	[image: image3.png]



	[image: image3.png]
International Civil Aviation Organization

INFORMATION PAPER
	FSMP-WG/2 IP/07
2016-02-15 




ATMRPP-WG/WHL/4-WP/


.././06
FSMP-WG/2 IP/07
- 2 -

- 5 -
FSMP-WG/2 IP/07

FREQUENCY SPECTRUM MANGEMENT  PANEL (FSMP)
Second Meeting of the Working Group of FSMP (FSMP-WG/2)

Montreal, Canada, 15 to 19 February 2016
Agenda Item 9:
5 GHz Planning
Intermidiated report on investigation of interference analysis in case of co-channel use scenario in 5 GHz Band
Presented by Naruto Yonemoto
Prepared by Kazuyuki Morioka, Naoki Kanada, and Yasuto Sumiya

Electronic Navigation Research Institute (ENRI), Japan
	SUMMARY

	We are evaluating the degradation caused by the interference among existing radio services and future aeronautical communications in 5GHz Band. This paper describes the degradation characteristics of AeroMACS interfered from GMSK signal and Wireless Access System (WAS) used in Japan.
This paper also shows the specification of Aeronautical Mobile Telemetry (AMT) used in Brazil. 
These results fascillitate to establish the standardization of mitigation criteria in 5 GHz band


1. INTRODUCTION

1.1 We are investigating the compatibility among various radio systems related on the aeronautical radio systems. 5 GHz band is especially focused on the application for future aeronautical communications. 
1.2 The frequency allocation of this band is expressed as Table 1. Some aeronautical radio services such as AeroMACS or CNPC Link are expected to launch near future. On the other hands, several existing domestic services have to be considered not to cause the interference among them.
Table 1 Frequency Allocation from 5000 to 5150 MHz
	Frequency (MHz)
	Purpose
	Radio service

	5000-5010
	Aeronautical Mobile-Satellite (R)

Aeronautical Radionavigations

Radionavigation-satellite (Earth to Space) 
	Feeder link for satellite

AeroMACS in US

	5010-5030
	Aeronautical Mobile-Satellite (R)

Aeronautical Radionavigation

Radionavigation-Satellite (Space to Earth)
	Feeder link for satellite

AeroMACS in US

	5030-5091
	Aeronautical Mobile (R)

Aeronautical Mobile-Satellite (R)

Aeronautical Radionavigation
	Microwave Landing System (MLS)
Wireless Access System (WAS) in Japan (until 2017)
AeroMACS
CNPC Link for UAS

	5091-5150
	Aeronautical Mobile
Aeronautical Mobile-Satellite (R)

Aeronautical Radionavigation
	MLS
AMT
AeroMACS


1.3 This paper shows the degraded performance of AeroMACS suffered from GMSK signal and WAS in use case from 5030 to 5091 MHz. Additionally, we also show the specification of Aeronautical Mobile Telemetry (AMT) used in Brazil.
2. DEGRADATION OF AEROMACS CAUSED BY GMSK SIGNAL
2.1 To measure the throughput of AeroMACS system from 5030 to 5091 MHz, we manufactured a new Base Station (BS) and Mobile Stations (MS) with frequency conversion. They are expected to evaluate to expand to the application of AeroMACS such as wide area purpose or Radio Line Of Site (RLOS) communication for Unmanned Aircraft Systems (UAS). 

2.2 In the international standardization organizations, specification of CNPC Link for UAS is under discussion. One of the candidate of physical radio modulation scheme is Gaussian Minimum Shift Keying (GMSK). Specification of signal used for the interferer is shown in Table 2. These parameters are extracted from the WP-08 of 31st meeting of ACP WG-F.
Table 2. Specification of GMSK interference signal

	Symbol Rate
	1 Msymbol/sec (Maximum symbol rate)

	BT(Band width Time product)
	0.2

	Filter
	Gaussian Filter


2.3 We measured degradation of AeroMACS caused by the interference signal with GMSK modulation. Desired signal from AeroMACS BS and undesired signal from a vector signal generator fed to a AeroMACS MS. The center frequency of both signals is adjusted at 5060 MHz to emulate the co-channel use. We measured the throughput of AeroMACS with changing the Desired and Undesired signal level (D/U)  adjusted by the RF attenuators.
2.4 Figure 1 shows the degradation of throughput of AeroMACS. The throughput curves are stable in the region better D/U ratio. We obtained -100 dBm of  minimum sensitivity level in this configuration. The MS communicate without any degradation more than 5 dB of D/U ratio. Therefore, the acceptable interference level for AeroMACS from GMSK signal is calculated as -105 dBm.
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Figure 1  Degradation characteristics of AeroMACS throughput caused by interference from GMSK signal
3. DEGRADATION OF AEROMACS CAUSED BY SIGNAL FROM WAS
3.1 We also measured degradation of AeroMACS caused by the interference from WAS which is already existing in Japan. Specification of WAS is shown in Table 3. The document of ACP WGF30 WP07 and WGF WP19 show the detailed information on WAS.

