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Procedurefor determination of territorial resources used by varioustypes of
transmitter emissions for radio licence fee calculation purposes

A. Pavliouk

1 I ntroduction

In dl models for charging for use of the radio-frequency spectrum based on the transmitter
emisson's use of the multidimensona resource frequency/territory/time, it is necessxy to
determine the amount of territorid resources used by the emissions of every tranamitter or network
of trangmitters. In automated spectrum management systems in which the process of frequency
planning and frequency assgnment to transmitters is carried out on the bass of complex and
precise models for cdculaing radio-wave propagation conditions and the service areas of
trangmitters (or radio links), including through the use of digitd topogrgphicd maps such
caculaions do not present any difficulty and may be caried out automaticaly using the same
models.

When the frequency planning and assgnment process is not automated and is carried out manudly
on the bass of tables or graphs of geographicd frequency separation, determining the territorid
resources for the purposes of caculating fees for gpectrum use becomes a separate task requiring
some form of optimization with respect to the tranamitters for the various classes of emisson. A
judicious trade-off between the accuracy and complexity of the caculations has to be found for the
transmitters for each of the many different classes of emisson, so that the caculaions do not
become excessvely resource-consuming. The method set out beow appears to fulfil these
conditions to a large extent. It is based on extensve gpplication of previoudy caculated tables and
graphs. Its contents may aso be used in deveoping the aforementioned automated calculation
methods.

2 VHF/UHF sound and television broadcasting transmitters

2.1 Deter mination of service arearadius

For sound and televison broadcadting transmitters, the quantity of territoria resources used by the
transmitter's emissons is perfectly expressed by the Sze of the transmitter's service area in k. If
the relevant data have aready been determined and are stored in the corresponding databases, they
may be directly used to determine spectrum utilization fees If the data are not avalable,
cdculations can be caried out on the bass of Recommendation | TU-R P.370, which contains
radio-wave propagation curves and methods of usng them to determine the distances a which the
fidd drength tekes on specific vaues adopted as minimum permissble vaues in accordance with
Recommendation I TU-R BT.417.

The radio-wave propagation curves given as an example in Figures1 and 2 (Figures 1la and 9 from
Recommendation ITU-R P.370-7, respectively) represent fidd-strength vadues in the VHF and UHF
bands in dB(nV/m) as a function of various parameters for land paths. They relate to transmitters
with a power of 1 kW radiated by a hdf-wave dipole, and represent field-strength vaues exceeded



a 50% of locations (within any area of approximately 200 mx 200 m) and for 50% of the time.
They correspond to different transmitting antenna heights and a recalving antenna height of 10 m.
The curves ae given for effective transmitting antenna heights between 37.5m and 1200 m.
Intermediate values of tranamitting antenna height may be obtained by linear interpolation. The
curves correspond to a locd teran irregularity parameter of 50m, in other words standard
moderately rough terrain. For the purposes of this smplified method, it is proposed that these
curves aso be used for other types of terrain.

The effective height of the trangmitting antenna hy is determined as its height over the average leve
of the ground between dstances of 3 and 15 km from the transmitter in the direction of the receiver.
The procedures for cdculaing the vaues of iy used to determine the service area radius are shown
in 8§ 2.2 below.



90

80

70

60

50

40

30

20

Field strength (dB(mv/m))

-10

-20

-30

—40

-50

10

FIGURE 1a
Field strength (dB(mV/m)) for 1LkW er.p.
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FIGURE 1
Radiowave propagation curvesfor the band 30-250 MHz
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Field strength (dB(m//m)) for 1 kW er.p.
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Radiowave propagation curvesfor the band 450-1 000 MHz



The limits of the sarvice area are determined by the vaues of minimum usable fidd strength Eq,
generdly used for frequency planning purposes. These vaues are shown in Teble 1.

TABLE 1
Values of minimum usablefield-strength En,

Frequency band <76 76-108 108-230 230-528 >528 <108 MHz
MHz (TV) | MHz(TV) | MHz(TV) MHz (TV) | MHz (TV) (sound)
Emu (dB(nV/m)) 48 52 55 65 70 54

The sarvice area radiuses R obtained from the curves in Figures1l and 2 for various vaues of
effective radiated power (er.p.) Py, €ffective heght of the trangmitting antenna hy and the
minimum ussble fidd-drength vaues given in Tablel are shown in Tables2 to 7 below. Er.p. is
determined as follows:

P, =P+G,+?(dBW) (@)

where:
P = tranamitter power in dB referredto 1 W, i.e. in dBW

G; = antennagain referred to a half-wave dipolein dB
h =feeder lossesin dB.
For the purposes of thismethod, it is proposed to take h = O for al cases.

