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	To:
	Loftur Jonasson, ICAO 

E-mail: ljonasson@icao.int


	Cc: 
	Raffi Khatcherian, EUROCONTROL 

E-Mail: raffi.khatcherian@eurocontrol.int


	Date issued:
	29 September 2017

	Source:
	WG SE

	Subject:
	Letter to ICAO on the studies, related to UWB vehicular access systems, covering the band 4.2-4.4 GHz


Dear Loftur, 

CEPT/ECC Working Group Spectrum Engineering (WG SE), at its 77th meeting in Sibiu, considered Work Item 58 of the Project Team SE24, which deals with vehicular access systems UWB operating in the 3.4 - 4.8 GHz and 6 - 8.5 GHz frequency ranges.

WG SE noted that the band 4.2-4.4 GHz is allocated on a primary basis to the Aeronautical Radionavigation Service and Aeronautical Mobile (Routing) Service. WG SE also noted that the band is currently used by radio-altimeters and WAIC systems. 

WG SE would like to invite ICAO to provide its view on the assumptions and scenarios made for compatibility studies with aeronautical systems in the band 4.2-4.4 GHz which are given in the attached document towards a draft ECC Report on this subject.

 WG SE would also like to ask ICAO to provide the following parameters:

· Minimum slant distance from flying aircraft to vehicles parked in public accessible areas 

· Minimum slant distance from flying aircraft to parked vehicles operated for airport services

Best regards,

Karl Loew

WG SE Chairman

E-mail:  karl.loew@bnetza.de
Attachment
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Specific UWB applications in the bands 3.4 - 4.8 GHz and 6.0 - 8.5 GHz: SE(17)075 Annex 3



Location tracking and sensor applications (LTA) for vehicular access systems 
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LIST OF ABBREVIATIONS



		Abbreviation

		Explanation 



		CEPT

		European Conference of Postal and Telecommunications Administrations



		ECC

		Electronic Communications Committee



		

		



		LTA

		Location tracking and sensor applications for automotive and transportation environments   



		UGV

		Unmanned Ground Vehicle 
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ECC Report 170 provides the results of the compatibility studies regarding specific Ultra-Wideband UWB location tracking applications including applications for automotive and transportation environments (LTA). The regulations defined in ECC/DEC/(06)04 [2] allow, besides general cases, the usage of UWB devices installed in road and rail vehicles, where special limits apply, if mitigation techniques are implemented. Those mitigation techniques include an exterior limit, which defines an elevation angel dependent emission limit measured outside of road and rail vehicles when mitigation techniques as Low Duty Cycle (LDC) with 5% / s and 0.5% / h including Ton < 5ms are applied. As stated in CEPT Report 45, ECC Report 170 concludes that an exterior limit of -53.3 dBm/MHz for emissions outside road and rail vehicles would provide a high level of confidence on the protection of most affected radio services. 

With the application of trigger UWB emission, as a new mitigation technique for vehicular access systems, where the activity factor is reduced to about 0.00035 %, possibility of sharing with incumbent services should be studied without the application of an exterior limit for the UWB devices. 

This report provides the results of the compatibility studies regarding triggered UWB vehicular access systems operating under the European UWB regulation without the application of an exterior limit. The considered scenarios for the studies presented in this report are identical to those of ECC Report 170 for UWB LTA devices.
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Vehicular access systems using UWB devices are clustered into three categories depending on the vehicular access control applications. The categories are summarized below as well as the corresponding technical parameters and mitigation factors used in the studies.



Category A: Vehicular access systems using triggered UWB transmission for proximity verification. 

These systems are characterized by short (single) UWB transmissions after a user triggered event.

Category B: Extended vehicular access systems using triggered UWB transmission for proximity monitoring.

These systems are characterized by periodic UWB transmissions for a limited time.
The initialization is a user triggered event. The duration is either based on a user interaction and/or a pre‑defined time-out and/or connection loss.

Category C: Vehicular access systems using periodic UWB beacons for proximity detection. 

These systems are characterized by periodic UWB transmissions ("beacons"), which are sent by the vehicle in order to trigger an ID device action ("Wake-Up"). Typically, no ID device is in range and thus no response is sent after a vehicle beacon.

 Once a response from an ID device is received by the vehicle, the subsequent communication can be viewed as "triggered communication".

UWB devices used by Category A, B and/or C vehicular access systems are referred to as Category A, B or C UWB devices.

"Trigger-before-talk" mitigation:

"Trigger-before-talk" mitigation is described as follows:

UWB transmission is only initiated when necessary, in particular only if the system indicates that UWB devices are in range.

Wake-up mechanism(s) for a UWB device detection is not UWB.

Only the physical proximity of a car key to the car triggers UWB communication.

[bookmark: _Toc480896320][bookmark: _Toc492454656]Category A devices

Category A UWB devices are UWB devices used for proximity verification.
The core characteristic of these devices is that UWB transmission is triggered by the vehicular access system following a user event (e.g., door handle touch, Start Button push) and the communication time is very short (e.g. just a single or few UWB transmissions).
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Table 1 Technical parameters

		System Parameter

		Value/Description



		Signal Type

		UltraWideBand (UWB)



		Frequency Range

		3,4 GHz to 4,8 GHz and/or 6 GHz to 8,5 GHz



		Transmit Power (EIRP)

		-41,3 dBm/MHz (Max), without exterior limit



		Operational Bandwidth

		System dependent, typ. > 500 MHz



		Data Rates

		System dependent



		Tx to Rx Range

		typ. 10 m or less



		Existing mitigation techniques

		TPC and/or LDC



		Additional mitigation technique

		Trigger-before-talk (see 2.1)



		Cumulative Ton-time (per vehicle device) during bidirectional UWB communication (1 trigger)

		typ. 10 msec or less, max. 50 msec



LDC requirements (see ETSI EN 302 065-3 [i.3], clause 4.5.3) will be kept in any case:

Ton max < 5 msec

Toff mean < 38 msec (averaged over 1 sec)

∑Toff > 950 msec per second
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Mitigation factors for Category A UWB device communication for proximity verification:

Trigger-before-talk:

· UWB transmission is only initiated when necessary, in particular if the system indicates that UWB devices are in range.

· Wake-up mechanism for polling is not UWB.

· Only the physical proximity of a key triggers UWB communication.

Very low activity factor (typ. < 0,00035 %):

· Low duty-cycle for the communication due to short packages (small amount of data for command, authentication and/or status transfer).

· Usage profile of functions is low.

Once UWB communication is established, TPC can be used as additional mitigation.

Low risk of aggregate transmissions (uncoordinated networks, ad-hoc communication):

· Door openings are uncoordinated events. Even in parking lots, door openings are single and sporadic events.

[bookmark: _Toc480896323][bookmark: _Toc492454659]Category B devices

Category B UWB devices are UWB devices used for proximity monitoring.
The core characteristic of these devices is that UWB transmissions are triggered by the system following a user event as in Category A and the communication is repeated for a limited time to check for the user's presence or exact location.
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Table 2 Technical parameters

		System Parameter

		Value/Description



		Signal Type

		UltraWideBand (UWB)



		Frequency Range

		3,4 GHz to 4,8 GHz and/or 6 GHz to 8,5 GHz



		Transmit Power (EIRP)

		-41,3 dBm/MHz (Max)

without exterior limit



		Operational Bandwidth

		System dependent, typ. > 500 MHz



		Data Rates

		System dependent



		Tx to Rx Range

		typ. 10 m or less



		Existing Mitigation techniques

		TPC and/or LDC



		Additional mitigation technique

		Trigger-before-talk



		Cumulated Ton-time (per vehicle device) during bidirectional UWB communication (1 interval)

		typ. 5 msec or less per interval; max. 50 msec



LDC requirements (see ETSI EN 302 065-3 [3], clause 4.5.3) will be kept in any case:

Ton max < 5 msec

Toff mean < 38 msec (averaged over 1 sec)

∑Toff > 950 msec per second



		Duration of UWB communication repetitions (for proximity monitoring)

		typ. < 30 sec for functions with user interaction

typ. < 60 sec for functions without user interaction



		Repetition interval of vehicle transmissions

		typ. > 200 msec for functions with user interaction

typ. > 500 msec for functions without user interaction
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Mitigation factors for Category A UWB device communication for proximity verification:

Trigger-before-talk:

· UWB transmission is only initiated when necessary, in particular if the system indicates that UWB devices are in range.

Very low activity factor (typ. < 0,005 %) (especially true for functions with user interaction, due to usage profile):

· Low duty-cycle for the communication due to short packages (small amount of data for command, authentication and/or status transfer).

· Usage profile of functions is low.

· Wake-up mechanism for polling is not UWB.

· Only the physical proximity of a key triggers UWB communication.

Once UWB communication established, TPC can be used as a mitigation (especially true for functions without user interaction, due to lower response time requirements).

Low risk of aggregate transmissions (uncoordinated networks, ad-hoc communication):
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Category C UWB devices are UWB devices used for proximity detection.
The core characteristic of these devices is that periodic UWB transmissions ("beacons") are sent by the vehicle in order to trigger an UWB device action ("Wake-Up"). Typically, no UWB device is in range and thus no response is sent upon a vehicle beacon.

Table 3 Technical parameters

		System Parameter

		Value/Description



		Signal Type

		UltraWideBand (UWB)



		Frequency Range

		3,4 GHz to 4,8 GHz and/or 6 GHz to 8,5 GHz



		Transmit Power (EIRP)

		-41,3 dBm/MHz (Max)



		Operational Bandwidth

		System dependent, typ. > 500 MHz



		Data Rates

		System dependent



		Tx to Rx Range

		typ. 10 m or less



		Existing mitigation techniques

		LDC, TPC



		Additional mitigation techniques

		none



		Cumulated Ton-time (per vehicle device) during bidirectional UWB communication (1 beacon)

		typ. 1 msec or less; max. 5 msec



LDC requirements (see ETSI EN 302 065-3 [3], clause 4.5.3) will be kept in any case:

Ton max < 5 msec

Toff mean < 38 msec (averaged over 1 sec)

∑Toff > 950 msec per second

∑Ton < 18 sec per hour



		Repetition interval of vehicle transmissions (beacon interval)

		typ. > 200 msec
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The main mitigation factor is LDC only.
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The UWB system parameters presented in Table 4 are considered for the studies in this report:

[bookmark: _Ref485213532]Table 4 UWB system parameters used for the studies

		Parameter

		Value



		Frequency range 1

		3.4 to 4.8 GHz 



		Frequency range 2

		6.0 to 8.5 GHz



		Cumulated Ton - time
(Category A devices) per Trigger event

		50 ms



		Cumulated Ton - time
(Category B devices)

Per trigger event

		750 ms



		Antenna heights

		1.5 m, 0.4 m



		Radiation pattern

		Omnidirectional



		Transmit Power density

		-41.3 dBm/MHz



		Trigger events per day

		Scenario dependent

Equally distributed over time







The considered keyless access system consists of UWB Transceivers installed in a car and a key fob equipped with a UWB transceiver. The UWB transceiver of the key fob is a generic UWB device and follows the regulation of ERC Recommendation 70-03. For the considered UWB system there is a time division duplex communication between key fob and UWB devices installed in the car with equal Ton - time in "up- and down link" direction. Accordingly the maximum short term cumulated Ton time of all UWB devices installed on a single car is limited by the maximum permitted Ton time of the corresponding key fob. Therefore the number of installed UWB devices per car does not change the maximum possible cumulated Ton - time of UWB transmissions per car.
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For studies of aggregated interference, scenarios are considered where the cars are parked. In a dense parking lot (eg. shopping mall, airport), it is assumed that the density of cars can reach 33’000 vehicles/km2. This corresponds roughly to an average 30 square meters for a parking spot including the access for moving into and out of spaces. There are typically 4 UWB devices installed in a car. No simultaneous UWB transmissions of UWB devices installed in the same car can happen. Therefore aggregation effect are possible only from UWB devices installed in different cars. There are multiple UWB devices installed in a car in order to improve the range of the radio communication. To achieve this range improvement, UWB devices have to be placed on the car body at different, particular places, to achieve line of sight radio wave propagation conditions between any car UWB devices and the key fob for as many positions around the car as possible. Accordingly there is normally no possible situation, where all UWB devices on a car have line of sight propagation condition in a single direction. For example considered UWB devices are usually installed in the bumpers or left and right side mirror. Because of those type of UWB device positions on the car, the radio wave signals of some UWB devices get attenuated due to car body losses of the same as well as of neighbouring cars. This fact applies also for radio wave propagation from signals of the UWB devices to a victim receiver. For the interference studies, this effect may be taken into account by a particular path loss model (for details refer to 3.2). In Figure 1 an illustration of possible car screening effects for UWB signal wave propagation is given. Red dotted lines represent wave path obstructed by car bodies and black dotted lines represent propagation path with line of sight conditions.



[bookmark: _Ref485202700]Figure 1 Illustartion of radio wave propagation path between UWB devices installd in car rear mirror and a victim radio receiving antenna

For all studies in this report a 25% market penetration of the considered UWB keyless access systems is assumed, including Category A and Category B devices.

The number of trigger events depends on the scenario whether the parking lot is nearby an airport, shopping mall, etc.
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The issue of car screening attenuation was considered in CEPT Report 17 for UWB devices situated inside cars For screening effects according deployments as described in 3.1, a dedicated path loss model is developed, based on results of a measurement campaign. The model is applicable for the 3.4 -4.8 GHz frequency range and is based on two classes of propagation effects: free space path loss and an additional loss, which is due to car screening attenuation. The car screening attenuation considers different propagation phenomena like diffraction loss, multipath propagation and attenuation of wave propagation trough car body windows.

There are three different models for the additional loss to be considered for aggregated studies. Model A for UWB transmitters placed in side mirrors, model B1 and model B2 for UWB transmitters placed in the bumpers. The models B1 and B2, used in monte-carlo type simulations, have equal probability of occurrence. The models for the additional loss are described by the following formulas:

Model A:  

Model B1: 

Model B2: 

Where

A: additional loss [linear scale]

X: separation distance between UWB transmitter and victim receiver antenna [m]

hRX: Victim receiver antenna height [m]
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Studies are performed taking into account the results of ECC Report 170.
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[bookmark: _Toc480896336][bookmark: _Toc492454669]Parameters used in the Study

[bookmark: _Toc492454670]Output power, and operating frequency:

An UWB access control system in the band 3.1-4.8 GHz and 6 – 8.5 GHz consists of a key fob equipped with an UWB transceiver and a vehicle equipped with many UWB transceivers. The UWB devices are considered to operate with the maximum allowed PSD -41.3 dBm/MHz.
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In order to reuse the studies of effects on Fixed Services performed in ECC Report 170, we consider an aggregation scenario where the cars are parked. Starting from Table 2 in Annex 2.1 of CEPT Report 17, we modify the assumption of car density for the case of a parking lot. In a dense parking lot (eg. shopping mall, airport), it is assumed that the density of cars can reach 33’000 vehicles/km2. This corresponds roughly to an average 30 square meters for a parking spot including the access for moving into and out of spaces.

[bookmark: _Toc492454672]Interfering power profile vs. distance

For the aggregate calculation, a formula derived from the interference to noise plots of Figure 28 in ECC Report 170 has been used. This formula is used as a bias for the contribution on the aggregate effect from each UWB device on the fixed service:

, 

where:

r is the distance between the UWB device and the victim receiver;

INR0 is the interference-to-noise level close to the victim antenna;

Rp is the distance at which the INR start to increase due to victim antenna gain increase;

p is the exponent of the increasing INR section;

Rd is the distance at which the INR start to decrease due distance;

d is the exponent of the decreasing INR section (close to 1);

In the figure below, the worst case scenario for FS at 4.4 GHz and 6 GHz is approximated by the function above with the following parameters:

FS @ 4.4 GHz : INR0 = 1/5;  Rp = 10 m; p = 0.52; Rd = 750 m;  d = 0.94; 

FS @ 6 GHz : INR0 = 1/17;  Rp = 13.5 m; p = 0.51; Rd = 1600 m;  d = 0.92; 

In the band 4.4 GHz, a minimum FS antenna height of 10m is considered, the I/N for a PSD limit of -53 dBm/MHz is given by the magenta curves (dash dot: from ECC Report 170, continuous line: “continuous” model used in this study). By increasing by 12 dB, the black curve now illustrates the equivalent I/N for a PSD of 41.3 dBm/MHz
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Figure 1 Simulated interference to noise profile vs. distance to the victim receiver at 4 GHz. Continuous lines are depicting masks used in the following simulations

From section 4.3.1.3 in ECC Report 170, it is assumed that a worst case 6 GHz FS antenna height is 20 m, providing a single entry I/N that can reach -16 dB with a -53 dBm/MHz e.i.r.p. transmission. For assessing the I/N for a PSD of -41.3 dBm/MHz, the green curve is increased by 12 dB (continuous black line).
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Figure 2 Simulated interference to noise profile vs. distance to the victim receiver for FS 4 GHz. Continuous lines are depicting masks used in the following simulations.

[bookmark: _Toc480896337][bookmark: _Toc492454673]Aggregation effect

For the vehicular access systems deployment scenario, a big parking lot placed next to an airport is considered as a worst case scenario. Biggest parking lots around airports have capacity of around 10’000 cars (e.g., Detroit Metropolitan Wayne County Airport). However, only the top floor is considered as critical for a victim receiver (no concrete shielding UWB signal). Considering 4’000 cars outside seems a realistic number. As car density is a parking lot is 33’000 cars/km2 (the needed area for a car in large park, included access is 30 m2 per car), the area under consideration could be as large as several tens of square meters.
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The victim receiver is placed in the worst case distance to the considered area (i.e. distance providing the highest I/ N given in the figure above, i.e. close to 600m from the FS receiver at 4.4 GHz and close to 1.7 km for the 6 GHz case). The assumptions for the aggregate effect on a fixed service are the following:

Car density approx. 33’000 vehicles/km2 (current study), 100% occupancy, 

Considered parking lot area with a dimension of 130’000 m2, i.e. containing approximately 4’000 cars outside (amongst them, a quarter of them are equipped with UWB keyless, i.e. 25% UWB market penetration);

it is assumed that half the devices in the car are in line-of-sight situation with the victim receiver (worst case), thus reducing the effective Tx on-time by a factor 2; 

-41.3 dBm/MHz e.i.r.p Tx power density with INR(r) profile depicted by the black curves in the figures above;

all devices are operating in a UWB frequency band containing the one of the victim FS (worst case).

