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Introduction
[bookmark: _GoBack]In last #108 meeting, the way forward [1] had made great progress on NTN UE type categorization and noise figure. But the discussions on regulatory part of NTN operation has made little progress, and there was no agreement reached in that meeting.
In this paper, we will first review the previous proposals and discussions in the regulatory aspects, and then amend further information to the meeting for further discussion on this matter.
Previous discussions on regulatory matters
Under this NTN enhancement topic, tens of contributions had been submitted to RAN4 with references from ITU, EN, FCC, etc.
In contributions [2], [10], [11], [12], [13], [14], [15], [16], ITU Radio Regulations[19], ITU-R S.524[20] and S.465[21] were suggested as the regulatory references for NTN UE in aspects like frequency allocation, on-axis transmission, off-axis transmission, spurious emission, antenna performance, etc. 
And in the contributions [4], [5], [6], [11], [13], [14], [16], [17], ECC EN 303 978[22] and 303 979[23] were suggested as regulatory references for the aspects like on-axis and off-axis eirp limits, tracking accuracies, beam pointing regulations, spurious emissions, etc. In addition, one contribution [18] suggested ECC EN 301 360[24] as a product reference for beam pointing accuracy for fixed VSAT.
Besides, the contributions [12], [26] and [27] suggested FCC regulations and the moderator also explained Chinese product standards during the #106 meeting discussions.
Observation 1: In the long-going discussions of this topic, the ITU, ECC, FCC, Chinese and along with other international, regional and country-specific regulations and product standards were suggested and proposed to be considered as regulatory references for NTN UE in RAN4 specifications.
Observation 2: The discussed regulations, so far, include requirements on frequency allocations; on-axis eirp limits; off-axis eirp limits; spurious emission; beam tracking accuracies; power flux density requirements; self-monitoring, etc.
In our contribution [10], we had provided the mapping between ITU-R recommendations/regulations and possible RAN4 RF requirements as follows:
	SAN
	UE
	Related ITU-R recommendations and regulations:
	Possible impact on RAN4 requirements

	GSO
	Fixed VSAT
	Recommendations:
ITU‑R S.524: off-axis eirp limit
ITU‑R S.1594 [25]: Maximum emission level.
	1) Output power requirement
2) Antenna characteristics: 
· parabolic antenna size, efficiency, etc;
· phased array: element configuration, beamforming characteristics, etc.

	
	Airborne VSAT (Aero-ESIM)
	Resolves in Resolution 156 for ESIM in FSS in 29.5-30GHz band
1.1	with respect to satellite networks of other administrations, the earth station shall remain within the envelope of the coordination agreements of the satellite networks with which this earth station is associated or, in the absence of such agreements, comply with the off-axis e.i.r.p. density levels given in the Annex;
1.4	in case of interference, the administration responsible for the satellite network shall, upon receipt of a report of harmful interference with respect to any terrestrial systems operating in the countries listed in No. 5.542, immediately cease or reduce the interference to the acceptable level; 
1.6	that these earth stations be subject to permanent monitoring and control by a Network Control and Monitoring Centre (NCMC) or equivalent facility and be capable of receiving and acting upon at least “enable transmission” and “disable transmission” commands from the NCMC;
Resolves in Resolution 169 for ESIM in FSS in 27.5~29.5GHz
1.1.6	for the protection of non-GSO FSS systems operating in the frequency band 27.5‑28.6 GHz, ESIMs communicating with GSO FSS networks shall comply with the provisions contained in Annex 1 to this Resolution;
1.1.7	for the protection of non-GSO MSS feeder links of non-GSO systems for which complete coordination information was received before, and for which feeder-link earth stations were in service as of, 28 October 2019 in the frequency band 29.1-29.5 GHz, ESIMs communicating with GSO FSS networks should consider Annex 2 to this Resolution;
1.2.2	transmitting aeronautical and maritime ESIMs in the frequency band 27.5-29.5 GHz shall not cause unacceptable interference to terrestrial services to which the frequency band is allocated and operating in accordance with the Radio Regulations, and Annex 3 to this Resolution shall apply;
5.1	for the operation of ESIMs, techniques to maintain pointing accuracy with the associated GSO FSS satellite, without inadvertently tracking adjacent GSO satellites, are employed;
5.2	all necessary measures are taken so that ESIMs are subject to permanent monitoring and control by a network control and monitoring centre (NCMC) or equivalent facility in order to comply with the provisions in this Resolution, and are capable of receiving and acting upon at least “enable transmission” and “disable transmission” commands from the NCMC or equivalent facility;
	Resolution 156:
Resolves 1.1 off-axis e.i.r.p. may impact:
3) Output power requirement
4) Antenna characteristics: 
· parabolic antenna size, efficiency, etc;
· phased array: element configuration, beamforming characteristics, etc.
Resolves 1.4, 1.6 may impact:
1) Uplink power control

