GP-060005



3GPP TSG-GERAN Working Group 1 Meeting #28 
GP-060005
Brussels, 16-20 January 2008
Agenda Item:
tbd
Source: 
QUALCOMM Europe

Title: 
Window Array Gain Effects on Aircraft Fuselage Attenuation
1
Introduction


Within the context of QUALCOMM’s presentation of [1], and more in general within the context of the “GSM On board of Aircrafts” activity, there have been some questions related to the effect of the aircraft windows and fuselage on the overall system.

This contribution discusses the above points and is addressed to both 3GPP GERAN WG1 and ECC CEPT SE7. 

Aircraft ”penetration loss” or ”attenuation factor,” the RF loss due to a signal passing from the aircraft cabin interior to exterior or vice versa, is a crucial parameter in the design of in-cabin wireless networks. This parameter impacts the level of ground network interference experienced inside the cabin, as well as the amount of interference from the in-cabin network which reaches the ground. 
Several groups in Europe and elsewhere have attempted to measure this factor and have reported a range of values, from losses in excess of 10 dB to slightly positive gains.

The observance of gain suggests that the aircraft windows may act as a radiating array, producing constructive and destructive interference depending on the incident angle with respect to the aircraft. In this document, the emission from a length of leaky coax and the resulting array effect due to parallel radiation from multiple aircraft windows is modelled.

2



General Approach
The array effect is modelled in three steps:

1) Determine the amount of energy from the leaky coax line source passing through a single aircraft window
2) Obtain the far-field antenna pattern of a single window – the element factor of the final antenna pattern
3) Calculate the far-field antenna pattern of all the windows – the array factor of the final antenna pattern
The product of these three steps is the total antenna pattern of the combined energy leaking out of all the windows. By reciprocity, this antenna pattern is identical for transmitting (from cabin interior to exterior) or receiving (from cabin exterior to interior).
Aircraft dimensions and configuration are based on the Boeing 737-300:

· 37 passenger windows on each side of the aircraft

· Passenger window dimensions: 12in tall x 10in window (approx 30 x 25 cm)

· Windows spaced periodically at 20in (51 cm)

3
Single-Window RF Leakage (Step 1)

Since the leaky coax antenna runs the entire length of the passenger cabin, the cabin can be modelled as 37 periodic cells of 20-inches long along the length of the airplane. For this portion of the analysis, each cell can be examined independently.

Each cell contains 2 windows (1 on each side). At 1850MHz, the windows are more than 3 wavelengths apart; therefore, mutual coupling between the windows is insignificant and can be neglected. The effect of seats and overhead bins on RF propagation is not included in this analysis.

Figure 1 shows a cross-section of the aircraft cabin along with the modelled leaky coax position. 


[image: image1]
Figure 1: Cross section of aircraft fuselage showing window and leaky coax positions


For the analysis, the fuselage cross section is simplified as shown in Figure 2. 
Assuming symmetry of the aircraft and the leaky coax line source, only one half of the aircraft structure is modelled to reduce computational overhead. 
The window is modelled as a 10in x 12in aperture on an infinite XY ground plane at position z=0. The ground plane is not shown in the figure. The centre of the window is at position (x,y,z) = (0,0,0). The section of leaky coax within the fuselage section is modelled as a single dipole source positioned at (x,y,z) = (0, 54.9in, -71.3in), with its length parallel to the x-axis.


[image: image2]
Figure 2: Simplification of aircraft cross section for computational model


The model cross-section was simulated using EM simulation software (IE3D, Zeland Software Corp., Fremont, CA, USA) to analyze how much energy goes into the upper hemisphere (z>0) compared to the total energy radiated by the dipole source. 
Simulation at 1.92GHz indicates that 0.7% (or -21.5dB) of total radiated power of the dipole escapes the 10in x 12in window.

4
Far-Field Pattern for a Single Window (Step 2)


The far-field antenna pattern of the energy leaking through the window was obtained by the same EM simulation technique described above. 
Single elevation and azimuth gain cuts are shown in Figure 3. 
Each window was found to have a peak aperture gain of +13.5 dB relative to an isotropic source. The location of this beam peak is directly abeam of the aircraft at an elevation of 36.5° below horizontal. 
This pattern is used as an input to the array pattern determination described in the next section. 


[image: image3]
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[image: image4]
Figure 3: Elevation and azimuth patterns for a single aircraft window. Peak gain of +13.5 dB occurs at 36.5° below horizontal. The azimuth pattern is displayed at this elevation angle
As aperture gain scales inversely with the square of the wavelength, the expected value at the GSM 1800 band (1.85 GHz) is 0.3 dB less than that given here or +13.2 dBi.
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Far-Field Pattern of the 37-Window Array (Step 3)


Inside the aircraft, the power distribution of the leaky coax is still in the near field since 2d2/λ = (2 x 720in x 720in / 6.15in)= 2.66 miles. Therefore, the power distribution at the windows should be directly proportional to the power distribution along the leaky coax 

Based on manufacturer’s data of the leaky coax antenna longitudinal propagation, the normalized complex power distribution sampled at the centre of each window was computed. The array factor of the 37 windows was then computed from this complex power distribution based on the following expression:
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The combination of the array factor calculated here and the single element factor determined in the previous section provides the total gain pattern of the 37 window array, which has a peak gain of 28.8 dB relative to the total length of leaky coax. 
The azimuth distribution of this effective pattern is shown in Figure 4. 
However, accounting for the fact that only ‑21.5 dB of the total energy radiated from the element dipole leaks from a single aircraft window, it follows that a length of leaky coax radiating a total of 0 dBm will radiate a peak of 7.3 dBm (‑21.5 dBm + 28.8 dBi) as seen in the far field.


[image: image6]
Figure 4: Effective far field array gain pattern of 37-window aircraft

As verification, it is useful to compare this modelled value to the theoretical maximum for this array. From fundamental antenna theory, the area gain of an aperture is:



[image: image7.wmf]÷

ø

ö

ç

è

æ

=

2

4

log

10

l

p

A

G

aperture


where A is the aperture area.

For a 12in x 10in window at 1.85 GHz, this area gain computes to 15.7 dBi.  

Coincidentally, the theoretical array gain for 37 elements = 10log(37) = 15.7 dBi.

The maximum theoretical gain for this array is the sum of these two effects:

Gtotal = 15.7 dBi + 15.7 dBi = 31.4 dBi.

The peak array gain predicted by EM simulation falls within 3 dB of the theoretical maximum. The principal source of this shortfall is the window aperture gain, 13.2 dBi vs. 15.7 dBi. The constraints imposed by the boundary conditions at the metal edges of the window prevent it from producing a uniform field distribution, resulting in an aperture gain less than theoretical.

6
Link Budget Treatment of Aircraft Window Array Model
In Appendix A of QUALCOMM’s earlier contribution to GERAN1 [1] and SE7 [2], we derive from Morgan’s work [3] the total long-range loss (propagation loss + cable coupling loss) from a leaky feeder input to a remote measurement point:
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where the manufacturer-specified coupling loss is C = Pin/P(Do), L is the length of the cable, D is the propagation distance, and Do is the coupling loss reference distance. 

In our original link budgets, the link from the leaky coax to the victim receiver on the ground is illustrated by the following example budget (assuming C = 69 dB, Do = 2 m, L = 30 m and D = 3000 m):

[image: image9.emf]NCU Power into Coax per WCDMA Channel 27.9dBm Calculated =A

Nominal Longitudinal Coax Attenuation 3.0dB Input =B

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated =C (derived from Morgan)

Aircraft Penetration Loss 0.0dB From Table =D

Multiple Aircraft Factor 0.0dB From Table =E=10log(N_aircraft)

Power Received At Ground -99.9dBm Calculated F=A-B-C-D+E


With this approach we assume free space propagation from the entire length of leaky feeder to the victim on the ground, with an additional loss factor added for the fuselage effect. The leaky feeder is essentially treated as a point source as seen from the ground.

The window array model presented in the current paper divides the aircraft into multiple adjacent fuselage/window segments and assumes a radiating dipole in each segment. To incorporate the new model into our existing link budgets, it is necessary to approximate the leaky feeder as a collection of independent dipoles, each radiating within its respective fuselage segment and coupling to its respective window.

We showed previously that given Morgan’s expression for the received power in the case of D<<L, and the known power received at reference distance Do (from the coupling loss spec), we can express , the power radiated per unit length of the cable as:
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Substituting in the definition of coupling loss C = Pin/P(Do), we get the following expression for  as a function of Pin:
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We include Klong, the nominal longitudinal attenuation for the coax cable, is included in the expression as an additional loss (an approximation—in reality, this varies along the length of the cable). 
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Note that in the original link budget, Klong was included as its own line item.

Finally, the total EIRP from the entire cable length is:
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For the example of Do = 2 m, L = 30 m, C = 69 dB, Klong = 3 dB, and λ = 0.162 m, and the difference between Pin and EIRP_total is 20.5 dB. Note that this result is equivalent to the previous formulation if the free space path loss (107.3 dB) and longitudinal attenuation (3 dB) are factored out.

The new model is budgeted as follows:


[image: image14.emf]NCU Power into Coax per WCDMA Channel 27.9dBm Calculated =A

EIRP_total 7.4dBm Calculated =B

Window Aperture Loss 21.5dB Input =C

Multiple Window Array Gain 28.8dB Input =D

Multiple Aircraft Factor 0.0dB From Table =E=10log(N_aircraft)

Path Loss to Ground 107.3dB Calculated =P (free space prop)

Power Received At Ground -92.6dBm Calculated F=B-C+D+E-P


Predicted peak interference power to the ground using the array model is 7.3 dB greater than that predicted with the original model, which assumed no aircraft attenuation. Effectively, the new model predicts a 7.3 dB peak fuselage gain factor for a length of leaky coax positioned at the top centre of the passenger cabin. This peak occurs at an azimuth angle of 97.6° and an elevation of 37.3° below horizontal. There are four other significant beam peaks of +6.9 dB, +3.0 dB, ‑0.8 dB and ‑1.1 dB as well. 

