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1 Introduction
It is foreseen that one or more GSM pico cells operating in the 1800 MHz band are deployed in middle and big size aircrafts allowing passengers to use their GSM phone beyond a certain altitude of the aircraft above ground level. In particular the envisaged minimum altitude for service operation is 3000 m above ground level (hereafter called minimum service altitude), with the altitude going up to the typical cruising altitude of 10 000 m above ground level or even higher. 
In order to ensure the highest grade of protection of the terrestrial mobile networks, it has been agreed to use the minimum transmit power levels for onboard BTS and onboard MS throughout the GSMOBA service operation. This is especially critical at the minimum service altitude. However at higher altitudes additional pathloss is gained between the onboard system and terrestrial mobile GSM networks. This additional pathloss is about 10 dB for an altitude of 10 000 m based on the assumption of free space propagation between aircraft and terrestrial GSM networks. 

On the other hand it can be expected that there is also a demand in GSM/EDGE data services onboard aircrafts, as passengers want to download emails or do web-browsing. For operating such data services onboard aircraft it is advantageous to ensure a sufficient high radio quality, expressed as signal to noise plus interference ratio (SINR), which is typically higher than that required for voice. 

Two concept proposals are presented in the next section to improve the radio quality for data services onboard aircrafts. 

2 Concept
The radio quality expressed as signal to noise plus interference ratio (SINR) of the traffic channel onboard aircrafts can be characterized as given in Eq. 1:
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(Eq. 1)
with S being the received signal power level, INCU the interference power level of the NCU, Iterr the sum of interferer powers caused by terrestrial transmitters and N the noise level of the receiver.

This means that two options exist for increasing the SINR of traffic channels used in pico cells onboard aircrafts:

· Option 1: Increase of transmit power level PTX  with PTX = Lpathloss * S.

· Option 2: Decrease of NCU transmit power PNCU  with PNCU = Lpathloss * INCU.
Both options are considered in the following.

2.1 Increase of Transmit Power 
In the current standardization process of GSM onboard aircraft the onboard MS must always use the minimum transmit power level of 0 dBm. The pico BTS must also use a low power level, such that the received power at the MS is sufficiently high to receive voice calls. Hence no transmit power increase neither on downlink nor on uplink is foreseen. 

Due to the fact that the study in CEPT ECC PT SE 7 has been undertaken with the restriction of a mobile transmit power of 0 dBm, increase of the mobile transmit power would need to be investigated within the framework of a new coexistence study.  

In addition downlink transmission is expected to exhibit higher pathloss to terrestrial networks and also has to cope with lower receiver sensitivity of terrestrial terminals.  

Thus the following proposal is only related to downlink transmission for a GSMOBA system. In particular it is proposed to increase the transmit power of the onboard BTS according to the measured altitude above the ground level and according to assisted terrain data of the crossed topography, such as for instance morphology (e.g. desert, wood, ocean, mountains) and population density. 

As the GSM system allows for transmit power steps in 2 dB, correspondent altitudes above ground level can be determined where the additional path loss with regard to the minimum altitude above ground level is 2 dB. In addition topographical data are used to define the allowed power level increase.

This proceeding enables that at the cruising altitude of 10 000 m or higher the transmit power levels of the BTS may be increased by 10 dB or slightly higher depending on the topography. The increase of the downlink transmit power will help to efficiently operate downlink data services onboard aircraft. 
2.2 Decrease of NCU Interference Power 
As a second option or as performance enhancement in combination with altitude based transmit power steering the NCU transmit power can be decreased at increased altitude due to the additional path loss. This interference, i.e. noise level decrease will increase the signal to interference plus noise ratio and hence will also lead to increased throughput for data connections and improved voice quality, e.g. at the boundary of the pico cell coverage. 
3 Performance Gain 
Typically data services are operated at higher signal to noise plus interference ratios than required for voice (required SINR for voice ~ 10-15 dB,  required SINR for data ~ 20-25 dB). The throughput will considerably be increased when comparing both SINR (= C/I) ranges. As can be seen in Fig. 1 the throughput for EGPRS based on 8-PSK is 17-30 kbps (mean 23.5 kbps) in the SINR range 10-15 dB and 43-52 kbps (mean 47.5 kbps) in the SINR range 20-25 dB. Hence a mean throughput gain of 100 % can be achieved.  
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Fig. 1: Throughput (TU3nFH@900MHz, no impairments, ideal LA), source: Figure 121 in [1]

4 Implementation Aspects
A simple power steering mechanism could be implemented, allowing for e.g. a 3 state stepping with a power increase of 6 dB beyond 6000 m and of 10 dB beyond 10 000 m. This is depicted in Fig. 2.
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Fig. 2: Exemplary realization for a simple altitude based transmit power steering.

More sophisticated transmit power steering implementations based on a 2dB power stepping can as well be imagined. 

The power steering for DL is under entire control of the BTS and is done according to actual altitudes above ground level within a defined range between minimum altitude and maximum cruising altitude and according to terrain data of the actual crossed area. In opposite to usual power control the power steering is not impacted by the radio quality of the controlled link, but solely by the altitude above ground level and the crossed terrain data.
The base station obtains altitude information and additional terrain data (e.g. morphology, topography, population density) which are used to control the transmit power for voice and data communication over the onboard network. The base station is connected to the NCU and provides altitude based information and data related to the actual crossed terrain to the NCU. The NCU uses this information to lower its noise level dependent on the actual altitude above ground level and the type of terrain related data.
5 Conclusion
Two concept proposals were presented to improve the radio quality for data services onboard aircrafts: Increase of transmit power level and Decrease of NCU transmit power. 
In the first option the proposal is to increase the transmit power of the onboard BTS according to the measured altitude above the ground level and according to assisted terrain data of the crossed topography and population density. It is foreseen that the transmit power levels of the BTS may be increased by 10 dB at the cruising altitude of 10 000 m. The enhancement is only related to downlink transmission for a GSMOBA system. 
The second option is to decrease the NCU transmit power at increased altitude due to the additional path loss. This interference, i.e. noise level decrease will increase the signal to interference plus noise ratio and hence will also lead to increased throughput for data connections and improved voice quality, e.g. at the boundary of the pico cell coverage. 

It is presented that a mean throughput gain of 100 % can be achieved.  Therefore it is proposed to include the above depicted feature altitude and terrain based transmit power steering in the second subset of the Technical Specification for GSM onboard aircraft. 
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