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1	Introduction
This Report includes the sharing and compatibility studies of HAPS systems in the 47.2-47.5 and 47.9-48.2 GHz frequency ranges with services to which the bands are allocated on a primary basis.
This Report provides the sharing and compatibility studies referenced under further resolves 1 of Resolution 160 (WRC-15), to ensure the protection of the existing services allocated to the frequency range and taking into account relevant footnotes of Article 5 of the RR.
[bookmark: _Toc529879760][bookmark: _Toc529880020][bookmark: _Toc529886532][bookmark: _Toc529879761][bookmark: _Toc529880021][bookmark: _Toc529886533][bookmark: _Toc530661312][bookmark: _Toc7699363][bookmark: _Toc19283722][bookmark: _Toc19289055]2	Glossary
BS	Base station
CDF	Cumulative distribution function
CPE	Customer premises equipment (serves fixed terminal links between HAPS and customer networks)
e.i.r.p.	Equivalent isotopically radiated power
FS 	Fixed service
FSS	Fixed-satellite service
GSO	Geostationary satellite orbit
GW	Gateway (provides feeder link service between ground and HAPS)
HAPS	High altitude platform station 
LHCP	Left hand circular polarisation
MS 	Mobile service
pfd	Power flux-density
RHCP	Right hand circular polarisation
UL	Up link
UE	User equipment 
[bookmark: _Toc530661313][bookmark: _Toc7699364][bookmark: _Toc19283723][bookmark: _Toc19289056]3	Allocation information in the 47.2-47.5 and 47.9-48.2 GHz frequency ranges
The Radio Regulations Table of Frequency Allocations is provided for reference below.


TABLE 1
Allocation information in the 47.2-47.5 and 47.9-48.2 GHz bands
	Allocation to services

	Region 1
	Region 2
	Region 3

	47.2-47.5	FIXED
				FIXED-SATELLITE (Earth-to-space)  5.552
				MOBILE
				5.552A

	…

	47.9-48.2	FIXED
				FIXED-SATELLITE (Earth-to-space)  5.552
				MOBILE
				5.552A


[bookmark: _Toc530661314]
[bookmark: _Toc7699365][bookmark: _Toc19283724][bookmark: _Toc19289057]4	Technical characteristics
[bookmark: _Toc530661315][bookmark: _Toc7699366][bookmark: _Toc19283725][bookmark: _Toc19289058]4.1	Technical and operational characteristics of HAPS systems operating in the 47.2‑47.5 and 47.9-48.2 GHz frequency ranges
For technical and operational characteristics of HAPS systems, see Report ITU-R F.2439-0.
[bookmark: _Toc529892322][bookmark: _Toc529892974][bookmark: _Toc529901926][bookmark: _Toc529902145][bookmark: _Toc529904259][bookmark: _Toc529892323][bookmark: _Toc529892975][bookmark: _Toc529901927][bookmark: _Toc529902146][bookmark: _Toc529904260][bookmark: _Toc529892324][bookmark: _Toc529892976][bookmark: _Toc529901928][bookmark: _Toc529902147][bookmark: _Toc529904261][bookmark: _Toc529892325][bookmark: _Toc529892977][bookmark: _Toc529901929][bookmark: _Toc529902148][bookmark: _Toc529904262][bookmark: _Toc529892326][bookmark: _Toc529892978][bookmark: _Toc529901930][bookmark: _Toc529902149][bookmark: _Toc529904263][bookmark: _Toc529892327][bookmark: _Toc529892979][bookmark: _Toc529901931][bookmark: _Toc529902150][bookmark: _Toc529904264][bookmark: _Toc529892394][bookmark: _Toc529893046][bookmark: _Toc529901998][bookmark: _Toc529902217][bookmark: _Toc529904331][bookmark: _Toc530661316][bookmark: _Toc7699367][bookmark: _Toc19283726][bookmark: _Toc19289059]4.2	Technical and operational characteristics of Mobile service operating in the 47.2‑47.5 and 47.9-48.2 GHz frequency ranges
The technical and operational characteristics of mobile service to be used for sharing studies is given in the Tables below.
Table 2 shows the deployment related parameters for mobile services. The parameters are from Recommendation ITU-R M.2101 and from the relevant group for:
–	Base station outdoor suburban hotspot
–	Base station outdoor urban hotspot
–	Base station indoor office
–	User terminal.
TABLE 2
Deployment related parameters for bands between 45.5 GHz and 52.6 GHz
	
	Outdoor suburban hotspot
	Outdoor urban hotspot
	Indoor

	Base station characteristics/Cell structure

	Downtilt
	10 degrees
	10 degrees
	90 degrees /ceiling-mounted

	Spurious emission/TRP (dbm/MHz)
	–13
	–13
	–13

	1
	Antenna characteristics 
	




TABLE 2 (continued)
	
	Outdoor suburban hotspot
	Outdoor urban hotspot
	Indoor

	1.1
	Antenna pattern 
	Refer to Recommendation ITU-R M.2101
Note 1

	1.2
	Element gain (dBi)
	5
	5
	5

	1.3
	Horizontal/vertical 3 dB beamwidth of single element (degree) 
	65º for both H/V
	65º for both H/V
	90º for both H/V

	1.4
	Horizontal/vertical front-to-back ratio (dB)
	30 for both H/V
	30 for both H/V
	25 for both H/V

	1.5
	Antenna array configuration (Row × Column)
Note 2
	8 × 16 elements
	8 × 16 elements
	8 × 16 elements

	1.6
	Horizontal/Vertical radiating element spacing 
	0.5 of wavelength for both H/V
	0.5 of wavelength for both H/V
	0.5 of wavelength for both H/V

	User terminal characteristics

	1
	Antenna characteristics 
	

	1.1
	Antenna pattern
	Refer to Recommendation ITU-R M.2101

	1.2
	Element gain
	5
	5
	5

	1.3
	Horizontal/vertical 3 dB beamwidth of single element (degree)
	90º for both H/V
	90º for both H/V
	90º for both H/V

	1.4
	Horizontal/vertical front-to-back ratio (dB)
	25 for both H/V
	25 for both H/V
	25 for both H/V

	1.5
	Antenna array configuration (Row × Column)
Note 2
	4 × 4 elements
	4 × 4 elements
	4 × 4 elements

	2
	Transmit power control
	

	2.1
	Power control model
	Refer to Recommendation ITU-R M.2101

	2.2
	Maximum user terminal output power, PCMAX
Note 3
	22 dBm
	22 dBm
	22 dBm






	Notes to Table 2:
NOTE 1 – The BS (sector) density must be translated into the Inter-Site Distance (ISD) according to the network topology for use as input in Recommendation ITU-R M.2101. Dense urban environments are likely to be served by single sector small cells. 
NOTE 2 – The antenna pattern for base station or user equipment depends on the antenna array configuration and the antenna element pattern and gain. For example, the antenna array composed of 8 × 8 identical antenna elements with 5 dBi gain each produces a maximum 23 dBi main beam antenna gain for base stations and an antenna array composed of 4 × 4 identical antenna elements with 5 dBi gain each produces a maximum 17 dBi main beam antenna gain for user terminal. Antenna gain in directions other than the main beam is reduced according to the antenna model described in Recommendation ITU-R M.2101. The use of antenna array configurations other than those indicated in the table above should not lead to an increase of interference to other services to which the bands are currently allocated and should not increase the e.i.r.p., by adjusting the other relevant parameters.
NOTE 3 – Maximum user terminal output power depends on the antenna array configuration and conducted power (before Ohmic loss) per antenna element. For example, the antenna array composed of 4 × 4 identical antenna elements with conducted power per antenna element 10 dBm produces 22 dBm maximum user terminal output power. The reduction of maximum user terminal output power resulting from power control model is applied to each element within antenna array; i.e. conducted power (before Ohmic loss) per antenna element is reduced to same extent as PPUSCH reduced compared to PCMAX. 