The effect of aggregation has been simulated for the different impulse UWB signal characteristics given in Table 53 of ECC Report 170 and compared with the single entry case at a I/N=-8dB for FS victim receiver at 4 GHz (41 dBi antenna at 10 m height) and I/N=-16 dB for FS at 6 GHz (41 dBi antenna at 20 m height). Both cases correspond the maximum I/N for -53 dBm/MHz e.i.r.p. UWB PSD.

[bookmark: _Toc492454675]Category A

The total on-time has been considered on the car side. Since the maximum Tx on-time is 50 ms and half of the devices have in a line of sight situation with the victim receiver, 25 ms of Tx on-time per open and start event has been considered. On an airport parking lot, in average one “open” action and one “start” per day is considered for Category A (long term activity factor). The resulting degradation on the fixed service is illustrated below:
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Figure 3 FS 4 GHz, cat A w/ aggr of 1000 cars



		Cat. A – FS 4 GHz

PRP [ns]

		SNR

@ BER 10-4 [dB]

		SNR

@ BER 10-5 [dB]



		5400

1700

540

170

54

		0.01

0.02

0.04

0.06

0.03

		0.05

0.13

0.35

0.38

0.08







The figure above shows that even with a max. mean PSD of -41.3 dBm/MHz, an aggregated effect of 1000 cars in a parking lot with one “open” and one “start” in a day in average (dashed curves) have less effect on a victim FS at 4 GHz than the single entry case with a long term 0.5 % duty-cycle (continuous red curve) and a PSD limit of -53 dBm/MHz.

The same simulation is performed for fixed service at 6 GHz. The considered case does not show any error floor increase down to below 10-6.
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Figure 4 FS 6 GHz, cat A w/ aggr of 1000 cars



		Cat. A – FS 6 GHz

PRP [ns]

		SNR

@ BER 10-4 [dB]

		SNR

@ BER 10-5 [dB]



		5400

1700

540

170
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		<0.01

<0.01

<0.01

<0.01

<0.01

		0.022

0.020

0.004

0.002

0.002







[bookmark: _Toc492454676]
Category B

According to section B.1.1.2.2 of ETSI TR 103 416 V1.1.1 (2016-07), the activity factor of the walk-away function assumes that one action (= 1 trigger) involves max. 5 msec Ton-time per interval, and 120 intervals per action (= 60 sec / 500 msec), resulting in a maximum total on-time of 600 ms per car leaving action with “walk-away” feature. It is also a assumed that from the 1000 cars considered in the calculation, only half of them are oriented in a way that the UWB device is in line-of-sight with the victim receiver (no obstruction considered from the other cars in the parking lot).
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Figure 5 FS 4 GHz, cat B w/ aggr of 1000 cars



		Cat. B – FS 4 GHz

PRP [ns]

		SNR

@ BER 10-4 [dB]

		SNR

@ BER 10-5 [dB]
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The walk-away feature involves significantly more UWB transmitter on-time. Under the generic regulation (-41.3 dBm/MHz e.i.r.p.), these longer transmissions are impacting FS at 4 GHz with an SNR increase of up to 0.4 dB for a BER of 10-4. An error floor on the victim FS at 4 GHz clearly appears for BER below 10-4. 

The same simulations are performed for FS at 6 GHz and results are depicted in the figure below.
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Figure 6 FS 6 GHz, cat A w/ aggr of 1000 cars



		Cat. B – FS 6 GHz

PRP [ns]
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[bookmark: _Toc480896338][bookmark: _Toc492454677]Conclusion

Based on the above calculations, UWB-based access control systems of Category A ("Proximity verification") without the -12 dB exterior limit (as defined in ETSI EN 302 065-3) even provide a better degree of protection on FS at 4 GHz than the single entry case with exterior limit and long term duty-cycle of 0.5%. The protection level on FS at 6 GHz can be considered as similar as an increase on the error floor is only observed for BER well below 10-6.

 For Category B ("Proximity monitoring applications"), the degree of protection when operating at a maximum mean e.i.r.p. spectral density of -41.3 dBm/MHz shows a significant degradation below a BER of  10-4 especially for FS at 4 GHz. The impact on FS at 6 GHz remains limited to an error floor increase around 10-6 for UWB signalling scheme using very high peak-to-RMS ratio.

Editor's Note:

Generic victim system parameters should be described. 

[bookmark: _Toc492454678][bookmark: _Toc480896339]Protection of radio altimeters and waic 

[bookmark: _Toc492454679]Introduction

This study provides compatibility results on the coexistence between the proposed new UWB systems and aeronautical systems in the band 4200-4400 MHz. 

It presents a preliminary assessment of the impact of UWB keys on radioaltimeters and WAIC systems, if the external limit was relaxed in order to allow an e.i.r.p. density of -41.3 MHz.

The study does not consider the aggregated effect of multiple UWB keys active at the same time, nor it does the question of the aggregated impact of all UWB systems (previous and UWB keys). These issues can be studies in a further step.

[bookmark: _Toc492454680]Scenario for compatibility

In order to assess the compatibility, a simple scenario has been considered. A single UWB key is considered and it is checked whether the protection criteria are met for an airplane flying at difference heights above the key. Figure 1 show the geometry of the scenario.

The rationale of considering one single interferer is to make a sanity check to verify whether this scenario can pose a threat to the aeronautical systems in the band. If not, the analysis could proceed to consider the aggregation of multiple interferers.
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Figure 1. Scenario of the simulation

Interference scenarios and correspondingli application of protection criterion need to be clarified (landing height over possible parking places)

With reference to the coordinate systems in Figure 1:

The key is located at (0,0,0)

The aircraft is flying on an horizontal path defined by the coordinates (0,ya,ha). The altitude ha of the aircraft is fixed, so that his position varies along the axis y only.

For simplicity the aircraft has zero roll and pitch

The radio-altimeter antenna beam is modeled with a cone whose aperture is defined in ITU-R M. 2059. Inside the cone, the gain of the antenna is considered, as prescribed by the recommendation, equal to its maximum gain. Outside the aperture, it is attenuated by 20 dB.

The propagation model is free space and no polarization mismatch is considered between the key and the radio-altimeter.

Regarding the actual values of the aircraft height above ground (ha)

[bookmark: _Toc492454681]Protection for radio altimeters

Technical characteristics and protection criteria are given in ITU-R M. 2059 (approved in 2014). It has to be noted that the latest version of this recommendation entered into force after the approval of ECC Report 170. Therefore, the Recommendation shall prevail over the report.

The following table gives a summary of the types of radio-altimeters in the Recommendation and the relevant protection criteria:

Table 1. Summary of protection criteria for radio alitemeters in ITU-R M.2059

		Denomination

		Type

		Densitization (*)

		False altitude 

threshold

		Receiver Overload threshold



		A1

		Analog

		I/N=-6

		-143 dBm/100 Hz

		-30 dBm



		A2

		Analog

		I/N=-6

		-143 dBm/100 Hz

		-53 dBm



		A3

		Analog

		I/N=-6

		-143 dBm/100 Hz

		-56 dBm



		A4

		Analog

		I/N=-6

		NA

		-40 dBm



		A5

		Analog

		I/N=-6

		NA

		-40 dBm



		A6

		Analog

		I/N=-6

		NA

		-40 dBm



		D1

		Digital

		I/N=-6

		NA

		-30 dBm



		D2

		Digital

		I/N=-6

		NA

		-43 dBm



		D3

		Digital

		I/N=-6

		NA

		-53 dBm



		D4

		Digital

		I/N=-6

		NA

		-40 dBm





(*) Regarding the desensitization criterion, it has to be noted that ITU-R M. 2059 indicates that, given the critical mission performed by the aeronautical radio altimeters, it might be appropriate to adopt a more stringent protection criterion (I/N=-12 dB instead of I/N=-6 dB).

[bookmark: _Toc492454682]Result of single entry studies for radio altimeters

Table 2 summarizes the results

Table 2. Summary of results (flight altitute at which the criterion is met)

		Denomination

		Type

		Densitization

		False altitude 

threshold

		Receiver Overload threshold



		A1

		Analog

		24.5 m

		11 m

		Never attained



		A2

		Analog

		39 m

		11 m

		Never attained



		A3

		Analog

		62 m

		17.5 m

		Never attained



		A4

		Analog

		35 m

		NA

		Never attained



		A5

		Analog

		27.5 m

		NA

		Never attained



		A6

		Analog

		27.5 m

		NA

		Never attained



		D1

		Digital

		35 m

		NA

		Never attained



		D2

		Digital

		55 m

		NA

		Never attained



		D3

		Digital

		55 m

		NA

		Never attained



		D4

		Digital

		69 m

		NA

		Never attained





As is can be seen in Table 2, the constraining criterion for radio altimeters is the densistization. 

The following figures give the results of the simulations for each combination of system/criterion for different flight altitudes.

[bookmark: _Toc492454683]Results for I/N
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[bookmark: _Toc492454684]Results for False Altitude Reports

		

Figure 12

		

Figure 13



		[image: ]

Figure 14





Some results for higher flight altitudes will be added

[bookmark: _Toc492454685]Results for Overloading

The analysis shows that overloading is never a problem.
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Figure 24





[bookmark: _Toc492454686]Protection criteria for WAIC

WRC-15 introduced wireless avionics intra-communication systems in the band 4200-4400 MHz. Their characteristics and protection criteria are given in ITU-R M. 2067.

The Recommendation specifies two types of WAIC systems. Table 2 summarizes the protection criteria:

Table 3. Protection criteria for WAIC

		System

		S/I (sensitivity to interference ratio)

		Threshold of RX overload



		Low data rate system

		-9 dB

		-14 dB



		High data rate system

		-30 dBm

		-30 dBm





[bookmark: _Toc492454687]Result of single entry studies for WAIC

The simulations indicate that the criteria are met at the following flight altitutes:

Table 4

		System

		S/I (sensitivity to interference ratio)

		Threshold of RX overload



		Low data rate system

		8 m

		Never attained



		High data rate system

		7.8 m

		Never attained





The following figures provide the results of the simulations for the two systems. The results indicate that overloading is not a problem but the required protection criteria for sensitivity is not met.
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Figure 26
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Figure 28





[bookmark: _Toc492454688]Conclusions and next steps

This study indicates that the proposed modification of the regulation of the UWB in the band 4200-4400 MHz in some cases, such as a landing trail passing over an area where car can be parked, would potentially pose a risk of harmful interference to radio altimeters, even for single entry scenarios. This analysis indicate that relaxing the e.i.r.p. requirement for UWB is not feasible/

On the other side, the much shorter separation distance for WAIC, does seem to pose a risk of interference in a single entry scenario. The case of multiple UWB interferers into WAIC systems needs yet to be studied

[bookmark: _Toc492454689]Aggregated Effect on radio - altimeters

[bookmark: _Toc492454690]Output power, and operating frequency

An UWB access control system in the band 3.1-4.8 GHz and 6 – 8.5 GHz consists of a key fob equipped with an UWB transceiver and a vehicle equipped with 4 UWB transceivers. The key fob device and the devices in the vehicle are considered to operate with the maximum allowed PSD -41.3 dBm/MHz.

[bookmark: _Toc480896341][bookmark: _Toc492454691]Aggregation scenarios

A UWB-based access control system presents negligible aggregation effects due to both the ultra low duty cycle as well as the additional mitigation by Trigger-before-Talk. Given that Trigger-before-talk is a user action (e.g., touching the door handle, pushing start button), the probability of simultaneously operating access control systems is considered extremely unlikely.

In order to reuse the studies on aggregation effects on radio altimeters performed in ECC Report 170, we consider two aggregation scenarios where the cars are parked. In a UWB-access control system, the secure UWB bi-directional communication between the keyfob and the car takes only place when i) the car is parked ii) upon user trigger operation in the car close proximity.

 In all other cases there is no UWB communication.  

Scenario 1 (Same as in ECC Report 170 adapted to UWB-based vehicular access systems)

The cars are considered parked outdoor with the urban density 330 cars/km2.

330 vehicles/km2 (as in ECC Report 170)

4 devices/vehicle (Ref. ETSI TR 103 416 V1.1.1 (2016-07)) 

Max. DC of 5 %/s (as in ECC Report 170)

Long-term activity factor taken as in ETSI TR 103 416 V1.1.1 (2016-07)  for Category A, Category B and Category C UWB access systems

Scenario 2 (Big outdoor parking lot)

For the vehicular access systems deployment scenario, a big parking place next to an airport is considered as a most conservative worst case scenario. In this scenario we artificially increase the car density to 33’000 cars/km2.

Parking decks are not in scope of this study, as they do not represent worst case aggregation scenario. We note that the biggest parking lots around airports are actually park decks with around 10’000 cars (e.g., Detroit Metropolitan Wayne County Airport).

33’000 vehicles/km2

4 devices/vehicle (Ref. ETSI TR 103 416 V1.1.1 (2016-07)]) 

Max. DC of 5 %/s (as in ECC Report 170)

Long-term activity factor (1 open and 1 close access operation in 24 hours)

Mitigation factors and activity:

Mitigation technique are i) LDC mitigation and ii) Trigger-before-Talk mitigation in the car UWB devices.

The short term activity factor is provided by LDC mitigation and is Max DC of 5%/s/device as in ECC Report 170 [i.1].

The long term activity factor is according to the considered scenario (see above)

[bookmark: _Toc492454692]Aggregation effect

Scenario 1

Tables 38 and 39 of ECC Report 170 shows aggregated interferences level compared to the protection level of radio-altimeter. Taking the case with the generic -41,3 dBm/MHz mean PSD per device, without car shielding but with long-term protection of 0,5 %/hour, it is observed that a maximum of 6 dB is missing for the required protection.

By taking the long term activity of an UWB-based vehicular access control system together with Trigger-before-talk, Table C1 shows the achieved protection for the radio-altimeter and compares the results of ECC Report 170 with the calculations for Vehicular Access Systems.

Table 4 Comparison of ECC Report 170 [i.1], table 38 with "Trigger before talk"
mitigation for Category A, B and C (without exterior limit)

		Aggregated interference level compared to the protection level of radio-altimeters



		Scenario/ Altitude of the aircraft

		100 m

		500 m

		1 000 m

		1 500 m



		Generic LTA applications (from ECC report 170)

-41,3 dBm/MHz/LTA - no car shielding 

330 vehicles/km2

10 LTA/vehicle

Max DC of 5 %/s LTA

Max DC of 0,5 %/hour/LTA
 18 000 ms/hour

		6 dB

		5 dB

		4 dB

		4 dB



		Generic LTA applications (from ECC report 170)

-53,3 dBm/MHz/LTA for elevation higher than 0°
(i.e. power reduction or car shielding) 

330 vehicles/km2

10 LTA/vehicle

Max DC of 5 %/s LTA

Max DC of 0,5 %/hour/LTA
 18 000 ms/hour

		-6 dB

		-7 dB

		-8 dB

		-8 dB



		Category A Proximity verification

-41,3 dBm/MHz/Vehicle Access - no car shielding 

330 vehicles/km2

4 devices/vehicle

Max DC of 5 %/s Proximity verification

Activity Factor (incl. DC) max. 0,00174 %
62,64 ms/hour

		-22,6 dB

		-23,6 dB

		-24,6 dB

		-24,6 dB



		Category B Proximity monitoring

-41,3 dBm/MHz/Vehicle Access - no car shielding 

330 vehicles/km2

4 devices/vehicle

Max DC of 5 %/s Proximity monitoring

Activity Factor (incl. DC) max. 0,033 %
1 188 ms/hour

		-9,8 dB

		-10,8 dB

		-11,8 dB

		-11,8 dB



		Category C Proximity detection

-41,3 dBm/MHz/Vehicle Access - no car shielding 

330 vehicles/km2

4 devices/vehicle

Max DC of 5 %/s Proximity monitoring

Max DC of 0,5 %/hour/LTA
 18 000 ms/hour

		6 dB

		5 dB

		4 dB

		4 dB





As a matter of comparison, we note that the aggregation scenario in ECC Report 170 requires a total UWB activity of 10 UWB devices x 330 cars/km2 x 18 seconds/hour =  59’400 seconds per hour per km2 of UWB communication to reach +6 dB at 100 meters with -41.3 dBm/MHz, i.e., 14’750 seconds per hour per km2 to get 0 dB at 100 meters with -41.3 dBm/MHz. 

In case of an UWB-based vehicular access control system, reaching UWB activity of 14’750 seconds per hour per km2 would require more than 235’000 system triggers per hour per km2 of Category A and more than 12’000 system triggers per hour per km2 of Category B.

Scenario 2

Considering 1 car open/start and 1 car close in 24 hours, we get 1375 triggered cars per km2 per hour. Under the communication activity per car according to Category A and Category B systems, this makes a total UWB activity of 1375*3*0.05s = 206.25 seconds per hour per km2 (Category A) and 1375*2*0.75s = 2062.5 seconds per hour per km2 (Category B with 1 Comfort Open, Remote (Control) Parking). 

The total UWB active time in both Category A and Category B is significantly lower than the total active times per hour per km2 considered in Table C.1 to produce an aggregated interference level problematic for the radio-altimeters.

[bookmark: _Toc492454693]Conclusion

Based on the above calculations, UWB-based access control systems of type Category A: "Proximity verification" and Category B: "Proximity monitoring applications" provide a significantly higher degree of protection to the radio altimeters, even when operating at a maximum mean e.i.r.p. spectral density requirement of -41,3 dBm/MHz outside the vehicle, i.e. without an exterior limit (as defined in ETSI EN 302 065-3).

[bookmark: _Toc492454694][bookmark: _Toc480896343]Aggregated interference form WAIC and UWB on radio altimeter

Sharing of the frequency band 4 200 – 4 400 MHz between radio altimeters and WAIC is studied in Report ITU-R M.2319-0. This report concludes, that sharing is not possible as long as no directional antennas for WAIC are used.

Recommendation ITU-R M.2067-0 provides technical characteristics and protection criteria for wireless avionics intra-communication (WAIC) systems. Inconsistent to the Report ITU-R M.2319-0, this recommendation does not require the use of directional antennas for WAIC, but specifies 0 dBi antenna gain for both, WAIC transmitter and receiver. In footnote 1 of table 1 however, the possible use of directional antennas with the aim to reduce the overall emission from the aircraft is mentioned, on condition that the main beam has to point towards the centre of the aircraft. 

Recommendation ITU-R M.2085-0 “Technical conditions for the use of wireless avionics intra-communication systems operating in the aeronautical mobile (R) service in the frequency band 4 200‑4 400 MHz” defines the maximum permitted transmit spectral power density for WAIC systems of 5dBm /MHz when high data rate applications are used and 6 dBm/ MHz when high and low data rate applications are used. 

