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NCU Mean power spectral density
6.3.1
Test purpose

To verify the accuracy of the mean transmitted RF power across the frequency bands. The ECC decision is based on a maximum increased noise level of 1 dB experienced by the terrestrial mobile networks caused by the GSMOB system. To be conformant with the decision a maximum EIRP can be radiated. Hence, the radiated power may increase as the operational height increases. In other words a certain EIRP allows a minimum safe operational altitude, the altitude referred to is Altitude above Ground Level (AGL).
Since the EIRP is dependant on many factors in addition to the transmitter power, the transmitter power must be set accordingly. Therefore a one-to-one relation between transmitter power and EIRP is not anticipated.
This test is also used to determine the parameter "Coupling Factor", between the input to the antenna system and the EIRP from the aircraft, used in subclause xxx.

6.3.2
Test case

For the NCU, this measurement the power shall be measured at the antenna connector. The antenna connector is here defined as the connector where the signal leaves the equipment and the antenna system begins. The Manufacturer shall declare the maximum output power of the NCU for each supported bands at this reference point as the measurement is made. 

NOTE:
The value of the output power measured at the antenna connector will be dependant of a number of factors 
The Manufacturer must therefore declare:

a) frequency bands supported, 
b) antenna systems supported

c) If dynamic output power is being used, the power used at different altitudes, AGL

d) The transmit power for different aircraft types
The test shall be done while all declared bands transmit concurrent. The RMS power level shall be measured on a per band basis. 
The power shall be measured for the supported combinations of a) to d) above. 
6.3.3
Essential conformance

Test Environment
Extreme power supply:
The power output shall also be tested for the frequency bands in a), but only for one of the configurations listed in b) – d)..

NOTE:
tests under extreme power supply are carried out at extreme temperature limits.

Conformance requirement
The maximum EIRP caused by the NCU in an aircraft to ensure an acceptable increased noise levels are listed in Table 1 (source: ECC decision on GSM on board aircrafts)
The power emitted by the NCU/ aircraft-BTS, defined outside the aircraft, shall not exceed
:

	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
	-19.0
	-13.0
	1.0

	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
	7.0

	7,000
	-9.6
	-11.6
	-5.6
	8.3

	8,000
	-8.5
	-10.5
	-4.4
	9.5


Table 1
It should be noted that the limit for the e.i.r.p. produced by NCU/ aircraft-BTS is dependant on the elevation angle at the victim terminal on the ground. The values contained in the table are for the case where the victim terminal is directly below the aircraft, which are conservatives ones.

Recalculating the power levels in Table 1 to spectral levels (dBm/Hz) gives the following values:
	Starting Height above ground

In metres
	e.i.r.p. produced by NCU outside the aircraft in dBm/Hz

	
	Frequency band:

	
	450 MHz
	900 MHz
	1800 MHz
	2 GHz

	3,000
	-78.0
	-72.0
	-66.0
	-64.8

	4,000
	-75.5
	-69.5
	-63.5
	-62.3

	5,000
	-73.6
	-67.5
	-61.5
	-60.4

	6,000
	-72.0
	-65.9
	-59.9
	-58.8

	7,000
	-70.6
	-64.6
	-58.6
	-57.5

	8,000
	-69.5
	63.5
	-57.4
	-56.3


Table 2


6.3.5
Requirement reference

ECC decision on GSMOB
NCU performance
6.3.1
Test purpose

To verify sufficient protection of the terrestrial from on-board UEs.

Under normal operational conditions when overflying terrestrial networks with the GSMOB system active the task of the NCU is to prevent the on-board user equipment (UE) to access the terrestrial networks. The maximum power spectral density is set out in xzxz. However, a too low power density will increase the probability of on-board UEs accessing the terrestrial networks. 
The test must therefore be based on a statistical probability of decoding of the unwanted signal from the terrestrial networks.
6.3.2
Test case

All NCU transmitting bands in the configuration shall be switched on and transmitting nominal power. 

