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Introduction

The following Satellite 5G NR NTN (Non-Terrestrial Networks) technical documents have been approved at the 3GPP RAN-Plenary #96 (Budapest, 6th-9th of June 2022) for the Release-17 NTN satellite connectivity using FR1 S-band (n256) and FR1 L-band (n255):
· Technical Specification TS 38.108 (NR; Satellite Node radio transmission and reception);
· Technical Specification TS 38.101-5 (NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements);
· Technical Report TR 38.863 (Non-terrestrial networks (NTN) related RF and co-existence aspects);

From Article 5 of the ITU Radio Regulations (RR) the mobile operation of ESIMs is also described in the following footnotes,
· 5.527A The operation of earth stations in motion communicating with the FSS is subject to Resolution 156 (WRC-15). (WRC-15)
· 5.517A The operation of earth stations in motion communicating with geostationary fixed-satellite service space stations within the frequency bands 17.7-19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) shall be subject to the application of Resolution 169 (WRC-19). (WRC-19)  

At RAN4#105 the following WFs have been approved:
· R4-2220239 (source: THALES, “WF for above 10GHz band definition and system parameters”) with the latest references for Ka-Band frequency bands;
· R4-2220241 (source: Samsung, “Simulation assumptions for NTN co-existence study in bands above 10GHz”) with the latest discussions for the coexistence studies.



	Agreements R4-2220239
1/ Companies are invited to study (general) ITU/national regulations and bring contributions/provide more information at this meeting (RAN#105) and next RAN4 meeting.
2/ Since it has been agreed to define several NTN Ka-bands to address the diversity of spectrum allocation (see agreement 15/11/2022 during online session), moderator proposes recommendation based on Option 2b.
Option 2b (as starting point for next meeting discussion): RAN4 to consider defining/continue to discuss at next meeting (all options have same priority, companies need more time to check):
-	n511 with consideration of US/FCC regulations.
-	[n512 with consideration of CEPT regulations.]
Note 1: All companies to further check impacts of latest revision of ECC Decision(05)01 on ECC Decision(13)01 cited in the current WF.
-	[n510 with consideration of US/FCC regulations.]
Note 1: Provide the 3GPP definition that specifies the prevention of the use of a fixed terminal in the Fixed Service Spectrum (FSS).
Note 2: Also provide information of a movable NTN user terminal in FSS spectrum in the US.
with the following considerations:
-	DL: 17.7-20.2 GHz (n512, n511, n510);
-	UL: 27.5-30.0 GHz (n512), 28.35-30.0 GHz (n511), 27.5-28.35 GHz (n510).
 
[image: Chart, timeline

Description automatically generated]



	Agreements R4-2220241
Table 1.1-1 Aggressor and victim combination
	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1 
	TN with NTN
	NTN UL
	TN UL
	
	

	2
	TN with NTN
	TN UL
	NTN UL
	
	

	3
	TN with NTN
	NTN UL
	TN DL
	
	

	4 
	TN with NTN
	TN DL
	NTN UL
	
	

	5
	TN with NTN
	TN DL
	NTN DL
	
	

	6
	TN with NTN
	NTN DL
	TN DL
	
	

	7
	TN with NTN
	NTN DL
	TN UL
	
	

	8
	TN with NTN
	TN UL
	NTN DL
	
	

	NOTE 1: For coexistence between Ka band DL and surrounding TN bands, this need more discussions since currently there are no 3GPP defined TN bands specified.







This contribution therefore provides material for discussion with respect to Ka-Band NTN-TN coexistence simulations and NTN UE terminal and Satellite antenna parameters.
Discussion with respect to Coexistence Use Cases
First of all, it seems that the easiest and most elegant way for the coexistence simulations is to consider scenarios with NTN DL in order to obtain relevant SAN (ACLR) and NTN UE (ACS) requirements, even if practically there is no TN band today in the close proximity of NTN DL. Therefore, in this contribution we therefore propose to update the coexistence scenarios/use cases (for “Co-existence study for above 10 GHz bands” [NR_NTN_enh-Core]) as follows:
Proposal 1: RAN4 to update the NTN-TN coexistence scenarios for above 10 GHz bands (compared to the agreed WF in R4-2220241) as follows:
Table 1.1-1 Aggressor and victim combination (in above 10 GHz)
	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1 
	TN with NTN
	NTN UL
	TN UL
	i1, with fc=27GHz for simulation purposes
	