The array model accounts for penetration loss through the window aperture, which is strongly influenced by the position of the leaky coax with respect to the window. This loss is in turn offset by the gain of the multiple window array. This array effect is facilitated by the fact that the leaky coax runs the length of the cabin and consequently illuminates each window directly. However, given the highly reflective environment within the aircraft cabin, it is conceivable that some array effects are experienced with point source antennas as well. This is a more complicated problem, and is outside the scope of the current investigation.
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Revised Downlink Budgets

Table 1 through Table 4 present revised downlink budgets incorporating the window array model. 
The general treatment and implications are the same as those discussed in [1]. One change from the previous work is that the “distance to ground” parameter is adjusted for the orientation of the peak window array gain. Previously, this value was assumed to be equal to the aircraft altitude (3000 m). In the revised budgets, this has been adjusted to [3000 m]/sin(37.3°) = 4950 m. 
Table 1 presents a revised budget for an in-cabin NCU capable only of preventing acquisition of terrestrial GSM systems. In contrast to our earlier submission, the required jamming C/I has been changed from 5 dB to 0 dB for consistency with the contributions of other committee members. 
With the new inputs and model, a noise floor elevation of approximately 1.0 dB is predicted for both GSM and WCDMA mobiles on the ground.
Table 1: Downlink Budget for In-Cabin GSM-only NCU

[image: image15.emf]Downlink Budget for In-Cabin GSM NCU

NCU Budget

90%ile Interference from Ground -88.9dBm Input P -81 dBm number adjusted for 200 kHz BW

Jamming SNR 0.0dB Constant Q Maximum SNR which prevents access

Required Jamming Power at In-cabin phone -88.9dBm Calculated R=P-Q

Coax Attenuation at Mobile Position 5.0dB Input D ~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

Fade Margin 20.0dB From Table =DD

Path Loss rel. to coax coupling loss ref distance 0.0dB Calculated S

Leaky Coax Coupling Loss 69.0dB From Table =GG

Required NCU Power into Coax per GSM Chan 5.1dBm Calculated T=R+D+DD+S+GG

NCU Intererence To Terrestrial GSM Mobile

NCU Power into Coax per GSM Channel 5.1dBm Calculated =T

Total Cable Radiated Power -15.4dBm Calculated V Adapted from Morgan

Window Aperture Loss 21.5dB Input W From QC window array model

Multiple Window Array Gain 28.8dB Input X From QC window array model

Multiple Aircraft Factor 0.0dB Input K=10log(EE)

Path Loss to Ground 111.7dB Calculated Y Free space propagation

Power Received At Ground -119.8dBm Calculated =V-W+X+K-Y

Receiver Noise Floor (GSM Phone) -114.0dBm Calculated Below=PP

Receiver Desense (GSM Phone) 1.02dB Calculated Noise floor elevation from linear power summing

NCU Intererence To Terrestrial WCDMA Mobile

NCU Power into Coax per WCDMA Channel 17.9dBm Calculated U Jammer power adjusted for WCDMA RX BW

Total Cable Radiated Power -2.5dBm Calculated V Adapted from Morgan

Window Aperture Loss 21.5dB Input W From QC window array model

Multiple Window Array Gain 28.8dB Input X From QC window array model

Multiple Aircraft Factor 0.0dB Input K=10log(EE)

Path Loss to Ground 111.7dB Calculated Y Free space propagation

Power Received At Ground -106.9dBm Calculated =V-W+X+K-Y

Receiver Noise Floor (WCDMA Mobile) -101.2dBm Calculated Below=PP

Receiver Desense (WCDMA Mobile) 1.02dB Calculated Noise floor elevation from linear power summing

Tables and Auxilliary Calculations

Other Constants/Inputs

Wavelength 0.162m Constant AA GSM 1800 BTS Band

Distance to Ground 4950.6m Input BB

Aircraft Penetration Loss 0.0dB Input CC

In-cabin fade margin 20.0dB Input DD

Number of Aircraft 1 Input EE

Number of GSM Carriers Per Aircraft 1 Input FF

Leaky Coax Coupling Loss 69.0dB Input GG

Coupling Loss Reference Distance 2.0m Input HH

Leaky Coax Cable Length 30.0m Input II

Distance from in-cabin phone to Coax 2.0m Input KK

RX Susceptibility Calc -- GSM Mobile

Victim BW 200000.0Hz Input LL

kT -174.0dBm/HzConstant MM

kTB -121.0dBm Calculated NN=MM+10log(LL)

Receiver Noise Figure 7.0dB Input OO

Receiver Noise Floor -114.0dBm Calculated PP=NN+OO

Allowable Desense 1.0dB Input QQ

Receiver Susceptibility -119.9dBm Calculated RR=PP+10log(QQ_lin-1)

RX Susceptibility Calc -- WCDMA Mobile

Victim BW 3840000.0Hz Input LL

kT -174.0dBm/HzConstant MM

kTB -108.2dBm Calculated NN=MM+10log(LL)

Receiver Noise Figure 7.0dB Input OO

Receiver Noise Floor -101.2dBm Calculated PP=NN+OO

Allowable Desense 1.0dB Input QQ

Receiver Susceptibility -107.0dBm Calculated RR=PP+10log(QQ_lin-1)


Table 2 presents a revised budget for an in-cabin NCU capable of preventing acquisition of terrestrial WCDMA systems. 
With the new inputs and model, a noise floor elevation of approximately 5.6 dB is predicted for both GSM and WCDMA mobiles on the ground.

Table 2: Downlink Budget for In-Cabin WCDMA NCU

[image: image16.emf]Downlink Budget for In-Cabin WCDMA NCU

NCU Budget

90%ile Interference from Ground -76.1dBm Input N -81 dBm number adjusted for 3.84 MHz BW

CPICH Power Fraction -10.0dB Constant P

Jamming SNR -20.0dB Constant Q CPICH SNR which prevents access

Required Jamming Power at In-cabin phone -66.1dBm Calculated R=N+P-Q

Coax Attenuation at Mobile Position 5.0dB Input D ~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

Fade Margin 20.0dB From Table =DD

Path Loss rel. to coax coupling loss ref distance 0.0dB Calculated S

Leaky Coax Coupling Loss 69.0dB From Table =GG

Required NCU Power into Coax per WCDMA Channel 27.9dBm Calculated T=R+D+DD+S+GG

NCU Intererence To Terrestrial GSM Mobile

NCU Power into Coax per GSM Channel 15.1dBm Calculated =T Jammer power adjusted for GSM RX BW

Total Cable Radiated Power -5.4dBm Calculated V Adapted from Morgan

Window Aperture Loss 21.5dB Input W From QC window array model

Multiple Window Array Gain 28.8dB Input X From QC window array model

Multiple Aircraft Factor 0.0dB Input K=10log(EE)

Path Loss to Ground 111.7dB Calculated Y Free space propagation

Power Received At Ground -109.8dBm Calculated =V-W+X+K-Y

Receiver Noise Floor (GSM Phone) -114.0dBm Calculated Below =PP

Receiver Desense (GSM Phone) 5.62dB Calculated Noise floor elevation from linear power summing

NCU Intererence To Terrestrial WCDMA Mobile

NCU Power into Coax per WCDMA Channel 27.9dBm Calculated U

Total Cable Radiated Power 7.5dBm Calculated V Adapted from Morgan

Window Aperture Loss 21.5dB Input W From QC window array model

Multiple Window Array Gain 28.8dB Input X From QC window array model

Multiple Aircraft Factor 0.0dB Input K=10log(EE)

Path Loss to Ground 111.7dB Calculated Y Free space propagation

Power Received At Ground -96.9dBm Calculated =V-W+X+K-Y

Receiver Noise Floor (WCDMA Mobile) -101.2dBm Calculated Below =PP

Receiver Desense (WCDMA Mobile) 5.62dB Calculated Noise floor elevation from linear power summing

Tables and Auxilliary Calculations

Other Constants/Inputs

Wavelength 0.162m Constant AA GSM 1800 BTS Band

Distance to Ground 4950.6m Input BB

Aircraft Penetration Loss 0.0dB Input CC

In-cabin fade margin 20.0dB Input DD

Number of Aircraft 1 Input EE

Number of GSM Carriers Per Aircraft 1 Input FF

Leaky Coax Coupling Loss 69.0dB Input GG

Coupling Loss Reference Distance 2.0m Input HH

Leaky Coax Cable Length 30.0m Input II

Distance from in-cabin phone to Coax 2.0m Input KK

RX Susceptibility Calc -- GSM Mobile

Victim BW 200000.0Hz Input LL

kT -174.0dBm/HzConstant MM

kTB -121.0dBm Calculated NN=MM+10log(LL)

Receiver Noise Figure 7.0dB Input OO

Receiver Noise Floor -114.0dBm Calculated PP=NN+OO

Allowable Desense 1.0dB Input QQ

Receiver Susceptibility -119.9dBm Calculated RR=PP+10log(QQ_lin-1)

RX Susceptibility Calc -- WCDMA Mobile

Victim BW 3840000.0Hz Input LL

kT -174.0dBm/HzConstant MM

kTB -108.2dBm Calculated NN=MM+10log(LL)

Receiver Noise Figure 7.0dB Input OO

Receiver Noise Floor -101.2dBm Calculated PP=NN+OO

Allowable Desense 1.0dB Input QQ

Receiver Susceptibility -107.0dBm Calculated RR=PP+10log(QQ_lin-1)


Table 3 presents the revised downlink budget for the in-cabin picocell and estimates its interference to GSM mobiles on the ground. With the new link model, the allowable downlink power is reduced somewhat from our previous submission. 
The expected desense of a terrestrial GSM mobile from the minimal in-cabin picocell downlink is approximately 5 dB.

