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Why a joint spectrum workshop now?
• Collaborations between India and USA at the very highest levels.

• Joint Statement from the USA and India: Joint Statement

• Sharing a vision of secure and trusted telecommunications, resilient supply chains, and global digital inclusion, 

Prime Minister Modi and President Biden welcomed the signing of a Memorandum of Understanding (MoU) 

between Bharat 6G Alliance and Next G Alliance, operated by Alliance for Telecommunications Industry Solutions, 

as a first step towards deepening public-private cooperation between vendors and operators.

• Joint research collaborations initiated by the National Science Foundation (NSF) in India:
• NSF collaboration with DST: https://www.nsf.gov/pubs/2023/nsf23114/nsf23114.jsp

• NSF Collaboration with MeitY: https://www.nsf.gov/pubs/2023/nsf23139/nsf23139.jsp

• Spectrum is central to all future wireless applications.

https://www.whitehouse.gov/briefing-room/statements-releases/2023/09/08/joint-statement-from-india-and-the-united-states/#:~:text=Sharing%20a%20vision%20of%20secure,by%20Alliance%20for%20Telecommunications%20Industry
https://www.nsf.gov/pubs/2023/nsf23114/nsf23114.jsp
https://www.nsf.gov/pubs/2023/nsf23139/nsf23139.jsp


The spectrum picture: very little clean spectrum left
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Non-Federal Travelers Information Stations (TIS), a mobile service, are authorized in the 535-1705 kHz band.  Federal TIS operates at 1610 kHz.

300 kHz 3 MHz

Maritime

Mobile

3MHz 30 MHz

A
E

R
O

N
A

U
TI

C
A

L
M

O
B

IL
E

 (O
R

)

F
IX

E
D

M
O

B
IL

E
ex

ce
pt

 a
er

on
au

tic
al

 m
ob

ile
 (

R
)

FIXED

MOBILE
except aeronautical 

mobile

A
E

R
O

N
A

U
TI

C
A

L
M

O
B

IL
E

 (R
)

AMATEUR M
A

R
IT

IM
E

 M
O

B
IL

E
F

IX
E

D

MARITIME
MOBILE

F
IX

E
D

M
O

B
IL

E
ex

ce
pt

 a
er

on
au

tic
al

 m
ob

ile
 (

R
)

A
E

R
O

N
A

U
TI

C
A

L 
M

O
B

IL
E

 (R
)

A
E

R
O

N
A

U
TI

C
A

L 
M

O
B

IL
E

 (O
R

)

M
O

B
IL

E
ex

ce
pt

 a
er

on
au

tic
al

 m
ob

ile
 (

R
)

F
IX

E
D

S
TA

N
D

A
R

D
 F

R
E

Q
U

E
N

C
Y

 A
N

D
 T

IM
E

 S
IG

N
A

L 
(5

 M
H

z)

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

FIXED

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
R

)

A
E

R
O

N
A

U
TI

C
A

L 
M

O
B

IL
E

 (O
R

)

F
IX

E
D

M
O

B
IL

E
ex

ce
pt

 a
er

on
au

tic
al

 m
ob

ile
 (

R
)

M
A

R
IT

IM
E

 M
O

B
IL

E

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
R

)

A
E

R
O

N
A

U
TI

C
A

L 
M

O
B

IL
E

 (O
R

)

F
IX

E
D

A
M

A
T

E
U

R
 S

A
T

E
LL

IT
E

A
M

A
T

E
U

R

A
M

A
T

E
U

R

B
R

O
A

D
C

A
S

T
IN

G

FIXED

MOBILE
except aeronautical 

mobile (R)

M
A

R
IT

IM
E

 M
O

B
IL

E
F

IX
E

D

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
R

)

A
E

R
O

N
A

U
TI

C
A

L 
M

O
B

IL
E

 (O
R

)

F
IX

E
D

B
R

O
A

D
C

A
S

T
IN

G

F
IX

E
D

S
TA

N
D

A
R

D
 F

R
E

Q
U

E
N

C
Y

 A
N

D
 T

IM
E

 S
IG

N
A

L 
(1

0 
M

H
z)

A
E

R
O

N
A

U
TI

C
A

L 
M

O
B

IL
E

 (R
)

A
M

A
T

E
U

R

FIXED

Mobile
except

aeronautical mobile 

(R)

A
E

R
O

N
A

U
TI

C
A

L 
M

O
B

IL
E

 (O
R

)

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
R

)

F
IX

E
D

B
R

O
A

D
C

A
S

T
IN

G

F
IX

E
D

M
A

R
IT

IM
E

M
O

B
IL

E

A
E

R
O

N
A

U
TI

C
A

L 
M

O
B

IL
E

 (O
R

)

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
R

)

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

  
  

  
  

  
F

IX
E

D
M

ob
ile

ex
ce

pt
 a

er
on

au
tic

al
 m

ob
ile

 (
R

)

B
R

O
A

D
C

A
S

T
IN

G

  
  

  
  

  
F

IX
E

D
M

ob
ile

ex
ce

pt
 a

er
on

au
tic

al
 m

ob
ile

 (
R

)

A
M

A
T

E
U

R

M
ob

ile
ex

ce
pt

 a
er

on
au

tic
al

 m
ob

ile
 (

R
)

  
  

  
  

  
F

IX
E

D

S
TA

N
D

A
R

D
 F

R
E

Q
U

E
N

C
Y

 A
N

D
 T

IM
E

 S
IG

N
A

L 
(1

5 
M

H
z)

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
O

R
)

B
R

O
A

D
C

A
S

T
IN

G

M
A

R
IT

IM
E

M
O

B
IL

E

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
R

)
A

E
R

O
N

A
U

TI
C

A
L 

M
O

B
IL

E
 (O

R
)

  
  

  
  

  
F

IX
E

DA
M

A
T

E
U

R
 S

A
T

E
LL

IT
E

A
M

A
T

E
U

R
 S

A
T

E
LL

IT
E

  
  

  
  

  
F

IX
E

D

3.
0 

                       3.
02

5 
                       3.

15
5 

                    3.
23

 
                             3.

4 
                            3.

5 
                                                                                                             4.

0 
             4.

06
3 

                                                                                      4.
43

8 
                                    4.

65
 

              4.
7 

                4.
75

 
                    4.

85
 

                             4.
99

5 
           5.

00
5 

              5.
06

 
                                                      5.

45
 

                                    5.
68

 
               5.

73
 

                    5.
59

 
                                          6.

2 
                                                    6.

52
5 

                        6.
68

5 
              6.

76
5 

                                  7.
0 

                7.
1 

                                               7.
3 

             7.
4 

                                                          8.
1 

              8.
19

5 
                                  8.

81
5 

               8.
96

5 
          9.

04
 

               9.
4 

                                           9.
9 

           9.
99

5 
         10

.0
05

 
          10

.1
 

          10
.1

5 
                                                11

.1
75

 
                   11

.2
75

 
                   11

.4
 

            11
.6

 
                   12

.1
 

                    12
.2

3 
                                            13

.2
 

          13
.2

6 
               13

.3
6 

          13
.4

1 
                   13

.5
7 

               13
.8

7 
                          14

.0
 

                14
.2

5 
               14

.3
5 

                   14
.9

9 
          15

.0
1 

            15
.1

 
                                       15

.8
 

                                    16
.3

6 
                                  17

.4
1 

           17
.4

8 
               17

.9
 

             17
.9

7 
          18

.0
3 

          18
.0

68
 

                18
.1

68
 

           18
.7

8 
        18

.9
 

         19
.0

2 
           19

.6
8 

         19
.8

 
           19

.9
9 

          20
.0

1 
           21

.0
 

               21
.4

5 
          21

.8
5 

             21
.9

24
 

           22
.0

 
          22

.8
55

 
            23

.0
 

               23
.2

 
             23

.3
5 

               24
.8

9 
               24

.9
9 

           25
.0

1 
          25

.0
7 

          25
.2

1 
          25

.3
3 

             25
.5

5 
          25

.6
7 

          26
.1

 
         26

.1
75

 
         26

.4
8 

                26
.9

5 
            26

.9
6 

               27
.2

3 
                27

.4
1 

               27
.5

4 
          28

.0
 

                29
.7

 
          29

.8
 

             29
.8

9 
          29

.9
1 

                  30
.0

B
R

O
A

D
C

A
S

T
IN

G

M
A

R
IT

IM
E

 M
O

B
IL

E

B
R

O
A

D
C

A
S

T
IN

G

  
  

  
  

  
F

IX
E

D

  
  

  
  

  
F

IX
E

D

M
A

R
IT

IM
E

 M
O

B
IL

E

  
  

  
  

  
F

IX
E

D

S
TA

N
D

A
R

D
 F

R
E

Q
U

E
N

C
Y

 A
N

D
 T

IM
E

 S
IG

N
A

L 
(2

0 
M

H
z)

M
ob

ile

M
ob

ile

  
  

  
  

  
F

IX
E

D

B
R

O
A

D
C

A
S

T
IN

G

  
  

  
  

  
F

IX
E

D

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
R

)
M

A
R

IT
IM

E
 M

O
B

IL
E

A
M

A
T

E
U

R
 S

A
T

E
LL

IT
E

A
M

A
T

E
U

R

  
  

  
  

  
F

IX
E

D

M
ob

ile

ex
ce

pt
 a

er
on

au
tic

al
 m

ob
ile

 (
R

)
  

  
  

  
  

F
IX

E
D

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 (
O

R
)

M
O

B
IL

E

ex
ce

pt
 a

er
on

au
tic

al
 m

ob
ile

  
  

  
  

  
F

IX
E

D

A
M

A
T

E
U

R
 S

A
T

E
LL

IT
E

A
M

A
T

E
U

R

S
TA

N
D

A
R

D
 F

R
E

Q
. A

N
D

 T
IM

E
 S

IG
N

A
L 

(2
5 

M
H

z)

 L
A

N
D

 M
O

B
IL

E

M
A

R
IT

IM
E

 M
O

B
IL

E

 L
A

N
D

 M
O

B
IL

E

  
  

  
  

  
F

IX
E

D
M

O
B

IL
E

 e
xc

ep
t a

er
on

au
tic

al
 m

ob
ile

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

B
R

O
A

D
C

A
S

T
IN

G
M

A
R

IT
IM

E
 M

O
B

IL
E

 L
A

N
D

 M
O

B
IL

E

M
O

B
IL

E

ex
ce

pt
 a

er
on

au
tic

al
 m

ob
ile

M
O

B
IL

E
 e

xc
ep

t a
er

on
au

tic
al

 m
ob

ile
  

  
  

  
  

F
IX

E
D

 L
A

N
D

 M
O

B
IL

E

  
  

  
  

  
F

IX
E

D
M

O
B

IL
E

ex
ce

pt
 a

er
on

au
tic

al
 m

ob
ile

  
  

  
  

  
F

IX
E

D

  
  

  
  

  
F

IX
E

D

 M
O

B
IL

E
  

  
  

  
  

F
IX

E
D

A
M

A
T

E
U

R
 S

A
T

E
LL

IT
E

A
M

A
T

E
U

R

 L
A

N
D

 M
O

B
IL

E

  
  

