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Introduction

1.1
Background
QUALCOMM is an original member of the RTCA Special Committee 202 (SC-202) which was formed in May 2003 in the USA at the request of the Federal Aviation Administration (FAA) to investigate the potential for interference to avionics from passenger carried transmitting devices such as mobile phones. 

Participation in SC-202 and interaction with other industry groups has led QUALCOMM to engage in a program of development, analysis, and testing to assess the potential for mobile phone interference with aircraft systems and terrestrial mobile phone networks. 

Anticipating that in-cabin systems would operate in the same spectrum bands allocated to terrestrial service providers, one of the earliest tasks QUALCOMM pursued was to evaluate the interference effects airborne wireless networks may have on terrestrial wireless networks. 
This paper presents a summary of the work performed in this area and is not intended to be definitive.

The need to do more analysis and test in order to fully assess the impact of the airborne picocell network to the ground networks is fully acknowledged. This analysis should be performed jointly with the terrestrial service providers (SP’s) as they are the owners of the spectrum and therefore best positioned to assess interference based on their ground network design and capacity/coverage planning.

1.2
Organization of the work
It is only through the actual system design of an aircraft cabin mobile phone network that a valid interference assessment can be made. When designing the cabin network using standard mobile phone technology such as GSM or WCDMA/CDMA, a number of design parameters need to be considered as follows:
· Propagation and fading margin within the aircraft cabin 

· What is the path loss exponent governing transmission between a picocell antenna and a passenger mobile?

· Reflections within the cabin randomly arriving in phase and out-of-phase result in up and down fades

· Interference from terrestrial systems

· Signals from multiple phones and base stations on the ground penetrate the aircraft cabin with varying amplitudes, depending on the altitude and position of the aircraft relative to the ground networks 

· Aircraft penetration loss

· The fuselage provides a level of shielding to prevent or limit cabin picocell signals coupling to the aircraft antennas (nav/comms systems) and the ground networks 

· Multiple Equipment factor

· Cumulative effects of having simultaneous users of mobile phones in the aircraft cabin

· Multiple aircraft factor

· The system design needs to satisfy conditions for terrestrial interference when there are multiple aircraft “in view” of terrestrial networks

QUALCOMM has performed a number of airborne and ground based tests using private and commercial aircraft to establish values for the design parameters defined above. These parameters were then used in RF link budget analysis in order to establish the interference threat to terrestrial networks. 

The interference scenarios addressed in this paper are based on a GSM airborne network which also includes a Network Control Unit (NCU) whose function is to prevent non- authorized devices from connecting to the terrestrial networks. 
RF Link budgets were developed for the case whereby a GSM airborne picocell is over-flying terrestrial GSM and WCDMA commercial networks, namely:
· Forward Link Analysis

· Airborne System to Ground

· GSM Picocell + NCU (w/Leaky Coax) to GSM Mobile on Ground 

· GSM Picocell + NCU (w/Leaky Coax) to WCDMA Mobile on Ground

· NCU to Ground

· WCDMA NCU (w/Leaky Coax) to GSM Mobile on Ground

· WCDMA NCU (w/Leaky Coax) to WCDMA Mobile on Ground

· Reverse Link Analysis

· On board GSM Mobile to GSM BTS on Ground

· On board GSM Mobile to WCDMA BTS on Ground

RF Link Budgets are presented in Section 3.

1.3
Other general aspects
One of the key parameters which define the terrestrial interference levels is the aircraft shielding and this continues to be a heavily debated topic that requires further research and definition. In our test program we determined this value to be less than 2 dB and so for the purposes of the analysis we used 0dB shielding. 
Using this value in the RF link budget analysis indicates that airborne GSM networks will present interference to the terrestrial networks with a correspondent desensitization of the ground based receivers.

It is QUALCOMM’s interpretation that it will be up to the existing terrestrial service providers to determine which level of interference they are willing to accept in return for the revenue generating opportunities an airborne mobile phone service would bring. 

