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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)  

NTN UE terminal types in bands above 10 GHz were discussed at RAN4#105 (see also R4-2220573, “WF on NTN UE RF requirements”) and in RAN4#105 Main session report. Thanks to these discussions, a few agreements have been formulated, such as:
	Agreement:
· For NTN UE with parabolic antenna, to define the conducted requirement and further discuss how to define radiated requirement for it (e.g. EIRP limits, etc)
Issue 4-2: For NTN UE with phase antenna array, radiated requirement only to be defined?
Agreement: 
· For NTN UE with phase antenna array if defined, only radiated requirements are to be specified.


This contribution therefore provides material for discussion with respect to NTN UE terminal types in above 10 GHz. The reader should also consider as reference the documents submitted in RAN4#106 AI 9.25.2 (see for instance R4-2302535, THALES) and in RAN#106-bis-e AI 9.27.2.

During RAN#106 main session, the following agreements have been made:
	Agreement: 
· Discuss whether and how to define the requirements for beam tracking for NTN UE.
Agreement: 
· Define the radiated requirement as the first priority.



However, there were also some issues with respect to UE types, UE type differentiation, beam correspondence requirements, satellite RF specific requirements for NTN UE. One can further easily see that in some cases the discussions are not relevant since are related to implementation issue and should not be considered part of the standardization work. 

During RAN4#106-bis-e it was also agreed:
	Agreement: 
· Encourage companies to provide the regulation differences leading to different RF/RRM requirements between the mobile and fixed NTN UEs, and further discuss whether RAN4 needs to define the different UE types.
· Discuss possible differentiation of NTN UE types in above 10 GHz, based on RF parameters (noise figure, antenna types, antenna gain and transmission power, or alternatively minimum EIRP in the peak direction, Effective Isotropic Sensitivity EIS, etc.).
· The impact on RF and RRM requirements will be investigated, and analysis on RF requirement impact is prioritized.



For further information, please also consider:
· R4-2302527 (“NTN UE Terminal Types for above 10 GHz”, THALES) presented in RAN4#106.
· R4-2305844 (“NTN UE terminal reference architecture for above 10 GHz”, THALES, Hughes/EchoStar) presented in RAN4#106-bis-e for the NTN UE reference architecture in above 10 GHz.
· R4-2302998 (“WF for system parameters of above 10 GHz NTN band”, THALES) agreed in RAN4#106.
Moreover, in R4-2304364 (“Off-Axis EIRP requirements for NTN-TN NR-Uu interface”, Verizon) submitted at RAN4#106-bis-e, the following proposals have been made:Proposal-1: 	RAN4 needs to define the off-axis EIRP requirement for SAN and ESIM type of devices.
Proposal-2: 	The off-axis EIRP requirements should be defined for ESIM devices operating over the band n511.
Proposal-3: 	RAN4 shall decide the baseline of requirements based on FCC requirement or ITU recommendation S.524. 
Proposal-4: 	The defined off-axis EIRP density levels shall meet the permissible mask levels of validation and support the procedures of self-monitoring. 


However, during official meeting RAN4#106-bis-e there were no agreements with respect to off-axis EIRP requirement (see R4-2306624, “WF on NTN UE RF requirements in Ka-band”, ZTE).              Issue 1-1: UE types
· Encourage companies to provide the regulation differences leading to different RF/RRM requirements between the mobile and fixed NTN UEs, and further discuss whether RAN4 needs to define the different UE types.
· Discuss possible differentiation of NTN UE types in above 10 GHz, based on RF parameters (noise figure, antenna types, antenna gain and transmission power, or alternatively minimum EIRP in the peak direction, Effective Isotropic Sensitivity EIS, etc.).
· The impact on RF and RRM requirements will be investigated, and analysis on RF requirement impact is prioritized.
Issue 2-1:  Beam tracking capability
Tentative agreement:
the (Rx and Tx) beam pointing error are compliant with at least the relevant ETSI harmonized standard. (e.g. 
· EN 303 978    “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands”;
· EN 303 979    “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in non-geostationary orbit, operating in the 27,5 GHz to 29,1 GHz and 29,5 GHz to 30,0 GHz frequency bands”).


Meanwhile, at RAN4#107, several agreements have been made, as following (see R4-2310483, “WF on UE RF requirements for NR NTN enhancement”, THALES):Issue 1-1: Differentiate UE types from mobility perspective
Issue 1-2: Differentiate antenna assumption for GEO and LEO UE
Agreement:
· At least consider the differentiation between mechanical and electronic steering;
· FFS on phased array or parabolic;
· Encourage satellite companies to provide the data to show the beam switching delay.
· As the baseline, assume that UE has the single beam towards one single satellite at a given time.

Issue 2-1:  Noise figure 
Agreement:
· For the August meeting, more detailed background should be provided to derive the corresponding noise figure.. 
· For the coexistence study, companies are encouraged to consider the following NF for NTN UE :
· Option 1: 2dB;
· Option 2: 6dB

Issue 3-2: Beam pointing/accuracy related requirements
Agreement:
· It is assumed for the NTN capable UE operating in above 10 GHz that the (Rx and Tx) beam pointing error are compliant with the relevant ETSI harmonized standard, e.g.:
· EN 303 978, “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands”;
· For the next meeting, it’s encouraged to provide the technical requirement inputs for fixed VSAT; 

 Issue 3-3: on-axis and off-axis EIRP requirements
Agreement:
· To define the off-axis EIRP requirement; 
· Note: this requirement for wanted signal within the assigned channel;
· For on-axis EIRP limit, this depend on the power class;
· To capture the maximum EIRP limit for certain power class; 



Please also refer to R4-2309717 (“Updates for NTN UE terminal requirements discussion in above 10 GHz”, THALES, RAN4#107) for more information. 
This contribution considers specific NTN VSAT UE requirements and NTN UE NF values to be considered for NTN in above 10 GHz.
Discussion with respect to UE NTN terminalIssue 2-1:  Noise figure 
Agreement:
· For the August meeting, more detailed background should be provided to derive the corresponding noise figure.. 
· For the coexistence study, companies are encouraged to consider the following NF for NTN UE :
· Option 1: 2dB;
· Option 2: 6dB 

2.1 Noise Figure Analysis and Comparison with Qualcomm Contribution (R4-2309508)
Background information, as presented in R4-2309508 (“Ka band UE noise figure and reference sensitivity”) with respect to LNA and NF values:The expression for overall system temperature is given by

where 
· Ta is the antenna temperature (assumed to be 150 K), 
· L is the front-end loss before the LNA (assumed to be 3 dB), 
· TR and GR are the noise temperature and gain of the LNA, and f is the noise figure of the rest of the receiver beyond the LNA (assumed 6 dB).  
The system noise temperature is averaged across all LNA’s reported and then converted to an equivalent noise figure by the following equation

The equivalent noise figure is then calculated as 5.2 dB.
An additional 1 dB offset is added to the calculated noise figure to arrive at a proposed value of 6.2 dB to be used for reference sensitivity degradation for the Ka band UE. 


