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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk118495677]In 2019, MIIT released the notice to specify the relevance regarding GSO in fixed satellite service deploying ESIM earth station in Ka bands. The requirements of the operational and technical characteristics of the transmitting station of ESIM in 29.5-30GHz has been attached [1]. The enacted notice defined that the ESIM earth station in Ka band is the earth station with the ability to conduct the radiocommunication with satellite, which are installed on the movable platform such as motor vehicles, rail way locomotives (including EMU trains), ships and aircraft. The ESIM earth station is transmitting in 29.5-30GHz and receiving in 17.7-20GHz.
Additionally, in the Radio Regulations, the regulatory requirements of space services including FSS and MSS are intricacy, especially for FR 2. As for ESIM, the several Articles and Resolutions needs to be noted.
This paper presents current status and information of the regulatory aspects about ESIM in China and provide some ITU regulatory information.
Discussion
Current status of regulatory requirements in China
The following requirements are interpreted from the attachment of the MIIT’s notice released in 2019 (the requirements of the operational and technical characteristics of the transmitting station of ESIM in 29.5-30GHz). The technical characteristics requirements are similar to the Resolution 156 (WRC-15) [2] with slight modifications and additional operational requirements. 
In bullets 1, 2, 3 and 4, the maximum EIRP and antenna relevant characteristics have been specified, and in bullets 5 and 6, operational requirements have been specified. The purpose of setting technical requirements is to avoid harmful interference between the ESIM earth stations and other legitimate radio services, and to maintain the order of using radio waves. The setting of specific index values fully considers the electromagnetic compatibility analysis results between the ESIM and the same frequency service, the content of relevant ITU recommendations, and the research and development capabilities of domestic manufacturers of ESIM.
	1. On the condition of clear sky, the maximum EIRP density of the transmitting station pointing to the target GSO satellite within 3° shall not exceed the limitation in any φ nadir in the following table:

	Off-axis angle φ
	maximum EIRP density per 40kHz (dB(W/40kHz))

	
	Co-Polarization
	Cross Polarization

	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]2°≤φ≤7°
	19-25log φ
	9-25log φ

	7°< φ ≤9.2°
	-2
	-12

	9.2°< φ ≤48°
	22-25log φ
	

	48°< φ ≤180°
	-10
	


 
2. Regarding to the ESIM earth station operating in elevation angle ε,
	When ε is no greater than 5°, the maximum EIRP could be increased by 2.5dB;
	When ε is between 5° and 30°, the maximum EIRP could be increased by (3-0.1ε) dB.
3. Other types of ESIM earth station except aeronautical ESIM station, 
	the angle between main beam axis and horizon shall not less than 10°;
	the antenna isolation shall greater than 20dB.
4. The aperture of parabolic antenna or equivalent aperture of non-parabolic antenna of an ESIM earth station shall be no less than 0.45m.
5. The antenna pointing error shall be less than 0.2°. During operation, once the error of the main lobe axis of the antenna pointing to the target satellite is greater than 0.5°, all signal transmission should be automatically suspended within 100ms until the pointing error returns to less than 0.2° before proceeding to transmit signals.
6. The ESIM earth station shall have the function of automatically shutting down the transmitted signal. This function could be managed by the monitoring and control center of the satellite communication network or the ESIM earth station itself. Once the maximum EIRP density exceeds the limit or the communication with the corresponding satellite is interrupted and other satellites are captured, the ESIM earth station should be able to automatically shut down the transmission, or remotely stop the transmission by the monitoring and control center.


In recent, the MIIT released the exposure draft to collect the public comments on the regulatory aspects to manage the GSO ESIM earth station using FSS spectrum. The exposure draft has updated some new requirements on ESIM earth station. 
[bookmark: OLE_LINK16]For the frequency bands in 27.5-30.0 GHz, in bullet 1, the requirements of cross polarization requirements of maximum EIRP has been removed from the Table; in bullet 4, the requirement of the aperture has been amended from “0.45m” to “0.3m”, and the requirement of cross polarization isolation has been added. Besides those general updates, there are 2 new requirements added including the requirement of maximum EIRP power of maritime ESIM earth station, PFD limitation of aeronautical ESIM stations in different altitude.
Further information will be supplemented once the formal release posts.

Observation 1: 	The incoming regulatory requirement will be based on the frequency range 27.5-30.0 GHz wider than 29.5-30GHz.

