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1.	Introduction
NTN VSAT requirements are being finalised. In this paper we discuss some requirements and possible clarifications for TS level text
2. 	Discussion
2.1	VSAT RF requirements
Antenna assumptions for the NTN VSAT have been captured in [5]. Below we summarise the key parameters:
[Table 2.3.1-4 UE characteristics for system level simulations
	Characteristics
	Fixed VSAT
	L-ESIM 

	Frequency band
	27GHz UL/17GHz DL
	27GHz UL/17GHz DL

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter
	 Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter

	Polarisation
	Circular
	circular

	Rx Antenna gain 
	39.7 dBi 
	39.7 dBi 

	Antenna temperature
	150 K
	150 K

	Tx transmit power
	2 W (33 dBm)
	2 W (33 dBm)

	Tx antenna gain
	43.2 dBi
	43.2 dBi


]
· FFS whether and how to consider phased array antenna pattern, not preclude to consider phased array antenna pattern in the future if needed.
The antenna radiation patterns is further below in section 2.4.1 and in short, it is normalised Bessel function. 

FCC defines OFF-axis EIRP requirement, as captured in [1]. The measurement BW for this case is 1 MHz. One RB BWs are 0.72 and 1.44 MHz. It is expected that the one B transmission is important use case given the link budget challenges. We can compare FCC EIRP requirement directly to this value since BW match and this requirement in question is when DUT and measurement antenna polarizations are aligned. 
In Figure 1 we present radiation pattern for the 60 cm antenna and compare it to the FCC emission requirements. Paraboloid antenna will meet FCC requirements easily. 

Figure 1. Bessel function based antenna radiation patter compared to FCC emission requirements in Table 9.2.2.2-1
Figure 1 shows that Besse function based paraboloid antenna of 60 cm diameter has very narrow radiation pattern and has no problems meeting FCC emission requirements.
Observation 1: Bessel function based radiation pattern that imitates paraboloid antenna easily meets FCC OFF-axis EIRP requirements
The array sizes have been discussed without further agreements while setting requirements for different UE types, as discussed in [6]. For GSO, to meet the link budget to close uplink, one possible array size is 1328 elements. With the assumptions for element gain of 1.5 dB and directivity as is described in [6], the radiation pattern shown in Figure 2 can be assumed. We used 1.5 dB element gain instead of 5 dB since this  

Figure 2. Radiation patters and a function of element spacing against FCC OFF-axis emission requirements
We can see from Figure 1 that too narrow element spacing creates a “fat” main beam that will fail FCC emission requirement. The 10 mm spacing meets the close in requirement but still fails the around 5 deg and above. 15 mm spacing meets what is plotted but fails further out, after 30 deg due to large grating lobes that come with larger element spacing. 
With lower number of elements, the main beam would get wider with small spacing and with wider spacing the grating lobes get high. One solution is to increase the array size and keep the element spacing close to λ/2. This comes with other problems since then emissions to all directions increase since the element directivity is not very high. Figure 2 shows radioation patterns for 4096 element array with different spacings. 

Figure 3. 4096 element radiation pattern with FCC OFF-axis requirements
In Figure 3, 7 mm spacing seems most promising choice but the close in pattern still fails the FCC OFF-axis EIRP requirement. This could be further improved by tapering elements that will reduce antenna gain fall off, but it does not help with grating lobes far away.
Despite there maybe a design solution for meeting GSO requirements with electronical steering array, the 4096 element array with 7 mm spacing is rather large and hugely overengineering for LEO deployments.   
FCC requirements are for GSO deployment. For LEO deployments, an array is (almost) necessary, especially for mobile VSAT since the beam needs to track the relatively fast moving satellites. As reference, the GSO also moves but the relative speed is much lover and mechanical steering will suffice.
Observation 2: Meeting FCC requirements for GSO VSAT terminals will need special implementation and if an array can be used is not clear. 
It should then further discussed how requirements are defined and why especially UE type 2 needs to meet GSO requirements and meeting FCC with an array is difficult. 
Proposal 1: Use paraboloid antennas as reference design for GSO deployments and arrays for LEO deployments
2.2	Co-polarizations
FCC defines its requirements for co-polarized transmissions and cross-polarized transmissions. The language is mildly confusing since in same sentence also plane compared to the GSO arch is mentioned. The co-polarized here means when terminal antenna polarization is aligned with the test antenna polarization and cross-polarized means when it is perfectly miss-aligned with the test antenna polarization. We propose to include this definition in the 36.102 for future clarity.
Proposal 2:  Add the following definitions:
Co-polarized transmission: when the DUT transmission antenna polarization is aligned with test antenna polarization. 
Cross-polarized transmission: when the DUT transmission antenna polarization is aligned with the tangent of the test antenna polarization. 
We provide a draft CR for this text [7].
2.3	Testability aspects
The far field of the antenna can be calculated 2*D^2/lamda, this becomes several tens of meters with the assumptions discussed above. EIRP requirements testing therefore will need substantial space unless nearfield techniques is would used. This may require discussions and some guidance, especially if the OFF-axis requirement are to be tested since then this farfield distance is perhaps needed in two dimensions in the test facility. 
Observation 3: testability of the VSAT terminals may need further discussion in RAN4 since new and special type facilities and method maybe needed
Conclusion
We discussed complexity with GSO and LEO implementations in the prevailing requirements and observed that:
Observation 1: Bessel function based radiation pattern that imitates paraboloid antenna easily meets FCC OFF-axis EIRP requirements
Observation 2: Meeting FCC requirements for GSO VSAT terminals will need special implementation and if an array can be used is not clear. 
Observation 3: testability of the VSAT terminals may need further discussion in RAN4 since new and special type facilities and method maybe needed
And proposed that:
Proposal 1: Use paraboloid antennas as reference design for GSO deployments and arrays for LEO deployments
Proposal 2:  Add the following definitions:
Co-polarized transmission: when the DUT transmission antenna polarization is aligned with test antenna polarization. 
Cross-polarized transmission: when the DUT transmission antenna polarization is aligned with the tangent of the test antenna polarization. 
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Parabolic antenna pattern for SAN and UE:

In Rel-18, antenna pattern in section 6.4.1 of TR38.811 is reused for NTN SAN and NTN UE. Use of phased array
antenna model needs further discussion.

The following normalized antenna gain pattern, corresponding to a typical reflector antenna with a circular aperture, is
considered.
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where:
- Ii(x) is the Bessel function of the first kind and first order with argument *x’;
- ais the radius of the antenna's circular aperture;
- k=2nflc is the wave number;
- fis the frequency of operation;
- cis the speed of light in a vacuum and 0 is the angle measured from the bore sight of the antennas main
beam,
Note that ka equals to the number of wavelengths on the circumference of the aperture and is independent of the operating
frequency. And the sin() function is in radian.