LNA (mean) value among 8 references was not explicitly given, however the LNA NF has been computed around 2.1dB. Moreover, the following explicative figure was given:

TR, GR
Ta

f
L



However, we would like to recall that the G/T was intensively discussed and expressed in TR 38.821 (see also TR 38.811): Antenna-gain-to-noise-temperature  can be derived by:
		(6.1.3.1-3)
where  is receive antenna gain,  is noise figure,  is ambient temperature and  is antenna temperature. Receive antenna gain  can be obtained by
		(6.1.3.1-4)
where  is receive antenna element gain,  is the number of receive antenna elements,  is polarization loss,  is the antenna aperture efficiency (a dimensionless parameter with typical values for parabolic antennas from 0.55 to 0.70), D is the equivalent antenna diameter, and  is the wavelength.



From G/T, the receive antenna gain and the antenna temperature it is therefore possible to obtain the NF and vice-versa. The agreement in TR 38.821 was that a NF of 1.2 dB will be further used, please see Table 4.2-2: Reference scenario parameters from TS 38.821.
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km
1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)
>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth capability (service link)
	30 MHz for band < 6 GHz
1 GHz for band > 6 GHz

	Payload
	Scenario A: Transparent (including radio frequency function only)
Scenario B: regenerative (including all or part of RAN functions)
	Scenario C: Transparent (including radio frequency function only)
Scenario D: Regenerative (including all or part of RAN functions)

	Inter-Satellite link
	No
	Scenario C: No
Scenario D: Yes/No (Both cases are possible.)

	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see note 1
Scenario C2: No (the beams move with the satellite)
Scenario D 1: Yes (steerable beams), see note 1
Scenario D 2: No (the beams move with the satellite)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
25.77 ms (600km)
41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)
12.89 ms (600km)
20.89 ms (1200km)

	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (600km)
0.13ppm/s(1200km)

	User equipment motion on the earth
	1200 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)
Possibly 1200 km/h (e.g. aircraft)

	User equipment antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi
Directive antenna (up to 60 cm equivalent aperture diameter in circular polarisation)

	User equipment Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW
Directive antenna: up to 20 W

	User equipment Noise figure
	Omnidirectional antenna: 7 dB
Directive antenna: 1.2 dB

	Service link
	3GPP defined New Radio

	Feeder link
	3GPP or non-3GPP defined Radio interface
	3GPP or non-3GPP defined Radio interface

	NOTE 1:	Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite
NOTE 2:	Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment
NOTE 3:	Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir
NOTE 4:	Speed of light used for delay calculation is 299792458 m/s.
NOTE 5: The Maximum beam foot print size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation).
NOTE 6: The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It does not preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.



Moreover, the following table was agreed for UE characteristics for System Level Simulations in TR 38.821 (see Table 6.1.1.1-3: UE characteristics for system level simulations):
	Characteristics 
	VSAT (Note 2)
	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 [2] with 60 cm equivalent aperture diameter
	(1, 1, 2) with omni-directional antenna element

	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); (dV,dH) = (TBD, TBD)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
	TBD dBi per element

	Antenna temperature
	150 K
	290 K
	TBD K

	Noise figure
	1.2 dB
	7 dB
	TBD dB

	Tx transmit power
	2 W (33 dBm)
	200 mW (23 dBm)
	[TBD W (TBD dBm)]

	Tx antenna gain
	43.2 dBi
	0 dBi per element
	TBD dBi per element

	NOTE 1:	Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
NOTE 2:	VSAT terminal characteristics could be implemented with phased array antenna



Moreover, the same information has been agreed in TR 38.811, see for instance Table 4.4-1 which gives the typical minimum RF characteristics of the UE terminals operating in Ka band (e.g. very small aperture terminals) and in S band (e.g. handheld terminals). Please see Table 4.4-1: “Typical minimum RF characteristics of UE in satellite and aerial access networks” extracted below for the reader’s convenience.
	
	Very Small Aperture Terminal (fixed or mounted on moving platforms)
	Handheld or IoT devices (3GPP class 3, see [2])

	Transmit Power
	2 W (33 dBm)
	200 mW (23 dBm)

	Antenna type
	60 cm equivalent aperture diameter (circular polarisation)
	Omnidirectional antenna (linear polarisation)

	Antenna gain
	Tx: 43.2 dBi
Rx: 39.7 dB
	Tx and Rx: 0 dBi

	Noise figure
	1.2 dB
	9 dB

	EIRP
	45.75 dBW
	-7 dBW

	G/T (NOTE 1)
	18.5 dB/K
	-33.6 dB/K

	Polarisation (NOTE 2)
	Circular
	Linear

	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 (typically 290 K with 0 dBi gain and 150 K with >30 dBi gain)
-	Noise Figure: NF in dB
NOTE 2:	For S band, we assume that the User Equipment has an omni-directional antenna of linear polarization, while the antenna on board space-borne or airborne platforms features typically employs circular polarization. Hence a polarization mismatch of 3 dB has to be taken into account for the radio link budget computation. This will impact the UE RF characteristics as below: 
-	Equivalent EIRP of 20 dBm (-10 dBW) under satellite coverage.
-	Equivalent G/T of -36,6 dB/K under satellite coverage.



