for calibration
	Frequency [GHz]
	 [dB]

	2
	3.7e-2

	20
	2.75e-1

	30
	2.20e-1



2.1.4 Scintillation Loss
The methodology to derive the tropospheric scintillation loss for frequency above 6 GHz is quite straightforward when using the tropospheric attenuation level at 99% of the time presented in Table 6.6.6.2.1-1 of [1].
However, the methodology to derive the ionospheric scintillation loss for frequency below 6 GHz is more complex and vague. In particular, the ionospheric loss derivation is different based on the terminal geographic localisation. Moreover, the calibration assumptions for single satellite simulations do not explicitly define the satellite location. This may lead to calibration misalignements. 
As a consequence, it  is proposed to assume that the satellite beam-layout coverage is located in the geographic areas characterized by latitudes between ±20° and ±60° of latitude. In these conditions, the ionospheric scintillation loss can be considered as null based on the TR38.811 recommendations. The calibration results presented in this paper have been obtained based on this assumption.
The ionospheric scintillation loss should be discarded for calibration.
3. First stage calibration results on downlink transmissions
The first calibration results obtained for downlink transmissions have been computed for a subset of study cases. The study case list is provided in Table 3. The excel document capturing these stage 1 calibration results has been attached with this file.
[bookmark: _Ref16088095]Table 3 : Study case list for which calibration has been performed
	Case N°
	UL-DL
	GSO - NGSO
	altitude [km]
	parameter set
	central beam elevation [deg]
	terminal
	frequency band
	frequency re-use factor

	 1
	DL
	GSO
	-
	set 1
	45
	VSAT
	Ka-band
	1

	 2
	DL
	GSO
	-
	set 1
	45
	VSAT
	Ka-band
	2

	 3
	DL
	GSO
	-
	set 1
	45
	VSAT
	Ka-band
	3

	 4
	DL
	NGSO
	600
	set 1
	90
	VSAT
	Ka-band
	1

	 5
	DL
	NGSO
	600
	set 1
	90
	VSAT
	Ka-band
	2

	 6
	DL
	NGSO
	600
	set 1
	90
	VSAT
	Ka-band
	3

	 7
	DL
	NGSO
	600
	set 1
	90
	Handheld
	S-band
	1

	 8
	DL
	NGSO
	600
	set 1
	90
	Handheld
	S-band
	3





4. Conclusion
In this paper, the following proposals and observations have been made :
1. An additional set of ABS values should be captured in Table 6.1.1-6 of [2] corresponding to Set 2 satellite parameters.
The frequency sub-bands defined when a frequency re-use factor superior to one is assumed should be considered perfectly orthogonal to each other.
The UE dropping procedure inside beam should consist in randomly draw the UE location such that the UE’s long-lat coordinates are included inside the beam HPBW footprint.
RAN WG1 should agree on a simple wrap-around methodology to reduce the disparity between calibration results. The approach described below can considered as a starting point if considered sufficiently explicit.
LOS conditions should always be assumed fulfilled for calibration.
The zenith attenuation values reported in Table 1 should be considered for calibration.
The ionospheric scintillation loss should be discarded for calibration.

1. Shadow fading. introduction should be discussed for performance evaluation depending on the foreseen scenarios.
In single satellite simulations, the shadow fading draw should be the same for the down link between the serving beam and the terminal and for the interfering down links between the interfering beams and the terminal.
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FIGURE 6
Total, dry air and ater-vapour zenih attenuation from sea level:
(Pressure =1 01328 kPa; Temperature = 15C; Water Vagour Deasity = 7. g/u)
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