It should be noted that with large powers and low antennas, and especidly at low frequencies, the
cdculated service area radius exceeds the distance to the radio horizon. Since quality of service
deteriorates sgnificantly beyond the radio horizon, this means that any excessve tranamitter power
is used to no effect. The rdevant distances to the radio horizon, where they are smdler than the
sarvice arearadiuses, are indicated by the second valuesin the boxesin Tables 2 to 4.

It should be pointed out that the data in Figures1 and 2 correspond, without any rescaing, to the
data in the 30 dBW rows in Tables2 to 7 (since 1kW corresponds to 30 dBW). For example, the
distances corresponding to points on the curves in the figures and which may be read off from the
x-axis are printed in bold type in the rlevant row in Tables 4 and 6.



TABLE 2
Servicearearadiusin km for televison at frequenciesbelow 76 MHz , E,, = 48 dB(mW/m)
he (M) | 30 50 75 100 | 150 200 250 | 300 | 350 | 400 | 500
Pes (dBW)
15.0 9.1 11.9 145 16.3 20.2 22.8 25.7 29.0 30.7 | 326 36.4
20.0 11.9 15.1 185 20.5 25.4 28.7 325 36.6 385 | 40.6 45.6
25.0 15.2 19.3 23.2 25.7 321 36.3 405 45.0 475 | 50.2 56.1
30.0 197 | 244 289 324 404 44.9 49.7 4.2 571 | 60.1 66.8
35.0 255 | 306 36.5 40.5 50.2 55.0 59.5 64.8 682 | 716 | 788
40.0 325 | 383 45.8 50.8 60.7 65.7 71.0 76.2 79.7 | 83.7 91.1
43.0 374/ | 437/ 52.2/ 57.2/ 67.2/ 727/ 78.1 83.6 877 | 914 98.5
356 | 422 48.7 54.2 63.5 71.3
46.0 43.0/ | 50.0/ 58.7/ 64.2/ 74.6/ 80.3/ 86.3/ 91.8/ | 954/ | 99.0/ | 108.2/
356 | 422 48.7 54.2 63.5 713 78.2 84.4 90.1 | 954 | 105.2
50.0 522/ | 59.5/ 69.2/ 74.8/ 86.1/ 92.0/ 973/ | 1029/ | 107.9/ | 1127/ | 121.8/
356 | 422 48.7 54.2 63.5 713 78.2 84.4 90.1 | 954 | 105.2
55.0 66.4/ | 74.5/ 85.0/ 914/ | 1018/ 109.2/ | 1157/ | 121.3/ | 126.0/ | 130.4/ | 138.9/
356 | 422 48.7 542 | 635 71.3 782 | 844 | 901 | 954 | 105.2
60.0 85.4/ | 93.6/ 1037/ | 111.3/ | 124.3/ 130.2/ | 1362/ | 139.7/ | 144.0/ | 148.1/ | 158.7/
356 | 422 48.7 54.2 63.5 713 78.2 84.4 90.1 | 954 | 105.2
TABLE 3
Servicearearadiusin km for televison in the frequency band 76-108 MHz,
Emnu = 52 dB(mW/m)
het (M) 30 50 75 100 150 200 250 300 350 400 500
Pes (dBW)
15.0 7.3 96 | 122 | 135 16.8 18.9 21.3 24.1 254 26.9 30.1
20.0 95 | 126 | 152 | 171 | 21.2 239 27.0 30.3 32.2 34.1 38.1
25.0 126 | 160 | 193 | 215 | 26.6 29.9 34.1 38.1 40.1 425 47.8
30.0 161 | 202 | 242 | 269 | 337 379 42.3 46.8 49.3 52.2 58.1
35.0 207 | 255 | 302 | 339 421 46.9 51.6 56.2 59.1 62.4 69.0
40.0 268 | 321 | 381 | 425 | 523 57.0 61.8 67.1 70.5 73.9 812
43.0 310 | 36.7 | 438 | 48.7 58.5 63.4 68.7 74.0 774 81.0 88.6
46.0 36.7/ | 428/ | 50.0/ | B5.1/ | 65.0/ 70.2 75.7 80.8 85.0 88.9 96.0
356 | 422 | 487 | 542 | 635
50.0 430/ | 50.0/ | 587/ | 642/ | 746/ | 80.3/ | 86.3/ | 918 | 954/ | 99.0/ | 1082
356 | 422 | 487 | 542 | 635 71.3 78.2 84.4 90.1 954 | 105.2
55.0 548/ | 623/ | 720/ | 776/ | 8.1/ | 949/ | 100.0/ | 106.6/ | 1115/ | 116.3/ | 125.2/
356 | 422 | 487 | 542 | 635 | 713 | 782 | 844 | 90.1 | 954 | 1052
60.0 60.6/ | 77.9/ | 80.27 | 945 | 106.3/ | 1134/ | 1196/ | 1250/ | 1296/ | 1340/ | 142.3
356 | 422 | 487 | 542 | 635 713 78.2 84.4 90.1 954 | 105.2




