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Foreword

This Technical Specification (TS) has been produced by the ETSI Technical Committee Electromagnetic compatibility and Radio spectrum Matter (ERM) and Mobile Standards Group (MSG).
Introduction
The present document defines the technical specification for the GSM onboard aircraft system (GSMOBA) whose essential requirements to demonstrate conformity to Article 3.2 of the R&TTE directive are defined in the EN 302 480. 

The present document provides an agreed methodology in order to derive power values at the antenna output port of the system which can be used to demonstrate conformance to any power limits defined outside the aircraft. Given the dependence of the power levels outside the aircraft on the specific system implementation, this document also identifies testing procedures to determine the necessary parameters.

1
Scope

This document specifies the technical requirements for the GSM onboard aircraft system, which allows communication in the GSM 1800 frequency band and which ensures that mobile terminals will not be connected to the ground based networks. 

This document provides requirements for the installation of these specific systems, so that they do not cause interference to ground based networks on the ground and are in accordance with the e.i.r.p. limit defined outside the aircraft as provided in the Annex of the ECC Decision ECC\DEC(06)07. These requirements will give guidance to derive the e.i.r.p. limit defined outside the aircraft to the maximum output power emitted by the GSM onboard aircraft system by taking into account the dedicated antenna and the aircraft effects. 

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication and/or edition number or version number) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.

Referenced documents which are not found to be publicly available in the expected location might be found at http://docbox.etsi.org/Reference.

[1]
EN 302 480: “Electromagnetic compatibility and Radio spectrum Matters (ERM); Harmonised EN for the GSM onboard aircraft system covering essential requirements of Article 3.2 of the R&TTE Directive”

[2]
ECC/DEC/(06)07: "ECC Decision of 1 December 2006 on the harmonised use of airborne GSM systems in the frequency bands 1710 -1785 and 1805 – 1880 MHz".
[3]
ECC REPORT 93: "Report on the compatibility between GSM equipment on board aircraft and terrestrial networks."

 3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply:

Network control Unit (NCU): 

a component of the system preventing direct connection of the onboard mobile terminals with mobile networks on the ground by raising the noise floor in the cabin.
Dedicated antenna system type:
The specific antenna characteristics which are uniquely defined by a set of RF parameters.
Aircraft type:
The term given to a common platform of aircraft which possess the same RF characteristics.
Installation type:
The term given to the precise manner of installation of the dedicated antenna system.
Reference point:
  
The connector for conductive measurements for the GSMOBA system.
3.2
Symbols

(
wavelength

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

CEPT
European Conference of Postal and Telecommunications Administrations 

dB
decibel

dBm
power in decibel relative to 1 mW

ECC
Electronic Communications Committee

e.i.r.p.
effective isotropic radiated power

GSM
Global System for Mobile communications

GSMOBA
GSM OnBoard Aircraft

MS
Mobile Station

NCU
Network Control Unit

OBA
OnBoard Aircraft

OBTS
OBA Base Transceiver System
R&TTE
Radio and Telecommunications Terminal Equipment
RF
Radio Frequency

4
Operational requirements 
4.1
Maximum e.i.r.p. of the aircraft due to the GSM onboard aircraft system

It is expected that spectrum regulatory limits imposed on the system when installed in the aircraft will be defined as a e.i.r.p. value measured outside the aircraft. The benefits for a regulatory body using this approach are that the limits are independent of the aircraft type and technical characteristics, such as size, fuselage construction and its RF shielding features and they are technology neutral.

Such limits can be found in the Annex of ECC Decision ECC\DEC(06)07 which provides the maximum permitted EIRP emitted by the NCU/  OBTS. These levels are defined outside the aircraft, and are listed in the following table.1.

