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	SUMMARY

	In order to evaluate adjacent frequency band compatibility between radio altimeters and 5G mobile communication systems using the 3.7 GHz and 4.5 GHz band, Japan competent authority conducted a compatibility study taking into account positional relation between a radio altimeter (RA) and base stations (BSs) or land mobile stations (MSs) of 5G systems at vicinity of airport and heliport.
The following outline and technical conditions were derived regarding installation of BSs through the coexistence study. 
· Installation of BSs should be avoided within a separation distance of 200 m from the airplane approach area at vicinity of an airport. This vicinity means an area of about 1 km separation from the airport.
· To decrease unwanted emissions of a BS, a filter insertion into the BS should be applied, while keeping about 100 MHz separation between the edge of frequencies for RAs and 5G systems.
· Installation of BSs should be avoided within the same or adjacent areas where being recognized as a heliport. More specifically, a separation distance between a small-cell BS and a heliport should be more than 20 m. Similarly, a separation distance between a macro-cell BS and a heliport should be more than 50 m. These separation distances can be secured horizontally and/or vertically.


INTRODUCTION

1.1 World Radiocommunication Conference 2015 (WRC-15) have allocated the aeronautical mobile (route) service for WAIC to add on the frequency band for the radio navigation services for RA from 4200 to 4400MHz. FSMP has addressed to develop the Standards and Recommended Practices (SARPs) to establish high-level guidance for the design and certification of WAIC systems.
1.2  The FSMP is also discussing radio frequency and interference rejection characteristics for RAs to avoid the interference. (FSMP JOB CARD.006.01)  And associated standards for RAs are needed to ensure the compatibility between aircraft RA and other aeronautical systems. The out-of-band interference susceptibility and rejection characteristics are required for protection of RA from harmful interference caused by non-aeronautical systems operating in adjacent frequency bands.
1.3  In Japan, the telecommunications administration (Ministry of Internal Affairs and　Communications: MIC) had conducted sharing study between RAs and 5G systems for new frequency allocation to 5G systems in 3.7GHz (3600 – 4200MHz) and 4.5GHz (4400 – 4900MHz) band, just adjacent to aeronautical allocation frequency band 4200 – 4400MHz. MIC completed the sharing study, as well as basic concepts and technical specifications of 5G systems. The competent authority published them as the report in July 2018.
1.4 The contents of this paper is developed by JCAB, referring to the report by Information and Communications Council (Telecommunications Technology Sub-Council) regarding technical conditions on 5th generation mobile communication systems, which is available at http://www.soumu.go.jp/main_sosiki/joho_tsusin/policyreports/joho_tsusin/bunkakai/02tsushin10_04000391.html (in Japanese).
DISCUSSION

2. Interference from 5G BSs into RA was evaluated considering scenarios where an airplane lands to an airport and a helicopter lands to a heliport. Interference from RA into 5G system was also evaluated.
2.1 The case study of landing of airplane: Interference to RA from 5G BSs
2.1.1 In the study, four 5G BSs’ deployment scenarios in Figure 1 were considered. Aggregated interference from multiple BSs (small-cell and macro-cell) were calculated assuming that RA would be interfered with the BSs within 170 degrees at different altitudes of 17, 50, 94.2 and 146.2m. (see APPENDIX 1.) 　The city center of Tokyo was assumed as dense urban. Other area of Tokyo was assumed as urban area. In the same manner, suburban and nationwide models were set for the simulation. In each case, small and macro-cell BSs were equally distributed within the area with the density and ratio between small and macro-cells. The EIRPs of small and macro-cell were respectively 25dBm/MHz and 48 dBm/MHz with -44.2dBc of the spurious.　
	Table 1

	BS allocation model
	Image of BS density
	Value of BS density
	Ratio of small-cell BS vs macro-cell BS