For studying aggregate interference effects with WAIC to radio altimeter, scenarios are considered where aircrafts on the airport ground (e.g. when taxiing with operating WAIC transmitters) interfere with aircrafts in the final stage of landing. When assuming such scenarios, the range of distances from airport car parking to the victim radio altimeter receiver is the same as the range of distances from aircrafts on airport ground to the victim radio altimeter receiver. Considering aggregated interference from WAIC and UWB devices (with transmit power spectral density of -41.3 dBm / MHz), the interference level at the radio altimeter receiver input is dominated by WAIC signals: Assuming that the considered UWB devices are operating on airport parking at very low activity factor - typically 1 open and 1 close access within 24 hours (86 400 s).  Further considering deployment and operational parameters as described in paragraph 3 (25% market penetration, 10 000 cars in a parking lot), 5 000 transmit periods with each cumulated length of 50 ms for category A or 750 ms for category B devices within 24 hours are possible. The probability of simultaneous transmission of multiple category B or category A devices is following the Poisson distribution with the following mean values:

Mean category B = 5 000 · 0.750s / 86 400s = 4.340 10-2  (Category B devices)

Mean category A = 5 000 · 0.050s / 86 400s = 2.894 10-3  (Category A devices)

The Poisson distribution for both above mentioned mean values are shown graphically in the figure below:
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Figure 1 Poisson distribution for two different mean values 
(mean = 4.340 10-2 (+) and mean = 2.894 10-3 (o))

Accordingly, the probability for simultaneous transmission of more than 2 devices and the probability for simultaneous transmission of exactly 8 devices is calculated as shown below:

P0.04340(X > 2) = 1 - P0.0434(0) - P0.0434(1) - P0.0434(2) 

= 1 – 95.75% – 4.16% – 0.09% = 0.0013189%

P0.04340(X = 8) = 5.51 10-12 %

P0.002894(X > 2) = 1 - P0.002894   (0) - P0.002894(1) - P0.002894 (2) 

= 1 – 99.71% – 0.29% – 0.00041% = 0.0000004031%

P0.04340 (X = 8) = 3.634 10-20 %

The probability of simultaneous transmission is 0.001319 % for category B and  0.0000004031 % for category A devices. Because according to ITU- R recommendations the emission power of WAIC transmitters is maximum 5dBm/MHz or 6 dBm/MHz respectively - radiating isotopically-, the addition of the aggregated emission of simultaneous transmitting UWB devices causes a potential EIRP interference level of

PUWB(3) = -41.3 dBm/ MHz + 10Log(3) = -36.5 dBm/ MHz (for 3 simultaneous transmitting devices)

PUWB(8) = -41.3 dBm/ MHz + 10Log(8) = -32.8 dBm/ MHz (for 8 simultaneous transmitting devices)

Both emission levels cause very weak increase of the overall interference (dominated by WAIC device emissions = 5dBm/MHz) at the radio altimeter receiver of

Pincrease((3), 5dBm/MHz) = 10* log(100.5 + 10-3.65) – 5dBm = 3 ·10-4 dBm

Pincrease((8), 5dBm/MHz) = 10* log(100.5 + 10-3.28) – 5dBm = 7 ·10-4 dBm

[bookmark: _Toc480896344][bookmark: _Toc492454695]Mobile Service in the 3400 - 3800 MHz frequency band

Results of simulations for aggregated interferenece to be updated with new popagation model

[bookmark: _Ref478387756][bookmark: _Toc480896345][bookmark: _Toc492454696]Introduction

The frequency band 3.4 -3.8 GHz is assigned for future 5 G system deployment. Therefore sharing between IMT and UWB need to be studied in the framework of WI58. Contribution SE24(17)020 “Information on WI58” suggests to consider IMT Advanced deployment parameters according Report ITU-R M.2292-0 for the sharing studies. 

[bookmark: _Toc492454697]UWB Vehicular access system usage scenarios

In contrast to other vehicular UWB devices, the considered one does not radiate during driving under normal conditions. Accordingly, the worst case deployment scenario for aggregated as well as for single entry interference is a large parking lot. A density of 33’000 cars / km2 is assumed as worst case. It is assumed, that there is one UWB communication in 30 minutes for a single UWB device category A, and one UWB communication in 60 minutes for a single UWB device category B device. There are maximum 4 non simultaneously operating UWB devices per car. Within one communication period with the duration Ton, the UWB radiation of all 4 devices is terminated.

[bookmark: _Toc480896347][bookmark: _Toc492454698]UWB channel model

In scenarios involving small separation distances d < 50m between devices using UWB technology and IMT-Advanced terminals and base stations the free-space loss model is used. 

For small cell base station, line of sight conditions are assumed for single entry interference scenarios, regardless the separation distance. For base station in suburban environments, line of sight conditions are assumed for single entry interference scenarios, regardless the separation distance. For base station in urban environment, the site – general propagation model according ITU-R P.1411-8 is applied. For the application of the model according ITU-R P.1411-8 chapter 4.1.1 a probability of 5% is assumed. This represents a worst case scenario where in 95% of all cases the propagation loss is higher than the calculated value. It has to be noted, that the model according ITU-R P.1411-8 chapter 4.1.1 is not applicable for short distances as the calculated attenuation values drops below the values of free space loss. Therefore the path attenuation for distances below 50 m length are simulated with the line of sight model. Figure 7shows the path attenuation for both models.

Aggregated interference scenarios are studied only for suburban and small cell base stations



[bookmark: _Ref480906292]Figure 7 Path attenuation for free space model 1 (blue line) and model according ITU-R P.1411-8 chapter 4.1.1 (orange line)

[bookmark: _Toc480896349][bookmark: _Toc492454699]Victim IMT receiver characteristics

[bookmark: _Toc492454700]Mobile station

The parameters for the mobile station applied for the analysis are according definitions of ITU-R Report M.2292-0 and are shown in Table 7.

[bookmark: _Ref480906369][bookmark: _Ref480906336]Table 7 Mobile station parameters

		System Parameter

		Value/Description



		Noise Figure [dB]

		9



		Antenna Gain [dBi]

		-4



		Body loss [dB]

		4



		Protection Criterion I/N [dB]

		-6





[bookmark: _Toc492454701]Base Station

The parameters for the mobile station applied for the analysis are according definitions of ITU-R M2292-0 and are shown in Table 8.






[bookmark: _Ref480906383]Table 8 Base station parameters

		System Parameter

		Macro Suburban





Value/Description

		Macro Urban





Value/Description

		Small cell outdoor Micro  urban



Value/Description



		Noise Figure [dB]

		5

		10



		Antenna height [m]

		25

		20

		6



		Downtilt [deg]

		6

		10

		n.a.



		Feeder Loss [dB]

		3

		3

		n.a.



		Maximum antenna gain [dBi]

		18

		18

		5



		Antenna pattern

		Recommendation ITU-R F.1336 (recommends 3.1)

Ka = 0.7

Kp = 0.7

Kh = 0.7

Kv = 0.3

Horizontal 3dB beamwidth 
= 65 degrees

Vertical 3dB beamwidth :
determined from the horizontal 
beam width by equations in 
Recommendation ITU-R F.1336.

		Recommendation ITU-R F.1336 omni



		Protection Criterion I/N [dB]

		-6







According table 4 three different radiation patterns are considered for the analysis:

18dBi sectoral antenna with 6° down tilt for suburban use case

18dBi sectoral antenna with 10° down tilt for urban use case

5 dBi omnidirectional antenna

The pattern of those three types of antennas are shown in Figure 8, Figure 9 and Figure 10. In the figures the orange line represent peak side lobe pattern while the blue line represent average side lobe pattern. 





[bookmark: _Ref480297248]Figure 8 Pattern of 18 dBi base station antenna with 6° down tilt (suburban)



[bookmark: _Ref480297257]Figure 9 Pattern of 18 dBi base station antenna with 10° down tilt (urban)





[bookmark: _Ref480297266]Figure 10 Pattern of 5 dBi base station (small cell) omnidirectional antenna

The protection levels for the three deployment cases urban, suburban and small cell are calculated as follows:



 where


PP: 		Protection level of the victim receiver [dBm/Hz]

N0: 	Thermal noise level = -174 dBm/Hz

I/N:	Protection criterion of the victim receiver [dB]

FRX:	Noise Figure of the victim receiver [dB]

AFeeder: Antenna feeder loss of the victim receiver [dB]

The following protection levels are calculated based on the parameters according 
ITU-R M.2292-0:

Table 9 Protection levels

		Station type

		Protection level





		Base station in urban environment

		-172 dBm/Hz



		Base station in suburban environment

		-172 dBm/Hz



		Small cell base station

		-170 dBm/Hz



		Mobile station

		-171 dBm/Hz





[bookmark: _Toc480896350][bookmark: _Toc492454702]Interference Scenarios and methodologies

[bookmark: _Toc492454703]Single interferer into a single mobile station

On a deterministic approach, the minimum separation distance between mobile station and UWB device is evaluated. The minimum required coupling loss is evaluated according the following formula:



 		

where

AMin:	Minimum coupling loss [dB]

PUWB:	Transmit power density of a UWB device  [dBm/MHz e.i.r.p.]

BWUWB: Reference Bandwidth of the UWB signal power density [Hz] = 106

PP: 	Protection level of the victim receiver [dBm/Hz]

GRX: 	Gain of the victim receiver antenna [dBi]

ABody:	Body loss [dB]

Assuming free space attenuation, the minimum separation distance is calculated as shown below:



		

where

dMin: 	Minimum separation distance [km]

AMin:	Minimum coupling loss [dB]

f:	frequency [MHz]

[bookmark: _Toc492454704]Single interferer into a single base station

The interference power of a single UWB device generated at the victim receiver input terminals is calculated for different separation distances between UWB device and base station. Antenna pattern and propagation loss are considered as explained in ITU-R M.2292-0. 

The interference level for free space propagation condition is calculated as follows:



 

where

PUWB:Transmit power density of a UWB device  [dBm/MHz e.i.r.p.]

BWUWB: Reference Bandwidth of the UWB signal power density [Hz] = 106

f:	frequency [MHz]

d: 	separation distance [km]

hant:	antenna height [km]

GA:	antenna gain at victim receiver [dBi]

The interference level for propagation condition according ITU-R Recommendation 1411-8 is calculated as follows:





where

PUWB:Transmit power density of a UWB device  [dBm/MHz e.i.r.p.]

BWUWB: Reference Bandwidth of the UWB signal power density [Hz] = 106

f:	frequency [MHz]

d: 	separation distance [km]

hant:	antenna height [km]

GA:	antenna gain at victim receiver [dBi]

α:	coefficient associated with the increase of the path loss with distance = 4.00

β:	coefficient associated with the offset value of the path loss = 10.2

γ:	coefficient associated with the increase of the path loss with frequency = 2.36

N(0,σ):zero mean Gaussian random variable with standard deviation σ [dB] = 7.6 

Both, received interference power for the three different base station types and the value for the protection level are plotted on the same figure. For the single entry scenario the peak side lobe antenna pattern are considered. The range in which the interference power at the victim receiver exceeds the protection level is evaluated graphically. 

[bookmark: _Toc492454705]Multiple interferers into a single base station

The methodology for this section provides probabilistic results of the aggregated interference level at the victim receiver antenna terminals. The mobile base station is surrounded by UWB transmitters which are randomly and uniformly distributed. All UWB devices transmit with the same e.i.r.p.. The cumulative interference power is calculated by simulation. The simulation runs different events, where each event calculates the interference level at the victim receiver antenna terminals taking into account the transmission probability of each UWB device, the receiver antenna pattern and the appropriate path loss. The transmission probability is calculated by the ratio of the cumulative Ton - time over the activity period. After a number simulation events, a cumulative distribution function is formed based on the calculated interference level results. This function is used to evaluate the probability of interference level, which exceeds a given value.



 

where



pUWB_C:Cumulated power density at victim receiver  [dBm/Hz] for a single simulation event

pUWB_eirp:Transmit power density of a UWB device  [dBm/MHz]

mk,i: 	device place number which chosen out of all possible device place numbers for the kth simulation event

Apath: attenuation [dB] for a given device place

GA:		antenna gain [dBi] considered for a given device place

Θ:		Elevation angle

φ:		Azimuth angle

n:		total number of UWB devices

zk:	number of simultaneously radiating UWB devices, Z ~ P(λ) for kth simulation event

λ:		Mean value of poisson distribution  λ = Ton – time / activity period * n

A maximum number of 10’000 vehicles on a large parking lot is considered. With an assumed market penetration of 25%, there are 4’000 cars equipped with UWB vehicular access systems considered for the studies. Only 50% of UWB device propagation path to the victim antenna is under line of sight conditions, because the propagation path of the other 50% of UWB devices are obstructed by the car body. It is assumed that this obstruction introduces an additional loss of 6dB for the considered propagation paths. Accordingly, in average only 50% of UWB devices transmit with a power density of -41.3 dBm while the other 50% of UWB devices transmit with a power density of – 47.3 dBm/MHz. 

6dB additional path loss model to be replaced with the new model according section 3.2

[bookmark: _Toc480896351][bookmark: _Toc492454706]Results

[bookmark: _Toc492454707][bookmark: _Toc477323151]Single interferer into a single mobile station



 = 61.7 dB

where

AMin:	Minimum coupling loss = 61.7 dB

PUWB:	Transmit power density of a UWB device [dBm/MHz e.i.r.p.] = -41.3 

BWUWB:Reference Bandwidth of the UWB signal power density [Hz] = 106

PP: 	Protection level of the victim receiver [dBm/Hz] = -171 

GRX: 	Gain of the victim receiver antenna [dBi] = -4

ABody:	Body loss [dB] = 4 

Assuming free space attenuation, the minimum separation distance is calculated as shown below:



	 	

where

dMin: 	Minimum separation distance [km]

AMin:	Minimum coupling loss [dB] = 61.7

f:	frequency [MHz] = 3600 

The minimum required separation distance between the vehicular UWB device and a mobile user equipment is 8.1 m. It should be noted, that the co location of a mobile user equipment and the key of the vehicular access system is quite probable. Because the key is of the class “Generic UWB device” – as mentioned earlier in this document – the maximum expected power density of the key is -41.3 dBm/MHz. In this case the separation distance will be fallen below the minimum all the time.

[bookmark: _Toc492454708]Interference into small cell base station 

In Figure 11 the green line shows the interference of a single UWB device into a small cell base station. The red line represents the protection level of the base stations.




[bookmark: _Ref480301562]Figure 11 Interference value of a single UWB device into small cell base station

[bookmark: _Toc492454709]Interference into a suburban macro cell base station 

In Figure 12 the green line shows the interference of a single UWB device into a macro cell base station. The red line represents the protection level of the base stations. An antenna tilt of 6° and free space propagation model is considered.





[bookmark: _Ref480301679]Figure 12 Interference value of a single UWB device into suburban cell base station

[bookmark: _Toc492454710]Interference into a urban macro cell base station 

In Figure 13 the green line shows the interference of a single UWB device into a macro cell base station. The red line represents the protection level of the base stations. An antenna tilt of 10°, free space propagation attenuation for path distances smaller than 50m and the propagation attenuation according the model ITU-R P.1411-8 for path distances larger than 50m is considered. The yellow dotted line shows the interference level in case when only the propagation attenuation according the model ITU-R Recommendation P.1411-8 and blue dotted line shows the interference level in case when only the free space propagation attenuation model would be considered.





[bookmark: _Ref480906710]Figure 13 Interference value of a single UWB device into urban cell base station

[bookmark: _Toc492454711]Multiple interferer into a single suburban base station
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[bookmark: _Ref480297380]Figure 14 cdf of UWB category A and B devices aggregated interference level

In Figure 14 the aggregated interference level cdf are shown for category A devices (blue lines), category B devices (green lines). The results are based on a free space propagation model considering “shadowing effects”, where UWB signals radiated from devices with separation distances of more than 100m, are additionally attenuated by 6 dB. The red line represents the protection level.

[bookmark: _Toc492454712]Multiple interferer into a single small cell base station
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[bookmark: _Ref480297365]Figure 15 cdf of UWB category A and B devices aggregated interference level 

In Figure 15 the aggregated interference level cdf are shown for category A devices (blue line), category B devices (green line). The results are based on free space propagation model considering “shadowing effects”, where UWB signals radiated from devices with separation distances of more than 20 m are additionally attenuated by 6 dB. The red line represents the protection level.

[bookmark: _Toc480896352][bookmark: _Toc492454713]Conclusion

For single entry interference scenarios, the UWB interference with a radiation power of -41.3 dBm/MHz e.i.r.p. exceeds the protection limit only in the case of small cell base stations. In this case, the protection limit is exceeded by 1 dB in a 14 m – 27 m distance range of the UWB device to the base station.

Regarding aggregated interference for suburban base station, the radiated interference from category A devices is uncritical. For category B devices the protection level is exceeded in less than 0.03 % of time.

Regarding aggregated interference for small cell base station, the radiated interference from category A exceeds the protection level in less than 0.04 % of time. For category B devices the protection level is exceeded in less than 0.3 % of time.

[bookmark: _Toc480896353][bookmark: _Toc492454714]UGV vs LTA in the band 4.4. to 4.8 GHz

[bookmark: _Toc480896354][bookmark: _Toc492454715]Victim Parameters for the UGV

The victim parameters for the UGV taken from the ECC Report 170:

Distance:less than 1km

Transmit Power:1-100mW (power control)

Gain of antennas:(2) 5 to 15dBi (quasi omnidirectional or section antenna dependent on system)

Height of antennas:~3m

Bandwidth:56 MHz

Availability:99.99(9)%

BER:		10-6

Feeder Loss :2 dB

S/Nmin:6 dB



[bookmark: _Toc480896355][bookmark: _Toc492454716]Interferer assumptions

The interference potential of the vehicular access system in the study for the UGV will be evaluated, comparing it to the interference potential of "Generic UWB" devices. The interference potential of "Generic UWB" devices will be calculated based on given density figures and activity factors, which can be found in ECC Report 64, Page 39. A density of 33'000 cars per km² is identified as worst case figure. Because of close proximity of the UWB interferer to the UGV victim, a line of 3 cars parked in parallel to the direction of UGV movement are dominant in contributing to the interference. One open close every 20 minutes is considered as worst case activity for the vehicular access system in that short time parking situation. Remark: The vehicular access system consists of a "Generic UWB" device (key  portable device) and UWB devices integrated in the vehicle. Every communication on UWB technology is initiated by the "Generic UWB Device". The vehicular access system can be seen as a UWB hybrid "Generic / vehicular".

