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Intellectual Property Rights

Essential patents

IPRs essential or potentialy essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI membersand non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not congtitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Mobile Standards Group (M SG).

Modal verbs terminology

In the present document "shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

Introduction

The present document defines operational requirements and the methodology for showing conformance to the
operational requirements for a Mobile Communication Onboard Aircraft system (MCOBA) whose essential
requirements are defined in the ETSI EN 302 480 [i.4] to demonstrate conformity to Article 3.2 of the Radio Equipment
Directive [i.1].

The present document provides a methodology in order to derive power values at the antenna output port of the system
which can be used to demonstrate conformance to any E.I.R.P. limits defined outside the aircraft. Given the dependence
of the E.I.R.P. levels outside the aircraft on the specific system implementation, the present document also identifies
testing procedures to determine the val ue of the key relevant RF parameters of the aircraft.
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1 Scope

The present document specifies operational regquirements and the methodology for showing conformance to the
operational requirements for a Mobile Communication Onboard Aircraft system, which allows communication in the
GSM and LTE (FDD) 1 800 MHz frequency band and the UMTS 2 100 MHz frequency band to ensure, that mobile
terminals will not connect to ground based mobile networks.

The present document further specifies measurement methodol ogies allowing the definition of the key RF parameters of
the aircraft, which are:

. the aircraft attenuation as observed at the windows;
e theaircraft attenuation in combination of the antenna system as observed at the antenna system feeding point;
. the effective cabin coupling loss within the aircraft cabin.

The present document also provides a way to trandate the power level generated by the M obile Communication
Onboard Aircraft system at the antenna system output port to an E.I.R.P. defined outside the aircraft.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

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

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

Not applicable.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on the
harmonisation of the laws of the Member States relating to the making available on the market of
radio equipment and repealing Directive 1999/5/EC(Radio Equipment Directive).

[i.2] Commission |mplementing Decision 2016/2317/EU of 12 November 2013 amending Decision
2008/294/EC and Implementing Decision 2013/654/EU, in order to simplify the operation of
mobile communications on board aircraft (MCA services) in the Union.

[1.3] ECC Report 93: "Compatibility between GSM equipment on board aircraft and terrestrial
networks".
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[i.4] ETSI EN 302 480 (V2.2.0): "Mobile Communication On Board Aircraft (MCOBA) systems,
Harmonised Standard for access to radio spectrum®”.

[i.5] CEPT Report 63: "Report from CEPT to the European Commission in response to the Mandate
"To undertake technical studies regarding the possibility of making the usage of the network
control unit (NCU) optional onboard MCA enabled aircraft”.

3 Definitions, symbols and abbreviations

3.1 Definitions

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

aircraft type: common platform of aircraft which possess the same RF characteristics

antenna system type: specific antenna characteristics which are uniquely defined by a set of RF parameters
installation type: precise manner of installation of the dedicated antenna system

Maobile Communication On Board Aircraft system (M COBA): system comprising the functions provided by the
NCU and the OBTS

Network Control Unit (NCU): component of the Mobile Communication On Board Aircraft system preventing direct
connection of the onboard mobile terminals with mobile networks on the ground by raising the noise floor in the cabin

Onboard Base Transceiver Station (OBTS): component of the Mobile Communication On Board Aircraft system
responsible for radio transmission and reception to or from the onboard mobile terminals

3.2 Symbols

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

A wavelength
dB decibel
dBm power in decibel relativeto 1 mwW

3.3 Abbreviations

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

ACU Antenna Coupling Units

BTS Base Transceiver station

CCL Cabin Coupling Loss

CDF Cumulative Distribution Function

CDMA Code Division Multiple Access

Cw Continuous Wave

E.l.R.P. Effective | sotropic Radiated Power

ECC Electronic Communications Committee
FDD Frequency Division Duplexing

FSL Free Space Loss

GSM Global System for Mobile communications
LTE Long Term Evolution

MCOBA Mobile Communication On Board Aircraft
NCU Network Control Unit

OBTS On board aircraft Base Transceiver System
PG Processing Gain

RF Radio Frequency

RMS Root Mean Square

UE User Equipment

ETSI



7 ETSI TS 102 576 V2.2.1 (2017-10)

UMTS Universal Mobile Telecommunications System
WCDMA Wide Code Division Multiple Access
4 Operational requirements

Considerations for installation of Mobile Communication On
Board Aircraft systems

The requirements for operation of a MCOBA system in order to comply with defined limits, 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 MCOBA system.