	2
	TN with NTN
	TN UL
	NTN UL
	i2, with fc=27GHz for simulation purposes
	

	3
	TN with NTN
	NTN UL
	TN DL
	i3, with fc=27GHz for simulation purposes
	

	4 
	TN with NTN
	TN DL
	NTN UL
	i4, with fc=27GHz for simulation purposes
	

	5
	TN with NTN
	TN DL
	NTN DL
	i5, with fc=17GHz for simulation purposes
	

	6
	TN with NTN
	NTN DL
	TN DL
	i6, with fc=17GHz for simulation purposes
	

	7
	TN with NTN
	NTN DL
	TN UL
	i7, with fc=17GHz for simulation purposes
	

	8
	TN with NTN
	TN UL
	NTN DL
	i8, with fc=17GHz for simulation purposes
	

	NOTE 1: For coexistence between Ka-Band DL and surroundingadjacent TN bands, this need more discussions since currently there are no 3GPP defined/specified TN bands specified.



Proposal 2: RAN4 to update the NTN-TN coexistence scenarios for above 10 GHz bands with the following figures:
[image: ]
Figure 1. Coexistence scenarios for use cases 1-4 (in above 10 GHz)

[image: ]
Figure 2. Coexistence scenarios for use cases 5-8 (in above 10 GHz)

In fact, the purposes of the studies are as reflected as below, in the following proposal.

Proposal 3: RAN4 to update the coexistence simulations TDoc with the simulation scope mentioned below:
	No.
	Combination
	Aggressor
	Victim
	Scope of Coexistence Simulation
	Study Phase

	1 
	TN with NTN
	NTN UL
	TN UL
	ACLR NTN UE to be varied/defined
ACS TN gNB fixed
	

	2
	TN with NTN
	TN UL
	NTN UL
	ACLR TN UE fixed
ACS NTN SAN to be varied/defined
	

	3
	TN with NTN
	NTN UL
	TN DL
	ACLR NTN UE to be varied/defined
ACS TN UE fixed
	

	4 
	TN with NTN
	TN DL
	NTN UL
	ACLR TN gNB fixed
ACS NTN SAN to be varied/defined
	

	5
	TN with NTN
	TN DL
	NTN DL
	ACLR TN gNB fixed
ACS NTN UE to be varied/defined
	

	6
	TN with NTN
	NTN DL
	TN DL
	ACLR NTN SAN to be varied/defined
ACS TN UE fixed
	

	7
	TN with NTN
	NTN DL
	TN UL
	ACLR NTN SAN to be varied/defined
ACS TN gNB fixed
	

	8
	TN with NTN
	TN UL
	NTN DL
	ACLR TN UE fixed
ACS NTN UE to be varied/defined
	

	NOTE 1: For coexistence between Ka-Band DL and adjacent TN bands, there are no 3GPP defined/specified TN bands.





Discussion with respect to Satellite (SAN) parameters
3.1 Ka-Band Satellite Antenna pattern
The following normalised antenna pattern, corresponding to a circular aperture theoretical antenna pattern can be considered by RAN4 coexistence studies for SAN parameterization:
	Options
	Equations

	Option 1
	

	Option 2
	


where:
·   is the Bessel function of first type and  order with argument x
·  is the angle in a  spherical coordinates system,
· 
· D : Antenna diameter
·  : Wavelength
The theoretical antenna pattern can be applied to a circular aperture, either for a passive antenna or for an active antenna. Figure 3 below shows an example with the normalised antenna pattern of a satellite transmit antenna as a function of u parameter with D/=333 (corresponding to e.g. D=5m and =0,015m).
[image: ]
Figure 3. Antenna pattern as a function of u parameter, with D/=333.

As seen in Figure 3, Option 2 has for instance lower adjacent lobes, which can benefit to the coexistence scenarios. 
Moreover, the half-power beam-width () is given by the following relation(s):
	Options
	 Value

	Option 1
	

	Option 2
	


which results in equivalent values.

