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1 Introduction
In the RAN1 #97, it is agreed to have a calibration of the CDFs of coupling loss and geometry and the related parameters were also agreed [1].
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In this contribution, we provide the calibration results of CDFs of coupling loss and geometry with and without noise by single satellite system level simulation.
2 Wrap around methodology
We use the geological wrap around method for the simulation in this contribution. In the geological wrap around method, minimum distance between UEs and all beam centre candidates is calculated based on 2D distance on UV plane as shown in Fig.1.

Figure 1. Calculation of minimum distance between UEs and all beam centre candidates on UV plane

[image: image7]
3 Calibration results
In this contribution, both results of set-1 and set-2 satellite parameters are provided. And, the ABS for Set-2 are shown in Table 1 because the ABS for Set-2 is not provided in [1].

Table 1. Adjacent beam spacing (ABS) on UV plane
	Scenario
	Scenario A
	Scenario C2/D2

	Adjacent beam spacing (ABS) on UV plane
	S-band : ABS = 0.0108
Ka-band : ABS = 0.0065
	S-band : ABS = 0.1294

Ka-band : ABS = 0.0649


Also, all results of 3 frequency re-use factor options are provided. The results of frequency re-use factor option 1 and 2 are provided for all UE configurations. The result of option 3 (polarization re-use is enabled) is only provided for VSAT. For S-band, atmospheric absorption is neglected as reported in [2]. The effect of ionospheric scintillation is PLS = 0 because the middle latitudes (between ±20° and ±60°) is supposed in this contribution. All the calibration results data can be found in the companion spreadsheet.
3.1 Coupling loss
The 3 calibration results of coupling loss for Scenario A (GEO, Ka-band, Set-1, VSAT), Scenario C2 (LEO-1200, S-band, Set-1, Handheld) and Scenario D2 (LEO-600, S-band, Set-1, Handheld) are shown in Fig.2-4.
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Figure 2. CDF of coupling loss of Scenario A (GEO, Ka-band, Set-1, VSAT) 
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Figure 3. CDF of coupling loss of Scenario C2 (LEO-1200, S-band, Set-1, Handheld) 
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Figure 4. CDF of coupling loss of Scenario D2 (LEO-600, S-band, Set-1, Handheld) 
3.2 Geometry with noise
The 3 calibration results of geometry with noise for Scenario A (GEO, Ka-band, Set-1, VSAT), Scenario C2 (LEO-1200, S-band, Set-1, Handheld) and Scenario D2 (LEO-600, S-band, Set-1, Handheld) are shown in Fig.5-7. 
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Figure 5. CDF of geometry with noise of Scenario A (GEO, Ka-band, Set-1, VSAT, Option1) 
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Figure 6. CDF of geometry with noise of Scenario C2 (LEO-1200, S-band, Set-1, Handheld, Option1) 
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Figure 7. CDF of geometry with noise of Scenario D2 (LEO-600, S-band, Set-1, Handheld, Option1) 

3.3 Geometry without noise

The 3 calibration results of geometry without noise for Scenario A (GEO, Ka-band, Set-1, VSAT), Scenario C2 (LEO-1200, S-band, Set-1, Handheld) and Scenario D2 (LEO-600, S-band, Set-1, Handheld) are shown in Fig.8-10. 
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Figure 8. CDF of geometry without noise of Scenario A (GEO, Ka-band, Set-1, VSAT, Option1) 
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Figure 9. CDF of geometry without noise of Scenario C2 (LEO-1200, S-band, Set-1, Handheld, Option1) 
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Figure 10. CDF of geometry without noise of Scenario D2 (LEO-600, S-band, Set-1, Handheld, Option1) 
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Agreement:


Both multi-satellite and single satellite simulations should be considered for calibration and performance evaluation.








Agreement:


The following tables (updated from previous table for set-1) representing 2 sets of satellite parameters are considered as the baseline for System Level Simulations for calibration:


Table X.1: Set-1 Satellite parameters for System Level Simulations


Satellite orbit�
GEO�
LEO-1200�
LEO-600�
�
Satellite altitude�
35’786 km�
1’200 km�
600 km�
�
Satellite antenna pattern�
Section 6.4.1 in TR 38.811�
Section 6.4.1 in TR 38.811�
Section 6.4.1 in TR 38.811�
�
Payload characteristics for DL transmissions�
�
Equivalent satellite antenna aperture (Note 1)�
S-band