4.1

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:

e  Variation of the output power of NCU/ OBTS outside the aircraft depending on the fusel age attenuation.

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

. Vauating 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 combination of the system type and the aircraft type, i.e. validation of antenna system "A" with
aircraft type " X" cannot be used on an aircraft type "Z" or using antenna system "B".

To show conformance with the requirements the methodology described in the following clausesis defined.
Conformance shall be shown with respect to the following three criteria:

a  Minimum power at NCU antenna connector shall be sufficient to inhibit connection to all relevant terrestrial
networks at the height above ground the system is to be operated. The methodology is described in clause 4.3.

b) Thefar field E.I.R.P. outside the aircraft from the OBTS/NCU shall be low enough to ensure non-interference
with terrestrial UES. The methodology is described in clause 4.4.

c¢) TheE.l.R.P. outside the aircraft from the UEs shall be low enough to ensure non-interference with terrestrial
base stations. The methodology is described in clause 4.5.

The criteriawill be referred toas A, B and C in the remainder of the present document. The system can only be
operated at height above ground for which compliance with all the criteria A, B and C can be shown.

The calculations shown in clauses 4.3, 4.4 and 4.5 contain a number of input parameters which shall be measured or
estimated. The test methodol ogies to derive these parameters are described in clause 5.

Table 4.1-1: Operational requirements and methodology for showing conformance

Operational requirements

Maximum permitted E.I.R.P.
from NCU/OBTS

Maximum permitted E.I.R.P.
from onboard UE

Minimum NCU power

Test methodology

Aircraft Attenuation with
onboard antenna system

Aircraft Window Attenuation

Aircraft Window Attenuation
and
Cabin Coupling Loss

ETSI




8 ETSI TS 102 576 V2.2.1 (2017-10)

Maximum E.I.R.P. of the aircraft due to the Mobile
Communication On Board Aircraft system

It is expected that spectrum regulatory limitsimposed on the MCOBA system when installed in the aircraft will be
specified as an E.I.R.P. value defined outside the aircraft. The benefits for aregulatory 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.

4.2

Such limits can be found in the Annex of ECC Commission implementing Decision 2016/2317/EU [i.2] which provides
the maximum permitted E.I.R.P. emitted by the NCU/OBTS and UE. These levels are defined outside the aircraft, and
are listed in tables 4.2-1 and 4.2-2 respectively.

Table 4.2-1: Maximum permitted E.I.R.P. outside the aircraft produced by NCU/ OBTS

Maximum E.I.R.P. produced by the NCU/OBTS outside the aircraft in dBm/channel
Height above |460to 470 MHz 791 to 925 to 1805to 2110to 2570 to
ground (see note) 821 MHz 960 MHz 1880 MHz 2170 MHz 2 690 MHz
(m) (see note) (see note) (see note)
dBm/1,25 MHz | dBm/10 MHz |dBm/3,84 MHz | dBm/200 kHz |dBm/3,84 MHz |dBm/4,75 MHz
3000 -17,0 -0,87 -6,2 -13,0 1,0 1,9
4 000 -14,5 1,63 -3,7 -10,5 35 4,4
5000 -12,6 3,57 -1,7 -8,5 54 6,3
6 000 -11,0 5,15 -0,1 -6,9 7,0 7,9
7 000 -9,6 6,49 1,2 -5,6 8,3 9,3
8 000 -8,5 7,65 23 -4,4 9,5 10,4
NOTE:  This operating band is not mandatory to be implemented in a NCU.