  
  

  
F

IX
E

D

  
  

  
  

  
F

IX
E

D
 M

O
B

IL
E

  
  

  
  

  
F

IX
E

D

A
M

A
T

E
U

R

M
O

B
IL

E
ex

ce
pt

 a
er

on
au

tic
al

 m
ob

ile
 (

R
)

A
M

A
T

E
U

R

  
  

  
  

  
F

IX
E

DB
R

O
A

D
C

A
S

T
IN

G

M
A

R
IT

IM
E

 M
O

B
IL

E

MOBILE
except aeronautical 

mobile

30
0 

                                                                       32
5 

                           33
5 

                                                                                                                                                                               40
5 

              41
5 

                                            43
5 

                                                                                                                      49
5 

                   50
5 

            51
0 

                                          52
5 

                            53
5 

                                                                                                               16
05

 
            16

15
 

                                                                                            17
05

 
                                                 18

00
 

                                                  19
00

 
                                               20

00
 

                             20
65

 
               21

07
 

                       21
70

 
                             21

73
.5

 
                   21

90
.5

 
                                         21

94
 

                                                                                       24
95

 
                                       25

05
 

                                                                                         28
50

 
                                 30

00
 

 

30 MHz 300 MHz

F
IX

E
D

M
O

B
IL

E

LA
N

D
 M

O
B

IL
E

M
O

B
IL

E

M
O

B
IL

E

M
O

B
IL

E

LA
N

D
 M

O
B

IL
E

LA
N

D
 M

O
B

IL
E

F
IX

E
D

F
IX

E
D

F
IX

E
D

F
IX

E
D

F
IX

E
D

F
IX

E
D

LA
N

D
 M

O
B

IL
E LA

N
D

 M
O

B
IL

E
R

ad
io

 a
st

ro
no

m
y

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

M
O

B
IL

E

LA
N

D
 M

O
B

IL
E

M
O

B
IL

E
F

IX
E

D

F
IX

E
D

LA
N

D
 M

O
B

IL
E

LA
N

D
 M

O
B

IL
E

F
IX

E
D

M
O

B
IL

E

LA
N

D
 M

O
B

IL
E

F
IX

E
D

M
O

B
IL

E

AMATEUR BROADCASTING

(TELEVISION )

F
IX

E
D

M
O

B
IL

E

RA
DI

O 
AS

TR
ON

OM
Y M

O
B

IL
E

F
IX

E
D

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

A
V

IG
A

T
IO

N

M
O

B
IL

E

M
O

B
IL

E

F
IX

E
D

F
IX

E
D

BROADCASTING

(TELEVISION)

BROADCASTING

(FM RADIO)

AERONAUTICAL

RADIONAVIGATION

A
E

R
O

N
A

U
T

IC
A

L
M

O
B

IL
E

 (
R

)

A
E

R
O

N
A

U
T

IC
A

L
M

O
B

IL
E

 (
R

)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
AE

RO
NA

UT
IC

AL
 M

OB
ILE

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (R

)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 (R

)
M

O
BI

LE
-S

AT
EL

LI
TE

(s
pa

ce
-to

-E
ar

th
)

M
O

BI
LE

-S
AT

EL
LI

TE
(s

pa
ce

-to
-E

ar
th

)

M
ob

ile
-s

at
el

lit
e

(s
pa

ce
-to

-E
ar

th
)

M
ob

ile
-s

at
el

lit
e

(s
pa

ce
-to

-E
ar

th
)

SP
AC

E 
R

ES
EA

R
C

H
(s

pa
ce

-to
-E

ar
th

)

SP
AC

E 
R

ES
EA

R
C

H
(s

pa
ce

-to
-E

ar
th

)

SP
AC

E 
R

ES
EA

R
C

H
(s

pa
ce

-to
-E

ar
th

)

SP
AC

E 
R

ES
EA

R
C

H
(s

pa
ce

-to
-E

ar
th

)

SP
AC

E 
O

PE
R

AT
IO

N
(s

pa
ce

-to
-E

ar
th

)

SP
AC

E 
O

PE
R

AT
IO

N
(s

pa
ce

-to
-E

ar
th

)

SP
AC

E 
O

PE
R

AT
IO

N
(s

pa
ce

-to
-E

ar
th

)

SP
AC

E 
O

PE
R

AT
IO

N
(s

pa
ce

-to
-E

ar
th

)

M
ET

. S
AT

EL
LI

TE

(s
pa

ce
-to

-E
ar

th
)

M
ET

. S
AT

EL
LI

TE

(s
pa

ce
-to

-E
ar

th
)

M
ET

. S
AT

EL
LI

TE

(s
pa

ce
-to

-E
ar

th
)

M
ET

. S
AT

EL
LI

TE

(s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

M
O

B
IL

E

A
M

AT
E

U
R

- S
AT

E
LL

IT
E

A
M

AT
E

U
R

A
M

AT
E

U
R

F
IX

E
D

M
O

B
IL

E

M
O

BI
LE

-S
AT

EL
LI

TE
(E

ar
th

-to
-s

pa
ce

)

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

 L
A

N
D

 M
O

B
IL

E

F
IX

E
D

 L
A

N
D

 M
O

B
IL

E

R
A

D
IO

N
A

V
IG

A
T

IO
N

-
S

A
T

E
L

L
IT

E

 M
A

R
IT

IM
E

 M
O

B
IL

E

 M
A

R
IT

IM
E

 M
O

B
IL

E

 M
A

R
IT

IM
E

 M
O

B
IL

E

M
O

B
IL

E
 e

xc
ep

t a
er

on
au

tic
al

 m
ob

ile

F
IX

E
D

 L
A

N
D

 M
O

B
IL

E

 M
A

R
IT

IM
E

 M
O

B
IL

E

M
O

B
IL

E
 e

xc
ep

t a
er

on
au

tic
al

 m
ob

ile

 M
A

R
IT

IM
E

 M
O

B
IL

E
 (A

IS
)

M
O

B
IL

E
 e

xc
ep

t a
er

on
au

tic
al

 m
ob

ile

F
IX

E
D

F
IX

E
D

La
nd

 m
ob

ile

F
IX

E
D

M
O

B
IL

E F
IX

E
D

M
O

B
IL

E
 e

xc
ep

t  
   

  

ae
ro

na
ut

ic
al

 m
ob

ile

M
ob

ile
F

IX
E

D
M

O
B

IL
E

 e
xc

ep
t

 a
er

on
au

tic
al

 m
ob

ile

FIXED

MOBILE

LA
N

D
 M

O
B

IL
E

M
A

R
IT

IM
E

 M
O

B
IL

E
 (

di
st

re
ss

, u
rg

en
cy

, s
af

et
y 

an
d 

ca
lli

ng
)

 M
A

R
IT

IM
E

 M
O

B
IL

E
 (A

IS
)

M
O

B
IL

E

 e
xc

ep
t a

er
on

au
tic

al
 

m
ob

ile
F

IX
E

D

Am
ate

ur

A
E

R
O

N
A

U
T

IC
A

L
M

O
B

IL
E

 (
R

)

M
O

BI
LE

-S
AT

EL
LI

TE
(E

ar
th

-to
-s

pa
ce

)

BROADCASTING

(TELEVISION)

F
IX

E
D

A
M

AT
E

U
R

La
nd

 m
ob

ile

F
ix

ed

30
.0

 
              30

.5
6 

                                       32
.0

 
                              33

.0
 

                                        34
.0

 
                             35

.0
 

                                            36
.0

 
                              37

.0
 

           37
.5

 
            38

.0
 

            38
.2

5 
             39

.0
 

           40
.0

 
                                              42

.0
 

                                                    43
.6

9 
                                               46

.6
 

              47
.0

 
                                                   49

.6
 

          50
.0

 
                                                                    54

.0
 

                                       72
.0

 
             73

.0
 

                   74
.6

 
            74

.8
 

           75
.2

 
            75

.4
 

            76
.0

 

                 88
.0

 

                  10
8.

0 
                                                                                         11

7.
97

5 
                             12

1.
93

75
 

        12
3.

08
75

 
          12

3.
58

75
 

                                       12
8.

81
25

 
                      13

2.
01

25
 

               13
6.

0 
              13

7.
0 

                13
7.

02
5 

              13
7.

17
5 

               13
7.

82
5 

              13
8.

0 
                       14

4.
0 

        14
6.

0 
         14

8.
0 

               14
9.

9 
                   15

0.
05

 
            15

0.
8 

            15
2.

85
5 

            15
4.

0 
           15

6.
24

75
 

           15
6.

76
25

 
           15

6.
83

75
 

         15
7.

03
75

 
          15

7.
18

75
 

             15
7.

45
 

           16
1.

57
5 

           16
1.

62
5 

           16
1.

77
5 

            16
1.

96
25

 
           16

1.
98

75
 

            16
2.

01
25

 
            16

3.
03

75
 

                                   17
3.

2 
         17

3.
4 

              17
4.

0 

                  21
6.

0 
                        21

7.
0 

              21
9.

0 
                 22

0.
0 

            22
2.

0 
         22

5.
0 

                       30
0.

0 

F
IX

E
D

F
ix

ed
La

nd
 m

ob
ile

 L
A

N
D

 M
O

B
IL

E

 L
A

N
D

 M
O

B
IL

E

30
0.

0 
                            32

8.
6 

                  33
5.

4 
                      39

9.
9 

                 40
0.

05
 

                      40
0.

15
 

                40
1.

0 
                   40

2.
0 

                    40
3.

0 
              40

6.
0 

             40
6.

1 
                   41

0.
0 

                 42
0.

0 
                                    45

0.
0 

           45
4.

0 
          45

5.
0 

           45
6.

0 
           46

0.
0 

          46
2.

53
75

 
           46

2.
73

75
 

           46
7.

53
75

 
           46

7.
73

75
 

            47
0.

0 
                                              51

2.
0 

                                                                                                                                                                60
8.

0 
                 61

4.
0 

                                                                                                                    69
8.

0 
                           76

3.
0 

                          77
5.

0 
                          79

3.
0 

                          80
5.

0 
                          80

6.
0 

          80
9.

0 
           84

9.
0 

           85
1.

0 
         85

4.
0 

            89
4.

0 
           89

6.
0 

           90
1.

0 
            90

2.
0 

                92
8.

0 
            92

9.
0 

           93
0.

0 
           93

1.
0 

           93
2.

0 
            93

5.
0 

           94
0.

0 
           94

1.
0 

           94
4.