2
Airborne Network System Design


2.1
Airborne Network High Level Requirements
· Provide voice, SMS and data services to passenger devices using standardized mobile phone technology
· Proposed in-cabin mobile phone and data module networks will allow passengers to use their own devices in flight

· Such a design necessitates operation in spectrum licensed to and used by terrestrial mobile networks and phones

· The system must not produce harmful interference to aircraft systems

· Limit intentional and out-of-band emissions below susceptibility threshold for aircraft systems

· The system must not produce harmful interference to terrestrial networks

· Limit intentional transmissions below the susceptibility threshold for terrestrial mobile phone networks

· Any elevation in the ambient noise level results in degraded voice quality, data performance, and system capacity
2.2 System Design Constraints
An airborne mobile phone network is subject to the following three fundamental design constraints for both the forward and reverse links:
1) Total transmitted power (picocell or combined phone EIRP) inside the cabin must not cause significant degradation to terrestrial mobile and base station receivers
2) Transmitted powers inside the cabin must be sufficient to overcome interference from terrestrial networks and phones
3) In-Band and Out-of-band emissions from in-cabin picocell and mobile phones must not interfere with avionics equipment

The first constraint above represents an upper bound at which an in-cabin picocell and mobile phone devices can transmit. 
The second constraint above represents a lower bound at which an in-cabin picocell and mobile phone devices may transmit. 
With respect to passenger handsets, the third constraint above is in the U.S. the subject of ongoing work by RTCA Special Committee 202, in which QUALCOMM is an active participant. The guidelines published by SC-202 will permit airlines and aircraft manufacturers to evaluate objectively whether an installed in-flight system meets this requirement. Furthermore, the picocell system and air-to-ground backhaul equipment is subject to FAA certification, since it is installed permanently onboard the aircraft.

2.2.1
Forward Link Design Constraints
For the airborne picocell generated interference (forward link) there is a threshold for susceptibility that needs to be defined for the terrestrial mobiles. 
The terrestrial network susceptibility threshold is being debated in the standards bodies and with the terrestrial carriers and to date there is no consensus on what this threshold is for a given technology.

Therefore, for the purpose of analysis, we have selected the following arbitrary definition for susceptibility to terrestrial mobiles: 
· Total Picocell EIRP must not de-sense terrestrial mobiles by >1dB

· Cumulative power from all aircraft in vicinity of mobile

· Limit of -121.9 dBm (per 200 kHz) for GSM

· Assuming receiver noise floor = Thermal + RX Noise Figure
Further, as the aircraft cabin is illuminated with interference signals coming from the ground networks it is necessary to set the airborne picocell traffic channel power to a sufficiently high level to overcome interference from terrestrial forward links (GSM, WCDMA + other noise in the band) and close the link with the cabin located mobiles.

In order to satisfy the two constraints defined above there are only a limited number of relevant parameters that can be adjusted in an airborne network design that is based on existing mobile phone technology and installed in legacy commercial aircraft.
· Max Total Picocell EIRP
· Path loss between aircraft cabin located Picocell and mobiles (antenna design and placement)
· Path loss to the ground networks (altitude at which system can operate plus additional cabin shielding e.g. window treatments)
2.2.2 Reverse Link Design Constraints
For the airborne mobile phone interference (reverse link) there are similar constraints. 
The susceptibility threshold for the terrestrial base station was also selected as an arbitrary value for the purpose of the analysis and defined as: 

· Combined TX power of all mobiles on all aircraft must not de-sense terrestrial base stations by >1dB
· Limit of -121.9 dBm (per 200 kHz) for GSM

· Assuming receiver noise floor = Thermal + RX Noise Figure

As the aircraft cabin is illuminated with interference signals coming from the ground mobile phones the airborne mobile phone EIRP must be sufficient to overcome interference from terrestrial mobiles (GSM, WCDMA + other noise in the band)

In order to satisfy the two constraints defined above there is a limited number of relevant parameters that can be adjusted in an airborne network design that is based on existing mobile phone technology and installed in legacy commercial aircraft.

· Path loss between aircraft cabin located Picocell and mobiles (antenna design and placement)
· Path loss to the ground networks (altitude at which system can operate plus additional cabin shielding e.g. window treatments)
· Use of BTS messaging to limit power level of access burst and traffic channel to 0 dBm minimum TX power
2.3 Network Control Unit (NCU) / Noise Floor Lifter

The system design outlined by a number of companies in various occasions includes a proposal for a device that controls non-authorized mobile phone devices on board an aircraft configured with a picocell network. The device is being referred to as a “noise floor lifter” or “network control unit (NCU)”.

This device effectively introduces noise into the receive bands of the on-board mobiles thereby preventing mobiles on board from accessing terrestrial networks. This increases the probability of either acquiring the onboard system or remaining in an idle state if the mobiles on board are not authorized for on board use. 
QUALCOMM has included the interference effects of this unit in the RF link budget analysis.