As a matter of fact, in previous THALES contributions (i.e. R4-2309717, R4-2302535, R4-2302527, R4-2219336, R4-2215348) the following (similar) equations were used assuming NF=1.2 dB:
Tsys=TSky+TGround+T0*(10^(-L/10)-1)+T0*(10^(NF/10)-1)*10^(-L/10)
Moreover, we can even go further and define G/T such as:
G/T=GRx-10*log10(TSky+TGround+T0*(10^(-L/10)-1)+T0*(10^(NF/10)-1)/10^(L/10))
with TSky=30 K, TGround=10 K, L (Feeder Loss)=-0.5 dB, with an (on-axis) Rx Gain around 40 dBi

As such, in THALES contributions, an equivalent NF of 2.1 dB was provided using equation 10*log10(1+Tsys/T0) and 1.7 dB can be obtained with 10*log10(1+(Tsys-TSky-TGround)/T0) following similar methodology as R4-2309508.
So then, from where the major difference comes from when comparing 2dB vs 6dB NF? As a matter of fact the difference comes from:
· 1/ the front-end loss (see Qualcomm contribution with 3 dB value) which is unusually high for Satellite terminals and as compared with THALES previous contributions (0.5 dB value), and 
· 2/ the LNA contribution.
While the assumptions considered for the LNA contribution seem reasonable (with respect to the values considered in Qualcomm paper), the assumption for the front-end losses L reported in Ka DL for the NTN UE Rx (and also applicable for UL when Rx SAN is involved) seem to be very high. 
The reason is that usually 2 configurations can be used (see for instance Microwaves101 | Waveguide Loss):
· If WaveGuide is used, typical loss ~0.5 dB/m, see for instance Microwaves101 | Waveguide Loss (https://www.microwaves101.com/encyclopedias/waveguide-loss); 
· If Coaxial is used, typical loss ~1.7 dB/m, see for instance Flexible Coaxial Cable (atmmicrowave.com) (https://www.atmmicrowave.com/ka-band/coaxial/flexible-coaxial-cable/).
Observation 1: Even if the LNA references are well cited and correctly taken into account, the 3dB Font-End Loss value reported by Qualcomm in R4-2309508 has therefore not been sufficiently justified (and unfortunately relevant background information has not been provided).
In the aftermath following Qualcomm contribution (R4-2309508) it can be found that: 
	LNA Source
	Link
	Gain (dB)
	NF (dB)
	Noise Temp (K)

	1
	https://ieeexplore.ieee.org/document/9232993
	26
	2,3
	202,4907

	2
	https://www.erzia.com/sites/default/files/amps/ERZ-LNA-1770-2200-40-1.5.pdf
	39
	1,2
	92,29445

	3
	https://www.pasternack.com/2.5-db-40-ghz-low-noise-amplifier-35-db-gain-sma-pe15a63021-p.aspx
	35
	2,5
	225,701

	4
	https://www.cpii.com/docs/datasheets/496/ka-lna_single_mkt26926.pdf
	59
	1,503859
	120

	5
	https://sftp.eravant.com/content/datasheets/SBL-2634032030-KFKF-S1.pdf
	20
	3
	288,6261

	6
	https://orbitalresearch.net/wp-content/uploads/2020/03/Wideband-Ka-LNA-web-200303.pdf
	52
	1,341991
	105

	7
	http://www.satcomsource.com/Norsat-LNA-9000-Series-Ka-LNA.pdf
	55
	1,5
	119,6359

	8
	https://www.qorvo.com/products/d/da007693
	17
	3,5
	359,2291



If the loss L is considered to be 3 dB (as in Qualcomm paper) the following results are obtained:
	LNA Source
	Antenna noise (K)
	losses (dB)
	losses (lin)

	Rx Gain (dB)
	Rx Gain (lin)
	f (dB)
	f (lin)

	TS(K)

	NF(dB)


	1
	150
	3
	1,99526231
	26
	398,107171
	6
	3,98107171
	846,980952
	5,31910773

	2
	150
	3
	1,99526231
	39
	7943,28235
	6
	3,98107171
	622,994865
	4,20123617

	3
	150
	3
	1,99526231
	35
	3162,27766
	6
	3,98107171
	889,504241
	5,50230142

	4
	150
	3
	1,99526231
	59
	794328,235
	6
	3,98107171
	678,059721
	4,50387012

	5
	150
	3
	1,99526231
	20
	100
	6
	3,98107171
	1031,76011
	6,06440711

	6
	150
	3
	1,99526231
	52
	158489,319
	6
	3,98107171
	648,139498
	4,34205095

	7
	150
	3
	1,99526231
	55
	316227,766
	6
	3,98107171
	677,336529
	4,50002911

	8
	150
	3
	1,99526231
	17
	50,1187234
	6
	3,98107171
	1189,79915
	6,61388054

	
	
	
	
	
	
	
	
	Average TS(K)

823,071883
	Average NF(dB)

5,13086039



Observation 2: Front-end Loss L=3 dB is consistent with Qualcomm’s NF proposal of 5.2+1 extra dB margin resulting in a NF=6.2 dB.
However, if the loss L is considered to be 0.5 dB (typical value for WaveGuide implementation) the following results are obtained:
	LNA Source
	Antenna noise (K)
	losses (dB)
	losses (lin)

	Rx Gain (dB)
	Rx Gain (lin)
	f (dB)
	f (lin)

	TS(K)

	NF(dB)


	1
	150
	0.5
	1,12201845
	26
	398,107171
	6
	3,98107171
	415,020176
	2,81910773

	2
	150
	0.5
	1,12201845
	39
	7943,28235
	6
	3,98107171
	289,063543
	1,70123617

	3
	150
	0.5
	1,12201845
	35
	3162,27766
	6
	3,98107171
	438,932779
	3,00230142

	4
	150
	0.5
	1,12201845
	59
	794328,235
	6
	3,98107171
	320,028787
	2,00387012

	5
	150
	0.5
	1,12201845
	20
	100
	6
	3,98107171
	518,929133
	3,56440711

	6
	150
	0.5
	1,12201845
	52
	158489,319
	6
	3,98107171
	303,20341
	1,84205095

	7
	150
	0.5
	1,12201845
	55
	316227,766
	6
	3,98107171
	319,622107
	2,00002911

	8
	150
	0.5
	1,12201845
	17
	50,1187234
	6
	3,98107171
	607,801017
	4,11388054

	
	
	
	
	
	
	
	
	Average TS(K)

401,575119
	Average NF(dB)

2,63086039



Observation 3: A front-end Loss L=0.5 dB results into a NF of 2.6 and with 1 extra dB margin (as in Qualcomm paper) it is obtained NF=3.6 dB.
Observation 4: Better LNA can decrease even more the NF. 
Some extra references are provided below for the LNA (source: https://www.ums-rf.com/products/chipset/?chipset=58_ka-band-chipset)
	Reference
	RF Bandwidth (GHz)
	Gain
	Gain Flatness
	Noise Figure

	
	min
	max
	(dB)
	(+/-dB)
	(dB)