[bookmark: _Toc530661317][bookmark: _Toc7699368][bookmark: _Toc19283727][bookmark: _Toc19289060]4.3	Technical and operational characteristics of FSS operating in the 47.2-47.5 and 47.9‑48.2 GHz frequency ranges
TABLE 3
FSS victim parameters
	FSS uplink parameters (interfered with)

	Frequency range (GHz)
	47.2-47.5 / 47.9‑48.2
	47.2-47.5 / 47.9-48.2
	47.2-47.5 / 47.9‑48.2

	CARRIER
	Carrier #15
	Carrier #34
	Carrier #44

	Noise bandwidth (MHz)
	100-600
	115
	50-500

	SPACE STATION
	
	
	

	Peak receive antenna gain (dBi)
	45.7
	41.7
	35

	Antenna receive gain pattern and (3 dB) beamwidth
	Section 1.1 of Annex 1
Rec. ITU-R S.672-4
Beamwidth: 0.92
LS = –25
	Section 1.1 of Annex 1 of Rec. ITU-R S.1528 Ls = ‑25
Beamwidth: 1.5
	Rec. ITU-R S.1528 LS = ‑25
BW = 3.15

	System receive noise temperature (K)
	600
	600
	600




TABLE 3 (end)
	Interference protection criteria 

	Interference to noise ratio I/N (dB)
	–10.5 dB not to be exceeded more than 20%
–6 dB not to be exceeded more than 0.6%
+8 dB not to be exceeded more than 0.02%
	–10.5 dB not to be exceeded more than 20%
–6 dB not to be exceeded more than 0.6%
+8 dB not to be exceeded more than 0.02%
	–10.5 dB not to be exceeded more than 20%
–6 dB not to be exceeded more than 0.6%
+8 dB not to be exceeded more than 0.02%

	Other

	Additional Notes 
	
	NGSO system with a circular orbit having an altitude of 8 062 km.
	NGSO system with a circular, orbit having an altitude of 1 400 km. 


TABLE 4
FSS interferer parameters
	FSS uplink parameters (interferer)

	Frequency range (GHz)
	47.2-47.5 and 47.9-48.2
	47.2-47.5 and 47.9-48.2

	Earth station carrier
	Carrier #16
	Carrier #34

	Antenna diameter (m)
	6.8
	1.8

	Peak transmit antenna gain (dBi)
	68.6
	56.9

	Peak transmit power spectral density (clear sky) (dB(W/Hz))
	–54
	–73.7

	Antenna gain pattern (ITU Recommendation)
	Rec. ITU-R 465-6
	Rec. ITU-R 465-6

	Minimum elevation angle of transmit earth station (degree)
	10
	10

	Other

	Additional Notes 
	
	NGSO system with a circular orbit having an altitude of 8 062 km


[bookmark: _Toc529892397][bookmark: _Toc529893049][bookmark: _Toc529902001][bookmark: _Toc529902220][bookmark: _Toc529904334][bookmark: _Toc529892398][bookmark: _Toc529893050][bookmark: _Toc529902002][bookmark: _Toc529902221][bookmark: _Toc529904335][bookmark: _Toc529892399][bookmark: _Toc529893051][bookmark: _Toc529902003][bookmark: _Toc529902222][bookmark: _Toc529904336][bookmark: _Toc529892400][bookmark: _Toc529893052][bookmark: _Toc529902004][bookmark: _Toc529902223][bookmark: _Toc529904337][bookmark: _Toc529892401][bookmark: _Toc529893053][bookmark: _Toc529902005][bookmark: _Toc529902224][bookmark: _Toc529904338][bookmark: _Toc529892402][bookmark: _Toc529893054][bookmark: _Toc529902006][bookmark: _Toc529902225][bookmark: _Toc529904339][bookmark: _Toc529892403][bookmark: _Toc529893055][bookmark: _Toc529902007][bookmark: _Toc529902226][bookmark: _Toc529904340][bookmark: _Toc529892404][bookmark: _Toc529893056][bookmark: _Toc529902008][bookmark: _Toc529902227][bookmark: _Toc529904341][bookmark: _Toc529892405][bookmark: _Toc529893057][bookmark: _Toc529902009][bookmark: _Toc529902228][bookmark: _Toc529904342][bookmark: _Toc529892406][bookmark: _Toc529893058][bookmark: _Toc529902010][bookmark: _Toc529902229][bookmark: _Toc529904343][bookmark: _Toc529892427][bookmark: _Toc529893079][bookmark: _Toc529902031][bookmark: _Toc529902250][bookmark: _Toc529904364][bookmark: _Toc530661318][bookmark: _Toc7699369][bookmark: _Toc19283728]
[bookmark: _Toc19289061]5	Sharing and compatibility studies
Annex 1	Sharing and compatibility study of mobile service and HAPS systems operating in the 47.2-47.5 and 47.9-48.2 GHz frequency ranges
[bookmark: _Hlk483487305]Annex 2	Sharing and compatibility study of fixed Satellite service and HAPS systems operating in the 47.2-47.5 and 47.9-48.2 GHz frequency ranges


[bookmark: _Toc530661320][bookmark: _Toc7699371][bookmark: _Toc19289062][bookmark: _Toc530663746][bookmark: _Toc7699372][bookmark: _Toc19283729]Annex 1

Sharing and compatibility study of mobile service and HAPS systems operating in the 47.2-47.5 and 47.9-48.2 GHz frequency ranges
[bookmark: _Toc530661321][bookmark: _Toc7699373][bookmark: _Toc19283730][bookmark: _Toc19289063]1	Technical analysis
Summary of scenarios considered in studies A and B
TABLE 5
	
	Study A
	Study B

	HAPS ground terminal to BS
	X
	X

	HAPS ground terminal to UT
	X
	X


TABLE 6
Attenuation/assumption considered in studies
	
	Ground to HAPS
	Comments

	Study A

	Polarisation loss
	3 dB
	

	Body loss (UE)
	4 dB
	

	Ohmic loss (UE, BS)
	0 dB
	

	Gaseous attenuation
	P.452
	

	Propagation model
	P.452
	0.01% of time for P.452

	Clutter loss
	P.2108
	1% of location assumed

	Apportionment
	None
	

	Aggregate HAPS consideration
	Single HAPS transmitter
	

	IMT deployment considered
	Single IMT receiver
	

	HAPS system 
	System 6
	

	Distribution of the UE and BS pointing
	Rayleigh distribution
	

	Study B

	Polarisation loss
	3 dB
	Not considered in the pfd mask but only in the compliance analysis 

	Body loss (UE)
	4 dB
	Not considered in the pfd mask but only in the compliance analysis 

	Ohmic loss (UE, BS)
	3 dB
	Taken into account in the pfd mask and not in the compliance analysis 

	Gaseous attenuation
	P.452
	

	Propagation model
	P.452
	1% of time assumed




TABLE 6 (end)
	
	Ground to HAPS
	Comments

	Clutter loss
	P.2108
	Values depends on the random samples following the distribution in the document. Percentage of location between 0 and 100%

	Apportionment
	None
	

	Aggregate HAPS consideration
	No (single HAPS transmitter)
	

	IMT deployment considered
	Full IMT-2020 ubiquitous deployment within the HAPS coverage
	