3
RF Link Budgets

3.1
Link Budget Parameters

With reference to the first and second constraints defined in Section 2, we have constructed link budgets for a hypothetical in-cabin network. 
Relevant system parameters for the link budget were established either through on-aircraft test programs conducted by QUALCOMM or are assumed:
· Network operates in 1800MHz GSM Band
· Aircraft Altitude = 3000 m AGL

· Multiple Equipment Factor (MEF) = 0 dB (7 simultaneous GSM calls)

· Interference from ground: -88.9 dBm/200kHz from BTSs; -97.9 dBm/200kHz from phones

· Based on 90th percentile of QC in-flight measurements taken on multiple flights
· “Multiple Aircraft Factor” = 0 dB

· No accounting for multiple aircraft interfering with ground

· In-cabin fade margin = 20 dB

· Derived from on-aircraft testing and post-processing for 1.25MHz bandwidth

· Fades for 200 kHz bandwidth expected to be greater.
· Required to account for multipath fades

· On-aircraft measurements show similar fade depths for patch antennas and leaky coax

· Aircraft Penetration Loss = 0 dB (aircraft provides zero RF shielding based on actual measurements taken on commercial aircraft)

· All antenna gains average out to isotropic

3.2
Interference Scenarios

The interference scenarios addressed in this paper are based on GSM airborne service and includes the device referred to by many different names such Network Control Unit (NCU), Noise Floor Lifter, Electromagnetic Screening Device (EMSD), etc (see Section 2.3). 
The function of this device is to prevent airborne mobile phones from acquiring the terrestrial networks. 
RF Link budgets were developed for the case whereby a GSM airborne picocell is over-flying terrestrial GSM and WCDMA commercial networks. 

In these cases the NCU device:

· Is blocking signals from terrestrial GSM base stations on all frequencies other than the picocell channel 
· Is also blocking WCDMA signals from terrestrial networks operating in various bands. 
The interference link budgets presented in this paper are as follows:
1. Forward Link Analysis -- GSM Picocell + NCU (w/Leaky Coax) to GSM Mobile on Ground 

2. Forward Link Analysis -- GSM Picocell + NCU (w/Leaky Coax) to WCDMA Mobile on Ground

3. Forward Link Analysis -- WCDMA NCU (w/Leaky Coax) to GSM Mobile on Ground

4. Forward Link Analysis -- WCDMA NCU (w/Leaky Coax) to WCDMA Mobile on Ground

5. Reverse Link Analysis – On board GSM Mobile to GSM BTS on Ground

6. Reverse Link Analysis -- On board GSM Mobile to WCDMA BTS on Ground
3.3 Forward Link Analysis 

3.3.1
Forward link Analysis for GSM Picocell + GSM Terrestrial Signal NCU
Tables 3.1 and 3.2 present the forward link analysis for interference from the onboard system to GSM and WCDMA terrestrial networks, respectively. 
The analysis for each technology is presented in three parts as defined in the following paragraphs.

3.3.1.1 Forward Link Budget for Interference to Ground

This part of the analysis presents the forward link budget for a hypothetical in-cabin network system design with the constraint of 1 dB desense to terrestrial phones (which is an input to the link budget). 
The final product in this analysis (and output of the link budget) is the path loss margin/deficit within the cabin.
3.3.1.2
Forward Link Budget for Minimum Link to In-Cabin Mobile
This part of the analysis presents the forward link budget for a system design with the constraint of providing 9 dB GSM SNR throughout the cabin (which is an input to the link budget).   
The final product (and output of the link budget) is the resulting desense to a terrestrial phone.


3.3.1.3
Forward Link Budget for In-Cabin NCU
This part of the analysis presents the forward link budget for a system design that includes an NCU to reduce SNR from terrestrial GSM BTSs to 5 dB. This reduction is an input to the link budget.    The NCU signal is assumed to be carried in the same leaky coax as the picocell signals.  It is also assumed to have the picocell frequency notched out.  
The final product is the resulting desense to a terrestrial phone.
3.3.2 Forward Link Analysis for WCDMA Terrestrial Signal NCU
Tables 3.3 and 3.4 present the forward link analysis for interference to GSM and WCDMA terrestrial networks.
This interference is due to the power being transmitted by the airborne NCU device attempting to prevent any dual mode (GSM/WCDMA) devices on board the aircraft from acquiring the terrestrial 2.1 GHz WCDMA networks. 
In this case, the NCU values are based on preventing acquisition of the UMTS CPICH (Common Pilot Channel).  This channel is typically transmitted at 5-10% of the total BTS power.  A power fraction of -10 dB is assumed for this analysis.  Acquisition of the CPICH requires an Ec/No in the range of -16 to -20 dB. For this analysis, we assume -20 dB Ec/No is required to block acquisition of the CPICH.
Given those NCU values, the final product is the resulting desense to a terrestrial network, for both the GSM and WCDMA cases.