Table 1: Maximum permitted EIRP produced by NCU/ OBTS outside the aircraft

	Starting Height above ground

In metres
	e.i.r.p. produced by NCU/ OBTS, outside the aircraft in dBm/channel

	
	460-470 MHz
	921-960 MHz
	1805-1880 MHz
	2110-2170 MHz

	
	Channel

Bandwidth = 1.25 MHz
	Channel

Bandwidth = 200 kHz
	Channel

Bandwidth = 200 kHz
	Channel

Bandwidth = 3.84 MHz

	3,000
	-17.0
	-19
	-13.0
	1

	4,000
	-14.5
	-16.5
	-10.5
	3.5

	5,000
	-12.6
	-14.5
	-8.5
	5.4

	6,000
	-11.0
	-12.9
	-6.9
	7

	7,000
	-9.6
	-11.6
	-5.6
	8.3

	8,000
	-8.5
	-10.5
	-4.4
	9.5


4.2
Considerations for installation of GSM onboard aircraft system 

The requirements for operation of a GSMOBA system in order to comply with the limits defined in section 4.1, are highly dependent on many factors, including the aircraft size and type, its RF isolation characteristics, propagation characteristics within the cabin and the installation of the OBA system.

Considerations to show compliancy will depend on different elements of technical system design and choice of installation for achieving compliance with the limits, such as:

-
Variation of the output power of NCU/ OBTS outside the cabin depending on the fuselage attenuation;

-
Choosing for the NCU/ OBTS an appropriate antenna type, number and their placement so as to achieve the most efficient coverage along the cabin while limiting radiation outside the aircraft;

-
Valuating more precisely the propagation characteristics inside the cabin, e.g. variation of signal strength due to the layout of the cabin, and factoring this into the evaluation of emissions radiated outside the aircraft.

Results of measurement campaigns have indicated that the effective attenuation of signals by an aircraft is dependent on the aircraft type. Furthermore the signal leakage of the OBTS will be subject to the RF variations of different antenna systems and their various installations. Hence system compliancy tests carried out on aircraft can only be used as validation for the same combinations of systems type and aircraft type. I.e. validation of antenna system "A" with aircraft type "X" and installation approach "Y" can not be used on an aircraft type "B" or antenna system "Z".
4.3 Translation of e.i.r.p. values outside the aircraft to measured values at antenna connector 

4.3.1 
General condition

The GSMOBA system must prevent onboard mobiles from directly connecting to ground based networks, whilst the power emitted by the NCU should not be so high as to cause harmful interference to these networks. Similarly the power of the OBTS should be sufficient to provide a reliable service, without causing harmful interference to networks on the ground.

This requirement identifies two conditions: 

1. Minimum power level of the NCU; in order to prevent onboard mobiles from directly connecting to ground based mobile networks 

2. Maximum power level of the GSMOBA system; to prevent harmful interference on the ground 

It is only at heights above ground where both conditions are satisfied that the service will be able to be activated.

4.3.2 
Derivation of the minimum power level of the NCU at the antenna input:

The minimum power level required will depend on the following parameters:

1. Maximum power level of mobile network from the ground received inside the aircraft cabin Pmax-inside_aircraft is defined as follow: 
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Where: 

· Pmax-outside_aircraft being the theoretical highest signal strength power values outside the aircraft (and defined in the table 2).  

Table 2: Theoretical maximum power received outside aircraft from mobile networks on the ground
	Band
	Received power per system bandwidth (dBm/bandwidth)

	
	450 MHz
	900 MHz
	1800 MHz
	2GHz

	Height
	CDMA
	GSM
	UMTS
	GSM 
	UMTS
	UMTS

	3
	km
	-70.7
	-68.5
	-78.5
	-76.7
	-86.7
	-87.6

	4
	km
	-73.0
	-70.9
	-80.9
	-77.6
	-89.2
	-89.8

	5
	km
	-74.9
	-72.7
	-82.7
	-78.5
	-91.1
	-91.4

	6
	km
	-76.4
	-74.2
	-84.3
	-79.3
	-92.7
	-92.7

	7
	km
	-77.7
	-75.5
	-85.5
	-80
	-94
	-93.8

	8
	km
	-78.8
	-76.6
	-86.6
	-80.6
	-95.2
	-94.7

	9
	km
	-79.7
	-77.6
	-87.5
	-81.1
	-96.2
	-95.5

	10
	km
	-80.6
	-78.5
	-88.4
	-81.5
	-97.1
	-96.2

	Note: the values contained in table 2 have been derived from tables contained in section 8.1.1 from the ECC Compatibility Report 093


· Aaircraft windowf MHz being the effective attenuation to the ground based signals due to the aircraft at the window. The measurement of this parameter is defined in section 4.4.x.y  

2. The required additional screening margin (ASM) necessary to provide effective screening of the pilot broadcast signals, overcoming processing gain inherent in some technologies.

