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Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Electromagnetic compatibility and Radio spectrum Matter (ERM) and Mobile Standard Group (MSG).

<tbd if needed>
Introduction
<TBD>
1
Scope

This document specifies the technical and operational requirements for GSM onboard aircraft system, which allows communication in the GSM 1800 frequency band and which ensure the terminals will not be connected to the terrestrial networks. 

This document provides the technical requirements and methods of measurement that are specific to GSM onboard aircraft systems. It gives the relevant RF requirements and test conditions that are not specified in either existing Harmonised Standard or any existing Technical Standard. 

Conformance requirements are those which are required:

a)
to ensure compatibility with existing systems in the same or adjacent frequency bands;

b)
to verify the important aspects of the transmission quality of the system.

Conformance requirements are sufficient to verify the performance of the equipment for radio type approval purposes, in countries where this is applicable. 

In the Technical Specification, the reference point for RF connections is the antenna connector.
This document also provides operational requirements for the installation of these specific systems, so that they do not cause interference to terrestrial 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 [draft] ECC Decision ECC\DEC(06)FF. This operational requirement will give guidance to derive the e.i.r.p. limit defined outside the aircraft to the maximum output power emitted by the GSM system onboard aircraft 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]
ETSI  TR 121 905: "Digital cellular telecommunications system (Phase 2+); Universal Mobile Telecommunications System (UMTS); Vocabulary for 3GPP Specifications ".
 [2]
ECC REPORT 93 “Report on the compatibility between GSM equipment on board aircraft and terrestrial networks.”

[3]
ECC/DEC/(06)FF:  “ECC Decision of DD MMM 2006 on the harmonised use of airborne GSM systems in the frequency bands 1710 -1785 and 1805 – 1880 MHz”. 

[4]
ETSI TR 100 027: " ElectroMagnetic Compatibility and Radio Spectrum Matters (ERM);; methods of measurement for mobile radio equipment".

[5]
ETSI TR 100 028: " Electromagnetic compatibility and Radio spectrum Matters (ERM);; Uncertainties in the measurement of mobile radio equipment characteristics".
[6]
CEPT/ERC/REC 74-01: “Unwanted emissions in the spurious domain” or ITU-R Rec. SM.329-7: "Spurious emissions"
[7]
ETSI TR 102 273: “Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvements on radiated methods and measurement (using tst site) and evaluation of the corresponding measurement uncertainties”

[8]
ETSI EN 300 019‑1: "Equipment Engineering (EE); Environmental conditions and environmental tests for telecommunications equipment Part 1‑0: Classification of environmental conditions Introduction".

[9]
IEC 60068-2: "Basic environmental testing procedures; Part 2: Tests".
3
Definitions, symbols and abbreviations

3.1
Definitions

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

onboard BSS:  the system installed onboard an aircraft and comprised of an NCU function and  one or several BTS functions
Onboard BTS; function of the onboard BSS which provides connectivity to GSM 1800
NCU; function of the onboard BSS which increases ambient noise levels so onboard mobile terminals can not synchronise to terrestrial networks.
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 
NOTE:
This may contain additional information.

3.2
Symbols

dB
decibel

dBm
power in decibel relative to 1 mW

(
wavelength
3.3
Abbreviations

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

ACU
Antenna Coupler Unit
BSSTE
BSS Test Equipment: see Annex B of of ETSI TS 151 021 [5]
CEPT



European Conference of Postal and Telecommunications Administrations 
ECC
Electronic Communications Committee

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

ERC
European Radio communication Committee

EUT
Equipment Under Test

NCU
Network Control Unit

R&TTE
Radio and Telecommunications Terminal Equipment

4 System Description

4.1 High level System Description 

The GSM system onboard aircraft comprises of an aircraft BTS 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 1 represents the high level system decription.
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Figure 1: High level architecture description of the onboard GSM system

The scope of this specification covers the onboard elements aircraft BTS, NCU and the transmission antenna only.
Figure 2 represents the functional organization of the GSM system on board aircraft, which is limited by the dotted box. This system comprise one or more of noise sources (NCU), one or more BTS functions and a coupling units (ACU).