Proposal 1:	The regulatory information of China could be noticed and considered. 
The regulatory requirement in the Radio Regulations
The frequency bands 17.7-18.6 GHz, 18.8-19.3 GHz and 19.7-20.2 GHz (space-to-Earth) and 27.5-29.1 GHz and 29.5-30 GHz (Earth-to-space) are globally allocated on a co-primary basis to the FSS, 
As mentioned in [3], it is provisioned for ESIM by ITU in the Radio Regulations for FSS and MSS and the frequency range options are captured in the WF [4].  
	-Option 1: the downlink frequency range 17.7-20.2 GHz, the uplink frequency range 27.5-30.0 GHz for NTN Ka-band definition (i.e. spectrum allocated by ITU to FSS).
-Option 2: the downlink frequency range 19.7-20.2 GHz, the uplink frequency range 29.5-30.0 GHz for NTN Ka-band definition (i.e. spectrum allocated by ITU to MSS and FSS).
-Option 3: the downlink frequency range 17.3-17.7 GHz, the uplink frequency range 29.5-30.0 GHz for NTN Ka-band definition (the DL part is out of frequency range of current harmonized Ka band)
-Option 4: define multi bands in this frequency range i.e. one band as option 1 and another band as option 2; and/or another band as option 3



For further information, the following footnotes related to ESIM in the Radio Regulations are worth of remark. The different frequency bands are allocated to different regions as highlighted in yellow:
	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). 
[bookmark: _Hlk118725116][bookmark: OLE_LINK7]5.526 	In the bands 19.7-20.2 GHz and 29.5-30 GHz in Region 2, and in the bands 20.1-20.2 GHz and 29.9-30 GHz in Regions 1 and 3, networks which are both in the fixed-satellite service and in the mobile-satellite service may include links between earth stations at specified or unspecified points or while in motion, through one or more satellites for point-to-point and point-to-multipoint communications.
5.527A 	The operation of earth stations in motion communicating with the FSS is subject to Resolution 156 (WRC-15). 



Observation 2: 	According to No. 5.526, there are some regional information related to the frequency range. The frequency range for Region 1, 2 and 3 are different.

As indicated in above cited footnotes, there would be also some Resolutions to be noted such as Resolutions 156(WRC-15) and 169(WRC-19) [5], where some detailed provisions for ESIM might be considered for this WI. Within the two Resolutions, there are some technical and operational requirements stipulated, and some ITU-R recommendations and reports are also referred, e.g. Report ITU-R S.2357-0 [6] (Technical and operational guidelines for earth stations on mobile platforms communicating with geostationary space stations in the fixed-satellite service in the frequency bands 19.7 20.2 GHz and 29.5-30.0 GHz) and Report ITU-R S.2464-0 [7] (Operation of earth stations in motion communicating with geostationary space stations in the fixed-satellite service allocations at 17.7-19.7 GHz and 27.5-29.5 GHz).
Resolution 156(WRC-15) describes the use of the frequency bands 19.7-20.2 GHz and 29.5-30.0 GHz by earth stations in motion communicating with geostationary space stations in the fixed-satellite service. 
Resolution 169(WRC-19) describes the use of the frequency bands 17.7-19.7 GHz and 27.5-29.5 GHz by earth stations in motion communicating with geostationary space stations in the fixed-satellite service. The major parts of the Resolutions were embedded in the attachment 1 and 2.
In addition, in the Radio Regulations, there are 2 articles not specified for ESIM but for the FSS system, which are also something needed to be noticed. Article 21 [8] determines power flux-density (pfd) limits applicable to non-GSO FSS systems to protect fixed and mobile land stations. Article 22 [9] contains epfd limits for non-GSO FSS systems in the frequency bands 17.8-18.6 GHz, 19.7-20.2 GHz (space-to-Earth), 27.5-28.6 GHz (Earth-to-space), 29.5-30 GHz (Earth-to-space) and 17.8-18.4 GHz (inter-satellite). 

Observation 3: 	The resolutions related to ESIM provided different requirements according to the category of the ESIM. Some provisions are irrelevant to the technical part of RAN 4 correspondence but others are ought to be considered such as power limits, maximum power in the OOB domain, etc.  