	CHA3688aQDG
	12,5
	30
	26
	2
	2

	CHA2069-FAB
	16
	32
	22
	1
	2,5

	CHA2069-99F
	16
	31
	22
	1
	2,5

	CHA2069-QDG
	18
	31
	20
	2
	3

	CHA2092b99F
	18
	32
	22
	2,5
	2,5

	CHA2193-99F
	20
	30
	18
	0,5
	2

	CHA2362-98F
	26
	40
	22
	
	2

	CHA2595-QDG
	27,5
	43,5
	19,5
	
	2,3

	CHA2595-98F
	27,5
	43,5
	19,5
	
	2

	
	



	
	
	
	
	Average NF
2,357142857 dB

	
	
	
	
	
	Divergence
0,348010217 dB



Observation 5: NF can also be derived from G/T values (see for instance https://www.satsig.net/noise.htm) as GDL(on-axis DL gain) – 10*log10(Ts(K)). From this equation one can also find the equivalent NF values.
Considering similar methodology as in previous THALES papers (e.g. R4-2309717, R4-2302535, R4-2302527, R4-2219336, R4-2215348):
· Example 1: for a G/T of 14.4 dB and antenna Gain of 39.1 dBi the system temperature is about 290 K and the NF is around 2.2 dB with a Loss of 0.5 dB.
· Example 2: for a G/T of 17.4 dB and antenna Gain of 41.0 dBi the system temperature is about 225.8 K and the NF is around 1.65 dB with a Loss of 0.5 dB.

Some more references can be found below:
1/ for Parabolic VSAT antenna implementations:
	ID
	G/T (dB/K)
	Source
	Comments

	1
	18.7dB/K
	China-0-9m-Ku-Ka-Band-Full-Carbon-Fiber-Flyaway-Parabolic-Antenna.html
	LNA Noise temperature of 170K at 20.4 GHz, Tant=85K; Frequency Band 19.6-21.2 

	2
	15.2 dB/K
	huaxin - China-0-75m-Ka-Band-Carbon-Fiber-Flyaway-Communication-Antenna.html
	LNA Noise temperature of 170K at 20.4 GHz, Tant=85K; Frequency Band 19.6-21.2 

	3
	17.5dB/K
	huaxin - China-0-6m-Ku-Ka-Band-Carbon-Fiber-Flyaway-Antenna.html
	LNA Noise temperature of 170K at 20.4 GHz, Tant=85K; Frequency Band 19.6-21.2 




2/ for Phased-array VSAT antenna implementations:
	ID
	G/T (dB/K) @90°el
	Source
	Comments

	1
	14
	ThinSat ka500
www.thinkom.com 
	Phase Array Rx/Tx Rx 17.7 to 20.2  or option 17.7 to 21.2

	2
	12
	Xphased
	17.7-21.2 GHz bandwith, no frequency conversion

	3
	18
	Thinkom ThinAIr Ka2517
	Rx 17.8-21.2GHz

	4
	15,8
	Ball Aerospace
	Rx 17.7-21.2GHz



Observation 6: No matter what implementation (parabolic or phased-array VSAT), the targeted VSAT G/T values in (DL) Ka-band are very similar.
And some others references, with LNA/LNB summary/survey that consisted to review different supplier of LNA and LNB: 
	ID



	Product Availability


	Noise Figure @ Ambient Temperature (dB)
	LNB 
gain (dB)


	Source




	1
	2021
	2
	26
	IEEE - A_Ka-Band_MMIC_LNA_in_GaN-on-Si_100-nm_Technology_for_High_Dynamic_Range_Radar_Receivers.pdf

	2
	 
	2.4
	37.8
	Laboratory of Millimeter Waves, Southeast University, Nanjing, 
Jiangsu, China - Design_of_a_hermetically-sealed_ka-band_LNA_module_with_high_reliability.pdf

	3
	 
	1.5
	60
	Eurosatcom - ev_lnb_ka_standard.pdf

	4
	2005
	1.5
	30
	Electronics and Telecommunications Research Institute
161 Gajeong-dong, Yuseong-gu, Daejeon, 305-700, Korea
Chungnam National University
220 Gung-dong, Yuseong-gu, Daejeon, 305-764, Korea
https://ieeexplore.ieee.org/document/1607073
Ka-band LNA module with 1.9dB NF for communications satellite payload.pdf

	5
	2020
	2
	7
	https://ieeexplore.ieee.org/document/9338230
Ka-Band_TDD_Front-End_with_Gate_Shunt_Switched_Cascode_LNA_and_Three-Stack_PA_on_22nm_FDSOI_CMOS_Technology.pdf

	6
	2021
	1.50
	49
	CPI Satcom - www.cpii.com/satcom, Noise temperature of 120K, ka-lna_single_mkt269264.pdf

	7
	2023
	1.5
	60
	https://www.ttinorte.es
LNB-KA-1921.pdf

	8
	 
	2
	55
	Geosat Microwaves - lnb_ka-band_GLKAUS1721_02.pdf

	9
	2014
	1.3
	65
	JRC New Japan Radio Co,Ltd  - specification
NJRC-2825.pdf - specification

	10
	 
	1.3
	55
	Norsat - Norsat-9000x-2-externally-referenced-ka-band-lnb.pdf

	11
	 
	1.5
	60
	orbitalresearch.net
Orbital-Ka-Band-LNB-with-Multiple-Local-Oscillators-22-03-16.pdf

	12
	 
	2.2
	11
	Dept. of Electronics and Communication Engineering
S.A. Engineering College
Thiruvallur (dist), Avadi, Chennai (TN), India
Performance_Analysis_of_Ka_Band_LNA_for_Different_Topologies.pdf

	13
	 
	1.6
	25
	www.minicircuits.com 
PMA3-34GLN+.pdf - SMT Low Noise Amplifier, 10000 - 30000 MHz, 50Ω; price per unit : ~$35 for a batch of 50 pieces

	14
	 
	2.5
	34
	Arralis - satsearch_datasheet_j8we3i_arralis_ka-lna-2131-m-low-noise-amplifier.pdf

	15
	 
	1.5
	60
	TTI (https://www.ttinorte.es/lna-lnb-suppliers/)
TTI-Ka_Band_LNBs_dual_1820.pdf