[image: image2]
Figure 2: system description

4.2 Onboard BTS 

The aircraft BTS establishes the communication access to the terminal in the aircraft and supports all necessary system features such as radio access and radio resource management..
The aircraft GSM BTS has the following characteristics;

· support of standard GSM and GPRS services; 

· Operating in the 1800 MHz spectrum band;

· Operating at sufficient margin (at least 9dB) over the NCU level.

· Forces onboard GSM mobile terminals in communication with the GSM BTS to transmit at the minimum value.

The aircraft GSM BTS will only be operational above the authorised height above ground.. 

4.3 NCU 

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 bands
These methods can be combined to minimize the active NCU power.
The NCU will only be operational above the authorised height above ground
Where applicable the NCU will  be able to work at the appropriate frequency ranges, the bands of which are as listed in table 1

Table 1: frequency bands

	
	Frequency bands

	NCU 450 MHz Transmit
	460 MHz to 470 MHz

	NCU 900 MHz Transmit 
	921 MHz to 960 MHz

	NCU 1800 MHz Transmit 
	1805 MHz to 1880 MHz

	NCU 2000 MHz Transmit
	2110 MHz to 2170 MHz

	<NCU 2500 MHz Transmit>
	<2500 MHz to 2690 MHz>


4.4 Dedicated antenna system

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

· Insertion loss

· Length of cable, place and characteristics of installation
· Coupling loss 

4.5 Frequency bands
The frequency bands for the GSM on board aircraft system are given in table 2.

Table 2: Frequency bands for GSM onboard aircraft system
	Function
	TX:
	RX:

	DCS1800
	1 805 MHz to1 880 MHz
	1 710 MHz to 1 785 MHz

	NCU 450
	460 MHz to 470 MHz
	N/A

	NCU 900
	921 MHz to 960 MHz
	N/A

	NCU 1800
	1805 MHz to 1880 MHz
	N/A

	NCU 2000
	2110 MHz to 2170 MHz
	N/A

	<NCU 2500>
	<2500 MHz to 2690 MHz>
	<N/A>


5 Technical requirements specifications
5.1 BTS emission when disabled

5.1.1 Definition
<tbd>
5.1.2 Methods of measurement

<tbd>
5.1.3 Limits
<tbd>
5.2 MS power control
5.2.1 Initial power level of MS
5.2.1.1 Definition
<tbd>
5.2.1.2 Methods of measurement

<tbd>
5.2.1.3 Limits
<tbd>
5.2.2 Implentation of MS in power control in BS
5.2.2.1 Definition
<tbd>
5.2.2.2 Methods of measurement

<tbd>
5.2.2.3 Limits
<tbd>
5.3 NCU Mean power spectral density:

5.3.1 Definition

The mean power spectral density for a given bandwidth represents the integration of power into a given bandwidth. 

5.3.2 Methods of measurement
<tbd>
5.3.3 Limits

<tbd>
5.4 NCU power flatness

5.4.1 Definition

The power flatness is the variation of the power on the whole bandwidth. 
5.4.2 Methods of measurement
<tbd>
5.4.3 Limits

<TBD>

5.5 NCU power roll-off outside mobile bands

5.5.1 Definition

<TBD>

5.5.2 Methods of measurement
<tbd>
5.5.3 Limits

<TBD>

5.6 NCU out-of-band emissions 

5.6.1 Definition

Out-of-band emissions are defined as unwanted emissions outside the channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. 
5.6.2 Methods of measurement
<tbd>
5.6.3 Limits

<tbd>
5.7    NCU emission when disabled:

5.7.1 Definition
<tbd>
5.7.2 Methods of measurement 
<tbd>
5.7.3 Limits
<tbd>
6 Testing for compliance with technical requirements

6.1 

Environmental conditions for testing

Tests defined in the present document shall be carried out at representative points within the boundary limits of the declared operational environmental profile.