Proposal 2: 	Discuss if there is the necessity to consider regional information with respect to the frequency range options.
Conclusions
This paper provided some information on regulatory aspects. And got the following conclusions:

Observation 1: 	The incoming regulatory requirement will be based on the frequency range 27.5-30.0 GHz wider 29.5-30GHz.

Observation 2: 	According to No. 5.526, there are some regional information related to the frequency range. The frequency range for Region 1, 2 and 3 are different.

Observation 3: 	The resolutions related to ESIM provided different requirements according to the category of the ESIM. Some provisions are irrelevant to the technical part of RAN 4 correspondence but others are ought to be considered such as power limits, maximum power in the OOB domain, etc.  
Proposal 1:	The regulatory information of China could be noticed and considered. 

Proposal 2: 	Discuss if there is the necessity to consider regional information with respect to the frequency range options.
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ANNEX TO RESOLUTION 156 (WRC-15)

Off axis e.i.r.p. density levels for earth stations in motion communicating
with geostationary space stations of the fixed-satellite service in
the frequency band 29.5-30.0 GHz*

This annex provides a set of off-axis e.irp. levels for earth stations in motion operating in the
frequency band 29.5-30.0 GHz

Earth stations in motion operating and communicating with geostationary space stations i the fixed-
satellite service transmitting in the frequency band 29.5-30.0 GHz shall be designed in such a manner
that at any angle, 6, which is 2° or more from the vector from the earth station antenna to the
associated satellite (see Figure 1 below for the reference geometry of an earth station in motion
compared to an earth station at a fixed location), the e.i.r.p. density in any direction within 3° of the
GSO, shall not exceed the following values:

Angle 0 Maximum eir.p. per 40 kHz"

2°50<7° (19 - 25 log ) dB(W/40 kHz)
T <0=92° —2 dB(W/40 kHz)

92 <p<4s (22— 25 log ) dB(W/40 kHz)
43°<0<150° —10 dB(W/40 kHz)

Other levels may be coordinated and mutually agreed between
affected administrations (see also resolves 1.1).

NOTE 1 - The values above are maximal values under clear-sky conditions. In the case of networks employing uplink
‘power control, these levels should include any additional margins above the minimum clear-sky level necessary for the
implementation of uplinkk porwer control. When attenuation by rain occurs and uplink power control is used, the levels
stated above may be exceeded to compensate for that attenuation. When uplink power control is not used and the e.i.r.p.
density levels given above are not met, different values could be used in compliance with the values agreed to through
‘bilateral coordination of GSO FSS satellte networks.

NOTE 2 - The e.irp. density levels for angles of 0 less than 2° may be determined from GSO FSS coordination
agreements taking into account the specific parameters of the two GSO FSS satellite networks.

NOTE 3~ For geostationary space stations in the fixed-satellite service employing code division multiple access (CDMA)
‘with which the earth stations in motion are expected to transmit simultaneously in the same 40 kHz band, the maximum
eirp. density values should be decreased by 10 log(N) dB, where N is the number of earth stations in motion that are in
the receive satellite beam of the associated satellite and that are expected to transmit simultaneously on the same
frequency. Altemative methods may be used if agreed between affected administrations

NOTE 4 - Potential aggregate interference from earth stations in motion operating within the fixed-satellite service using
‘multi-spot frequency reuse technologies should be taken into account in coordination with respect to other GSO satellite
‘networks

2 See also Report ITU-R $.2357 for ease of reference.
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NOTE 5 - Earth stations in motion operating in the frequency band 29.5-30.0 GHz with low elevation angles to the GSO
‘will require higher e irp. levels relative to the same terminals at high elevation angles to achieve the same power flux-
densities (pfd) at the GSO due to the combined effect of increased distance and atmospheric absorption. Earth stations
‘with low elevation angles may exceed the above levels by the following amount:

Elevation angle to GSO | Increase in e ir.p. spectral
© density (4B)
e<5° 25
5 <e=30° 3-01¢

Figure 1 below illustrates the definition of angle 6%

FIGURE 1

®

represents the earth station in motion
represents the boresight of the earth station antenna

=

¢ represents the geostationary-satellite orbit (GSO)

represents the vector from the earth station in motion to the associated GSO FSS
satellite

¢ represents the angle between the boresight of the earth station antenna and a
point P on the GSO arc

a

6 represents the angle between the vector d and point P on the GSO arc
P represents a generic point on the GSO arc which angles 0 and ¢ are referred to.