	16
	 
	1.4
	60
	TTI (https://www.ttinorte.es/lna-lnb-suppliers/)
TTI-LNA-K-2021.pdf

	17
	 
	1.6
	50
	TTI (https://www.ttinorte.es/lna-lnb-suppliers/)
TTI-LNA-Ka-1720.pdf

	18
	 
	1.6
	50
	TTI (https://www.ttinorte.es/lna-lnb-suppliers/)
TTI-LNA-Ka-1721.pdf


Observation 7: The LNA Average_NF in Ka-band is about 1.72 dB (average between all the NF values in dB) and the average noise temperature is 141 K (computed as 290*(10^(0,1*NF)-1) in [K]).
Therefore, based on previous state of the art, if one takes into account a complete computation based on Qualcomm methodology (R4-2309508) and using LNA characteristics (among 18 references) of 1.72 dB with 30 dB gain with 141 K noise temperature we obtain:
	LNA Source
	Link
	Gain (dB)
	NF (dB)
	Noise Temp (K)

	Mean LNA 18 values above
	See above
	30
	1,72
	141



	LNA Source
	Antenna noise (K)
	losses (dB)
	losses (lin)

	Rx Gain (dB)
	Rx Gain (lin)
	f (dB)
	f (lin)

	TS(K)

	NF(dB)

	G/T (dB/K)


	Mean LNA 18 values above
	150K
(from Qualcomm paper)
	0,5

	1,12201845


	30

	1000


	6

	3,98107171


	344,559951


	2,22949519


	
14,327352


	Mean LNA 18 values above
	87K (61.1K clear Sky + 26K Ground Temperature)
	
0,5




	1,12201845




	30



	1000




	6



	3,98107171




	281,559951




	2,22949519




	
15,2042912





Observation 8: After evaluation using Qualcomm methodology (R4-2309508) over 18 different LNA, a NF of 2.23 dB is obtained for VSAT NTN UE receiver operating in Ka-band.
Observation 9: As a matter of fact, even so, the value with average among 18 LNA providers is actually quite close from the one initially proposed in previous THALES contributions, which was 2.1 dB.
Observation 10: The antenna noise proposed in Qualcomm paper is 150K, which is not realistic for VSAT terminals. Usually the typical clear Sky temperature is around 61.1K and the typical ground temperature is around 26K which will give 87K value. This difference will not impact the NF (since NF computed after the antenna). However, this value will impact the total system temperature and therefore G/T which will decrease by 1 more dB. We therefore encourage companies to have more realistic system assumptions with respect to satellite user terminals.
In any case, some more useful information and surveys can be found here:
· https://pure.hw.ac.uk/ws/portalfiles/portal/84377760/LEO_user_terminal_review_final.pdf
· https://www.itu.int/dms_pubrec/itu-r/rec/p/R-REC-P.372-7-200102-S!!PDF-E.pdf
And some more potential components:
· The CPI SAT 112900-33 is a 4-port Ka band diplexer with a frequency range of 17.7 to 20.2 GHz and 27.5 to 31 GHz. It has an insertion loss of 0.5 dB and an isolation of 60 dB;
· The Exceed Microwave DPX-WC-22-28-34 is a 2-port Ka band diplexer with a frequency range of 20.33 to 24.33 GHz and 25.9 to 31.3 GHz. It has an insertion loss of 0.4 dB and an isolation of 60 dB;
· The A1 Microwave K & Ka-Band Satcom Diplexer is a 2-port Ka band diplexer with a frequency range of 18.2 to 22 GHz and 27.5 to 31 GHz. It has an insertion loss of 0.4 dB and an isolation of 60 dB.
Moreover, it can be observed that even if the front-end loss has higher value (L=1.5 dB instead of L=0.5 dB), the NF corresponds to 3.2 dB which is an acceptable value and corroborated with the operators. For all these reasons, we provide the following proposal applicable for both parabolic and phased-array implementations:  Proposal 1: RAN4 to use 1 single NF of 3.5 dB for VSAT NTN UE in above 10 GHz.
2.2 Proposals for beam pointing accuracy requirements
Issue 3-2: Beam pointing/accuracy related requirements
Agreement:
· It is assumed for the NTN capable UE operating in above 10 GHz that the (Rx and Tx) beam pointing error are compliant with the relevant ETSI harmonized standard, e.g.:
· EN 303 978, “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands”;
· For the next meeting, it’s encouraged to provide the technical requirement inputs for fixed VSAT; 

 Issue 3-3: on-axis and off-axis EIRP requirements
Agreement:
· To define the off-axis EIRP requirement; 
· Note: this requirement for wanted signal within the assigned channel;
· For on-axis EIRP limit, this depend on the power class;
· To capture the maximum EIRP limit for certain power class; 


As the baseline, it can be assumed that UE has the single beam towards one single satellite at a given time.
Tracking accuracy can be based on regulatory requirement (see e.g. EN 303 978 and EN 303 979). Moreover, a particular look has to be considered for clauses 4.2.3 and 4.2.6.
Proposal 2: RAN4 to use information from clauses 4.2.3 (off-axis EIRP) and 4.2.6 (pointing accuracy) from EN 303 978.
However, in latest version of the EN 303 978, it seems that the beam pointing accuracy is not defined, but just subject to a declaration from the applicant.[bookmark: _Toc463620079][bookmark: _Toc463865904][bookmark: _Toc138337654]4.2.6.1.2	Pointing accuracy specification
The applicant shall declare the peak pointing accuracy () and the associated statistical basis.
The antenna shall maintain the declared peak pointing accuracy (), such that the off-axis EIRP emission density pattern projected onto the geostationary arc remains within the mask specified in clause 4.2.3.2 when shifted by an angle of ±(°), taking into account the following factors:
the worst case operational environmental conditions;
maximum ESOMP dynamics; and
the range of latitude, longitude and altitude relative to the satellite orbital position.