	HAPS system 
	System 6
	

	Distribution of the UE and BS Pointing
	Rayleigh distribution
	


[bookmark: _Toc530661322]
[bookmark: _Toc7699374][bookmark: _Toc19283731][bookmark: _Toc19289064]1.1	Study A 
[bookmark: _Toc530661323]1.1.1	Summary
This study investigates the coexistence between HAPS System 6 and IMT-2020 in a suburban environment. This study will first present a statistical study. Then various mitigation techniques will be provided. 
In this study, the following direction is considered for HAPS:
–	HAPS gateway to HAPS (UL).
[bookmark: _Toc530661324]1.1.2	Introduction
This band is a candidate band for IMT-2020 under Resolution 238 (WRC-15). This Report includes the sharing and compatibly study between HAPS system and IMT-2020. 
The HAPS parameters (gateway link) used in this study is from System 6 from Report ITU-R F.2439‑0. For HAPS protection criteria, I/N = –6 dB (may exceed 20% of the time) is assumed for this study.
The IMT-2020 parameters used in this study have been provided by the relevant group. The outdoor suburban hotspot for IMT-2020 (base station and user terminal) is considered, as HAPS System 6 will not be deployed in urban areas. The protection criteria considered for IMT‑2020 is I/N = –6 dB. Table 7 provides a summary of these characteristics.


TABLE 7
IMT-2020 characteristics
	Parameter
	IMT-2020 (BS)
	IMT-2020 (UE)

	Receiver characteristics
	
	

	Noise figure (dB)
	12
	12

	Protection criteria (I/N) (dB)
	–6
	–6

	Max interference in dBW (dB(W/MHz))
	–138
	–138

	Maximum composite antenna gain (dBi)
	23
	17

	Mechanical downtilt (degree)
	10
	See distribution below

	Body loss (dB)
	N/A
	4

	Clutter model
	Rec. ITU-R P.2108 with 1% of location 

	Antenna pattern 
	Rec. ITU-R M.2101

	Deployment scenario 
	Outdoor suburban hotspot



[bookmark: _Toc530661325]1.1.3	Methodology and results – HAPS Gateway to IMT-2020 
HAPS systems can operate as applications under the Fixed Service. The characteristics of HAPS ground stations are similar to conventional fixed stations. However, HAPS ground stations normally point at higher elevations than conventional fixed stations. The study below compares:
–	the impact of a transmitting conventional fixed service station into a station of the Mobile Service with 
–	the impact of a transmitting HAPS ground station into the same station of the Mobile Service. 
The study is based on a statistical single-entry analysis. The purpose of the study is to provide an indication to administrations on whether sharing the band between a single HAPS ground station and a single mobile service station is more challenging than sharing the band between a single conventional fixed service station and a single mobile service station. However Mobile Service deployment is expected to be based on a cluster of multiple base stations.
1.1.3.1	Methodology – HAPS Gateway to IMT-2020
The following steps have been performed to derive the minimum separation distance CDF between a single HAPS ground (interferer) stations and an IMT-2020 equipment (victim).
Step 1: Compute the IMT-2020 antenna gain towards the HAPS GW based on the following input parameters:
−	0° is taken for the elevation angle towards the HAPS;
−	0° is taken for the azimuth towards the HAPS;
−	IMT-2020 station antenna pointing azimuth: random variable with a uniform distribution between –180° to 180°;
−	IMT-2020 station tilt:
•	for the IMT-2020 base station: the mechanical downtilt is fixed to 10 degrees. Figure 1 presents the electrical tilt distribution used for the study:
Figure 1
IMT-2020 BS electrical tilt distribution
[image: ]
•	for the IMT-2020 user equipment. Figure 2 present the mechanical and electrical tilt distributions used for the study.
Figure 2
IMT-2020 UE mechanical tilt (left), and electrical tilt (right)