3.2 Ka-Band SAN transmit and receive parameters
Satellite transmit and receive parameters with respect to satellite orbit are summarised in the tables below (Option 1 or Option 2 expressed above give similar results).
	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Satellite altitude (km)
	35786
	1200
	600

	3 dB beamwidth (°)
	0,18
	1,76
	1,76

	Satellite beam diameter at nadir (km)
	110
	37
	18



One can notice that the values are very similar with the ones from TR 38.821: 110, 40 and 20 km beam diameter respectively.
Moreover, the following set of SAN parameters are proposed for Ka-Band in DL (Set-1 from TR 38.821):
Ka-Band DownLink (i.e. ~20 GHz for DL) for different satellite orbits
	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m) 
	5,0
	0,5
	0,5

	Satellite EIRP density (dBW/MHz)
	40
	10
	4

	Satellite Tx max Gain (dBi)
	58,5
	38,5
	38,5



In TR 38.821 one can find the following set of SAN parameters proposed for Ka-Band in UL:
Ka-Band UpLink from previous TR 38.821 (i.e. ~30 GHz for UL)

	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m)
	3,33
	0,33
	0,33

	G/T max (dB/K)
	28,0
	13,0
	13,0

	Satellite RX max Gain (dBi)
	58,5
	38,5
	38,5

	Earth temperature (K)
	290
	290
	290

	Satcom Repeater Noise Figure (dB)
	5,9
	0,9
	0,9



Recent state of the art indicates lower NF values for Ka-band compared to the ones proposed in TR 38.821. In “Ka-Band Low Noise Amplifier Sub-System Module for Communication Satellite payload” (S. K. Jain and all), a value between 2.6-2.8 dB NF is considered. Therefore, in order to have more realistic NTN-TN coexistence simulations in Ka-band, we therefore propose to consider a 3.5 dB NF value for all satellite orbits/SAN types. This will have natural implications on the G/T values which have been updated accordingly in the table below.
Therefore, the following set of SAN parameters are proposed for Ka-Band in UL:
Ka-Band UpLink (i.e. ~30 GHz for UL) – [new proposal, more realistic]

	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m)
	3,33
	0,33
	0,33

	G/T max (dB/K)
	30,4
	10,4
	10,4

	Satellite RX max Gain (dBi)
	58,5
	38,5
	38,5

	Earth temperature (K)
	290
	290
	290

	Satcom Repeater Noise Figure (dB)
	3,5
	3,5
	3,5



An example of antenna pattern is shown in Figure 4 considering the following parameters:
	Parameter
	Unit
	Value

	Frequency
	[MHz]
	20000

	
	[m]
	0,015

	D
	[m]
	5,0

	Efficiency 
	N/A
	0,65

	Gmax
	[dBi]
	58,5

	2 -3dB
	[°]
	0,19

	D/
	N/A
	333



[image: ]
Figure 4. Ka-Band transmit antenna pattern

RAN4 could consider the following normalised SAN antenna pattern options for Ka-Band coexistence studies:
	Options
	Equations

	Option 1
	

	Option 2
	


where:
·   is the Bessel function of first type and  order with argument x
·  is the angle in a  spherical coordinates system,
· 
· D : Antenna diameter
·  : Wavelength

RAN4 could use for SAN NTN coexistence in Ka-Band the following half-power beam-width () given by the following relation(s):
	Options
	 Value

	Option 1
	

	Option 2
	



If no strong concern from any company, the following option (Option 2) could be proposed for SAN parameters with respect to Ka-Band coexistence studies :

where:
·   is the Bessel function of first type and  order with argument x
·  is the angle in a  spherical coordinates system,
· 
· D : Antenna diameter
·  : Wavelength
with the half-power beam-width () given by .