· The parameters contained in table 3 are taken from the ECC Compatibility Report 093

Table 3: processing gain

	Mobile Technology
	Processing gain (dB)
	Delta between Pilot Channel and total power (dB)
	ASM

(dB)

	GSM
	0
	0
	0

	WCDMA
	21
	-10
	21

	CDMA2000
	20
	-8
	20


3. The required additional safety margin (SM) to ensure that onboard mobiles will be screened with sufficient confidence level:  

· The measurement of this parameter is defined in section 4.4.x.y. 

4. The required NCU input power at the antenna port in order to provide the necessary power level at the aircraft window: i.e. the effective coupling loss within the cabin: 

· The measurement of this parameter is defined in clause 4.4.x.y. 

Translation equation for minimum power required equates to:
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Where:


Preq: power required to screen (dBm/ bandwidth)


P.max_inside_aircraft: Maximum power received from the ground based network inside the aircraft (dBm/bandwidth) the value may be calculated form theoretical principles or directly measured.


ASP technology: additional screening power (dB)


SM: Safety margin (dB)


CCL: cabin coupling loss (dB)

note it is assumed here that the safety margin is equivalent to the fading margin 

<4.3.3 Derivation of the minimum power level of the OBTS at the antenna input

Comment: need to be rewritten/replace/ remove.
The C/(I+N) should be in line with the GSM specifications [9] for the offered on board services.

Where:


C: OBTS received signal in the cabin


I+N: power sum of NCU signals, power from ground networks and other noise sources>
4.3.4 
Derivation of the effective power level due to the MS onboard aircraft

The effective power level outside the aircraft due to the onboard MS will depend on the effective aircraft attenuation at the window.

Translation equation for equivalent power outside the aircraft:
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Where:
e.i.r.p.out : e.i.r.p. defined outside the aircraft (dBm/200 kHz)

e.i.r.p. mob : onboard mobile e.i.r.p.  ( 0 dBm/ 200 kHz)

AAircraftWindow1800MHz : aircraft attenuation (dB)at the window at the frequency band 1800 MHz .

4.3.5 

Derivation of the permitted maximum power level of the GSMOBA system at the antenna input 

The maximum permitted power level will depend on the effective attenuation to the GSMOBA system by the aircraft.  

Translation equation for GSMOBA system power equates to 
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Where:


e.i.r.p.outside: e.i.r.p. defined outside the aircraft (dBm/bandwidth) and values contained in clause 4.1


Pin: GSMOBA system power level at the antenna output port (dBm/bandwidth)


AttaircraftcabinfMHz antenna: effective attenuation (dB) to GSMOBA system due to the aircraft and the dedicated antenna function of the frequency . The measurement of this parameter is defined in section 4.4.x.y
4.3.6 

Input parameters required for determining minimum and maximum power limits

Three parameters sets are identified:  

· Coverage inside the aircraft including coupling loss and fading margin; 

· Effective attenuation of the aircraft at the window; 

· Effective attenuation of the combination of the leaky cable and aircraft. 

Each parameter set must be determined for all operating frequency bands and cellular technologies used.
<4.4 
Description of test methodology to derive key parameters

4.4.1
Aircraft attenuation at window
4.4.1.1
Definition


<tbd>
4.4.1.2

Test purpose

To define the attenuation at the worst case window seat location for each frequency band covered by the GSMOBA system.
4.4.1.3

Test procedure

<tbd>
4.4.2

Cabin coupling loss

4.4.2.1
Definition


<tbd>
4.4.2.2

Test purpose

To define the cabin coupling loss at a given distance from the leaky cable for each frequency band covered by the GSMOBA system.