Eqny = 55 dB(mW/m)

TABLE 4
Servicearearadiusin km for television in the frequency band 108-230 MHz,

he(m) | 30 [ 50 | 75 [ 100 | 150 | 200 | 250 | 300 | 350 | 400 | 500
Pes (ABW)
15.0 5.9 82 | 104 | 118 | 145 16.3 184 20.9 221 23.3 26.1
20.0 83 | 107 | 134 | 140 | 185 20.8 235 26.5 28.0 295 33.2
25.0 106 | 138 | 16.8 | 188 | 233 26.2 295 334 35.3 37.3 41.7
30.0 139 | 176 | 21.2 | 236 | 29.1 331 37.2 41.4 438 46.3 52.0
35.0 179 | 223 | 265 | 294 | 370 41.3 459 50.4 53.2 56.1 62.4
40.0 231 | 280 | 333 | 372 | 459 50.9 55.6 60.0 63.5 66.9 73.8
43.0 268 | 321 | 381 | 425 | 523 57.0 61.8 67.1 70.5 73.9 81.2
46.0 310 | 36.7 | 438 | 487 | 585 | 634 | 687 | 740 | 774 | 81.0 | 886
50.0 374 | 437/ | 522/ | 57.21 | 67.21 | 727 | 781 | 836 | 87.7 | 914 | 985
356 | 422 | 487 | 542 | 635 713
55.0 474/ | 548/ | 638/ | 69.2/ | 800/ | 86.2 | 919 | 96.9/ | 100.7/ | 105.7/ | 115.0/
356 | 422 | 487 | 542 | 635 | 713 | 782 | 844 | 901 | 954 | 105.2
60.0 60.1/ | 68.0/ | 77.7/ | 842/ | 952/ | 100.8/ | 107.8/ | 114.0/ | 118.8/ | 123.3/ | 132.0/
356 | 422 | 487 | 542 | 635 71.3 78.2 844 90.1 954 | 105.2
TABLES
Servicearearadiusin km for television in the frequency band 230-528 MHz,
Emnu = 65 dB(mW/m)
het (M) 30 50 75 100 150 200 250 300 350 400 500
Pes (ABW)
15.0 3.0 39 5.0 59 8.0 9.7 11.3 12.8 13.3 14.0 16.0
20.0 3.9 5.3 7.0 8.1 111 12.6 141 16.0 171 18.2 21.0
25.0 53 7.2 9.5 10.9 13.8 155 17.8 20.1 21.6 23.2 26.7
30.0 7.1 95 | 122 | 137 | 173 195 222 25.1 26.9 28.7 32.7
35.0 94 | 122 | 150 | 170 214 241 27.3 30.6 32.7 34.8 39.2
40.0 120 | 150 | 188 | 210 | 26.1 294 331 37.0 39.2 416 46.7
43.0 136 | 173 | 21.3 | 238 | 294 331 37.0 411 43.6 46.1 51.2
46.0 154 | 196 | 242 | 269 | 330 37.0 412 45.6 481 50.7 56.1
50.0 187 | 235 | 284 | 316 | 385 43.0 474 51.8 54.5 57.3 63.3
55.0 238 | 291 | 350 | 386 | 465 51.0 55.6 60.0 63.3 66.7 73.3
60.0 305 | 364 | 428 | 470 | 551 59.8 64.9 70.0 73.3 76.7 83.8




TABLE 6
Servicearearadiusin km for television at frequencies above 528 MHz, E,, = 70 dB(mW/m)

het(m) | 30 | 50 | 75 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 500
Pet (dBW)

15.0 2.3 30 | 37 4.2 5.6 6.2 7.1 9.5 10.1 10.4 11.2

20.0 30 | 39 5.0 5.9 8.0 9.7 11.3 12.8 13.3 14.0 16.0

25.0 3.9 5.3 7.0 8.1 111 12.6 14.1 16.0 17.1 18.2 21.0
30.0 5.3 7.2 95 | 109 | 138 155 17.8 20.1 | 216 232 26.7
35.0 7.1 95 | 122 | 137 | 173 19.5 22.2 251 26.9 28.7 | 327
40.0 94 | 122 | 150 | 170 | 214 24.1 27.3 30.6 32.7 34.8 39.2