Proposal 4: RAN4 shall consider a normalised SAN antenna pattern for Ka-Band coexistence studies and related half-power beam-width (). Either Option 1 or Option 2 (optimised with respect to secondary lobes) can be used, with a preference for Option 2:
	Options
	Equations
	Half-power beam-width  Value

	Option 1 
(see TR 38.811)
	
	

	Option 2 
(new equation)
	
	



where:
·   is the Bessel function of first type and  order with argument x
·  is the angle in a  spherical coordinates system,
· 
· D : Antenna diameter
·  : Wavelength

Proposal 5: RAN4 shall consider a normalised SAN antenna pattern for Ka-Band coexistence studies and related half-power beam-width ():
	Equations (Option 2)
	Half-power beam-width  Value

	
	



where:
·   is the Bessel function of first type and  order with argument x
·  is the angle in a  spherical coordinates system,
· 
· D : Antenna diameter
·  : Wavelength

Proposal 6: Moreover, the following set of SAN parameters are proposed for Ka-Band in DL (Set-1 from TR 38.821):
Ka-Band DownLink (i.e. ~20 GHz for DL) for different satellite orbits
	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m) 
	5,0
	0,5
	0,5

	Satellite EIRP density (dBW/MHz)
	40
	10
	4

	Satellite Tx max Gain (dBi)
	58,5
	38,5
	38,5




Proposal 7: Moreover, the following set of SAN parameters are proposed for Ka-Band in UL (Updated Set-1 from TR 38.821):
Ka-Band UpLink (i.e. ~30 GHz for UL) for different satellite orbits

	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m)
	3,33
	0,33
	0,33

	G/T max (dB/K)
	30,4
	10,4
	10,4

	Satellite RX max Gain (dBi)
	58,5
	38,5
	38,5

	Earth temperature (K)
	290
	290
	290

	Noise Figure (dB) of the receiver on board the satellite
	3,5
	3,5
	3,5




Discussion with respect to UE NTN terminal parameters
[bookmark: _Toc493127338]4.1	General aspects
All NTN UE antenna parameters have been adapted from TR 38.821 by considering the following parameters adapted to Ka satellite band: 
· Downlink frequency: 17.7 - 20.2 GHz
· Uplink frequency: 27.5 GHz - 30 GHz
· 60 cm antenna aperture diameter (2*a=60cm)

The Technical Report TR 38.811 provides typical RF parameters shown in the table below: 
Table 1. Typical minimum RF characteristics of NTN UE 
	
	Very Small Aperture NTN UE Terminal
(fixed or mounted on moving platforms)

	Transmit Power
	2 W (33 dBm)

	Antenna type
	60 cm equivalent aperture diameter (circular polarisation)

	Antenna gain
	Tx: 43.2 dBi
Rx: 39.7 dB

	Noise figure
	1.2 dB

	EIRP
	45.75 dBW

	G/T (NOTE 1)
	18.5 dB/K

	Polarisation (NOTE 2)
	Circular

	NOTE 1:   For the computation of G/T or figure of merit, following formula applies in dB:
G/T = Ga – NF – 10*LOG (To+(Ta-To)/(100.1*NF))
where:
-     Antenna Gain : Ga in dBi
-     Ambient Temperature : T0 (usually 290 K)
-     Antenna temperature : Ta 
-     Noise Figure: NF in dB including feeder loss


4.2	NTN UE antenna parameters
4.2.1	Parabolic antenna
The following normalised antenna pattern corresponding to a theoretical parabolic (reflector) antenna with circular aperture can be considered for coexistence analysis:

where:
·   is the Bessel function of first type and first order with argument x,
·  is the angle in a  spherical coordinates system,
· ,
· D : antenna diameter,
·  : wavelength.
The normalised antenna pattern, expressed in decibels, is given by the following relation:


Figure 5 shows the antenna pattern of a NTN UE transmit antenna reflector 0.6 m diameter and  operating at  28750 MHz. Figure 5 therefore shows an example with parabolic/dish antenna of 0.6m diameter and  operating at  28750 MHz. 
[image: ]
Figure 5. Antenna gain pattern of a NTN UE transmit parabolic antenna operating at 28750 MHz


4.2.2	Phased-array antenna
A phased-array antenna with a square aperture of side length  and tapered illumination over the aperture is considered. The antenna pattern at  is described by the following relation:

where:
·  is the angle in a  spherical coordinates system,
· ,
·  is the steering angle,
·  : wavelength,
·  is the side length. 
The normalised antenna pattern, expressed in decibels, is given by the following relation:

The antenna gain can be evaluated with the following relation:

where  is the antenna efficiency.

