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Proposed content regarding translating limits defined outside the aircraft 

Document objective:

Section 6 is a placeholder for any agreed text towards the analysis and proposed testing approaches on the system when installed in an aircraft. Given the development in thinking on what section 6 should reflect within the GSMOB group then the following provides the translation description used in the methodology. 

Background:

At the last GSMOB meeting it was agreed that Section 6 ... “covers 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 power limits defined outside the aircraft”.

In order to do that there are two subsections within section 6 that have to be agreed. 

· The first is the translation approach to allow limits that are measured at the antenna port can be shown to be the equivalent for limits defined outside the aircraft. It is assumed that this translation will require certain parameters, which will be specific for the design and implementation used.

· The second subsection will describe the agreed approach to obtain the parameters defined. It is still undecided what approach can be used to define such parameters e.g. numerical model approach, computer model approach or test measurement approach.

This contribution proposes content for the translation part in section 6

Discussion 

The ECC Report 093 included various approaches to determine the translation between power levels expected outside the fuselage and the power required for effective screening and service availability for the various frequency bands and technologies studied. Using ECC report 093 as a source the following values need to be calculated:

· the minimum power level produced by the GSM OBA system
· the maximum power level produced by the GSM OBA system 

· and the minimum permitted height allowed for onboard MS transmission

As identified in the Technical Annex of the ECC Decision ECC\DEC(06)07 the GSM onboard aircraft system must be able to remove “visibility” of the networks located on the ground, whilst not being so high as to cause harmful interference to these networks. Similarly the power of the onboard-BTS 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; in order to prevent onboard mobiles from synchronizing to the terrestrial networks: applicable to the NCU.

2. Maximum power level; to prevent harmful interference on the ground and defined by the technical annex: applicable to the onboard-BTS, NCU and the MSs onboard aircraft.

The point where condition 1 = condition 2 will define the minimum height above ground where the service will be allowed to be activated.

In order to calculate the minimum power level required for the GSM onboard aircraft system,

the following steps would be required:

1) To define the worst case signal power received outside of the aircraft.  In order to be able to calculate the minimum power needed by an aircraft the same approach and parameters used for the CEPT compatibility study contained in the ECC Report 93 are also used

2) To agree on test measurements to derive the effective minimum attenuation of the aircraft (or attenuation “antenna” profile) at the window 

3) To develop the necessary additional margin to be used for technologies which have an inherent processing gain. It is proposed that the same approach and parameters used for the CEPT compatibility study contained in the ECC Report 93 are also used.

4) To develop the agreed test measurements to calculate the coverage inside the aircraft

In order to calculate the maximum power level allowed for the GSM onboard aircraft system

1) To develop the agreed test measurements to calculate the effective attenuation of  the combination of the leaky cable and aircraft 

In order to calculate the minimum permitted height allowed for onboard MS transmission 
1) To develop the agreed test measurements to calculate the effective attenuation of the combination of the onboard MS transmitting in the 1800 MHz frequency band and the aircraft. 

Consequently the following change is proposed;

Proposed text for new proposed Section 6.3
6
Operational requirements 

6.1
Maximum e.i.r.p. of the aircraft due to the GSM onboard aircraft system

6.2
Considerations for installation of GSM onboard aircraft system 

*****************First modified Change*****************

6.3 Translating limits defined outside the aircraft
6.3.1 General condition
The GSM onboard aircraft 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 onboard-BTS 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; in order to prevent onboard mobiles from directly connecting to ground based mobile networks 

2. Maximum power level; 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.


6.3.1 Derivation of the minimum power level:

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 6.3.1.  
Table 6.3.1: Theoretical maximum power received outside aircraft
from mobile networks on the ground
	Band
	

	
	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
	-95.22
	-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 value contained in table 6.3.1 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 terrestrial signals due to the aircraft at the window. The measurement of this parameter is defined in section 6.4.x.y  

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

· The following parameters are taken from the ECC Compatibility Report 093

Table 6.3.2: processing gain

	Mobile Technology
	Processing gain (dB)
	Delta between Pilot Channel and traffic channels (dB)

	GSM
	0
	0

	WCDMA
	21
	-10

	CDMA2000
	20
	-8


4. 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 6.4.x.y. 
5. 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 6.4.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 terrestrial 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 

6.3.2 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/200KHz)

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

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

6.3.3 Derivation of the permitted maximum power level of the onboard BTS/NCU at the antenna input 

The maximum permitted power level will depend on the effective attenuation to the NCU/oOBTS by the aircraft.  

Translation equation for onboard BTS/NCU 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 6.1

Pin: GSM OBA power level at the antenna output port (dBm/bandwidth)


AttaircraftcabinfMHz antenna: effective attenuation to OBTS / NCU due to the aircraft and the dedicated antenna function of the frequency (dB). The measurement of this parameter is defined in section 6.4.x.y

6.3.4 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.
*****************End of modified Change*****************

6.4 GSM OB system compliance description 
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