Table 3.1 Forward Link Budget for Hypothetical In-Cabin Network - GSM to GSM

[image: image1.emf]Forward Link Analysis -- GSM Picocell + NCU (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 -119.9dBm Calculated a (calc below)

Based on 1 dB desense and 5 dB receiver NF

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated b (calc below)

Based on 3GPP analysis of leaky coax

Nominal Coax Attenuation 3.0dB Input c

~0.2 dB/m for PCS (assume cable midpoint for ground link)

Aircraft Penetration Loss 0.0dB From Table d

Multiple Aircraft Factor 0.0dB From Table e

Multiple Equipment Factor 0.0dB From Table f

Only >0 for WCDMA, BW(victim) > BW(interferer)

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

Non-interfering Link to In-cabin 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 87.8dB Calculated k=g-j

Max Path Loss + Attenuation Loss + Fade 18.8dB 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 dist.) -6.2dB Calculated o=m-DD-n

Coax Coupling Loss Ref Distance =2m

Maximum Distance Between Phone and Coax 0.5m 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 -88.9dBm 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

Ground Interference from Minimum Forward Link

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

Nominal Coax Attenuation 3.0dB Input G=c

~0.2 dB/m for PCS (assume cable midpoint for ground link)

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated H=b

Based on 3GPP analysis of leaky coax

Aircraft Penetration Loss 0.0dB From Table =CC

Multiple Equipment Factor 0.0dB From Table I

Only >0 for WCDMA, BW(victim) > BW(interferer)

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

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

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

Receiver Desense (to GSM Phone) 3.2dB Calculated M

Noise floor elevation from linear power summing

Forward Link Budget for In-Cabin NCU

NCU Budget

90%ile Interference from Ground -88.9dBm Input P=A=h

-81 dBm number adjusted for 200 kHz BW

Jamming SNR 5.0dB Constant Q

Maximum SNR which prevents access

Required Jamming Power at In-cabin phone -93.9dBm 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 Jamming Power into Coax per GSM Channel 0.1dBm Calculated T=R+D+DD+S+GG

NCU Intererence To Ground

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

Nominal Coax Attenuation 3.0dB Input =G=c

~0.2 dB/m for PCS (assume cable midpoint for ground link)

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated =H=b

Based on 3GPP analysis of leaky coax

Aircraft Penetration Loss 0.0dB From Table =CC

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

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

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

Receiver Desense (GSM Phone) 0.2dB Calculated V

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 3000.0m 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 3.2 Forward Link Budget for Hypothetical In-Cabin Network - GSM to WCDMA

[image: image2.emf]Forward Link Budget for Non-Interference

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

Ground Phone Susceptibility -106.0dBm Constant a (calc below)

Based on 1 dB desense and 5 dB receiver NF

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated b (calc below)

Based on 3GPP analysis of leaky coax

Nominal Coax Attenuation 3.0dB Input c

~0.2 dB/m for PCS (assume cable midpoint for ground link)

Aircraft Penetration Loss 0.0dB From Table d

Multiple Aircraft Factor 0.0dB From Table e

Multiple Equipment Factor 0.0dB From Table f

Only >0 for WCDMA, BW(victim) > BW(interferer)

Max Allowable Downlink Power into Coax per GSM Ch. 21.8dBm Calculated g=a+b+c+d-e-f

Non-interfering Link to In-cabin 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 101.7dB Calculated k=g-j

Max Path Loss + Attenuation Loss + Fade 32.7dB 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 dist.) 7.7dB Calculated o=m-DD-n

Coax Coupling Loss Ref Distance =2m

Maximum Distance Between Phone and Coax 11.7m 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 -88.9dBm 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

Ground Interference from Minimum Forward Link

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

Nominal Coax Attenuation 3.0dB Input G=c

~0.2 dB/m for PCS (assume cable midpoint for ground link)

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated H=b

Based on 3GPP analysis of leaky coax

Aircraft Penetration Loss 0.0dB From Table =CC

Multiple Equipment Factor 0.0dB From Table I

Only >0 for WCDMA, BW(victim) > BW(interferer)

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

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

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

Receiver Desense (WCDMA Phone) 0.2dB Calculated M

Noise floor elevation from linear power summing

Forward Link Budget for In-Cabin NCU

NCU Budget

90%ile Interference from Ground -88.9dBm Input P=A=h

-81 dBm number adjusted for 200 kHz BW

Jamming SNR 5.0dB Constant Q

Maximum SNR which prevents access

Required Jamming Power at In-cabin phone -93.9dBm 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 Jamming Power into Coax per GSM Channel 0.1dBm Calculated T=R+D+DD+S+GG