−	IMT-2020 station phiscan: random variable with a distribution presented in Fig. 3.
Figure 3
IMT-2020 station phiscan
[image: ]
−	IMT-2020 antenna pattern: Rec. ITU-R M.2101.
Step 2: Compute the HAPS GW antenna gain towards the IMT-2020 station based on the following input parameters:
−	0° is taken for the elevation angle towards the IMT-2020 station;
−	180° is taken for the azimuth towards the IMT-2020 station;
−	HAPS GW station antenna pointing azimuth: random variable with a uniform distribution between –180° to 180°;
−	HAPS GW station antenna pointing elevation: random variable with a uniform distribution between 20 and 90 degrees;
−	HAPS GW station maximum antenna gain (from System 6 characteristics): 58.2 dBi (for GW).
Step 3: Compute the minimum separation distance needed to meet the FS protection criteria:
−	HAPS System 6 station nominal e.i.r.p. density: 14.7 dB(W/MHz);
−	propagation model used: Rec. ITU-R P.452 with a percentage of time of p = 0.01%;
−	statistical clutter loss model: Rec. ITU-R P.2108 with a percentage of location of 1%.
Step 4: Store the calculated separation distance and repeat steps 1 through 3 for 500 000 iterations.
The following plots present the separation distance CDF for HAPS GW into IMT-2020 BS.
1.1.3.2	Methodology – FS to IMT-2020
The following steps have been performed to derive the minimum separation distance CDF between a single FS ground (interferer) stations and an IMT-2020 equipment (victim).
Step 1: Compute the IMT-2020 antenna gain towards the FS: this is done following the same methodology as the one described in Step 1 of the previous section.
Step 2: Compute the FS antenna gain towards the IMT-2020 station based on the following input parameters:
–	0° is taken for the elevation angle towards the IMT-2020 station;
–	180° is taken for the azimuth towards the IMT-2020 station;
–	FS station antenna pointing azimuth: random variable with a uniform distribution between -180° to 180°;
–	FS station antenna pointing elevation: uniform distribution between –2.5o and 2.5o;
–	FS maximum antenna gain (extrapolated from Recommendation ITU-R F.758 40.5‑43.5 GHz): uniform distribution between 38 and 44 dBi; 
–	FS antenna pattern: ITU-R F.1245-2.
Step 3: Compute the minimum separation distance needed to meet the IMT-2020 protection criteria:
–	FS station maximum e.i.r.p. density (ITU-R F.758): random variable with a uniform distribution between −15.7 and 17 dB(W/MHz);
–	Propagation model used: ITU-R P.452 with a percentage of time of p = 0.01%;
–	Statistical clutter loss model: ITU-R P.2108 with a 1% percentage of location;
–	A polarisation loss of 1.5 dB was considered.
Step 4: Store the calculated separation distance and repeat steps 1 through 3 for 500 000 iterations.
1.1.3.3	Results
Figure 4
HAPS GW to IMT-2020 BS, minimum separation distance CDF
[image: ]
The following plots present the separation distance CDF for GW into IMT-2020 UE.
Figure 5
HAPS GW to IMT-2020 UE, minimum separation distance CDF
[image: ]
1.1.3.4	Interference mitigation techniques
Additional mitigation techniques can be considered to improve coordination and sharing feasibility, such as:
–	The positioning of HAPS ground terminals and HAPS to increase angular separation.
–	Site shielding applied to the HAPS GW (up to 30 dB) to reduce side lobe radiation, while maintaining system performance.
[bookmark: _Ref493080986][bookmark: _Toc530661326]1.1.4	Summary and analysis of the results of study A
The statistical analysis shows that the separation distance between a HAPS gateway and IMT-2020 UE is 0 km for less than 1 out of 10 cases to 1 km for 1 out 100 000 cases and the separation distance between a HAPS gateway and IMT-2020 BS is 0 km for less than 1 out of 10 cases to 3 km for 1 out of 100 000 cases for HAPS system 6 in a suburban deployment area with p = 0.01% for path loss and 1% for clutter loss. 
[bookmark: _Toc530661327][bookmark: _Toc7699375][bookmark: _Toc19283732][bookmark: _Toc19289065]1.2	Study B 
[bookmark: _Toc530661328]1.2.1	Introduction
This Report includes the sharing and compatibility studies of IMT systems in the 47.9-48.2 GHz frequency range with HAPS, in co-channel situation, considering some use cases and simulation scenarios.
[bookmark: _Ref512525107][bookmark: _Toc530661329]1.2.2	Methodology
To contribute actively with ITU-R studies, the Spectrum, Orbit and Broadcasting Division of the Brazilian National Telecommunication Agency (ANATEL) has been developing, in cooperation with partners in the industry and academia, an open-source simulation tool, named SHARC, to support sharing and compatibility studies between IMT and other radio communication systems, according to the framework proposed by Recommendation ITU-R M.2101.
SHARC is a static system-level simulator using the Monte-Carlo method. It has the main features required for a common system-level simulator, such as antenna beamforming, IMT uplink power control, resource blocks allocation, among others. The simulator is written in Python and the source code is available at GitHub https://github.com/SIMULATOR-WG/SHARC.
At each simulation snapshot, the hotspot base stations (BS) and user equipments (UE) are randomly generated and located within a simulation scenario. The coupling loss is calculated between the UEs and their respective serving BSs. The simulation then performs resource scheduling and power control, enabling the interference calculation among the systems. Finally, system performance indicators are collected, and this procedure is repeated for a fixed number of snapshots. 
With SHARC, it is possible to study the coexistence between IMT 2020 and other services, such as Fixed Satellite Service (FSS), High-altitude platform system (HAPS), Fixed Service (FS), among others. 
This Report presents a sharing study where HAPS system generates interference into IMT stations. The following subsections present the simulation scenario and the main key performance indicator presented in this study.
[bookmark: _Toc530661330]1.2.3	Simulation scenario: GW to HAPS (uplink) and IMT system
In this scenario, the gateway transmits to the HAPS and generates interference into the IMT stations. It is considered the case of ubiquitous deployment where, at each snapshot, the gateway is randomly located inside the HAPS coverage area and its antenna is pointing to the HAPS. It is also assumed that the IMT network is geographically deployed in the same suburban HAPS coverage area. Figure 6 illustrates this simulation scenario.
Figure 6
Simulation scenario for GW to HAPS (uplink) and IMT system
[image: ]
[bookmark: _Toc530661331]1.2.4	Power flux-density
The maximum power flux-density (pfd) level that is required at the IMT receiver antenna in order to meet the protection criteria (pfd mask) is given by equation (1).
[bookmark: _Ref512528212]	(1)
where:
	: 	protection criteria of IMT station, dB
	: 	wavelength, m
	: 	Boltzmann’s constant, Joule/K
	: 	receiver temperature, Kelvin
	: 	receiver bandwidth, MHz
	: 	Antenna gain of the IMT station towards HAPS station, dBi
	: 	noise figure of IMT station, dB.
On a given deployment, the pfd level generated by a HAPS station (compliance mask) is calculated as follows:
		 	(2)
where:
	: 	e.i.r.p. density level of HAPS station at direction  towards IMT station, dB(W/MHz)
	: 	distance between HAPS and IMT station, m
	: 	additional attenuation that corresponds to diffraction and tropospheric scattering (Rec. ITU-R P.452) with additional clutter losses (Rec. ITU-R P.2108), dB
	: 	3 dB polarization loss, dB
	: 	body loss, applicable only for IMT user equipments, dB.
Protection of the IMT station is ensured if pfd compliance mask (see equation (2)) is smaller than pfd mask (see equation (1)).
[bookmark: _Toc530661332]1.2.5	Technical characteristics
This section provides the specific parameters used in the sharing study.
[bookmark: _Toc530661333]1.2.5.1	Technical and operational characteristics of HAPS systems operating in the 47.9‑48.2 GHz frequency range
This section presents the HAPS parameters that were used in the studies.
TABLE 8
GW to HAPS (uplink) parameters
	Parameter
	Value

	Frequency band (GHz)
	47.9-48.2

	Occupied bandwidth (MHz)
	285.7

	Deployment environment
	Suburban

	Platform service radius (km)
	50 

	Platform altitude (k)
	20 

	Num. of beams
	1

	Num. co-frequency beams
	1

	GW antenna height (m)
	10

	GW antenna pattern
	Resolves 3 in Resolution 122 (Rev.WRC-07)

	GW antenna gain (dBi)
	58.2

	GW e.i.r.p. (dBW)
	68.2 

	GW e.i.r.p. spectral density (dB(W/MHz))
	39.2 



The antenna pattern used in the HAPS gateway is described in resolves 3 of Resolution 122 (Rev.WRC-07) and it is illustrated in Fig. 7.
Figure 7
Antenna pattern as described in Resolution 122 (Rev.WRC-07)
[image: ]
[bookmark: _Ref513514417][bookmark: _Toc530661334]1.2.5.2	Technical and operational characteristics of IMT-2020 systems operating in the 47.9‑48.2 GHz frequency range
These studies focus on an outdoor suburban hotspot scenario, with parameters provided by the relevant group. 
The considered deployment scenario is a heterogeneous network with randomly distributed hotspots within a macro-cell network. The study models an IMT-2020 system as a cluster with 57 sectors, deployed over a very large area, with two outdoor hotspot base stations (BS) located randomly within each sector. Because macro-cells typically operate in lower frequencies, they are not considered in the simulations. The IMT network topology is illustrated in Fig. 8.
[bookmark: _Ref529902816]Figure 8
IMT network topology
[image: ]
The IMT user equipment (UE) are distributed within the hotspot coverage area, with a Rayleigh distribution with scale parameter  m for the distance between UE and BS hotspot, and a normal distribution for the azimuth between them, truncated at the ±60° range, with mean  and standard deviation .
Hotspot base stations and their respective served UEs are simulated over the whole study area, resulting in different elevation angles for each link; for each one, the IMT antenna gain towards the HAPS is calculated. Therefore, all possible deployment scenarios with respect to elevation angles are being considered. The directions of BS antenna beams towards UEs, and vice-versa, are calculated with full compliance with the input documents from relevant groups.
The following subsections present the main IMT system and deployment-related parameters that were used in the studies.
[bookmark: _Ref513386653][bookmark: _Toc530661335]1.2.5.2.1	System-related parameters
TABLE 9
IMT-2020 system-related parameters
	Parameter
	Value

	Frequency band (GHz)
	47.9-48.2

	Transmitter characteristics

	Duplex method
	TDD

	Channel bandwidth (MHz)
	200

	Signal bandwidth
	>90% of channel bandwidth

	Antenna pattern
	Rec. ITU-R M.2101, with normalization factor

	Antenna array
	BS: 8 × 16 elements
UE: 4 × 4 elements

	Element gain 
	5 dBi


TABLE 9 (end)
	Parameter
	Value

	Ohmic loss
	3 dB (BS and UE)

	Conducted power per antenna element 
	BS: 8 dBm/200 MHz
UE: 10 dBm/200 MHz (subject to power control)

	Maximum UE output power
	22 dBm

	Receiver characteristics

	Noise figure
	12 dB (BS and UE)