Table 3: Downlink Budget for In-Cabin Picocell -- Interference to Terrestrial GSM

[image: image17.emf]Forward Link Budget for Non-Interference to Ground

Max BTS Power for Non-Interference to Ground GSM Value Units

Ground Phone Susceptibility -119.9dBm Calculated Below a

Path Loss to Ground 111.7 Calculated b Free space propagation

Multiple Aircraft Factor 0.0 Input c

Multiple Equipment Factor 0.0 Input d

Multiple Window Array Gain 28.8 Input e From QC window array model

Window Aperture Loss 21.5 Input f From QC window array model

Max Allowable EIRP from Cable per GSM Channel -15.5 Calculated gg=a+b-c-d-e+f

Max Allowable Downlink Power into Coax per GSM Channel 5.0 Calculated g From Morgan

Non-interfering Link to In-cabin GSM Mobile

90%ile Interference from Ground -88.9dBm Input h -81 dBm number adjusted for 200 kHz BW

Required SNR (GSM Voice) 9.0dB Constant i

Effective Receiver Sensitivity -79.9dBm Calculated j=h+i

Maximum Coupling + Path Loss + Attenuation Loss + Fade 84.9dB Calculated k=g-j

Max Path Loss + Attenuation Loss + Fade 15.9dB Calculated m=k-GG

Fade Margin 20.0dB From Table =DD

Coax Attenuation at Mobile Position 5.0dB Input n ~0.2 dB/m for PCS

Maximum Path Loss (vs. coax coupling loss ref distance) -9.1dB Calculated o=m-DD-n

Maximum Distance Between Phone and Coax 0.2m Calculated (Probably need 2-3 m)

Forward Link Budget for Minimum Link to In-Cabin Mobile

Minimum Link to In-Cabin GSM Mobile

90%ile Interference from Ground -88.9dBm Input A=h -81 dBm number adjusted for 200 kHz BW

Required SNR (GSM Voice) 9.0dB Constant B=i

Effective Receiver Sensitivity -79.9dBm Calculated C=A+B

Coax Attenuation at Mobile Position 5.0dB Input D

Fade Margin 20.0dB From Table =DD

Path Loss rel. to coax coupling loss ref distance 0.0dB Calculated E

Leaky Coax Coupling Loss 69.0dB From Table =GG ~0.2 dB/m for PCS

Required Downlink Power into Coax per GSM Channel 14.1dBm Calculated F=C+D+DD+E+GG

GSM Ground Interference from Minimum Forward Link

Required Downlink Power into Coax per WCDMA Channel 14.1dBm Calculated =F

Total Cable Radiated Power -6.4dBm Calculated G Adapted from Morgan

Window Aperture Loss 21.5dB Input H From QC window array model

Multiple Window Array Gain 28.8dB Input J From QC window array model

Multiple Equipment Factor 0.0dB Input I=10log(N_GSM_carriers) Only >0 for WCDMA, BW(victim) > BW(interferer)

Multiple Aircraft Factor 0.0dB Input K=10log(N_aircraft)

Path Loss to Ground 111.7dB Calculated L Free space propagation

Power Received At Ground -110.8dBm Calculated M=G-H+I+J+K-L

Receiver Noise Floor (GSM Phone) -114.0dBm Calculated Below =PP

Receiver Desense (to GSM Phone) 4.9dB Calculated Noise floor elevation from linear power summing

Tables and Auxilliary Calculations

Other Constants/Inputs

Wavelength 0.162m Constant AA GSM 1800 BTS Band

Distance to Ground 4950.6m Input BB

Aircraft Penetration Loss 0.0dB Input CC

In-cabin fade margin 20.0dB Input DD

Number of Aircraft 1 Input EE

Number of GSM Carriers Per Aircraft 1 Input FF

Leaky Coax Coupling Loss 69.0dB Input GG

Coupling Loss Reference Distance 2.0m Input HH

Leaky Coax Cable Length 30.0m Input II

Distance from in-cabin phone to Coax 2.0m Input KK

RX Susceptibility Calc

Victim BW 200000.0Hz Input LL

kT -174.0dBm/Hz Constant MM

kTB -121.0dBm Calculated NN=MM+10log(LL)

Receiver Noise Figure 7.0dB Input OO

Receiver Noise Floor -114.0dBm Calculated PP=NN+OO

Allowable Desense 1.0dB Input QQ

Receiver Susceptibility -119.9dBm Calculated RR=PP+10log(QQ_lin-1)


Table 4 presents the revised downlink budget for the in-cabin picocell and estimates its interference to WCDMA mobiles on the ground. As with Table 3, the allowable downlink power is reduced somewhat from our previous submission. 
The expected desense of a terrestrial WCDMA mobile from the minimal in-cabin picocell downlink is 0.4 dB.

Table 4: Downlink Budget for In-Cabin Picocell -- Interference to Terrestrial WCDMA

[image: image18.emf]Forward Link Budget for Non-Interference to Ground

Max BTS Power for Non-Interference to ground WCDMA Value Units

Ground Phone Susceptibility -106.0dBm Calculated Below a

Path Loss to Ground 111.7 Calculated b Free space propagation

Multiple Aircraft Factor 0.0 Input c

Multiple Equipment Factor 0.0 Input d

Multiple Window Array Gain 28.8 Input e From QC window array model

Window Aperture Loss 21.5 Input f From QC window array model

Max Allowable EIRP from Cable per GSM Channel -1.6 Calculated gg=a+b-c-d-e+f

Max Allowable Downlink Power into Coax per GSM Channel 18.8 Calculated g From Morgan

Non-interfering Link to In-cabin GSM Mobile

90%ile Interference from Ground -88.9dBm Input h -81 dBm number adjusted for 200 kHz BW

Required SNR (GSM Voice) 9.0dB Constant i

Effective Receiver Sensitivity -79.9dBm Calculated j=h+i

Maximum Coupling + Path Loss + Attenuation Loss + Fade 98.7dB Calculated k=g-j

Max Path Loss + Attenuation Loss + Fade 29.7dB Calculated m=k-GG

Fade Margin 20.0dB From Table =DD

Coax Attenuation at Mobile Position 5.0dB Input n ~0.2 dB/m for PCS

Maximum Path Loss (vs. coax coupling loss ref distance) 4.7dB Calculated o=m-DD-n

Maximum Distance Between Phone and Coax 5.9m Calculated (Probably need 2-3 m)

Forward Link Budget for Minimum Link to In-Cabin Mobile

Minimum Link to In-Cabin GSM Mobile

90%ile Interference from Ground -88.9dBm Input A=h -81 dBm number adjusted for 200 kHz BW

Required SNR (GSM Voice) 9.0dB Constant B=i

Effective Receiver Sensitivity -79.9dBm Calculated C=A+B

Coax Attenuation at Mobile Position 5.0dB Input D

Fade Margin 20.0dB From Table =DD

Path Loss rel. to coax coupling loss ref distance 0.0dB Calculated E

Leaky Coax Coupling Loss 69.0dB From Table =GG ~0.2 dB/m for PCS

Required Downlink Power into Coax per GSM Channel 14.1dBm Calculated F=C+D+DD+E+GG

WCDMA Ground Interference from Minimum Forward Link

Required Downlink Power into Coax per GSM Channel 14.1dBm Calculated =F

Total Cable Radiated Power -6.4dBm Calculated G Adapted from Morgan

Window Aperture Loss 21.5dB Input H From QC window array model

Multiple Window Array Gain 28.8dB Input J From QC window array model

Multiple Equipment Factor 0.0dB Input I=10log(N_GSM_carriers) Only >0 for WCDMA, BW(victim) > BW(interferer)

Multiple Aircraft Factor 0.0dB Input K=10log(N_aircraft)

Path Loss to Ground 111.7dB Calculated L Free space propagation

Power Received At Ground -110.8dBm Calculated M=G-H+I+J+K-L

Receiver Noise Floor (WCDMA Phone) -100.2dBm Calculated Below =PP

Receiver Desense (WCDMA Phone) 0.4dB Calculated Noise floor elevation from linear power summing

Tables and Auxilliary Calculations

Other Constants/Inputs

Wavelength 0.162m Constant AA GSM 1800 BTS Band

Distance to Ground 4950.6m Input BB

Aircraft Penetration Loss 0.0dB Input CC

In-cabin fade margin 20.0dB Input DD

Number of Aircraft 1 Input EE

Number of GSM Carriers Per Aircraft 1 Input FF

Leaky Coax Coupling Loss 69.0dB Input GG

Coupling Loss Reference Distance 2.0m Input HH

Leaky Coax Cable Length 30.0m Input II

Distance from in-cabin phone to Jammer Coax 2.0m Input KK

RX Susceptibility Calc

Victim BW 3840000.0Hz Input LL

kT -174.0dBm/HzConstant MM

kTB -108.2dBm Calculated NN=MM+10log(LL)

Receiver Noise Figure 8.0dB Input OO

Receiver Noise Floor -100.2dBm Calculated PP=NN+OO

Allowable Desense 1.0dB Input QQ

Receiver Susceptibility -106.0dBm Calculated RR=PP+10log(QQ_lin-1)
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Revised Uplink Budget

The interference link from an airborne mobile to the ground is not impacted by the new array model, since we have only attempted to describe the propagation between the picocell leaky coax and the ground. However, the in-cabin uplink system design is impacted, since interference from terrestrial mobiles is received by the leaky feeder system. 
A revised link budget is provided in Table 5.