Table 4.2-2: Maximum permitted E.l.R.P. outside the aircraft produced by the onboard terminal

Maximum E.I.LR.P., defined | Maximum E.l.LR.P., defined | Maximum E.I.R.P., defined
. outside the aircraft, outside the aircraft, outside the aircraft,
Height above ground resulting from the GSM resulting from the LTE resulting from the UMTS
(m) mobile terminal in mobile terminal in mobile terminal in
dBm/200 kHz dBm/5 MHz dBm/3,84 MHz
GSM 1 800 MHz LTE 1 800 MHz UMTS 2 100 MHz
3000 -3,3 1,7 3,1
4 000 -1,1 3,9 5,6
5 000 0,5 5 7
6 000 1,8 5 7
7 000 2,9 5 7
8 000 3,8 5 7

4.3

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

Derivation of the minimum power level of the NCU at the
antenna input (Criterion A)

1) Maximum power level of mobile network from the ground received inside the aircraft cabin Prax-inside aircraft 1S

defined as follows:

Where:

=

max_inside_aircraft = Pmax_outside_aircraft - AajrcrafWIndOWfMHz

L] Prax-outside_sircraft D€ING the theoretical highest signal strength power values outside the aircraft (and
defined in table 4.2-1.

" Auireraft windowt MHz DEINg the effective attenuation to the ground based signals due to the aircraft at the
window. The measurement of this parameter is defined in clause 5.4.

ETSI
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Table 4.3-1: Theoretical maximum power received outside aircraft
from mobile networks on the ground

Received power per system bandwidth (dBm/bandwidth)

Technology LTE LTE GSM UMTS GSM UMTS

Band 450 MHz | 800 MHz 900 MHz 1 800 MHz 2 100 MHz

Height (m)

3000 -61,4 -66,1 -67,5 -80,5 -75,4 -89,8

5 000 -65,9 -70,6 -71,9 -84,9 -79,9 -94,2

8 000 -70,0 -74,7 -76,0 -89,0 -84,0 -98,3

10 000 -72,0 -76,5 -78,0 -91,0 -85,9 -100,3
NOTE: The values have been derived from tables contained in annex 3 from the CEPT

Report 63 [i.5].

2)  The consideration of additional screening power (A SPwechnology) Which is the combination of the screening
margin necessary for controlling additional processing gain (PG) inherent to some cellular technologies and
the C/I or Eb/NO (signal to noise ratio or energy per hit to power spectral density ratio) value according to the
cellular technology in to provide effective screening of the pilot broadcast signals:

For GSM:
ASDtechnolog y = _(IEJ
For WCDMA/CDMA2000:
ASF%echnolog y = PG- E_g

Note that the pilot channel for CDMA systems is a fraction of the total channel power.

Table 4.3-2: Processing gain, C/l and Eb/NO

Mobile Processing Delta between Pilot Channel C/l or Eb/NO
Technology gain (dB) and total power (dB)
(see note) (see note)
GSM N/A N/A 4
WCDMA 21 -10 4,3
CDMA 2000 20 -8 2,3
NOTE: Parameters taken from the ECC Compatibility Report 93 [i.3].

3) Therequired 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 the Cabin coupling loss (CCL) is defined in clause 5.1.

Trandation equation for minimum power required equates to:

Preq = Pmax_insjde_aircraft + Aszzechnolog y + CCL

Where:
. Preq: power required to screen (dBm/ bandwidth).

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

e  ASPechnology: additional screening power (dB).

. CCL.: cabin coupling loss (dB).

ETSI
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4.4 Derivation of the permitted maximum power level of the
MCOBA system at the antenna input (Criterion B)

The maximum permitted power level will depend on the attenuation due to the aircraft fuselage in combination of the
dedicated antenna.

Translation equation for MCOBA system power equates to:

el.r.Pousae = P — Atlt

in aircraftcabinf MHz+antenna

Where:
. E.l.R.P.ousde:  E.I.R.P. defined outside the aircraft (dBm/bandwidth) and values contained in clause 4.2.

. Pin: MCOBA system power level at the dedicated antenna output port (dBm/bandwidth).

. AttaircraficaniniMHz antennar €ffective attenuation (dB) to MCOBA system due to the aircraft and the dedicated
antenna function of the frequency. The measurement of this parameter is defined in clause 5.3.

4.5 Derivation of the effective power level due to the UE
onboard aircraft (Criterion C)

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

Trandation equation for equivalent power outside the aircraft:
elr. p'out =elLr. p'mob - AaircraftV\Andow_ f _MHz

Where:
. E.l.R.P.ouxt: E.I.R.P. defined outside the aircraft (dBm/200 kHz)

. E.I.R.P.mop: 0nboard mobile E.I.R.P. (0 dBm/200 kHz)

. A pircraftwindow_f_MHz: aircraft attenuation (dB) at the window at the desired frequency band

5 Description of test methodology to derive key
parameters

5.1 Cabin coupling loss

51.1 General description of test set up
L ocation of the aircraft:

The aircraft should be located in a clear outdoor 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.