Two signals of equal average power:

1) modulated as a BTS signal representing a BCCH-channel 
2) the NCU-signal

are combined and fed into a UE. The number of successful decodes of the BCCH per hour is noted (N0). Then the power of the NCU signal is reduced until the number of BCCH decodes increase to N1
6.3.3
Essential conformance

Test Environment

Normal

Conformance requirement
When N1 increases by a factor [x] compared to N0 the lower acceptable NCU power density is found. By adding an implementation uncertainty of [y] dB to the power level necessary for obtaining N1, the lowest tolerable NCU power in a 200 kHz channel is found.

.
6.3.5
Requirement reference

Conducted spurious emissions from the NCU antenna connector, outside the intended transmit band

6.6.2.1
Applicability

This test is applicable to equipment meeting NCU signals in a GSMOB system
6.6.2.1.1
Test Purpose

This test measures spurious emissions from the NCU transmitter antenna connector outside the NCU relevant transmit  band, while the transmitters are in operation

6.6.2.1.2
Test Case

a)
The NCU shall be configured with all transmitters active at their maximum output power on all bands defined in xxxx. 
b)
The transmitter antenna connector shall be connected to a spectrum analyser or selective voltmeter with the same characteristic impedance.


The detecting device shall be configured with a resolution and video bandwidth of 100 kHz. The minimum sweep time shall be at least 75 ms and the response shall be averaged over 200 sweeps.


The power shall be measured over the BSS receive operating band.


The detecting device shall be configured as defined in table 8a. Peak hold shall be enabled, and the video bandwidth shall be approximately three times the resolution bandwidth. If this video bandwidth is not available on the detecting device, it shall be the maximum available, and at least 1 MHz.


The power shall be measured over those parts of the frequency range 100 kHz to 12.75 GHz which are outside the NCU relevant transmit band.

Table 8a: Spurious Emissions Measurements outside the transmit bands 
	Frequency Band
	Frequency offset
	Resolution Bandwidth

	150 kHz ‑ 30 MHz (1)
	
	1 kHz

	30 MHz ‑ 400 MHz (1)
	
	10 kHz (2)

	400 MHz ‑ 1000 MHz (1)
	
	100 kHz (2)

	> 1000 MHz (1)
	
	1000 kHz (2)

	400 MHz - 12,75 GHz and outside the relevant transmit band
	(offset from the edge of the relevant transmit band)
	

	
	( 2 MHz
	30 kHz

	
	( 5 MHz
	100 kHz

	
	( 10 MHz
	300 kHz

	
	( 20 MHz
	1 MHz

	
	( 30 MHz
	3 MHz


(1) DO-160/E, Sec 21.5
(2) 1 kHz may apply….

6.6.2.1.3
Essential conformance
Test Environment

Normal: (+15 to +34 degrees Celsius, RH < 85%; ambient pressure 84 to 107 kPa)
Conformance requirement

i) DO-160E (Section 21, Cat. M and H)
ii) TS 51.021
ii)
The maximum power measured at step e) shall not exceed:

-
what above 6 GHz;

-
above 12.5 GHz (?)




1)
The maximum power measured at step b) shall not exceed the requirements in (graph – to be included)
6.6.2.1.5
Requirement Reference

RTCA/DO-160E, Section 21. Equipment Category M and H applies.
Annex A

The Coupling Factor (CF) (loss) from the input of the on-board antenna system, to the EIRP from the fuselage is a rather complex function that is both difficult to simulate and to measure. For each aircraft type where GSMOB is being installed this information must be known. 

There are a number of varying factors that can influence this CF, for example:

· Aircraft type
· Aircraft interior

· Antenna solution (type and number of antennas/leaky feeders, mechanical fastening points etc.)

· Window materials and number of
· ….

For each of the combinations above the CF must be determined. Some (measured) values for a Boeing 777 are given in Table 3 as an example for a system with twin leaky coax.
	Frequency band [MHz]
	450
	900
	1800
	2100

	Coupling factor [dB]
	94
	101
	102
	101


Table 3 Example of Coupling Factor for Boeing 777 twin leaky Coax
� The values quoted in the tables 2 and 3 correspond to a maximum increase of the receiver noise floor 1 dB (i.e. I/N ≤ -6 dB) with a high statistical confidence using the most sensitive types of base stations and terminals.





