ANNEXI PROGRAM

1. Introduction

The ANNEXI program is based on the procedures outlined in Annex I of the Manual of Regulation and Procedures for Federal Radio Frequency Management (NTIA) [1].  It is for use as a frequency selection aid to evaluate frequency proposals for a new station to be introduced into an existing environment of fixed and/or mobile stations in the 30 – 960 MHz band.  The program is an extension of the current Annex I that is limited to evaluation of frequency proposals in the 162 -174 MHz and 406.1- 420 MHz bands.

The model computes a received power level of a proposed transmitter at the existing receiver input and compares this power level with a user specified interference criterion.

The propagation model used in this program is the ARPROP model [2], which is based on the Longley-Rice model in the area-prediction mode [3].  The model calculates the frequency dependent rejection (FDR) based on the adjacent channel selectivity curves (Figure 1) given in Annex I of the NTIA manual, for the transmitter to receiver combinations of analog-to-analog, analog to digital, digital to analog, or digital to digital. 

2. Analytical Method [3]

The Longley-Rice model is a computer model for prediction of long-term median radio transmission over irregular terrain.  The method is based on well-established propagation theory and has been tested and validated against a large number of propagation measurements.  The model in its area prediction mode predicts received power level based on transmitter and receiver antenna characteristics, separation distance, frequency, terrain and environmental parameters and statistical parameters of variability.  This model is statistical in nature and is most useful over paths whose endpoints are not specifically known.

Specific parameters for the radio link include frequency, polarization, transmitter and receiver antenna heights and general siting criteria.  Since antenna heights for both transmitter and receiver are variable, a very extensive family of curves would be required to consider all possible combinations.  A more simplified approach is used in which the geometric mean of the two antennas is calculated and use this mean antenna height at both ends of the path.  A general siting parameter is also an input parameter to the model as being random, careful or very careful.  The random siting is applicable to mobile equipment, whereas careful or very careful siting is applicable to fixed or base stations, where antennas are often placed on higher ground.  

The principal environmental parameter is the surface refractivity, which largely determines the degree of bending of the radio wave through the atmosphere.  A convenient method of accounting for this refraction of radio wave is to assume that the earth has an effective radius that is the larger than its actual value.  The value used here 

an effective earth radius of 4/3  of its actual value.  A second parameter is the climate type, which characterizes the atmosphere and its variability in time.  A continental temperate climate is assumed as default.

Three principal terrain dependent parameters used are ground conductivity , ground dielectric constant  and a terrain roughness factor h.  The terrain roughness factor is a parameter to describe the general irregularity of the surface.  When terrain data is available, the roughness factor can be calculated as the interdecile range of elevations, i.e., the total range of elevations after the highest 10% and the lowest 10% have been removed. 

The three variability parameters are time variability, location variability, and confidence level.  Time variability (QT) is the variability of the propagation loss due to long-term time dependent power fading of the propagating signal relative to the median signal level.

Location variability (QL) is the path-to-path variation in the propagation loss due to differences in site locations and path profiles among paths of the same length in similar environments.   Confidence level is a measure of situation variability in most cases.  Time variability, location variability, and confidence level are set to 10%, 50% and 50% respectively as specified in Annex I of NTIA Manual.  Propagation loss is typically less for probabilities smaller than 50% and more for probabilities greater than 50%.  These values are the same as those used by Federal Communication Commission (FCC) for similar propagation predictions used in interference calculations.  

The program starts with the input parameters described above, an interfering threshold and any additional known system losses.  

3. Input Parameters

The input parameters are shown in Table 1.  If terrain data is not available, then the value of the roughness parameter h can be found from Table 2, which gives suggested values for different types of terrain.

Table 1

Input Parameters

	Description
	Units
	Defaults
	Range

	Interference threshold
	dBW or V
	
	-300 to -1 dBW

or > o V

	Frequency of the new system
	MHz
	
	30–960 MHz

	Frequency separation of proposed

    transmitter and existing receiver
	kHz  
	
	> or = 0 kHz



	Transmitter power of the new system
	Watts
	
	> 100 mw

	Transmitter antenna gain
	dBi
	
	

	Receiver antenna gain
	dBi
	
	

	Transmitter antenna polarization
	
	Vertical
	

	Transmitter and receiver antenna heights
	m or ft.
	
	> 2 m or > 6 ft.

	Transmitter modulation to receiver modulation

Analog to analog    Digital to analog

Analog to digital     Digital to digital
	
	Analog to analog
	

	Environment

Ground type   Dielectric Conductivity

   constant

        Land                15        0.005 S/m

Fresh water             81         0.01 S/m

Salt water                81         5.0  S/m
	
	Land
	

	Dielectric constant (user defined) 
	
	
	> or = 1

	Ground conductivity (user defined)
	S/m
	
	> or = 0 S/m

	Terrain Roughness factor

Latitude/longitude of transmitter

Or Terrain roughness factor h
	DDMMSSN 

DDMMSSW

m or ft.
	Table lookup

90 m or 295 ft.
	21oN - 51oN

60oW-130oW

> or = 0 m or ft

	Radio climate zone:

Continental temperate

Maritime temperate over land

Maritime temperate over sea

Equatorial

Continental subtropical

Maritime subtropical

Desert
	
	Continental 

Temperate
	

	Propagation distance
	km,mi,nmi
	
	1-500 km,mi,nmi

	Additional system losses
	dB
	0
	> or = o dB


Table 2

Suggested values of Terrain Irregularity Parameter



Terrain type



Terrain roughness factor h



Water






0 - 5



Smooth plains





5 - 20



Slightly rolling planes




20 - 40



Rolling plains





40 - 80

Hills






80 - 150

Mountains





150 - 300

Rugged mountains




300 - 700

Very rugged mountains



>700

4. Output

The program calculates the received power level of a transmitter at the receiver location and compares this power level with user specified interference threshold.  It indicates whether the interference is acceptable.  In addition, it shows the input data.  The user has the option of either printing the output or save it to a file.

5. References

1. Manual of Regulations and Procedures for Federal Radio Frequency Management (NTIA), September 2000, Annex I.

2. Frazier, W.E., Operation Manual for the ARPROP Computer Model (area Prediction) as implemented at NTIA/Annapolis, NTIA-TN-78-3.  

3. Longley, A.G. and P.L. Rice, Prediction of Tropospheric Radio transmission Loss Over Irregular Terrain – A Computer Method, ERL 79-ITS-67, Institute of Telecommunication Sciences, Boulder, Colorado, July 1968.

[image: image1.png]Adlacunt Ghansel Salectivity and Dessneltization

70/

40|

10/

Actoomnt Channewl Saieathaly o Dessnatttzofion (d8)

o i i i i
5 10 ® 20 2 0 3B W
Froquency Oftsat {kHz)

== Amsiog to Analog  —+ Ansiop to Dipital
% Dightal to Analog  —5- Digital to Digital







Figure 1.  Adjacent channel selectivity and desensitization chart

(From Reference 1)
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