In our previous contribution [1], we erroneously assumed that the interference power level from terrestrial mobiles was equivalent to what we had measured during flight tests using dipole antennas. This assumption failed to account for the fact that in an in-cabin network, this interference is received via the leaky feeder antenna, which is less efficient than a typical dipole and will therefore produce less interference power at the picocell receiver input than what we measured. 
To account for this effect and to incorporate the new window array model, we take the following approach:

1) Assuming a single path loss value from aircraft to ground, determine the EIRP of a “virtual” terrestrial point source interferer encompassing the combined power of all terrestrial mobiles measured by our flight test dipole
2) Determine the interference power received at the BTS input through the leaky feeder system from this virtual point source using the window array model
For the sake of simplicity, we assume that the path loss to and from the virtual interferer are equivalent, though these paths involve different in-flight antennas. The impact of deviations from this assumption should be small however. For example, if the assumed elevation angle for determination of the virtual source power is adjusted for a larger distance, yielding a stronger interferer power, this will also position the point source away from the peak gain of the window array, offsetting this effect. 
Regardless, this analysis predicts that an in-cabin GSM mobile operating at its minimum transmit power can easily overcome interference from the ground when linking to the picocell. 
The more serious issue remains the impact this mobile will have on terrestrial networks, which is not changed by the current window array model. 

Table 5: Uplink budget for in-cabin GSM picocell system


[image: image19.emf]Reverse Link Analysis -- GSM Mobile to GSM BTS on Ground

Value Units

Ground GSM BTS Susceptibility -122.9dBm Constant a Based on 1 dB desense and 5 dB receiver NF

Path Loss to Ground 106.9dB Calculated b

Aircraft Penetration Loss 0.0dB Input c

Multiple Aircraft Factor 0.0dB Calculated d=10log(CC)

Total Allowable EIRP -16.0dBm Calculated e=a+b+c-d (TX Floor is 0 dBm)

Link to In-cabin BTS

BTS Effective Noise Floor (inc ground interference) -110.1dBm Input f=A7 Calculated Below

Required SNR (GSM Voice) 9.0dB Constant g

Effective Receiver Sensitivity -101.1dBm Calculated h=f+g

Coax Attenuation at Mobile Position 5.0dB Input i ~0.2 dB/m for PCS

Necessary Power at Coupling Ref Distance -27.1dBm Calculated j=h+i+FF

Path Loss from Coax Coupling Ref Distance to Mobile 0.0dB Calculated k Note: Not free space prop to coax

Fade Margin 20.0dB Input m

Required Mobile EIRP -7.1dBm Calculated n=j+k+m

Desense of Ground BTS

Single Mobile EIRP Floor 0.0dBm Input A

Multiple Equipment Factor 0.0dB Calculated B

Total Minimum EIRP from Aircraft 0.0dBm Calculated C=A+B

Multiple Aircraft Factor 0.0dB Calculated D=10log(CC)

Aircraft Penetration Loss 0.0dB Input E

Path Loss to Ground 106.9dB Calculated F

Power Received At Ground -106.9dBm Calculated G=C+D-E-F

Receiver Noise Floor -117.0dBm Calculated H kTB+NF

Receiver Desense 10.5dB Calculated I Noise floor elevation from linear power summing

Other Constants/Inputs

Wavelength 0.171m Constant AA GSM 1800 Phone Band

Distance to Ground 3000m Input BB

Number of Aircraft 1 Input CC

Number of Users per Aircraft 7 Input DD

Receiver Noise Figure 4dB Input EE

Leaky Coax Coupling Loss 69dB Input FF

Coupling Loss Reference Distance 2m Input GG

Leaky Coax Cable Length 30m Input HH

Distance from Mobile to Coax 2m Input II

RX Susceptibility Calc

BW 200000.0Hz Input LL

kT -174.0dBm/Hz Constant MM

kTB -121.0dBm Calculated NN=MM+10log(LL)

Receiver Noise Figure 4.0dB Input OO

Receiver Noise Floor -117.0dBm Calculated PP=NN+OO

Allowable Desense 1.0dB Input QQ

Receiver Susceptibility -122.9dBm Calculated RR=PP+10log(QQ_lin-1)

Ground Interference Calc -- Adjustment for Leaky Coax Coupling and Aircraft Window Array Model

90%ile Interference From Ground (measured by dipole) -97.9dBm Input A1

Path Loss to Virtual Point Source Interferer 111.2dB Calculated A2 Model ground interference as coming from a 

Aircraft Shielding Factor to meas dipole 0dB Input A3           single point source on ground at 37.3deg elevation angle

Virtual Ground Interferer EIRP 13.3dBm Calculated A4=A1+A2+A3

Path Loss from Virtual Point Source Interferer 111.2dB Calculated A5=A2 Altitude adjusted for 37.3 deg elevation (peak array gain)

Multiple Window Array Gain 28.8dB Input A6 QC Array Model

Window Aperture Loss 21.5dB Input A7 QC Array Model

Coupling Loss from Input to Entire Cable Aperture 20.5dB Input A8 Derived from Morgan

Total Loss From Cable Input to Ground (peak) 124.4dB Calculated A9=A5-A6+A7+A8

Ground Interference Power at BTS Input -111.1dBm Calculated A10 = A4-A9 Assume reciprocal path between cable input and ground

Effective Picocell BTS Noise Floor -110.1dBm Calculated Linear addition of interference to rx noise floor
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GSM-Only Jammer

		Downlink Interference Analysis -- GSM-Only NCU

		Interference propagation to ground governed by window array model

		Downlink Budget for In-Cabin GSM NCU

		NCU Budget

		90%ile Interference from Ground		-88.9		dBm		Input		P		-81 dBm number adjusted for 200 kHz BW

		Jamming SNR		0.0		dB		Constant		Q		Maximum SNR which prevents access

		Required Jamming Power at In-cabin phone		-88.9		dBm		Calculated		R=P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required NCU Power into Coax per GSM Chan		5.1		dBm		Calculated		T=R+D+DD+S+GG

		NCU Intererence To Terrestrial GSM Mobile

		NCU Power into Coax per GSM Channel		5.1		dBm		Calculated		=T

		Total Cable Radiated Power		-15.4		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		111.7		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-119.8		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (GSM Phone)		1.02		dB		Calculated				Noise floor elevation from linear power summing

		NCU Intererence To Terrestrial WCDMA Mobile

		NCU Power into Coax per WCDMA Channel		17.9		dBm		Calculated		U		Jammer power adjusted for WCDMA RX BW

		Total Cable Radiated Power		-2.5		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		111.7		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-106.9		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (WCDMA Mobile)		-101.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Mobile)		1.02		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		4950.6		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc -- GSM Mobile

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		RX Susceptibility Calc -- WCDMA Mobile

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-101.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-107.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





WCDMA Jammer

		Downlink Interference Analysis -- WCDMA Jammer

		Interference propagation to ground governed by window array model

		Downlink Budget for In-Cabin WCDMA Jammer

		Jammer Budget

		90%ile Interference from Ground		-76.1		dBm		Input		N		-81 dBm number adjusted for 3.84 MHz BW

		CPICH Power Fraction		-10.0		dB		Constant		P

		Jamming SNR		-20.0		dB		Constant		Q		CPICH SNR which prevents access

		Required Jamming Power at In-cabin phone		-66.1		dBm		Calculated		R=N+P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required Jamming Power into Coax per WCDMA Channel		27.9		dBm		Calculated		T=R+D+DD+S+GG

		Jammer Intererence To Terrestrial GSM Mobile

		Jammer Power into Coax per GSM Channel		15.1		dBm		Calculated		=T		Jammer power adjusted for GSM RX BW

		Total Cable Radiated Power		-5.4		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-105.4		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (GSM Phone)		9.15		dB		Calculated				Noise floor elevation from linear power summing

		Jammer Intererence To Terrestrial WCDMA Mobile

		Jammer Power into Coax per WCDMA Channel		27.9		dBm		Calculated		U

		Total Cable Radiated Power		7.5		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-92.6		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (WCDMA Mobile)		-101.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Mobile)		9.15		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc -- GSM Mobile

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		RX Susceptibility Calc -- WCDMA Mobile

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-101.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-107.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Picocell to GSM on Ground

		Downlink Analysis -- GSM Picocell to GSM Mobile on Ground

		Interference propagation to ground governed by window array model

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to Ground GSM		Value		Units

		Ground Phone Susceptibility		-119.9		dBm		Calculated Below		a

		Path Loss to Ground		107.3				Calculated		b		Free space propagation

		Multiple Aircraft Factor		0.0				Input		c

		Multiple Equipment Factor		0.0				Input		d

		Multiple Window Array Gain		28.8				Input		e		From QC window array model

		Window Aperture Loss		21.5				Input		f		From QC window array model

		Max Allowable EIRP from Cable Segment per GSM Channel		-19.8				Calculated		gg=a+b-c-d-e+f

		Max Allowable Downlink Power into Coax per GSM Channel		16.3				Calculated		g		Combined segments + Morgan

		Non-interfering Link to In-cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		96.2		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		27.2		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		2.2		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		3.3		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		GSM Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per WCDMA Channel		14.1		dBm		Calculated		=F

		Total Cable Radiated Power		-6.4		dBm		Calculated		G		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		H		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		J		From QC window array model

		Multiple Equipment Factor		0.0		dB		Input		I=10log(N_GSM_carriers)		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(N_aircraft)