0 
            96

0.
0 

                                                                                                      11
64

.0
 

                    12
15

.0
 

                         12
40

.0
 

                        13
00

.0
 

                 13
50

.0
 

            13
90

.0
 

           13
92

.0
 

          13
95

.0
 

           14
00

.0
 

             14
27

.0
 

                     14
29

.5
 

              14
30

.0
 

             14
32

.0
 

           14
35

.0
 

           15
25

.0
 

                   15
59

.0
 

                   16
10

.0
 

                  16
10

.6
 

                  16
13

.8
 

                 16
26

.5
 

                 16
60

.0
 

                 16
60

.5
 

                  16
68

.4
 

                  16
70

.0
 

           16
75

.0
 

                  16
95

.0
 

                 17
10

.0
 

              17
61

.0
 

           17
80

.0
 

             18
50

.0
  20

00
.0

 
         20

20
.0

 
              20

25
.0

 
                                    21

10
.0

 
               21

80
.0

 
                 22

00
.0

 
                                      22

90
.0

 
                    23

00
.0

 
             23

05
.0

 
           23

10
.0

 
          23

20
.0

 
            23

45
.0

 
           23

60
.0

 
          23

90
.0

 
           23

95
.0

 
                        24

17
.0

 
           24

50
.0

 
             24

83
.5

 
                 24

95
.0

 
                  25

00
.0

 
              26

55
.0

 
                                   26

90
.0

 
                                   27

00
.0

 
                        29

00
.0

 
                                                           30

00
.0

 

300 MHz

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

A
V

IG
A

T
IO

N

F
IX

E
D

M
O

B
IL

E

 R
A

D
IO

N
AV

IG
AT

IO
N

 S
AT

E
LL

IT
E

M
O

B
IL

E
 S

AT
E

LL
IT

E

(E
ar

th
-to

-s
pa

ce
)

S
TA

N
D

A
R

D
 F

R
E

Q
U

E
C

Y
 A

N
D

 T
IM

E
 S

IG
N

A
L 

- 
S

A
T

E
LL

IT
E

 

(4
00

.1
 M

H
z)

M
ET

. A
ID

S
(R

ad
io

so
nd

e)
M

O
BI

LE
SA

T 
 (S

-E
)

SP
AC

E 
RE

S.
(S

-E
)

Sp
ac

e 
O

pn
.

 (S
-E

)
M

ET
. S

AT
.

(S
-E

)

M
ET

. A
ID

S
(R

ad
io

so
nd

e)
SP

AC
E 

O
PN

.
 (S

-E
)

M
ET

-S
AT

.
 (E

-S
)

EA
RT

H 
 

EX
PL

   
  

SA
T.

 (E
-S

)

Ea
rth

 E
xp

l S
at

(E
-S

)

Ea
rth

 E
xp

l S
at

(E
-S

)
EA

RT
H 

 E
XP

L  
   

SA
T.

 (E
-S

)
M

ET
-S

AT
.

 (E
-S

)
M

ET
. A

ID
S

(R
ad

io
so

nd
e)

M
et

-S
at

el
lite

 (E
-S

)

M
et

-S
at

el
lite

 (E
-S

)

 M
E

T
E

O
R

O
LO

G
IC

A
L 

A
ID

S
 (

R
A

D
IO

S
O

N
D

E
)

M
O

B
IL

E
 S

A
T

E
LL

IT
E

 (
E

a
rt

h-
to

-s
p

ac
e)

R
A

D
IO

A
S

T
R

O
N

O
M

Y
F

IX
E

D
M

O
B

IL
E

F
IX

E
D

M
O

B
IL

E
S

P
A

C
E

  R
E

S
E

A
R

C
H

 (
sp

ac
e-

to
-s

pa
ce

)

R
A

D
IO

L
O

C
A

T
IO

N
A

m
at

eu
r

LA
N

D
 M

O
B

IL
E

F
IX

E
D

LA
N

D
 M

O
B

IL
E

LA
N

D
 M

O
B

IL
E

F
IX

E
D

L
A

N
D

 M
O

B
IL

E

Meteorological
Satellite

(space-to-Earth)

 L
A

N
D

 M
O

B
IL

E
F

IX
E

D

L
A

N
D

 M
O

B
IL

E

F
IX

E
D

 L
A

N
D

 M
O

B
IL

E

L
A

N
D

 M
O

B
IL

E

 L
A

N
D

 M
O

B
IL

E
F

IX
E

D

BROADCASTING

(TELEVISION) 

FIXED

BROADCASTING

(TELEVISION)

L
A

N
D

 M
O

B
IL

E
(m

e
d

ic
a
l 
te

le
m

e
tr

y
 a

n
d

m
e

d
ic

a
l 
te

le
c
o
m

m
a
n

d
)

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

BROADCASTING
(TELEVISION)

  B
R

O
A

D
C

A
S

T
IN

G

(T
E

LE
V

IS
IO

N
)

M
O

B
IL

E

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

M
O

B
IL

E

L
A

N
D

 M
O

B
IL

E

F
IX

E
D

L
A

N
D

 M
O

B
IL

E

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 

LA
N

D
 M

O
B

IL
E

A
E

R
O

N
A

U
T

IC
A

L 
M

O
B

IL
E

 

F
IX

E
D

LA
N

D
 M

O
B

IL
E

F
IX

E
D

LA
N

D
 M

O
B

IL
E

F
IX

E
D

M
O

B
IL

E

R
A

D
IO

LO
C

A
T

IO
N

F
IX

E
D

F
IX

E
D

LA
N

D
 M

O
B

IL
E

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

LA
N

D
 M

O
B

IL
E

F
IX

E
D

F
IX

E
D

LA
N

D
 M

O
B

IL
E

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

F
IX

E
D AERONAUTICAL

RADIONAVIGATION

R
A

D
IO

N
A

V
IG

A
T

IO
N

-S
A

T
E

L
LI

T
E

(s
pa

ce
-t

o-
E

ar
th

)(
sp

ac
e-

to
-s

pa
ce

)

EARTH
EXPLORATION-

SATELLITE

(active)

RADIO-

LOCATION

R
A

D
IO

N
A

V
IG

A
T

IO
N

-

S
A

T
E

L
L

IT
E

(s
pa

ce
-t

o
-E

ar
th

)

(s
pa

ce
-t

o
-s

pa
ce

)

SPACE

RESEARCH
(active)

Space research

(active)

Earth

exploration-

satellite
 (active)

RADIO-

LOCATION

SPACE
RESEARCH

(active)

AERONAUTICAL

RADIO - 

NAVIGATION

Amateur

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

A
V

IG
A

T
IO

N

F
IX

E
D

M
O

B
IL

E
 

R
AD

IO
LO

C
AT

IO
N

F
IX

E
D

M
O

B
IL

E
 *

* 
F

ix
e

d-
sa

te
lli

te
 (

E
ar

th
-t

o-
sp

ac
e)

F
IX

E
D

M
O

B
IL

E
 *

* 
LA

N
D

 M
O

B
IL

E
 (

m
ed

ic
al

 te
le

m
et

ry
 a

nd
 m

ed
ic

al
 te

le
co

m
m

an
d)

SP
AC

E 
RE

SE
AR

CH
(p

as
siv

e)
R

A
D

IO
 A

S
T

R
O

N
O

M
Y

EA
RT

H 
EX

PL
O

RA
TI

O
N 

- S
AT

EL
LI

TE
(p

as
siv

e)

LA
N

D
 M

O
B

IL
E

(t
e

le
m

et
ry

 a
nd

 t
el

ec
o

m
m

an
d

)

LA
N

D
 M

O
B

IL
E

(m
ed

ic
al

 te
le

m
e

tr
y 

an
d

 

m
ed

ic
al

 t
e

le
co

m
m

a
nd

 

F
ix

e
d-

sa
te

lli
te

(s
pa

ce
-t

o
-E

ar
th

)

F
IX

E
D

 (
te

le
m

et
ry

 a
n

d

te
le

co
m

m
an

d)
L

A
N

D
 M

O
B

IL
E

(t
el

em
e

tr
y 

&
 te

le
co

m
m

a
n

d
)

F
IX

E
D

M
O

B
IL

E
 *

* 

M
O

B
IL

E
 (

ae
ro

na
ut

ic
a

l t
e

le
m

et
ry

)

M
O

BI
LE

 S
AT

EL
LI

TE
 (s

pa
ce

-to
-E

ar
th

)

A
E

R
O

N
A

U
T

IC
A

L
R

A
D

IO
N

A
V

IG
A

T
IO

N
-S

A
T

E
LL

IT
E

(s
pa

ce
-t

o-
E

ar
th

)(
sp

ac
e

-t
o-

sp
ac

e)

M
O

BI
LE

 S
AT

EL
LI

TE
(E

ar
th

-to
-s

pa
ce

)
R

AD
IO

D
ET

ER
M

IN
AT

IO
N

-
SA

TE
LL

IT
E 

(E
ar

th
-to

-s
pa

ce
)

M
O

BI
LE

 S
AT

EL
LI

TE

(E
ar

th
-to

-s
pa

ce
)

R
AD

IO
D

ET
ER

M
IN

AT
IO

N
-

SA
TE

LL
IT

E 
(E

ar
th

-to
-s

pa
ce

)
R

A
D

IO
 

A
S

T
R

O
N

O
M

Y

M
O

BI
LE

 S
AT

EL
LI

TE

(E
ar

th
-to

-s
pa

ce
)

R
AD

IO
D

ET
ER

M
IN

AT
IO

N
-

SA
TE

LL
IT

E 
(E

ar
th

-to
-s

pa
ce

)
M

ob
ile

-s
at

el
lit

e
(s

pa
ce

-to
-E

ar
th

) M
O

BI
LE

 S
AT

EL
LI

TE
(E

ar
th

-to
-s

pa
ce

)

M
O

BI
LE

 S
AT

EL
LI

TE
(E

ar
th

-to
-s

pa
ce

)
R

A
D

IO
 A

S
T

R
O

N
O

M
Y

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

F
IX

E
D

M
O

B
IL

E
 *

* 

M
ET

EO
R

O
LO

G
IC

AL
 A

ID
S

(ra
di

os
on

de
)

M
E

T
E

O
R

O
LO

G
IC

A
L 

S
A

T
E

LL
IT

E
 (

sp
ac

e-
to

-E
ar

th
)

M
E

T
E

O
R

O
LO

G
IC

A
L 

S
A

T
E

LL
IT

E
 (

sp
ac

e-
to

-E
ar

th
)

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

M
O

B
IL

E
 

S
P

A
C

E
 O

P
E

R
A

T
IO

N
 (

E
a

rt
h-

to
-s

p
ac

e
) 

F
IX

E
D

M
O

B
IL

E

M
O

BI
LE

 S
AT

EL
LI

TE
 (E

ar
th

-to
-s

pa
ce

)

F
IX

E
D

M
O

B
IL

E

SP
AC

E 
RE

SE
AR

CH
 (p

as
siv

e)

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

M
ET

EO
R

O
LO

G
IC

AL
 A

ID
S

(ra
di

os
on

de
)

SPACE
RESEARCH

(Earth-to-space)
(space-to-space)

EARTH
EXPLORATION-

 SATELLITE
(Earth-to-space)
(space-to-space)

FIXED

MOBILE

SP
AC

E 
O

PE
R

AT
IO

N
(E

ar
th

-to
-s

pa
ce

)
(s

pa
ce

-to
-s

pa
ce

)

M
O

B
IL

E
F

IX
E

D

SPACE
RESEARCH

(space-to-Earth)
(space-to-space)

EARTH
EXPLORATION- 

SATELLITE
(space-to-Earth)
(space-to-space)

