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June 6, 2016  

VIA ELECTRONIC FILING 

Marlene H. Dortch 
Secretary 
Federal Communications Commission 
445 12th Street S.W. 
Washington D.C. 20554 

Re: Oral Ex Parte Notice 
 GN Docket No. 14-177, IB Docket Nos. 15-256 and 97-95; 
 RM-11664; and WT Docket No. 10-112  

Dear Ms. Dortch: 

 On June 2, 2016, representatives of The Boeing Company (“Boeing”) met with staff of 
the Federal Communications Commission (“Commission”) to discuss the above-referenced 
proceeding and, more specifically, Boeing’s further technical analysis regarding the strong 
potential for co-primary spectrum sharing between the proposed Upper Microwave Flexible Use 
(“UMFU”) service and next-generation broadband satellite communications systems in the 37.5-
40.0 GHz band.  A list of attendees is attached. 

 The discussion tracked closely with the attached technical presentation, which 
demonstrates that satellite systems can successfully operate in the 37.5-40.0 GHz band using the 
higher space-to-earth power flux density limits maintained by the International 
Telecommunication Union1 without causing appreciable interference to future UMFU systems.  
The discussion also referenced a recent ex parte filing by Straight Path Communications, Inc. 
(“Straight Path”) in which Straight Path claimed that “[m]any of the phased array receivers” that 
will be used by future UMFU systems “are more susceptible to interference from satellites than 
current point-to-point links with fixed narrow beams along the horizon.”2  Straight Path provided 
no technical showing to support this claim.  Boeing indicated that it would review any such 
technical showing that Straight Path places into the record of this proceeding. 

                                                 
1 See ITU Radio Regulations, Article 21 (Table 21 4).   
2 See Letter from Davidi Jonas, CEO and President, Straight Path Communications, Inc., to Ms. Marlene H. Dortch, 
Secretary, Federal Communications Commission, at 3 (June 1, 2016). 
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Thank you for your attention to this matter.  Please contact the undersigned if you have 
any questions.

Sincerely, 

Bruce A. Olcott 
Counsel to The Boeing Company 

Attachments  
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June 2, 2016 Ex Parte Meeting Attendees 

Wireless Telecommunications Bureau 

 Simon Banyai 
Stephen Buenzow (by phone)

 Brian Regan 
 John Schauble 
 Chris Helzer 
 Paul Powell 
 Catherine Schroeder 
 Blaise Scinto 
 Charles Oliver (by phone) 
 Nancy Zaczek 

 
 
 
 
 
 
 

Office of Engineering and Technology 

 Michael Ha 
Barbara Pavon (by phone)

 Martin Doczkat 

International Bureau 

 Jose Albuquerque 
 Robert Nelson 
 Chip Fleming 

Boeing Participants 

 Audrey Allison 
 Christopher Foster 
 Carlos Nalda 
 Bruce Olcott 
 Robert Vaughan

 



C
op

yr
ig

ht
 ©

 2
01

4 
Bo

ei
ng

. A
ll 

rig
ht

s 
re

se
rv

ed
. 

| 1
 

Sp
ac

e 
an

d 
In

te
lli

ge
nc

e 
Sy

st
em

s 
B

oe
in

g 
S

at
el

lit
e 

S
ys

te
m

s 
In

te
rn

at
io

na
l, 

In
c  

V-
ba

nd
 S

at
el

lit
e 

an
d 

Te
rr

es
tr

ia
l S

pe
ct

ru
m

 S
ha

rin
g:

 
St

at
is

tic
al

 A
na

ly
si

s 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

2 

A
ge

nd
a 

 

O
ve

rv
ie

w
 –

 S
ta

tis
tic

al
 A

na
ly

si
s 

Su
pp

or
ts

 S
ha

rin
g 

U
pd

at
ed

 S
at

el
lit

e 
to

 M
ob

ile
 S

ha
rin

g 
As

se
ss

m
en

ts
 

S
at

el
lit

e 
to

 M
ob

ile
 H

an
ds

et
 

S
at

el
lit

e 
to

 B
as

e 
S

ta
tio

n 

U
pd

at
ed

 M
ob

ile
 to

 S
at

el
lit

e 
Ea

rt
h 

St
at

io
n 

R
ec

ei
ve

rs
 S

ha
rin

g 
As

se
ss

m
en

t 
M

ob
ile

 H
an

ds
et

 to
 S

at
el

lit
e 

E
ar

th
 S

ta
tio

n 
R

ec
ei

ve
rs

 