	Body loss
	BS: 0 dB
UE: 4 dB

	Protection criteria
	–6 dB



Regarding the antenna pattern, Recommendation ITU-R M.2101 presents a beamforming array model that is assumed to be used by the majority of IMT-2020 systems at this frequency. This model consists of several identical radiating elements in the yz-plane, having the same individual radiation pattern and with a certain separation distance. The beam direction is calculated by a weighting function. All the description and equations of this model can be found in Recommendation ITU-R M.2101.
According to information provided by the relevant group, “the AAS antenna model as contained in Recommendation ITU-R M.2101, presents a pattern model, similar to many other pattern models used in ITU-R for the purpose of sharing and compatibility studies (…). These antenna pattern models are simplified approximations of typical real antennas used by the services. As such, total integrated gain equalling to unity is not always a necessary condition for these models.” Hence, this study presents simulation results considering the original AAS antenna model and the normalized model, obtained by the application of the correction factor provided by the relevant group.
Figure 9 shows horizontal and vertical antenna patterns for IMT base stations (8 × 16 elements) and user equipments (4 × 4 elements). Original and normalized patterns are showed.
Figure 9
IMT base station and user equipment antenna patterns
[image: ]
[image: ]
[bookmark: _Toc530661336]1.2.5.2.2	Deployment-related parameters
TABLE 10
IMT-2020 Base station characteristics/Cell structure
	Parameter
	Value

	Outdoor Suburban hotspot

	Network topology and characteristics
	10 BSs/km2

	Frequency reuse
	1

	Antenna height 
	6 m (above ground level)

	Sectorization
	Single sector

	Antenna deployment
	Below roof top

	Network loading factor (average base station activity)
	50%

	UEs/cell
	3



TABLE 11
IMT-2020 User equipment characteristics
	Parameter
	Value

	Outdoor Suburban hotspot

	Indoor user terminal usage
	0%

	Antenna height 
	1.5 m (above ground level)

	User Equipment density for terminals that are transmitting simultaneously
	3 * BS density

	Power control model
	Refer to Rec. ITU-R M.2101

	Maximum user terminal output power PCMAX
	22 dBm

	Transmit power target value per 180 kHz, P0_PUSCH
	–95 dBm

	Path loss compensation factor, 
	1



[bookmark: _Toc530661337]1.2.6	Propagation models for sharing and compatibility studies in the 47.9-48.2 GHz frequency range
Different propagation models were used for each transmission link, as follows:
–	for the propagation within the IMT system, i.e. links between hotspots and user equipments, the 3GPP Urban Micro (UMi) channel model was applied;
–	for the links between HAPS gateway and IMT stations, path loss is given by the model described in Recommendation ITU-R P.452 with additional clutter loss according to Recommendation ITU-R P.2108.
Regarding the implementation of the clutter loss model described in Recommendation ITU-R P.2108, for every link it is calculated the p-parameter, with uniform distribution between 0 and 1, in order to calculate the clutter loss. For each location in the study area, given the input parameters, the clutter loss value is calculated according to the probability density functions provided in Recommendation ITU-R P.2108.
Regarding the implementation of the path loss model described in Recommendation ITU-R P.452, it was considered p = 1%, which means that the transmission loss will not exceed the calculated value in 1% of time. 
[bookmark: _Toc530661338]1.2.7	Derivation of pfd masks of IMT stations
This subsection describes the procedure for deriving the pfd masks as a function of the elevation angle with respect to HAPS ground stations. The geometry of the scenario is characterized by some parameters, including , which is the angle between the IMT antenna beam and the line of horizon, , which is the elevation angle of the IMT antenna beam and the HAPS ground station, and , which is the distance between base station and user equipment.
All IMT parameters that are used in the pfd mask derivation procedure are described in § 1.2.5.2 and they are the same as the ones used in the Monte Carlo simulations included below in this Report. As explained in the referred section, distance between a BS and its served UE’s follows a Rayleigh distribution with scale parameter . The mask derivation procedure considers that  is in the range 5 to 100 metres, which encompasses 98% of the UE’s (from 0.01 to 0.99 of the CDF). Considering the antenna heights ,  and , it can be shown that  is in range 2.57 to 42 degrees. The mechanical downtilt of the BS antenna is 10 degrees.
The pfd masks are evaluated only for the IMT stations which are inside the HAPS coverage area. It implies that:
–	The elevation angle  of the IMT base stations with respect to the HAPS ground station is in the range 0 to 40 degrees, and;
–	The elevation angle  of the IMT user equipments with respect to the HAPS ground station is in the range 0 to 60 degrees.
The procedure for deriving the pfd masks consists of calculating the IMT antenna gain in direction  for a given  and, then, calculate the pfd value according to equation (1). The IMT antenna model proposed by the relevant group assumes that the antenna gain is equal to its directivity and the ohmic loss is considered separately. Considering that the protection criteria evaluates the level of interfering signal with respect to system noise level, it is necessary to consider the characteristics of the receive chain, which includes ohmic loss. Then, an additional 3dB loss is included in the calculation of the IMT station ‘net’ antenna gain in the direction of the HAPS, in order to calculate the received interfering power.
The procedure for deriving the UE pfd masks is similar, taking into account the premise that vertical orientation of the device varies uniformly in the range –180 to 180 degrees. Figure 10 shows the pfd masks calculated for IMT base station and user equipment.
Figure 10
pfd masks to protect IMT base stations and user equipments
[image: ]
Table 12 summarizes the pfd masks that are proposed as a function of elevation angles in order to protect the IMT stations.
TABLE 12
Proposed pfd masks for IMT base stations and user equipments
	IMT station
	Proposed pfd masks, 

	BS
	

	UE
	



It is noteworthy to mention that, in real deployments, it is necessary to evaluate the overall performance of protection measures (e.g. pfd masks, separation distances, etc.) that are jointly applied in order to mitigate harmful interference between services. For sharing analysis between IMT stations and far away HAPS ground station it is mostly expected that a pfd mask values at elevation angles approximately 0 degree would be used. 
[bookmark: _Toc530661339]1.2.8	Monte Carlo simulation results: sharing and compatibility of IMT-2020 and HAPS gateways operating in the 47.9‑48.2 GHz frequency range
This section presents the Monte Carlo simulations for cases of HAPS gateways generating interference into IMT-2020 stations. Each simulation snapshot corresponds to a certain network deployment that is configured according to the guidelines defined by the ITU relevant groups. The pfd values are calculated for all active IMT stations using the Monte Carlo-based approach, described in § 2. The simulation results show the cases of normalized and non-normalized IMT antenna patterns.
The interference from a HAPS gateway, assuming the maximum e.i.r.p. spectral density, into IMT stations in the 47.9-48.2 GHz frequency range is analysed in this subsection. Since there is only one GW generating interference to IMT stations, this is considered a statistical single-entry simulation case. The output of the simulation tool contains the interference generated by a single-beam gateway into IMT base stations (and their respective served user equipments) being ubiquitously deployed on the study area. Simulation results are collected after 15 000 snapshots and they show the cases of normalized and non-normalized IMT antenna patterns.
Figure 11 shows the IMT antenna gains towards HAPS gateway. As expected, the normalized antenna patterns provide higher gains than the non-normalized ones. It can be seen that BS antenna gains achieve higher values with greater probability than UE antenna gains. This is observed in the figure when x-axis > ~14 dBi. This result comes from the fact that the HAPS gateway is randomly placed in the simulation scenario and that there is a non-negligible probability that it can be placed in the middle of a BS ↔ UE link. This is the situation when IMT antenna gains towards gateway are higher.
Figure 11
Antenna gains of IMT stations towards HAPS gateway
[image: ]
The pfd masks are presented in Fig. 12. The compliance masks are indicated by the leftmost (and thicker) curves and they are calculated on each simulation snapshot, based on equation (2). The pfd masks that would meet the protection criteria of BS and UE, calculated according to equation (1), are also shown. It is assumed that the HAPS gateway transmits at the maximum e.i.r.p. spectral density of 33 dB(W/MHz). These curves show that there is a very low probability (less than 0.01%) of the BS compliance masks being greater than –116.8 dB(W/m²) in 1 MHz. Protection of BS’s with normalized antenna patterns is guaranteed with a minimum margin of 10.9 dB because the pfd mask of the BS’s is –105.9 dB(W/m²) in 1 MHz. All results are summarized in Table 13. Negative margins indicate that compliance masks are smaller than the pfd mask and, hence, IMT protection criteria is met.
In this case, the pfd compliance masks are not always less than the pfd masks. This could be analysed from two perspectives:
1	Figure 12 indicates a probability of the compliance mask being greater than a certain value. For example, the probability of the BS compliance mask being greater than –116.8 dB(W/m²) is 0.01%. The figure also shows that the pfd mask which is required to protect all BS’s is equal to –105.9 dB(W/m²). Hence, in 99.99% of the cases, the protection margin will be at least 10.9 dB. For the other 0.01% of the cases, there are two possibilities: 1) the protection margin will be less than 10.9 dB or 2) the BS protection criteria will be exceeded;
2	IMT stations that require more stringent pfd masks are the ones whose antenna beams are pointing to the interferer HAPS ground station. Figure 12 indicates that 0.001% of the BS stations require pfd masks less than –105.8 dB(W/m²). On the other hand, the probability of the BS compliance mask being greater than –105.8 dB(W/m²) is less than 0.005%. Both conditions must apply for the BS protection criteria being exceeded. Hence, in this example, the IMT BS protection criteria is exceeded in 5 out of 10 billion cases.
Figure 12
pfd masks of IMT stations
[image: ]
TABLE 13
Summary of results
	IMT station
	pfd compliance mask
(99.99% of IMT stations)
	Normalized antenna pattern
	pfd mask
	Margin