		Path Loss to Ground		107.3		dB		Calculated		L		Free space propagation

		Power Received At Ground		-106.4		dBm		Calculated		M=G-H+I+J+K-L

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (to GSM Phone)		8.3		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Picocell to WCDMA  on Ground

		Downlink Analysis -- GSM Picocell to WCDMA Mobile on Ground

		Interference propagation to ground governed by window array model

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to ground WCDMA		Value		Units

		Ground Phone Susceptibility		-106.0		dBm		Calculated Below		a

		Path Loss to Ground		107.3				Calculated		b		Free space propagation

		Multiple Aircraft Factor		0.0				Input		c

		Multiple Equipment Factor		0.0				Input		d

		Multiple Window Array Gain		28.8				Input		e		From QC window array model

		Window Aperture Loss		21.5				Input		f		From QC window array model

		Max Allowable EIRP from Cable Segment per GSM Channel		-6.0				Calculated		gg=a+b-c-d-e+f

		Max Allowable Downlink Power into Coax per GSM Channel		30.2				Calculated		g		Combined segments + Morgan

		Non-interfering Link to In-cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		110.1		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		41.1		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		16.1		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		80.8		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		WCDMA Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		=F

		Total Cable Radiated Power		-6.4		dBm		Calculated		G		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		H		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		J		From QC window array model

		Multiple Equipment Factor		0.0		dB		Input		I=10log(N_GSM_carriers)		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(N_aircraft)

		Path Loss to Ground		107.3		dB		Calculated		L		Free space propagation

		Power Received At Ground		-106.4		dBm		Calculated		M=G-H+I+J+K-L

		Receiver Noise Floor (WCDMA Phone)		-100.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Phone)		0.9		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Jammer Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		8.0		dB		Input		OO

		Receiver Noise Floor		-100.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-106.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)
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GSM-Only Jammer

		Downlink Interference Analysis -- GSM-Only NCU

		Interference propagation to ground governed by window array model

		Downlink Budget for In-Cabin GSM NCU

		NCU Budget

		90%ile Interference from Ground		-88.9		dBm		Input		P		-81 dBm number adjusted for 200 kHz BW

		Jamming SNR		5.0		dB		Constant		Q		Maximum SNR which prevents access

		Required Jamming Power at In-cabin phone		-93.9		dBm		Calculated		R=P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required Jamming Power into Coax per GSM Channel		0.1		dBm		Calculated		T=R+D+DD+S+GG

		NCU Intererence To Terrestrial GSM Mobile

		NCU Power into Coax per GSM Channel		0.1		dBm		Calculated		=T

		Total Cable Radiated Power		-20.4		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-120.4		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (GSM Phone)		0.89		dB		Calculated				Noise floor elevation from linear power summing

		NCU Intererence To Terrestrial WCDMA Mobile

		NCU Power into Coax per WCDMA Channel		12.9		dBm		Calculated		U		Jammer power adjusted for WCDMA RX BW

		Total Cable Radiated Power		-7.5		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-107.6		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (WCDMA Mobile)		-101.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Mobile)		0.89		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc -- GSM Mobile

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		RX Susceptibility Calc -- WCDMA Mobile

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-101.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-107.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





WCDMA Jammer

		Downlink Interference Analysis -- WCDMA Jammer

		Interference propagation to ground governed by window array model

		Downlink Budget for In-Cabin WCDMA NCU

		NCU Budget

		90%ile Interference from Ground		-76.1		dBm		Input		N		-81 dBm number adjusted for 3.84 MHz BW

		CPICH Power Fraction		-10.0		dB		Constant		P

		Jamming SNR		-20.0		dB		Constant		Q		CPICH SNR which prevents access

		Required Jamming Power at In-cabin phone		-66.1		dBm		Calculated		R=N+P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required NCU Power into Coax per WCDMA Channel		27.9		dBm		Calculated		T=R+D+DD+S+GG

		NCU Intererence To Terrestrial GSM Mobile

		NCU Power into Coax per GSM Channel		15.1		dBm		Calculated		=T		Jammer power adjusted for GSM RX BW

		Total Cable Radiated Power		-5.4		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-105.4		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (GSM Phone)		9.15		dB		Calculated				Noise floor elevation from linear power summing

		NCU Intererence To Terrestrial WCDMA Mobile

		NCU Power into Coax per WCDMA Channel		27.9		dBm		Calculated		U

		Total Cable Radiated Power		7.5		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-92.6		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (WCDMA Mobile)		-101.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Mobile)		9.15		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc -- GSM Mobile

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		RX Susceptibility Calc -- WCDMA Mobile

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-101.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-107.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Picocell to GSM on Ground

		Downlink Analysis -- GSM Picocell to GSM Mobile on Ground

		Interference propagation to ground governed by window array model

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to Ground GSM		Value		Units

		Ground Phone Susceptibility		-119.9		dBm		Calculated Below		a

		Path Loss to Ground		111.7				Calculated		b		Free space propagation

		Multiple Aircraft Factor		0.0				Input		c

		Multiple Equipment Factor		0.0				Input		d

		Multiple Window Array Gain		28.8				Input		e		From QC window array model

		Window Aperture Loss		21.5				Input		f		From QC window array model

		Max Allowable EIRP from Cable per GSM Channel		-15.5				Calculated		gg=a+b-c-d-e+f

		Max Allowable Downlink Power into Coax per GSM Channel		5.0				Calculated		g		From Morgan

		Non-interfering Link to In-cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		84.9		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		15.9		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		-9.1		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		0.2		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		GSM Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per WCDMA Channel		14.1		dBm		Calculated		=F

		Total Cable Radiated Power		-6.4		dBm		Calculated		G		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		H		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		J		From QC window array model

		Multiple Equipment Factor		0.0		dB		Input		I=10log(N_GSM_carriers)		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(N_aircraft)

		Path Loss to Ground		111.7		dB		Calculated		L		Free space propagation

		Power Received At Ground		-110.8		dBm		Calculated		M=G-H+I+J+K-L

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (to GSM Phone)		4.9		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		4950.6		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Picocell to WCDMA  on Ground

		Downlink Analysis -- GSM Picocell to WCDMA Mobile on Ground

		Interference propagation to ground governed by window array model

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to ground WCDMA		Value		Units

		Ground Phone Susceptibility		-106.0		dBm		Calculated Below		a

		Path Loss to Ground		107.3				Calculated		b		Free space propagation

		Multiple Aircraft Factor		0.0				Input		c

		Multiple Equipment Factor		0.0				Input		d

		Multiple Window Array Gain		28.8				Input		e		From QC window array model

		Window Aperture Loss		21.5				Input		f		From QC window array model

		Max Allowable EIRP from Cable Segment per GSM Channel		-6.0				Calculated		gg=a+b-c-d-e+f

		Max Allowable Downlink Power into Coax per GSM Channel		30.2				Calculated		g		Combined segments + Morgan

		Non-interfering Link to In-cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		110.1		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		41.1		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		16.1		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		80.8		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		WCDMA Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		=F

		Total Cable Radiated Power		-6.4		dBm		Calculated		G		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		H		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		J		From QC window array model

		Multiple Equipment Factor		0.0		dB		Input		I=10log(N_GSM_carriers)		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(N_aircraft)

		Path Loss to Ground		107.3		dB		Calculated		L		Free space propagation

		Power Received At Ground		-106.4		dBm		Calculated		M=G-H+I+J+K-L

		Receiver Noise Floor (WCDMA Phone)		-100.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Phone)		0.9		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Jammer Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		8.0		dB		Input		OO

		Receiver Noise Floor		-100.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-106.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)
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Reverse Link -- GSM BTS

		Reverse Link Analysis -- GSM Mobile to GSM BTS on Ground

				Value		Units

		Ground GSM BTS Susceptibility		-122.9		dBm		Constant		a		Based on 1 dB desense and 5 dB receiver NF

		Path Loss to Ground		106.9		dB		Calculated		b

		Aircraft Penetration Loss		0.0		dB		Input		c

		Multiple Aircraft Factor		0.0		dB		Calculated		d=10log(CC)

		Total Allowable EIRP		-16.0		dBm		Calculated		e=a+b+c-d		(TX Floor is 0 dBm)

		Link to In-cabin BTS

		BTS Effective Noise Floor (inc ground interference)		-110.1		dBm		Input		f=A7		Calculated Below

		Required SNR (GSM Voice)		9.0		dB		Constant		g

		Effective Receiver Sensitivity		-101.1		dBm		Calculated		h=f+g

		Coax Attenuation at Mobile Position		5.0		dB		Input		i		~0.2 dB/m for PCS

		Necessary Power at Coupling Ref Distance		-27.1		dBm		Calculated		j=h+i+FF

		Path Loss from Coax Coupling Ref Distance to Mobile		0.0		dB		Calculated		k		Note: Not free space prop to coax

		Fade Margin		20.0		dB		Input		m

		Required Mobile EIRP		-7.1		dBm		Calculated		n=j+k+m

		Desense of Ground BTS

		Single Mobile EIRP Floor		0.0		dBm		Input		A

		Multiple Equipment Factor		0.0		dB		Calculated		B

		Total Minimum EIRP from Aircraft		0.0		dBm		Calculated		C=A+B

		Multiple Aircraft Factor		0.0		dB		Calculated		D=10log(CC)

		Aircraft Penetration Loss		0.0		dB		Input		E

		Path Loss to Ground		106.9		dB		Calculated		F

		Power Received At Ground		-106.9		dBm		Calculated		G=C+D-E-F

		Receiver Noise Floor		-117.0		dBm		Calculated		H		kTB+NF

		Receiver Desense		10.5		dB		Calculated		I		Noise floor elevation from linear power summing

