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1 Introduction
This document further discusses the NTN UE RF requirements aspects in the scope of the NTN enhancements WI ([1]),  based on the Way Forward [2] agreed in last RAN4#108 meeting, and our contribution ([10]) from that same meeting. 
2 Discussion
NTN UE phased array antenna
RAN4 has discussed the NTN UEs characteristics and requirements considering parabolic and phased array types of antenna, with the intention to specify RF requirements for NTN UEs and each type of antenna.
Nevertheless, it should be noted that, in the scope of the coexistence study, NTN UE with phased array antenna is currently out of scope. 
There are indeed diverging views on the fact that, from a coexistence study’s point of view, both antenna type would give the same results from coexistence’s point of view. And, so far, RAN4 only agreed on the parameters for parabolic antenna; the parameters for phased array antenna remain FFS (see [12] table 2.3.1-4). 
Moreover, the coexistence study considering NTN UE with phased array antenna is not precluded but clearly stated as FFS: 
[image: ]
To our understanding, RAN4 would not be able to finalize the RF requirements for NTN UE with phased array type of antenna without any conclusion from the coexistence study. Support of phased array antenna should then be clarified.
Proposal1: RAN4 shall clarify if NTN UE with phased array antenna is for further study or not. And if not, the coexistence study shall consider this case. 


Off-axis EIRP density
Background
In RAN4#107 meeting, it was agreed ([2]) that on-axis and off-axis EIRP requirements shall be defined. In last RAN4#108 meeting, the contribution [11] compared the ITU and FCC regulations with the characteristics used for the coexistence study. Its conclusion was that the considered NTN UEs would be compliant with ITU and FCC regulations. Furthermore, it was proposed to use ITU S.524-9 as the main reference.
Analysis
ITU S.524-9 specifies the following EIRP density for the Ka-band: 
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FCC 25.218 specifies the following EIRP density envelope for the Ka-band:
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Comparing ITU and FCC requirements, they are not strictly equivalent:
· The last 2 intervals of limits’ applicablility are not identical: 
· 9.2 o to 48o  and 48 o to 180 o for ITU S.524-9.
· 9.2 o to 19.1o and 19.1o to 180o for FCC.
· The reference bandwidth is 40 kHz for ITU S.524-9 and 1 MHz for FCC, meaning FCC would allow some spurs that ITU would not. 
· After doing the reference bandwith scaling (~14dB), the specified limits are not strictly identical. FCC would be 0.5 dB stricter in the tangent plane, while it would 2.5dB more relaxed in the perpendicular plane. 

Conclusion  and proposals
Based on the observations made in previous sub-sections, it seems not relevant to only consider one of these 2 types of EIRP density requirements (FCC or ITU) for NTN UE operating in the Ka-band. 
One option would be to merge the FCC and ITU requirements, taking the most stringent limits of both. This could be done if RAN4 would like to specify one EIRP density requirement applicable for all NTN Ka-bands. 
On the other hand, as RAN4 has specified disctinct Ka-band bands for CEPT and FCC, we would make the following proposals: 
Proposal2: Specify EIRP density envelope as specified in FCC 25.218 for bands n510 and n511.
Proposal3: Specify EIRP density envelope as specified in ITU S.524-9 for band n512.
It should be noted that those requirements could be specified for each band, not using the NS feature. 
Observation1: FCC and ITU-R S.524-9 EIRP density requirements could be specified for each NTN Ka-band without using NS feature.

Off-axis and On-axis spurious requirements
Similar to the off-axis and on-axis EIRP requirements agreement, to control the level of interference with other satellite and/or services, the on-axis and off-axis spurious requirements shall also be defined.
Proposal4: RAN4 shall specify on-axis and off-axis spurious requirements. EN 301 459 could be used as a basis. 