	BS
	–116.8 dB(W/m²) in 1 MHz
	Yes
	–105.9 dB(W/m²) in 1 MHz
	–10.9 dB

	
	
	No
	–105.4 dB(W/m²) in 1 MHz
	–11.4 dB

	UE
	–113.9 dB(W/m²) in 1 MHz
	Yes
	–97.4 dB(W/m²) in 1 MHz
	–16.5 dB

	
	
	No
	–96.9 dB(W/m²) in 1 MHz
	–17.0 dB



[bookmark: _Toc530661340]1.2.9	Summary and analysis of the results of study B
In this study, a sharing study between an IMT and HAPS ground stations operating in the 47.9‑48.2 GHz frequency range is performed. Simulation results indicate that sharing is feasible under the assumptions and parameters that are described in this study. A summary of the most stringent margins is provided below.
[bookmark: _Toc529879789][bookmark: _Toc529880050][bookmark: _Toc529886562][bookmark: _Toc529892130][bookmark: _Toc529892454][bookmark: _Toc529893105][bookmark: _Toc529902057][bookmark: _Toc529902275][bookmark: _Toc529904389]The GW to HAPS (uplink) case indicates that the pfd mask (–116.8 dB(W/(m2 · MHz))) can be met for 99.99% of IMT base stations with a margin of at least 10.9 dB. This case represents a scenario that considers ubiquitous deployment of IMT networks and 1 HAPS gateway on the same geographical area.
[bookmark: _Toc530661341][bookmark: _Toc7699376][bookmark: _Toc19283733][bookmark: _Toc19289066]2	Summary and analysis of the results of studies 
Study A
The statistical analysis shows that the separation distance between a HAPS gateway and IMT-2020 UE is 0 km for less than 1 out of 10 cases to 1 km for 1 out 100 000 cases and the separation distance between a HAPS gateway and IMT-2020 BS is 0 km for less than 1 out of 10 cases to 3 km for 1 out of 100 000 cases for HAPS system 6 in a suburban deployment area with p = 0.01 for path loss and 1% for clutter loss.
Study B
In this study, a sharing study between an IMT and HAPS ground stations operating in the 47.9‑48.2 GHz frequency range is performed. Simulation results indicate that sharing is feasible under the assumptions and parameters that are described in this study. A summary of the most stringent margins is provided below.
The GW to HAPS (uplink) case indicates that the pfd mask (–116.8 dB(W/(m2 · MHz))) can be met for 99.99% of IMT base stations with a margin of at least 10.9 dB. This case represents a scenario that considers ubiquitous deployment of IMT networks and 1 HAPS gateway on the same geographical area.


[bookmark: _Toc530661342][bookmark: _Toc7699377][bookmark: _Toc19289067][bookmark: _Toc530663752][bookmark: _Toc7699378][bookmark: _Toc19283734]Annex 2 

Sharing and compatibility study of fixed satellite service and HAPS systems operating in the 47.2-47.5 and 47.9-48.2 GHz frequency ranges 
[bookmark: _Toc530661343][bookmark: _Toc7699379][bookmark: _Toc19283735][bookmark: _Toc19289068]1	Summary of scenarios considered
TABLE 14
	HAPS Ground stations to FSS Satellite
	X


[bookmark: _Toc530661344][bookmark: _Toc7699380][bookmark: _Toc19283736]
[bookmark: _Toc19289069]2	Technical analysis
[bookmark: _Toc529892155][bookmark: _Toc530659547][bookmark: _Toc529902062][bookmark: _Toc529902280][bookmark: _Toc529904394][bookmark: _Toc529879794][bookmark: _Toc529880055][bookmark: _Toc529886567][bookmark: _Toc529892459][bookmark: _Toc529893110][bookmark: _Toc529902063][bookmark: _Toc529902281][bookmark: _Toc529904395][bookmark: _Toc530661345][bookmark: _Toc7699381][bookmark: _Toc19283737][bookmark: _Toc19289070]2.1	Technical characteristics of HAPS
TABLE 15
HAPS characteristics
	
	Value

	Altitude (km)
	20

	Inter HAPS distance (IHD) (km)
	100

	Antenna gain (dBi)
	Uniformly distributed between 
37.5 and 58.2

	HAPS coverage (km)
	50

	Number of HAPS ground stations operating simultaneously in co frequency in each HAPS coverage
	4

	HAPS ground station antenna pattern
	ITU-R F.1245-2

	Polarization 
	LHCP or RHCP



[bookmark: _Toc530661346][bookmark: _Toc7699382][bookmark: _Toc19283738][bookmark: _Toc19289071]2.2	Technical analysis
This section aims at providing the coexistence study between FSS (GSO) satellite and HAPS ground stations. The calculation used in this analysis is based on the following steps:
Step 1: Locate arbitrarily the FSS satellite at longitude 0° and latitude 0°.
Step 2: Locate the HAPS by distributing them on a grid over the spherical cap centred at longitude 0° and latitude 0° (see Fig. 13). The distance between HAPS or Inter HAPS distance (IHD) was set to 100 km for this study. 
Figure 13
HAPS on a spherical cap
[image: ]
Step 3: Locate the HAPS ground stations. 4 HAPS ground stations operating co-frequency randomly located in each HAPS coverage area (50 km radius from the HAPS nadir point). M is the total number of HAPS ground station in the visible area of the GSO FSS satellite. Set the elevation and azimuth angle of each HAPS ground station to point towards its respective HAPS.
Figure 14
HAPS ground station location
[image: ]
Step 4: Compute the free space loss between the GSO satellite and each HAPS ground stations.
Figure 15
Free space loss between the GSO and each HAPS ground stations
[image: ]
Step 5: Fix the FSS satellite antenna pointing direction towards a specific location on the Earth and compute the satellite antenna gain Gr in the direction of each HAPS ground station. 
Figure 16
FSS received antenna gain in dBi in the direction of each HAPS ground stations 
(example FSS pointing at longitude 30° and latitude 45°)
[image: ]
Step 6: Fix arbitrarily the nominal e.i.r.p. (under clear sky condition) of each HAPS ground station in the direction of the FSS satellite to 0 dB(W/MHz). Compute the Iagg/N using the following formula and store it:

where:
	EIRPm :	e.i.r.p. density in dB(W/MHz) emitted by the HAPS ground station with index m toward the FSS satellite when all HAPS ground station at emitting at the nominal e.i.r.p. (clear sky condition)
	Gemaxm :	maximum antenna gain of the HAPS ground station with index m
	Gem	antenna gain of the HAPS ground station towards the FSS satellite with the index m
	FSLm :	free space loss between the HAPS ground station with index m toward the FSS GSO satellite
	Grm :	FSS satellite antenna gain toward the HAPS ground station with index m
	T :	FSS satellite receiver noise temperature (K).
Figure 17
HAPS ground stations antenna gain towards FSS satellite in dBi
[image: ]
Figure 18 provides (I/N) received from each HAPS ground station.
[bookmark: _Ref529903366]Figure 18
I/N received from each HAPS ground station in dB
(example FSS satellite pointing at longitude 30° and latitude 45°)
[image: ]
For the case presented in Fig. 18, the Iagg/N = –40.4 dB.
Step 7: Increase randomly the e.i.r.p. of 5% of the HAPS ground stations in all direction with an off-axis angle towards the FSS satellite higher than 9°, by 20 dB to simulate adaptive transmit power control (ATPC) mechanism (rain probability of 5% over the whole visibility area (worst case)). In directions with an off axis angle towards the FSS satellite lower than 9 degrees, the ATPC increase is not retained in the aggregate interference computation, since the increase is assumed balanced by rain attenuation. A mean angle threshold of 9° is assumed as a worst case, based on cloud cell diameters of 2 km and cloud cell altitudes of 6 km on average. 
Compute the Iagg-atpc/N using the following equation and store it:
		
where:
	ATPCm	ATPC in dB of HAPS ground station with the index m, depending on rain probability and pointing direction (5% of the M HAPS ground stations are assumed to have clouds between the HAPS ground station and the HAPS)
	Attrain	rain attenuation that is equal to:
–	20 dB for the 5% of the HAPS ground stations having clouds between the HAPS ground station and the HAPS and with off axis angle towards FSS satellite less than 9 degrees. It is assumed that among ground stations within the visibility of the satellite the rain attenuation is uncorrelated between stations. The above assumption is a worst case since the maximum rain attenuation using recommendation ITU-R P.618-12 (p = 5% and elevation angle 20°) is 9.96 dB and therefore p is much lower than 5% to reach the 20 dB rain attenuation.
Figure 19
Rain attenuation in dB
(Recommendation ITU-R P.618-12 with p = 5% and an elevation angle of 20°)
[image: ]
–	0 dB for all other HAPS ground stations
	EIRPm	nominal e.i.r.p. density set arbitrarily of 0 dB(W/MHz) emitted by the HAPS ground station with the index m for 95% of stations (e.i.r.p. transmitted under clear sky conditions), and 20 dB(W/MHz) for 5% of stations
	Gemaxm	maximum antenna gain of the HAPS ground station with index m
	Gem	antenna gain of the HAPS ground station towards the FSS satellite with the index m
	FSLm 	free space loss between the HAPS ground station with index m toward the FSS GSO satellite
	Grm	FSS satellite antenna gain toward the HAPS ground station with index m
	T	FSS satellite receiver noise temperature (K).
Figure 20 provides (Iatpc/N) received from each HAPS ground station.
[bookmark: _Ref529903383]Figure 20
Iatpc/N received from each HAPS ground station in dB 
(example FSS satellite pointing at longitude 30° and latitude 45°)
[image: ]
For the case presented in Fig. 20, the Iagg_atpc/N = –39.5 dB
Step 8: Redo steps 5 to 7 for all possible FSS satellite antenna pointing direction (step in longitude and latitude pointing direction of 1°). 
Figure 21 provides the CDF of the Iagg/N (clear sky condition) and Iagg_atpc/N (5% of HAPS ground stations under raining conditions). 
The studies have been performed with sufficient iteration to achieve a stable CDF curve. 
[bookmark: _Ref529903259]Figure 21
Iagg/N and Iagg_atpc cumulative distribution functions 
[image: cid:image002.png@01D500CE.FBEAF500]
As shown in Fig. 21, the results for Iagg/N in the case of clear sky condition scenario shows a 36.4 dB margin against the long term protection criteria, a 28.3 dB margin against the protection criteria of I/N = –6 dB for 0.6% of cases, and a 39.8 dB margin against the short term protection criteria.
The results for Iagg_atpc/N in the case of rain conditions (5% of ground stations) show 34.4 dB margin against the long term protection criteria, a 28.3 dB margin against the protection criteria of I/N = −6 dB for 0.6% of cases, and a 39.8 dB margin against the short term protection criteria.
[bookmark: _Toc19283739][bookmark: _Toc19289072][bookmark: _Toc530661347][bookmark: _Toc7699383]2.3	Result of studies 
The study result, with regard to the short term protection criteria (I/N = 8 dB 0.02% of cases) and the protection criteria of I/N = –6 dB for 0.6% of cases, shows that the impact of HAPS ground stations into FSS receivers are equal for the following two scenarios:
–	All HAPS ground stations visible from the FSS satellite emitting at nominal e.i.r.p. and no clouds between the HAPS ground stations. 
–	5% of HAPS ground stations with clouds between the HAPS ground stations and the HAPS are emitting at e.i.r.p. nominal plus 20 dB. 95% of HAPS ground stations with no clouds between the stations and the HAPS are emitting at e.i.r.p. nominal.
With regards to the long term protection criteria (I/N = –10.5 dB 20% of cases), the impact of the rain is around 2 dB. However, the long term protection criteria is not the most limiting criteria compare to the two other protection criteria. Indeed, the study shows that there is more margin than in the case of short term protection criteria and the protection criteria of I/N = –6 dB for 0.6% of cases. 
Therefore, it can be concluded that during periods of rain, the e.i.r.p. limits in clear sky condition can be increased by up to 20 dB to compensate for the level of rain fade as appropriate.
In the case of HAPS ground stations with a higher nominal e.i.r.p., the margin of difference can be compared to the margin shown in Fig. 21 for the difference between I/Nagg_atpc results and the FSS protection criteria.
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Fenétre de commandes