[bookmark: _Toc492454717][bookmark: _Toc480896356]Disturber assumptions

For vehicular access systems:

Market penetration = 25%

Antenna height = 1.5 m

Omnidirectional antenna pattern

Cummulated Ton-time per activity = 50 ms (Category A) worst case 

Cummulated Ton-time per activity = 750 ms (Category B) worst case

Density = 33’000 cars / km2 (randomly distributed)

Shielding loss due to neighboring cars 6 dB worst case

Devices per car = 10 worst case

For generic devices:

Density = 10’000 km2

Outdoor usage = 20%

[bookmark: _Toc492454718]Self Interference two UGV driving on opposite lanes in opposite directions

Assuming a maximum allowed speed of 80km/h for each UGV convoy a relative speed of 160km/h (~44m/s) is taken into account.

Assuming a length of the convoy of min. 2 devices with a length of each 6m and a small safety distance (not to regulations) of 5m in between, we get a convoy length of 17m each.

With the 17m length and the traveling speed of the convoy of 44m/s there is a self-interference happening for around 380ms, with a power of up to 100mW, which the system needs to be robust against anyway.

This check was solely done for later robustness assumptions of the victim service.

[bookmark: _Toc479519707][bookmark: _Toc480896357][bookmark: _Toc492454719]Worst case scenario

As the usage of the vehicular access systems is only possible at the parked car, the worst case scenario given in Report ECC170 needs to be adapted. Now, the new worst case scenario is a parking lot with three lines of cars parked next to a road. Those cars are activated simultaneously by the users accessing them while the convoy passes by for the worst case scenario. 

One open close every 20 minutes is considered as activity factor for the vehicular access system in that parking lot scenario. All the devices in the car need to talk to the same key, therefore the 50ms/s limit from the key is also applicable for the sum of all car devices. So they don’t aggregate.

[image: ]

Figure 16 Old UGV scenario







Figure 17 New UGV scenario

The offset’s between the victim and the interferer is now given through the standing stripes and a possible available second lane. The cars are parking along the street. Each car is equipped with 10 UWB modules. The timing of all the modules in each car is coordinated not to interfere which each other. The modules are in category A or B mentioned in TR 103 416.

For more universal calculation, the car density of 33'000 devices per km² is used for this calculation also

[bookmark: _Toc479519709][bookmark: _Toc480896358][bookmark: _Toc492454720]Interference Scenario and Calculation Model

The calculations from ECC Report 170 still apply. Now the activation time and triggering of the devices is the difference. We still assume that all 10 devices in the car have direct sight to the victim’s antenna, which is not possible in reality due to metal sheets shielding at least half of the devices.

As stated in TR 103 416 the system (A and B) is only activated through a manual user interaction with the car (Trigger before talk). There are no simultaneous transmission going on at one car, but the next car could possibly interfere with the first one. Especially in Category B, which is for example used for piloted parking systems. On the other hand, it is not possible to park two cars simultaneously next to each other in this automated way due to simple space considerations. 

The investigation assumes that all cars parked at the parking lane are equipped with an UWB system. This will not be the case (~25% is realistic) but eases and worsens the assumption.
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Figure 18 Scenario with UWB-Distribution along a street

The space between two adjacent cars on the parking lot is reduced to 0.5m. Therefore two cars parked next to each other activated at the same time and activating the car modules located next to each other simultaneously is the worst case scenario regarding the level. 

Therefore, in even more worst case you have positive interference and aggregation of the RF signals. Leading to 3dB more power at the receiver, and no canceling out of the signals. The victim receiver is then disturbed for a period of 1-2ms in a current system, before both interfering systems switches to the next car modules which are possibly aligned regarding their timing again, but not located next to each other anymore, therefore producing lower interference levels than before

regarding their timing again, but not located next to each other anymore, therefore producing lower interference levels than before.

[bookmark: _Toc479519710][bookmark: _Toc480896360][bookmark: _Toc492454721]Comparison Mobil device to Vehicular Car Access

A mobile device eg. a mobile phone or key is currently regulated through EN 302 065-1

It is therefore allowed to send UWB Signals with -41,3 dBm/MHz. Depending on the Band with the mitigation technics LDC and DAA.

Given the maximum LDC limits from EN 302 065-1 table 7 mobile devices are allowed to send 18s per hour with a maximum T_on time of 5ms per transmission. Within one second there are 50ms transmission time allowed.

This leads to the following UWB density per day given the 10000 devices per km² stated in ECC Report 064. Taken into account, that only 20% of them are outside we get the following activity time per device.

 

 

Therefore, we could have 10 active mobile devices / km² at any given point in time.

Now doing the same calculation for the vehicular access systems (adding car modules only) we get the following number. Taken the activity times out of  TR 103 416 for category A and B.

Category A





at any given point in time.

In addition there is only an UWB activity if the key (as a mobile device) belonging to the car is found next to the car before. This behavior is currently achieved through non UWB communication links.  

Category B





at any given point in time.

In addition there is only an UWB activity if the key (as a mobile device) belonging to the car is found next to the car before. This behavior is currently achieved through non UWB communication links

[bookmark: _Toc479519711][bookmark: _Toc480896361][bookmark: _Toc492454722]Conclusion

The proposed change in regulation from TR 103 416 will not add a significant amount of UWB communication which will disturb UGVs more than currently regulated mobile devices.

Even with the estimation of 25% deployment to any and every car and the assumption of very big parking lots there is no significant amount of UWB communication added to the already allowed mobile devices.

The Category A systems have less than one tenth of the activity time currently allowed for mobile devices. And therefore don’t possess a risk for the UGV systems.

The Category B systems have less than two times the activity time currently allowed for mobile devices. Taken into account, that those systems are meant to be optional equipment in the car and will have a market penetration of less than 10% of the previously mentioned 25% keyless access systems. This also does not possess a risk for the UGV systems.

Even more the UWB communication from key to car will only take place in presence of the right key beside the car, so only if the mobile device is allowed to communicate anyway at the given position.

Due to the nature of the application (opening / closing cars) the UWB communication is not fixed to a location, and needs to be done in a very short period of time, and then with a very long silent phase following.

[bookmark: _Toc480896367][bookmark: _Toc492454723]Fixed satellite service

[bookmark: _Toc491431328][bookmark: _Toc492454724]UWB Vehicular access system usage scenarios

In contrast to other vehicular UWB devices, the considered one does not radiate during driving. Accordingly, the worst case deployment scenario for aggregated as well as for single entry interference is a large parking lot. A density of 33’000 cars / km2 is assumed as worst case. It is assumed, that there is one UWB communication in 30 minutes for a single UWB device category A and one UWB communication in 60 minutes for a single UWB device category B. 

[bookmark: _Toc491431329][bookmark: _Toc492454725]Technical characteristics of vehicular access UWB devices

Technical characteristics of the UWB vehicular access system devices are given in ETSI TR103416 and shown in section 3.

[bookmark: _Toc290906443][bookmark: _Toc269455990][bookmark: _Toc307812518][bookmark: _Toc491431332][bookmark: _Toc492454726]Assumptions on FSS for interference analysis

The assumptions are the same as those used in ECC report 170.

The typical characteristics of C band Receive Earth Stations considered in the interference assessment are summarised in the following table. It is recognised in ECC report 170 the real system noise temperatures for 4.5m, 3m and 1.8m earth station systems can be different from the values assumed in this report.

[bookmark: _Ref491174612]Table 3: FSS Earth Station Characteristics in C band

		Antenna Diameter (m)

		System Noise Temp(°K) 

		Antenna Rx Gain (dBi)

		G/T

(dB/K)

		Radiation Pattern



		9

		71

		49.2

		30.7

		RR Appendix-7(WRC-07)



		6

		71

		45.5

		27.0

		RR Appendix-7(WRC-07)



		4.5

		150

		43.0

		21.2

		RR Appendix-7(WRC-07)



		3

		150

		39.5

		17.7

		RR Appendix-7(WRC-07)



		1.8

		150

		35.1

		13.3

		RR Appendix-8(WRC-07)



		1.2

		120

		31.5

		10.7

		RR Appendix-8 (WRC-07)







Earth station antenna height: 12m for 9m dish, 10m for all other antennasInsertion loss between antenna and receiver input: 2 dB

Shallow log normal fading loss: 2.2 dB. 

Note that the log-normal fading of 2.2 dB may not be applicable to the shortest separation distances in this table. However, it is assumed that the regulations will be based on the longer separation distances where log-normal fading clearly applies.


[bookmark: _Toc491431333][bookmark: _Toc492454727]Single interferer

[bookmark: _Toc491431334][bookmark: _Toc492454728]Introduction

The interference studies for FSS in ECC report 170 are attached in Annex 4 of that report. For the purpose of these studies, they have been modified to reflect a maximum PKES transmitter height of 1.5 metres.

The system assumptions for FSS below have been copied from ECC report 170. Results are presented in the next section.

[bookmark: _Toc269455991][bookmark: _Toc491431335][bookmark: _Toc492454729]Interference Criteria

The interference criteria based on ITU Recommendations SF.1006 [12], F.1094 [13] and S.1432 [14] are given below for both long term and short term interference criteria. 

[bookmark: _Ref491247646]Table 4: Interference Criteria for FSS Earth Stations in C band

		Derivation of allowed interference power levels based on Recommendation ITU-R SF.1006

		

		

		



		Antenna size

		9

		6

		4.5

		3

		1.8

		1.2

		meters



		System temp

		71

		71

		150

		150

		150

		120

		K



		ref BW

		1000

		1000

		1000

		1000

		1000

		1000

		kHz



		p1 (long term)

		20

		20

		20

		20

		20

		20

		%



		p2 (short term)

		0.005

		0.005

		0.005

		0.005

		0.005

		0.005

		%



		n2 ( no of entries)

		3

		3

		3

		3

		3

		3

		



		J ( F1094/S1432)

		-20

		-20

		-20

		-20

		-20

		-20

		dB



		W

		0

		0

		0

		0

		0

		0

		dB



		Ms

		2

		2

		2

		2

		2

		2

		dB



		NL

		1

		1

		1

		1

		1

		1

		dB



		Pr(p1) - long term

		-140.09

		-140.09

		-136.84

		-136.84

		-136.84

		-137.81

		dBm



		Pr(p2) - short term

		-121.42

		-121.42

		-118.17

		-118.17

		-118.17

		-119.14

		dBm



		p2/n2 - percentage time (short term)

		0.0017

		0.0017

		0.0017

		0.0017

		0.0017

		0.0017

		%



		

		

		

		

		

		

		

		



		I/N long term

		-20

		-20

		-20

		-20

		-20

		-20

		dB



		I/N short term

		-1.33

		-1.33

		-1.33

		-1.33

		-1.33

		-1.33

		dB





ITU-R SF.1006 defines p1 and p2 as the percentages  of  the  time  during  which  the  interference  from  all  sources  may  exceed  the  permissible  level Pr.

[bookmark: _Toc491431336][bookmark: _Toc492454730]Methodology

The methodology of Annex 4 in ECC report 170 is followed. 

The separation distance is calculated by comparing the FSS protection criterion, Pr(p) from Table 4, against the interference level at the victim receiver for the assumed distance. This calculation is repeated iteratively until the difference equals zero.

For a given distance d, the free space path loss L is calculated according to Annex II in RR Appendix-8 (WRC-07):

L [db] = 20(log f[MHz] + log d[km]) + 32.45

The free space path loss is combined with the log normal fading loss (2.2 dB) and insertion loss (2 dB).

For every distance, the incident angle at the victim receiver is calculated and used in combination with the antenna radiation patterns of Table 3 to calculate the applicable antenna gain.

The interference level at the victim receiver is then the EIRP of -41.3 dBm/MHz, plus the antenna gain, minus the free space loss, normal fading and insertion loss.

[bookmark: _Toc491431337][bookmark: _Toc492454731]Results

The interference studies for FSS in ECC report 170 are attached in Annex 4 of that report. For the purpose of these studies, they have been modified to reflect a maximum PKES transmitter height of 1.5 metres.

Both Category A (activity factor < 0.00035%) and Category B (activity factor < 0.005%) are only short-term interferers as far as FSS is concerned.










The resulting required separation distances, in metres, are copied in Table 1 below:

[bookmark: _Ref485116493]Table 5 – Required separation distance, single interferer

		PKES Installation



		 

		Elevation angle in degrees



		Ant size

		5

		10

		15

		20

		25

		30



		9m

		8

		8

		8

		8

		8

		8



		6m

		10

		10

		10

		10

		10

		10



		4.5m

		3

		3

		3

		3

		3

		3



		3m

		3

		3

		3

		3

		3

		3



		1.8m

		185

		66

		34

		19

		17

		17



		1.2m

		270

		102

		57

		36

		25

		22








[bookmark: _Toc491431338][bookmark: _Toc492454732]Aggregate interference

[bookmark: _Toc491431339][bookmark: _Toc492454733]Introduction

Aggregate interference is calculated similar to IMT advanced systems (SE24(17)051). 

The main modification is that the satellite dish is located to the side of the parking lot, while the IMT antenna is assumed to be located in the middle.

[bookmark: _Toc491431340][bookmark: _Toc492454734]Interference criteria

The required protection criterion is based upon CEPT Report 009, where it is stated that “the  results  should  be  compared  with  the  FSS  protection  criteria  of  -20dB  I/N.” This corresponds to the long term interference criteria of Table 3 (table 9 in ECC Report 170), where the limits for every antenna size are given. These long term interference limits can be exceeded for 20% of the time. The required protection criterion is there for that the I/N ratio of -20 dB is not exceeded for more that 20% of the time.

[bookmark: _Toc491431341][bookmark: _Toc492454735]Methodology

The methodology for this section provides probabilistic results of the aggregated interference level at the victim receiver antenna terminals. 

The satellite station is assumed to be located 10 metres from a square parking lot. The cars with UWB transmitters are randomly and uniformly distributed throughout the parking area. All UWB devices transmit with the same e.i.r.p of -41.3 dBm/Mhz. 

The cumulative interference power is calculated by simulation. The simulation runs different 20000 events, where each event calculates the interference level at the victim receiver antenna terminals taking into account the transmission probability of each UWB device, the receiver antenna pattern and the appropriate path loss. The transmission probability is calculated by the ratio of the cumulative Ton - time over the activity period. After a number simulation events, a cumulative distribution function is formed based on the calculated interference level results. This function is used to evaluate the probability of interference level, which exceeds a given value.



 

where

pUWB_C:	Cumulated power density at victim receiver  [dBm/Hz] for a single simulation event

pUWB_eirp:	Transmit power density of a UWB device  [dBm/MHz]

mk,i: 		device location number which chosen out of all possible device location numbers for the kth simulation event

Apath:		Path attenuation [dB] for a given device location

Sloss:		Screening loss [dB] for a given device location

GA:		antenna gain [dBi] considered for a given device location

Θ:		Elevation angle

φ:		Azimuth angle

n:		total number of UWB devices

zk:		number of simultaneously radiating UWB devices, Z ~ P(λ) for kth simulation event

λ:		Mean value of poisson distribution  λ = Ton – time / activity period * n



A maximum number of 10’000 vehicles on a large parking lot is considered. With an assumed market penetration of 25%, there are 4’000 cars equipped with UWB vehicular access systems considered for the studies. 

Free space propagation conditions are assumed. For radio signal path obstructed by car bodies, an additional attenuation is taken into account, according to the model proposed in the WI 58 forum post “car screening attenuation”. This model considers three different classes of path loss. A first class considers losses due to obstruction just by neighbouring car bodies, while the second class considers obstruction due to neighbouring as well as own car body. The third class considers obstruction due to neighbouring cars from the wing mirror position. The simulation assumes a quarter of the devices are located on the wing mirror, while the rest are evenly distributed between the other two classes.

The power at the victim receiver is compared to a target I/N of -20 dB, listed in the green highlighted band in Table 4.

[bookmark: _Toc491431342][bookmark: _Toc492454736]Results

The figures in this section show both for category A and B the percentage of the time that the FSS protection criterion of -20 dB I/N is met.

For all antenna types and elevation angles, the category A devices easily satisfy the criterion for more than 99.5% of the time. Category B devices always satisfy the criterion for at least 99% of the time, except for the 1.2 m antenna at the lowest elevation angles. 