(i.e. 2 GHz)�
22 m�
2 m�
2 m�
�
Satellite EIRP density�
�
59 dBW/MHz�
40 dBW/MHz�
34 dBW/MHz�
�
Satellite Tx max Gain�
�
51 dBi�
30 dBi�
30 dBi�
�
Satellite beam diameter (Note 2)�
�
250 km�
90 km�
50 km�
�
Equivalent satellite antenna aperture (Note 1)�
Ka-band


(i.e. 20 GHz for DL)�
5 m�
0.5 m�
0.5 m�
�
Satellite EIRP density�
�
40 dBW/MHz�
10 dBW/MHz�
4 dBW/MHz�
�
Satellite Tx max Gain�
�
58.5 dBi�
38.5 dBi�
38.5 dBi�
�
Satellite beam diameter (Note 2)�
�
110 km�
40 km�
20 km�
�
Payload characteristics for UL transmissions�
�
Equivalent satellite antenna aperture (Note1)�
S-band 


(i.e. 2 GHz)�
22 m�
2 m�
2 m�
�
G/T�
�
19 dB K-1�
1.1 dB K-1�
1.1 dB K-1�
�
Satellite Rx max Gain�
�
51 dBi�
30 dBi�
30 dBi�
�
Equivalent satellite antenna aperture (Note1)�
Ka-band (i.e. 30 GHz for UL)�
5 m�
0.5 m�
0.5 m�
�
G/T�
�
28 dB K-1�
13 dB K-1�
13 dB K-1�
�
Satellite RX max Gain�
�
62 dBi�
42 dBi�
42 dBi�
�
Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR 38.811� REF _Ref718682 \r \h � \* MERGEFORMAT �.


Note 2: This beam size refers to the Nadir pointing of the satellite�
�






Table X.2 : Set-2 Satellite parameters for System Level Simulations


Satellite orbit�
GEO�
LEO-1200�
LEO-600�
�
Satellite altitude�
35’786 km�
1’200 km�
600 km�
�
Satellite antenna pattern�
Section 6.4.1 in TR 38.811�
Section 6.4.1 in TR 38.811�
Section 6.4.1 in TR 38.811�
�
Payload characteristics for DL transmissions�
�
Equivalent satellite antenna aperture (Note 1)�
S-band


(i.e. 2 GHz)�
12 m�
1 m�
1 m�
�
Satellite EIRP density�
�
53.5 dBW/MHz�
34 dBW/MHz�
28 dBW/MHz�
�
Satellite Tx max Gain�
�
45.5 dBi�
24 dBi�
24 dBi�
�
Satellite beam diameter (Note 2)�
�
450 km�
190 km�
90 km�
�
Equivalent satellite antenna aperture (Note 1)�
Ka-band


(i.e. 20 GHz for DL)�
2 m�
0.2 m�
0.2 m�
�
Satellite EIRP density�
�
32 dBW/MHz�
2 dBW/MHz�
-4 dBW/MHz�
�
Satellite Tx max Gain�
�
50.5 dBi�
30.5 dBi�
30.5 dBi�
�
Satellite beam diameter (Note 2)�
�
280 km�
90 km�
50 km�
�
Payload characteristics for UL transmissions�
�
Equivalent satellite antenna aperture (Note1)�
S-band


(i.e. 2 GHz)�
12 m�
1 m�
1 m�
�
G/T�
�
14 dB K-1�
-4.9 dB K-1�
-4.9 dB K-1�
�
Satellite Rx max Gain�
�
45.5 dBi�
24 dBi�
24 dBi�
�
Equivalent satellite antenna aperture (Note1)�
Ka-band (i.e. 30 GHz for UL)�
2 m�
0.2 m�
0.2 m�
�
G/T�
�
20 dB K-1�
5 dB K-1�
5 dB K-1�
�
Satellite Rx max Gain�
�
54 dBi�
34 dBi�
34 dBi�
�
Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR 38.811.


Note 2: This beam size refers to the Nadir pointing of the satellite�
�






Agreement:


The following table is agreed for UE characteristics for System Level Simulations


Table X.3 : UE characteristics for System Level Simulations


Characteristics�
VSAT�
Handheld�
Other (Note 1)�
�
Frequency band�
Ka band(i.e. 30 GHz UL and 20 GHz DL)�
S band (i.e. 2 GHz)�
Ka band(i.e. 30 GHz UL and 20 GHz DL)�
�
Antenna type and configuration�
Directional


Section 6.4.1 of TR 38.811 with 60 cm equivalent aperture diameter�
(1, 1, 2) with omni-directional antenna element