Other considerations related to mobile VSAT/ESIM/ESOMP
At least the following requirements should also be considered for mobile VSAT / ESIM / ESOMP:
· From ECC Dec(13)01:
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Figure 1: EIRP spectral density - ECC Decision(13)01
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Figure 2: PFD mask for ESOMP on aircraft - ECC Decision(13)01
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Figure 3: PFD max value for ESOMPs on vessels - ECC Decision(13)01

· From ITU-R Resolution 169 (WRC-19)
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Figure 4: EIRP spectral density for maritime ESIM- ITU-R Resolution 169

Proposal5: Capture at least the CEPT and ITU requirements mentioned above:
· EIRP spectral density, PFD mask for ESOMP on aircraft and PFD max value for ESOMP on vessel  from ECC Dec(13)01.
· EIRP spectral density for maritime ESIM from ITU-R Resolution 169.
2. Conclusion
In this contribution, we analyzed the UE RF open issues for the NTN Ka-band. We made the following proposals:
Proposal1: RAN4 shall clarify if NTN UE with phased array antenna is for further study or not. And if not, the coexistence study shall consider this case. 
Proposal2: Specify EIRP density envelope as specified in FCC 25.218 for bands n510 and n511.
Proposal3: Specify EIRP density envelope as specified in ITU S.524-9 for band n512.
It should be noted that those requirements could be specified for each band, not using the NS feature. 
Observation1: FCC and ITU-R S.524-9 EIRP density requirements could be specified for each NTN Ka-band without using NS feature.
Proposal4: RAN4 shall specify on-axis and off-axis spurious requirements. EN 301 459 could be used as a basis. 
Proposal5: Capture at least the CEPT and ITU requirements mentioned above:
· EIRP spectral density, PFD mask for ESOMP on aircraft and PFD max value for ESOMP on vessel  from ECC Dec(13)01.
· EIRP spectral density for maritime ESIM from ITU-R Resolution 169.
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FFS whether and how to consider phased array antenna pattern, not preclude to consider phased array antenna
pattern in the future if needed.
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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)
7 <@< 92° -2 dB(W/40 kHz)
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.

Studies are being conducted which may lead to revision of this value;
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(1) For co-polarized transmissions in the plane tangent to the GSO arc:

32.5-25log(6) dBW/MHz for

20°<0<7°

dBW/MHz for

7°£8<9.2°.

35.5-25log(6) dBW/MHz for

9.2°<0<19.7°.

19.1°<8<180°.

where 6 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(6) dBW/MHz for

35°<0<7°

7°<6<9.2°.

38. Slog(6) dBW/MHz for

9.2°<8<19.1°.

19.1°<8<180°.

where 6 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 © > 7°, over 10% of the range of theta (6) angles from 7-180° on each side of the

line from the earth station to the target satellite.

(4) For cross-polarized transmissions in the plane tangent to the GSO arc and in the plane

perpendicular to the GSO arc:

[
22.5-25l0g(6) dBW/MHz for

20°<6<7.0°

where 6 is as defined in paragraph (c)(1) of this section.
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In the territory of any administration, the off-axis® e.i.r.p. spectral density radiated by any ESOMP into the
FS bands (i.e. 27.8285-28.4445 GHz, 28.8365-28.9485 GHz (where applicable) and 28.9485-29.4525
GHz) shall be limited to -35 dBW/MHz. This limit shall, in any case, be met by ESOMPs on land, on
territorial sea or on internal waters, at a direction of 3 degrees or less above the local horizontal plane at

the ESOMP terminal.
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4. ESOMPs installed on aircraft transmitting in the bands 27.8285-28.4445 GHz, 28.8365-28.9485 GHz
(where applicable as per Decides 2.b) and 28.9485-29.4525 GHz shall comply with the following PFD
values (dB(W/m2) in a reference bandwidth of 14 MHz) on the ground:

1247 for  0° <5< 001°
~120.9+ 1.9 logio(3) for  001° <8< 03°
~116.2 + 11.0 logo(3) for  03° <3< 1.0°
~116.2 + 18.0 logo(3) for  10° <3< 20°
—117.9 + 23.7 logo(3) for  20° <3< 80°
-96.5 for  80° <3< 90.0°

where 3§ is the angle of arrival at the Earth’s surface (degrees).
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ESOMPs installed on vessels transmitting in the bands 27.8285-28.4445 GHz, 28.8365-28.9485 GHz
(where applicable as per Decides 2.b) and 28.9485-29.4525 GHz shall comply with the maximum PFD
value of -109 dB(W/m?) in a reference bandwidth of 14 MHz at a height of 20 metres above mean sea
level at the low-water mark as officially recognised by the coastal state®.
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22 The maximum maritime ESIM e.ir.p. spectral density towards the horizon shall be
limited to 24.44 dB(W/14 MHz). Transmissions from maritime ESIMs with higher e.i.r.p. spectral
density levels towards the territory of any coastal State shall be subject to the prior agreement of the
coastal State concerned.