Table 3. Specification of WAS

	Modulation
	OFDM

	Band width
	20 MHz

	Duplex
	TDD

	Duty Cycle 
	50:50


3.2 We measured the throughput of AeroMACS with changing the D/U ratio. A portion of signal of WAS for the interference extracted through a directional coupler to feed to a AeroMACS mobile station. Figure 2 shows the degradation of throughput of AeroMACS. We can obtain -99 dBm of  minimum sensitivity level in this configuration. The MS keeps the performance up to 0 dB of D/U ratio. As the same manner, the acceptable interference level for AeroMACS from WAS signal is calculated as -99 dBm. The signal of WAS has 4 times wider band width than AeroMACS signal. Some portion of frequency spectrum of WAS are located outside of AeroMACS bandwidth. Therefore, the spectral density of WAS is relatively lower and AeroMACS can accept relatively higher interference level.
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Figure 2  Degradation characteristics of AeroMACS throughput caused by interference signal from WAS
4. SURVEY FOR SPECIFICATION OF 5 GHZ AERONAUTICAL MOBILE TELEMETRY

4.1 We also started to collect the information on specification of aeronautical mobile telemetry services. The specification of AMT in France has been provided in the Table 4. The specification of other AMT system which is utilized in the Brazil is described in Table 5. The interference evaluation of AeroMACS suffered from AMT are now under tests.
Table 4  AMT specifications in France
	Channel bandwidth
	4 x 8 MHz (5126, 5135, 5144, 5153MHz)

	Modulation
	Single Carrier-SOQPSK or COFDM-QPSK

	Emitted Power
	10 W

	Aircraft antennas
	One antenna on the bottom and another antenna on the top of the aircraft
Gain: 0 dBi 
Cable loss
2 dB

	Ground antenna
	Steering Parabolic antenna (2.4 m diameter)

	Throughpu3 expected
	20 Mbps downlink

	Deployment
	Tests aircraft (16 to 25 aircraft for Airbus), but maximum 3 in flight at the same time

	Coverage area
	France (4 antennas in Toulouse, 1 in Martigues, 2 in Bordeaux, 1 in Saint-Nasaire, 1 in Tarbes)

	Remarks
	Jamming protection


Table 5  AMT specifications in Brazil

	Channel bandwidth
	4 x 8 MHz (5126, 5135, 5144, 5153MHz)

	Modulation
	Single Carrier-SOQPSK or COFDM-QPSK

	Emitted Power
	40 W

	Aircraft antennas
	One antenna on the bottom and another antenna on the top of the aircraft

Gain: 0 dBi 
Cable loss
2 dB


	Ground antenna
	Steering Parabolic antenna (2.4 m diameter)

	Throughput expected
	10 Mbps downlink

	Deployment
	Tests aircraft (10 to 15 aircraft for Embraer ), but maximum 2 in flight at the same time

	Coverage area
	Brazil in Sao Paulo State as shown in the picture  bellow  (one fixed   1.8 diameter antenna in Sao Jose do Campos city , one fixed antenna 2.4 diameter  in Gaviao Peixoto City and one mobile  1.8 diameter antenna installed in the truck  )

	Remarks
	Jamming protection


4.2 However, we cannot find any other AMT characteristics in 5 GHz band. We are still welcoming to receiving the information from other countries. 
5. CONCLUSION
5.1 We evaluated the acceptable interference level of AeroMACS suffered from GMSK signal and WAS used in Japan. The acceptable interference  level is -105 dBm for GMSK and -99 dBm for WAS respectively. These results fascillitate to establish the standardization of mitigation criteria in 5 GHz band.
6. ACTION BY THE MEETING

6.1 The meeting is invited to note and review the contents of this paper.

— END —
(6 pages)

FSMP-WG02-IP07.doc

[image: image4.png]Throughput (Mbps)

Desired: AeroMACS, GMSK (1Ms/s BT=0.2)

10
9
8
L 4 @
7
o o
6
5
4
3 < ©
2
o o
. = o
= o
0
0 10 20 30 40

D/U Ratio (dB)

—@— Desired -100dBm —@— Desired -98dBm —@— Desired -95dBm —@— Desired -90dBm —@— Desired -80dBm == Desired -70dBm =—+—



[image: image5.png]Throughput (Mbps)

-10

Desired: AeroMACS, Undesired: WAS

®

°

—e- °

= + % 3

0 10 20 30 40

D/U Ratio (dB)

—@— Desired -99dBm —@— Desired -98dBm —@— Desired -97dBm —@— Desired -96dBm
—8— Desired -90dBm —@=—Desired -80dBm === Desired -70dBm