SPACE
OPERATION

(space-to-Earth)
(space-to-space)

MOBILE
(ling of sight only

including aeronautical

telemetry, but excluding

fli

g

ht  test ing of  ma nned

aircraft)

FIXED 

(line of sight only)

F
IX

E
D

SP
AC

E 
R

ES
EA

R
C

H

(s
pa

ce
-to

-E
ar

th
)

(d
ee

p 
sp

ac
e)

M
O

B
IL

E
**

A
m

at
eu

r

F
IX

E
D

M
O

B
IL

E
**

A
m

a
te

u
r

R
A

D
IO

LO
C

A
T

IO
N

R
A

D
IO

L
O

C
A

T
IO

N
M

O
B

IL
E

F
IX

E
D

R
ad

io
-

lo
ca

tio
n

M
o

bi
le

F
ix

e
d

B
R

O
A

D
C

A
S

T
IN

G
 -

 S
A

T
E

LL
IT

E
F

ix
e

d
R

ad
io

lo
ca

tio
n

F
ix

e
d

M
o

bi
le

R
ad

io
-

lo
ca

tio
n

B
R

O
A

D
C

A
S

T
IN

G

S
A

T
E

L
L

IT
E

F
IX

E
D

M
O

B
IL

E
R

A
D

IO
L

O
C

A
T

IO
N

R
A

D
IO

LO
C

 A
T

IO
N

M
O

B
IL

E

M
O

B
IL

E

A
M

A
T

E
U

R

A
M

A
T

E
U

R

R
ad

io
lo

ca
tio

n

M
O

B
IL

E
F

IX
E

D

F
ix

ed

A
m

at
eu

r

R
ad

io
lo

ca
tio

n

M
O

BI
LE

 S
AT

EL
LI

TE
(s

pa
ce

-to
-E

ar
th

)
R

AD
IO

D
ET

ER
M

IN
AT

IO
N

-
SA

TE
LL

IT
E 

(s
pa

ce
-to

-E
ar

th
)

M
O

BI
LE

 S
AT

EL
LI

TE
(s

pa
ce

-to
-E

ar
th

)
R

AD
IO

D
ET

ER
M

IN
AT

IO
N

-
SA

TE
LL

IT
E 

(s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

M
O

B
IL

E
**

M
O

B
IL

E
**

F
IX

E
D

Earth exploration-
satellite

(passive)

Space research
(passive)

Radio
astronomy

MOBILE**

FIXED
EARTH

EXPLORATION-
SATELLITE

(passive)

RADIO

ASTRONOMY

SP
AC

E 
R

E
SE

AR
C

H
(p

as
si

ve
)

A
E

R
O

N
A

U
TI

C
A

L

R
A

D
IO

N
AV

IG
AT

IO
N

M
E

T
E

O
R

O
LO

G
IC

A
L 

A
ID

S
 

R
ad

io
lo

ca
tio

n

Radiolocation

RADIOLOCATION

MARITIME

RADIO-

NAVIGATION

M
O

B
IL

E
F

IX
E

D

B
R

O
A

D
C

A
S

T
IN

G

B
R

O
A

D
C

A
S

T
IN

G

R
ad

io
lo

ca
tio

n

F
ix

e
d

(t
el

em
et

ry
)

F
IX

E
D

 (
te

le
m

et
ry

 a
n

d

te
le

co
m

m
an

d)
LA

N
D

 M
O

B
IL

E
  

(t
el

em
e

tr
y 

&
 te

le
co

m
m

a
n

d)

A
E

R
O

N
A

U
T

IC
A

L

R
A

D
IO

N
A

V
IG

A
T

IO
N

A
E

R
O

N
A

U
T

IC
A

L

R
A

D
IO

N
A

V
IG

A
T

IO
N

A
E

R
O

N
A

U
T

IC
A

L

R
A

D
IO

N
A

V
IG

A
T

IO
N

A
E

R
O

N
A

U
T

IC
A

L

R
A

D
IO

N
A

V
IG

A
T

IO
N

A
E

R
O

N
A

U
T

IC
A

L

R
A

D
IO

N
A

V
IG

A
T

IO
N

Space research

(active)

Earth
exploration-

satellite
 (active)

EARTH
EXPLORATION-

SATELLITE

(active)

F
ix

e
d

F
IX

E
D

F
IX

E
D

M
O

B
IL

E

ISM – 24.125 ± 0.125 ISM – 5.8 ± .075 GHz3GHz

R
ad

io
lo

ca
tio

n
A

m
at

eu
r

A
E

R
O

N
A

U
TI

C
A

L
R

A
D

IO
N

AV
IG

AT
IO

N
(g

ro
un

d 
ba

se
d)

R
A

D
IO

LO
C

AT
IO

N
R

ad
io

lo
ca

tio
n

FI
XE

D
-S

AT
EL

LI
TE

 (s
pa

ce
-to

-E
ar

th
)

R
ad

io
lo

ca
tio

n

FIXED

A
E

R
O

N
A

U
T

IC
A

L

 R
A

D
IO

N
A

V
IG

A
T

IO
N M
O

B
IL

E

F
IX

E
D

M
O

B
IL

E

R
A

D
IO

 A
S

T
R

O
N

O
M

Y
S

pa
ce

 R
es

ea
rc

h 
(p

as
si

ve
)

R
A

D
IO

LO
C

A
T

IO
N

R
A

D
IO

LO
C

A
T

IO
N

R
A

D
IO

LO
C

A
T

IO
NM

E
T

E
O

R
O

LO
G

IC
A

L 
A

ID
S

A
m

at
eu

r

FI
X

E
D S
PA

C
E

 R
E

S
E

A
R

C
H

 (
de

ep
 s

pa
ce

)(
E

ar
th

-t
o-

sp
ac

e)

F
ix

ed
FI

XE
D

-S
AT

EL
LI

TE
 (s

pa
ce

-to
-E

ar
th

)

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

A
V

IG
A

T
IO

N

R
A

D
IO

LO
C

A
T

IO
N

R
ad

io
lo

ca
tio

n

M
A

R
IT

IM
E

 R
A

D
IO

N
A

V
IG

A
T

IO
N

R
A

D
IO

N
AV

IG
AT

IO
N

A
m

at
eu

r

F
IX

E
D

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

B
R

O
A

D
C

A
S

T
IN

G
-S

A
T

E
LL

IT
E

F
ix

ed
M

ob
ile

F
ix

ed
M

ob
ile

F
IX

E
D

M
O

B
IL

E

S
PA

C
E

 R
E

S
E

A
R

C
H

(p
as

si
ve

)
R

A
D

IO
 A

S
TR

O
N

O
M

Y
E

A
R

TH
 E

X
P

LO
R

AT
IO

N
 -

S
AT

E
LL

IT
E

  (
pa

ss
iv

e)

F
IX

E
D

F
IX

E
D

M
O

B
IL

E

FI
XE

D
-S

AT
EL

LI
TE

 (s
pa

ce
-to

-E
ar

th
)

FIXED

MOBILE M
O

B
IL

E

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

AV
IG

AT
IO

N

Standard frequency
and time signal

satellite
(Earth-to-space)

FI
XE

D

F
IX

E
D

M
O

B
IL

E
** F
IX

E
D

M
O

B
IL

E
**

F
IX

E
D

 S
AT

E
LL

IT
E

 

(E
ar

th
-t

o-
sp

ac
e)

A
m

at
eu

r

M
O

B
IL

E

B
R

O
A

D
C

A
S

T
IN

G
-S

AT
E

LL
IT

E

F
IX

E
D

-S
AT

E
LL

IT
E

 (
sp

ac
e-

to
-E

ar
th

)

M
O

B
IL

E

FI
X

E
D

M
O

B
IL

E

IN
TE

R
-S

AT
E

LL
IT

E

A
M

A
T

E
U

R
A

M
A

T
E

U
R

-S
A

T
E

LL
IT

E

R
ad

io
-

lo
ca

tio
n

A
m

at
eu

r
R

A
D

IO
-

LO
C

A
T

IO
N F

IX
E

D
IN

TE
R

-S
AT

E
LL

IT
E

R
A

D
IO

N
AV

IG
AT

IO
N

RA
DI

O
LO

CA
TI

O
N-

SA
TE

LL
IT

E 
(E

ar
th

-to
-s

pa
ce

)

FI
X

E
D

-S
AT

E
LL

IT
E

(E
ar

th
-t

o-
sp

ac
e)

M
O

B
IL

E
-S

AT
E

LL
IT

E
(E

ar
th

-t
o-

sp
ac

e)

MO
BIL

E
IN

TE
R

-S
AT

E
LL

IT
E

30 GHz

Earth

exploration-

satellite

(active) 

Spa
ce r

esea
rch

(act
ive)

R
A

D
IO

LO
C

A
T

IO
N

R
A

D
IO

LO
C

AT
IO

N
A

E
R

O
N

A
U

TI
C

A
L

R
A

D
IO

N
AV

IG
AT

IO
N

(g
ro

un
d 

ba
se

d)

FIXED-SATELLITE

(space-to-Earth)

F
IX

E
D

R
A

D
IO

N
AV

IG
AT

IO
N

-S
AT

E
LL

IT
E

(E
ar

th
-to

-s
pa

ce
)

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

A
V

IG
A

T
IO

N

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

A
V

IG
A

T
IO

N
R

A
D

IO
N

AV
IG

AT
IO

N
-S

AT
E

LL
IT

E
 

(s
pa

ce
-to

-E
ar

th
)(

sp
ac

e-
to

-s
pa

ce
)

A
E

R
O

N
A

U
T

IC
A

L
R

A
D

IO
N

A
V

IG
A

T
IO

N
F

IX
E

D
-S

AT
E

LL
IT

E
 (

E
ar

th
-t

o-
sp

ac
e)

Earth
exploration-

satellite (active)

Space research

Radiolocation

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH

(active)

R
A

D
IO

LO
C

A
T

IO
N

Earth
exploration-

satellite (active)

Radiolocation

Space research

(active)

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH

(active)

R
A

D
IO

LO
C

A
T

IO
N

Radiolocation

Space research

(active)

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH

(active)

RADIOLOCATION

AERONAUTICAL

RADIONAVIGATION

Earth
exploration-

satellite (active)

Radiolocation

Space research

(active)

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH

(active)

RADIOLOCATION

RADIONAVIGATION

Earth
exploration-

satellite (active)

Space research

(active)

EARTH
EXPLORATION-

SATELLITE
(active)

SPACE RESEARCH

(active)

M
A

R
IT

IM
E

R
A

D
IO

N
AV

IG
AT

IO
N

R
A

D
IO

LO
C

A
T

IO
N

M
A

R
IT

IM
E

 R
A

D
IO

N
AV

IG
AT

IO
N

R
A

D
IO

LO
C

A
T

IO
N

M
A

R
IT

IM
E

    
    

     
    

    
   

R
A

D
IO

N
AV

IG
AT

IO
N

A
m

at
eu

r
R

A
D

IO
LO

C
A

T
IO

N

M
O

B
IL

E
F

IX
E

D
-S

AT
E

LL
IT

E
 

(E
ar

th
-t

o-
sp

ac
e)