NCU Intererence To Ground

Jammer Power into Coax per WCDMA Channel 12.9dBm Calculated =T+10log(BW_WCDMA/BW_GSM)

Nominal Coax Attenuation 3.0dB Input =G=c

~0.2 dB/m for PCS (assume cable midpoint for ground link)

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated =H=b

Based on 3GPP analysis of leaky coax

Aircraft Penetration Loss 0.0dB From Table =CC

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

Power Received At Ground -114.9dBm Calculated U=T-G-H-CC+J

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

Receiver Desense (WCDMA Phone) 0.1dB Calculated V

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 3000.0m 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/Hz Constant 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)


Table 3.3 Forward Link Budget for Hypothetical In-Cabin Network – WCDMA NCU to WCDMA Mobile

[image: image3.emf]WCDMA NCU to WCDMA Mobile on Ground

Forward Link Budget for In-Cabin WCDMA Jammer

Jammer Budget

90%ile Interference from Ground -76.1dBm Input N=A=h

-81 dBm number adjusted for 3.84 MHz BW

CPICH Power Fraction -10.0dB Constant P

Jamming SNR -20.0dB Constant Q

CPICH Ec/No to prevent acquisition

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

Jammer Intererence To Ground

Jammer Power into Coax per WCDMA Channel 27.9dBm Calculated =T

Nominal Coax Attenuation 3.0dB Input =G=c

~0.2 dB/m for PCS (assume cable midpoint for ground link)

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated =H=b

Based on 3GPP analysis of leaky coax

Aircraft Penetration Loss 0.0dB From Table =CC

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

Power Received At Ground -99.9dBm Calculated U=T-G-H-CC+J

Receiver Noise Floor (WCDMA Phone) -103.2dBm Calculated Below =L

Receiver Desense (WCDMA Phone) 5.0dB Calculated V

Noise floor elevation from linear power summing

Tables and Auxilliary Calculations

Other Constants/Inputs

Wavelength 0.140m Constant AA

IMT2000 Downlink Band

Distance to Ground 3000.0m 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/Hz Constant MM

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

Receiver Noise Figure 5.0dB Input OO

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

Allowable Desense 1.0dB Input QQ

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



Table 3.4 Forward Link Budget for Hypothetical In-Cabin Network– WCDMA NCU to GSM Mobile

[image: image4.emf]WCDMA NCU to GSM Mobile on Ground

Forward Link Budget for In-Cabin WCDMA Jammer

Jammer Budget

90%ile Interference from Ground -76.1dBm Input N=A=h

-81 dBm number adjusted for 3.84 MHz BW

CPICH Power Fraction -10.0dB Constant P

Jamming SNR -20.0dB Constant Q

CPICH Ec/No to prevent acquisition

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

Jammer Intererence To Ground

Jammer Power into Coax per GSM Channel 15.1dBm Calculated =T - 10log(3840/200)

Nominal Coax Attenuation 3.0dB Input =G=c

~0.2 dB/m for PCS (assume cable midpoint for ground link)

Path Loss to Ground + Cable Coupling Loss 124.8dB Calculated =H=b

Based on 3GPP analysis of leaky coax

Aircraft Penetration Loss 0.0dB From Table =CC

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

Power Received At Ground -112.7dBm Calculated U=T-G-H-CC+J

Receiver Noise Floor (GSM Phone) -116.0dBm Calculated Below =L

Receiver Desense (GSM Phone) 5.0dB Calculated V

Noise floor elevation from linear power summing

Tables and Auxilliary Calculations

Other Constants/Inputs

Wavelength 0.140m Constant AA

IMT2000 Downlink Band

Distance to Ground 3000.0m 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 5.0dB Input OO

Receiver Noise Floor -116.0dBm Calculated PP=NN+OO

Allowable Desense 1.0dB Input QQ

Receiver Susceptibility -121.9dBm Calculated RR=PP+10log(QQ_lin-1)


3.4 
Reverse Link Analysis 
3.4.1 Reverse Link Budget for Airborne GSM Mobile to Terrestrial GSM BTS
Table 3.5 presents the reverse link budget for a hypothetical in-cabin system design with the constraint of 1 dB desense to terrestrial base stations.  
This link budget highlights the conflict between the mobile phone transmit power required to protect the terrestrial GSM network and the phone transmit power required to provide connectivity within the aircraft cabin. This is showed in the first two sets of calculations.
Further, the third set of calculations shows how applying the minimum achievable transmit power for a GSM mobile phone of 0dBm results in a GSM BTS receiver desense of 10.5 dB.
Table 3.5 Reverse Link Budget – Airborne GSM Mobile to Terrestrial GSM BTS