However, in all cases, the I/N ratio of -20 dB is not exceeded for more than 20% of the time. Hence the requirement from Table 4 is met.
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Figure 1 - Aggregate interference, 9 m antenna
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Figure 2 – Aggregate interference, 6 m antenna
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Figure 3 – Aggregate interference, 4.5 m antenna
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Figure 4 – Aggregate interference, 3 m antenna
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Figure 5 – Aggregate interference, 1.8 m antenna

[image: ]

Figure 6 – Aggregate interference, 1.2 m antenna
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Discussion on partially overlapping emission from UWB devices which are transmistting quasi simultanuously 
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Interference level [dBm/Hz]





Protection level	1.531435568635775E-15	0.43637662320544179	0.87301923729369602	1.3101944820760336	1.7481702985877585	2.1872165881481047	2.627605881641911	3.069614022572615	3.5135208675597869	3.9596110081134084	4.4081745177116263	4.8595077284429653	5.313914041750551	5.7717047781390818	6.2332000710795157	6.6987298107780671	7.168634643970198	7.6432670364665096	8.1229924058226608	8.608190332241632	9.099255856655061	9.5966008758853913	10.100655645878925	10.611870405240117	11.130717132713409	11.657691453874964	12.193314714146537	12.738136237360722	13.29273579153697	13.857726286319226	14.433756729740649	15.021515475689016	15.621733797733185	16.235189829937767	16.862712921060666	17.505188455242745	18.163563200134025	18.838851252569857	19.532140662667938	20.244600829875186	20.977490779431999	21.732168445405673	22.510101107446001	23.312877153441541	24.142219370176853	25.000000000000004	25.88825784476424	26.809217750617062	27.765312870729822	28.759210180525237	29.793839814855254	30.872428913376282	31.99854080482697	33.176120540510247	34.409548011779336	35.703700168552864	37.064024212818509	38.496624095364581	40.008363226026262	41.606987058762947	43.301270189221938	45.101193881785591	47.018161633658295	49.065262637628763	51.257596039482408	53.612673012738966	56.150919347605409	58.896309145593825	61.877171335407397	65.127226617345045	68.686935486365556	72.605271941895566	76.942088429381343	81.77131546210353	87.185361096022717	93.301270189221938	100.26952333839613	108.2868968571039	117.61575273696137	128.61385039925776	141.78204549044273	157.84378786687608	177.88424305960521	203.60866069936483	237.85911135556464	285.75130756903354	357.51665641779817	477.02841719320537	715.90633207289011	1432.2490407689857	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	-172	peak side lobe level	1.531435568635775E-15	0.43637662320544179	0.87301923729369602	1.3101944820760336	1.7481702985877585	2.1872165881481047	2.627605881641911	3.069614022572615	3.5135208675597869	3.9596110081134084	4.4081745177116263	4.8595077284429653	5.313914041750551	5.7717047781390818	6.2332000710795157	6.6987298107780671	7.168634643970198	7.6432670364665096	8.1229924058226608	8.608190332241632	9.099255856655061	9.5966008758853913	10.100655645878925	10.611870405240117	11.130717132713409	11.657691453874964	12.193314714146537	12.738136237360722	13.29273579153697	13.857726286319226	14.433756729740649	15.021515475689016	15.621733797733185	16.235189829937767	16.862712921060666	17.505188455242745	18.163563200134025	18.838851252569857	19.532140662667938	20.244600829875186	20.977490779431999	21.732168445405673	22.510101107446001	23.312877153441541	24.142219370176853	25.000000000000004	25.88825784476424	26.809217750617062	27.765312870729822	28.759210180525237	29.793839814855254	30.872428913376282	31.99854080482697	33.176120540510247	34.409548011779336	35.703700168552864	37.064024212818509	38.496624095364581	40.008363226026262	41.606987058762947	43.301270189221938	45.101193881785591	47.018161633658295	49.065262637628763	51.257596039482408	53.612673012738966	56.150919347605409	58.896309145593825	61.877171335407397	65.127226617345045	68.686935486365556	72.605271941895566	76.942088429381343	81.77131546210353	87.185361096022717	93.301270189221938	100.26952333839613	108.2868968571039	117.61575273696137	128.61385039925776	141.78204549044273	157.84378786687608	177.88424305960521	203.60866069936483	237.85911135556464	285.75130756903354	357.51665641779817	477.02841719320537	715.90633207289011	1432.2490407689857	-178.69590203235276	-178.64394222835472	-178.59175346587128	-178.53933542535896	-178.486687813071	-178.43381035852607	-178.38070281139281	-178.32736493771085	-178.27379651535949	-178.21999732867354	-178.16596716209341	-178.11170579272323	-178.05721298165446	-178.00248846389445	-177.94753193671971	-177.89234304625114	-177.83692137202183	-177.78126640928019	-177.72537754873684	-177.66925405342698	-177.61289503231768	-177.55629941023926	-177.49946589366721	-177.44239293181482	-177.3850786724274	-177.32752091158324	-177.26971703671347	-177.21166396194249	-177.15335805472387	-177.09479505260225	-177.03596996876149	-176.97687698482423	-176.91750932913908	-176.85785913852681	-176.79791730114425	-176.73767327776028	-176.67711489830776	-176.61622813006821	-176.55499681324522	-176.49340235896642	-176.43142340390358	-176.369035414678	-176.30621023399235	-176.2429155589486	-176.1791143402163	-176.11476408852994	-176.04981607231827	-175.98421438698284	-175.91789487227948	-175.8507838492115	-175.7827966415411	-175.71383583910767	-175.64378925013168	-175.57252747694844	-175.54842118549442	-175.67923751816184	-175.81299073801173	-175.9496406129395	-176.08911927970578	-176.23132475027521	-176.37611286071612	-176.52328723490899	-176.67258669729131	-176.82366937829431	-176.97609248943922	-177.12928636633387	-177.28252083122652	-177.43486112379787	-177.58510944587852	-177.73172632397916	-177.87272310492551	-178.00551224615788	-178.12669433518101	-178.23174749756231	-178.31456114105808	-178.36671168145119	-180.67253648429374	-178.14410087770199	-176.08867989616465	-174.5152844330639	-173.43549632531546	-172.86455568749511	-172.82309145745586	-173.34001368869107	-174.45765062189929	-176.2416119836229	-178.80179891576961	-182.34422288114342	-187.3313695182087	-195.23897004990562	25m average side lobe	1.531435568635775E-15	0.43637662320544179	0.87301923729369602	1.3101944820760336	1.7481702985877585	2.1872165881481047	2.627605881641911	3.069614022572615	3.5135208675597869	3.9596110081134084	4.4081745177116263	4.8595077284429653	5.313914041750551	5.7717047781390818	6.2332000710795157	6.6987298107780671	7.168634643970198	7.6432670364665096	8.1229924058226608	8.608190332241632	9.099255856655061	9.5966008758853913	10.100655645878925	10.611870405240117	11.130717132713409	11.657691453874964	12.193314714146537	12.738136237360722	13.29273579153697	13.857726286319226	14.433756729740649	15.021515475689016	15.621733797733185	16.235189829937767	16.862712921060666	17.505188455242745	18.163563200134025	18.838851252569857	19.532140662667938	20.244600829875186	20.977490779431999	21.732168445405673	22.510101107446001	23.312877153441541	24.142219370176853	25.000000000000004	25.88825784476424	26.809217750617062	27.765312870729822	28.759210180525237	29.793839814855254	30.872428913376282	31.99854080482697	33.176120540510247	34.409548011779336	35.703700168552864	37.064024212818509	38.496624095364581	40.008363226026262	41.606987058762947	43.301270189221938	45.101193881785591	47.018161633658295	49.065262637628763	51.257596039482408	53.612673012738966	56.150919347605409	58.896309145593825	61.877171335407397	65.127226617345045	68.686935486365556	72.605271941895566	76.942088429381343	81.77131546210353	87.185361096022717	93.301270189221938	100.26952333839613	108.2868968571039	117.61575273696137	128.61385039925776	141.78204549044273	157.84378786687608	177.88424305960521	203.60866069936483	237.85911135556464	285.75130756903354	357.51665641779817	477.02841719320537	715.90633207289011	1432.2490407689857	-181.69590203235276	-181.64394222835472	-181.59175346587128	-181.53933542535896	-181.486687813071	-181.43381035852607	-181.38070281139281	-181.32736493771085	-181.27379651535949	-181.21999732867354	-181.16596716209341	-181.11170579272323	-181.05721298165446	-181.00248846389445	-180.94753193671971	-180.89234304625114	-180.83692137202183	-180.78126640928019	-180.72537754873684	-180.66925405342698	-180.61289503231768	-180.55629941023926	-180.49946589366721	-180.44239293181482	-180.3850786724274	-180.32752091158324	-180.26971703671347	-180.21166396194249	-180.15335805472387	-180.09479505260225	-180.03596996876149	-179.97687698482423	-179.91750932913908	-179.85785913852681	-179.79791730114425	-179.73767327776028	-179.67711489830776	-179.61622813006821	-179.55499681324522	-179.49340235896642	-179.43142340390358	-179.369035414678	-179.30621023399235	-179.2429155589486	-179.1791143402163	-179.11476408852994	-179.04981607231827	-178.98421438698284	-178.91789487227948	-178.8507838492115	-178.7827966415411	-178.71383583910767	-178.64378925013168	-178.57252747694844	-178.54842118549442	-178.67923751816181	-178.81299073801173	-178.9496406129395	-179.08911927970576	-179.23132475027521	-179.37611286071612	-179.52328723490899	-179.67258669729131	-179.82366937829431	-179.97609248943922	-180.12928636633387	-180.28252083122652	-180.43486112379787	-180.58510944587852	-180.73172632397916	-180.87272310492551	-181.00551224615788	-181.12669433518101	-181.23174749756231	-181.31456114105808	-181.36671168145119	-181.37629064119713	-178.14410087770199	-176.08867989616465	-174.5152844330639	-173.43549632531546	-172.86455568749511	-172.82309145745586	-173.34001368869107	-174.45765062189929	-176.2416119836229	-178.80179891576961	-182.34422288114342	-187.3313695182087	-195.23897004990562	Distance to antenna [m]



Interference level  [dBm/Hz]
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ECCRep170_PKESve rsion.xlsx




ECCRep170_PKESversion.xlsx

Long Term


			ONLY SHORT TERM INTERFERENCE, LOOK AT NEXT SHEET


			Victim FSS system parameters


			Antenna Diameter 			9			6			4.5			3			1.8			1.2			m


			Antenna Gain (Gmax)			49.2			45.54			43.04			39.52			35.08			31.5			dB																		LT-2 Type UWB Application- Fixed Installation Outdoor																		LT-2 Type UWB Application- Indoor																														LT-2 Type UWB Application- Fixed Installation Outdoor																		LT-2 Type UWB Application- Indoor																														LAES  UWB Application -Outdoor																		LAES  UWB Application -Indoor with Wall Attuation of 12 dB


			System Noise Temp			71			71			150			150			150			120			deg K						Antenna Dish size									meters			9			9			9			9			9			9			9			9			9			9			9			9			Antenna Dish size									meters			9			9			9			9			9			9			9			9			9			9			9			9			Antenna Dish size									meters			9			9			9			9			9			9			9			9			9			9			9			9


			Thermal Noise in 1 MHz			-120.09			-120.09			-116.84			-116.84			-116.84			-117.81			dBm						EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


			I/N Criterion			-20			-20			-20			-20			-20			-20			dB						Distance from the earth station									km			1.29			0.54			0.32			0.22			0.17			0.13			0.28			0.11			0.07			0.04			0.03			0.03			Distance from the earth station									km			1.20			0.49			0.29			0.20			0.15			0.12			0.18			0.06			0.03			0.03			0.03			0.03			Distance from the earth station									km			13.40			5.63			3.39			2.36			1.79			1.42			3.32			1.39			0.84			0.58			0.44			0.35																																																																																																5.4675113196			6.0811251426						57			57			26			26			16.6555688638			17.8849201941			12.5599555547			11.261053718			7.8374229679			8.9471971394			5.2955706108			6.2565271171


			Allowed interference level in 1 MHz			-140.09			-140.09			-136.84			-136.84			-136.84			-137.81			dBm						UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8			UWB Transmitter Height									m			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8


			Assumed antenna radiation pattern: 			as per App7(WRC-07)												as per App8(WRC-07)												E/Stn Antenna Height									m			12			12			12			12			12			12			12			12			12			12			12			12			E/Stn Antenna Height									m			12			12			12			12			12			12			12			12			12			12			12			12			E/Stn Antenna Height									m			12			12			12			12			12			12			12			12			12			12			12			12


			D/lambda			118.9			78.0			58.5			39.0			23.4			15.5			ratio						Propagation distance									km			1.29			0.54			0.32			0.22			0.17			0.13			0.28			0.11			0.07			0.04			0.03			0.03			Propagation distance									km			1.20			0.49			0.29			0.20			0.15			0.12			0.18			0.06			0.03			0.03			0.03			0.03			Propagation distance									km			13.40			5.63			3.39			2.36			1.79			1.42			3.32			1.39			0.84			0.58			0.44			0.35																																																																																																10			10						10			10			10			10			10			10			10			10			10			10			10			10


			G1			30.13			26.30			23.18			18.78			22.54			19.85			dBi						Elevation angle to UWB transmitter									deg			-0.2			-0.4			-0.7			-1.0			-1.4			-1.7			-0.8			-2.0			-3.5			-5.1			-6.9			-8.1			Elevation angle to UWB transmitter									deg			-0.5			-1.2			-2.0			-2.8			-3.8			-4.8			-3.1			-9.1			-18.9			-20.7			-20.7			-20.7			Elevation angle to UWB transmitter									deg			-0.0			-0.0			-0.1			-0.1			-0.1			-0.2			-0.1			-0.2			-0.3			-0.4			-0.5			-0.7																																																																																																11			12						58			58			28			28			19			20			16			15			13			13			11			12


			phim			0.73			1.12			1.52			2.34			3.03			4.41			deg						Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30																																																																																																61.3			58.7						10.0			10.0			21.0			21.0			31.0			29.2			38.5			41.6			51.9			48.2			62.1			58.0


			phir			0.90			1.28			1.71			2.56			4.28			6.46			deg						Off-axis angle									deg			5.2			10.4			15.7			21.0			26.4			31.7			5.8			12.0			18.5			25.1			31.9			38.1			Off-axis angle									deg			5.5			11.2			17.0			22.8			28.8			34.8			8.1			19.1			33.9			40.7			45.7			50.7			Off-axis angle									deg			5.0			10.0			15.1			20.1			25.1			30.2			5.1			10.2			15.3			20.4			25.5			30.7																																																																																																60			60						10			10			20			20			30			30			40			40			50			50			60			60


																														Off-axis gain									dB			11.1			3.5			-0.9			-4.1			-6.5			-8.53			9.9			2.0			-2.7			-6.0			-8.6			-10.00			Off-axis gain									dB			10.5			2.8			-1.7			-5.0			-7.5			-9.55			6.3			-3.0			-9.2			-10.0			-10.0			-10.00			Off-axis gain									dB			11.5			4.0			-0.5			-3.6			-6.0			-7.99			11.4			3.8			-0.6			-3.7			-6.2			-8.16


																														Free space loss									dB			105.7			98.1			93.7			90.5			88.1			86.0			92.5			84.6			79.9			76.6			74.0			72.6			Free space loss									dB			105.1			97.4			92.8			89.6			87.1			85.0			88.9			79.6			73.3			72.6			72.6			72.6			Free space loss									dB			126.1			118.5			114.1			111.0			108.6			106.6			114.0			106.4			102.0			98.8			96.4			94.4


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


			Derivation of allowed interference power levels based on Rec SF1006																											Total loss									dB			109.9			102.3			97.9			94.7			92.3			90.3			96.7			88.8			84.1			80.8			78.2			76.8			Total loss									dB			109.3			101.6			97.1			93.8			91.3			89.2			93.1			83.8			77.5			76.8			76.8			76.8			Total loss									dB			130.3			122.7			118.3			115.2			112.8			110.8			118.2			110.6			106.2			103.1			100.6			98.6


			Antenna size			9			6			4.5			3			1.8			1.2			meters						Received interference level at the victim FSS earth station									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			Received interference level at the victim FSS earth station									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			Received interference level at the victim FSS earth station									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1


			System temp			71			71			150			150			150			120			K						Permissible interference level in 1 MHz									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			Permissible interference level in 1 MHz									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			Permissible interference level in 1 MHz									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1																																																																																																ERROR:#VALUE!			ERROR:#VALUE!						ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!


			ref BW			1000			1000			1000			1000			1000			1000			MHz						Interference margin/deficit									dB			-0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			Interference margin/deficit									dB			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			Interference margin/deficit									dB			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.0			-0.0			-0.0			-0.0


			p1 (long term)			20			20			20			20			20			20			%						Required Separation distance									meters			1288			537			322			223			168			134			280			113			66			45			33			28			Required Separation distance									meters			1201			493			292			201			150			119			185			63			29			27			27			27			Required Separation distance									meters			13398			5629			3389			2364			1788			1423			3323			1392			837			583			441			350


			p2			0.005			0.005			0.005			0.005			0.005			0.005			%						Antenna Dish size									meters			6			6			6			6			6			6			6			6			6			6			6			6			Antenna Dish size									meters			6			6			6			6			6			6			6			6			6			6			6			6			Antenna Dish size									meters			6			6			6			6			6			6			6			6			6			6			6			6


			n2			3			3			3			3			3			3									EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3																																																																																																ERROR:#VALUE!			ERROR:#VALUE!						ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!


			J ( F1094/S1432)			-20			-20			-20			-20			-20			-20			dB						Distance from the earth station									km			1.32			0.55			0.33			0.23			0.17			0.14			0.31			0.13			0.08			0.05			0.04			0.03			Distance from the earth station									km			1.23			0.51			0.30			0.21			0.16			0.12			0.22			0.08			0.04			0.03			0.03			0.03			Distance from the earth station									km			13.43			5.64			3.40			2.37			1.79			1.43			3.35			1.41			0.85			0.59			0.45			0.36																																																																																																ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


			W			0			0			0			0			0			0			dB						UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8			UWB Transmitter Height									m			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8																																																																																																ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


			Ms			2			2			2			2			2			2			dB						E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10


			NL			1			1			1			1			1			1			dB						Propagation distance									km			1.32			0.55			0.33			0.23			0.17			0.14			0.31			0.13			0.08			0.05			0.04			0.03			Propagation distance									km			1.23			0.51			0.30			0.21			0.16			0.12			0.22			0.08			0.04			0.03			0.03			0.03			Propagation distance									km			13.43			5.64			3.40			2.37			1.79			1.43			3.35			1.41			0.85			0.59			0.45			0.36


			Pr(p) - long term			-140.089			-140.09			-136.84			-136.84			-136.84			-137.81			dBm						Elevation angle to UWB transmitter									deg			-0.1			-0.2			-0.3			-0.5			-0.7			-0.8			-0.4			-0.9			-1.5			-2.2			-2.9			-3.7			Elevation angle to UWB transmitter									deg			-0.4			-0.9			-1.5			-2.2			-2.9			-3.7			-2.1			-5.7			-10.4			-16.4			-16.4			-16.4			Elevation angle to UWB transmitter									deg			-0.0			-0.0			-0.0			-0.0			-0.1			-0.1			-0.0			-0.1			-0.1			-0.2			-0.3			-0.3																																																																																																124.7			124.9						138.8			138.8			132.4			132.4			129.3			129.8			127.6			127.1			125.6			126.1			124.6			125.0


			Pr(p2) - short term			-121.418			-121.42			-118.17			-118.17			-118.17			-119.14			dBm						Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30


			p2/n2 - percentage time (short term)			0.0017			0.0017			0.0017			0.0017			0.0017			0.0017			%						Off-axis angle									deg			5.1			10.2			15.3			20.5			25.7			30.8			5.4			10.9			16.5			22.2			27.9			33.7			Off-axis angle									deg			5.4			10.9			16.5			22.2			27.9			33.7			7.1			15.7			25.4			36.4			41.4			46.4			Off-axis angle									deg			5.0			10.0			15.0			20.0			25.1			30.1			5.0			10.1			15.1			20.2			25.3			30.3


																														Off-axis gain									dB			11.3			3.8			-0.6			-3.8			-6.2			-8.22			10.7			3.1			-1.4			-4.7			-7.1			-9.19			Off-axis gain									dB			10.7			3.1			-1.4			-4.7			-7.2			-9.19			7.7			-0.9			-6.1			-10.0			-10.0			-10.00			Off-axis gain									dB			11.5			4.0			-0.4			-3.6			-6.0			-7.96			11.5			3.9			-0.5			-3.6			-6.1			-8.04