FI
X

E
D

F
IX

E
D

-S
AT

E
LL

IT
E

 

(E
ar

th
-t

o-
sp

ac
e)

FI
X

E
D

F
IX

E
D

-S
AT

E
LL

IT
E

 (
E

ar
th

-t
o-

sp
ac

e)
(s

pa
ce

-t
o-

E
ar

th
)

FI
X

E
D

F
IX

E
D

-S
AT

E
LL

IT
E

 (
E

ar
th

-t
o-

sp
ac

e)
(s

pa
ce

-t
o-

E
ar

th
)

M
O

B
IL

E

F
IX

E
D

-S
AT

E
LL

IT
E

 (
E

ar
th

-to
-s

pa
ce

)
M

O
B

IL
E

FI
X

E
D

M
O

B
IL

E

FI
X

E
D

FI
X

E
D

FI
X

E
D

S
PA

C
E

 R
E

S
E

A
R

C
H

 (
E

ar
th

-t
o-

sp
ac

e)

FI
X

E
D

M
O

B
IL

E
-S

AT
E

LL
IT

E
 (s

pa
ce

-to
-E

ar
th

) F
IX

E
D

M
ob

ile
-s

at
el

lit
e 

(s
pa

ce
-to

-E
ar

th
)

FI
XE

D
-S

AT
EL

LI
TE

 (s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

M
ob

ile
-s

at
el

lit
e 

(s
pa

ce
-to

-E
ar

th
)

M
E

TE
O

R
O

LO
G

IC
A

L

 S
AT

E
LL

IT
E

 (s
pa

ce
-to

-E
ar

th
)

FI
XE

D
-S

AT
EL

LI
TE

 (s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

M
ob

ile
-s

at
el

lit
e 

(s
pa

ce
-to

-E
ar

th
)

FI
XE

D
-S

AT
EL

LI
TE

 (s
pa

ce
-to

-E
ar

th
)

FI
XE

D
-S

AT
EL

LI
TE

 (E
ar

th
-to

-s
pa

ce
)

M
O

B
IL

E
-S

AT
E

LL
IT

E
 (E

ar
th

-to
-s

pa
ce

)
F

ix
ed

F
IX

E
D

M
ob

ile
-s

at
el

lit
e

(E
ar

th
-to

-s
pa

ce
)

(n
o 

ai
rb

or
ne

)

FI
XE

D
 S

AT
EL

LI
TE

 (E
ar

th
-to

-s
pa

ce
)

EA
RT

H
 E

XP
LO

R
AT

IO
N

-
 S

AT
EL

LI
TE

 (s
pa

ce
-to

-E
ar

th
)

M
ob

ile
-s

at
el

lit
e

(E
ar

th
-to

-s
pa

ce
)

(n
o 

ai
rb

or
ne

)
FI

X
E

D
EA

R
TH

 E
XP

LO
R

AT
IO

N
- 

SA
TE

LL
IT

E 
(s

pa
ce

-to
-E

ar
th

)

FI
XE

D
-S

AT
EL

LI
TE

 (E
ar

th
-to

-s
pa

ce
)

M
E

TE
O

R
O

LO
G

IC
A

L-

 S
AT

E
LL

IT
E

 (s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

M
ob

ile
-s

at
el

lit
e

(E
ar

th
-to

-s
pa

ce
)

(n
o 

ai
rb

or
ne

)

FI
XE

D
-S

AT
EL

LI
TE

 (E
ar

th
-to

-s
pa

ce
)

EA
R

TH
 E

XP
LO

R
AT

IO
N

-S
AT

EL
LI

TE

 (s
pa

ce
-to

-E
ar

th
)

S
pa

ce
 r

es
ea

rc
h 

(d
ee

p 
sp

ac
e)

(s
pa

ce
-to

-E
ar

th
)

S
PA

C
E

 R
E

S
E

A
R

C
H

 (d
ee

p 
sp

ac
e)

(s
pa

ce
-t

o-
E

ar
th

)
F

IX
E

D

S
PA

C
E

 R
E

S
E

A
R

C
H

 (
sp

ac
e-

to
-E

ar
th

)
F

IX
E

D Earth

exploration  -

satellite 

(active)

Radio-
location

Space 

research

 (active)

EARTH

EXPLORATION-

SATELLITE

 (active)

RADIO-

LOCATION

SPACE

RESEARCH

 (active)

R
ad

io
lo

ca
tio

n
R

A
D

IO
LO

C
A

T
IO

N

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n
M

et
eo

ro
lo

gi
ca

l A
id

s

Earth

exploration - 

satellite 

(active)

Radio-
location

Space 

research

 (active)

EARTH

EXPLORATION

SATELLITE

 (active)

RADIO-

LOCATION

SPACE

RESEARCH

 (active)

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

A
m

at
eu

r-
sa

te
lli

te
A

m
at

eu
r

R
ad

io
lo

ca
tio

n
R

A
D

IO
LO

C
A

T
IO

N

R
A

D
IO

LO
C

A
T

IO
N

FI
X

E
D

EA
R

TH
 E

XP
LO

R
AT

IO
N

-S
AT

EL
LI

TE
 (p

as
si

ve
)

S
PA

C
E

 R
E

S
E

A
R

C
H

 (
pa

ss
iv

e)

EA
RT

H
 E

XP
LO

R
AT

IO
N

-S
AT

EL
LI

TE
 (p

as
si

ve
)

S
PA

C
E

 R
E

S
E

A
R

C
H

 (
pa

ss
iv

e)

FI
XE

D
-S

AT
EL

LI
TE

 (s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

FI
XE

D
-S

AT
EL

LI
TE

 (s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

F
IX

E
D

F
IX

E
D

-S
AT

E
LL

IT
E

 (E
ar

th
-t

o-
sp

ac
e)

Space 

research

 (active)

EARTH

EXPLORATION -

SATELLITE 

(active)

SPACE

RESEARCH

 (active)

Ae
ron

atu
ica

l

Ra
dio

na
vig

ati
on

EARTH

EXPLORATION

SATELLITE 

(active)

RADIO -

LOCATION

SPACE

RESEARCH

Radio-

location

Space 

research

RADIO - 

LOCATION

Space 

research

FIXED-

SATELLITE

(Earth-to-space)

Space 

research

Radio - 
location

F
IX

E
D

-S
AT

E
LL

IT
E

 (
E

ar
th

-t
o-

sp
ac

e)
M

ob
ile

-s
at

el
lit

e 
(E

ar
th

-to
-s

pa
ce

)
S

pa
ce

 

re
se

ar
ch

M
ob

ile
-s

at
el

lit
e 

(s
pa

ce
-to

-E
ar

th
)

FI
X

E
D

-S
AT

E
LL

IT
E

 (E
ar

th
-to

-s
pa

ce
)

M
ob

ile
-s

at
el

lit
e

(E
ar

th
-to

-s
pa

ce
) S
pa

ce
 r

es
ea

rc
h

M
O

B
IL

E
S

PA
C

E
 R

E
S

E
A

R
C

H
F

ix
ed

F
IX

E
D

S
PA

C
E

 R
E

S
E

A
R

C
H

M
ob

ile

F
IX

E
D

-S
AT

E
LL

IT
E

 

(E
ar

th
-t

o-
sp

ac
e)

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

AV
IG

AT
IO

N

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

AV
IG

AT
IO

N

R
A

D
IO

LO
C

A
T

IO
N

S
pa

ce
 re

se
ar

ch
 (d

ee
p 

sp
ac

e)
(E

ar
th

-t
o-

sp
ac

e)
R

A
D

IO
LO

C
A

T
IO

N

R
A

D
IO

LO
C

A
T

IO
N

EARTH

EXPLORATION- 

SATELLITE 

(active)

RADIO-

LOCATION

SPACE

RESEARCH

 (active)

Earth

exploration-

satellite (active)

Radio-

location

Space 

research

 (active)

R
ad

io
lo

ca
tio

n

F
IX

E
D

-S
AT

E
LL

IT
E

 (
E

ar
th

-to
-s

pa
ce

)

F
IX

E
D

F
IX

E
D

-S
AT

E
LL

IT
E

 (s
pa

ce
-t

o-
E

ar
th

)

S
PA

C
E

 R
E

S
E

A
R

C
H

(p
as

si
ve

)
E

A
R

TH
 E

X
P

LO
R

AT
IO

N
 -

S
AT

E
LL

IT
E

 (p
as

si
ve

)

F
IX

E
D

-S
AT

E
LL

IT
E

 (
sp

ac
e-

to
-E

ar
th

)

F
IX

E
D

-S
AT

E
LL

IT
E

 (s
pa

ce
-to

-E
ar

th
)

M
O

B
IL

E
-S

AT
E

LL
IT

E
 (s

pa
ce

-to
-E

ar
th

)

Standard
frequency

and
time signal

satellite
(space-to-

Earth)

FI
X

E
D

-S
AT

E
LL

IT
E

 (s
pa

ce
-t

o-
E

ar
th

)

M
O

B
IL

E
-S

AT
E

LL
IT

E
 (s

pa
ce

-to
-E

ar
th

)

FI
XE

D
E

A
R

TH
 E

X
P

LO
R

AT
IO

N
 -

S
AT

E
LL

IT
E

 (p
as

si
ve

)
S

PA
C

E
 R

E
S

E
A

R
C

H
(p

as
si

ve
)

F
IX

E
D

M
O

B
IL

E
**

EARTH

EXPLORATION- 

SATELLITE 

(passive)

MOBILE**

FIXED

S
PA

C
E

R
E

S
E

A
R

C
H

(p
as

si
ve

)

R
AD

IO
AS

TR
O

N
O

M
Y

M
O

B
IL

E
F

IX
E

D

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

M
O

B
IL

E

E
A

R
TH

 E
X

P
LO

R
AT

IO
N

 -
S

AT
E

LL
IT

E
 - 

(p
as

si
ve

)
S

PA
C

E
 R

E
S

E
A

R
C

H
(p

as
si

ve
)

R
AD

IO
AS

TR
O

N
O

M
Y

Earth
exploration -

satellite 
(active)

R
A

D
IO

N
AV

IG
AT

IO
N

FI
X

E
D

-S
AT

E
LL

IT
E

(E
ar

th
-to

-s
pa

ce
)

F
IX

E
D

Standard frequency and 
time signal satellite

(Earth-to-space)

F
IX

E
D

FIXED

EARTH
EXPLORATION -

SATELLITE
(space-to-Earth) 

SPACE

RESEARCH

(space-to-Earth)

MOBILE

INTER-SATELLITE

In
te

r-
sa

te
lli

te
F

IX
E

D
IN

TE
R

-S
AT

E
LL

IT
E

F
IX

E
D

-S
AT

E
LL

IT
E

(E
ar

th
-to

-s
pa

ce
)

F
IX

E
D

-S
AT

E
LL

IT
E

(E
ar

th
-t

o-
sp

ac
e)

R
A

D
IO

LO
C

A
T

IO
N

M
A

R
IT

IM
E

R
A

D
IO

N
AV

IG
AT

IO
N

A
E

R
O

N
A

U
T

IC
A

L 
R

A
D

IO
N

A
V

IG
A

T
IO

N

IN
TE

R
-S

AT
E

LL
IT

E

Inter-satellite

Earth

exploration -

satellite 

(active)

FI
X

E
DFI

X
E

D
-S

AT
E

LL
IT

E

(E
ar

th
-t

o-
sp

ac
e)

FI
X

E
D

S
pa

ce
 r

es
ea

rc
h

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
A

D
IO

LO
C

A
T

IO
N

R
A

D
IO

LO
C

A
T

IO
N

Earth
exploration-

satellite (active)

3.
0 

                    3.
1 

                                3.
3 

                                3.
5 

                           3.
6 

                    3.
65

 
                     3.

