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Identifying the necessary parameters to show conformance of the system

Background: 

The Annex of the ECC Decision ECC\DEC(06)FF provides the maximum e.i.r.p produced by the GSM onboard aircraft system, defined outside the aircraft for both the NCU/ac-BTS and the onboard mobiles. However no linkage or guidance in this Technical Annex is provided to derive the permitted power produced by the GSM onboard aircraft system at the connection to the antenna port from this defined value. This short discussion document highlights the parameters required to provide such a derivation. 

It is highlighted that this discussion paper is related to section 7.2 “GSM OB system compliance verification” of the technical specification. The purpose of the paper is to provide help to develop a common approach and understanding of the work that needs to be done. Please note that this contribution is provided as information for discussion and agreement and none of the contents of this contribution is aimed at being submitted as text in this section at this moment in time.  

Introduction

Throughout this document it is assumed that the GSM onboard aircraft system comprises a network control unit (NCU) and an aircraft specific Base Transceiver Station (ac-BTS). Transmission of signals by these elements is assumed to be made via a common leaky cable antenna.  It is not the purpose of this document to dictate the type of leaky cable used, the number of leaky cables, nor the installation approach. However, any modeling and / or measurement approaches will have to consider these variances.
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As identified in the Technical Annex of the ECC Decision the GSM onboard aircraft system must be able to:

“…. 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 aircraft-BTS should be sufficient to provide a reliable service, without causing harmful interference to networks on the ground.”

This inherently 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 ac-BTS, NCU and the ac-MS

These two conditions are intrinsically related and as such at the point where condition 1 = condition 2 will be the limit where the service will be able to commence to be activated.

Derivation of the minimum power level:

The minimum power level depends on the following parameters:

1. The worst case expected terrestrial BCCH/pilot channel signal power received outside the aircraft:
· This parameter will be specific for terrestrial base station input parameters and specific for frequency, technology and height combinations. The ECC Report 93 has studied this and contains both theoretical worst case values and recorded values according to a number of flight measurement campaigns made.

2. The effective attenuation to the terrestrial signals due to the aircraft at the window:
· This parameter will need to be derived or measured according to the agreed approach adopted, but will be frequency dependent;
· Given observed variances of the RF characteristics between aircrafts then this value would need to be calculated or measured per aircraft type or platform.

3. The required 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: 

· This parameter will need to be derived or measured according to the agreed approach adopted, but will be frequency dependent.  Note the worst case power required will be at the farthest end of the leaky cable; 

· Given observed variances of the RF characteristics between aircrafts then this value is likely needed to be calculated or measured per aircraft type or platform;
· Two theoretical approaches are described in the ECC Report 93, the first, the cylinder model calculates the theoretical e.i.r.p. at the antenna (with a 15 dB margin added to account for signal variations in a cabin) whilst another approach based on S.P. Morgan’s paper is based on manufacturer defined parameters. It requires more information on the cable properties and its installation. The latter provides a method of calculating the necessary power at the antenna input port. 

Derivation of the effective power level due to the ac-MS

1. The effective power level due to the ac-MS can be worked out by nominal power of mobile station (0 dBm) minus the effective attenuation of the onboard mobile signal due to the aircraft at the window. Given the reciprocity theory the effective attenuation of the onboard mobile signal is identical to the effective attenuation due to the aircraft to terrestrial signals as identified for the minimum power level in point 2 above (note only the value for the 1800 MHz frequency band using GSM technology is relevant here).

· Given observed variances of the RF characteristics between aircrafts then this value would need to be calculated or measured per aircraft type or platform.

Derivation of the permitted maximum power level of the ac-BTS/NCU at the antenna input 

The maximum power level depends on the following parameters:
1. By applying a known power level at the antenna connector what is the effective attenuation of the signal emanating outside the aircraft:  

· This value will be frequency dependent (i.e. will have to be repeated over all frequency bands);
· This value may be dependent on the leaky cable antenna used (i.e. will have to be repeated over all variances of leaky cable systems to be used by operator);
· This value may be dependent on the installation of the leaky cable antenna (i.e. will have to be repeated over all variances of leaky cable installation to be used by operator);
· Given observed variances of the RF characteristics between aircraft then this value would need to be calculated or measured per aircraft type or platform. The type of measurement will also be required to ensure that the effective measurement considers differences compared to the expected far field value;
2. Two theoretical approaches described in the ECC Report 93:

·  the cylinder model assuming that the leaky cable appears as a point source using the previous calculation for the e.i.r.p. as described above
· S.P. Morgan’s approach derives a far field equation for the system, assuming that the total e.i.r.p. is the flux density times the length of the cable. It is based on manufacturer defined parameters and requires more information on the cable properties and its installation. 
The latter provides a method of defining the necessary power as a function of power at the antenna input port. Compare the values with the permitted signal power received on the ground:  

· Value can be derived from the technical annex of the ECC Decision 

Required Parameters

In summary in order to define the minimum and maximum power level limits for the GSM onboard aircraft system the following steps would be required:

1) To agree to the worse case signal power received outside of the aircraft 

2) To develop the agreed test measurements / simulation to calculate the effective minimum attenuation of the aircraft (or attenuation “antenna” profile) at the window (same value/profile for the 1800 MHz frequency band can be used for the effective attenuation to an ac-MS) 

3) To agree on the approach/approaches used for calculating the coverage inside the aircraft

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

Assuming that the compatibility study can be reused for the definition of the worst case signal strength received form the ground outside the aircraft then the following values are presented: 

Calculated values outside aircraft based on tables contained in the Annex A.1 of the ECC Report 93:
	Band
	450 MHz
	900 MHz
	1800 MHz
	2GHZ

	Height
	
	CDMA
	GSM
	UMTS
	GSM 
	UMTS
	UMTS

	3
	km
	-70.64
	-68.46
	-78.46
	-76.66
	-86.66
	-87.58

	4
	km
	-73.06
	-70.88
	-80.88
	-77.56
	-88.88
	-89.8

	5
	km
	-74.92
	-72.74
	-82.74
	-78.53
	-90.51
	-91.43

	6
	km
	-76.43
	-74.25
	-84.25
	-79.33
	-91.82
	-92.73

	7
	km
	-77.69
	-75.51
	-85.51
	-80
	-92.9
	-93.81

	8
	km
	-78.78
	-76.6
	-86.6
	-80.58
	-93.82
	-94.73

	9
	km
	-79.73
	-77.55
	-87.55
	-81.09
	-94.61
	-95.53

	10
	km
	-80.58
	-78.4
	-88.4
	-81.55
	-95.32
	-96.23


These values are in line with those measured during a flight campaigns, which can be found in the annex D of the ECC Report 93 (if you assume an effective attenuation of the aircraft between 5.5 and 13 dB). 

	Frequency Band
	Height
	Windows
	Comments
	Supplier

	900 MHz
	3,000m
	-79.9 dBm/200 kHz
	measured inside the aircraft
	Airbus

	1800 MHz
	4900 m
	-84 dBm/200 kHz
	measured inside the aircraft
	Telenor

	1900 MHz
	3,000m
	-89.9dBm/200 kHz
	calculated from measured cdma values
	Qualcomm

	800 MHz
	3,000 m
	-85 dBm/200kHz
	calculated from measured cdma values
	Boeing

	1900 MHz
	3,000 m
	-104 dBm/200 kHz
	calculated from measured cdma values
	Boeing

	900 MHz
	3,000 m ?
	-75 dBm/200 kHz
	Ericsson
	


Theoretical calculations suggest a much higher received power outside the aircraft compared to actual worst case measurements made inside the aircraft. Assuming an aircraft offers at least 5dB attenuation at the window to the mobile phone then this is consistent with measured results.  
Proposal 

The following agreements are proposed as the working assumptions in order to determine the GSM OB system compliance verification defined in section 7.2 of the technical Specification.

Agreement 1:

In order to be able to calculate the minimum power needed by an aircraft then an agreement is needed on the effective signal strength outside the aircraft. 
It is proposed that the same approach and parameters used for the CEPT compatibility study is also used here.
Agreement 2:

Three agreed parameters are necessary to provide the necessary information to show conformance to the limits in the ECC Decision Technical Annex: 

1) Effective External Attenuation of the aircraft at the window: Develop the agreed test measurements / simulation to calculate the effective attenuation of the aircraft at the window (due to reciprocity theorem the same value can be used for the effective attenuation to an ac-MS). The results of this will provide the required translation to show conformance of the ac-MS limits in the technical annex and to provide required input for calculating minimum screening power.
2) Effective internal coverage inside the aircraft: Agree on the approach/approaches used for calculating the coverage inside the aircraft. The result of this combined with the effective attenuation of the aircraft at the window will allow the definition of the required power level at the input port of the antenna for the minimum screening level/power needed.
3) Effective external attenuation of the combination of leaky cable and aircraft: Develop the agreed test measurements / simulation to calculate the effective attenuation of the combination of the leaky cable and aircraft. The results of this will provide the effective mapping for the  permitted  power level at the input port of the antenna (in order to show conformance with the Technical Annex)
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