		Other Constants/Inputs

		Wavelength		0.171		m		Constant		AA		GSM 1800 Phone Band

		Distance to Ground		3000		m		Input		BB

		Number of Aircraft		1				Input		CC

		Number of Users per Aircraft		7				Input		DD

		Receiver Noise Figure		4		dB		Input		EE

		Leaky Coax Coupling Loss		69		dB		Input		FF

		Coupling Loss Reference Distance		2		m		Input		GG

		Leaky Coax Cable Length		30		m		Input		HH

		Distance from Mobile to Coax		2		m		Input		II

		RX Susceptibility Calc

		BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		4.0		dB		Input		OO

		Receiver Noise Floor		-117.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-122.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		Ground Interference Calc -- Adjustment for Leaky Coax Coupling and Aircraft Window Array Model

		90%ile Interference From Ground (measured by dipole)		-97.9		dBm		Input		A1

		Path Loss to Virtual Point Source Interferer		111.2		dB		Calculated		A2		Model ground interference as coming from a

		Aircraft Shielding Factor to meas dipole		0		dB		Input		A3		single point source on ground at 37.3deg elevation angle

		Virtual Ground Interferer EIRP		13.3		dBm		Calculated		A4=A1+A2+A3

		Path Loss from Virtual Point Source Interferer		111.2		dB		Calculated		A5=A2		Altitude adjusted for 37.3 deg elevation (peak array gain)

		Multiple Window Array Gain		28.8		dB		Input		A6		QC Array Model

		Window Aperture Loss		21.5		dB		Input		A7		QC Array Model

		Coupling Loss from Input to Entire Cable Aperture		20.5		dB		Input		A8		Derived from Morgan

		Total Loss From Cable Input to Ground (peak)		124.4		dB		Calculated		A9=A5-A6+A7+A8

		Ground Interference Power at BTS Input		-111.1		dBm		Calculated		A10 = A4-A9		Assume reciprocal path between cable input and ground

		Effective Picocell BTS Noise Floor		-110.1		dBm		Calculated				Linear addition of interference to rx noise floor





Reverse Link -- CDMA BTS

		Reverse Link Analysis -- GSM Mobile to CDMA BTS on Ground

				Value		Units

		Ground BTS Susceptibility		-114.0		dBm		Constant		a		Based on 1 dB desense and 5 dB receiver NF

		Path Loss to Ground		106.9		dB		Calculated		b

		Aircraft Penetration Loss		0.0		dB		Input		c

		Multiple Aircraft Factor		0.0		dB		Calculated		d=10log(CC)

		Total Allowable EIRP from Aircraft (in 1.25 MHz)		-7.1		dBm		Calculated		e=a+b+c-d

		Multiple Equipment Factor		0.0		dB		Calculated		f		(Required # of carriers)

		Max Allowable EIRP from Single Mobile		-7.1		dBm		Calculated		g=e-f		(TX Floor is 0 dBm)

		Desense of Ground BTS

		Single Mobile EIRP Floor		0.0		dBm		Input		A

		Multiple Equipment Factor		0.0		dB		Calculated		B

		Total Minimum EIRP from Aircraft (in 1.25 MHz)		0.0		dBm		Calculated		C=A+B

		Multiple Aircraft Factor		0.0		dB		Calculated		D=10log(CC)

		Aircraft Penetration Loss		0.0		dB		Input		E

		Path Loss to Ground		106.9		dB		Calculated		F

		Power Received At Ground		-106.9		dBm		Calculated		G=C+D-E-F

		Receiver Noise Floor		-108.1		dBm		Calculated		H		kTB+NF

		Receiver Desense		3.7		dB		Calculated		I		Noise floor elevation from linear power summing

		Other Constants/Inputs

		Wavelength		0.171		m		Constant		AA		GSM 1800 Phone Band

		Distance to Ground		3000		m		Input		BB

		Number of Aircraft		1				Input		CC

		Number of Users per Aircraft		7				Input		DD

		RX Susceptibility Calc

		BW		1228800.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-113.1		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		5.0		dB		Input		OO

		Receiver Noise Floor		-108.1		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-114.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Reverse Link -- WCDMA BTS

		Uplink Analysis -- GSM Mobile to WCDMA BTS on Ground

				Value		Units

		Ground BTS Susceptibility		-109.0		dBm		Constant		a		Based on 1 dB desense and 5 dB receiver NF

		Path Loss to Ground		106.9		dB		Calculated		b

		Aircraft Penetration Loss		0.0		dB		Input		c

		Multiple Aircraft Factor		0.0		dB		Calculated		d=10log(CC)

		Total Allowable EIRP from Aircraft (in 3.84 MHz)		-2.2		dBm		Calculated		e=a+b+c-d

		Multiple Equipment Factor		0.0		dB		Calculated		f		(Required # of carriers)

		Max Allowable EIRP from Single Mobile		-2.2		dBm		Calculated		g=e-f		(TX Floor is 0 dBm)

		Desense of Ground BTS

		Single Mobile EIRP Floor		0.0		dBm		Input		A

		Multiple Equipment Factor		0.0		dB		Calculated		B

		Total Minimum EIRP from Aircraft (in 3.84 MHz)		0.0		dBm		Calculated		C=A+B

		Multiple Aircraft Factor		0.0		dB		Calculated		D=10log(CC)

		Aircraft Penetration Loss		0.0		dB		Input		E

		Path Loss to Ground		106.9		dB		Calculated		F

		Power Received At Ground		-106.9		dBm		Calculated		G=C+D-E-F

		Receiver Noise Floor		-103.2		dBm		Calculated		H		kTB+NF

		Receiver Desense		1.5		dB		Calculated		I		Noise floor elevation from linear power summing

		Other Constants/Inputs

		Wavelength		0.171		m		Constant		AA		GSM 1800 Phone Band

		Distance to Ground		3000		m		Input		BB

		Number of Aircraft		1				Input		CC

		Number of Users per Aircraft		7				Input		DD

		RX Susceptibility Calc

		BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		5.0		dB		Input		OO

		Receiver Noise Floor		-103.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-109.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)
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GSM-Only Jammer

		Downlink Interference Analysis -- GSM-Only NCU

		Interference propagation to ground governed by window array model

		Downlink Budget for In-Cabin GSM NCU

		NCU Budget

		90%ile Interference from Ground		-88.9		dBm		Input		P		-81 dBm number adjusted for 200 kHz BW

		Jamming SNR		5.0		dB		Constant		Q		Maximum SNR which prevents access

		Required Jamming Power at In-cabin phone		-93.9		dBm		Calculated		R=P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required Jamming Power into Coax per GSM Channel		0.1		dBm		Calculated		T=R+D+DD+S+GG

		NCU Intererence To Terrestrial GSM Mobile

		NCU Power into Coax per GSM Channel		0.1		dBm		Calculated		=T

		Total Cable Radiated Power		-20.4		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-120.4		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (GSM Phone)		0.89		dB		Calculated				Noise floor elevation from linear power summing

		NCU Intererence To Terrestrial WCDMA Mobile

		NCU Power into Coax per WCDMA Channel		12.9		dBm		Calculated		U		Jammer power adjusted for WCDMA RX BW

		Total Cable Radiated Power		-7.5		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-107.6		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (WCDMA Mobile)		-101.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Mobile)		0.89		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc -- GSM Mobile

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		RX Susceptibility Calc -- WCDMA Mobile

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-101.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-107.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





WCDMA Jammer

		Downlink Interference Analysis -- WCDMA Jammer

		Interference propagation to ground governed by window array model

		Downlink Budget for In-Cabin WCDMA NCU

		NCU Budget

		90%ile Interference from Ground		-76.1		dBm		Input		N		-81 dBm number adjusted for 3.84 MHz BW

		CPICH Power Fraction		-10.0		dB		Constant		P

		Jamming SNR		-20.0		dB		Constant		Q		CPICH SNR which prevents access

		Required Jamming Power at In-cabin phone		-66.1		dBm		Calculated		R=N+P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required NCU Power into Coax per WCDMA Channel		27.9		dBm		Calculated		T=R+D+DD+S+GG

		NCU Intererence To Terrestrial GSM Mobile

		NCU Power into Coax per GSM Channel		15.1		dBm		Calculated		=T		Jammer power adjusted for GSM RX BW

		Total Cable Radiated Power		-5.4		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-105.4		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (GSM Phone)		9.15		dB		Calculated				Noise floor elevation from linear power summing

		NCU Intererence To Terrestrial WCDMA Mobile

		NCU Power into Coax per WCDMA Channel		27.9		dBm		Calculated		U

		Total Cable Radiated Power		7.5		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-92.6		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (WCDMA Mobile)		-101.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Mobile)		9.15		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc -- GSM Mobile

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		RX Susceptibility Calc -- WCDMA Mobile

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-101.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-107.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Picocell to GSM on Ground

		Downlink Analysis -- GSM Picocell to GSM Mobile on Ground

		Interference propagation to ground governed by window array model

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to Ground GSM		Value		Units

		Ground Phone Susceptibility		-119.9		dBm		Calculated Below		a

		Path Loss to Ground		107.3				Calculated		b		Free space propagation

		Multiple Aircraft Factor		0.0				Input		c

		Multiple Equipment Factor		0.0				Input		d

		Multiple Window Array Gain		28.8				Input		e		From QC window array model

		Window Aperture Loss		21.5				Input		f		From QC window array model

		Max Allowable EIRP from Cable Segment per GSM Channel		-19.8				Calculated		gg=a+b-c-d-e+f

		Max Allowable Downlink Power into Coax per GSM Channel		16.3				Calculated		g		Combined segments + Morgan

		Non-interfering Link to In-cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		96.2		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		27.2		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		2.2		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		3.3		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		GSM Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per WCDMA Channel		14.1		dBm		Calculated		=F