7 
                                                                                                                                                 4.

2 
                                                        4.

4 
                       4.

5 
                                                     4.

8 
                     4.

94
 

                4.
99

 
             5.

0 
              5.

01
 

                5.
03

 
                        5.

15
 

                    5.
25

 
                                      5.

25
5 

                                     5.
35

 
                                      5.

46
 

                                      5.
47

 
                                      5.

57
 

           5.
6 

            5.
65

 
            5.

83
 

               5.
85

 
               5.

92
5 

               6.
42

5 
                 6.

52
5 

                6.
7 

          6.
87

5 
          7.

02
5 

          7.
07

5 
            7.

12
5 

            7.
14

5 
            7.

19
 

              7.
23

5 
            7.

25
 

             7.
3 

              7.
45

 
               7.

55
 

               7.
75

 
              7.

85
 

           7.
9 

           8.
02

5 
                    8.

17
5 

                     8.
21

5 
                    8.

4 
          8.

45
 

          8.
5 

         8.
55

 
                           8.

65
 

          9.
0 

        9.
2 

          9.
3 

         9.
5 

                         9.
8 

          10
.0

 
           10

.4
5 

          10
.5

 
         10

.5
5 

           10
.6

 
             10

.6
8 

        10
.7

 
               11

.7
 

               12
.2

 
           12

.7
 

          13
.2

5 
                          13

.4
 

                         13
.7

5 
                             14

.0
 

                14
.2

 
             14

.4
 

                14
.5

 
         14

.7
14

5 
            14

.8
 

         15
.1

36
5 

         15
.3

5 
              15

.4
 

           15
.4

3 
                15

.6
3 

          15
.7

 
          16

.6
 

           17
.1

 
            17

.2
 

                       17
.3

 
              17

.7
 

         17
.8

 
        18

.3
 

         18
.6

 
                 18

.8
 

          19
.3

 
           19

.7
 

               20
.2

 
                            21

.2
 

               21
.4

 
          22

.0
 

           22
.2

1 
                            22

.5
 

          22
.5

5 
             23

.5
5 

          23
.6

 
                  24

.0
 

           24
.0

5 
                             24

.2
5 

          24
.4

5 
         24

.6
5 

         24
.7

5 
               25

.0
5 

                25
.2

5 
          25

.5
 

                                            27
.0

 
                  27

.5
 

                      29
.5

 
                            30

.0
 

M
O

B
IL

E

F
IX

E
D

-S
AT

E
LL

IT
E

 (
sp

ac
e-

to
-E

ar
th

)

FI
X

E
D

-S
AT

E
LL

IT
E

(s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

-S
AT

E
LL

IT
E

(E
ar

th
-to

-s
pa

ce
)

Earth

exploration -

satellite 

(active)

A
m

at
eu

r-
sa

te
lli

te

(s
pa

ce
-t

o-
E

ar
th

)

FI
X

E
D

-S
AT

E
LL

IT
E

(E
ar

th
-t

o-
sp

ac
e)

F
IX

E
D

 -
S

A
T

E
LL

IT
E

(E
ar

th
-t

o-
sp

ac
e)

M
O

B
IL

E
 -

S
AT

E
LL

IT
E

(E
ar

th
-t

o-
sp

ac
e)

Standard Frequency 
and 

Time Signal
Satellite

(space-to-Earth)

F
IX

E
D

M
O

B
IL

E

R
A

D
IO

A
S

T
R

O
N

O
M

Y

S
P

A
C

E
R

E
S

E
A

R
C

H
 

(p
as

si
ve

)

E
A

R
T

H

E
X

P
LO

R
A

T
IO

N
 -

S
A

T
T

E
LL

IT
E

 (
pa

ss
iv

e)

R
A

D
IO

N
A

V
IG

A
T

IO
N

IN
T

E
R

-S
A

T
E

LL
IT

E

R
A

D
IO

N
A

V
IG

A
T

IO
N

R
ad

io
lo

ca
tio

n

F
IX

E
D

F
IX

E
D

M
O

B
IL

E

Mobile

Fixed

B
R

O
A

D
C

A
S

T
IN

G

M
O

B
IL

E

S
PA

C
E

 R
E

S
E

A
R

C
H

 
(p

as
si

ve
)

E
A

R
TH

 E
X

P
LO

R
AT

IO
N

-
S

AT
E

LL
IT

E
 (p

as
si

ve
)

S
P

A
C

E
 R

E
S

E
A

R
C

H
 (

pa
ss

iv
e)

E
A

R
T

H
 E

X
P

LO
R

AT
IO

N
-S

AT
E

LL
IT

E
 (

pa
ss

iv
e)

E
A

R
T

H
 E

X
P

LO
R

AT
IO

N
-

S
AT

E
LL

IT
E

 (
pa

ss
iv

e)

S
P

A
C

E
R

E
S

E
A

R
C

H
(p

as
si

ve
)

MOBILE

FIXED

MOBILE

SATELLITE

(space-to-

Earth)

M
O

B
IL

E
-

S
A

T
E

LL
IT

E

R
A

D
IO

N
AV

IG
AT

IO
N

R
A

D
IO

N
AV

IG
AT

IO
N

-

S
AT

E
LL

IT
E

FIXED-
SATELLITE
(space-to-

Earth)

A
M

A
T

E
U

R
A

M
A

T
E

U
R

-S
A

T
E

L
LI

T
E

SPACE
RESEARCH

(passive)

RADIO
ASTRONOMY

EARTH     
EXPLORATION-

SATELLITE
(passive)

M
O

B
IL

E
F

IX
E

D
R

A
D

IO
-

LO
C

A
T

IO
N

IN
T

E
R

-S
AT

E
LL

IT
E RADIO-

NAVIGATION

RADIO-

NAVIGATION-

SATELLITE

A
M

A
T

E
U

R
A

M
A

T
E

U
R

 -
 S

A
T

E
L

LI
T

E

R
A

D
IO

LO
C

A
T

IO
N

E
A

R
T

H
E

X
P

LO
R

A
T

IO
N

- 
S

AT
E

LL
IT

E
 (

pa
ss

iv
e)

S
PA

C
E

 R
E

S
E

A
R

C
H

(p
as

si
ve

)

S
PA

C
E

R
E

S
E

A
R

C
H

(p
as

si
ve

)

R
A

D
IO

A
S

T
R

O
N

O
M

Y

M
O

B
IL

E
F

IX
E

D

R
A

D
IO

A
S

T
R

O
N

O
M

Y

IN
T

E
R

-
S

A
T

E
LL

IT
E

R
A

D
IO

N
A

V
IG

A
T

IO
N

R
A

D
IO

N
AV

IG
AT

IO
N

-

S
AT

E
LL

IT
E

SPACE

RESEARCH

(Passive)

R
A

D
IO

A
S

T
R

O
N

O
M

Y

EARTH

EXPLORATION-

SATELLITE

(Passive)

M
O

B
IL

E
F

IX
E

D

M
O

B
IL

E
F

IX
E

D

MOBILE

FIXED

FIXED-
SATELLITE

(space-to-Earth)

R
A

D
IO

LO
C

AT
IO

N

A
M

A
T

E
U

R
A

M
A

T
E

U
R

-S
A

T
E

L
LI

T
E

A
m

at
eu

r
A

m
a

te
ur

-s
a

te
lli

te

E
A

R
T

H
 E

X
P

LO
R

A
T

IO
N

-  

S
A

T
E

LL
IT

E
 (

pa
ss

iv
e)

M
O

B
IL

E

S
PA

C
E

 R
E

S
E

A
R

C
H

(d
ee

p 
 s

pa
ce

) 
(s

pa
ce

-t
o-

E
ar

th
)

M
O

B
IL

E

MOBILE

SATELLITE

(space-to-Earth)

SPACE

RESEARCH

(Earth-to-space)

FIXED-

SATELLITE

(space-to-Earth)

B
R

O
A

D
C

A
S

T
IN

G
-

S
AT

E
LL

IT
E

IN
T

E
R

- 
S

A
T

E
LL

IT
E

E
A

R
T

H
 E

X
P

LO
R

A
T

IO
N

-S
AT

E
LL

IT
E

 (
pa

ss
iv

e)
S

PA
C

E
 R

E
S

E
A

R
C

H
 

(p
as

si
ve

)

F
IX

E
D

M
O

B
IL

E
**

S
P

A
C

E
R

E
S

E
A

R
C

H
(p

as
si

ve
)

E
A

R
T

H
E

X
P

LO
R

AT
IO

N
-

S
AT

E
LL

IT
E

(p
as

si
ve

)

R
A

D
IO

N
A

V
IG

A
T

IO
N

R
A

D
IO

-

LO
C

A
T

IO
N

S
P

A
C

E
 R

E
S

E
A

R
C

H

(d
ee

p 
 s

pa
ce

) 
(E

ar
th

-t
o-

sp
ac

e)

R
ad

io
-

lo
ca

tio
n

S
pa

ce
 r

es
ea

rc
h

(d
ee

p 
 s

pa
ce

)
(E

ar
th

-t
o-

sp
ac

e)

R
a

di
o

lo
ca

tio
n

R
A

D
IO

LO
C

A
T

IO
N

E
A

R
T

H

E
X

P
LO

R
AT

IO
N

 -

S
A

T
T

E
LL

IT
E

 (
ac

tiv
e)

RADIO

LOCATION

SPACE

RESEARCH 

(active)

E
ar

th

ex
pl

or
at

io
n 

-

sa
tte

lli
te

 (
ac

tiv
e)

Radio

location

Space
research 
(active)

E
A

R
T

H
 E

X
P

LO
R

A
T

IO
N

 -

S
A

T
E

LL
IT

E

(p
as

si
ve

)
F

IX
E

D
M

O
B

IL
E

S
P

A
C

E

R
E

S
E

A
R

C
H

 

(p
as

si
ve

)

F
IX

E
D

M
O

B
IL

E
F

IX
E

D
-S

A
T

E
LL

IT
E

 (
sp

ac
e-

to
-E

ar
th

)

E
A

R
T

H
  E

X
P

LO
R

A
T

IO
N

S
AT

E
LL

IT
E

(E
ar

th
-t

o-
sp

ac
e)

E
ar

th
 e

xp
lo

ra
tio

n

sa
te

lli
te

(s
pa

ce
-to

-E
ar

th
)

FIXED-SATELLITE

(space-to-Earth)

