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1 Introduction  

Market investigations show huge interest for mobile services while airborne, both for commercial airline passengers/crew and users of private aircrafts. The attractiveness of the service seems significant on long haul routes as well as on short and medium haul routes. 

Several companies are now in process of developing the technical solution for implementation of an onboard GSM system, as described in GERAN doc [GP-042602.

The intention is to establish a system without any new requirements posed on the GSM standard as such, i.e. the system should be accessed by standard GSM mobiles, and no changes should be needed in the existing or planned terrestrial networks.

At its last meeting, GERAN made  some initial comments on the issues to take into account when planning for GSM onboard aircrafts in order to avoid disturbing interference in the terrestrial networks. (GP042734)

The most challenging issue will be co-channel interference in terrestrial BTSes due  to Mobile Stations inside an aircraft cabin using the same frequency that is deployed on ground. This document addresses specifically the noise floor in terrestrial networks, and discusses the effect of a signal causing a slight increase in this noise floor.

GSM BTS and MS receiver characteristics

GSM BTS’es are available in a number of different types and flavours. Although the GSM specifications contain certain minimum performance characteristics (typically –104 dBm), real implementations often have significantly better performance. The limit of a GSM BTS receiver performance is depending on the BTS type, the installed antenna and the other interference experienced at the antenna. 

Power control of Mobile Stations is required in order to reduce the uplink interference noise in a cellular system. This yields both co-channel interference (disturbance on cells using the same frequency according to a certain re-use pattern), and adjacent channel interference (neighbour channel which typically can be used at least in adjacent cells).  The power control of GSM is a slow system, which is designed to cope with MS movement into and out of shadows, and not the fast fading pattern due to phase variations in the resulting received signals due to MS and surrounding objects movement in distances around the wavelength (10 – 30 cm). As a result one has to design the networks with a certain margin i.e. the nominal received level from the MS is adjusted to be some dB above the sensitivity level.  This margin is typically higher in urban/suburban areas since the fast fading is more severe there than in typically rural areas where the slow fading due to the surrounding terrain dominates. 

A higher nominal signal level together with frequency reuse results in more interference. As will be shown in the next chapter, the noise floor of a busy urban/suburban BTS is often determined by the inherent interference noise level rather than the thermal noise. 

On the other hand BTSes specially designed for coverage are typically planned in order to reduce the interference noise, and equipped with low-noise mast-mounted amplifiers improving the receiver noise factor, thus making the resulting sensitivity significantly better than the specification.

The sensitivity of GSM Mobile Stations is specified slightly looser than the BTS. For GSM 1800 –102 dBm is defined, allowing for an intrinsic noise of the receiver of – 111 dBm. The networks are planned with a certain outdoor signal strength depending on the quality of service wanted. Including the mentioned margins, this often results in nominal signal levels 15 to 20 dB above the sensitivity level of the Mobile Stations. Remembering also that the downlink frequencies carrying BCCH always will transmit with its nominal value, it is clear that the downlink in a GSM system quite often is interference limited rather than (thermal) noise limited.

In view of the fact that the interfering signals (especially when coming form an aircraft overflying the base station) are often arriving from a direction that does not benefit from the maximum gain of the antenna, it is proposed that the figure at the receiver end of the antenna connector is used when considering the level of interference.

1.1 Determining the noise floor of a BTS

The theoretical absolute minimal noise in a receiver is constituted by thermal noise only, given by the well-known formula:

Pn = k T B

where T is the temperature (in Kelvin), B is the (noise) bandwidth of the receiver and k is the Boltzmann constant (1,38x10-23 joule/K). According to GSM 03.30 the noisebandwith in GSM is 54dBHz.

 Hence, the thermal noise at normal temperatures is therefore approximately –120 dBm. An ideal receiver with a 16 dB ideal antenna (no coupling and cable losses) would therefore be able to detect signals exceeding –136 dBm but of course it would need e.g. –136 + 9 =  ( 127 dBm to perform according to the GSM quality measures for voice, and stronger values for other services requiring higher signal to noise ratios. 

The real noise level in a receiver (still without interference) is the result of adding this thermal noise to the intrinsic noise produced by the receiver input. In practice, bearing in mind the need for filtering and protection against out of band blocking etc, the real noise figure for the receiver system of a BTS is likely to be between 3 and 6 dB, with 3 as an extreme good value.  It can therefore be assumed that an absolute lower limit on the noise floor in a BTS is around –117 dBm (and the sensitivity around –108 dBm) at the receiver input. 

In most situations the noise floor will be higher, both due to poorer noise factors of the receivers, but most important due to self-generated (co-channel) interference in the system. As an example margins of 10 dB is quite common in urban/suburban areas. If a 3/9 frequency reuse pattern is deployed the self-generated signal/interference level will be 14 dB. Remembering that the 10 dB margin was added to the receiver sensitivity (the level which has a nominal C/N of 9 dB for voice), the interference noise will be 9 + 10 – 14 = 5 dB higher than the thermal noise of the receiver.

Summarising we see that the noise floor of an uplink GSM channel theoretically may be as low as 
–117 dBm, but that a value in the range –110 to –115 dBm is more representative. 

1.2 The noise floor in Mobile Stations

The discussions concerning the noise floor in a BTS is valid also for a Mobile Stations with the following additional remarks:

· the noise factor of an MS is typically higher than for a BTS

· the interference level experienced by an outdoor MS is usually higher than for a BTS

This leads to the conclusion that while the theoretical limit is the same as for a BTS,  a value in the range –105 to – 110 dBm is considered representative for the noise floor of a Mobile Station in outdoor use.

Defining an acceptable level of interference

As can be concluded from the discussion above, the threshold for what can be seen as acceptable new interference is strongly dependent on the existing noise floor, being the sum of receiver noise and existing interference. The power of  new interfering noise is linearly added to the existingnoise floor, so an additional power equal to the existing noise floor results in a 3dB degradation in the noise floor and hence a 3 dB reduction in sensitivity. The relationship between the relative power of the new interfering signal (compared to the existing noise floor) and the resulting noise floor increase is shown in figure 1. 
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Figure 1 Relationship between additional interferer noise and resulting increase of noise floor

When considering the effect of an increase in the noise floor the resulting C/I should be studied. The effect is of course the same as reducing the fading margin when planning the network, and the probability of the increase to happen has to be taken into account.

Remembering that all calculations are theoretical and based on statistics a slight degradation of e.g. around 1 dB in C/I would hardly be registered. A call with current conditions on the design level will not notice anything, a call with fading conditions corresponding to the design margin will get a tiny BER increase, while only calls already experiencing bad conditions may risk to be dropped when the additional interference appears.

Conclusion

It is proposed that an interference level 5-6 dB below the actual noise floor of a BTS is accepted as “non-harmful”, thus giving an acceptable uplink level of an interfering signal measured at the BTS receiver input (i.e. after the receive antenna) in the range – 115 to – 120 dBm. 

Corresponding considerations for the downlink direction suggest values in the range –110 to –115 dBm. Since mobile stations usually have zero or negative antenna gain, the same values can be assumed as limits for the corresponding isotropic interfering signal field strength.

GERAN is invited to state which figures that should be used as guidance for maximum acceptable interference levels in uplink and downlink directions within the ranges proposed. 
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