43.0 108 | 139 | 173 | 193 | 241 27.2 30.6 344 | 365 388 | 437

46.0 125 | 158 | 195 | 220 | 27.2 306 | 343 383 | 40.6 431 | 481

50.0 147 | 188 | 232 | 258 | 318 35.6 39.7 4.1 46.6 490.1 54.5

55.0 187 | 235 | 284 | 316 | 385 430 | 474 51.8 54.5 57.3 63.3

60.0 238 | 291 | 350 | 386 | 465 51.0 | 55.6 60.0 | 63.3 66.7 | 73.3

TABLE7

Servicearearadiusin km for sound broadcasting at frequencies below 108 MHz,
Enu = 54 dB(mW/m)

het(M) | 30 | 50 | 75 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 500
Per (ABW)

15.0 6.3 86 | 110 | 124 | 151 17.1 19.3 220 | 232 244 | 274

20.0 87 | 11.3 | 139 | 154 | 193 21.8 24.5 21.7 29.3 310 | 348

25.0 113 | 145 | 17.7 | 196 | 243 274 | 309 350 | 36.9 389 | 43.6

30.0 145 | 185 | 222 | 246 | 305 34.7 38.8 432 | 456 48.2 54.1

35.0 188 | 233 | 27.7 | 308 | 387 431 | 478 523 | 55.2 58.1 | 64.6

40.0 242 | 293 | 348 | 388 | 480 53.0 | 57.6 624 | 659 69.2 76.3

43.0 282 | 336 | 397 | 445 | 544 59.1 64.1 69.5 72.8 76.2 83.7

46.0 325 | 383 | 458 | 50.8 | 60.7 65.7 71.0 76.2 79.7 83.7 9.1

2.2 Determination of effective antenna height

Asdready dated, the effective height of the transmitting antenna hy is defined as its height over the
average level of the ground between distances of 3 and 15 km from the tranamitter in the direction
of the receiver (see Figure 3), i.e.

ha‘ = hs - hav (2)
where:

hy = antennaheight above sealevd (i.e. the height of the antennamast plusthe
dtitude of the antenna Site above sealevd)

hy, = averagelevd of the ground between distances of 3 and 15 km from the
tranamitter.




It should be borne in mind tha wha is dgnificant is not the physcd height (mest height) but the
effective height of the antenna, Snce antennas are often indaled on hilltops as high as or even
much higher than the mast itself (see Figure 3).

The average level of the ground between distances of 3 and 15km from the transmitter is
determined from topographical maps (preferably with a scde of 1:200000 or 1:500 000). Height
readings must be taken from the maps in the given direction a intervals of 1 or 2 km between
distances of 3 and 15 km from the transmitter, and the average level of the ground is caculated as
the sum of al the readings divided by the number of readings.

Sealeve

FIGURE 3
Determination of effective antenna height

Obvioudy, even with omnidirectiond trangmitting antennas, the actud service area will usudly not
be circular, snce the average level of the ground between distances of 3 and 15km from the
trangmitter in the different directions, and hence the corresponding effective antenna heights, will
vary. Neverthdess, for the purposes of this method, a circular service area based on the effective
antenna height cdculaion in one direction may be assumed in most cases. If an adminidration
wishes to improve the accurecy of cdculations in cases where the terrain profile in different
directions from the antenna varies sgnificantly, cdculations may be caried out in redion to a
paticular average vdue of effective antenna height determined from four vaues obtained from the
average levels of the ground in the longitudind and latitudind directions. An illudrative example of
such cdeulaionsisgivenin Table 8.
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TABLE 8
Example of effective antenna height calculation for very rough terrain
No. | Distance of thereading from the Ground height readings (m)
antenna (km)
North South East W est
1 3 250 240 300 240
2 4 240 220 300 220
3 5 220 180 290 200
4 6 230 180 280 170
5 7 240 160 270 160
6 8 260 140 260 180
7 9 260 120 250 200
8 10 280 120 230 250
9 11 280 110 220 250
10 12 280 100 210 240
11 13 290 100 200 200
12 14 300 80 200 180
13 15 320 60 200 140
Sum of readings (Sy), m 3450 1810 3210 2630
Effective heights (Sy/13), m 265 139 245 202
Average effective height (hy), m 213

2.3 Deter mination of service area

Having caculated the radius of the sarvice area (R in km) by the methods set out in 88 2.1 and 2.2
above, the service area can obvioudy be caculated as.

