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Introduction

The proposed onboard GSM system involves a NCU (Network Control Unit) devised to prevent onboard MS to attach to terrestrial networks (in many bands). This contribution considers the interference from the onboard NCU into terrestrial GSM900 networks. One problem then is to determine the effective EIRP of the feeder as seen from the ground. A number of contributions to CEPT SE7 have discussed this, and the present contribution provides another attempt. 
First we discuss a leaky feeder model that has been used by Qualcomm [1] in a GERAN contribution and validate some of the assumptions made therein. Alternative methods for describing the feeder are also briefly discussed. Using this leaky feeder theory we then follow up an earlier interference analysis by TeliaSonera, presented both to 3GPP RAN WG4 and GERAN WG1. 

It is concluded that there is a considerable risk that the NCU will interfere with the terrestrial GSM900 network. Further analysis is needed; it seems to be difficult to arrive at a conclusion within the timeframe set by ECC/CEPT.  
Considerations on leaky feeders
Modelling leaky feeders is a delicate problem, and several models exist. A recent paper by Qualcomm, presented at GERAN#26 [1], uses a model based on diffuse radiation from the cable cited from a paper by Morgan [2]. The idea here is to try to derive the results of [2] and then use the same analysis to derive the EIRP seen from the ground, and finally compare with the assumptions made in [1]. 
Hence our first problem is to determine the power from the feeder when a receiver is located aboard the aircraft at a distance D << L, where L is the length of the feeder within the fuselage, and then to determine the EIRP from the feeder seen from the ground at a distance D >> L. 

Turning to the first problem, the Morgan result assumes that the each element of the cable radiates diffusely, that is, each segment is approximated by a point source that radiates incoherently according to the so-called Lambert’s law.  Furthermore, it is supposed that the cable is “infinitely” long (that is D << L) and lossless. The power intensity radiated from a diffusely radiating element of length dl along the cable is thus assumed to be
(1)
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where ( is the angle between the viewing direction and the cable axis, ( is the power radiated per unit length of the cable and r is the distance. (Integrating over a sphere, we get the total power (dl.) The receiving antenna is assumed to be a half-wave dipole parallel to the cable, the directivity function of the former is (in the E-plane)
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The total received power at a distance D from the axis of the (infinite) feeder is a sum of the power received from the incoherent point sources along the cable
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where 
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 is the effective antenna area of an isotropic antenna. The factors within the square brackets thus represent the effective antenna area of the dipole in the direction (. We then make the variable substitution 
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 (see figure in [1]) to obtain
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The integral is of the same type as that used when determining the radiation resistance, and luckily a close form result exists:
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where ( = 0.5772… is Euler’s constant and Ci a Cosine integral (see mathematical table). Hence we obtain Morgan’s result
(2)
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The program next is to determine the EIRP from the leaky feeder as seen from the ground by following the same analysis that resulted in (2) for the case in which D >> L. The key to this is thus (1), the power intensity of the incoherently radiating point sources along the cable. Integrating along the length of the feeder, we obtain the received power by an isotropic antenna as the sum
(3)
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This result is consistent with the well known fact that any finite sized radiator looks like a point source at sufficient distance. The aircraft (feeder) is assumed to be parallel to the ground and ( is the viewing angle. The maximum occurs in a direction normal to the aircraft, where the result 
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 is very close to the Qualcomm assumption. 
Hence Qualcomm’s analysis is almost consistent with the theory in [1], the difference is negligible. 
Turning back briefly to the case in which D << L, there are alternative ways of deriving an expression for the received power from the feeder. Using the same notation, we note that the power intensity at a distance D from the feeder, assumed to be a cylindrical radiator, is
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The power received by an isotropic antenna of gain Ga is then
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For a half-wave dipole
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 with the maximum gain 1.64, and we end up with a result close to (2). Both of the models are in fact approximations and either of them could be used. Cable attenuation is more easily included if one assumes an ideal isotropic antenna at the receiver end just like in the last approach. The integrals above for the received power can then be solved explicitly.   

Strictly, in order to obtain the radiated power intensity of the feeder, one should first have obtained the radiated electric and magnetic fields, which are coherent sums due to induced currents on the cable shield. The approach above is instead based on incoherently radiating sources and a power sum, which will not reveal the fast local variation of the radiated field: the fading pattern. However, in practice, it is impossible to determine the induced cable currents in the presence of surrounding objects, and the scattered local fields (within a few wavelengths) will vary randomly. Hence it appears to be reasonable to use a model based on incoherent scattering to obtain an estimate of the mean value of the radiated cable power. A fading margin can then be added in order to account for the local faster local variation of the received signal. Indeed, in [2] Morgan reports that the diffuse model above is more in agreement with measured data than a certain (deterministic) coherent model.      

Interference analysis using the feeder theory
An earlier TeliaSonera contribution to RAN4 [3] addressed the problem of concealing the GSM900 network. On the one hand, the NCU output power must be sufficiently high to prevent the onboard MS to attach to the ground network. However, on the other hand, the NCU output must not be too high in order not to interfere with the ground network (MS). 
In [3], the interference calculations only deal with mean power values, i.e. the impact of fading is not considered and the fuselage attenuation is just assumed to be a constant 2 dB. Summarising the results of [3], it is concluded that the effective EIRP of the NCU as seen from the ground must satisfy, using (3),
(4)
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not to interfere with the ground network at an altitude of 3000 m. We look in a direction perpendicular to the fuselage and ignore the factor 4/(; the last term on the right-hand side is the fuselage attenuation. On the other hand, the NCU must supply a signal level, using (2),
(5)
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in order to prevent an onboard MS at a distance D from the feeder from attaching to the terrestrial GSM900 network.  
Following [1], the factor  can be computed by using the specified coupling loss C at a reference distance Dref from the feeder. We then have
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It then follows from (2) that

(6)
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Using the Qualcomm figures C = 69 dB (quoted for 1800 MHz), Dref = 2 m and L = 30 m and substituting (6) into the first inequality (4) we obtain
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The second inequality leads to
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Hence, if we only consider the mean signal values, it follows that the input power of the feeder per GSM 200 kHz channel must be in the range
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in order to satisfy both inequalities above. Notice that a different coupling loss will change both limits by the same amount. 
Note that we have not considered any fading effects nor multiple interference, which will in practice make things worse. Just adding a (fast) fading margin of a few dB, it will in practice be impossible to find a suitable input power to the feeder. Furthermore, the cable (feeder) attenuation is not considered. This will necessitate a higher feeder input power to achieve the necessary power for the onboard MS. Hence there is a considerable risk that the onboard GSM900 terrestrial networks will be interfered by the NCU.  

Conclusions

It is concluded that there is a considerable risk that the onboard NCU will interfere with the terrestrial GSM900 networks. Furthermore, the assumptions used by Qualcomm in another interference analysis [1] are consistent with a published model of leaky feeder radiation.
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