ETSI
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M easur ement locationsinside the air cr aft:

In principleit 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 betested at least in the forward, mid and aft fuselage section of the aircraft cabin to capture the
longitudinal loss of the antenna system.

. M easurement |ocations should be chosen at the windows, on the aisle(s) and along the longitudinal axis of the
aircraft.

Figure 5.1-1 gives an example for the measurement locations in a narrow body aircraft.

T SHHEREHREE
SRR SRR SR R
Figure 5.1-1: Example of principle aircraft layout for narrow body aircraft type
in standard cabin configuration with example measurement locations
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I dentification of test frequencies

The frequencies used to conduct the tests are subject to local regulatory authorization. Identification of the frequencies
to be used will depend on the national regulatory Administration in the country where the tests are to take place, and
hence, the selected frequencies may be outside the operating frequency bands of the NCU.

Prerequisites

The following prerequisites shall be fulfilled prior to the start of the measurements within the aircraft cabin:
. Antenna system installed asin itsfinal routing.
. Standard monuments installed (e.g. galley, lavatories, overhead bins).
0 Cabin doors locked.

51.2 Definition
The cabin coupling loss is defined as the loss that the transmitted signal experiences on its way from the test signal
generator's output connector to a receive location within the aircraft cabin.
5.1.3 Test purpose
Thistest is to determine the cabin coupling loss parameter (CCL) in selected locations within the aircraft cabin. The
CCL is needed to determine the required NCU output power level.
5.1.4 Test procedure
Equipment required:
J measurement receiver
. reference antenna(s)

NOTE 1. Given the multipath propagation environment within the aircraft cabin, it is recommended to use antennas
with omni-directional characteristics at least in one of the polarization planes (e.g. dipole antennas) in
order to adequately capture signal-fading statistics.

. RF signal generator or NCU

ETSI
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NOTE 2: It might be necessary to use different reference antennas for different frequencies or frequency bands.
Test Sequence:

Option A: The regulatory authorization is given for aCW signal.

Sep 1 Connect the RF signal generator's output port to the aircraft antenna system connector.

Sep 2 Connect the receive antenna to the measurement receiver.

Sep 3: Set the resolution bandwidth of the measurement receiver to 10 kHz; set the video bandwidth to
approximately ten times the value of the resolution bandwidth.

Sep 4 Activate the "RMS" detector of the measurement receiver.

Sep 5: Select an authorized frequency.

Sep 6: Set the centre frequency of the measurement receiver to the selected frequency. Set the frequency

span of the measurement receiver such that the entire spectrum of the test signal is taken into
account for power measurement.

Sep 7: Set the RF signal generator accordingly.

Sep 8: Activate transmission of the RF signal generator for the selected frequency at the authorized power
level.

Sep 9: Measure the received power at all locations inside the aircraft cabin as specified in clause 5.1.1 by

using the reference antenna. While measuring, randomly vary the measurement location in the
order of A2, where A is the wavelength of the selected frequency. Further, while measuring
randomly vary the polarization of the receive antenna by changing the antenna orientation relative
to the leaky cable orientation.

Sep 10: Calculate the overall average value of the received power per location defined as:

N
Precrean = 2, Prec 1)/ N
i=1

Where:
- Prec(i) being the power received for the measurement i.

- N being the number of measurement.

Sep 11: Calculate the standard deviation which is the spread of the data defined as:
N . 5
. J O, (P~ P
N-1
Sep 12: Determine the 95" percentile (CDF) receive power value per location:
Pecosss = Precimean —1,645™ SD

and Calculate the 95" percentile cabin coupling loss for each of the specified locations within the
aircraft cabin according to the following equation:

CCles = Pyt~ P

receive_95

+G

ransmit eff_reference_antenra
Where:
- Pransmit: total RF signal generator output power at frequency of interest.

- Preceive 95: total receive power at frequency of interest.

ETSI
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- Gest_reference antenna: €ffective gain of reference antenna.

Determine the location with maximum 95" percentile cabin coupling loss and declare it as worst-
case cabin coupling loss for that particular frequency.