S=p Rz(kmz) 3)

It can happen that the service area contains two (see example in Figure4) or even three (see
example in FHgure5) segments belonging to different categories for the purposes of spectrum usage
fees Such a dtuation may aso arise on a country's border with other countries The smplified
method described below may be used to caculate the areas of the different segments of the service
area belonging to different fee categories.

The actua curved edges of the different segments in the service area are gpproximated with Straight
lines plotted such that the aress of the different segments lying either sde of the approximetion line
are roughly equa (see Figures4 and 5). The approximation line between segments S' and S5 in
Figure 5 must run dong the radius of the service area, as shown in Figure 5.
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FIGURE 4

Example with two different segmentsin the service area

FIGURE 5

Example with three different segmentsin the service area



The area DS, of segment S, for the case with two segments (Figure 4) is determined by:
R°apj, . . 0
DS, =—c¢—=2%-9nj , = 4
S, > $180 J 2 (4)

where:
] » =angleof the corresponding sector (see Figure 4),

while the area DS, of the segment S; is determined by:
DS, =pR?- S, (5)

With three segments (Figure 5), the segments S,' and S of the totd sector (S’ + S3) havethe
following areas, respectively:

R® apj ' .. 0
DS,'=— 2.Ydnj.,'= 6
Sz 23180 ng ()
R? apj .0
DS, =— 3.Ydnj .+
S, > 180 Jsg (7
y=H
R

where:

H = digtance from the transmitter to the intersection of the gpproximation lines (see
Figure5) in km

j o'andj 3= angles of the respective sectors (see Figure 5) in degrees,
then:

DS;'=pR? - DSy~ DSy €)

Asan example, we shdl cdculate the relative areas of the three segments for the case depictedin
Figure5. Inthisfigure, j »'=88°,) 3=39°andY =0.51.

Then, from (6), (7) and (8), it followsthat: DS,'=0.51R?, DS, = 0.18R* DS,'= 2.45R".

3 Transmittersin the land mobile service

31 Basic calculation method

The mehod follows the radio-wave propagation models known as the modified Okumura-Hata
model, the bass of which is st out in Recommendation | TU-R P.529-2. The modd assumes the
presence of homogeneous urban buildings within the service area, no line-of-9ght  vishility
between the transmitter of the base dation and the mobile persond receiver, and transmitting and
recalving antenna heghts within the range 20-200 m (dthough in most cases 40-100 m) and
1.5-10 m, respectively.

Congdering, for the purposes of this method, that feeder losses in the trangmitting and receiving

antennas are 0O, the signa power R (in dB relative to 1W) at the receiver input may be represented
asfollows.

R =R+G +G, - L(R,dBW (©)



-13-

where:
P; = trangmitter power, dBW
G; = trangmitter antennagain, dB
G; =receiver antennagan, dB
L(R) = transmission losses between the receiver and transmitter, dB.

In order to provide the required sgnal qudity at the edge of the service areg, the following
condition must be met:

R =P

min + kf S
where:

Pmin  =minimum power of the received signd, equd to the sengitivity of the recelver in
dBwW

ki =dgnd fadetolerance for agiven sgna qudity degradation time
s =r.m.s vaueof sgnd fluctuationsin dB.

For 50% of thetime k¢ = 0; for 95% of the time k; = 1.65. For common urban aress, s fluctuates
within the range 6-8 dB. Taking it, as with broadcasting, that the service areais determined by the
50% of the time criterion, then k¢ = O, the product ks s becomes 0, and:

R =R

min

Equating the right-hand sides of equations (9) and (10) in order to satisfy the signa reception
qudity condition at the edge of the service area, we obtain:

R +Gt +Gr - L(R) = Pmin
or.
L(R) = R +Gt +Gr - F)min

According to the modified Okumura- Hata propagation modd, for the median vaue of sgnd fidd
srength (i.e. for 50% of the time):

L(R)=u+xlog R

where u and x are coefficientsin dB, the magnitudes of which depend on frequency and tranamitter
and receiver antenna heights. For common urban aress:

X =44.9- 6.55log h
u =65.55- 6.16log f +13.82log h +a,(h, )for f £1GHz

u=46.3- 339log f +13.821log h +a.(h, )for f 3 1.5GHz
where:
f = working frequency, MHz
h = effective height of tranamitting antenna, m
h, = effective haight of recaiving antenna, m
a,(h,)=(Llogf - 0.7)h, - (L56logf - 0.8),dB

(10)

(11)

(12)

(13)
(14)
(15



-14 -

In accordance with Recommendation ITU-R P.529-2, the effective height of the tranamitting
antenna is determined in accordance with the method given in Recommendation I TU-R P.370, in
other words we follow the method described in § 22 above. However, bearing in mind that
nowadays base gtations in the mobile service are not so powerful and that the corresponding service
aress are thus smaler, for the overwheming magority of cases in towns located on flat terran the
effective heights of the transmitting antennas may be gpproximated to ther heghts above the
ground level a ther location. In accordance with Recommendation I TU-R P.529-2, the antenna
height of amobile or portable gation is taken as its height above ground.