Figure 6 shows the antenna pattern of a NTN UE transmit antenna with , operating at 28750 MHz. 
[image: ]
Figure 6. Antenna gain pattern of a NTN UE transmit phased array antenna operating at 28750 MHz

With respect to the adjacent antenna lobes (i.e. adjacent antenna lobes to the main directional lobes, or secondary antenna lobes from the antenna radiation pattern), the following recommendation can be used (see [ITU-R S.465-6]):The following reference radiation patterns should be adopted for angles between the direction considered and the axis of the main beam for frequencies in the range from 2 to 31 GHz:

		G    32  –  25 log 		dBi		for  min          48°
		       –10				dBi		for    48°        180°

where:
	min    1° or 100 /D degrees, whichever is the greater, for D/ ≥ 50.
	min =  2° or 114 (D/)–1.09 degrees, whichever is the greater, for D/ < 50.


For information, for a 60cm diameter antenna in Ka-Band (λ=1cm), we have D/λ = 60.
If one compares the ITU-R S.465-6 limit with the one of NTN UE using parabolic/dish antenna (as seen in Figure 5) or using phased-array antenna (as seen in Figure 6), one will easily notice that both NTN UE antenna characteristics (i.e. using parabolic/dish antenna or using phased-array antenna) respect the ITU-R S.465-6 limit. Therefore, ITU-R S.465-6 limit can be used as reference for coexistence studies instead of complete antenna pattern with all the side lobes, which would require intensive simulations.

Proposal 8: RAN4 shall consider only parabolic/dish antenna NTN UE for coexistence studies (worst case).
Proposal 9: RAN4 shall use for coexistence studies the NTN UE antenna pattern as described by the following relation: 

where:
·   is the Bessel function of first type and first order with argument x,
·  is the angle in a  spherical coordinates system,
· ,
· D : antenna diameter,
·  : wavelength.
The normalised antenna pattern, expressed in decibels, is given by the following relation:


For information, for a 60cm diameter antenna in Ka-Band (λ=1cm), we have D/λ = 60.

Proposal 10: With respect to NTN UE secondary lobes and related coexistence analysis, RAN4 to use the recommendation from ITU-R S.465-6: 

The following reference radiation patterns should be adopted for angles between the direction considered and the axis of the main beam for frequencies in the range from 2 to 31 GHz:

		G    32  –  25 log 		dBi		for  min          48°
		       –10				dBi		for    48°        180°

where:
	min    1° or 100 /D degrees, whichever is the greater, for D/ ≥ 50.
	min =  2° or 114 (D/)–1.09 degrees, whichever is the greater, for D/ < 50.


Proposal 11: For secondary NTN UE lobes, RAN4 shall use ITU-R S.465-6 limit as reference for coexistence studies instead of complete antenna pattern with all the side lobes (which would require intensive simulations):
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4.2.3 Transmit and receive performances
The NTN UE transmit and receive performances are summarised in the Table 2 considering a circular reflector antenna.
Proposal 12: RAN4 to select between [Option1] and [Option2] to define the NTN UE parameters:

[Option1] For the coexistence analysis in Ka-Band, RAN4 to use the following NTN UE parameters:
Table 2. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power
	(W)
	2
	

	Output power
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	EIRP
	 
	44,9
	 

	Receiver noise figure
	(dB)
	 
	1,2

	Feeder loss
	(dB)
	 
	-0,50

	Sky temperature
	(K)
	 
	30

	Ground temperature
	(K)
	 
	10

	Antenna temperature
	(K)
	
	40

	G/T figure of merit
	(dB/K)
	 
	16,5



NOTE1: T_a = T_Sky + T_Ground
NOTE2: The antenna temperatures are based on e.g. ITU-R Rec. P372 and Rec. P618.
NOTE3: T_sky is computed using [ITU-R Rec. P.618-12] as expressed below
[image: cid:image008.png@01D8CE6D.E85A78B0]
In general, antenna efficiency depends on the antenna manufacturer design. Herein, the proposed values are indicative and consistent with Ka-band definition for UL and DL respectively.
Moreover, in order to simplify the definition of NTN UE, one can compute an equivalent receiver Noise Figure at ambient temperature, and therefore the second option could be defined as below.