Sep 13: Repeat step 5 through 12 for al other frequencies.

Option B: The regulatory authorization is given within the frequency bands operated by the NCU.

Sep 1 Connect the NCU output port to the aircraft antenna system connector.

Sep 2: Connect the receive antenna to the measurement receiver.

Sep 3: Set the resolution bandwidth of the measurement receiver to 100 kHz; set the video bandwidth to
approximately ten times the value of the resolution bandwidth.

Sep 4 Activatethe "RMS" detector of the measurement receiver.

Sep 5: Select an authorized frequency band.

Sep 6: Set the centre frequency of the measurement receiver to the selected frequency. Set the frequency

span of the measurement receiver such that the entire spectrum of the test signal is taken into
account for power measurement.

Sep 7: Set the NCU accordingly.
Sep 8: Activate transmission of the NCU for the selected frequency at the authorized power level.
Sep 9: Follow the same process as defined in step 9 to step 12 in option A.
Sep 10: Repeat step 5 through 9 for all other frequency bands.
5.2 Consideration for RF attenuation measurement on aircraft

High level measurement description

M easurements are made within the aircraft cabin while the external signal, outside the aircraft, is placed on a platform
which is moved around the aircraft in a circle as shown in figure 5.2-1.

NOTE 1. Alternatively the receiver can be placed outside the aircraft while the transmitter isinside the aircraft.

NOTE 2: If the antenna system installation within the aircraft is fully symmetrical then measurements using a semi-
circle around the aircraft will be sufficient.

L ocation of the aircraft:

The aircraft should be located in a clear outdoor 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.

Frequency authorization:

Due to the radiated measurement, an authorization has to be requested through the national regulatory administration of
the country in which measurements are carried out. Moreover as the use of NCU frequency bands may be impossible,
frequencies to be used for the tests should be close to those used by the MCOBA system.

Separation distance between the air craft and the transmitter (radius of circle)

The choice of the separation distance between external transmitter and the centre of the aircraft is based on four
constraints:

. that the 3 dB antenna beam width covers the entire aircraft cabin;

. that the separation distance from the transmitter to the centre of the aircraft is bigger than the wingspan and
half of the overall aircraft length;
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that the Fresnel Zone at half distance between the transmitter and the receiver is not obstructed in order not to
have additional absorption/ reflection on the ground. The following equation defining the radius of the Fresnel

zone applies:
R=17,32, /L
4* F

F: isthe frequency in MHz

Where:

D: isthe distance between the transmitter and the receiver in meter

R: isthe radius of the Fresnel zone at half distance in meter

Figure 5.2-1: Test location

The external antenna height is set to the same height as the aircraft windows. It is highlighted that by using the
transmitter outside the aircraft with receiver located at the window and at the antenna system port then the procedures
defined in clauses 5.3 and 5.4 can be combined.

Aircraft attenuation in combination with the aircraft antenna
system

Test purpose

To define the attenuation of aircraft in combination with the aircraft antenna system for each operating frequency band
covered by the NCU.

Methods of measurement

Equipment requirement

RF signal generator
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. Power amplifier

NOTE 1: A power amplifier might not be necessary in case the signal generator delivers enough signal power to

ensure, that the receive signal fallsinto the dynamic range of the measurement receiver.

° M easurement receiver

o Reference antennas for transmission of the test signal

e Antennasysteminstalled asin itsfinal routing

NOTE 2: It may be necessary to use different signal generators, power amplifiers and antennas for the different

Test procedure:

Sep 1.

Sep 2:
Sep 3:
Sep 4.

Sep 5:
Sep 6:
Sep 7.

authorized frequency.

Set the transmit antenna and its mast, which is adjustable in height, on the platform outside the
aircraft. Set the height of the transmit antenna mast according to the type of aircraft under
investigation (i.e. mast at the same height than the aircraft windows).

Connect the transmit antenna to the RF signal generator through a power amplifier.
Within the aircraft cabin, connect the aircraft antenna system to the measurement receiver.

Set the resolution bandwidth of the measurement receiver to 10 kHz;
set the video bandwidth to approximately ten times the val ue of the resolution bandwidth.

Activate the "RMS" detector, deactivate the average mode.
Select one of the authorized frequency and set the RF signal generator accordingly.

Activate transmission of the RF signal generator for the selected frequency at the authorized power
level.