4.4.2.3

Test procedure

<tbd>
4.4.3

Margins 
4.4.3.1
Definition

<tbd>
4.4.3.2
Test purpose

To measure for some given positions within the aircraft cabin the signal strength coming from the signal generator place at the back of the aircraft and to define the margin.
4.4.3.3

Test procedure

<tbd>
4.4.4

Attenuation due to the leaky cable and aircraft attenuation

4.4.4.1
Definition


<tbd>
4.4.4.2

Test purpose

To define the attenuation due to the aircraft and the leaky cable behaviour for the frequency bands covered by the GSMOBA system.
4.4.4.3 Test procedure

<tbd>
>
4.5 GSMOBA system compliance description 
4.5.1 General description of test set up 

Location of the aircraft:

The aircraft must be located in a clear outdoors environment in order to keep the probability of possible corruption of measurement results due to signal reflections at obstacles outside the aircraft as low as possible.

Measurement locations inside the aircraft:

In principle it is not possible to specify generally accepted measurement locations within the aircraft because of the large variability in the aircraft cabin layout of different aircrafts. Therefore, the following rules shall provide guidance for specifying measurement locations for radio coverage testing. Coverage shall be tested at least in the forward, mid and aft fuselage section of the aircraft cabin to capture the longitudinal loss of the leaky line antenna. Measurement locations should be chosen at the windows, on the aisle(s) and along the longitudinal axis of the aircraft.

Depending on the declared coverage area, measurement location should include: 

· Location in cabin areas where passengers may linger, e.g. areas in front of galleys or cabin doors and in toilets.

· Location in crew rest areas.

Note:
The GSMOBA system is designed with the aim of providing GSM 1800 signal coverage within the aircraft cabin only. Coverage of the cockpit is not foreseen and hence is not subject of this test.

Figure 1 gives an example for the measurement locations in a narrow body aircraft.
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Figure 1: Example of principle aircraft layout for narrow body aircraft type in standard cabin configuration with example measurement locations.

Prerequisites

· GSMOBA system serial installation

· Leaky cable antenna installed as in its final routing

· Standard monuments installed (e.g. galley, lavatories, overhead bins)

· Cabin doors locked

4.5.2 NCU radio coverage within aircraft cabin

4.5.2.1
Definition

Adequate RF coverage from the NCU in the sense of this test case is given, when the NCU signal is distributed within the aircraft cabin such that it fulfils its purpose at any location within the declared coverage area of the system. i.e., the NCU signal deters all MSs within the aircraft cabin to camp on cells of ground based networks.

4.5.2.2
Purpose

This test is to verify that the NCU output signal has an adequate power level at any location within the aircraft cabin in all supported frequency bands. 

4.5.2.3
Test procedure

Equipment required:

· measurement receiver

· reference antenna

Note: It might be necessary to use different antennas for different frequency bands.

Test Sequence:

Step 1:

Select one of the frequency bands supported by the NCU.

Step 2:
Activate transmission of the NCU in the selected band.

Step 3:
Set the power level for the selected NCU band to the value, which would be used during flight at 3000 meter above ground.

Step 4:
Set the resolution bandwidth of the measurement receiver to 100 kHz for frequency bands below 1 GHz, otherwise set the resolution bandwidth to 1 MHz; set the video bandwidth to approximately three times the value of the resolution bandwidth.

Step 5:
Set the centre frequency of the measurement receiver to the centre frequency of the selected NCU band; set the frequency span of the measurement receiver equal to the bandwidth of the selected NCU band.

Step 6:
Activate the root-mean-square detector of the measurement receiver.

Step 7:
Measure the received noise power spectrum within the selected NCU band at all locations inside the aircraft cabin as specified in clause 4.3.1.3 by using the reference antenna. Align the reference antenna by tilting and slight variation of the exact measurement location in the order of (c/2, such that the received signal power is minimum. (c is the wavelength corresponding to the centre frequency of the selected NCU band. Choose the measurement duration such, that the result is a stable average power value.