Proposal 3: RAN4 to specify NTN UE VSAT pointing accuracy based on manufacturer declaration. RAN4 to reuse the explanation from EN 303 978:
“The applicant shall declare the peak pointing accuracy () and the associated statistical basis.
The antenna shall maintain the declared peak pointing accuracy (), such that the off-axis EIRP emission density pattern projected onto the geostationary arc remains within the mask specified in clause [Total EIRP density specification] when shifted by an angle of ±(°), taking into account the following factors:
the worst case operational environmental conditions;
maximum ESOMP dynamics; and
the range of latitude, longitude and altitude relative to the satellite orbital position.”[bookmark: _Toc463620065][bookmark: _Toc463865890][bookmark: _Toc138337640]4.2.3.2	Total EIRP density specification
The following specifications apply to the ESOMP transmitting at EIRP values up to EIRPmax.
The total EIRP density (in dBW/Hz) in direction (, ) (as defined in clause 4.2.3.6 below)  is derived from the total antenna gain GTOT (, ) (in dBi) and from the power density P (dBW/Hz) at the antenna flange as:
EIRPTOT (, ) = GTOT (, ) + P
GTOT (dBi) is derived from the copol GR (dBi) and cross pol GL (dBi) antenna gain in direction (, ) as:
GTOT (, ) = 10log (10GR(, ) /10 + 10GL(, ) /10)
The total EIRP in any 40 kHz band within the nominated bandwidth of the co‑polarized component in any direction  degrees from the antenna main beam axis shall not exceed the following limits for more than 0,01 % of the time:
19 - 25 log  -K	dBW	for	2,0°	≤		≤	7,0°;
-2 - K	dBW	for	7,0°	<		≤	9,2°;
22 - 25 log  -K	dBW	for	9,2°	<		≤	48°;
-10 -K 	dBW	for	48 			≤	180;
where:
 is the angle, in degrees, between the main beam axis and the direction considered; and
K is as defined in clause 4.2.2.2.1.
ESOMPs with low elevation angles may exceed the levels defined in clause 4.2.3.2 by the following amount:
Elevation angle to Satellite (ε)
Increase in EIRP density (dB)
ε < 5°
2,5 
5° < ε ≤ 30°
3 - 0,1 ε

NOTE:	ESOMPs at lower elevation angles should be allowed to use higher EIRP levels relative to the same terminals at higher elevation angles to compensate for the combined effect of increased distance and atmospheric absorption. This will ensure same power flux-densities (pfds) at the Satellite for ESOMPs at lower elevation angles as for ESOMPs at higher elevation.

Proposal 4: For NTN UE in Ka-band, RAN4 to use/cite/reference ITU recommendation S.524 and/or EN 303 978 for radiated off-axis requirement.
In fact, ITU recommendation S.524-9 is generally applicable and should be considered as main reference. However, this does not necessary mean that 3GPP has to generate new coexistence simulations based on ITU recommendation, since ITU recommendation is already applicable and can be simply cited or reference.
Proposal 5: RAN4 to consider the following (ITU recommendation S.524-9) as requirement:
“4	that earth stations operating in GSO networks in the FSS transmitting in the 27.5-30 GHz frequency band be designed in such a manner that at any angle, , which is 2 or more off the main lobe axis of the earth station antenna, the e.i.r.p. density in any direction within 3 of the GSO should not exceed the following values:
	Angle off-axis	Maximum e.i.r.p. per 40 kHz
	 2	    	7	(19 – 25 log ) dB(W/40 kHz)
0	 7	    	9.2	–2 dB(W/40 kHz)
0	 9.2	    	48	(22 – 25 log ) dB(W/40 kHz)
	48	    	180	–10 dB(W/40 kHz).
For any direction in the region outside 3° of the GSO, the above levels may be exceeded by no more than 3 dB.
”
Together with other relevant notes for instance:
“NOTE 10 – FSS earth stations operating in the 27.5-30 GHz band, which have lower elevation angles to the GSO will require higher e.i.r.p. levels relative to the same terminals at higher elevation angles to achieve the same power flux-densities (pfds) at the GSO due to the combined effect of increased distance and atmospheric absorption. Earth stations with low elevation angles may exceed the levels of recommends 4 by the following amount (see Annex 2):
	Elevation angle to GSO ()	Increase in e.i.r.p. density (dB)
					5	2.5
	5°				30	3 – 0.1 
”
[bookmark: _Toc463620056][bookmark: _Toc463865881][bookmark: _Toc138337631]Proposal 6: For NTN VSAT UE on-axis spurious radiation in above 10 GHz, clause 4.2.2 “On-axis spurious radiation” from EN 303 978 can be reused by 3GPP RAN4.
Proposal 7: Similarly, for NTN VSAT UE in above 10 GHz, RAN4 can specify “cessation of emissions” according to clause 4.2.7 “Cessation of emissions” from EN 303 978.
Proposal 8: The declared timing delay, interfaces and relevant parameters for mode of cessation of emissions/conditions to cease emissions shall be declared by manufacturer.
Proposal 9: NTN UE beam steering, NTN UE beam switching capabilities, NTN UE beam switching granularity, NTN UE beam tracking capability or satellite beam tracking capability, etc. shall be left for manufacturer declaration.
Proposal 10: At least in the case of mechanical steering, max switching time and/or the min angular speed of a beam (if max switching time=Function(min angular speed)) should be defined in RAN4.
In the previous RAN4 meeting (RAN4#107) it was decided (see R4-2310483):
Agreement:
· At least consider the differentiation between mechanical and electronic steering
· FFS on phased array or parabolic
· Encourage satellite companies to provide the data to show the beam switching delay.
· As the baseline, assume that UE has the single beam towards one single satellite at a given time

The agreement is valid, however for the sake of clarification the following proposal is considered:
Proposal 11: Basic RAN4 working hypothesis should consider that VSAT corresponds to at least 4 types of devices:
· single beam, mechanical steering;
· dual beam, mechanical steering;
· single beam, electronic steering;
· dual beam, electronic steering.

Proposal 12: RAN4 should (at least) identify an optional method for the NTN UE or the Network to disable NTN UE UL transmission if and when required. If RAN4 cannot identify a method, optional method to be further discussed in RAN2.
Proposal 13: VSAT UE initial satellite search time can be considered based on manufacturer declaration (no requirement for VSAT UE initial satellite search time shall be specifically considered by RAN4).