	Dense urban
	Ultra High

(ex. marunouchi district)
	100 BS/km2
	100:0

	Urban area
	High

Average of TOKYO
	300 BS/100km2
	90:10

	Sub-Urban
	Medium
(average of KANTO region)
	6,300 BS/10,000km2
	70:30

	Nationwide
	Low

(average of nationwide)
	15,000 BS/100,000km2
	0:100
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2.1.2 For 5G BSs, some types of the beam steering functions will be installed and operated. Thus, radiation pattern characteristic was modelled two kinds of typical patterns, the average pattern and maximum pattern. (See APPENDIX 2.)  In the study, when beam-forming antenna pattern of 5G BSs were modelled by the average pattern, for in-band frequency interference, interference due to unwanted emission of the BSs needs to be decreased by about 20 dB to 45 dB in order to meet the interference criterion of RA indicated in Recommendation ITU-R M.2059 “Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4200–4400 MHz”. To mitigate the interference, the BSs might need to suppress the unwanted emission in the aeronautical band by inserting filter to each active antenna elements in the BSs. To reduce the in-band frequency interference, the guard band was also possible solution to achieve about 45dB improvement. (see Table 2_※1)
2.1.3 Meanwhile, for out-of-band frequency interference case, the setting of guard band between RA and BSs is effective to avoid the interference. The measurement results showed that 60 MHz of guard band was effective to avoid the interference to the pulsed RA. For FMCW RA, it didn’t happen any errors without any guard band. Concerning the results, except at altitude 50 m, it was possible to coexist for RA and BSs with 100 MHz of guard band between them. In the case of 50 m altitude, it was still needed 15 dB of improvement.(see Table 3_※2)  Thus, it needed much wider guard band to achieve it.
Table 2: Summary of evaluation results (see APPENDIX 2 and 3.)
	BS allocation patterns
	BS radio pattern characteristic: average pattern
	BS radio pattern characteristic: maximum pattern

	
	Required improvement of in-band frequency interference
	Required improvement of out-of-band frequency interference with guard band 100MHz
	Required improvement of in-band frequency interference
	Required improvement of out-of-band frequency interference with guard band 100MHz

	(1) Dense urban
	· about 20～30dB
	· below 0dB
	· about 40～60dB
	· below about 15dB

	(2) Urban area

(3) Sub-Urban
(4) Nationwide
	· about 30～45dB
maximum about 45dB at altitude 50m_※1
	· maximum about 15dB 

 at altitude 50m._※2

· below 0dB

 in other cases
	· about 50～70dB
about 70dB
 at attitude 50m_※3
	· about 15～40dB_※ 4


Frequency interference in dense urban which consist of small-cell BS 100% was more less than it of other scenarios. So required improvement in other scenarios are much larger.
2.1.4 However, wide guard band would not be desirable from the point of view for effective use of frequency. Therefore, we had studied installation conditions of BSs surrounding the airport. Concerning the average pattern of BS, if installation of BSs are avoided within a separation distance of 100 m to 200 m from the airplane approach area at vicinity of an airport (i.e., within an area of about 1 km separation from the airport), the interference criterion of RA for blocking was met.
2.1.5 Furthermore, when beam-forming antenna pattern of 5G BSs were modelled by the maximum pattern, there could be a case where the aggregated interference from 5G BSs exceeds the interference criteria of RA. (see Table 3_※3 and ※4)　However, considering that airplanes are always moving and antenna pattern of BSs are always changing, the worst case interference into RA would not continue in accordance with the flight route. In addition, interference effect would be alleviated due to, such as, actual characteristics of RA in terms of interference tolerance and antenna gain reduction due to the 100 MHz frequency separation. This point may be further assessed through an experiment using actual RA equipment. 
2.2 The case study of landing of helicopter: Interference to RA from the 5G BSs
2.2.1 [image: image3.emf] 
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Interference to RA in a helicopter was evaluated considering the 100 MHz separation between the edge of frequencies for RAs and 5G systems. The interference criterion of RA was based on Recommendation ITU-R M.2059.
2.2.2  In the study, the scenarios presented in Figure 2 were considered. It was assumed that there were no obstacles in gradient space above the diagonal line between the BS’s top and the edge of landing area of heliport. The minimum horizontal distance between the BS and the landing point (center of landing area) was assumed to be about 20 m to 30 m considering the size of landing area with 20 m radius. Similarly, the minimum horizontal distance between the BS and the landing point was assumed to be about 50 m to 90 m in the case of a macro-cell BS.
2.2.3  According to the results of study for the above scenarios, in order to meet the interference criterion of RA, interference due to unwanted emission of the BSs needs to be decreased by about 30 dB for small-cell and by about 35 dB for macro-cell. (see Table 3_ Numerical value of the red)   These reductions could be achieved by inserting a filter into the BS and securing about 100 MHz separation between the edge of frequencies for RAs and 5G systems.
	Table 3: Interference due to unwanted emission