Where technical performance varies subject to environmental conditions, tests shall be carried out under a sufficient variety of environmental conditions (within the boundary limits of the declared operational environmental profile) to give confidence of compliance for the affected technical requirements. 

6.2 Test environments

For each test in the present document, the environmental conditions under which the GSM on board aircraft system is to be tested are defined:

6.2.1 Normal test environment

When a normal test environment is specified for a test, the test should be performed under any combination of conditions between the minimum and maximum limits stated in table 4.

Table 4: Limits of conditions for Normal Test Environment

	Condition
	Minimum
	Maximum

	Barometric pressure
	86 kPa
	106 kPa

	Temperature
	15(C
	30(C

	Relative Humidity
	20 %
	85 %

	Power supply
	Nominal, as declared by the manufacturer

	Vibration
	medium


The ranges of barometric pressure, temperature and humidity represent the maximum variation expected in the uncontrolled environment of a test laboratory. If it is not possible to maintain these parameters within the specified limits, the actual values shall be recorded in the test report.

NOTE:
This may, for instance, be the case for measurements of radiated emissions performed on an open field test site.

6.2.2 Extreme test environment

The manufacturer shall declare one of the following:

a)
The equipment class for the equipment under test, as defined in ETS 300 019‑1‑3 , (Equipment Engineering (EE); Environmental conditions and environmental test for telecommunications equipment, Part 1‑3: Classification of environmental conditions, Stationary use at weather protected locations);

b)
The equipment class for the equipment under test, as defined in ETS 300 019‑1‑4 , (Equipment Engineering (EE); Environmental conditions and environmental test for telecommunications equipment, Part 1‑4: Classification of environmental conditions, Stationary use at non‑weather protected locations);

c)
For equipment that does not comply to an ETS 300 019‑1 [11] class, the relevant classes from IEC 721 [13] documentation for Temperature, Humidity and Vibration shall be declared.

NOTE:
Reduced functionality for conditions that fall out side of the standard operational conditions are not tested in the present document. These may be stated and tested separately.

6.2.2.1 Extreme temperature

When an extreme temperature test environment is specified for a test, the test shall be performed at the standard minimum and maximum operating temperatures defined by the manufacturer's declaration for the equipment under test.

Minimum temperature:

-
The test shall be performed with the environmental test equipment and methods of inducing the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60068‑2‑1 [12] , Environmental Testing, Part 2: Tests ‑ Tests A: Cold. The equipment shall be maintained at the stabilized condition for the duration of the test sequence.

Maximum temperature:

-
The test shall be performed with the environmental test equipment and methods of inducing the required environmental phenomena in to the equipment, conforming to the test procedure of IEC 60068‑2‑2 [12] (Environmental Testing, Part 2: Tests ‑ Tests Bd Dry heat). The equipment shall be maintained at the stabilized condition for the duration of the test sequence.

NOTE:
It is recommended that the equipment is made fully operational prior to the equipment being taken to its lower operating temperature.

6.2.3 Vibration

When vibration conditions are specified for a test, the test shall be performed while the equipment is subjected to a vibration sequence as defined by the manufacturers declaration for the equipment under test. This shall use the environmental test equipment and methods of inducing the required environmental phenomena in to the equipment, conforming to the test procedure of IEC 60068‑2‑6 [12], Environmental Testing, Part 2: Tests ‑ Test Fc and guidance: Vibration (Sinusoidal) or IEC 60068‑2‑64 [12], Test Fh: Vibration broad-band random (digital control) and guidance. Other environmental conditions shall be within the ranges specified in subclause 4.6.1, Normal test environment.

NOTE:
The higher levels of vibration may induce undue physical stress in to equipment after a prolonged series of tests. The testing body should only vibrate the equipment during the RF measurement process.

6.2.4 Power supply

When extreme power supply conditions are specified for a test, the test shall be performed at the standard upper and lower limits of operating voltage defined by the manufacturer's declaration for the equipment under test.

Upper voltage limit

The equipment shall be supplied with a voltage equal to the upper limit declared by the manufacturer (as measured at the input terminals to the equipment). The tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, to the methods described in IEC 68‑2‑1 [12] Test Ab/Ad: Cold and IEC 60068‑2‑2 [12] Test Bb/Bd: Dry Heat.