[image: image5.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

90%ile Interference from Ground -97.9dBm Input f

Required SNR (GSM Voice) 9.0dB Constant g

Effective Receiver Sensitivity -88.9dBm 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 -14.9dBm 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 5.1dBm 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

Notes:

EC budget assumes 14 dBm EIRP, 10 dB Penetration loss, 111.5 Path Loss, and no MEF

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


3.4.2 Reverse Link Budget for Airborne GSM Mobile to Terrestrial WCDMA Node B
Table 3.6 presents the reverse link budget for a hypothetical in-cabin system design with the constraint of 1 dB desense to terrestrial base stations.  
The final product in this analysis is highlighting the conflict between the mobile phone transmit power required to protect the terrestrial GSM network and the phone transmit power required to provide connectivity within the aircraft cabin. 
Further, the third set of calculations shows how applying the minimum achievable transmit power for a GSM mobile phone of 0dBm results in a WCDMA Node B receiver desense of  1.5 dB.
Table 3.6 Reverse Link Budget – Airborne GSM Mobile to Terrestrial WCDMA Node B

[image: image6.emf]Ground Node B Susceptibility -109.0dBm 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 from Aircraft (in 3.84 MHz) -2.2dBm Calculated e=a+b+c-d

Multiple Equipment Factor 0.0dB Calculated f

(Required # of carriers)

Max Allowable EIRP from Single Mobile -2.2dBm Calculated

g=e-f (TX Floor is 0 dBm)

Desense of Ground Node B

Single Mobile EIRP Floor 0.0dBm Input A

Multiple Equipment Factor 0.0dB Calculated B

Total Minimum EIRP from Aircraft (in 3.84 MHz) 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 -103.2dBm Calculated H

kTB+NF

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

Other Constants/Inputs

Wavelength 0.171m Constant GSM 1800 Phone Band

Distance to Ground 3000m Input

Number of Aircraft 1 Input

Number of Users per Aircraft 7 Input

RX Susceptibility Calc

BW 3840000.0Hz Input LL

kT -174.0dBm/Hz Constant MM

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

Receiver Noise Figure 5.0dB Input OO

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

Allowable Desense 1.0dB Input QQ

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



4
Observations
4.1 Observations on Forward Link Analysis
The following observations were made for the Forward Link Analysis:

1. For a narrowband interferer (GSM picocell), susceptibility of ground receivers decreases with higher victim receiver bandwidth. So a WCDMA phone on the ground is less susceptible than a GSM phone.  Wider bandwidth means higher noise floor, which means higher interference power required to desense by 1dB.  In other words, for the same interference source, interference PSD decreases with increasing bandwidth.  
2. For a wideband interferer (NCU), relative susceptibility of ground receivers is independent of receiver bandwidth.  The wider-band interferer has an equal effect on interference PSD, as long as the receiver bandwidth is < or = to the interferer.
3. For a GSM airborne network with NCU intended to prevent acquisition of GSM terrestrial networks, the interference generated by the NCU is less than the GSM picocell forward link. The NCU can operate 5 dB below the ambient ground interference, where the picocell has to operate 9 dB above it.  Consequently, there is always a 14 dB difference between the required picocell power and the required NCU power
4. For GSM airborne picocell interference to terrestrial GSM mobiles, approximately 8 dB of aircraft shielding is required to comply with the 1 dB desense susceptibility threshold assumed for the terrestrial victim receiver in this analysis.  
5. For a GSM airborne picocell to terrestrial WCDMA mobile the analysis indicates compatibility with terrestrial network 1dB desense threshold with approximately 5 dB of margin.  This does not take into account the multiple aircraft factor and so this margin may not be realizable in a commercial service with multiple aircraft. 
6. If the GSM airborne system offers multiple carriers then the multiple equipment factor (MEF) must be considered especially for terrestrial WCDMA phone interference assessment.