Step 8:
Repeat step 1 through 7 for all other supported NCU frequency bands.

Step 9:
Verify that the received noise power level adjusted by the gain of the used reference antenna does not fall below the limit as specified in clause Error! Reference source not found. for all supported frequency bands and locations inside the aircraft cabin. 
4.5.3
OBTS radio coverage within aircraft cabin

4.5.3.1
Definition

Adequate RF coverage of the OBTS in the sense of this test case is given, when the OBTS signal is distributed within the aircraft cabin such that it fulfil its purpose at any location within the declared coverage area of the system. i.e., the OBTS signal can be detected and decoded successfully by GSM 1800 compliant MSs within the declared coverage area of the system.

4.5.3.2
Purpose

To verify that the OBTS in combination with the NCU provides a Carrier-to-Noise power Ratio (CNR), which is equal to or above the minimum required CNR within the declared coverage area of the system. 

4.5.3.3
Test procedure

Equipment required:

· measurement receiver 

· reference antenna

Test Sequence:

Step 1:
Place the measurement antenna at the first measurement location according to the guidelines given in clause 4.3.2.3.

Step 2:
Activate OBTS transmission on BCCH carrier.

Step 3: 
Set the power level of the OBTS to the value, which would be used during flight at an altitude over ground of 3000 m or above.

Step 4: 
Set the centre frequency of the measurement receiver to the operating frequency of the OBTS (carrier frequency used for the BCCH); set the resolution bandwidth of the measurement receiver to 30 kHz; set the video bandwidth to 1 MHz or greater; set the frequency span to 200 kHz; activate the "rms" detector.

Step 5: 
Measure the received power level of the BCCH (Psignal) and a lign the measurement antenna by changing its polarisation and slightly varying its location against the defined measurement location in the order of (c/2, such that the power  level of the received signal is minimum.

Note:  (c is the wavelength corresponding to the carrier frequency used for the BCCH. 

Note: The power measurement shall be carried out according to clause 4.3.2 of ETSI TS 151 021.

Step 6:
Deactivate OBTS transmission.
Step 7:
Activate NCU transmission in the 1800 MHz frequency band.

Step 8:
Set the power level of the NCU to the value, which would be used during flight at 3000 meters height above ground.

Step 9:
Set the centre frequency of the measurement receiver to the frequency being used in Step 4; set the resolution bandwidth of the measurement receiver to 30 kHz; set the video bandwidth to 1 MHz; set the frequency span to 200 kHz; activate the "rms" detector (same settings as used in Step 4).

Step 10:
Measure the noise power (Pnoise) at the same location and with the same antenna orientation as used during BTS signal power measurement in Step 5.

Step 11:
Calculate the resulting CNR in dB by applying the following equation: 
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Step 12: 
Verify that CNR calculated in Step 11 is above the minimum required value of 12 dB.

Step 13:
Deactivate NCU transmission.
Step 14:
While the last measurement location has not been reached, place the measurement antenna at the next measurement location within the aircraft cabin as defined according to the guidelines given in clause 4.3.2.3 and repeat steps 2 to 14.

5
Requirements for Installation and behaviour of GSM onboard aircraft system 

This section provides the information for GSM OBA system equipment manufacturers and installers to design the equipment and the installation in the aircraft in such a way, that the essential requirement as stated in EN 302 480, clause 4 are fulfilled.