Lower voltage limit

The equipment shall be supplied with a voltage equal to the lower limit declared by the manufacturer (as measured at the input terminals to the equipment). The tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, to the methods described in IEC 60068‑2‑1 [12] Test Ab/Ad: Cold and IEC 60068‑2‑2 [12] Test Bb/Bd: Dry Heat.

6.3 Maximum measurement uncertainties
The measurement uncertainties shall be better than or equal to those given in table 1.

Table 1: Maximum Measurement uncertainty

	Measurement uncertainties
	Maximum values

	Temperature
	+- 1 K

	Humidity
	+- 5%

	Power
	+- 1%

	BTS emission when disabled
	<tbd>

	NCU mean power spectral density
	<tbd>

	NCU power flatness
	<tbd>

	NCU power roll-off outside mobile bands
	<tbd>

	NCU Out-of-band emissions
	<tbd>

	NCU Transmitter  spurious emissions
	<tbd>

	NCU emission when disabled
	<tbd>


For the test methods according to the present document the uncertainty figures are valid to a confidence level of 95 % calculated according to the methods described in TR 100 028 

6.4 Interpretation of measurement results

The measurement value related to the corresponding limit shall be used to decide whether an equipment meets a requirement in the present document.

The measurement uncertainty for the measurement of each parameter shall be included in the test report.

The recorded value for the measurement uncertainty shall be, for each measurement, equal to or lower than the appropriate figure in subclause 6.3 of the present document.

NOTE:
This procedure is recommended in ETR 028 [9].

If the measurement apparatus for a test is known to have a measurement uncertainty greater than that specified in subclause 6.3, it is still permitted to use this apparatus provided that an adjustment is made to the measured value as follows.

The adjustment is made by subtracting the modulus of the specified measurement uncertainty in subclause 6.3 from the measurement uncertainty of the apparatus. The measured value is then increased or decreased by the result of the subtraction, whichever is most unfavourable in relation to the limit.

7 Operational requirements 
7.1 Maximum e.i.r.p. of the aircraft due to the GSM onboard aircraft system
The Annex of ECC Decision ECC\DEC(06)FF provides the maximum permitted EIRP emitted by the NCU/ aircraft-BTS, defined outside the aircraft, which shall not exceed the value listed in the table 3.

	Starting Height above ground

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

	
	Band: 450 MHz
	Band: 900 MHz
	Band: 1800 MHz
	Band: 2 GHz

	
	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


Table 3: Maximum permitted EIRP produced by NCU/aircraft outside the aircraft

7.2 Considerations for installation of GSM onboard aircraft system 

The requirements for operation of an GSM onboard aircraft system in order to comply with the limits defined in section 7.1, 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 onboard 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/aircraft-BTS inside the cabin depending on the fuselage attenuation;

· choosing for the NCU/aircraft-BTS 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;

· Evaluating 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 onboard BSS 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”.
7.3 Installation guidance

<tbd>
8  Installation requirements of GSM onboard aircraft system 
This section provides the information for GSM onboard aircraft 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 TS 3XXXX, clause YYY are fulfilled.

The following installation requirements shall be fulfilled:

a) the equipment shall operate only when the aircraft is in the cruising phase when the aircraft is above the authorisied height (at least 3 000 metres above ground).
b) 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

c) The equipment shall be able to pass from a transmitting state to a non-transmitting state and vice versa automatically according to the requirements defined in a) and b)

d) the equipment shall ensure that the mobile terminal transmits at its minimum power level (0 dBm)

e) the transmitting antenna system to be installed with this equipment shall be based on a leaky cable solution
f) The equipment shall be designed to ensure that user terminals on an aircraft are unable to attempt to communicate with terrestrial networks, whilst providing onboard connectivity

g) The NCU shall use band-limited pseudo-random noise 
h) Connecitivity is provided for GSM technology in the 1800 MHz band

i) <tbc>
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