Following equations (11)-(15), the radius of the service area R may be caculated as:

R :10%527‘15j (16)
where:
Zisan easy to cdculate generalized energy parameter in dB, determined by:
z=R+G;+Gy - Ryin (17)

Graphs for the functions R = f (2) cdculated usng equations (16) and (17) for frequencies below
1 GHz and above 1.5 GHz are given in Figures 67 and 89, respectively. Figures 6 and 8 rdlate to
transmitter antenna heights (h) of 40 m, and Figures 7 and 9 to heights of 100 m. In dl the figures,
line 1 relates to recelving antenna heights (i) of 1.5 m, line 2 to heights of 10 m. Line 2 aso makes
it possible to use these graphs dso for cdculations in relaion to fixed VHF/UHF radio systems and
with "point-to-ared’ programme distribution sysems, with community recelving antennas inddled
on building roofs. Line 3 plots the functions for free-space propagation conditions. These lines may
be used for cdculations relating to short fixed VHFUHF radio links with line-of-site. For other
vaues of antenna height within the above ranges, the service area radius can be obtained from the
graphsin Figures 6 to 9 by interpolation.

A few typicd vdues of the paameters in equation (17) for a range of land mobile
radiocommunication systems, including digitl enhanced cordless telecommunicetions (DECT) and
private mobile radio (PMR) are given in Table 9.

TABLE9

Parametersfor different systems

Parameter/system CDMA GSM AMPS NMT DECT PMR
Transmitting antenna gain (G), dB 13 18 17 10-17 3 6-15
Receiving antenna gain (G;), dB 0 0 0 6 3 36
Receiver sensitivity (Py), dBW - 147 -138 - 146 -115 112 -110
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Calculated servicearearadiusfor frequenciesbelow 1 500 MHz, hy =40 m
1: h,=1.5m, 2: h, =10 m, 3: free-gpace propagation
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Calculated service area radiusfor frequenciesbelow 1 500 MHz, hy = 100 m
1. hy=15m, 2. h, =10 m, 3: free-space propagation
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3.2 Calculation method

With the grgphs in Figures6-9, the cdculation method becomes extremey smple. All we have to
do is subditute in equation(17) the corresponding parameters from the naiond frequency
assgnment database (or, faling this from Table 9), and compute the corresponding service area
radius R for the caculated value of the parameter z directly on one of the graphs according to
antenna height and working frequency. Given that the service areas of base gdations in the land
mobile sarvice, and paticulaly in cdlular sysems ae rdaivdy smdl, they ae usudly
circumscribed within a single spectrum licence fee category. The area of the service area may thus
usudly be cdculated from the smple equation (3).

4 Transmittersin the maritime mobile service

4.1 Basisfor the calculation method

In accordance with the provisons of Recommendation I TU-R P.616, the service areas of coast and
ship dations in the VHF band operating in the frequency band 156-174 MHz (Appendix S18 of the
Radio Regulations) may be deemined from the radio-wave propagation curves in
Recommendation ITU-RP.370 - in other words on the same bass as for broadcasting (see §2.1
above). The technicd characteristics of the equipment are set out in Recommendation
ITU-R M.489-2.

For ship dations with a non-directiond transmitting antenna, the area of the service area (S) is
given by:

S=p R (km?) (18)

where:

Rs: Radius of the circular service area determined from the propagation curvesin
Recommendation ITU-R P.370 for the 30-250 MHz band; sea; 50% of the time;
50% of the locations (Figure 1b in Recommendation ITU-R P.370-7).

It should be pointed out that in this specific case the curves are the same for both cold and warm
sea. The tranamitting and receiving antenna heights may be consdered to be equd to ther actud
height above sea levd. To amplify use of the curves in Recommendation ITU-RP.370, the
recelving antenna heights may be taken as 10m in dl cases. Nevertheless, it should be noted that to
ensure equa radiocommunicetion conditions between coast and ship dations in both directions, the
recalving antennas of the coast daions have the same height as the trangmitting antennas. When
cdculating the actud heights of receiving antennas, corrections have to be introduced in accordance
with the methods set out in Recommendation ITU-R P.370. For caculations specific to sea paths, it
isas0 possibleto use auniversd correction factor of —5 dB for dl distances.