Resolution 169:
Resolves 1.1.6 leads to off-axis e.i.r.p may impact:
1) Output power requirement
2) Antenna characteristics: 
· parabolic antenna size, efficiency, etc;
· phased array: element configuration, beamforming characteristics, etc.
Resolves 1.1.7 leads to e.i.r.p. density limit, off-axis e.i.r.p. mask, carrier burst duty cycle, and number of transmitting ESIMs in a single satellite beam in 15MHz channel, these may impact:
1) Uplink scheduling and channel allocation;
2) Output power requirement;
3) Antenna characteristics: 
· parabolic antenna size, efficiency, etc;
· phased array: element configuration, beamforming characteristics, etc.

Resolves 1.2.2 leads to horizontal e.i.r.p. limit, power flux density (pfd) limit on earth surface, and these may impact:
1) Elevation angle requirement;
2) Output power requirement;
3) Antenna characteristics: 
· parabolic antenna size, efficiency, etc;
· phased array: element configuration, beamforming characteristics, etc.


	
	Maritime VSAT (M-ESIM)
	
	

	
	Land VSAT (L-ESIM)
	
	


In addition, Article 21 of Radio Regulation should be taken into account for the output power limit, horizontal e.i.r.p. limits, etc.
Observation 3: The regulations are frequency dependent and satellite orbit type (GSO/NGSO) dependent, and they are mandatory to the NTN operations on both NTN SAN and NTN UE sides. Some specific terms, like self-monitoring (NCMC), short-/long-term protection criteria over GSO from NGSO operations, and negotiating during operations are dynamically operated from time to time.

FCC regulations on fixed and mobile VSAT
The contributions [12],[26],[27] proposed to consider the the rules for the frequency ranges to both GSO and NGSO FSS satellite services [28], the out-of-band emission limit [29], and the off-axis EIRP density [30] requirements from FCC. 
In Part 25, Subchapter B, Chapter I of Title 47 [31], FCC had maintained the clauses from 25.101 to 25.702, by the date up to Sept.1, 2023. These clauses rule the satellite communication services, in which mostly are the GSO and nGSO fixed and mobile earth stations, from licensing and application, technical standards to operational requirements.
More specifically, the subpart C in [31] made detailed technical requirements for running both satellites and earth stations in US, which covers the general requirements like emission limits, frequency tolerances, minimum elevation angle, power flux density, etc. In addition, this subpart C also covers some specific interference cases for the satellite service sharing the same or adjacent spectrum with other services, like with MVDDS service.
Observation 4: The clauses in FCC Chapter 25 regulates the technical standards and operational requirements, including specific RF requirements, for satellite and earth stations, which would affect the NTN SAN and NTN UE. These detailed requirements covers emission limits, frequency tolerances, minimum elevation angle, power flux density, etc.

Differences between ITU, FCC and EU
When we further look into the technical standards from ITU, ECC and FCC, we identified some differences among them. For example, in 28GHz band, the off-axis eirp mask defined in following documents are as follows:
In ITU-R Recommendation S.524 [20] is:
	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.



In FCC Chapter 25, Clause 25.218 (i) is:
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In ECC EN 303 978[22] is:
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And if we directly compare the above mentioned off-axis eirp from different references by converting them to the same unit, i.e. dBW/MHz, it’s quite obvious that the requirements differs from each other.


Observation 5: The off-axis eirp limits from ITU-R, ECC are different from the off-axis eirp limits in FCC in some off-axis degree. Moreover, it is also worth to mention the reference bandwidth for off-axis eirp are different, for example, the reference bandwidth in ITU-R and ECC are 40 kHz, while the reference bandwidth in FCC is 1MHz. The reference bandwidth also plays important role in such eirp requirements and would affect the channel planning and power distribution during practical operation of NR-NTN.