[Option2] RAN4 to use the following NTN UE parameters:
Table 3. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Equivalent Receiver Noise Figure
	(dB)
	 
	2,1

	Feeder loss
	(dB)
	 
	-0,50



4.3 Link Budget Parameters
With respect to link budget parameters, is proposed that RAN4 should follow similar methodology as in TR 38.863, with the adaptations required for Ka-Band with channel models/link budget parameters described in TR 38.811 and TR 38.821.


Conclusions

Proposal 1: RAN4 to update the NTN-TN coexistence scenarios for above 10 GHz bands (compared to the agreed WF in R4-2220241) as follows:
Table 1.1-1 Aggressor and victim combination (in above 10 GHz)
	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1 
	TN with NTN
	NTN UL
	TN UL
	i1, with fc=27GHz for simulation purposes
	

	2
	TN with NTN
	TN UL
	NTN UL
	i2, with fc=27GHz for simulation purposes
	

	3
	TN with NTN
	NTN UL
	TN DL
	i3, with fc=27GHz for simulation purposes
	

	4 
	TN with NTN
	TN DL
	NTN UL
	i4, with fc=27GHz for simulation purposes
	

	5
	TN with NTN
	TN DL
	NTN DL
	i5, with fc=17GHz for simulation purposes
	

	6
	TN with NTN
	NTN DL
	TN DL
	i6, with fc=17GHz for simulation purposes
	

	7
	TN with NTN
	NTN DL
	TN UL
	i7, with fc=17GHz for simulation purposes
	

	8
	TN with NTN
	TN UL
	NTN DL
	i8, with fc=17GHz for simulation purposes
	

	NOTE 1: For coexistence between Ka-Band DL and surroundingadjacent TN bands, this need more discussions since currently there are no 3GPP defined/specified TN bands specified.



Proposal 2: RAN4 to update the NTN-TN coexistence scenarios for above 10 GHz bands with the following figures:
[image: ]
Figure 1. Coexistence scenarios for use cases 1-4 (in above 10 GHz)

[image: ]
Figure 2. Coexistence scenarios for use cases 5-8 (in above 10 GHz)




Proposal 3: RAN4 to update the coexistence simulations TDoc with the simulation scope mentioned below:
	No.
	Combination
	Aggressor
	Victim
	Scope of Coexistence Simulation
	Study Phase

	1 
	TN with NTN
	NTN UL
	TN UL
	ACLR NTN UE to be varied/defined
ACS TN gNB fixed
	

	2
	TN with NTN
	TN UL
	NTN UL
	ACLR TN UE fixed
ACS NTN SAN to be varied/defined
	

	3
	TN with NTN
	NTN UL
	TN DL
	ACLR NTN UE to be varied/defined
ACS TN UE fixed
	

	4 
	TN with NTN
	TN DL
	NTN UL
	ACLR TN gNB fixed
ACS NTN SAN to be varied/defined
	

	5
	TN with NTN
	TN DL
	NTN DL
	ACLR TN gNB fixed
ACS NTN UE to be varied/defined
	

	6
	TN with NTN
	NTN DL
	TN DL
	ACLR NTN SAN to be varied/defined
ACS TN UE fixed
	

	7
	TN with NTN
	NTN DL
	TN UL
	ACLR NTN SAN to be varied/defined
ACS TN gNB fixed
	

	8
	TN with NTN
	TN UL
	NTN DL
	ACLR TN UE fixed
ACS NTN UE to be varied/defined
	

	NOTE 1: For coexistence between Ka-Band DL and adjacent TN bands, there are no 3GPP defined/specified TN bands.