4.2
Observations on Reverse Link Analysis
As with the forward link, desense decreases with the victim bandwidth.  
That said, a single GSM phone with no penetration loss will elevate a WCDMA Node B noise floor by 1.5 dB, and 10.5 dB for a GSM BTS.
For both forward link and reverse link analysis we have assumed that the distance to the terrestrial victim is equal to the aircraft altitude and this may not be realistic when you consider the leakage pattern associated with the aircraft fuselage. Further work is required in this area but initial measurements suggests that the victim receivers are not directly below the aircraft but at some distance away where the side of the aircraft fuselage appears at a low elevation angel relative to the victim receiver.
4.3 Other Considerations
This paper has not explicitly taken into account the implementation of advanced receivers in the mobile station, which may impact the analysis of the effect of the NCU on the terminals.

Essentially, the presence of an advanced receiver among the terminals on board of the aircraft means that those mobiles will potentially become more tolerant to the NCU. This will create the risk that the NCU will have to operate at higher levels in order to prevent those terminals from accessing the terrestrial network.

At the time of writing one class of such receivers has been specified, and another class has been proposed and is currently undergoing evaluation by 3GPP GERAN WG1.

The former class consists of single antenna interference cancellation (SAIC) terminals. This indicates terminals offering enhanced performance in a number of interference limited scenarios (mostly where interference consists of GMSK-modulated waveforms). The details of the NCU waveform are not completely known, thus it is difficult to conclude whether SAIC terminals will be more tolerant to the NCU or not. If the NCU waveform was simply white-noise we could conclude that SAIC terminals have no effect.

The latter class consists of receive diversity terminals. This indicates terminals offering enhanced performance in both sensitivity (noise)-limited scenarios and in interference-limited scenarios (irrespective of the interfering waveform). Since such terminals will provide better receiver capabilities in all cases, they will also become more tolerant to the NCU. Thus, in the link budgets of Table 2.1 and 2.2, the "jamming SNR" will likely have to be corrected from 5dB to a lower figure. This in turn means that the NCU will have to operate at a higher output power thus causing a higher receiver desense to the terrestrial phones.

In other words, the presence on board of receive diversity phones (or, more in general, of advanced receivers) will only worsen the effect of the NCU on terrestrial phones.
Appendix A - Leaky Coax Transmission Properties

Leaky coaxial cable is used frequently as a wireless antenna system for indoor or vehicular tunnel applications. In situations such as these where the distance between mobile users and the antenna is relatively constrained, leaky coax has the advantage of providing a more uniform distribution of coverage than fixed point antennas. This is accomplished by covering relatively large distances by conducted rather than radiated transmission. The principal disadvantages of leaky coax compared to point source antennas are cost and ease of installation. Compared to traditional antennas, leaky coax provides no advantage in terms of multipath fading mitigation.

Principal technical specifications for leaky coaxial cable are the coupling loss and the longitudinal attenuation. The coupling loss describes the loss of RF power between the input to the feeder line and a point at a radial reference distance from the cable. The longitudinal attenuation describes the spatial rate of RF loss along the length of the cable. 

For the purpose of in-cabin system design utilizing leaky coax, the RF propagation characteristics of the transmission system must be considered over two disparate distance scales: 1) transmission within the aircraft cabin, where D (distance from the cable) << L (length of the cable); and 2) interference transmission to the ground, where D >> L. The radiation characteristics must be treated differently for these two cases.

Short-Range Propagation

Morgan [1] shows that for the case of D<<L (where L can be assumed to be infinite from the receiver’s point of view), the total received power by a half wave dipole is 
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where Π is the power radiated per unit length of the radiating cable. 

Assume a manufacturer-specified coupling loss C = Pin/P(Do), where Pin is the input power into the coax, and P(Do) is the received power at the coupling loss reference distance Do. Substituting yields a constant expression for Π:
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It follows that for D<<L, the total loss Ctotal from cable input to measurement point, obeys a simple linear relationship:
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Long-Range Propagation

For the air-to-ground interference path, where D>>L, the coax system can be treated as a point source with EIRP = Π·L. Assuming free space propagation, it follows that power received from an isotropic antenna on the ground is:
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Substituting for Π as before, we find that total loss Ctotal, from cable input to measurement point can be expressed as:
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In the included link budgets, these two derived expressions for Ctotal are used for the in-cabin and air-to-ground links respectively.
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1. S.P. Morgan, “Prediction of Indoor Wireless Coverage by Leaky Coaxial Cable Using Ray Tracing,” IEEE Trans Veh. Tech., vol. 48(6), pp. 2005-2014, Nov. 1999.












