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2	Scope
This Report provides results of sharing and compatibility studies between railway radiocommunication system between train and trackside operating in the bands 92-94 GHz, 94.1‑100 GHz and102-109.5 GHz, and active and passive services operating in these or adjacent bands.
3	Related Recommendation and Report
	Report ITU-R M.[RAIL.RSTT]
(Annex 16 to Document 5A/298)
	Technical and operational characteristics, implementation and spectrum needs of RSTT

	Recommendation ITU-R P.452
	Prediction procedure for the evaluation of interference between stations on the surface of the Earth at frequencies above about 0.1 GHz

	Recommendation ITU-R P.1411
	Propagation data and prediction methods for the planning of short-range outdoor radiocommunication systems and radio local area networks in the frequency range 300 MHz to 100 GHz

	Recommendation ITU-R RA.769
	Protection criteria used for radio astronomical measurements

	Report ITU-R F.2239
	Coexistence between fixed service operating in 71‑76 GHz, 81-86 GHz and 92-94 GHz bands and passive services


4	List of acronyms and abbreviations
	RSTT
	Railway radiocommunication system between train and trackside


[bookmark: _Toc467088050][bookmark: _Toc467151221]5	Summary of coexistence of 90 GHz band RSTT with the passive services
Table 1 shows the frequency band which are already allocated for use of mobile services in the frequency range 92-109.5 GHz. In accordance with Article 5 to Chapter II to Radio Regulations (see Annex), in the adjacent bands of those frequencies all emissions are prohibited in the following bands; 86-92 GHz, 100-102 GHz and 109.5-111.8 GHz. To coexist with active and passive services, the same schemes developed by Report ITU-R F.2239, “Coexistence between fixed service operating in 71-76 GHz, 81-86 GHz and 92-94 GHz bands and passive services”, could be used for sharing and compatibility studies of railway radiocommunication systems. The following sharing and compatibility cases should be addressed, as shown in Figure 1:
1)	mobile service stations such as on-board radio equipment and related radio infrastructure located along trackside operating in the band 92-94 GHz with respect to the protection of Earth exploration-satellite service (EESS) stations operating in the adjacent band 86-92 GHz;
2)	mobile service stations such as on-board radio equipment and related radio infrastructure located along trackside operating in the bands 94.1-100 GHz and 102‑109.5 GHz with respect to the protection of Earth exploration-satellite service (EESS) stations operating in the adjacent band 100-102 GHz;
3)	mobile service stations such as on-board radio equipment and related radio infrastructure located along trackside operating in the band 102-109.5 GHz with respect to the protection of Earth exploration-satellite service (EESS) stations operating in the adjacent band 109.5-111.8 GHz;
4)	mobile service stations such as on-board radio equipment and related radio infrastructure located along trackside operating in the bands 92-94 GHz, 94.1-100 GHz and 102-109.5 GHz with respect to the protection of radio astronomy service (RAS) stations operating in the band 86-111.8 GHz;
5)	mobile service stations such as on-board radio equipment and related radio infrastructure located along trackside operating in the bands 92-94 GHz and 94.1‑100 GHz with respect to the protection of Earth exploration-satellite service (EESS) stations (active) operating in the adjacent band 94-94.1 GHz;
6)	Earth exploration-satellite service (EESS) stations (active) operating in the band 94‑94.1 GHz with respect to protect mobile service stations such as on-board radio equipment and related radio infrastructure located along trackside operating in the adjacent bands 92-94 GHz and 94.1-100 GHz.
Table 1
Frequency bands already allocated for mobile servicers
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FIGURE 1
Sharing and compatibility schemes for coexistence between mobile services and passive services
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6	System characteristics
6.1	System characteristics of railway radiocommunication system between train and trackside operating in the bands 92-94 GHz, 94.1-100 GHz and 102-109.5 GHz 
Table 2 summarizes technical and operational characteristics of RSTT stations operating in 92-94 GHz, 94.1-100 GHz and 102-109.5 GHz bands. The total bandwidth of 15.4 GHz can be used for data transmission between on-board radio equipment and trackside radio access units. The transmission distance of these equipment is designed by the railroad line environment.
Table 2
System parameters
	Frequency Range (GHz)
	92-94. 94.1-100, 102-109.5