	Altitude
(m)
	Separation distance (m)
	Frequency separation

(MHz)
	The required improvement of small-cell BS (dB)
	The required improvement for macro-cell BS (dB)

	
	
	
	Average pattern
	Maximum pattern
	Average pattern
	Maximum pattern

	0～100
	20
	0
	29.1
	48.7
	41.9
	61.3

	
	40
	
	23.2
	42.6
	35.8
	54.7

	
	50
	
	21.3
	40.8
	33.9
	49.1

	
	60
	
	19.7
	39.1
	32.3
	45.3

	
	80
	
	17.2
	33.3
	29.8
	42.8


2.2.4  With respect to the interference due to blocking, while a small-cell BS meets the interference criterion of RA, a macro-cell BS exceeds the criteria by about 7.3 dB considering the average antenna pattern of 5G BSs. (see Table 4_ Numerical value of the red)   However, this exceedance would not cause an interference issue of RA’s operation, according to the assessment on interference tolerance for the blocking effect of RA, which was conducted in Japan previously.
	Table 4: Interference due to blocking

	Altitude
(m)
	Separation distance (m)
	Frequency separation

(MHz)
	The required improvement of small-cell BS (dB)
	The required improvement for macro-cell BS (dB)

	
	
	
	Average pattern
	Maximum pattern
	Average pattern
	Maximum pattern

	0～100
	20
	100
	< 0
	11.0
	15.2
	34.6

	
	40
	
	
	5.0
	9.2
	28.1

	
	50
	
	
	3.1
	7.3
	22.5

	
	60
	
	
	1.5
	5.7
	18.6

	
	80
	
	
	< 0
	3.2
	16.2


2.3 The case study of interference from RA
2.3.1 Interference from RA to 5G BS and MS was evaluated. The scenario presented in Figure 3 was considered, where the RA was located over the BS or MS. When the altitude of RA was less than 20 m, the minimum horizontal separation distance of 20 m was considered. 
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2.3.2 According to the results of study, interference from RA exceeds by 5 dB and 7 dB compared to the interference criteria of BS and MS, respectively. However, considering the 100 MHz separation between the edge of frequencies for RAs and 5G systems and actual characteristics of RA, BSs and MSs, it was concluded that co-existence between RA and 5G systems would be feasible.
CONCLUSION
3. Note the results of frequency sharing and compatibility study in JAPAN. 
3.1 Installation of BSs should be avoided within a separation distance of 200 m from the airplane approach area at vicinity of an airport. This vicinity means an area of about 1 km separation from the airport.
3.2 To decrease unwanted emissions of a BS, a filter insertion into the BS should be applied, while keeping about 100 MHz separation between the edge of frequencies for RAs and 5G systems.
3.3 Installation of BSs should be avoided within the same or adjacent areas where being recognized as a heliport. More specifically, a separation distance between a small-cell BS and a heliport should be more than 20 m. Similarly, a separation distance between a macro-cell BS and a heliport should be more than 50 m. These separation distances can be secured horizontally and/or vertically.
APPENDIX

1. Basis of setting different altitude 17m, 50m, 94.2m and 146.2m
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＜precision approach＞
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The altitude 50m is equivalent of about 1km point from the edge of airport assuming as the approach angle 2 degree.
＜circling approach＞



【 Kumamoto Airport 】

 At Kumamoto Airport, a minimum descent height (MDH) of 309 feet (94.2 m) is set as the minimum value of approach using 
the localizer from the point 8.6 NM (15.93 km) before the runway along the straight approach route.

 The approach direction is defined according to the radio waves emitted by the localizer, and the emission angle range of radio waves is about 2.5 degree on one side.