� The fade margin for a link budget is typically determined according to an acceptable outage probability, based on the statistics of the propagation environment and the transmission characteristics.  For example, it is common to compute the fade margin as the dB power loss that is exceeded 1% of the time.  Among other factors, the fade margin depends on the delay spread of the propagation environment and the bandwidth of the transmitted signal.  Smaller delay spreads result in the channel fading being less frequency selective.  A larger transmission bandwidth results in frequency diversity (and a lower fade margin) because it is less likely that the received power integrated over the transmission bandwidth will fade down by a given amount.  The fade margins for GSM may be larger than cdma2000 and WCDMA because the GSM transmission bandwidth is smaller than the bandwidths of cdma2000 and WCDMA.








_1186936310.xls
FL w NCU -- WCDMA Mobile

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

		Forward Link Budget for Non-Interference

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

		Ground Phone Susceptibility		-106.0		dBm		Constant		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 Ch.		21.8		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		101.7		dB		Calculated		k=g-j

		Max Path Loss + Attenuation Loss + Fade		32.7		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 dist.)		7.7		dB		Calculated		o=m-DD-n		Coax Coupling Loss Ref Distance =2m

		Maximum Distance Between Phone and Coax		11.7		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 (WCDMA Phone)		-100.2		dBm		Calculated Below		L

		Receiver Desense (WCDMA Phone)		0.2		dB		Calculated		M		Noise floor elevation from linear power summing

		Forward Link Budget for In-Cabin NCU

		NCU 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

		NCU Intererence To Ground

		Jammer Power into Coax per WCDMA Channel		12.9		dBm		Calculated		=T+10log(BW_WCDMA/BW_GSM)

		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		-114.9		dBm		Calculated		U=T-G-H-CC+J

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

		Receiver Desense (WCDMA Phone)		0.1		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)






_1186936311.xls
FL w NCU -- GSM Mobile

		Forward Link Analysis -- GSM Picocell + NCU (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 Ch.		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 dist.)		-6.2		dB		Calculated		o=m-DD-n		Coax Coupling Loss Ref Distance =2m

		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 NCU

		NCU 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

		NCU Intererence To Ground

		NCU 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)
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WCDMA jammer -- GSM Mobile

		WCDMA NCU to GSM Mobile on Ground

		Forward Link Budget for In-Cabin WCDMA Jammer

		Jammer Budget

		90%ile Interference from Ground		-76.1		dBm		Input		N=A=h		-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 Ec/No to prevent acquisition

		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 Ground

		Jammer Power into Coax per GSM Channel		15.1		dBm		Calculated		=T - 10log(3840/200)

		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		-112.7		dBm		Calculated		U=T-G-H-CC+J

		Receiver Noise Floor (GSM Phone)		-116.0		dBm		Calculated Below		=L

		Receiver Desense (GSM Phone)		5.0		dB		Calculated		V		Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.140		m		Constant		AA		IMT2000 Downlink 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		5.0		dB		Input		OO

		Receiver Noise Floor		-116.0		dBm		Calculated		PP=NN+OO

		Allowable Desense		1.0		dB		Input		QQ

		Receiver Susceptibility		-121.9		dBm		Calculated		RR=PP+10log(QQ_lin-1)
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WCDMA NCU -- WCDMA Mobile

		WCDMA NCU to WCDMA Mobile on Ground

		Forward Link Budget for In-Cabin WCDMA Jammer

		Jammer Budget

		90%ile Interference from Ground		-76.1		dBm		Input		N=A=h		-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 Ec/No to prevent acquisition

		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 Ground

		Jammer Power into Coax per WCDMA Channel		27.9		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		-99.9		dBm		Calculated		U=T-G-H-CC+J

		Receiver Noise Floor (WCDMA Phone)		-103.2		dBm		Calculated Below		=L

		Receiver Desense (WCDMA Phone)		5.0		dB		Calculated		V		Noise floor elevation from linear power summing

		Tables and Auxilliary Calculations

		Other Constants/Inputs

		Wavelength		0.140		m		Constant		AA		IMT2000 Downlink 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		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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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

		90%ile Interference from Ground		-97.9		dBm		Input		f

		Required SNR (GSM Voice)		9.0		dB		Constant		g

		Effective Receiver Sensitivity		-88.9		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		-14.9		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		5.1		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

		Notes:

		EC budget assumes 14 dBm EIRP, 10 dB Penetration loss, 111.5 Path Loss, and no MEF

		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)
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Reverse Link -- WCDMA BTS

		Reverse Link Analysis -- GSM Mobile to WCDMA Node B on Ground

				Value		Units

		Ground Node B 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 Node B

		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		GSM 1800 Phone Band

		Distance to Ground		3000		m		Input

		Number of Aircraft		1				Input

		Number of Users per Aircraft		7				Input

		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)