			I/N long term			-20			-20			-20			-20			-20			-20			dB						Free space loss									dB			105.9			98.4			93.9			90.8			88.3			86.4			93.3			85.6			81.1			77.9			75.4			73.4			Free space loss									dB			105.3			97.6			93.1			89.9			87.4			85.4			90.3			81.7			76.5			72.6			72.6			72.6			Free space loss									dB			126.1			118.6			114.2			111.0			108.6			106.6			114.0			106.5			102.1			98.9			96.5			94.5																																																																																																ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


			I/N short term			-1.33			-1.33			-1.33			-1.33			-1.33			-1.33			dB						Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2																																																																																																ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0																																																																																																ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														Total loss									dB			110.1			102.6			98.1			95.0			92.6			90.6			97.5			89.9			85.3			82.1			79.6			77.6			Total loss									dB			109.5			101.8			97.3			94.1			91.6			89.6			94.5			85.9			80.7			76.8			76.8			76.8			Total loss									dB			130.3			122.8			118.4			115.2			112.8			110.8			118.2			110.7			106.3			103.2			100.7			98.7


																														Received interference level at the victim FSS earth station									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			Received interference level at the victim FSS earth station									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			Received interference level at the victim FSS earth station									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1


																														Permissible interference level in 1 MHz									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			Permissible interference level in 1 MHz									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			Permissible interference level in 1 MHz									dBm/MHz			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1			-140.1


																														Interference margin/deficit									dB			-0.0			0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			0.0			0.0			0.0			-0.0			0.0			0.0			Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			0.0			-0.0			-0.0																																																																																																ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														Required Separation distance									meters			1315			551			331			231			174			138			309			128			76			52			39			31			Required Separation distance									meters			1230			508			302			209			157			124			218			81			44			27			27			27			Required Separation distance									meters			13427			5643			3398			2371			1793			1427			3351			1405			846			590			446			355																																																																																																ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														Antenna Dish size									meters			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			Antenna Dish size									meters			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			Antenna Dish size									meters			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5																																																																																																ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


																														Distance from the earth station									km			0.90			0.37			0.22			0.16			0.12			0.09			0.20			0.08			0.05			0.03			0.03			0.02			Distance from the earth station									km			0.81			0.33			0.20			0.13			0.10			0.08			0.11			0.03			0.02			0.02			0.02			0.02			Distance from the earth station									km			9.23			3.88			2.33			1.63			1.23			0.98			2.30			0.96			0.58			0.40			0.31			0.24


																														UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8			UWB Transmitter Height									m			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8


																														E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10


																														Propagation distance									km			0.90			0.37			0.22			0.16			0.12			0.09			0.20			0.08			0.05			0.03			0.03			0.02			Propagation distance									km			0.81			0.33			0.20			0.13			0.10			0.08			0.11			0.03			0.02			0.02			0.02			0.02			Propagation distance									km			9.23			3.88			2.33			1.63			1.23			0.98			2.30			0.96			0.58			0.40			0.31			0.24


																														Elevation angle to UWB transmitter									deg			-0.1			-0.3			-0.5			-0.7			-1.0			-1.2			-0.6			-1.4			-2.3			-3.4			-4.5			-5.7			Elevation angle to UWB transmitter									deg			-0.6			-1.4			-2.3			-3.4			-4.6			-5.8			-4.3			-14.6			-24.2			-24.2			-24.2			-24.2			Elevation angle to UWB transmitter									deg			-0.0			-0.0			-0.0			-0.1			-0.1			-0.1			-0.0			-0.1			-0.2			-0.3			-0.4			-0.5


																														Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30


																														Off-axis angle									deg			5.1			10.3			15.5			20.7			26.0			31.2			5.6			11.4			17.3			23.4			29.5			35.7			Off-axis angle									deg			5.6			11.4			17.3			23.4			29.6			35.8			9.3			24.6			39.2			44.2			49.2			54.2			Off-axis angle									deg			5.0			10.0			15.0			20.1			25.1			30.1			5.0			10.1			15.2			20.3			25.4			30.5


																														Off-axis gain									dB			11.3			3.7			-0.8			-3.9			-6.4			-8.36			10.4			2.6			-2.0			-5.2			-7.8			-9.82			Off-axis gain									dB			10.4			2.6			-2.0			-5.2			-7.8			-9.85			4.8			-5.8			-10.0			-10.0			-10.0			-10.00			Off-axis gain									dB			11.5			4.0			-0.4			-3.6			-6.0			-7.97			11.4			3.9			-0.5			-3.7			-6.1			-8.10


																														Free space loss									dB			102.6			95.0			90.6			87.4			85.0			83.0			89.7			81.9			77.4			74.1			71.6			69.6			Free space loss									dB			101.7			93.9			89.4			86.1			83.6			81.5			84.2			73.6			69.3			69.3			69.3			69.3			Free space loss									dB			122.8			115.3			110.9			107.8			105.3			103.3			110.7			103.2			98.8			95.7			93.2			91.2


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


																														Total loss									dB			106.8			99.2			94.8			91.6			89.2			87.2			93.9			86.1			81.6			78.3			75.8			73.8			Total loss									dB			105.9			98.1			93.6			90.3			87.8			85.7			88.4			77.8			73.5			73.5			73.5			73.5			Total loss									dB			127.0			119.5			115.1			112.0			109.5			107.6			115.0			107.4			103.0			99.9			97.4			95.4


																														Received interference level at the victim FSS earth station									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.9			Received interference level at the victim FSS earth station									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Received interference level at the victim FSS earth station									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8


																														Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8


																														Interference margin/deficit									dB			0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			0.0			-0.0			-0.0			-0.0			0.1			Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			0.0			0.0			-0.0			0.0			-0.0			0.0			-0.0			-0.0			Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			0.0			-0.0			-0.0			-0.0


																														Required Separation distance									meters			897			375			225			156			118			94			203			83			49			34			25			20			Required Separation distance									meters			810			331			195			134			100			79			107			31			18			18			18			18			Required Separation distance									meters			9229			3877			2334			1628			1231			979			2296			961			579			404			305			243


																														Antenna Dish size									meters			3			3			3			3			3			3			3			3			3			3			3			3			Antenna Dish size									meters			3			3			3			3			3			3			3			3			3			3			3			3			Antenna Dish size									meters			3			3			3			3			3			3			3			3			3			3			3			3


																														EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


																														Distance from the earth station									km			0.90			0.37			0.22			0.16			0.12			0.09			0.20			0.08			0.05			0.03			0.03			0.02			Distance from the earth station									km			0.81			0.33			0.20			0.13			0.10			0.08			0.11			0.03			0.02			0.02			0.02			0.02			Distance from the earth station									km			9.23			3.88			2.33			1.63			1.23			0.98			2.30			0.96			0.58			0.40			0.31			0.24


																														UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8			UWB Transmitter Height									m			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8


																														E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10


																														Propagation distance									km			0.90			0.37			0.22			0.16			0.12			0.09			0.20			0.08			0.05			0.03			0.03			0.02			Propagation distance									km			0.81			0.33			0.20			0.13			0.10			0.08			0.11			0.03			0.02			0.02			0.02			0.02			Propagation distance									km			9.23			3.88			2.33			1.63			1.23			0.98			2.30			0.96			0.58			0.40			0.31			0.24


																														Elevation angle to UWB transmitter									deg			-0.1			-0.3			-0.5			-0.7			-1.0			-1.2			-0.6			-1.4			-2.3			-3.4			-4.5			-5.8			Elevation angle to UWB transmitter									deg			-0.6			-1.4			-2.3			-3.4			-4.6			-5.8			-4.3			-14.6			-24.2			-24.2			-24.2			-24.2			Elevation angle to UWB transmitter									deg			-0.0			-0.0			-0.0			-0.1			-0.1			-0.1			-0.0			-0.1			-0.2			-0.3			-0.4			-0.5


																														Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30


																														Off-axis angle									deg			5.1			10.3			15.5			20.7			26.0			31.2			5.6			11.4			17.3			23.4			29.5			35.8			Off-axis angle									deg			5.6			11.4			17.3			23.4			29.6			35.8			9.3			24.6			39.2			44.2			49.2			54.2			Off-axis angle									deg			5.0			10.0			15.0			20.1			25.1			30.1			5.0			10.1			15.2			20.3			25.4			30.5


																														Off-axis gain									dB			11.3			3.7			-0.8			-3.9			-6.4			-8.36			10.4			2.6			-2.0			-5.2			-7.8			-9.84			Off-axis gain									dB			10.4			2.6			-2.0			-5.2			-7.8			-9.85			4.8			-5.8			-10.0			-10.0			-10.0			-10.00			Off-axis gain									dB			11.5			4.0			-0.4			-3.6			-6.0			-7.97			11.4			3.9			-0.5			-3.7			-6.1			-8.10


																														Free space loss									dB			102.6			95.0			90.6			87.4			85.0			83.0			89.7			81.9			77.4			74.1			71.6			69.5			Free space loss									dB			101.7			93.9			89.4			86.1			83.6			81.5			84.2			73.6			69.3			69.3			69.3			69.3			Free space loss									dB			122.8			115.3			110.9			107.8			105.3			103.3			110.7			103.2			98.8			95.7			93.2			91.2


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


																														Total loss									dB			106.8			99.2			94.8			91.6			89.2			87.2			93.9			86.1			81.6			78.3			75.8			73.7			Total loss									dB			105.9			98.1			93.6			90.3			87.8			85.7			88.4			77.8			73.5			73.5			73.5			73.5			Total loss									dB			127.0			119.5			115.1			112.0			109.5			107.6			115.0			107.4			103.0			99.9			97.4			95.4


																														Received interference level at the victim FSS earth station									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Received interference level at the victim FSS earth station									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Received interference level at the victim FSS earth station									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8


																														Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8


																														Interference margin/deficit									dB			0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			0.0			Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			0.0			0.0			-0.0			0.0			-0.0			0.0			0.0			0.0			Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			0.0			-0.0			-0.0			-0.0


																														Required Separation distance									meters			897			375			225			156			118			94			203			83			49			34			25			20			Required Separation distance									meters			810			331			195			134			100			79			107			31			18			18			18			18			Required Separation distance									meters			9229			3877			2334			1628			1231			979			2296			961			579			404			305			243


																														Antenna Dish size									meters			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			Antenna Dish size									meters			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			Antenna Dish size									meters			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8


																														EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


																														Distance from the earth station									km			2.67			1.12			0.68			0.47			0.36			0.28			0.65			0.27			0.16			0.11			0.09			0.07			Distance from the earth station									km			2.60			1.09			0.65			0.45			0.34			0.27			0.56			0.23			0.13			0.09			0.07			0.05			Distance from the earth station									km			26.96			11.37			6.85			4.79			3.59			2.89			6.77			2.86			1.71			1.19			0.90			0.72


																														UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8			UWB Transmitter Height									m			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8


																														E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10


																														Propagation distance									km			2.67			1.12			0.68			0.47			0.36			0.28			0.65			0.27			0.16			0.11			0.09			0.07			Propagation distance									km			2.60			1.09			0.65			0.45			0.34			0.27			0.56			0.23			0.13			0.09			0.07			0.05			Propagation distance									km			26.96			11.37			6.85			4.79			3.59			2.89			6.77			2.86			1.71			1.19			0.90			0.72


																														Elevation angle to UWB transmitter									deg			-0.0			-0.1			-0.2			-0.2			-0.3			-0.4			-0.2			-0.4			-0.7			-1.0			-1.3			-1.7			Elevation angle to UWB transmitter									deg			-0.2			-0.4			-0.7			-1.0			-1.4			-1.7			-0.8			-2.0			-3.5			-5.1			-6.9			-8.8			Elevation angle to UWB transmitter									deg			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.1			-0.1			-0.1			-0.2


																														Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30


																														Off-axis angle									deg			5.0			10.1			15.2			20.2			25.3			30.4			5.2			10.4			15.7			21.0			26.3			31.7			Off-axis angle									deg			5.2			10.4			15.7			21.0			26.4			31.7			5.8			12.0			18.5			25.1			31.9			38.8			Off-axis angle									deg			5.0			10.0			15.0			20.0			25.0			30.0			5.0			10.0			15.1			20.1			25.1			30.2


																														Off-axis gain									dB			20.7			13.2			8.8			5.7			3.2			1.2			20.5			12.9			8.4			5.2			2.8			0.8			Off-axis gain									dB			20.5			12.9			8.4			5.2			2.8			0.8			19.2			11.3			6.6			3.3			0.7			-1.4			Off-axis gain									dB			20.8			13.3			8.9			5.8			3.3			1.4			20.8			13.3			8.9			5.7			3.3			1.3


																														Free space loss									dB			112.0			104.5			100.1			97.0			94.5			92.5			99.8			92.1			87.7			84.5			82.1			80.1			Free space loss									dB			111.8			104.2			99.7			96.6			94.1			92.1			98.5			90.6			85.9			82.6			80.0			77.9			Free space loss									dB			132.1			124.6			120.2			117.1			114.6			112.7			120.1			112.6			108.2			105.1			102.6			100.6


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


																														Total loss									dB			116.2			108.7			104.3			101.2			98.7			96.7			104.0			96.3			91.9			88.7			86.3			84.3			Total loss									dB			116.0			108.4			103.9			100.8			98.3			96.3			102.7			94.8			90.1			86.8			84.2			82.1			Total loss									dB			136.3			128.8			124.4			121.3			118.8			116.9			124.3			116.8			112.4			109.3			106.8			104.8


																														Received interference level at the victim FSS earth station									dBm/MHz			-136.8			-136.8			-136.9			-136.9			-136.8			-136.8			-136.9			-136.8			-136.8			-136.8			-136.9			-136.9			Received interference level at the victim FSS earth station									dBm/MHz			-136.9			-136.9			-136.8			-136.9			-136.9			-136.9			-136.9			-136.8			-136.8			-136.8			-136.8			-136.8			Received interference level at the victim FSS earth station									dBm/MHz			-136.8			-136.8			-136.9			-136.9			-136.8			-136.9			-136.8			-136.9			-136.8			-136.8			-136.8			-136.8


																														Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			Permissible interference level in 1 MHz									dBm/MHz			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8			-136.8


																														Interference margin/deficit									dB			-0.0			0.0			0.0			0.0			-0.0			-0.0			0.0			-0.0			0.0			-0.0			0.0			0.0			Interference margin/deficit									dB			0.0			0.0			0.0			0.0			0.0			0.0			0.0			-0.0			-0.0			-0.0			-0.0			0.0			Interference margin/deficit									dB			-0.0			0.0			0.0			0.0			-0.0			0.0			0.0			0.0			-0.0			0.0			0.0			-0.0


																														Required Separation distance									meters			2665			1124			677			473			355			282			654			270			162			112			85			68			Required Separation distance									meters			2604			1086			647			452			339			269			563			227			132			90			66			52			Required Separation distance									meters			26959			11368			6850			4794			3595			2889			6772			2856			1711			1194			903			716


																														Antenna Dish size									meters			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			Antenna Dish size									meters			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			Antenna Dish size									meters			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2


																														EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device									dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


																														Distance from the earth station									km			2.48			1.42			0.85			0.60			0.45			0.36			0.62			0.34			0.21			0.14			0.11			0.09			Distance from the earth station									km			2.49			1.37			0.82			0.57			0.43			0.34			0.62			0.30			0.18			0.12			0.09			0.07			Distance from the earth station									km			24.89			14.33			8.63			6.04			4.53			3.64			6.24			3.60			2.17			1.50			1.14			0.90


																														UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8			UWB Transmitter Height									m			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height									m			8			8			8			8			8			8			8			8			8			8			8			8


																														E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10


																														Propagation distance									km			2.48			1.42			0.85			0.60			0.45			0.36			0.62			0.34			0.21			0.14			0.11			0.09			Propagation distance									km			2.49			1.37			0.82			0.57			0.43			0.34			0.62			0.30			0.18			0.12			0.09			0.07			Propagation distance									km			24.89			14.33			8.63			6.04			4.53			3.64			6.24			3.60			2.17			1.50			1.14			0.90


																														Elevation angle to UWB transmitter									deg			-0.0			-0.1			-0.1			-0.2			-0.3			-0.3			-0.2			-0.3			-0.6			-0.8			-1.1			-1.3			Elevation angle to UWB transmitter									deg			-0.2			-0.3			-0.6			-0.8			-1.1			-1.3			-0.7			-1.5			-2.6			-3.8			-5.1			-6.4			Elevation angle to UWB transmitter									deg			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.1			-0.1			-0.1			-0.1


																														Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30


																														Off-axis angle									deg			5.05			10.08			15.13			20.19			25.26			30.32			5.18			10.33			15.55			20.80			26.05			31.33			Off-axis angle									deg			5.18			10.34			15.56			20.80			26.06			31.33			5.73			11.51			17.57			23.76			30.08			36.40			Off-axis angle									deg			5.00			10.01			15.01			20.02			25.03			30.03			5.02			10.03			15.05			20.08			25.10			30.13


																														Off-axis gain									dB			19.9			15.0			10.6			7.5			5.0			3.1			19.9			14.7			10.3			7.1			4.7			2.7			Off-axis gain									dB			19.9			14.7			10.3			7.1			4.7			2.7			19.9			13.6			9.0			5.7			3.1			1.1			Off-axis gain									dB			19.9			15.1			10.7			7.6			5.1			3.2			19.9			15.1			10.7			7.5			5.1			3.1


																														Free space loss									dB			112.2			107.3			102.9			99.8			97.3			95.4			100.2			95.0			90.6			87.4			85.0			83.0			Free space loss									dB			112.2			107.0			102.6			99.4			97.0			95.0			100.2			93.9			89.3			86.0			83.4			81.4			Free space loss									dB			132.2			127.4			123.0			119.9			117.4			115.5			120.2			115.4			111.0			107.8			105.4			103.4


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


																														Total loss									dB			116.4			111.5			107.1			104.0			101.5			99.6			104.4			99.2			94.8			91.6			89.2			87.2			Total loss									dB			116.4			111.2			106.8			103.6			101.2			99.2			104.4			98.1			93.5			90.2			87.6			85.6			Total loss									dB			136.4			131.6			127.2			124.1			121.6			119.7			124.4			119.6			115.2			112.0			109.6			107.6


																														Received interference level at the victim FSS earth station									dBm/MHz			-137.8			-137.8			-137.8			-137.8			-137.8			-137.9			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			Received interference level at the victim FSS earth station									dBm/MHz			-137.9			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			Received interference level at the victim FSS earth station									dBm/MHz			-137.9			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8


																														Permissible interference level in 1 MHz									dBm/MHz			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			Permissible interference level in 1 MHz									dBm/MHz			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			Permissible interference level in 1 MHz									dBm/MHz			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8			-137.8


																														Interference margin/deficit									dB			0.0			-0.0			-0.0			0.0			-0.0			0.0			0.0			-0.0			-0.0			-0.0			-0.0			-0.0			Interference margin/deficit									dB			0.0			-0.0			-0.0			-0.0			0.0			0.0			0.0			0.0			0.0			-0.0			-0.0			0.0			Interference margin/deficit									dB			0.0			0.0			0.0			0.0			-0.0			0.0			0.0			0.0			0.0			-0.0			-0.0			-0.0


																														Required Separation distance									meters			2480			1416			853			597			448			360			624			344			207			143			109			86			Required Separation distance									meters			2489			1368			824			570			433			344			624			303			178			122			90			71			Required Separation distance									meters			24888			14327			8633			6042			4531			3640			6244			3599			2169			1500			1138			904





























































































































































































































































































































































































































Short Term


			FIRST Column in the table on the right has been modified to PKES application: 1.5 metres antenna height.


