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E
xhibit C

:
Pow

er D
istribution for M

obile N
etw

orks

In 2013, A
T&

T subm
itted a study to the ITU

 providing a snapshot of the pow
er used in its 3G

PP 
U

M
TS/H

SPA
+ and LTE netw

ork in the U
nited States. 14

The
study considered a netw

ork 
covering approxim

ately 1000 km
2com

prised of approxim
ately 900 cell sites, w

ith over 3500 
sectors individually m

easured and tracked for pow
er level m

easurem
ents of base station and U

E 
transm

it levels.  The region involved a m
ix of terrain types, including hilly regions, and included 

key portions of an urban area and surrounding suburban areas.  M
easurem

ents w
ere perform

ed 
on a “per sector” basis gathered over a typical operation day in late June of 2013 from

 14:00 to 
18:00 hours at up to 100 m

s intervals.

D
ata show

ing the pow
er distribution of sectors for B

Ss in a com
bined urban, suburban and rural 

setting are show
n below

 in Table 1:

Table 1

A
s show

n, only 0.8%
 of the tim

e is the B
S sector operating at full pow

er; over 90%
 of the tim

e 
the sector is radiating at halfpow

er or less, and 13.2%
 of the tim

e it is 10 dB
 or m

ore below
 

m
axim

um
 pow

er.  The distribution of pow
er levels for U

Es is show
n in Table 2, and show

s even 
low

er typical pow
ers:

14System
 D

esign Inform
ation A

nd D
ynam

ic D
ata M

easurem
ents O

f O
perating C

haracteristics
For A

 C
om

m
ercial IM

T M
obile B

roadband System
 In C

onsideration O
f Sharing Study 

Param
eters, D

ocum
ent 5D

/395-E (July 3, 2013); available at:
http://w

w
w

.itu.int/m
d/R

12-
W

P5D
-C

-0395/en
(requires TIES account).
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Table 2

The data in Table 2 show
s that U

E operates at half pow
er or less alm

ost 90%
 of the tim

e, and 10 
dB

 dow
n alm

ost 80%
 of the tim

e.
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E
xhibit D

:
E

stim
ate of FSS beam

 area

The earth-to-satellite link (i.e. uplink) com
prises of  an earth station transm

itting tow
ards the satellite 

w
ith a directional transm

it (Tx) antenna , and a satellite receiving the signal w
ith a directional (typically 

parabolic) receiver (Rx)  antenna. The Rx antenna on board the satellite form
s a spot w

here the solid 
angle form

ed by the Rx beam
 subtends the surface of the earth; this is typically know

n as a spot-beam
. 

This area covered by the Satellite RX antenna is dependent on the antenna gain. The table below
 show

s 
som

e exam
ples of satellite antennas and the respective Half-Pow

er beam
 w

idths (HPBW
) represented 

by spot  as one-half of the HPBW
. The calculation assum

es a pattern from
 a parabolic antenna. 

 
 

Class 1 
Class 2 

Class 3 
Class 4 

Antenna gain (dBi)
60

60
30

50

sspot  (degrees) 
0.0875 

0.0875 
2.86 

0.28 

HPBW
 (degrees) 

0.175 
0.175 

5.71 
0.56 

Figure 2        Relationship betw
een antenna gain and HPBW

 for the four satellite classes 

The covered area is determ
ined by the location of the Satellite relative to the Earth Station. The 

follow
ing describes a sim

plified calculation of the area in the spot-beam
 around the Earth Station. 

The Satellite is located over the equator and is furtherm
ore assum

ed to be at a position at the sam
e 

longitude as the Earth Station. The covered area m
ay be approxim

ated as an ellipse on the Earth’s 
surface, subtending a solid angle equivalent to the geom

etry of the beam
 pattern.  

The angle of arrival, or angle over the horizon “
”, and the distance “d”, can be calculated w

ith the 
m

odel show
ed in the picture below

.  

 

 

R  = Radius of Earth 

 = the latitude of the Earth Station 
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h = the altitude of the satellite over the equator 

d = distance betw
een the Satellite and the Earth Station 

 =elevation angle to the satellite 

 

 (a) 

 

2
spot = HPBW

 of the satellite RX antenna 

  

(b) 

Figure 3     G
eom

etrical relationship betw
een the angles and the area of the spot-beam

: (a) O
rthogonal view

 to earth; (b) 
azim

uth and elevation in regard to spot-beam
 area. 

The area covered by the Satellite RX antenna beam
 on the earth’s surface is defined by the area of the 

ellipse defined by the m
odel below

. The d
1  and d

2  is the distance the ellipse covers in N
orth-South and 

East-W
est directions, respectively. 

U
sing this m

odel, the coverage areas for the Satellite RX antenna can be estim
ated.  
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The estim
ated areas for the exam

ple antennas are show
n in picture above w

ith the m
odel can be found 

in Table 3. 

 
 

Class 1 
Class 2 

Class 3 
Class 4 

Antenna G
ain 

dBi 
60 

60 
30 

50 
HPBW

  
degrees 

0.175 
0.175 

5.71 
0.56 

Satellite-to-earth-station d 
km

 
37000 

37000 
11000 

37000 
Beam

 coverage area 
km 2 

~11,000 
~11,000 

~1,200,000 
~147,000 

Table 3   Beam
 Coverage Areas 

The covered area is highly dependent on the antenna gain and the distance to the satellite. 
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