		Total Cable Radiated Power		-6.4		dBm		Calculated		G		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		H		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		J		From QC window array model

		Multiple Equipment Factor		0.0		dB		Input		I=10log(N_GSM_carriers)		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(N_aircraft)

		Path Loss to Ground		107.3		dB		Calculated		L		Free space propagation

		Power Received At Ground		-106.4		dBm		Calculated		M=G-H+I+J+K-L

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (to GSM Phone)		8.3		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Picocell to WCDMA  on Ground

		Downlink Analysis -- GSM Picocell to WCDMA Mobile on Ground

		Interference propagation to ground governed by window array model

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to ground WCDMA		Value		Units

		Ground Phone Susceptibility		-106.0		dBm		Calculated Below		a

		Path Loss to Ground		111.7				Calculated		b		Free space propagation

		Multiple Aircraft Factor		0.0				Input		c

		Multiple Equipment Factor		0.0				Input		d

		Multiple Window Array Gain		28.8				Input		e		From QC window array model

		Window Aperture Loss		21.5				Input		f		From QC window array model

		Max Allowable EIRP from Cable per GSM Channel		-1.6				Calculated		gg=a+b-c-d-e+f

		Max Allowable Downlink Power into Coax per GSM Channel		18.8				Calculated		g		From Morgan

		Non-interfering Link to In-cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		98.7		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		29.7		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		4.7		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		5.9		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		WCDMA Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		=F

		Total Cable Radiated Power		-6.4		dBm		Calculated		G		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		H		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		J		From QC window array model

		Multiple Equipment Factor		0.0		dB		Input		I=10log(N_GSM_carriers)		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(N_aircraft)

		Path Loss to Ground		111.7		dB		Calculated		L		Free space propagation

		Power Received At Ground		-110.8		dBm		Calculated		M=G-H+I+J+K-L

		Receiver Noise Floor (WCDMA Phone)		-100.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Phone)		0.4		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		4950.6		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Jammer Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		8.0		dB		Input		OO

		Receiver Noise Floor		-100.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-106.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)






_1193754702.xls
GSM-Only Jammer

		Downlink Interference Analysis -- GSM-Only NCU

		Interference propagation to ground governed by window array model

		Downlink Budget for In-Cabin GSM NCU

		NCU Budget

		90%ile Interference from Ground		-88.9		dBm		Input		P		-81 dBm number adjusted for 200 kHz BW

		Jamming SNR		5.0		dB		Constant		Q		Maximum SNR which prevents access

		Required Jamming Power at In-cabin phone		-93.9		dBm		Calculated		R=P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required Jamming Power into Coax per GSM Channel		0.1		dBm		Calculated		T=R+D+DD+S+GG

		NCU Intererence To Terrestrial GSM Mobile

		NCU Power into Coax per GSM Channel		0.1		dBm		Calculated		=T

		Total Cable Radiated Power		-20.4		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-120.4		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (GSM Phone)		0.89		dB		Calculated				Noise floor elevation from linear power summing

		NCU Intererence To Terrestrial WCDMA Mobile

		NCU Power into Coax per WCDMA Channel		12.9		dBm		Calculated		U		Jammer power adjusted for WCDMA RX BW

		Total Cable Radiated Power		-7.5		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		107.3		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-107.6		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (WCDMA Mobile)		-101.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Mobile)		0.89		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc -- GSM Mobile

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		RX Susceptibility Calc -- WCDMA Mobile

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-101.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-107.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





WCDMA Jammer

		Downlink Interference Analysis -- WCDMA Jammer

		Interference propagation to ground governed by window array model

		Downlink Budget for In-Cabin WCDMA NCU

		NCU Budget

		90%ile Interference from Ground		-76.1		dBm		Input		N		-81 dBm number adjusted for 3.84 MHz BW

		CPICH Power Fraction		-10.0		dB		Constant		P

		Jamming SNR		-20.0		dB		Constant		Q		CPICH SNR which prevents access

		Required Jamming Power at In-cabin phone		-66.1		dBm		Calculated		R=N+P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required NCU Power into Coax per WCDMA Channel		27.9		dBm		Calculated		T=R+D+DD+S+GG

		NCU Intererence To Terrestrial GSM Mobile

		NCU Power into Coax per GSM Channel		15.1		dBm		Calculated		=T		Jammer power adjusted for GSM RX BW

		Total Cable Radiated Power		-5.4		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		111.7		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-109.8		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (GSM Phone)		5.62		dB		Calculated				Noise floor elevation from linear power summing

		NCU Intererence To Terrestrial WCDMA Mobile

		NCU Power into Coax per WCDMA Channel		27.9		dBm		Calculated		U

		Total Cable Radiated Power		7.5		dBm		Calculated		V		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		W		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		X		From QC window array model

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(EE)

		Path Loss to Ground		111.7		dB		Calculated		Y		Free space propagation

		Power Received At Ground		-96.9		dBm		Calculated		=V-W+X+K-Y

		Receiver Noise Floor (WCDMA Mobile)		-101.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Mobile)		5.62		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		4950.6		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc -- GSM Mobile

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)

		RX Susceptibility Calc -- WCDMA Mobile

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-101.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-107.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Picocell to GSM on Ground

		Downlink Analysis -- GSM Picocell to GSM Mobile on Ground

		Interference propagation to ground governed by window array model

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to Ground GSM		Value		Units

		Ground Phone Susceptibility		-119.9		dBm		Calculated Below		a

		Path Loss to Ground		107.3				Calculated		b		Free space propagation

		Multiple Aircraft Factor		0.0				Input		c

		Multiple Equipment Factor		0.0				Input		d

		Multiple Window Array Gain		28.8				Input		e		From QC window array model

		Window Aperture Loss		21.5				Input		f		From QC window array model

		Max Allowable EIRP from Cable Segment per GSM Channel		-19.8				Calculated		gg=a+b-c-d-e+f

		Max Allowable Downlink Power into Coax per GSM Channel		16.3				Calculated		g		Combined segments + Morgan

		Non-interfering Link to In-cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		96.2		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		27.2		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		2.2		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		3.3		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		GSM Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per WCDMA Channel		14.1		dBm		Calculated		=F

		Total Cable Radiated Power		-6.4		dBm		Calculated		G		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		H		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		J		From QC window array model

		Multiple Equipment Factor		0.0		dB		Input		I=10log(N_GSM_carriers)		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(N_aircraft)

		Path Loss to Ground		107.3		dB		Calculated		L		Free space propagation

		Power Received At Ground		-106.4		dBm		Calculated		M=G-H+I+J+K-L

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=PP

		Receiver Desense (to GSM Phone)		8.3		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)





Picocell to WCDMA  on Ground

		Downlink Analysis -- GSM Picocell to WCDMA Mobile on Ground

		Interference propagation to ground governed by window array model

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to ground WCDMA		Value		Units

		Ground Phone Susceptibility		-106.0		dBm		Calculated Below		a

		Path Loss to Ground		107.3				Calculated		b		Free space propagation

		Multiple Aircraft Factor		0.0				Input		c

		Multiple Equipment Factor		0.0				Input		d

		Multiple Window Array Gain		28.8				Input		e		From QC window array model

		Window Aperture Loss		21.5				Input		f		From QC window array model

		Max Allowable EIRP from Cable Segment per GSM Channel		-6.0				Calculated		gg=a+b-c-d-e+f

		Max Allowable Downlink Power into Coax per GSM Channel		30.2				Calculated		g		Combined segments + Morgan

		Non-interfering Link to In-cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		110.1		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		41.1		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		16.1		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		80.8		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin GSM Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		WCDMA Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		=F

		Total Cable Radiated Power		-6.4		dBm		Calculated		G		Adapted from Morgan

		Window Aperture Loss		21.5		dB		Input		H		From QC window array model

		Multiple Window Array Gain		28.8		dB		Input		J		From QC window array model

		Multiple Equipment Factor		0.0		dB		Input		I=10log(N_GSM_carriers)		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		Input		K=10log(N_aircraft)

		Path Loss to Ground		107.3		dB		Calculated		L		Free space propagation

		Power Received At Ground		-106.4		dBm		Calculated		M=G-H+I+J+K-L

		Receiver Noise Floor (WCDMA Phone)		-100.2		dBm		Calculated Below		=PP

		Receiver Desense (WCDMA Phone)		0.9		dB		Calculated				Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Jammer Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		8.0		dB		Input		OO

		Receiver Noise Floor		-100.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-106.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)
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FL w jammer -- GSM Mobile

		Forward Link Analysis -- GSM Picocell + Jammer (w/Leaky Coax) to GSM Mobile on Ground

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to GSM Phone		Value		Units

		Ground Phone Susceptibility		-119.9		dBm		Calculated		a (calc below)		Based on 1 dB desense and 5 dB receiver NF

		Path Loss to Ground + Cable Coupling Loss		124.8		dB		Calculated		b (calc below)		Based on 3GPP analysis of leaky coax

		Nominal Coax Attenuation		3.0		dB		Input		c		~0.2 dB/m for PCS (assume cable midpoint for ground link)

		Aircraft Penetration Loss		0.0		dB		From Table		d

		Multiple Aircraft Factor		0.0		dB		From Table		e

		Multiple Equipment Factor		0.0		dB		From Table		f		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Max Allowable Downlink Power into Coax per GSM Channel		8.0		dBm		Calculated		g=a+b+c+d-e-f

		Non-interfering Link to In-cabin Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		87.8		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		18.8		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		-6.2		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		0.5		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		=F

		Nominal Coax Attenuation		3.0		dB		Input		G=c		~0.2 dB/m for PCS (assume cable midpoint for ground link)