�
Directional


(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=65 deg)�
�
Polarisation�
circular�
Linear : +/-45°X-pol�
Linear : +/-45°X-pol�
�
Rx Antenna gain �
39.7 dBi �
0 dBi per element�
8dBi per element�
�
Antenna temperature�
150 K�
290 K�
290 K�
�
Noise figure�
1.2 dB�
7 dB�
9 dB�
�
Tx transmit power�
2 W (33 dBm)�
200 mW (23 dBm)�
[20 W (43 dBm)]�
�
Tx antenna gain�
43.2 dBi�
0 dBi per element�
8dBi per element�
�
Note 1: Moving platforms (e.g., aircrafts, vessels), building mounted devices.�
�






Agreement:


The following table is agreed for the beam layout definition for a single satellite simulation


Table X.4 : Beam layout definition for single satellite simulation


Scenario�
Scenario A, C2 and D2�
�
Beam layout definition�
Baseline : Hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame�
�
Number of beams�
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”)�
�
UV plane illustration (extracted from [16])�
��
�
UV plane convention�
U axis is defined as the perpendicular line to the satellite-earth line on the orbital plane as illustrated here after :


�


The straight line being orthogonal to UV plane is pointing towards the Earth centre.


UV coordinates of the nadir of the reference satellite is (0,0)�
�
Adjacent beam spacing on UV plane�
Baseline: Adjacent beam spacing computation based on 3dB beam width of the satellite antenna pattern :


ABS = sqrt(3) x sin(HPBW/2 [rad])�
�
Central beam bore sight direction definition�
Baseline : 


Case 1 : Central beam center is considered at nadir point


Case 2 : Central beam boresight direction computed based on elevation angle target�
�






Agreement:


The following updated table is agreed for System Level Simulation assumptions for calibration.


Note: This table (X.5) replaces the two tables agreed in RAN1#96bis for configuration scenarios A and C2/D2





Table X.5 : SLS assumptions for calibration


Configuration scenario�
A, C2 and D2�
�
Frequency band�
S-band (i.e. 2 GHz)  / Ka- Band (i.e. 20 GHz DL, 30 GHz UL)�
�
Maximum Bandwidth per beam (DL + UL)�
S-band : DL 30 MHz and UL 30 MHz


Ka-band : DL 400 MHz and UL 400 MHz


The bandwidth per beam must be adapted based on the frequency factor and the polarization re-use option considered.�
�
Satellite characteristics (G/T, EIRP density, antenna diameter)�
See Table X.1 and Table X.2 


Note : Same satellite characteristics should be considered for both single and multi-satellite simulations�
�
Satellite antenna pattern�
TR 38.811 section 6.4.1 Bessel function�
�
Satellite polarization configuration�
Circular�
�
Beam layout definition�
For singles satellite simulation : See Table X.4


For multi satellites simulation : FFS�
�
Frequency re-use factor�
Option 1 : 1


�


Option 2 : 3


�


�
�









Frequency re-use factor�
Option 3 : 2 if polarization re-use is enabled


��
�
Polarization re-use�
Option 1 : Disable


Option 2 : Enable


Note : Polarization re-use should apply only if circular polarization for terminal antenna is considered �
�
Deployment scenarios�
Base-line : Rural


Additional deployment scenario results can be provided�
�
Propagation conditions�
Base-line : Clear Sky�
�
UEs outdoor/indoor distribution�
100% outdoor distribution for UEs�
�
UEs coverage distribution�
Base-line : at least X=10 UEs per beam with uniform distribution in all the beams�
�
UE configuration�
S-band :


Handheld (optional for scenario A)





Ka-band :


VSAT


Others  (optional for scenario A)





See Table X.3�
�
UE orientation�
VSAT and Others: Ideal Tracking serving beam;


Handheld: Random�
�
Handover Margin�
0 dB�
�
UE attachment�
RSRP�
�
Metrics for calibration�
Base-line : Coupling loss, Geometry


Note : Coupling loss is defined as the signal loss from the antenna port to the antenna port�
�
Note 1 : Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.�
�






Agreement:


A wrap around mechanism should be considered as a baseline for single satellite simulation for intra-satellite interference modeling based on additional bore-sight beam directions which should be computed based on the methodology captured in Table X.4.


FFS: Details of the wrap around mechanism











Agreement:


Details on the wrap around methodology used should be provided by the companies together with their simulation results.


Note: The FFS in the previous agreement on wrap around does not need to be addressed








Agreement:


The beam layout parameters captured in the following table are adopted as a starting point for single satellite simulations.


Table X.6 : Beam layout parameters for single satellite simulation 


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�
�






Agreement:


The value of amplitude index S_4 used in ionospheric scintillation loss model should be provided in the simulation assumptions if the UE latitude is comprised within ±20° and the carrier frequency is below 6GHz.
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