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Confidence levels fade and safety margins

1: Discussion and proposal
Any methodology used to determine the aircraft RF characteristics must ensure confidence that by applying the approach all relevant terrestrial signals are controlled (at the minimum required power level) without imposing excessive power level which may lead to exceeding the upper power limits (maximum permitted power level). As in most indoor RF environments, the signal received at a given place will fluctuate with time due to physical reflections and/or absorption. However, an aircraft cabin is much more subject to multipath, shadowing and losses than a typical indoor environment. Consequently any methodology used to determine the effectiveness of the GSMOBA system must consider these fluctuations to ensure that a controlled environment is assured.  

This contribution discusses both the limits to ensure confidence of the effectiveness of the system and the way the RF values could be measured.

2: Confidence levels

Within the development of defining a testing methodology the approach of using a 95 % at the worst case point was proposed and accepted at the GSMOBA #8 meeting (see contribution GSMOBA 0705x_statistical method). Unfortunately what was not properly discussed was what is the scope of this 95 % confidence.  Further the question was not asked that if this confidence criteria were approved in the last ETSI GSMOBA meeting then why does an additional margin equivalent to the C/I or Eb/No need also to be applied ? 
A quick description of the two step process used in the current version of TS 102 576 is used to elaborate in more detail: For example: 
1 Step 1 Received signal level to control: 

1. TS 102576 first step is to state the received signal power level of terrestrial BTSs outside the aircraft

a. A very worst case example can be found by using the assumptions used in ECC report 093.
2. Second the actual power level entering the aircraft is calculated:
a. Applying the  effective attenuation at the window for each frequency band to the external power level defined in the methodology (note the ECC report 093 uses an arbitrarily 5dB attenuation value for all frequencies)
3. A more practical but more costly approach can be to combine points 1 and 2 above by doing actual receive only flight measurements with antennas inside the aircraft at the worst case points (i.e. between wing and nose of the aircraft). Although care is needed to ensure that the pilot channel signal strength is measured for the case of CDMA based technologies (such as CDMA2000 or WCDMA)  
This first step provides the necessary confidence of the highest signal entering the aircraft which needs to be controlled (based on theoretical values or actual measured results).
2 Step 2 Power level needed to control 
TS 102756 then tries to define the necessary considerations in calculating the required power level to control 
1. We need to measure the effective coupling loss between the leaky feeder feed point and the worst case position next to the window in the aircraft. 
a. By applying the 95% value at this worst case ensures sufficient confidence to provide a known field strength at this worse case position in the aircraft

2. Next we need to apply the necessary processing gain required for that technology as defined in the ECC report 093 

However if we have applied the approved confidence level of 95%, then there has been no consideration on the additional margin of C/I (9 dB for GSM) or Eb/No (5 dB for CDMA/ WCDMA). Whilst this was a useful thing to do in the ECC Report to ensure the worst case theoretical approach and hence show the feasibility that such a system can be built, it is clearly over protection when looking at practical systems. By insisting on both a 95% confidence and an additional margin will in effect provide unnecessary over protection within an RF environment especially when considering the very low power signal levels from terrestrial networks. 

It is therefore proposed that the C/I and Eb/No values necessary for the system to correctly interpret the symbols received are also taken into account in our definition of the minimum power level: Consequently the equation for controlling the terrestrial signal is changed from: 
***************************
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)

***************************

 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) is the combination of the screening margin necessary for controlling additional processing gain and the C/I or Eb/No value for that technology: 

	Mobile Technology
	Processing gain (dB)
	C/I  or Eb/No 
	ASM

(dB)

	GSM
	0
	9
	-9

	WCDMA
	21
	5
	16

	CDMA2000
	20
	5
	15


CCL: cabin coupling loss (dB)  

***************************

3: Considerations for defining accurate Cabin Coupling loss 
As mentioned above an aircraft cabin is much more subject to multipath, shadowing and losses than a typical indoor environment. Consequently any methodology used to determine the effectiveness of the Cabin Coupling loss must consider these fluctuations to ensure that a controlled environment is assured. Airbus has conducted several measurements within an aircraft cabin to estimate the cabin coupling loss with a leaky cable installed onboard. Two approaches can be foreseen:  

1. To measure the average power level value at the worse case point near the window and apply an agreed fading margin 
2. To measure and determine the signal level which covers the 95th percentile.