		Path Loss to Ground + Cable Coupling Loss		124.8		dB		Calculated		H=b		Based on 3GPP analysis of leaky coax

		Aircraft Penetration Loss		0.0		dB		From Table		=CC

		Multiple Equipment Factor		0.0		dB		From Table		I		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		From Table		J=10log(EE)

		Power Received At Ground		-113.7		dBm		Calculated		K=F-G-H-CC+I+J

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		L

		Receiver Desense (to GSM Phone)		3.2		dB		Calculated		M		Noise floor elevation from linear power summing

		Forward Link Budget for In-Cabin Jammer

		Jammer Budget

		90%ile Interference from Ground		-88.9		dBm		Input		P=A=h		-81 dBm number adjusted for 200 kHz BW

		Jamming SNR		5.0		dB		Constant		Q		Maximum SNR which prevents access

		Required Jamming Power at In-cabin phone		-93.9		dBm		Calculated		R=P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		=D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required Jamming Power into Coax per GSM Channel		0.1		dBm		Calculated		T=R+D+DD+S+GG

		Jammer Intererence To Ground

		Jammer Power into Coax per GSM Channel		0.1		dBm		Calculated		=T

		Nominal Coax Attenuation		3.0		dB		Input		=G=c		~0.2 dB/m for PCS (assume cable midpoint for ground link)

		Path Loss to Ground + Cable Coupling Loss		124.8		dB		Calculated		=H=b		Based on 3GPP analysis of leaky coax

		Aircraft Penetration Loss		0.0		dB		From Table		=CC

		Multiple Aircraft Factor		0.0		dB		From Table		=J=10log(EE)

		Power Received At Ground		-127.7		dBm		Calculated		U=T-G-H-CC+J

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=L

		Receiver Desense (GSM Phone)		0.2		dB		Calculated		V		Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)





WCDMAjammer -- WCDMA Mobile

		Jammer Intererence To Ground

		NCU Power into Coax per WCDMA Channel		27.9		dBm		Calculated		=A

		EIRP_total		7.4		dBm		Calculated		=B		~0.2 dB/m for PCS (assume cable midpoint for ground link)

		Window Aperture Loss		21.5		dB		Input		=C		Based on 3GPP analysis of leaky coax

		Multiple Window Array Gain		28.8		dB		Input		=D

		Multiple Aircraft Factor		0.0		dB		From Table		=E=10log(N_aircraft)

		Path Loss to Ground		107.3		dB		Calculated		=P (free space prop)

		Power Received At Ground		-92.6		dBm		Calculated		F=B-C+D+E-P

		Receiver Noise Floor (WCDMA Phone)		-100.2		dBm		Calculated Below		=L

		Receiver Desense (WCDMA Phone)		8.2		dB		Calculated		V		Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Jammer Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		8.0		dB		Input		OO

		Receiver Noise Floor		-100.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-106.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)
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		Forward Link Analysis -- GSM Picocell + Jammer (w/Leaky Coax) to GSM Mobile on Ground

		Forward Link Budget for Non-Interference to Ground

		Max BTS Power for Non-Interference to GSM Phone		Value		Units

		Ground Phone Susceptibility		-119.9		dBm		Calculated		a (calc below)		Based on 1 dB desense and 5 dB receiver NF

		Path Loss to Ground + Cable Coupling Loss		124.8		dB		Calculated		b (calc below)		Based on 3GPP analysis of leaky coax

		Nominal Coax Attenuation		3.0		dB		Input		c		~0.2 dB/m for PCS (assume cable midpoint for ground link)

		Aircraft Penetration Loss		0.0		dB		From Table		d

		Multiple Aircraft Factor		0.0		dB		From Table		e

		Multiple Equipment Factor		0.0		dB		From Table		f		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Max Allowable Downlink Power into Coax per GSM Channel		8.0		dBm		Calculated		g=a+b+c+d-e-f

		Non-interfering Link to In-cabin Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		j=h+i

		Maximum Coupling + Path Loss + Attenuation Loss + Fade		87.8		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		18.8		dB		Calculated		m=k-GG

		Fade Margin		20.0		dB		From Table		=DD

		Coax Attenuation at Mobile Position		5.0		dB		Input		n		~0.2 dB/m for PCS

		Maximum Path Loss (vs. coax coupling loss ref distance)		-6.2		dB		Calculated		o=m-DD-n

		Maximum Distance Between Phone and Coax		0.5		m		Calculated				(Probably need 2-3 m)

		Forward Link Budget for Minimum Link to In-Cabin Mobile

		Minimum Link to In-Cabin Mobile

		90%ile Interference from Ground		-88.9		dBm		Input		A=h		-81 dBm number adjusted for 200 kHz BW

		Required SNR (GSM Voice)		9.0		dB		Constant		B=i

		Effective Receiver Sensitivity		-79.9		dBm		Calculated		C=A+B

		Coax Attenuation at Mobile Position		5.0		dB		Input		D

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		E

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG		~0.2 dB/m for PCS

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		F=C+D+DD+E+GG

		Ground Interference from Minimum Forward Link

		Required Downlink Power into Coax per GSM Channel		14.1		dBm		Calculated		=F

		Nominal Coax Attenuation		3.0		dB		Input		G=c		~0.2 dB/m for PCS (assume cable midpoint for ground link)

		Path Loss to Ground + Cable Coupling Loss		124.8		dB		Calculated		H=b		Based on 3GPP analysis of leaky coax

		Aircraft Penetration Loss		0.0		dB		From Table		=CC

		Multiple Equipment Factor		0.0		dB		From Table		I		Only >0 for WCDMA, BW(victim) > BW(interferer)

		Multiple Aircraft Factor		0.0		dB		From Table		J=10log(EE)

		Power Received At Ground		-113.7		dBm		Calculated		K=F-G-H-CC+I+J

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		L

		Receiver Desense (to GSM Phone)		3.2		dB		Calculated		M		Noise floor elevation from linear power summing

		Forward Link Budget for In-Cabin Jammer

		Jammer Budget

		90%ile Interference from Ground		-88.9		dBm		Input		P=A=h		-81 dBm number adjusted for 200 kHz BW

		Jamming SNR		5.0		dB		Constant		Q		Maximum SNR which prevents access

		Required Jamming Power at In-cabin phone		-93.9		dBm		Calculated		R=P-Q

		Coax Attenuation at Mobile Position		5.0		dB		Input		=D		~0.2 dB/m for PCS (assume 25m down cable for in-cabin link)

		Fade Margin		20.0		dB		From Table		=DD

		Path Loss rel. to coax coupling loss ref distance		0.0		dB		Calculated		S

		Leaky Coax Coupling Loss		69.0		dB		From Table		=GG

		Required Jamming Power into Coax per GSM Channel		0.1		dBm		Calculated		T=R+D+DD+S+GG

		Jammer Intererence To Ground

		Jammer Power into Coax per GSM Channel		0.1		dBm		Calculated		=T

		Nominal Coax Attenuation		3.0		dB		Input		=G=c		~0.2 dB/m for PCS (assume cable midpoint for ground link)

		Path Loss to Ground + Cable Coupling Loss		124.8		dB		Calculated		=H=b		Based on 3GPP analysis of leaky coax

		Aircraft Penetration Loss		0.0		dB		From Table		=CC

		Multiple Aircraft Factor		0.0		dB		From Table		=J=10log(EE)

		Power Received At Ground		-127.7		dBm		Calculated		U=T-G-H-CC+J

		Receiver Noise Floor (GSM Phone)		-114.0		dBm		Calculated Below		=L

		Receiver Desense (GSM Phone)		0.2		dB		Calculated		V		Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		200000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-121.0		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		7.0		dB		Input		OO

		Receiver Noise Floor		-114.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-119.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)





WCDMAjammer -- WCDMA Mobile

		Jammer Intererence To Ground

		NCU Power into Coax per WCDMA Channel		27.9		dBm		Calculated		=A

		Nominal Longitudinal Coax Attenuation		3.0		dB		Input		=B		~0.2 dB/m for PCS (assume cable midpoint for ground link)

		Path Loss to Ground + Cable Coupling Loss		124.8		dB		Calculated		=C (derived from Morgan)		Based on 3GPP analysis of leaky coax

		Aircraft Penetration Loss		0.0		dB		From Table		=D

		Multiple Aircraft Factor		0.0		dB		From Table		=E=10log(N_aircraft)

		Power Received At Ground		-99.9		dBm		Calculated		F=A-B-C-D+E

		Receiver Noise Floor (WCDMA Phone)		-100.2		dBm		Calculated Below		=L

		Receiver Desense (WCDMA Phone)		3.1		dB		Calculated		V		Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.162		m		Constant		AA		GSM 1800 BTS Band

		Distance to Ground		3000.0		m		Input		BB

		Aircraft Penetration Loss		0.0		dB		Input		CC

		In-cabin fade margin		20.0		dB		Input		DD

		Number of Aircraft		1				Input		EE

		Number of GSM Carriers Per Aircraft		1				Input		FF

		Leaky Coax Coupling Loss		69.0		dB		Input		GG

		Coupling Loss Reference Distance		2.0		m		Input		HH

		Leaky Coax Cable Length		30.0		m		Input		II

		Distance from in-cabin phone to Jammer Coax		2.0		m		Input		KK

		RX Susceptibility Calc

		Victim BW		3840000.0		Hz		Input		LL

		kT		-174.0		dBm/Hz		Constant		MM

		kTB		-108.2		dBm		Calculated		NN=MM+10log(LL)

		Receiver Noise Figure		8.0		dB		Input		OO

		Receiver Noise Floor		-100.2		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-106.0		dBm		Calculated		RR=PP+10log(QQ_lin-1)
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