The following requirements shall be fulfilled:

-
The equipment shall operate only when the aircraft is in the cruising phase when the aircraft is above the authorised height (at least 3 000 metres above ground);
-
The equipment shall not be transmitting when the aircraft is in the landing and taking-off phase of flight or when the country Regulation does not allow such use;
-
The equipment shall be able to pass from a transmitting state to a non-transmitting state and vice versa automatically according to the two previous requirements defined;
-
The equipment shall ensure that the mobile terminal transmits at its nominal minimum power level (0 dBm);
-
The transmitting antenna system to be installed with this equipment shall be based on a leaky cable solution;
-
The equipment shall be designed to ensure that user terminals on board an aircraft are unable to attempt to communicate with ground based networks, whilst providing onboard connectivity;
-
The NCU shall use broadband noise to raise the noise floor within the aircraft cabin;
-
Connectivity is provided for GSM technology in the 1800 MHz band;
-
<The transmitted GSM RF carrier power of the BTS shall be at least 12 dB higher than the NCU output power in the bandwidth of the selected ARFCN;>

<- 
The transmitted power of the NCU shall be monitored in order to ensure that it remains operational whilst the use of mobile equipment is permitted;>
<- 
The transmitted power of the NCU shall be monitored in order to show that it is not transmitting when below the authorised height above ground.>

<tbc>

Annex 1 (informative):
Bibliography

<tbd>
 Annex A (informative):
System Description

A.1
High level System Description 


The GSMOBA system comprises of an onboard BTS (OBTS) and an Network Control Unit (NCU). These are connected to a dedicated antenna system. The whole system is then connected to the ground network via a satellite link. The Figure A.1 represents the high level system decription.


[image: image7.wmf] 

 

 

GGW 

 

2

 

 

 

3

 

 

 

4.

 

 

 

P

ublic

 Land

 

 

 

Network

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.

 

 

 

Passenger handset

 

 

 

2.

 

 

 

Airborne system 

 

 

 

(including GSM 

 

 

 

Picocell

 

 

 

and  

 

 

 

NCU)

 

 

 

3.

 

 

 

Air

 

 

 

-

 

 

 

to

 

 

 

-

 

 

 

ground link

 

 

 

4.

 

 

 

Ground station

 

 

 

 

 

 

1

 

 

 

MSC

/SGSN

 

 


Figure A.1: Overview of the GSMOBA system and associated terrestrial components

The scope of this specification covers the onboard elements; OBTS, NCU and the transmission antenna only.

Figure A.2 represents the functional organization of the GSM OBA system, which is limited by the dotted box. This system may comprise one or more NCUs, one or more BTS functions and antenna coupling units (ACU).
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Figure A.2: System description

A.2
OBTS

The OBTS establishes the communication access to the MS in the aircraft and supports all necessary system features such as radio access and radio resource management.

The OBTS has the following characteristics:

-
Support of GSM services; 

-
Operates in the 1 800 MHz spectrum band;

-
Operates at a sufficient margin (at least 9dB) over the NCU level;

-
Ensures that anMScommunicating with the OBTS transmits at the nominal minimum power level (0 dBm).

A.3
RF Screening

Onboard aircraft mobile terminals must be prevented from attempting to access networks on the ground. This could be done:

-
By passive means e.g. through RF shielding of the aircraft fuselage to further attenuate the signal entering and leaving the fuselage;

-
By the inclusion of a Network Control Unit (NCU), which raises the noise floor inside the cabin in mobile receive bands by transmitting a broadband signal within those operating frequency bands.

These methods can be combined to minimize the active NCU power level.

The RF Screening will  cover the appropriate frequency ranges, the frequency bands of which are as listed in table A.1.

Table A.1: Frequency bands

	Frequency bands

	460 MHz to 470 MHz

	921 MHz to 960 MHz

	1 805 MHz to 1 880 MHz

	2 110 MHz to 2 170 MHz


NOTE:
Any NCU will only be operational above the minimum height above the ground at which the system is permitted to be operated.

A.4
Dedicated antenna system

Transmission of the signals are distributed in the cabin by a leaky cable antenna system. This leaky cable is specially designed for use onboard aircraft. The leaky cable RF characteristics can be defined by the following parameters:

-
Method of transmission;

-
Insertion loss;

-
Coupling loss.

A.5
Dedicated antenna installation

Transmission of the signals distributed in the cabin may be affected by the type of installation used. The characteristics for the dedicated installation type  are defined by the following parameters:

-
Number of leaky cables in use;

-
Length of cable(s);

-
Required radial coverage;

-
Placement of the installation;

-
Additional characteristics of installation.
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