For ship dations usng non-directiona antennas, it may be consdered that haf of the circular
service area with a radius R, the actua service area itsdlf, lies over the sea, and the other haf with a
radius R over land, such thet:

S=05p (R + R?) (km?) (19)

where:

R;: Radius of the area covered by the emission and lying over dry land, caculated
from the radio-wave propagation curves in Recommendation ITU-R P.370 for the
frequency band 30-250 MHz; land; 50% of the time; 50% of the locations
(Figure 1ain Recommendation ITU-R P.370-7, reproduced in Figure 1 above).
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For the land portion of the area, the effective antenna height is determined as indicated above for
broadcasting (see § 2.2).

Since the maritime mobile service is one of the safety of life services it must enjoy a high levd of
reliability. Thus, the minimum useeble fidd drength a the edge of the service area is taken as
30dB above the gandard receiver sengtivity (20nV in accordance with Recommendation ITU-R

M.489-2), i.e. En, = 36 dB (mV/m).

On the basis of the above parameters and tolerances and assuming a gain of 6dB for dl antennas,
the radiuses of sea and land aress were caculated for different vaues of transmitter power from
10to 50W (maximum carier power of coast dation trangmitters in accordance with
Recommendation I TU-R M.489-2) and different effective antenna heights in  Recommendation
ITU-R P.370-7. The results of the cdculations ae shown in Table 10. The data for effective
antenna heights of 95 and 19m were obtained by graphica approximeaion, which is quite
acceptable for the purposes of this method.

For coast gations located on the banks of rivers or reatively narrow lakes, the whole service area
may be calculated as being over land, i.e.:

S=pR? (km?) (20)
When directiona transmitting antennas are used, the concept of "service sector” may be employed,
as defined in Recommendation ITU-R F.162-3 (see § 6 below).

For HF radio links, the area covered may be cdculated only within the boundaries of a country's
territorid waters (usualy 200 miles, i.e. around 360 km).

TABLE 3.2

Radiuses of sea and land areas (in km) for transmittersin the
maritime mobile servicein the band 156-174 MHz

P(W) Her (M) 9.5 19 375 75 150 300
paths

10 land 11 16 21 28 37 50
sea 19 25 3 43 55 72

20 land 13 18 23 32 44 57
sea 21 28 37 50 62 80

land 15 20 26 A4 61

sea 23 30 41 54 68 87

land 17 2 28 36 48 64

sea 25 32 47 57 72 92

50 land 18 23 30 38 50 66
sea 26 3 46 60 76 9%

4.2 Calculation method

For a known trangmitter power and transmitter antenna height above sea leve, the sarvice area
radius over the sea can be determined directly from Table 10. For intermediate values, linear
interpolation can be used. For a known radius, the area of the service area of a ship station and the
sea portion of the service area of a coast station can be caculated using equations (18) and (19). To
determine the radius of the land portion of the service area of a coast dtation, it is firs necessary to
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determine the effective antenna height above the average level of the ground, as described in 8§2.2
above. In this case, the procedure can be smplified by cdculaing the average levd of the ground
only in one direction, perpendicular to the averaged coadline. After cdculating the area of the land
portion, the tota areais determined using equeation (19).

5 Transmittersin the aer onautical mobile, radionavigation and
radiolocation services

All the above sarvices involve radiocommunication (or locdization) with high-flying arcraft. This
reults in large service aress, the limits of which are determined by the disances to the radio
horizon. Taking into account the refraction of radio waves in the Earth's atmosphere, the distance to
the radio horizon (Ry) may be caculated using the equation:

Ry =4.14[hy +.[h, (km) (21)

where:

h: height of the tranamitting antenna above the average leve of the ground (on the
Earth or on the aircraft), m

h: height of the recaiving antenna over the average level of the ground (on the Earth
or on the aircraft), m

With an arcraft dtitude of 10000 m and an antenna height on the ground of 15m, equation (21)
gives a digance to the radio horizon of the order of 430 km. Beyond the radio horizon the fied
drength fdls sharply, as can cearly be seen from the curves in Recommendation ITU-R P.528.
Therefore, in this specific case, the radius of the service area may be taken as being equd to the
distance to the radio horizon irrespective of the transmitter power and receiver sengtivity.