FIXED

MOBILE

B
R

O
A

D
C

A
S

T
IN

G
-

S
AT

E
LL

IT
E

B
R

O
A

D
C

A
S

T
IN

G
FI

XE
D

- 
SA

TE
LL

IT
E

(s
pa

ce
-to

-E
ar

th
)

F
IX

E
D

M
O

B
IL

E
B

R
O

A
D

C
A

S
T

IN
G

B
R

O
A

D
C

A
S

T
IN

G
 S

AT
E

LL
IT

E

F
IX

E
D

M
O

B
IL

E
**

FI
XE

D
-S

AT
EL

LI
TE

(E
ar

th
-to

-s
pa

ce
)

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

FI
XE

D
-S

AT
EL

LI
TE

 (E
ar

th
-to

-s
pa

ce
)

M
O

B
IL

E
-S

AT
E

LL
IT

E
 (

E
ar

th
-t

o-
sp

ac
e)

M
O

B
IL

E
M

O
B

IL
E

-S
AT

E
LL

IT
E

 (
E

ar
th

-t
o-

sp
ac

e)

M
O

B
IL

E
-S

A
T

E
LL

IT
E

(E
ar

th
-t

o-
sp

ac
e)

M
O

B
IL

E
F

IX
E

D

F
IX

E
D

M
O

B
IL

E
F

IX
E

D
-S

AT
E

LL
IT

E
 (

E
ar

th
-t

o-
sp

ac
e)

F
IX

E
D

M
O

B
IL

E
F

IX
E

D
-S

AT
E

LL
IT

E
 (

E
ar

th
-t

o-
sp

ac
e)

M
O

B
IL

E
-S

AT
E

LL
IT

E
 (

E
ar

th
-t

o-
sp

ac
e)

FIXED

MOBILE

F
IX

E
D

-S
AT

E
LL

IT
E

 (
E

ar
th

-t
o-

sp
ac

e)

E
A

R
T

H
 E

X
P

LO
R

A
T

IO
N

-S
AT

E
LL

IT
E

 (
pa

ss
iv

e)

S
PA

C
E

 R
E

S
E

A
R

C
H

 (p
as

si
ve

)

IN
T

E
R

-

 S
A

T
E

L
LI

T
E

IN
T

E
R

-

 S
A

T
E

L
LI

T
E

E
A

R
T

H
 E

X
P

LO
R

A
TI

O
N

-S
AT

E
LL

IT
E

 (
pa

ss
iv

e)

S
PA

C
E

 R
E

S
E

A
R

C
H

 (p
as

si
ve

)

FIXED

MOBILE

E
A

R
T

H
 E

X
P

LO
R

A
T

IO
N

-S
AT

E
LL

IT
E

 (
pa

ss
iv

e)

S
PA

C
E

 R
E

S
E

A
R

C
H

 (p
as

si
ve

)

IN
T

E
R

-

 S
A

T
E

L
LI

T
E

FIXED

MOBILE

IN
T

E
R

-

 S
A

T
E

L
LI

T
E

E
A

R
T

H
 E

X
P

LO
R

A
T

IO
N

-S
A

T
E

LL
IT

E
 (

pa
ss

iv
e)

S
PA

C
E

 R
E

S
E

A
R

C
H

 (p
as

si
ve

)

MOBILE

FIXED

R
A

D
IO

-
LO

C
AT

IO
N

IN
T

E
R

-

 S
A

T
E

LL
IT

E
F

IX
E

D
M

O
B

IL
E

IN
T

E
R

-

 S
A

T
E

LL
IT

E

IN
T

E
R

-

 S
A

T
E

L
LI

T
E

E
A

R
T

H
 E

X
P

LO
R

A
T

IO
N

-S
A

T
E

LL
IT

E
 

S
PA

C
E

 R
E

S
E

A
R

C
H

 
F

IX
E

D
M

O
B

IL
E

 *
*

IN
T

E
R

-

 S
A

T
E

L
LI

T
E

M
O

B
IL

E

B
R

O
A

D
C

A
S

T
IN

G

FIXED- 
SATELLITE
(space-to-

Earth)

Space

research

(space-to-

Earth)

MOBILE

A
m

a
te

u
r

R
A

D
IO

A
S

T
R

O
N

O
M

Y
R

A
D

IO
LO

C
A

T
IO

N
S

pa
ce

 r
es

ea
rc

h

(s
pa

ce
-t

o-
E

ar
th

)

A
m

a
te

u
r

R
A

D
IO

LO
C

AT
IO

N
S

pa
ce

 r
es

ea
rc

h

(s
pa

ce
-t

o-
E

ar
th

)

A
M

A
T

E
U

R

R
A

D
IO

LO
C

AT
IO

N

FIXED-

SATELLITE

(Earth-to-space)

MOBILE-

SATELLITE

(Earth-to-space)

Space

research

(space-to-Earth)

FIXED

MOBILE

FIXED-

SATELLITE

(Earth-to-space)

FIXED

MOBILE

EARTH

EXPLORATION-

SATELLITE

(active)

SPACE

RESEARCH

(active)

RADIO-
LOCATION

R
A

D
IO

-
LO

C
AT

IO
N

M
O

B
IL

E
F

IX
E

D

FIXED

MOBILE

RADIO

ASTRONOMY

RADIO-
LOCATION

RADIO-
NAVIGATION

RADIO-

NAVIGATION-

SATELLITE

R
A

D
IO

A
S

T
R

O
N

O
M

Y

S
P

A
C

E
R

E
S

E
A

R
C

H
(p

as
si

ve
)

E
A

R
T

H
E

X
P

LO
R

AT
IO

N
-

S
AT

E
LL

IT
E

 (
pa

ss
iv

e)

S
PA

C
E

R
E

S
E

A
R

C
H

(p
as

si
ve

)

F
IX

E
D

M
O

B
IL

E
S

P
A

C
E

R
E

S
E

A
R

C
H

(p
as

si
ve

)

E
A

R
T

H
E

X
P

LO
R

AT
IO

N
-

S
AT

E
LL

IT
E

 (
pa

ss
iv

e)

S
PA

C
E

R
E

S
E

A
R

C
H

(p
as

si
ve

)

E
A

R
T

H
E

X
P

LO
R

AT
IO

N
-

S
A

T
E

LL
IT

E
 (

pa
ss

iv
e)

S
PA

C
E

R
E

S
E

A
R

C
H

(p
as

si
ve

)

IN
T

E
R

-
S

AT
E

LL
IT

E

F
IX

E
D

M
O

B
IL

E
A

m
at

eu
r FIXED-

SATELLITE

(space-to-Earth)

MOBILE-

SATELLITE

(space-to-Earth)

Radio
astronomy FIXED

MOBILE

INTER-
SATELLITE

E
A

R
T

H
E

X
P

LO
R

AT
IO

N
-

S
A

T
E

LL
IT

E
 (

ac
tiv

e)

R
A

D
IO

A
S

T
R

O
N

O
M

Y

R
ad

io
 a

st
ro

no
m

y

A
m

a
te

ur
 -

 s
at

el
lit

e
A

m
a

te
ur

F
IX

E
D

M
O

B
IL

E
R

A
D

IO
 A

S
T

R
O

N
O

M
Y

S
PA

C
E

 R
E

S
E

A
R

C
H

(p
as

si
ve

)
R

A
D

IO
 A

S
T

R
O

N
O

M
Y

E
A

R
T

H
 E

X
P

LO
R

AT
IO

N
-

S
A

T
E

LL
IT

E

 (
pa

ss
iv

e)

F
IX

E
D

M
O

B
IL

E
R

A
D

IO
 A

S
T

R
O

N
O

M
Y

R
A

D
IO

LO
C

A
T

IO
N

E
A

R
T

H
 E

X
P

LO
R

A
T

IO
N

-

S
A

T
E

LL
IT

E

 (
pa

ss
iv

e)

FIXED

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

F
IX

E
D

-

S
A

T
E

LL
IT

E

(s
pa

ce
-t

o-
E

ar
th

)

M
O

B
IL

E
-

S
AT

E
LL

IT
E

(s
pa

ce
-t

o-
E

ar
th

)
F

IX
E

D
M

O
B

IL
E

F
IX

E
D

M
O

B
IL

E
F

IX
E

D
-

S
A

T
E

LL
IT

E

(s
pa

ce
-t

o-
E

ar
th

)

IN
TE

R
-

S
AT

E
LL

IT
E

E
A

R
T

H
E

X
P

LO
R

AT
IO

N
- 

S
AT

E
LL

IT
E

 (
pa

ss
iv

e)

S
PA

C
E

 R
E

S
E

A
R

C
H

(p
as

si
ve

)
IN

T
E

R
-

S
A

T
E

LL
IT

E

S
P

A
C

E
 R

E
S

E
A

R
C

H

(p
as

si
ve

)

E
A

R
T

H
E

X
P

LO
R

A
T

IO
N

- 
S

AT
E

LL
IT

E
 (

pa
ss

iv
e)

E
A

R
T

H
E

X
P

LO
R

AT
IO

N
- 

S
A

T
E

LL
IT

E
 (

pa
ss

iv
e)

IN
T

E
R

-
S

A
T

E
LL

IT
E

S
PA

C
E

 R
E

S
E

A
R

C
H

(p
as

si
ve

)

E
A

R
T

H
 E

X
P

LO
R

AT
IO

N
- 

S
AT

E
LL

IT
E

 (
pa

ss
iv

e)
S

P
A

C
E

 R
E

S
E

A
R

C
H

(p
as

si
ve

)

FIXED

MOBILE

M
O

B
IL

E
S

A
T

E
LL

IT
E

IN
T

E
R

-
S

A
T

E
LL

IT
E

S
P

A
C

E
 R

E
S

E
A

R
C

H

(p
as

si
ve

)

E
A

R
T

H
E

X
P

LO
R

A
T

IO
N

- 
S

AT
E

LL
IT

E
 (

pa
ss

iv
e)

R
A

D
IO

A
S

T
R

O
N

O
M

Y

F
IX

E
D

M
O

B
IL

E
F

IX
E

D
-

S
A

T
E

LL
IT

E

(E
ar

th
-t

o-
sp

ac
e)

R
A

D
IO

A
S

T
R

O
N

O
M

Y

S
PA

C
E

 R
E

S
E

A
R

C
H

 (
pa

ss
iv

e)

FIXED

F
IX

E
D

-S
AT

E
LL

IT
E

 (
E

ar
th

-t
o-

sp
ac

e)
R

A
D

IO
A

S
T

R
O

N
O

M
Y

MOBILE

F
IX

E
D

M
O

B
IL

E
F

IX
E

D
-

S
A

T
E

LL
IT

E

(s
pa

ce
-t

o-
E

ar
th

)

E
A

R
T

H
E

X
P

LO
R

A
T

IO
N

- 
S

A
T

E
LL

IT
E

 (
pa

ss
iv

e)

S
P

A
C

E
 R

E
S

E
A

R
C

H

(p
as

si
ve

)

F
IX

E
D

-S
A

T
E

LL
IT

E

(s
pa

ce
-t

o-
E

ar
th

)