The following discusses the parameters required for these two approaches: 
3.1 The average value: 

Taking into account the average of the collected data at a given location means that the fluctuation of the signal due to the scattering effects is not taken into account. The additional fade margin must then be calculated (see below) 

3.2 The 95th percentile:
As said previously, the received signal will fluctuate between a minimum and maximum value over a given time and/or a variation of the location. Taking into account the 95th percentile of the collected data done at a given location means the calculated value will contain the cabin coupling loss and the fading component. In such case, the fade margin should not be added in the calculation provided in the section 4.3.2 of the TS 102 576. 
3.3 The Fade Margin:
The fade margin for Cabin Coupling loss is defined as the difference between the 95th percentile and the average value of the received signal data.

3.4 Previous fading disclosures 
At the joint meeting between CEPT SE7, ETSI ERM TG25, ETSI MSG, EP RT, 3GPP TSG RAN4, 3GPP TSG GERAN1 which took place at ETSI headquarters in September 2005, Telenor/ Aeromobile presented a contribution in which it introduced a 10 dB fade margin for Cabin Coupling Loss. 

Such fade margin value, i.e. 10 dB, is mentioned as well by leaky cable manufacturers to be used for the mobile coverage planning within a building or tunnel. 

During the CEPT SE7 work on GSMOBA measurement campaign results were presented by different companies. Ericsson results calculated a fade margin, of between 12 - 15 dB, where as Qualcomm quoted a fade margin of 9 dB for 90 % confidence and 18.5 dB for 99% confidence.  

3.5 Discussion on average value versus 95 th percentile 
Based on the previous section, it can be seen taking one or the other value will have an impact in the calculation provided in section 4.3.2. In one case, obtaining an average value then a safety margin should be added and, in the other case a safety margin is already incorporated in the results. By using the average value approach for the measurement data at a given location then there will be a need to define the fade margin to ensure confidence in the controlled power level. 
By using the 95th percentile value at the worst case position in the cabin ensures confidence of control at the minimum defined height. In such case, there is no need to define further safety / fading margins.
4. Decision

Based on what is presented above it is proposed to: 
1. Adopt the 95 th percentile value at the worst case position onboard the aircraft as the approach for defining the effective coupling loss inside the aircraft.
2. That the ASP technology: additional screening power (dB) value incorporates both the processing gain and the C/I - Eb/No value (see table above). 
3. That no additional safety margin is required to define the minimum power level and hence, to remove the section 4.4.3 
 If agreed then the following modifications in section 4.3.2 and section 4.3.3 are proposed:
************************* proposed modification 1 *************************

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 methodology of this parameter is defined in section 4.4.x.y  

2. The consideration of additional screening power (ASPtechnology) which is the combination of the screening margin necessary for controlling additional processing gain inherent to the cellular technologies and the C/I or Eb/No value according to the cellular technology:
ASPtechnology= SM – C/I or Eb/No
where
· The required screening margin (SM) necessary to provide effective screening of the pilot broadcast signals, overcoming processing gain inherent in some technologies.

· 
Table 3: processing gain

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

(dB)

	GSM
	0
	0
	0

	WCDMA
	21
	-10
	21

	CDMA2000
	20
	-8
	20

	* parameters taken from the ECC compatibility report 093


· C/I or Eb/No avoiding to over estimate the protection and defined in table 4
Table 4: C/I and Eb/No
	Mobile technology
	C/I or Eb/No

	GSM
	9

	WCDMA
	5

	CDMA2000
	5


3. 
· 
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 the Cabin coupling loss (CCL) 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)




CCL: cabin coupling loss (dB)


************************* end of modification 1 *************************

************************* proposed modification 2 *************************

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>

************************* end of modification 2 *************************
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