3 In Figure 1 proportions are illustrative and not to scale.




image3.png
ANNEX 1 TO RESOLUTION 169 (WRC-19)

Provisions for earth stations in motion to protect non-geostationary fixed-
satellite service systems in the frequency band 27.5-28.6 GHz

1 In order to protect the non-GSO FSS systems referred to in resolves 1.1.6 of this
Resolution in the frequency band 27.5-28.6 GHz, ESIMs shall comply with the following provisions
a) the level of equivalent isotropically radiated power (e.irp.) density emitted by an ESIM

in a GSO network in the frequency band 27.5-28.6 GHz shall not exceed the following
values for any off-axis angle ¢ which is 3° or more off the main-lobe axis of an ESIM
antenna and outside 3° of the GSO arc.

Off-axis angle Maximum e.i.r.p. density
3° <@<7° 28-25loge dB(W/40 kHz)
7 <@=92° 7 dB(W/40 kHz)
92°< ¢ < 48° 31-25loge dB(W/40 kHz)
48° << 180° —1 dB(W/40 kHz)
b for any ESIM operating in the frequency band 27.5-28.6 GHz that does not meet

condition a) above, outside of 3° of the GSO arc, the maximum ESIM on-axis eirp.
shall not exceed 55 dBW for emission bandwidths up to and including 100 MHz. For
emission bandwidths larger than 100 MHz, the maximum ESIM on-axis eir.p. may be
increased proportionately.
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ANNEX 2 TO RESOLUTION 169 (WRC-19)

Protection of non-geostationary mobile-satellite service feeder links in the
frequency band 29.1-29.5 GHz from earth stations in motion

With regard to non-GSO MSS feeder links referred to in resolves 1.1.7 of this Resolution,
administrations should consider the provisions in Part A, Part B or Part C below, as appropriate:

A If an ESIM communicating with a GSO FSS network complies with each of the
‘parameters or operating conditions listed in Table 1 below, coordination may be used to ensure
compatibility between the affected non-GSO MSS feeder-link systems in the frequency band
29.1-29.5 GHz and the GSO FSS network with which the ESIM is associated.

TABLE 1

‘ESIM operational characteristics and parameters
Eirp. density per carrier (single per ESIM) <355 dBW/MHz
Off-axis eirp. density as per No. 22.32
Average carrier burst duty cycle < 10% (averaged over 30 seconds)

Number of transmitting ESIMSs in a single satellite beam -
ina 15 MHz channel =

B If an ESIM communicating with a GSO FSS network does not comply with each of the
‘parameters or operating conditions listed in Table 1 above, but complies with each of the parameters
or operating conditions listed in Table 2 below, coordination may be used to ensure compatibility
Detween the affected non-GSO MSS feeder-link systems in the frequency band 29.1-29.5 GHz and
the GSO FSS network with which the ESIM is associated. However, depending on the values of these
‘parameters and characteristics in combination, there may need to be an exclusion zone or other
constraint(s) on ESIMs developed by the parties and included in the agreement. Until such time as an
agreement on coordination is reached, it may be appropriate for administrations to restrict ESIMs
from operating within 500 km of a non-GSO MSS feeder-link earth station in any portion of the
frequency band 29.1-29.5 GHz used by non-GSO MSS feeder-link earth stations, and to require that
ESIMs operate subject to the condition that they do not cause harmful interference.

TABLE2

‘ESIM operational characteristics and parameters
Eirp. density per carrier (single per ESIM) <50 BW/MHz
Off-axis eirp. density as per No. 22.32
Average carrier burst duty cycle 100% (averaged over 4 hours)

Number of transmitting ESIMs in a single satellite beam

ina 15 MHz channel =B
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c. If an ESIM communicating with a GSO FSS network does not comply with each of the
‘parameters or operating conditions listed in Table 1 or Table 2 above, it may be appropriate for
administrations to restrict ESIMs from operating within 725 km of the non-GSO MSS feeder-link
earth station in any portion of the frequency band 29.1-29.5 GHz used by non-GSO MSS feeder-link
earth stations, and to require that any ESIM operations between 725 and 1450 km of a non-GSO
MSS feeder-link earth station in any portion of the frequency band 29.1-29.5 GHz used by non-GSO
MSS feeder-link earth stations be subject to the condition that the ESIMs do not cause harmful
interference.