 On the other hand, as for the circling approach, MDH of 468 feet (142.6 m) is set, and the circling approach area is 2.5 NM (4.63 km) from the airport.
As describe above, precision, localizer and circling approaches were considered. In case of localizer and circling approach, all 4 scenarios were calculated, and only dense urban scenario was assumed for precision approach. The altitude of precision approach was assumed 17 m at the edge of the airport site and 50 m at the point 1km apart from the airport regarding 2 degrees of the approach angle. The altitudes for localizer and circling approach was assumed 94.2 m, and 142.6 m respectively.
2. Beam forming Image



 In the modelling of radiation pattern of BS with beam-forming function, average pattern and maximum pattern was defined. The average pattern was modelled by the statistical processing getting a lot of snapshots of the radiation pattern that directed to the MSs at various locations. On the other hand, the maximum pattern was modelled by the envelope (maximum value) of the snapshots.  
3. Overview of results of studies


＜Reference data＞
 The assessment was conducted when airplane was cruising at high altitude over urban, metropolitan and nationwide areas except for dense urban because the influence of macro-cell BS was dominant. The angle range of considering the interference was 120 degree and the BS allocation was assumed in the shape of regular hexagon.













	BS allocation models
	Urban
	Sub-urban
	Nationwide

	Type of BS
	Small
	Macro
	Small
	Macro
	Small
	Macro

	altitude (m)
	10,000
	10,000
	10,000

	Radius in the assessment (m)
	17,000
	17,000
	17,000

	BS density (BS/km2)
	2.7
	0.3
	0.35
	0.15
	-
	0.15

	distance between BSs
	654
	1,962
	1.816
	2.775
	-
	2.775

	Number of BS
	2,451
	272
	318
	136
	-
	136


＜The case study of landing of airplane＞

(a) Interference due to unwanted emission

	Altitude (m)
	Required improvement (dB)

	
	BS beamforming antenna pattern
: Average pattern
	BS beamforming antenna pattern
: Maximum pattern

	
	Dense urban
	Urban
	Sub-urban
	Nation wide
	Dense urban
	Urban
	Sub-urban
	Nation wide

	17
	31.2
	32.3
	32.3
	25.4
	58.2
	59.0
	59.0
	36.7

	50
	22.5
	45.0
	45.0
	45.0
	47.2
	72.1
	72.1
	72.1

	94.2
	19.4
	31.5
	31.5
	31.5
	43.3
	58.1
	58.1
	58.1

	146.2
	18.4
	26.6
	26.5
	26.4
	42.6
	52.9
	52.9
	52.8


(b) Interference due to blocking

	Altitude (m)
	Required frequency separation (MHz)

	
	BS beamforming antenna pattern
: Average pattern
	BS beamforming antenna pattern
: Maximum pattern

	
	Dense urban
	Urban
	Sub-urban
	Nation wide
	Dense urban
	Urban
	Sub-urban
	Nation wide

	17
	0
	34
	34
	34
	220
	223
	223
	128

	50
	0
	197
	197
	197
	124
	>400
	>400
	>400

	94.2
	0
	84
	84
	84
	96
	306
	306
	306

	146.2
	0
	43
	43
	43
	87
	262
	262
	262


4. Methodology for the interference calculation
	Tx antenna gain (direction to a interfered-with station)
	Gt
	dBi

	Tx feeder loss
	Ltx
	dB

	Propagation loss
	L
	dB

	Rx antenna gain (direction to a interfering station)
	Gr
	dBi

	receiver loss
	Lrx
	dB

	Coupling loss (4)
	Gt-Ltx-L-Gr-Lrx
	dB


	
	Interference given
	Interference criteria
	
	Coupling loss
	Required improvement

	 Interference due to unwanted emissions
	(1) Unwanted emission level of a interference station (dBm/MHz)
	(2) Interference criterion of a interfered-with station (dBm/MHz) 
	(3) = (1) – (2)
	(4)
	(5) = (3) – (4)

	Interference due to blocking
	(1) Transmission power of a interfering station (dBm)
	(2) Interference criterion of a interfered-with station (dBm)
	(3) = (1) – (2)
	(4)
	(5) = (3) – (4)


— END —
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Figure 3
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(3)   Influence of frequency interference to RA from BSs (Sub-urban)
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(4)   Influence of frequency interference to RA from BSs (Nationwide)
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