Other regulation and standards information	
In EU, there are other harmonized European standards like EN 302 448[32] for Earth Stations on Trains (ESTs) on 14/12 GHz frequency bands, EN 301 459[33] for Satellite Interactive Terminals (SIT) and Satellite User Terminals (SUT) on 29.5~30.0GHz frequency bands, etc.
In China, there are harmonized standards for earth station in motion (ESIM) like YD/T 3934[34] for moving L-ESIM in Ka-band, YD/T 3933[35] for stationary L-ESIM in Ka-band, YD/T 3254[36] for moving L-ESIM in Ku-band, etc. 
Observation 6: Other products standards in different regions and countries existed would have impact on the NTN operation and technical specifications.

Proposal
Considering the above Observation 1~6, our observation is that these existing regulations and technical standards worldwide need to be considered when making the technical specifications of NTN SAN and UE. 
Proposal 1: The above-mentioned regulations should be captured in Chapter 5 of TR 38.863 and as well be considered when defining relevant RF requirements of NTN UE.
Proposal 2: RAN4 to discuss on how to interpret these existing regulations and product standards from global, regional and country-specific levels to the technical specifications that would be built by RAN4 for the NR-NTN enhancement to operate legally.
Proposal 3: RAN4 to discuss on how to accommodate the differences for off-axis eirp requirements among different regulations.

Conclusion
Observation 1: In the long-going discussions of this topic, the ITU, ECC, FCC, Chinese and along with other international, regional and country-specific regulations and product standards were suggested and proposed to be considered as regulatory references for NTN UE in RAN4 specifications.
Observation 2: The discussed regulations, so far, include requirements on frequency allocations; on-axis eirp limits; off-axis eirp limits; spurious emission; beam tracking accuracies; power flux density requirements; self-monitoring, etc.
Observation 3: The regulations are frequency dependent and satellite orbit type (GSO/NGSO) dependent, and they are mandatory to the NTN operations on both NTN SAN and NTN UE sides. Some specific terms, like self-monitoring (NCMC), short-/long-term protection criteria over GSO from NGSO operations, and negotiating during operations are dynamically operated from time to time.
Observation 4: The clauses in FCC Chapter 25 regulates the technical standards and operational requirements, including specific RF requirements, for satellite and earth stations, which would affect the NTN SAN and NTN UE. These detailed requirements covers emission limits, frequency tolerances, minimum elevation angle, power flux density, etc.
Observation 5: The off-axis eirp limits from ITU-R, ECC are different from the off-axis eirp limits in FCC in some off-axis degree. Moreover, it is also worth to mention the reference bandwidth for off-axis eirp are different, for example, the reference bandwidth in ITU-R and ECC are 40 kHz, while the reference bandwidth in FCC is 1MHz. The reference bandwidth also plays important role in such eirp requirements and would affect the channel planning and power distribution during practical operation of NR-NTN.
Observation 6: Other products standards in different regions and countries existed would have impact on the NTN operation and technical specifications.

Proposal 1: The above-mentioned regulations should be captured in Chapter 5 of TR 38.863 and as well be considered when defining relevant RF requirements of NTN UE.
Proposal 2: RAN4 to discuss on how to interpret these existing regulations and product standards from global, regional and country-specific levels to the technical specifications that would be built by RAN4 for the NR-NTN enhancement to operate legally.
Proposal 3: RAN4 to discuss on how to accommodate the differences for off-axis eirp requirements among different regulations.
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(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:

32.5-25lo0g(8) dBW/MHz for 20°=6<7°.
11.5 dBW/MHz for 7°=6<92°.
35.5-25lo0g(8) dBW/MHz for 9.2°=6<19.1°.
3.5 dBW/MHz for 19.1°<0=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:

35.5-25l0g(8) dBW/MHz for 35°=6<7".
14.4 dBW/MHz for 7°<6<92°.
38.5-25l0g(6) dBW/MHz for 92°<0<19.1°.
6.5 dBW/MHz for 19.1°<0=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 6 > 7°, over 10% of the range of theta (8) angles from 7-180° on each side of
the line from the earth station to the target satellite.
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4232  Co-polarized Specification
“The following specifications apply o the ESOMP transmiting a EIRP valucs up to EIRP,y
“The maximum EIRP in any 40 kitz band witin the nominated bandwidth of the co-polarized component in any

dircction ¢ degrees from the antenna main beam axis shall not exceed the following limits for more than 0.01 % of the
time:

19-25l0g0 K dBW  for 20° < 6 < 70%
2.k @BW  fr 700 < 0 =92
2.25lg0K dBW  for 920 < 6 < 48
10K @BW  fr 48 < 6 < 1805

where:

s the angle, in dogrees, between the main beam axis and the dircction considered: and

o Kisas defined in clause 4.2,

iR