ANNEX 3 TO RESOLUTION 169 (WRC-19)

Provisions for maritime and aeronautical earth stations in motion to protect
terrestrial services in the frequency band 27.5-29.5 GHz

1 The parts below contain provisions to ensure that maritime and aeronautical ESIMs do
ot cause unacceptable interference in neighbouring countries to terrestrial service operations when
ESIMs operate in frequencies overlapping with those used by terrestrial services at any time to which
the frequency band 27.5-29.5 GHz is allocated and operating in accordance with the Radio
Regulations (see also resolves 3 of this Resolution).

Part I: Maritime ESIMs

2 The notifying administration of the GSO FSS network with which a maritime ESIM
communicates shall ensure compliance of the maritime ESIM operating within the frequency band.
275-29.5 GHz, or parts thereof, with both of the following conditions for the protection of terrestrial
services to which the frequency band is allocated within a coastal State:

21 ‘The minimum distance from the low-water mark as officially recognized by the coastal
State beyond which maritime ESIMs can operate without the prior agreement of any administration
is 70 km in the frequency band 27.5-29.5 GHz. Any transmissions from maritime ESIMs within the
‘minimum distance shall be subject to the prior agreement of the coastal State concerned.

22 The maximum maritime ESIM ei.rp. spectral density towards the horizon shall be
limited to 24.44 dB(W/14 MHz). Transmissions from maritime ESIMs with higher e.ir.p. spectral
density levels towards the territory of any coastal State shall be subject to the prior agreement of the
coastal State concerned.
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Part II: Aeronautical ESIMs

3 ‘The notifying administration of the GSO FSS satellite network with which an aeronautical
ESIM communicates shall ensure compliance of the acronautical ESIM operating within the
frequency band 27.5-29.5 GHz, or parts thereof, with all of the following conditions for the protection
of terrestrial services to which the frequency band is allocated:

31 ‘When within line-of-sight of the territory of an administration, and above an altitude of
3 km, the maximum pfd produced at the surface of the Earth on the territory of an administration by
emissions from a single aeronautical ESIM shall not exceed:

pid(B) =—124.7 (dB(W/(m® - 14 MH2)) for  0°<6<0.01°
PRdB)=-1209+19-logh  (dB(W/(m’- 14 MH2))) for 0.01°<0<03°
PRAB)=-1162+11-logh  (AB(W/(’- 14 MH2)) for 0.3°<0<1°
PRAB)=-1162+18logh  (AB(W/(m®- 14 MH2)) for ~ 1°<0<2°
PRAB)=—1179+237-logh  (AB(W/(m?-14MH2) for 2°<0<8°

() =—96.5 (@B(W/(' - 14 MH2)) for ~ 8°<68<90.0°
where  is the angle of arrival of the radio-frequency wave (degrees above the horizon).
32 ‘When within line-of-sight of the territory of an administration, and up to an altitude of

3 km, the maximum pfd produced at the surface of the Earth on the territory of an administration by
emissions from a single aeronautical ESIM shall not exceed:

() =—136.2 (@B(W/@?- 1MH2)) for  0°<6<0.01°
PpRdB)=-1324+19-logh  (AB(W/(’- 1 MHz))) for 0.01°<0<03°
PRAO)=-127.7+11-logh  (AB(W/m®- 1 MHz))) for 0.3°<0<1°
pRdB)=-127.7+18 logh  (AB(W/(m'-1MHz))) for 1°<0<124°

pfd(6) =-108 (dB(W/(m® - 1 MHz))) for 12.4°<0<90°
where 0 is the angle of arrival of the radio-frequency wave (degrees above the horizon).
33 An aeronautical ESIM operating within the territory of an administration that has

authorized fixed-service and/or mobile-service operation in the same frequency bands shall not
transmit in these frequency bands without prior agreement of that administration (see also resolves 3
of this Resolution)

4 The maximum power in the out-of-band domain should be attenuated below the
‘maximum output power of the aeronautical ESIM transmitter as described in Recommendation
ITU-R SM.1541.

s Higher pfd levels than those provided in 3.1 and 3.2 above produced by aeronautical
ESIMs on the surface of the Earth within an administration shall be subject to the prior agreement of
that administration (see also resolves fiurther of this Resolution).