R
A

D
IO

-
N

A
V

IG
AT

IO
N

R
A

D
IO

-
N

AV
IG

AT
IO

N
-

S
A

T
E

LL
IT

E

RADIO-

LOCATION

R
A

D
IO

LO
C

AT
IO

N

R
A

D
IO

A
S

T
R

O
N

O
M

Y

R
ad

io
as

tr
on

om
y

S
P

A
C

E
 R

E
S

E
A

R
C

H

(p
as

si
ve

)
R

A
D

IO
A

S
T

R
O

N
O

M
Y

FIXED

MOBILE

M
O

B
IL

E
-S

AT
E

LL
IT

E

(E
ar

th
-t

o-
sp

ac
e)

R
A

D
IO

A
S

T
R

O
N

O
M

Y

R
A

D
IO

N
A

V
IG

A
T

IO
N

-S
A

T
E

LL
IT

E

R
A

D
IO

 N
AV

IG
A

T
IO

N

F
IX

E
D

FI
X

E
D

-S
AT

E
LL

IT
E

(E
ar

th
-to

-s
pa

ce
)

N
O

T
 A

LL
O

C
A

T
E

D

M
O

B
IL

-E
S

AT
E

LL
IT

E

(s
pa

ce
-t

o-
E

ar
th

)

R
A

D
IO

LO
C

A
T

IO
N

R
A

D
IO

L
O

C
A

T
IO

N

M
O

B
IL

E
F

IX
E

D
-S

AT
E

LL
IT

E
(s

pa
ce

-t
o-

E
ar

th
)

A
m

a
te

u
r

F
IX

E
D

F
IX

E
D

-S
A

T
E

LL
IT

E
(s

pa
ce

-t
o-

E
ar

th
)

M
O

B
IL

E

MOBILE-

SATELLITE

(space-to-Earth)

MOBILE

FIXED

M
O

B
IL

E

FIXED

F
IX

E
D

F
IX

E
D

30
.0

 
                                   31

.0
 

                  31
.3

 
                      31

.8
 

                32
.3

 
                              33

.0
 

            33
.4

 
                      34

.2
 

                   34
.7

 
                  35

.5
 

                      36
.0

 
                   37

.0
 

             37
.5

 
                    38

.0
 

                      38
.6

 
                         39

.5
 

                     40
.0

 
                         40

.5
 

                          41
.0

 
                          42

.0
 

             42
.5

 
             43

.5
 

              45
.5

 
              46

.9
 

                 47
.0

 
          47

.2
 

            48
.2

 
            50

.2
 

                50
.4

 
                              51

.4
 

          52
.6

 
           54

.2
5 

          55
.7

8 
                       56

.9
 

                        57
.0

 
                       58

.2
 

                       59
.0

 
                        59

.3
 

                      64
.0

 
                         65

.0
 

                       66
.0

 
                        71

.0
 

                                   74
.0

 
                              76

.0
 

               77
.0

 
               77

.5
 

                 78
.0

 
                81

.0
 

                                  84
.0

 
                                  86

.0
 

                                                     92
.0

 
                             94

.0
 

                                         94
.1

 
                              95

.0
 

                                10
0.

0 
                              10

2.
0 

                             10
5.

0 
                              10

9.
5 

                             11
1.

8 
                              11

4.
25

 
                             11

6.
0 

                              12
2.

25
 

         12
3.

0 
                                   13

0.
0 

                             13
4.

0 
                13

6.
0 

               14
1.

0 
         14

8.
5 

                      15
1.

5 
          15

5.
5 

                      15
8.

5 
                              16

4.
0 

                       16
7.

0 
                            17

4.
5 

                  17
4.

8 
                       18

2.
0 

                      18
5.

0 
                       19

0.
0 

                       19
1.

8 
                               20

0.
0 

                      20
9.

0 
                            21

7.
0 

                               22
6.

0 
                                    23

1.
5 

                  23
2.

0 
                               23

5.
0 

                      23
8.

0 
                                   24

0.
0 

                  24
1.

0 
         24

8.
0 

         25
0.

0 
                25

2.
0 

                       26
5.

0 
        27

5.
0 

       30
0.

0 
  

30GHz 300 GHz

Am
ate

ur-
sat

elli
te

Am
ate

ur-
sat

elli
te

Am
ate

ur-
sat

elli
te

RADIO

ASTRONOMY

RA
DI

O

AS
TR

ON
OM

Y

RA
DI

O

AS
TR

ON
OM

Y

RA
DI

O

AS
TR

ON
OM

Y

B
R

O
A

D
C

A
S

T
IN

G

S
A

T
E

L
L
IT

E

S
P

A
C

E
 R

E
S

E
A

R
C

H

(s
pa

ce
-t

o-
E

ar
th

)

R
A

D
IO

N
AV

IG
A

T
IO

N
-

S
AT

E
LL

IT
E

R
A

D
IO

-
N

AV
IG

AT
IO

N
-

S
AT

E
LL

IT
E

S
pa

ce
 r

es
ea

rc
h

(s
pa

ce
-t

o-
E

ar
th

)

S
pa

ce
 r

es
ea

rc
h

(s
pa

ce
-t

o-
E

ar
th

)

RA
DI

O
AS

TR
ON

OM
Y

RA
DI

O
AS

TR
ON

OM
Y

ISM - 6.78 ± .015 MHz ISM - 13.560 ± .007 MHz ISM - 27.12 ± .163 MHz

ISM - 40.68 ± .02 MHz

3 GHz
ISM - 915.0± .13 MHz

ISM - 2450.0± .50 MHz

3 GHz

ISM - 122.5± 0.500 GHz

This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the FCC and 

NTIA.  As such, it may not completely refle

c

t  al l aspect s,  i.e.  foot not es and recent  changes ma de to the Table 

of Frequency Allocations.  Therefore, for complete information, users should consult the Table to determine the 

current status of U.S. allocations.

For sale by the Superintendent of Documents, U.S. Government Printing Offic

e

Internet: bookstore.gpo.gov  Phone toll free (866) 512-1800; Washington, DC area (202) 512-1800

Facsimile: (202) 512-2250 Mail: Stop SSOP, Washington, DC 20402-0001

ISM - 61.25± 0.25 GHz
ISM - 245.0± 1 GHz

AERONAUTICAL

MOBILE

AERONAUTICAL

MOBILE SATELLITE

AERONAUTICAL

RADIONAVIGATION

AMATEUR

AMATEUR SATELLITE

BROADCASTING

BROADCASTING

SATELLITE

EARTH EXPLORATION

SATELLITE

FIXED

FIXED SATELLITE

INTER-SATELLITE

LAND MOBILE

LAND MOBILE

SATELLITE

MARITIME MOBILE

SATELLITE

MARITIME

RADIONAVIGATION

METEOROLOGICAL 

METEOROLOGICAL

SATELLITE

MARITIME MOBILE

MOBILE

MOBILE SATELLITE

RADIO ASTRONOMY

RADIODETERMINATION

SATELLITE

RADIOLOCATION

RADIOLOCATION SATELLITE

RADIONAVIGATION

RADIONAVIGATION SATELLITE

SPACE OPERATION

SPACE RESEARCH

STANDARD FREQUENCY 

AND TIME SIGNAL

STANDARD FREQUENCY AND 

TIME SIGNAL SATELLITE

M
O

BI
LE

 S
AT

EL
LI

TE
(s

pa
ce

-to
-E

ar
th

)
F

IX
E

D
M

O
B

IL
E

B
R

O
A

D
C

A
S

T
IN

G

S
A

T
E

L
L

IT
E

R
A

D
IO

A
S

T
R

O
N

O
M

Y

M
O

B
IL

E

FIXED

R
A

D
IO

N
A

V
IG

A
T

IO
N

Radiolocation

F
IX

E
D

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

M
O

B
IL

E

 LAND MOBILE

R
ad

io
lo

ca
tio

n

FIXED-SATELLITE
 (space-to-Earth)

F
IX

E
D

M
E

TE
O

R
O

LO
G

IC
A

L-
 S

AT
E

LL
IT

E
 (s

pa
ce

-to
-E

ar
th

)

R
A

D
IO

LO
C

A
T

IO
N

R
A

D
IO

A
S

TR
O

N
O

M
Y

R
A

D
IO

A
S

TR
O

N
O

M
Y

R
A

D
IO

A
S

TR
O

N
O

M
Y M

O
B

IL
E

M
O

B
IL

E
FI

X
E

D

FI
X

E
D

R
A

D
IO

A
S

TR
O

N
O

M
Y

R
A

D
IO

A
S

TR
O

N
O

M
Y

R
A

D
IO

A
S

TR
O

N
O

M
Y

R
A

D
IO

A
S

TR
O

N
O

M
Y R

ad
io

lo
ca

tio
n

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
A

D
IO

 A
S

T
R

O
N

O
M

Y

F
IX

E
D

-S
A

T
E

LL
IT

E
(s

pa
ce

-t
o-

E
ar

th
)

S
PA

C
E

 R
E

S
E

A
R

C
H

(s
pa

ce
-t

o-
E

ar
th

)

A
E

R
O

N
A

U
TI

C
A

L
M

O
B

IL
E

 (R
)

M
O

B
IL

E
 *

* 

S
P

A
C

E
 O

P
E

R
A

T
IO

N
 (

E
ar

th
-t

o
-s

pa
ce

) 

300 KHz

30 MHz

300 MHz

3 GHz

30 GHz

300 GHz

3 MHz
AM Radio

Television

FM Radio

2.4 GHz Wi-Fi

5 GHz Wi-Fi

60 GHz Wi-Fi

Cellular

• Lower frequencies (< 
1 GHz) have greater 
coverage, but less 
bandwidth.

• Higher frequencies (> 
24 GHz) have limited 
coverage, but more 
bandwidth)

• Sweet spot for 
wireless systems: mid-
band, 1 – 6 GHz, being 
extended to 7 – 24 
GHz.



The many uses of spectrum

Commercial systems, 
spectrum managed by the 
Federal Communications 
Commission (FCC) in the US

Federal systems, spectrum 
managed by the National 
Telecommunications and 
Information Administration 
(NTIA) in the US

Science applications, spectrum 
managed by the National 
Telecommunications and 
Information Administration 
(NTIA) in the US

• Cellular: 3G, 4G, 5G and future 6G
• Unlicensed: Wi-Fi, Bluetooth etc.
• AM/FM radio, Television, Satellite
• Public Safety
• Drone services
• Amateur (Ham) radio

Important for ubiquitous 
connectivity and economic growth.

• Radars: ground, aeronautical, 
maritime

• Radionavigation services (GPS)
• Military applications, usually 

classified.

Important for national security 
and defense.

• Radioastronomy: fixed locations and 
distributed arrays.

• Earth Sensing Satellites
• Weather Satellites
• Deep space observations

Important for scientific discoveries, e.g. 
the images of the black hole.



Goals of the workshop
• Robust discussions about the various spectrum issues faced globally, with special focus on the 

needs of India and USA.

• Initiate collaborations between academics of both countries to propose research for current 

and future research solicitations.

• Leverage common interests and expertise across experts in both countries for mutual benefit.