AU Octave, version 4.2.1 5
C:fusers/schmidt_t/Desktop/ADS Studies AL 14/ths- 35000km lcopyrione (c) 2017 Jomn W. Eaton ana others. = o
Tnis is fres software; see the source code for copying conditions.
o [There is ABSOLUTELY NO WARRANTY; not even for MERCHANTABILITY or
T CARTO constallimem [FITNESS FOR A PARTICULAR FPURFOSE. For details, type 'warranty'. &
20 CARTO coustallinemst
 CARTO_coastal_line2D.m ctave was configured for "x26_64-we4-mingw32". T
Create_Gain_GS.final.m - e
Creste_Gain_G5_NGSOm haditionsl informstion sbout Octave is available st Kttp://wnw.octave.org. = e
Gsin_65.650 L
HAPS distrbution on spherical cap pdf [Prease contribute if you find this software useful. *
1.GS_ ATPC.m [For more information, visit http://waw.octave.org/get-involved.html
main_gzom
NGSO_NGSO_HAPS_ATPC.m |Read nttp://www.octave.org/bugs.html to learn how to submit bug reports.
NGSO_NGSO_HAPS_ULim [For informacion about changes from previous versions, type 'news’. ~
NGSO_NGSO_HAPS UL2.m
b> addpacn (genpach (C:\Users\schmidt_t\Desktop\AIRBUS toolbox\AIREUS toolbox functions and data base'))
razning: function Ci\Users\schmidt t\Desktop\AIRBUS toolbox\AIRBUS toolbox functions and data base\P\P 452 HDB\profile.m shadows a core library ok
function
b> 10aa csT
[rarning: load: 'C:\Users\schmidt_t\Desktop\AIRBUS toolbox\AIRBUS toolbox functions and data base\Data base\CST.mat' found by searching load pat N -
b
b> clear a1
Espace de taval B X > main_gso(36000000)
e <] [vazning: load: 'C:\Users\schmidt_t\Desktop\AIRBUS toolbox\AIRBUS toolbox functions and data base\Data base\CST.mat' found by searching load pat
e ol
Nom Clasze Dimensions | Valeur larning: called from
Angle double 16816 67562, 68,610, 47.976, 65.857, 5712 main gso at line 5 column 1
Gain_GS double 86816x1 [-12196; -14.230; -13.815; -12.446; - (375 =
Gain_max double 86816x1 [44.485; 52.621; 50.857; 45.484; 50.27
Lat 6 double e [0.76868, 010053, 065007, 069034, | 86816 1
Lat HAPS double 1x21704 10.44916, 0.44916, 0.44916, 0.44916, (
Long GS double 1,86816 [016562, 016811, 0.48677, 012594, 1 Jans =
Long HAPS double ey (04517, 13475, 22458, 31442, 404 o | | | |
X double 1AGE16 [63775¢+006,6.37816+006, 63775¢. 1 seets i e B ey o
v double ) 1/8436e+004, 187144004, 54183¢
z double e (8779364004, 111914004, 72364 [s55 = 1

b> scatter (Long_Gs, Lat_6S,2)

b> nold all

[>> CARTO_coastal 1ine2D(-180,180,-90,90 );

b> scattar (Long_Gs,Lat_GS,1) 3 L P

b> nold all Ly 1571072018

»| P> CARTO_coastal 1ine2p(-180,180,-90,90 );
B>

(1999, 99814)

Fistorque des commandes
Fitrer ¥ [

it =
# Octave 4.2.1, Mon Oct 15 14:46:09 2018 GMT < unknown@unknown>

addpath(genpath('C:A\Users\schmidt_t\Desktop\AIRBUS toolbox AIRBUS toolbox functions and data base)

load CST

clearall

mein_gso(36000000);
scatter(Long G Lat G5.2)

hold all
CARTO_coastalline2D(-180,180,-90.90
scatter(Long G5 Lat GS.1)

hold al -
CARTO_coastalline2D(-180,180,-90.90 ) L
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» GSO_HAPS_ATPC.m
" GSO_HAPS_ATPC_muttiple.m
HAPS distrbution on sphericl cap pdf
(31290
. LB parsmeters
] List of LS R1S-WP4A-C-0B26INATIMSW-E docx
) LS-WP4#A RI5-WPSC-C-OSHGIMSW-E doc
1 LSWP4A2 -RI5-WPSC-C-0S4QUMSW-E doc

Espace de traval

Fitrer ™ [

Nom Classe Dimensions
Amplitude double 86816
Angle double 1866
[ double 1866
Gain FS5_650 double 186816
Gain G5 double a6e16d
Gain_max double 86164
LATPC double LB6EL6
LGs double 1866

Historique des commandes

Firer ¥ [

<olormap
colorbar

hold all
CARTO_coastal_line2D(-180,180,-2090 );
colormap(jet)

et

Fenétre de commandes
[>> GSO_HAPS_ATEC (0,36000000,9,0.05)
farning: load: 'C:\Users\schmidc_t\Desktop\AIRBUS
l1oad patn
[rarning: called from
GSO_HABS_ATEC at line 15 column 3
frarning? load: 'C:\Users\schmidc_t\Desktop\AIRBUS
l1oad patn
[rarning: called from
FSS_S_672_4 at line 22 column 1
GSO_HAPS_ATEC at line 104 column 13
frarning: function name 'G_FSL sat' does not agree
cions and data base\P\P_F5L_sat.m'
[rarning: called from
GSO_HAPS_ATEC at line 112 column ¢
farning? load: 'C:\Users\schmidc_t\Desktop\AIRBUS
l1oad patn
[rarning: called from
G_dist_sat at line 18 column 1
B_FSL_3at at line 36 column 2
GS0_HAPS_ATEC at line 112 column ¢
farning? load: 'C:\Users\schmidc_t\Desktop\AIRBUS
l1oad patn
[rarning: called from
G_elevation at line 17 column 1
G dist_sat at line 30 column §
B_FSL_3at at line 36 column 2
GS0_HAPS_ATEC at line 112 column ¢
>> Amplitude=round (Gain_FSS_GSO.*10) ./10;
>> scatter (Long_GS,Lat_GS,1,Amplitude) ;
>> scatter (Long_GS,Lat_GS,1,Amplitude) ;
>> nold all
[>> CARTO_coastal_1ine2D(-180,180,-90,90 );
> colorbar
>> colormap (jet)
B>

©001box\AIRBUS toolbox functions and data bas

©001box\AIRBUS toolbox functions and data bas

with function filename '

©001box\AIRBUS toolbox functions and data bas
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» GSO_HAPS_ATPC.m
" GSO_HAPS_ATPC_muttiple.m
HAPS distrbution on sphericl cap pdf
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Espace de traval

Fitrer ™ [ |
Nom Classe Dimensions 4]
GAINGS double B6e16d
Gain_FSS 650 double 1866
Gain G5 double a6e16d
Gain_max double as16d L
LATPC double 1LB6EL6.
1Gs double 186816
Lagg double ) =

Historique des commandes

Firer 7 [

<olormap
colorbar

hold all
CARTO_coastal_line2D(-180,180,-2090 );
colormap(jet)

et

Fenétre de commandes

GSO_HAPS_ATEC at line 104 column 13 B
[rarning: load: 'C:\Users\schmidc_t\Desktop\AIRBUS toolbox\AIRBUS toolbox functions and data ba ||
l1oad patn

[rarning: called from
G_dist_sat at line 18 column 1
B_FSL_3at at line 36 column 2
GS0_HAPS_ATEC at line 112 column ¢
farning? load: 'C:\Users\schmidc_t\Desktop\AIRBUS toolbox\AIRBUS toolbox functions and data ba
l1oad patn
[rarning: called from
G_elevation at line 17 column 1
G dist_sat at line 30 column §
B_FSL_3at at line 36 column 2
GS0_HAPS_ATEC at line 112 column ¢
> clear all
>> load cST
farning: load: 'C:\Users\schmidc_t\Desktop\AIRBUS toolbox\AIRBUS toolbox functions and data ba
l1oad patn
[>> Tagg+ (10710910 (CST_K*600+1e6))
lexror: 'Tagg' undefined nmear line 1 column 1
[>> T_agg+ (10710910 (CST_K*600+1e6) )

lans = -321.98
[>> T_age- (10710910 (CST_K*600+1e6) )

lans = -20.345

[>> I_agg_atpe- (10%10g10 (CST_K*600+1e6) )
lans = -35.552

> GATNGS=round (Gain_6S%10)/10;
b> scatter (Long_GS,Lat_GS,1,GAINGS) ;

b> scatter (Long_GS,Lat_GS, 1,GAINGS) ;

b> nold a1l

> CARTO_coastal 1ine2D(-120,180,-90,90 ):
b> colosbar

b> colormap (3et)

b> |
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