NOTE 3: Thetransmit signal power should be high enough to be able to be measured by the receiver equipment.

Sep 8:

Sep 9:

Step 10:

5.3.3

Sep 1

Depending on the authorization constraints, a pre-amplifier may be required to ensure that the signal is
within the receiver's dynamic range.

Set the centre frequency of the measurement receiver to the selected frequency. Set the frequency
span of the measurement receiver such that the entire spectrum of the test signal istaken into
account for power measurement (e.g. 100 kHz).

M easure the receive power continuously and record the val ues while the transmit antenna on the
movable platform is continuously moved slowly around the aircraft on the defined path.

Repeat step 6 to 9 for the other authorized frequency bands.

Calculation of combined effective aircraft attenuation and antenna
system

In order to try to remove the effect of fading and to retain a sharp step, apply a moving average
factor which is defined as foll owed:

. 1% a .
Pr eC(I) = ﬁ Z Pr eCajrcraft7Ieaky7cable[I - J]
J=0
M: number of point considered in the average.
Pircraft_leaky _cable: received Powerat point i.

Prec(i): output value of the received Power (in Wetts).
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Calculate the overall average value of the received Power defined as:
N
Prec, ., = > Prec(i)/N
i=1

Where:
- Prec(i) being the received Power at point i (in Watts).
- N being the number of point.

Calculate the standard deviation which is the spread of the data defined as:

o J(Zi“ﬂ(Prec(i)—Precm)Z
N-1

Calculate the 95" percentile received Power value of the CDF defined as:
Precy,, = Prec,,., +1,645* SD (in Watts)
For a selected frequency, calculate the 5 % aircraft attenuation by using the following formula:
Attaircraft_led(y_cable(S%) = P, + Gyangnminer — FSL—Pr €Cos06,08 (dB)
with:
- P:n being the power transmitted (dBm);

- Gruransmitter DEING the transmitter antenna gain (dBi);
- FSL being the free space loss and defined as follows:
FS =-27,4+20log( f,,,) +20log(d,,) (dB)
- dm being the transmit-receive antenna separation in m; and
- fmrz being the frequency of thetest signal in MHz.
- Precgsy,as being the 951 percentile received Power value in dBm.

Repeat Step 1-5 for the other frequencies.

Attenuation of aircraft at window

Test purpose

To define the attenuation of the aircraft at the window for each frequency band covered by the NCU.

5.4.2

Methods of measurement

Equipment requirement

. RF signal generator

. Power amplifier

° M easurement receiver

. Reference antennas for transmission and reception of the test signal
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NOTE 1: It might be necessary to use different signal generators, power amplifiers and antennas for different

Test procedure:

Sep 1.

Sep 2:
Sep 3:
Sep 4.

Sep 5:
Sep 6:

Sep 7:
Sep 8:
Sep 9:

frequency bands.

Set the transmit antenna and its mast on a platform, which is adjustable in height, outside the
aircraft.

Set the height of the transmit antenna mast at the same height than the aircraft windows.
Connect the RF signal generator to the transmit antenna through the power amplifier.

Within the aircraft cabin, place the receive antenna close to an aircraft window, which is not
shadowed by any part of the aircraft, i.e. awindow having direct line-of-sight towards the transmit
antenna outside the aircraft.

Connect the receive antenna to the measurement receiver.

Set the resolution bandwidth of the measurement receiver to 10 kHz;
Set the video bandwidth to approximately ten times the value of the resolution bandwidth;
Check the average mode is deactivated.

Activate the "RMS" detector, deactivate the average mode.
Select an authorized frequency and set the RF signal generator accordingly.

Activate transmission of the RF signal generator for the selected frequency at the authorized power
level.

NOTE 2: Thetransmit signal power should be high enough to be able to be measured by the receiver equipment.

Sep 10:

Step 11:

Step 12:

Depending on the authorization constraints, a pre-amplifier may be required to ensure that the signal is
within the receiver's dynamic range.

Set the centre frequency of the measurement receiver to the selected frequency. Set the frequency
span of the measurement receiver such that the entire spectrum of the test signal istaken into
account for power measurement (e.g. 100 kHz).

Measure the receive power continuously and record the values while the transmit antenna on the
movable platform is continuously moved around the aircraft on the defined (semi) circle.