			Victim FSS system parameters


			Antenna Diameter 			9			6			4.5			3			1.8			1.2			m


			Antenna Gain (Gmax)			49.2			45.54			43.04			39.52			35.08			31.5			dB																		PKES application																		LT-2 Type UWB Application- indoor																		LT-2 Type UWB Application- Fixed Installation Outdoor																		LT-2 Type UWB Application- indoor																								LAES  UWB Application -Outdoor																		LAES  UWB Application -Indoor with Wall Attuation of 12 dB


			System Noise Temp			71			71			150			150			150			120			deg K						Antenna Dish size									meters			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			9			Antenna Dish size			meters			9			9			9			9			9			9			9			9			9			9			9			9


			Thermal Noise in 1 MHz			-120.09			-120.09			-116.84			-116.84			-116.84			-117.81			dBm						EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device			dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


			I/N Criterion			-1.33			-1.33			-1.33			-1.33			-1.33			-1.33			dB						Distance from the earth station									km			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			Distance from the earth station			km			1.51			0.63			0.38			0.26			0.20			0.16			0.34			0.14			0.08			0.05			0.04			0.03																																																																																																									5.4675113196			6.0811251426						57			57			26			26			16.6555688638			17.8849201941			12.5599555547			11.261053718			7.8374229679			8.9471971394			5.2955706108			6.2565271171


			Allowed interference level in 1 MHz			-121.42			-121.42			-118.17			-118.17			-118.17			-119.14			dBm						UWB Transmitter Height									m			1.5			1.5			1.5			1.5			1.5			1.5			8			8			8			8			8			8			2			2			2			2			2			2			2			2			2			2			8			8			UWB Transmitter Height			m			8			8			8			8			8			8			8			8			8			8			8			8


			Assumed antenna radiation pattern: 			as per App7(WRC-07)												as per App8(WRC-07)												E/Stn Antenna Height									m			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			12			E/Stn Antenna Height			m			12			12			12			12			12			12			12			12			12			12			12			12


			D/lambda			118.9			78.0			58.5			39.0			23.4			15.5									Propagation distance									km			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.02			0.02			0.02			0.01			0.01			0.01			0.01			0.01			0.01			Propagation distance			km			1.51			0.63			0.38			0.26			0.20			0.16			0.34			0.14			0.08			0.05			0.04			0.03																																																																																																									10			10						10			10			10			10			10			10			10			10			10			10			10			10


			G1			30.13			26.30			23.18			18.78			22.54			19.85			dBi						Elevation angle to UWB transmitter									deg			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			-21.8			-21.8			-21.8			-21.8			-21.8			-21.8			-45.0			-45.0			-45.0			-38.6			-38.6			-38.6			-45.0			-45.0			-45.0			-45.0			-21.8			-21.8			Elevation angle to UWB transmitter			deg			-0.2			-0.4			-0.6			-0.9			-1.2			-1.5			-0.7			-1.7			-2.9			-4.2			-5.6			-7.0																																																																																																									11			12						58			58			28			28			19			20			16			15			13			13			11			12


			phim			0.73			1.12			1.52			2.34			3.03			4.41			deg						Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite			deg			5			10			15			20			25			30			5			10			15			20			25			30																																																																																																									61.3			58.7						10.0			10.0			21.0			21.0			31.0			29.2			38.5			41.6			51.9			48.2			62.1			58.0


			phir			0.90			1.28			1.71			2.56			4.28			6.46			deg						Off-axis angle									deg			58.3			63.3			68.3			73.3			78.3			83.3			26.8			31.8			36.8			41.8			46.8			51.8			50.0			55.0			60.0			58.6			63.6			68.6			50.0			55.0			60.0			65.0			46.8			51.8			Off-axis angle			deg			5.2			10.4			15.6			20.9			26.2			31.5			5.7			11.7			17.9			24.2			30.6			37.0																																																																																																									60			60						10			10			20			20			30			30			40			40			50			50			60			60


																														Off-axis gain									dB			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			-6.7			-8.6			-10.0			-10.0			-10.0			-10.00			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			Off-axis gain			dB			11.2			3.6			-0.8			-4.0			-6.4			-8.44			10.1			2.3			-2.3			-5.6			-8.1			-10.00


																														Free space loss									dB			65.9			65.9			65.9			65.9			65.9			65.9			64.2			64.2			64.2			64.2			64.2			64.2			66.5			66.5			66.5			67.6			67.6			67.6			66.5			66.5			66.5			66.5			64.2			64.2			Free space loss			dB			107.1			99.5			95.1			91.9			89.5			87.5			94.0			86.2			81.6			78.3			75.8			73.9


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss			dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input			dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


			Derivation of allowed interference power levels based on Rec SF1006																											Total loss									dB			70.1			70.1			70.1			70.1			70.1			70.1			68.4			68.4			68.4			68.4			68.4			68.4			70.7			70.7			70.7			71.8			71.8			71.8			70.7			70.7			70.7			70.7			68.4			68.4			Total loss			dB			111.3			103.7			99.3			96.1			93.7			91.7			98.3			90.4			85.8			82.5			80.0			78.1


			Antenna size			9			6			4.5			3			1.8			1.2			meters						Received interference level at the victim FSS earth station									dBm/MHz			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-128.4			-130.2			-131.7			-131.7			-131.7			-131.7			-122.0			-122.0			-122.0			-123.1			-123.1			-123.1			-134.0			-134.0			-134.0			-134.0			-131.7			-131.7			Received interference level at the victim FSS earth station			dBm/MHz			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4


			System temp			71			71			150			150			150			120			K						Permissible interference level in 1 MHz									dBm/MHz			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			Permissible interference level in 1 MHz			dBm/MHz			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4																																																																																																									ERROR:#VALUE!			ERROR:#VALUE!						ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!


			ref BW			1000			1000			1000			1000			1000			1000			MHz						Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			7.0			8.8			10.3			10.3			10.3			10.3			0.6			0.6			0.6			1.7			1.7			1.7			12.6			12.6			12.6			12.6			10.3			10.3			Interference margin/deficit			dB			-0.0			-0.0			0.0			0.0			0.0			0.0			0.0			0.0			-0.0			0.0			0.0			0.0


			p1 (long term)			20			20			20			20			20			20			%						Required Separation distance									meters			8			8			8			8			8			8			10			10			10			10			10			10			10			10			10			13			13			13			10			10			10			10			10			10			Required Separation distance			meters			1511			631			378			263			198			157			336			136			80			55			41			33


			p2			0.005			0.005			0.005			0.005			0.005			0.005			%						Antenna Dish size									meters			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			6			Antenna Dish size			meters			6			6			6			6			6			6			6			6			6			6			6			6


			n2			3			3			3			3			3			3									EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			-41.3			0.01			0.01			0.01			0.01			0.01			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device			dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3																																																																																																									ERROR:#VALUE!			ERROR:#VALUE!						ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!			ERROR:#VALUE!


			J ( F1094/S1432)			-20			-20			-20			-20			-20			-20			dB						Distance from the earth station									km			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			Distance from the earth station			km			1.54			0.64			0.39			0.27			0.20			0.16			0.37			0.15			0.09			0.06			0.05			0.04																																																																																																									ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


			W			0			0			0			0			0			0			dB						UWB Transmitter Height									m			1.5			1.5			1.5			1.5			1.5			1.5			8			8			8			8			8			8			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height			m			8			8			8			8			8			8			8			8			8			8			8			8																																																																																																									ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


			Ms			2			2			2			2			2			2			dB						E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height			m			10			10			10			10			10			10			10			10			10			10			10			10


			NL			1			1			1			1			1			1			dB						Propagation distance									km			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			Propagation distance			km			1.54			0.64			0.39			0.27			0.20			0.16			0.37			0.15			0.09			0.06			0.05			0.04


			Pr(p) - long term			-140.09			-140.09			-136.84			-136.84			-136.84			-137.81			dBm						Elevation angle to UWB transmitter									deg			-40.5			-40.5			-40.5			-40.5			-40.5			-40.5			-11.3			-11.3			-11.3			-11.3			-11.3			-11.3			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			Elevation angle to UWB transmitter			deg			-0.1			-0.2			-0.3			-0.4			-0.6			-0.7			-0.3			-0.8			-1.3			-1.8			-2.4			-3.1																																																																																																									124.7			124.9						138.8			138.8			132.4			132.4			129.3			129.8			127.6			127.1			125.6			126.1			124.6			125.0


			Pr(p2) - short term			-121.42			-121.42			-118.17			-118.17			-118.17			-119.14			dBm						Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite			deg			5			10			15			20			25			30			5			10			15			20			25			30


			p2/n2 - percentage time (short term)			0.0017			0.0017			0.0017			0.0017			0.0017			0.0017			%						Off-axis angle									deg			45.5			50.5			55.5			60.5			65.5			70.5			16.3			21.3			26.3			31.3			36.3			41.3			43.7			48.7			53.7			58.7			63.7			68.7			43.7			48.7			53.7			58.7			63.7			68.7			Off-axis angle			deg			5.1			10.2			15.3			20.4			25.6			30.7			5.3			10.8			16.3			21.8			27.4			33.1


																														Off-axis gain									dB			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			-1.3			-4.2			-6.5			-8.4			-10.0			-10.00			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			Off-axis gain			dB			11.4			3.8			-0.6			-3.8			-6.2			-8.18			10.9			3.2			-1.3			-4.5			-7.0			-8.99


			I/N long term			-20			-20			-20			-20			-20			-20			dB						Free space loss									dB			65.9			65.9			65.9			65.9			65.9			65.9			63.7			63.7			63.7			63.7			63.7			63.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			Free space loss			dB			107.3			99.7			95.3			92.2			89.7			87.7			94.8			87.1			82.6			79.4			76.9			74.9																																																																																																									ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


			I/N short term			-1.33			-1.33			-1.33			-1.33			-1.33			-1.33			dB						Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss			dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2																																																																																																									ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input			dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0																																																																																																									ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														Total loss									dB			70.1			70.1			70.1			70.1			70.1			70.1			67.9			67.9			67.9			67.9			67.9			67.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			Total loss			dB			111.5			103.9			99.5			96.4			93.9			91.9			99.0			91.3			86.8			83.6			81.2			79.1


																														Received interference level at the victim FSS earth station									dBm/MHz			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-122.5			-125.4			-127.7			-129.6			-131.2			-131.2			-121.2			-79.9			-79.9			-79.9			-79.9			-79.9			-133.2			-133.2			-133.2			-133.2			-133.2			-133.2			Received interference level at the victim FSS earth station			dBm/MHz			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4


																														Permissible interference level in 1 MHz									dBm/MHz			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			Permissible interference level in 1 MHz			dBm/MHz			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4			-121.4


																														Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			1.1			4.0			6.3			8.2			9.8			9.8			-0.2			-41.5			-41.5			-41.5			-41.5			-41.5			11.8			11.8			11.8			11.8			11.8			11.8			Interference margin/deficit			dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0																																																																																																									ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														Required Separation distance									meters			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			Required Separation distance			meters			1538			642			388			270			204			162			365			151			90			62			47			37																																																																																																									ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														Antenna Dish size									meters			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			Antenna Dish size			meters			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5			4.5																																																																																																									ERROR:#REF!			ERROR:#REF!						ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


																														EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device			dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


																														Distance from the earth station									km			0.00			0.00			0.00			0.00			0.00			0.00			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			Distance from the earth station			km			1.05			0.44			0.26			0.18			0.14			0.11			0.24			0.10			0.06			0.04			0.03			0.02


																														UWB Transmitter Height									m			1.5			1.5			1.5			1.5			1.5			1.5			8			8			8			8			8			8			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height			m			8			8			8			8			8			8			8			8			8			8			8			8


																														E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height			m			10			10			10			10			10			10			10			10			10			10			10			10


																														Propagation distance									km			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			Propagation distance			km			1.05			0.44			0.26			0.18			0.14			0.11			0.24			0.10			0.06			0.04			0.03			0.02


																														Elevation angle to UWB transmitter									deg			-70.7			-70.7			-70.7			-70.7			-70.7			-70.7			-11.3			-11.3			-11.3			-11.3			-11.3			-11.3			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			Elevation angle to UWB transmitter			deg			-0.1			-0.3			-0.4			-0.6			-0.8			-1.0			-0.5			-1.2			-1.9			-2.8			-3.8			-4.8


																														Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite			deg			5			10			15			20			25			30			5			10			15			20			25			30


																														Off-axis angle									deg			75.7			80.7			85.7			90.7			95.7			100.7			16.3			21.3			26.3			31.3			36.3			41.3			43.7			48.7			53.7			58.7			63.7			68.7			43.7			48.7			53.7			58.7			63.7			68.7			Off-axis angle			deg			5.1			10.3			15.4			20.6			25.8			31.0			5.5			11.2			16.9			22.8			28.8			34.8


																														Off-axis gain									dB			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			-1.3			-4.2			-6.5			-8.4			-10.0			-10.00			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			Off-axis gain			dB			11.3			3.7			-0.7			-3.9			-6.3			-8.30			10.5			2.8			-1.7			-5.0			-7.5			-9.53


																														Free space loss									dB			62.6			62.6			62.6			62.6			62.6			62.6			63.7			63.7			63.7			63.7			63.7			63.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			Free space loss			dB			103.9			96.4			91.9			88.8			86.4			84.4			91.2			83.5			78.9			75.7			73.2			71.1


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss			dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input			dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


																														Total loss									dB			66.8			66.8			66.8			66.8			66.8			66.8			67.9			67.9			67.9			67.9			67.9			67.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			Total loss			dB			108.1			100.6			96.2			93.0			90.6			88.6			95.4			87.7			83.1			79.9			77.4			75.3


																														Received interference level at the victim FSS earth station									dBm/MHz			-118.1			-118.1			-118.1			-118.1			-118.1			-118.1			-122.5			-125.4			-127.7			-129.6			-131.2			-131.2			-121.2			-121.2			-121.2			-121.2			-121.2			-121.2			-133.2			-133.2			-133.2			-133.2			-133.2			-133.2			Received interference level at the victim FSS earth station			dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2


																														Permissible interference level in 1 MHz									dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			Permissible interference level in 1 MHz			dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2


																														Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			4.3			7.3			9.5			11.4			13.0			13.0			3.0			3.0			3.0			3.0			3.0			3.0			15.0			15.0			15.0			15.0			15.0			15.0			Interference margin/deficit			dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0


																														Required Separation distance									meters			3			3			3			3			3			3			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			Required Separation distance			meters			1048			439			264			184			139			110			242			99			59			41			30			24


																														Antenna Dish size									meters			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			3			Antenna Dish size			meters			3			3			3			3			3			3			3			3			3			3			3			3


																														EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device			dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


																														Distance from the earth station									km			0.00			0.00			0.00			0.00			0.00			0.00			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			Distance from the earth station			km			1.05			0.44			0.26			0.18			0.14			0.11			0.24			0.10			0.06			0.04			0.03			0.02


																														UWB Transmitter Height									m			1.5			1.5			1.5			1.5			1.5			1.5			8			8			8			8			8			8			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height			m			8			8			8			8			8			8			8			8			8			8			8			8


																														E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height			m			10			10			10			10			10			10			10			10			10			10			10			10


																														Propagation distance									km			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			0.01			Propagation distance			km			1.05			0.44			0.26			0.18			0.14			0.11			0.24			0.10			0.06			0.04			0.03			0.02


																														Elevation angle to UWB transmitter									deg			-70.6			-70.6			-70.6			-70.6			-70.6			-70.6			-11.3			-11.3			-11.3			-11.3			-11.3			-11.3			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			Elevation angle to UWB transmitter			deg			-0.1			-0.3			-0.4			-0.6			-0.8			-1.0			-0.5			-1.2			-1.9			-2.8			-3.8			-4.8


																														Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite			deg			5			10			15			20			25			30			5			10			15			20			25			30


																														Off-axis angle									deg			75.6			80.6			85.6			90.6			95.6			100.6			16.3			21.3			26.3			31.3			36.3			41.3			43.7			48.7			53.7			58.7			63.7			68.7			43.7			48.7			53.7			58.7			63.7			68.7			Off-axis angle			deg			5.1			10.3			15.4			20.6			25.8			31.0			5.5			11.2			16.9			22.8			28.8			34.8


																														Off-axis gain									dB			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			-1.3			-4.2			-6.5			-8.4			-10.0			-10.00			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			-10.0			-10.0			-10.0			-10.0			-10.0			-10.00			Off-axis gain			dB			11.3			3.7			-0.7			-3.9			-6.3			-8.30			10.5			2.8			-1.7			-5.0			-7.5			-9.53


																														Free space loss									dB			62.6			62.6			62.6			62.6			62.6			62.6			63.7			63.7			63.7			63.7			63.7			63.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			65.7			Free space loss			dB			103.9			96.4			91.9			88.8			86.4			84.4			91.2			83.5			78.9			75.7			73.2			71.1


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss			dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input			dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


																														Total loss									dB			66.8			66.8			66.8			66.8			66.8			66.8			67.9			67.9			67.9			67.9			67.9			67.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			69.9			Total loss			dB			108.1			100.6			96.2			93.0			90.6			88.6			95.4			87.7			83.1			79.9			77.4			75.3


																														Received interference level at the victim FSS earth station									dBm/MHz			-118.1			-118.1			-118.1			-118.1			-118.1			-118.1			-122.5			-125.4			-127.7			-129.6			-131.2			-131.2			-121.2			-121.2			-121.2			-121.2			-121.2			-121.2			-133.2			-133.2			-133.2			-133.2			-133.2			-133.2			Received interference level at the victim FSS earth station			dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2


																														Permissible interference level in 1 MHz									dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			Permissible interference level in 1 MHz			dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2