	Seamless connection mechanism
	Backward and forward switching method

	Channel bandwidth (MHz)
	250

	Channelization (MHz)
	TBD

	Channel aggregation pattern
	TBD

	Antenna gain (dBi)
	44

	Antenna beamwidth (degree)
	1

	Antenna height from rail surface (m)
	4 (Maximum)

	Polarization
	Linear

	Average transmitting  power (dBm)
	10

	Average e.i.r.p. (dBm)
	54

	Receiving noise figure (dB)
	<10

	Maximum transmission data rate (Gb/s)
	5-1010 (Stationary), 1 (Running)

	Maximum transmission distance (km)
	0.5-11 (Open), 3 (Tunnel)

	Modulation
	PSK, QPSK, 16QAM, 64QAM

	Multiplexing method
	FDD/TDD

	Space diversity
	TBD

	Maximum running speed (km/h)
	600

	Switching time of trackside radio access unit (s)
	TBD

	Average distance between on-board equipment and trackside radio access unit
	TBD

	Rainfall attenuation margin (dB)
	TBD

	Wired interface of trackside radio access unit
	[Recommendation ITU-T G.RoF]

	Propagation model between train and trackside
	[Recommendation P.1411]



6.2	System characteristics of earth exploration-satellite service (passive) operating in the frequency ranges 86-92 GHz, 100-102 GHz and 109.5-111.8 GHz
6.3	System characteristics of earth exploration-satellite service (active) operating in the frequency range 94-94.1 GHz
6.4	System characteristics of radio astronomy service operating in the frequency range 86-111.8 GHz
7	Interference scenarios
The four interference scenarios listed in Table 2 and shown in Figure 1 are considered between land mobile service applications (RSTT) and passive services.


TABLE 2
Interference scenarios
	Scenario
	Interfering
	Interfered with
	Propagation model

	A-1
	RSTT on-board terminal
	EESS space station
	Free space

	A-2
	RSTT trackside station
	EESS space station
	Free space

	B-1
	RSTT on-board terminal
	EESS space station
	Free space

	B-1
	EESS space station
	RSTT on-board terminal
	Free space

	B-2
	RSTT trackside station
	EESS space station
	Free space

	B-2
	EESS space station
	RSTT trackside station
	Free space

	C-1
	RSTT on-board terminal
	RAS earth station
	P.452-16

	C-2
	RSTT trackside station
	RAS earth station
	P.452-16


FIGURE 1
Illustration of interference scenario
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7.1	RSTT device density and antenna elevation
7.2	Interference scenario A-1 (RSTT into EESS space station)
7.3	Interference scenario A-2 (RSTT FS into EESS space station)
7.4	Interference scenario B-1 (RSTT into EESS space station and vice versa)
7.5	Interference scenario B-2 (RSTT FS into EESS station and vice versa)
7.6	Interference scenario C-1 (RSTT into RAS earth station)
7.7	Interference scenario C-2 (RSTT FS into RAS earth station)
8	Sharing and compatibility studies
8.1	Compatibility studies for earth exploration-satellite service (passive)
8.2	Compatibility studies for earth exploration-satellite service (active)
8.3	Sharing studies for radio astronomy service
The bands 92-94 GHz, 94.1-100 GHz and 102-109.5 GHz are allocated on an equal primary basis to the mobile service and radio astronomy service including other radiocommunication services in all three Regions. The protection criterion used is derived from Recommendation ITU-R RA.769-2. The received power level at the radiometer is calculated by the following equation:
	P769＝Pt+G-Loss-J(ν)
＝Pt+G-(92.5+20*log(f)+20*log(d)+Ag)-J(ν) 
where
	Pt: 	transmission power of on-board equipment;
	G: 	Antenna gain;
	d: 	Separation distance;
	Loss: 	Propagation loss given by Recommendation ITU-R P.452-16;
	J(ν): 	Knife-edge diffraction loss given by Recommendation ITU-R P.452-16.
Ag=(o+w())d
where
	Ag:  	Total gaseous absorption (dB):
	o+w():  	specific attenuation due to dry air and water vapour, respectively, and are found from the equations in Recommendation ITU-R P.676
	:  	water vapour density:
=7.5+2.5	g/m3
	: 	fraction of the total path over water.
The separation distance which satisfies with the requirement of protection level is calculated from the above equation. The line-of-sight scenario from the on-board equipment to the radio astronomy antenna gives the worst case.
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