Conclusions
Observation 1: Even if the LNA references are well cited and correctly taken into account, the 3dB Font-End Loss value reported by Qualcomm in R4-2309508 has therefore not been sufficiently justified (and unfortunately relevant background information has not been provided).
Observation 2: Front-end Loss L=3 dB is consistent with Qualcomm’s NF proposal of 5.2+1 extra dB margin resulting in a NF=6.2dB.
Observation 3: A front-end Loss L=0.5 dB results into a NF of 2.6 and with 1 extra dB margin (as in Qualcomm paper) it is obtained NF=3.6 dB.
Observation 4: Better LNA can decrease even more the NF. 
Observation 5: NF can also be derived from G/T values (see for instance https://www.satsig.net/noise.htm) as GDL(on-axis DL gain) – 10*log10(Ts(K)). From this equation one can also find the equivalent NF values.
Observation 6: No matter what implementation (parabolic or phased-array VSAT), the targeted VSAT G/T values in (DL) Ka-band are very similar.
Observation 7: The LNA Average_NF in Ka-band is about 1.72 dB (average between all the NF values in dB) and the average noise temperature is 141 K (computed as 290*(10^(0,1*NF)-1) in [K]).
Observation 8: After evaluation using Qualcomm methodology (R4-2309508) over 18 different LNA, a NF of 2.23 dB is obtained for VSAT NTN UE receiver operating in Ka-band.
Observation 9: As a matter of fact, even so, the value with average among 18 LNA providers is actually quite close from the one initially proposed in previous THALES contributions, which was 2.1 dB.
Observation 10: The antenna noise proposed in Qualcomm paper is 150K, which is not realistic for VSAT terminals. Usually the typical clear Sky temperature is around 61.1K and the typical ground temperature is around 26K which will give 87K value. This difference will not impact the NF (since NF computed after the antenna). However, this value will impact the total system temperature and therefore G/T which will decrease by 1 more dB. We therefore encourage companies to have more realistic system assumptions with respect to satellite user terminals.
Proposal 1: RAN4 to use 1 single NF of 3.5 dB for VSAT NTN UE in above 10 GHz.
Proposal 2: RAN4 to use information from clauses 4.2.3 (off-axis EIRP) and 4.2.6 (pointing accuracy) from EN 303 978.
Proposal 3: RAN4 to specify NTN UE VSAT pointing accuracy based on manufacturer declaration. RAN4 to reuse the explanation from EN 303 978:
“The applicant shall declare the peak pointing accuracy () and the associated statistical basis.
The antenna shall maintain the declared peak pointing accuracy (), such that the off-axis EIRP emission density pattern projected onto the geostationary arc remains within the mask specified in clause [Total EIRP density specification] when shifted by an angle of ±(°), taking into account the following factors:
the worst case operational environmental conditions;
maximum ESOMP dynamics; and
the range of latitude, longitude and altitude relative to the satellite orbital position.”
Proposal 4: For NTN UE in Ka-band, RAN4 to use ITU recommendation S.524 and/or EN 303 978 for radiated off-axis requirement.
Proposal 5: RAN4 to consider the following (ITU recommendation S.524-9) as requirement:
“4	that earth stations operating in GSO networks in the FSS transmitting in the 27.5-30 GHz frequency band be designed in such a manner that at any angle, , which is 2 or more off the main lobe axis of the earth station antenna, the e.i.r.p. density in any direction within 3 of the GSO should not exceed the following values:
	Angle off-axis	Maximum e.i.r.p. per 40 kHz
	 2	    	7	(19 – 25 log ) dB(W/40 kHz)
0	 7	    	9.2	–2 dB(W/40 kHz)
0	 9.2	    	48	(22 – 25 log ) dB(W/40 kHz)
	48	    	180	–10 dB(W/40 kHz).
For any direction in the region outside 3° of the GSO, the above levels may be exceeded by no more than 3 dB.
”
Together with other relevant notes for instance:
“NOTE 10 – FSS earth stations operating in the 27.5-30 GHz band, which have lower elevation angles to the GSO will require higher e.i.r.p. levels relative to the same terminals at higher elevation angles to achieve the same power flux-densities (pfds) at the GSO due to the combined effect of increased distance and atmospheric absorption. Earth stations with low elevation angles may exceed the levels of recommends 4 by the following amount (see Annex 2):
	Elevation angle to GSO ()	Increase in e.i.r.p. density (dB)
					5	2.5
	5°				30	3 – 0.1 
”
Proposal 6: For NTN VSAT UE on-axis spurious radiation in above 10 GHz, clause 4.2.2 “On-axis spurious radiation” from EN 303 978 can be reused by 3GPP RAN4.
Proposal 7: Similarly, for NTN VSAT UE in above 10 GHz, RAN4 can specify “cessation of emissions” according to clause 4.2.7 “Cessation of emissions” from EN 303 978.
Proposal 8: The declared timing delay, interfaces and relevant parameters for mode of cessation of emissions/conditions to cease emissions shall be declared by manufacturer.
Proposal 9: NTN UE beam steering, NTN UE beam switching capabilities, NTN UE beam switching granularity, NTN UE beam tracking capability or satellite beam tracking capability, etc. shall be left for manufacturer declaration.
Proposal 10: At least in the case of mechanical steering, max switching time and/or the min angular speed of a beam (if max switching time=Function(min angular speed)) should be defined in RAN4.
Proposal 11: Basic RAN4 working hypothesis should consider that VSAT corresponds to at least 4 types of devices:
· single beam, mechanical steering;
· dual beam, mechanical steering;
· single beam, electronic steering;
· dual beam, electronic steering.

Proposal 12: RAN4 should (at least) identify an optional method for the NTN UE or the Network to disable NTN UE UL transmission if and when required. If RAN4 cannot identify a method, optional method to be further discussed in RAN2.
Proposal 13: VSAT UE initial satellite search time can be considered based on manufacturer declaration (no requirement for VSAT UE initial satellite search time shall be specifically considered by RAN4).
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ANNEX (see R4-2309717)
[bookmark: _Toc493127338]5.1	General Aspects
All NTN UE antenna parameters have been adapted from TR 38.821 by considering the following parameters adapted to Ka-Band and decisions from RAN4#106 (updated with R4-2302998, WF for system parameters of above 10 GHz NTN band):
· Downlink frequency: 17.3 - 20.2 GHz
· Uplink frequency: 27.5 GHz - 30 GHz
· 60 cm antenna aperture diameter (2*a=60cm)
TR 38.821 presents VSAT UE as a more general description of NTN UE. There could further be different implementations (e.g. with parabolic, phased-array, hybrid antennas), however it seems there is not much difference between the characteristics of those NTN UE terminal types. Therefore, the current very small aperture terminal already covers different implementations and RAN4 could consider only one type of terminal for Ka-Band.