Repeat step 7 to 11 for all the other test frequencies.
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543 Calculation of aircraft attenuation at the window

Figure 5.4.3-1: Calculation of separation distance

D1= \/(z+ Dcosa)? +(Dsing)?

Where:
- D istheradius of the circle (m).

- Z isthe separation distance between the antenna located inside the cabin and the aircraft -
centre (m).

- a isthe angle defined by the position of the transmitter on the circle according to the
reference (e.g. aircraft nose is the reference and the transmitter runs clockwise).

NOTE 1: Since the selected windows have different locations the distance between the transmitter and receiver
would be different for different windows. For avoiding different distances used inside one measurement
point the separation distance D1 should be kept constant by moving the outside antenna closer to the
aircraft.

Sep 1: In order to try to remove the effect of fading and to retain a sharp step, apply a moving average
factor which is defined as follows:

. 1% a .
Pr eC(I) = V Z Pr eCaircraft_Window [I - J]
J=0
- M: number of point considered in the average.
- PreCaircrart window: received Power obtained at point i.
- Prec(i): output value of the received Power (in Watts).
Sep 2: Calculate the overall average value of the received Power defined as:
N
Prec, ., = > Prec(i)/N

i=1

Where:

- Prec(i) being the received Power at point i (in Watts).
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- N being the number of point.

Sep 3: Calculate the standard deviation, which is the spread of the data defined as:

. J(Zi“ﬂ(Prec(i)—Precm)Z
N-1

Sep 4: Calculate the 95" percentile received Power val ue of the CDF defined as:
Precy,, = Prec, ., +1645* SD (in Watts)
Sep 5: For a selected frequency, calculate the 5 % aircraft attenuation by using the following formula:

At teaky_cablersy) = P+ Crransmmier — FSL — P €Cogy 45 (dB)

With:
- Pin being the power transmitted (dBm);
- Gruransmitter DEING the transmitter antenna gain (dBi);
- FSL being the free space loss and defined as follows:
FS =-27,4+20log( f,,,) +20log(d,,) (dB)
- dm being the transmit-receive antenna separation in m; and
- fwnz being the frequency of the test signal in MHz.
- Precosw,gs being the 951 percentile received Power valuein dBm.

Sep 6: Repeat Step 1-5 for the other frequencies.
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Annex A (informative):
System Description

A.1  High level System Description

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

1. Passenger handset

2. Airborne system
(MCOBA system)

w

Air -to -ground link
4, Ground station

GGW S e .
MSC/SGSN | Public Land :

i Network @

............................

Figure A.1-1: Overview of the MCOBA system and associated terrestrial components
This description covers the onboard elements; OBTS, NCU and the antenna system.

Figure A.1-2 represents the functional organization of the MCOBA system. The dotted box identifies the equipment
specified in ETSI EN 302 480 [i.4]. This system may comprise one or more NCUs, one or more BT S functions, antenna
coupling units (ACU) and an antenna system.

1

! 1

i NCU Function | 1 i

! 1

System ' T~ 3
management | ACU !
function | (Antenna  ——e——
! coupler) I
\ One or more ! antenna system

| OBTS function ) !

! 1

: :

! 1

NCU reference point
OBTS reference point
3 System reference point (NCU + OBTYS)

N -

Figure A.1-2: System description
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A.2 OBTS

The OBTS establishes the communication access to the UE 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, UMTS and L TE services,

. GSM and LTE services operatesin the 1 800 MHz spectrum band, UMTS services operatesin the 2 100 MHz
band;

. operates at a sufficient margin over the NCU level;

e  ensuresthat an UE communicating with the OBTS transmits at the nominal minimum power level.

A.3  RF Screening

Onboard aircraft mobile terminals should 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 theinclusion 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 covers the appropriate frequency ranges asidentified in ETSI EN 302 480 [i.4].

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  Antenna system

Transmission of the signalsis distributed in the cabin by an antenna system. This antenna system is specially designed
for use onboard aircraft. The antenna system RF characteristics are defined by the following parameters:

. Number and type of transmit antennasin use.
. Method of transmission.
. Insertion loss.

e  Coupling loss.

A.5 Antenna system 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:

° Placement of the installation.

. Additional characteristics of installation.
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Annex B (informative):
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