																														Interference margin/deficit									dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			4.3			7.3			9.5			11.4			13.0			13.0			3.0			3.0			3.0			3.0			3.0			3.0			15.0			15.0			15.0			15.0			15.0			15.0			Interference margin/deficit			dB			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0			-0.0


																														Required Separation distance									meters			3			3			3			3			3			3			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			Required Separation distance			meters			1048			439			264			184			139			110			242			99			59			41			30			24


																														Antenna Dish size									meters			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			Antenna Dish size			meters			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8			1.8


																														EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device			dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


																														Distance from the earth station									km			0.19			0.07			0.03			0.02			0.02			0.02			0.05			0.02			0.01			0.01			0.01			0.01			0.19			0.07			0.04			0.02			0.02			0.02			0.01			0.01			0.01			0.01			0.01			0.01			Distance from the earth station			km			3.13			1.31			0.79			0.55			0.41			0.33			0.76			0.32			0.19			0.13			0.10			0.08


																														UWB Transmitter Height									m			1.5			1.5			1.5			1.5			1.5			1.5			8			8			8			8			8			8			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height			m			8			8			8			8			8			8			8			8			8			8			8			8


																														E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height			m			10			10			10			10			10			10			10			10			10			10			10			10


																														Propagation distance									km			0.19			0.07			0.04			0.02			0.02			0.02			0.05			0.02			0.01			0.01			0.01			0.01			0.19			0.07			0.04			0.02			0.02			0.02			0.01			0.01			0.01			0.01			0.01			0.01			Propagation distance			km			3.13			1.31			0.79			0.55			0.41			0.33			0.76			0.32			0.19			0.13			0.10			0.08


																														Elevation angle to UWB transmitter									deg			-2.6			-7.3			-14.0			-24.1			-27.0			-27.0			-2.3			-6.4			-11.3			-11.3			-11.3			-11.3			-2.4			-6.5			-12.1			-19.9			-25.3			-25.3			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			Elevation angle to UWB transmitter			deg			-0.0			-0.1			-0.1			-0.2			-0.3			-0.3			-0.2			-0.4			-0.6			-0.9			-1.1			-1.4


																														Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite			deg			5			10			15			20			25			30			5			10			15			20			25			30


																														Off-axis angle									deg			7.6			17.3			29.0			44.1			52.0			57.0			7.3			16.4			26.3			31.3			36.3			41.3			7.4			16.5			27.1			39.9			50.3			55.3			43.7			48.7			53.7			58.7			63.7			68.7			Off-axis angle			deg			5.0			10.1			15.1			20.2			25.3			30.3			5.2			10.4			15.6			20.9			26.1			31.4


																														Off-axis gain									dB			16.2			7.3			1.7			-2.8			-3.7			-3.7			16.7			8.0			2.8			0.9			-0.7			-2.1			16.6			7.9			2.5			-1.7			-3.7			-3.7			-2.7			-3.7			-3.7			-3.7			-3.7			-3.7			Off-axis gain			dB			20.8			13.2			8.8			5.7			3.2			1.3			20.5			12.9			8.5			5.3			2.9			0.9


																														Free space loss									dB			88.9			80.0			74.4			69.9			69.0			69.0			77.4			68.7			63.7			63.7			63.7			63.7			89.3			80.6			75.1			70.9			69.0			69.0			65.7			65.7			65.7			65.7			65.7			65.7			Free space loss			dB			113.4			105.9			101.5			98.4			95.9			93.9			101.2			93.6			89.2			86.0			83.6			81.6


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss			dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input			dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


																														Total loss									dB			93.1			84.2			78.6			74.1			73.2			73.2			81.6			72.9			67.9			67.9			67.9			67.9			93.5			84.8			79.3			75.1			73.2			73.2			69.9			69.9			69.9			69.9			69.9			69.9			Total loss			dB			117.7			110.1			105.7			102.6			100.1			98.2			105.4			97.8			93.4			90.2			87.8			85.8


																														Received interference level at the victim FSS earth station									dBm/MHz			-118.1			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.4			-120.3			-121.9			-123.3			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-125.9			-126.9			-126.9			-126.9			-126.9			-126.9			Received interference level at the victim FSS earth station			dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.1			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2


																														Permissible interference level in 1 MHz									dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			Permissible interference level in 1 MHz			dBm/MHz			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2			-118.2


																														Interference margin/deficit									dB			-0.0			-0.0			0.0			0.0			0.0			0.0			0.0			0.0			0.2			2.1			3.7			5.1			0.0			0.0			0.0			0.0			0.0			0.0			7.7			8.7			8.7			8.7			8.7			8.7			Interference margin/deficit			dB			0.0			-0.0			0.0			0.0			-0.0			0.0			-0.0			-0.0			0.0			-0.0			0.0			0.0


																														Required Separation distance									meters			185			66			34			19			17			17			49			18			10			10			10			10			194			71			37			22			17			17			10			10			10			10			10			10			Required Separation distance			meters			3132			1310			789			552			414			332			762			318			192			132			100			80


																														Antenna Dish size									meters			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			Antenna Dish size			meters			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2			1.2


																														EIRP level of UWB device									dBm/MHz			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			-41.3			-41.3			-41.3			-41.3			-41.3			-41.3			-53.3			-53.3			-53.3			-53.3			-53.3			-53.3			EIRP level of UWB device			dBm/MHz			-21.3			-21.3			-21.3			-21.3			-21.3			-21.3			-33.3			-33.3			-33.3			-33.3			-33.3			-33.3


																														Distance from the earth station									km			0.27			0.10			0.06			0.04			0.02			0.02			0.07			0.03			0.02			0.01			0.01			0.01			0.28			0.11			0.06			0.04			0.03			0.02			0.01			0.01			0.01			0.01			0.01			0.01			Distance from the earth station			km			2.90			1.65			1.00			0.70			0.53			0.42			0.73			0.40			0.24			0.17			0.13			0.10


																														UWB Transmitter Height									m			1.5			1.5			1.5			1.5			1.5			1.5			8			8			8			8			8			8			2			2			2			2			2			2			2			2			2			2			2			2			UWB Transmitter Height			m			8			8			8			8			8			8			8			8			8			8			8			8


																														E/Stn Antenna Height									m			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			10			E/Stn Antenna Height			m			10			10			10			10			10			10			10			10			10			10			10			10


																														Propagation distance									km			0.27			0.10			0.06			0.04			0.03			0.02			0.07			0.03			0.02			0.01			0.01			0.01			0.28			0.11			0.06			0.04			0.03			0.02			0.01			0.01			0.01			0.01			0.01			0.01			Propagation distance			km			2.90			1.65			1.00			0.70			0.53			0.42			0.73			0.40			0.24			0.17			0.13			0.10


																														Elevation angle to UWB transmitter									deg			-1.8			-4.8			-8.5			-13.3			-19.1			-21.1			-1.6			-4.2			-7.5			-11.3			-11.3			-11.3			-1.6			-4.3			-7.7			-11.7			-16.5			-19.8			-38.7			-38.7			-38.7			-38.7			-38.7			-38.7			Elevation angle to UWB transmitter			deg			-0.0			-0.1			-0.1			-0.2			-0.2			-0.3			-0.2			-0.3			-0.5			-0.7			-0.9			-1.1


																														Elevation to satellite									deg			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			5			10			15			20			25			30			Elevation to satellite			deg			5			10			15			20			25			30			5			10			15			20			25			30


																														Off-axis angle									deg			6.80			14.76			23.48			33.28			44.06			51.12			6.63			14.23			22.54			31.31			36.31			41.31			6.65			14.30			22.65			31.69			41.48			49.83			43.66			48.66			53.66			58.66			63.66			68.66			Off-axis angle			deg			5.04			10.07			15.12			20.16			25.22			30.27			5.16			10.28			15.47			20.68			25.90			31.13


																														Off-axis gain									dB			19.3			10.9			5.8			2.0			-1.0			-1.9			19.6			11.3			6.3			2.7			1.1			-0.3			19.5			11.2			6.2			2.6			-0.3			-1.9			-0.9			-1.9			-1.9			-1.9			-1.9			-1.9			Off-axis gain			dB			19.9			15.0			10.6			7.5			5.1			3.1			19.9			14.8			10.4			7.2			4.8			2.8


																														Free space loss									dB			92.9			84.5			79.5			75.6			72.6			71.7			81.2			72.9			67.9			64.4			64.4			64.4			93.2			84.8			79.9			76.2			73.3			71.7			66.4			66.4			66.4			66.4			66.4			66.4			Free space loss			dB			113.5			108.6			104.2			101.1			98.7			96.7			101.5			96.4			92.0			88.8			86.4			84.4


																														Shallow log normal fading loss									dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			Shallow log normal fading loss			dB			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2			2.2


																														Insertion loss between rx antenna and receiver input									dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			Insertion loss between rx antenna and receiver input			dB			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0			2.0


																														Total loss									dB			97.1			88.7			83.7			79.8			76.8			75.9			85.4			77.1			72.1			68.7			68.7			68.7			97.4			89.1			84.1			80.4			77.5			75.9			70.6			70.6			70.6			70.6			70.6			70.6			Total loss			dB			117.7			112.8			108.4			105.3			102.9			100.9			105.7			100.6			96.2			93.0			90.6			88.6


																														Received interference level at the victim FSS earth station									dBm/MHz			-119.1			-119.1			-119.2			-119.1			-119.1			-119.1			-119.2			-119.2			-119.2			-119.2			-120.9			-122.3			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-124.8			-125.8			-125.8			-125.8			-125.8			-125.8			Received interference level at the victim FSS earth station			dBm/MHz			-119.2			-119.1			-119.1			-119.2			-119.2			-119.2			-119.2			-119.1			-119.1			-119.1			-119.1			-119.1


																														Permissible interference level in 1 MHz									dBm/MHz			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			Permissible interference level in 1 MHz			dBm/MHz			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1			-119.1


																														Interference margin/deficit									dB			-0.0			-0.0			0.0			-0.0			-0.0			0.0			0.0			0.0			0.0			0.1			1.7			3.1			0.0			0.0			0.0			0.0			0.0			-0.0			5.7			6.7			6.7			6.7			6.7			6.7			Interference margin/deficit			dB			0.0			-0.0			-0.0			0.0			0.0			0.0			0.0			-0.0			0.0			-0.0			0.0			0.0


																														Required Separation distance									meters			270			102			57			36			25			22			70			27			15			10			10			10			278			107			60			39			27			22			10			10			10			10			10			10			Required Separation distance			meters			2900			1652			996			697			527			420			726			404			243			168			128			101

































































































































































Summary of Results


			scroll down to highlighted PKES scenario																								Tables in the main body of the report


			LONG TERM INTERFERENCE CONDITIONS																								LONG TERM INTERFERENCE CONDITIONS


						LAES - Outdoor (@8mht)																								LAES - Outdoor (@8mht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			13398			5629			3389			2364			1788			1423						9m			13398			5629			3389			2364			1788			1423


			6m			13427			5643			3398			2371			1793			1427						6m			13427			5643			3398			2371			1793			1427


			4.5m			9229			3877			2334			1628			1231			979						4.5m			9229			3877			2334			1628			1231			979


			3m			9229			3877			2334			1628			1231			979						3m			9229			3877			2334			1628			1231			979


			1.8m			26959			11368			6850			4794			3595			2889						1.8m			26959			11368			6850			4794			3595			2889


			1.2m			24888			14327			8633			6042			4531			3640						1.2m			24888			14327			8633			6042			4531			3640


						LAES - Indoor with Wall Attuation of 12 dB (@8m ht)																								LAES - Indoor with Wall Attuation of 12 dB (@8m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			3323			1392			837			583			441			350						9m			3323			1392			837			583			441			350


			6m			3351			1405			846			590			446			355						6m			3351			1405			846			590			446			355


			4.5m			2296			961			579			404			305			243						4.5m			2296			961			579			404			305			243


			3m			2296			961			579			404			305			243						3m			2296			961			579			404			305			243


			1.8m			6772			2856			1711			1194			903			716						1.8m			6772			2856			1711			1194			903			716


			1.2m			6244			3599			2169			1500			1138			904						1.2m			6244			3599			2169			1500			1138			904


			LT-2 Fixed Installation Outdoor (@8m ht)																								LT-2 Fixed Installation Outdoor (@8m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			1288			537			322			223			168			134						9m			1288			537			322			223			168			134


			6m			1315			551			331			231			174			138						6m			1315			551			331			231			174			138


			4.5m			897			375			225			156			118			94						4.5m			897			375			225			156			118			94


			3m			897			375			225			156			118			94						3m			897			375			225			156			118			94


			1.8m			2665			1124			677			473			355			282						1.8m			2665			1124			677			473			355			282


			1.2m			2480			1416			853			597			448			360						1.2m			2480			1416			853			597			448			360


			LT-2 Indoor (@8mht)																								LT-2 Indoor (@8mht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			280			113			66			45			33			28						9m			280			113			66			45			33			28


			6m			309			128			76			52			39			31						6m			309			128			76			52			39			31


			4.5m			203			83			49			34			25			20						4.5m			203			83			49			34			25			20


			3m			203			83			49			34			25			20						3m			203			83			49			34			25			20


			1.8m			654			270			162			112			85			68						1.8m			654			270			162			112			85			68


			1.2m			624			344			207			143			109			86						1.2m			624			344			207			143			109			86


			LT-2 Fixed Installation Outdoor (@2m ht)																								LT-2 Fixed Installation Outdoor (@2m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			1201			493			292			201			150			119						9m			1201			493			292			201			150			119


			6m			1230			508			302			209			157			124						6m			1230			508			302			209			157			124


			4.5m			810			331			195			134			100			79						4.5m			810			331			195			134			100			79


			3m			810			331			195			134			100			79						3m			810			331			195			134			100			79


			1.8m			2604			1086			647			452			339			269						1.8m			2604			1086			647			452			339			269


			1.2m			2489			1368			824			570			433			344						1.2m			2489			1368			824			570			433			344


						LT-2 Indoor (@2mht)																					LT-2 Indoor (@2mht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			185			63			29			27			27			27						9m			185			63			29			27			27			27


			6m			218			81			44			27			27			27						6m			218			81			44			27			27			27


			4.5m			107			31			18			18			18			18						4.5m			107			31			18			18			18			18


			3m			107			31			18			18			18			18						3m			107			31			18			18			18			18


			1.8m			563			227			132			90			66			52						1.8m			563			227			132			90			66			52


			1.2m			624			303			178			122			90			71						1.2m			624			303			178			122			90			71


			SHORT TERM INTERFERENCE CONDITIONS																								SHORT TERM INTERFERENCE CONDITIONS


						LAES-Outdoor (@8m ht)																								LAES-Outdoor (@8m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			1511			631			378			263			198			157						9m			1511			631			378			263			198			157


			6m			1538			642			388			270			204			162						6m			1538			642			388			270			204			162


			4.5m			1048			439			264			184			139			110						4.5m			1048			439			264			184			139			110


			3m			1048			439			264			184			139			110						3m			1048			439			264			184			139			110


			1.8m			3132			1310			789			552			414			332						1.8m			3132			1310			789			552			414			332


			1.2m			2900			1652			996			697			527			420						1.2m			2900			1652			996			697			527			420


			LAES - Indoor with Wall Attuation of 12 dB (@8m ht)																								LAES - Indoor with Wall Attuation of 12 dB (@8m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			336			136			80			55			41			33						9m			336			136			80			55			41			33


			6m			365			151			90			62			47			37						6m			365			151			90			62			47			37


			4.5m			242			99			59			41			30			24						4.5m			242			99			59			41			30			24


			3m			242			99			59			41			30			24						3m			242			99			59			41			30			24


			1.8m			762			318			192			132			100			80						1.8m			762			318			192			132			100			80


			1.2m			726			404			243			168			128			101						1.2m			726			404			243			168			128			101


			PKES Installation																								LT-2 Fixed Installation Outdoor (@8m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			8			8			8			8			8			8						9m			96			35			18			13			13			13


			6m			10			10			10			10			10			10						6m			128			51			30			20			15			13


			4.5m			3			3			3			3			3			3						4.5m			78			30			17			11			-			-


			3m			3			3			3			3			3			3						3m			78			30			17			11			-			-


			1.8m			185			66			34			19			17			17						1.8m			287			118			70			49			36			29


			1.2m			270			102			57			36			25			22						1.2m			289			152			91			63			48			37


			LT-2 Fixed Installation Indoor (@8m ht)																								LT-2 Fixed Installation Indoor (@8m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			-			-			-			-			-			-						9m			-			-			-			-			-			-


			6m			-			-			-			-			-			-						6m			-			-			-			-			-			-


			4.5m			-			-			-			-			-			-						4.5m			-			-			-			-			-			-


			3m			-			-			-			-			-			-						3m			-			-			-			-			-			-


			1.8m			49			18			-			-			-			-						1.8m			49			18			-			-			-			-


			1.2m			70			27			15			-			-			-						1.2m			70			27			15			-			-			-


			LT-2 Fixed Installation Outdoor (@2m ht)																								LT-2 Fixed Installation Outdoor (@2m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			10			10			10			13			13			13						9m			-			-			-			-			-			-


			6m			10			10			10			10			10			10						6m			-			-			-			-			-			-


			4.5m			10			10			10			10			10			10						4.5m			-			-			-			-			-			-


			3m			10			10			10			10			10			10						3m			-			-			-			-			-			-


			1.8m			194			71			37			22			17			17						1.8m			194			71			37			22			17			17


			1.2m			278			107			60			39			27			22						1.2m			278			107			60			39			27			22


			LT-2 Fixed Installation Indoor (@2m ht)																								LT-2 Fixed Installation Indoor (@2m ht)


						Elevation angle in degrees																								Elevation angle in degrees


			Ant size			5			10			15			20			25			30						Ant size			5			10			15			20			25			30


			9m			10			10			10			10			10			10						9m			-			-			-			-			-			-


			6m			10			10			10			10			10			10						6m			-			-			-			-			-			-


			4.5m			10			10			10			10			10			10						4.5m			-			-			-			-			-			-


			3m			10			10			10			10			10			10						3m			-			-			-			-			-			-


			1.8m			10			10			10			10			10			10						1.8m			-			-			-			-			-			-


			1.2m			10			10			10			10			10			10						1.2m			-			-			-			-			-			-
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Dish diameter = 9.0 m; antenna type: appendix7
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Dish diameter = 6.0 m; antenna type: appendix7
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Dish diameter = 4.5 m; antenna type: appendix7
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Dish diameter = 3.0 m; antenna type: appendix7
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Dish diameter = 1.8 m; antenna type: appendix8
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Dish diameter = 1.2 m; antenna type: appendix8
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