Proposal 4: RAN4 shall consider a normalised SAN antenna pattern for Ka-Band coexistence studies and related half-power beam-width (). Either Option 1 or Option 2 (optimised with respect to secondary lobes) can be used, with a preference for Option 2:

	Options
	Equations
	Half-power beam-width  Value

	Option 1 
(see TR 38.811)
	
	

	Option 2 
(new equation)
	
	



where:
·   is the Bessel function of first type and  order with argument x
·  is the angle in a  spherical coordinates system,
· 
· D : Antenna diameter
·  : Wavelength



Proposal 5: RAN4 shall consider a normalised SAN antenna pattern for Ka-Band coexistence studies and related half-power beam-width ():

	Equations (Option 2)
	Half-power beam-width  Value

	
	



where:
·   is the Bessel function of first type and  order with argument x
·  is the angle in a  spherical coordinates system,
· 
· D : Antenna diameter
·  : Wavelength

Proposal 6: Moreover, the following set of SAN parameters are proposed for Ka-Band in DL (Set-1 from TR 38.821):
Ka-Band DownLink (i.e. ~20 GHz for DL) for different satellite orbits
	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m) 
	5,0
	0,5
	0,5

	Satellite EIRP density (dBW/MHz)
	40
	10
	4

	Satellite Tx max Gain (dBi)
	58,5
	38,5
	38,5




Proposal 7: Moreover, the following set of SAN parameters are proposed for Ka-Band in UL (Updated Set-1 from TR 38.821):
Ka-Band UpLink (i.e. ~30 GHz for UL) for different satellite orbits

	SAN parameters

	GEO

	LEO-1200 km
	LEO-600 km

	Equivalent satellite antenna aperture (m)
	3,33
	0,33
	0,33

	G/T max (dB/K)
	30,4
	10,4
	10,4

	Satellite RX max Gain (dBi)
	58,5
	38,5
	38,5

	Earth temperature (K)
	290
	290
	290

	Satcom Repeater Noise Figure (dB)
	3,5
	3,5
	3,5




Proposal 8: RAN4 shall consider only parabolic/dish antenna NTN UE for coexistence studies (worst case).


Proposal 9: RAN4 shall use for coexistence studies the NTN UE antenna pattern as described by the following relation: 

where:
·   is the Bessel function of first type and first order with argument x,
·  is the angle in a  spherical coordinates system,
· ,
· D : antenna diameter,
·  : wavelength.
The normalised antenna pattern, expressed in decibels, is given by the following relation:



Proposal 10: With respect to NTN UE secondary lobes and related coexistence analysis, RAN4 to use the recommendation from ITU-R S.465-6: 

The following reference radiation patterns should be adopted for angles between the direction considered and the axis of the main beam for frequencies in the range from 2 to 31 GHz:

		G    32  –  25 log 		dBi		for  min          48°
		       –10				dBi		for    48°        180°

where:
	min    1° or 100 /D degrees, whichever is the greater, for D/ ≥ 50.
	min =  2° or 114 (D/)–1.09 degrees, whichever is the greater, for D/ < 50.








Proposal 11: For secondary NTN UE lobes, RAN4 shall use ITU-R S.465-6 limit as reference for coexistence studies instead of complete antenna pattern with all the side lobes (which would require intensive simulations):

[image: ]



Proposal 12: RAN4 to select between [Option1] and [Option2] to define the NTN UE parameters:

[Option1] For the coexistence analysis in Ka-Band, RAN4 to use the following NTN UE parameters:
Table x. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power
	(W)
	2
	

	Output power
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	EIRP
	 
	44,9
	 

	Receiver noise figure
	(dB)
	 
	1,2

	Feeder loss
	(dB)
	 
	-0,50

	Sky temperature
	(K)
	 
	30

	Ground temperature
	(K)
	 
	10

	Antenna temperature
	(K)
	
	40

	G/T figure of merit
	(dB/K)
	 
	16,5





 	[Option2] RAN4 to use the following NTN UE parameters:
Table x. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Equivalent Receiver Noise Figure
	(dB)
	 
	2,1

	Feeder loss
	(dB)
	 
	-0,50
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3 Noise temperature

As attenuation increases, so does emission noise. For carth stations with low-noise front-ends, this
increase of noise temperature may have a greater impact on the resulting signal-to-noise ratio than
the attenuation itself.

The sky noise temperature at a ground station antenna may be estimated by:
Ty = Tor (1= 107719 +2.7 % 1010 K (66)
where:
Tsy:  sky noise temperature (K) at the ground station antenna
A: total atmospheric attenuation excluding scintillation fading (dB)
Twr:  atmospheric mean radiating temperature (K).