5.1	NTN VSAT UE Architecture
An NTN VSAT UE terminal reference architecture for above 10 GHz can be found below:
[image: ]
Figure 0. Generalized NTN UE terminal reference architecture for above 10 GHz 
(as also described in R4-2305844 and R4-2309717)
Note 1: The UC (Up-Converter) and the Tx PA (Power Amplifier) are part of the Transmission chain.
Note 2: The Rx LNA (Low-Noise Amplifier) and the DC (Down-Converter) are part of the Reception chain.
Note 3: RF represents the Radio Frequency region and IF the Intermediate Frequency region.
Note 4: DP is the Duplexer and ACU is the Antenna Control Unit.
· Note 5: The antenna can be passive or active, electronically, mechanical or hybrid steered.
The UC and the PA can be part of a BUC. In this case, the BUC (Block Up-Converter) is part of the Transmission chain, and it includes Tx power amplifier. The LNA and the DC can be part of a LNB. In this case, LNB (Low-Noise Block down-converter) is part of the Reception chain, and it includes a low noise amplifier. RF represents the Radio Frequency region and IF the Intermediate Frequency region.
The interface between UE modem and BUC can be considered (for example) OpenBMIP and could control the amplifier power and band selection. The interface between UE modem and ACU can be considered (for example) OpenAMIP and could help to control the steering/switching of the antenna with respect to the satellite tracking. Parabolic/dish antenna design or active antenna design can be used. Steering can be performed electronically, mechanically or hybrid combinations of both. Other interfaces or potential implementations are not excluded.

5.2	NTN UE with Parabolic Antenna
Figure 1 shows the antenna pattern of a NTN UE transmit antenna reflector 0.6 m diameter and  operating at  28750 MHz. Figure 1 therefore shows an example with parabolic/dish antenna of 0.6 m diameter and  operating at  28750 MHz.
[image: ]
Figure 1. Antenna gain pattern of a NTN UE transmit parabolic antenna (R4-2302527)

5.3	NTN UE with Phased Array Antenna
Figure 2 shows the antenna pattern of a NTN UE transmit antenna with , operating at  28750 MHz. Figure 2 here below shows an example with phased array antenna operating at 28750 MHz using a tapered illumination law.
[image: ]
Figure 2. Antenna gain pattern of a NTN UE transmit phased array antenna (R4-2302527)

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.


If one compares the ITU-R S.465-6 limit with the one of NTN UE using parabolic/dish antenna (as seen in Figure 1) or using phased-array antenna (as seen in Figure 2), 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.
In fact, the characteristics of NTN UE in above 10 GHz using Parabolic/Dish antenna or Phased-Array antenna are currently very similar. Both types of antennas can be considered for VSAT (Very Small Aperture Terminal) and should not be differentiated from each other as separate NTN types of terminals.

5.4	ITU and FCC regulatory information
As a matter of fact,
1) ITU recommendation S.524-9 describes:
	4	that earth stations operating in GSO networks in the FSS transmitting in the 27.5-30 GHz frequency band be designed in such a manner that at any angle, , which is 2 or more off the main lobe axis of the earth station antenna, the e.i.r.p. density in any direction within 3 of the GSO should not exceed the following values:
	Angle off-axis	Maximum e.i.r.p. per 40 kHz
	 2	    	7	(19 – 25 log ) dB(W/40 kHz)
0	 7	    	9.2	–2 dB(W/40 kHz)
0	 9.2	    	48	(22 – 25 log ) dB(W/40 kHz)
	48	    	180	–10 dB(W/40 kHz).
For any direction in the region outside 3° of the GSO, the above levels may be exceeded by no more than 3 dB.




2) FCC recommendation 25.218 describes:
	(i) Digital earth station operation in the conventional or extended Ka-band. 
(1) For co-polarized transmissions in the plane tangent to the GSO arc: 
	32.5–25log(θ)
	dBW/MHz
	for
	2.0° ≤ θ ≤ 7°. 

	11.5
	dBW/MHz
	for
	7° ≤ θ ≤ 9.2°. 

	35.5–25log(θ)
	dBW/MHz
	for
	9.2° ≤ θ ≤ 19.1°. 

	3.5
	dBW/MHz
	for
	19.1° < θ ≤ 180°.


where θ is as defined in paragraph (c)(1) of this section. 
(2) For co-polarized transmissions in the plane perpendicular to the GSO arc: 
	35.5–25log(θ)
	dBW/MHz
	for
	3.5° ≤ θ ≤ 7°. 

	14.4
	dBW/MHz
	for
	7° < θ ≤ 9.2°. 

	38.5–25log(θ)
	dBW/MHz
	for
	9.2° < θ ≤ 19.1°. 

	6.5
	dBW/MHz
	for
	19.1° < θ ≤ 180°.


where θ is as defined in paragraph (c)(1) of this section. 
(3) The EIRP density levels specified in paragraphs (i)(1) and (2) of this section may be exceeded by up to 3 dB, for values of θ > 7°, over 10% of the range of theta (θ) angles from 7–180° on each side of the line from the earth station to the target satellite. 



According to the analysis further performed in this document for different allocated NTN UE transmission bandwidth, current NTN UE parameters/characteristics used for coexistence analysis are already respecting ITU and FCC regulations, as can be seen below:


[image: ][image: ]
(a)                                                                              (b)
Figure 3. EIRP density (dBW/Breference), where (a) Breference=40 kHz for ITU S.254, and (b) Breference=1 MHz for FCC 25.218, with UE NTN of 1.44 MHz allocation
[image: ][image: ]
(a)                                                                              (b)
Figure 4. EIRP density (dBW/Breference), where (a) Breference=40 kHz for ITU S.254, and (b) Breference=1 MHz for FCC 25.218, with UE NTN of 5 MHz allocation
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(a)                                                                              (b)
Figure 5. EIRP density (dBW/Breference), where (a) Breference=40 kHz for ITU S.254, and (b) Breference=1 MHz for FCC 25.218, with UE NTN of 20 MHz allocation
[image: ][image: ]
(a)                                                                              (b)
Figure 6. EIRP density (dBW/Breference), where (a) Breference=40 kHz for ITU S.254, and (b) Breference=1 MHz for FCC 25.218, with UE NTN of 200 MHz allocation

Therefore, current NTN UE parameters/characteristics used for coexistence analysis are already respecting ITU and FCC regulations. In any case, for the sake of moving forward and speed up the RAN4 NTN UE related work in Rel-18, the following proposal can be made:

[bookmark: _GoBack]In fact, ITU recommendation S.524-9 is generally applicable and should be considered as main reference. However, this does not necessary mean that 3GPP has to generate new coexistence simulations based on ITU recommendation, since ITU recommendation is already applicable and can be simply cited or reference.
-END-
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