In these sarvices, nondirectiond transmitting antennas are widely used. In cases where directiond
transmitting antennas are used (mainly in radionavigation and sector radiolocation), the concept of
"service sector” in accordance with Recommendation ITU-R F.162-3 may be used (see 8§ 6 below).

Since these sarvices are safety of life services and the overal spectrum resource they occupy for the
purpose of caculating spectrum licence fees is usudly ggnificantly reduced through the gpplication
of appropriate coefficients, it is hardly advisable to contemplate subdividing the service area into
different portions beonging to different spectrum utilizetion fee caegories The caegory
corresponding to the largest portion in terms of areamay be adopted for the whole area.

A dmilar approach to determining the territorial resources occupied may aso be adopted for
maritime radionavigation and radiolocation, usng in equetion(21) a target height of about 10 m as
the receiving antenna height.

6 Transmittersin the fixed service

Today, dl fixed radiocommunication sysems, such as HFVHF radio links and UHF/SHF
radio-reay links, use directional and highly directional antennas. Thus, in this case the area covered
by the transmitter emisson can be cdculaed usng the "service sector" concept set out in
Recommendation 1TU-RF.162-3. According to that recommendation, the service sector for
HF fixed radio links using directiond antennas is very cdose to twice the angular width of the main
beam of the antenna radiation pattern. Given the smilar physicd basis involved, for the purposes of
this method this concept may be used for fixed radiocommunications in other frequency bands as
well, induding radio-relay links.
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Thus, if the angular width of the antenna radiation pattern q is known (from the nationd frequency
assgnment database, reference documentation or on request from the sysem operator or user), the

area used by an emisson S may be determined by:
St =plL2 (q/180), km? (22)

where:
g: width of antenna radiation pattern in degrees at haf power (—3 dB)
Lo length of theradio link, km

Fixed radio links, especidly radio-rday, are carefully planned, and the planning methods are very
complex. To improve the rdiability of communications, extremdy high fading margins are
employed. In view of this and in order to avoid complex cdculations, for the purposes of this
method it is proposed to use as the length of the area occupied by the emission the actua distance
between transmitter and receiver, i.e the length of the radio link L., and for radio-relay, the length
of the hop between two repeaters. The overal territoria resource used by the radio-rday link will
be equd to the sum of the areas used by each condtituent hop. In caculating the spectrum resource
used by te emission, it is necessary to bear in mind that transmission is bidirectiond and the fact
that different hops may have different emission bandwidths on account of branch lines.

Here again, it is dso possble to adopt the principle of subdividing the overdl area into portions
with different spectrum fee categories, as put forward for broadcasting in 82.3. However, this has a
lot less impact here, snce the areas occupied by transmitter emissons are smdler. Nevertheess, if
an adminidration wishes to improve the accuracy of the cdculaions somewhat, the following
equations can be used for cases where the area crosses two portions the boundary of which runs

perpendicular a a distance Ly, from the tranamitter:

:i x|_2
S T

= i )((L 2 —L 2)
S 180 P AL b
For international HF communications, the aress covered may be calculated only within the national
territory.

7 Earth stations operating with satellite communication systems

As with the terrestrid fixed service addressed in 8 6 above, the "service sector” concept contained
in Recommendation I TU-R F.162-3 (see 8§86 above) can be used to determine the areas used by
emissons from the transmitters of earth Sations in satdllite communication systems.

For earth dtations, it is extremey difficult to arive a an accurate determination of the distance L in
equation (22). Therefore, it is suggested that these distances be determined on the bass of the
coordination distances agreed upon during the process of coordination of the frequency assgnments
with ITU-R. If these data are not available, one may use the universal coordinaion distances of
350 km for VSAT dations and 750 km for al other stations. In many cases, it may aso be possble
to use the values agreed between the administration and the relevant operators.
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8 Conclusion

This document sets out a generd gpproach to determining the amount of territoria resources used
by a tranamitter emisson, illustrated with specific cdculation methods for the whole range of most
frequently employed classes of emisson. By andogy, methods can dso be developed for other
cases not covered here.

Also in the case where a frequency assgnment relaies only to a receiver requiring protection, it is
dill possible to caculate the amount of territoria resources within which it is not possble to locate
another transmitter operating on the same frequency and in the same direction. In this case, on the
bass of the principle of reciprocity, the receiver is replaced by a transmitter and antenna with
typica characterigtics for the type of servicein question.

In concluson, the author wishes to express his gratitude to T.A. Romanova and S.N. Dudukin
(NIIR, Moscow) for the materid they contributed for this report.