B
as

e 
S

ta
tio

n 
to

 S
at

el
lit

e 
E

ar
th

 S
ta

tio
n 

R
ec

ei
ve

rs
 

St
at

is
tic

al
 P

er
fo

rm
an

ce
 M

od
el

in
g 

an
d 

R
es

ul
ts

 

Su
m

m
ar

y 
of

 S
ha

rin
g 

An
al

ys
is

  

Pa
th

 F
or

w
ar

d 
fo

r F
ur

th
er

 T
ec

hn
ic

al
 S

tu
dy

 
 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

3 

O
ve

rv
ie

w
 –

 S
pe

ct
ru

m
 S

ha
rin

g 
C

an
 b

e 
A

ch
ie

ve
d 

37
.5

 –
 4

0.
0 

G
H

z 
FS

S 
sa

te
llit

e 
do

w
nl

in
k 

al
lo

ca
tio

n 
(g

at
ew

ay
 o

nl
y)

 
Pr

op
os

ed
 u

se
 b

y 
te

rre
st

ria
l 5

G
 m

ob
ile

 
A

ch
ie

ve
 s

ha
re

d 
us

ag
e 

be
tw

ee
n:

 
5G

 b
as

e 
st

at
io

ns
 a

nd
 h

an
ds

et
s 

H
ig

h-
ca

pa
ci

ty
 s

at
el

lit
es

 a
nd

 s
at

el
lit

e 
ea

rth
 s

ta
tio

n 
re

ce
iv

er
s 

M
ea

su
re

s 
co

nt
rib

ut
in

g 
to

 s
ha

re
d 

us
e:

 
5G

 b
ea

m
 fo

rm
in

g 
an

d 
po

w
er

 c
on

tro
l 

H
ig

hl
y 

di
re

ct
io

na
l s

at
el

lit
e 

re
ce

iv
er

s 
us

in
g 

nu
llin

g 
–

R
es

ul
ts

 in
 s

ig
ni

fic
an

t a
ng

ul
ar

 s
ep

ar
at

io
n 

be
tw

ee
n 

5G
   

tra
ns

m
is

si
on

s 
an

d 
sa

te
lli

te
 re

ce
iv

er
 re

ce
pt

io
n 

pa
th

s 
Li

m
it 

on
 5

G
 b

as
e 

st
at

io
n 

po
w

er
 le

ve
l 

S
at

el
lit

e 
tra

ns
m

is
si

on
s 

at
 (o

r n
ea

r) 
IT

U
 p

fd
 le

ve
ls

 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

4 

A
ct

iv
iti

es
 C

on
du

ct
ed

 S
in

ce
 5

 M
ay

 M
ee

tin
g 

Te
ch

ni
ca

l i
nt

er
ac

tio
n 

w
ith

 m
ul

tip
le

 5
G

 o
pe

ra
to

rs
 a

nd
 s

up
pl

ie
rs

 
R

ev
ie

w
 o

f s
ha

rin
g 

an
d 

in
te

rfe
re

nc
e 

an
al

ys
es

 
Te

ch
ni

ca
l d

is
cu

ss
io

ns
 o

f l
in

k 
bu

dg
et

 a
ss

um
pt

io
ns

, 5
G

 s
ys

te
m

 g
oa

ls
, 

an
d 

5G
 b

ea
m

fo
rm

in
g 

ap
pr

oa
ch

es
 

St
at

is
tic

al
 m

od
el

in
g 

of
 s

at
el

lit
e 

– 
5G

 in
te

rf
er

en
ce

 
G

en
er

ic
 5

G
 s

ys
te

m
 m

od
el

 s
im

ila
r t

o 
ot

he
r a

na
ly

se
s 

 
R

es
ul

ts
 a

re
 c

on
si

st
en

t w
ith

 p
rio

r a
na

ly
si

s 
–

S
at

el
lit

e 
in

te
rfe

re
nc

e 
in

to
 te

rre
st

ria
l s

ys
te

m
 is

 m
in

im
al

 a
t I

TU
 P

FD
 le

ve
ls

 
–

5G
 in

te
rfe

re
nc

e 
in

to
 s

at
el

lit
es

 re
m

ai
ns

 th
e 

cl
os

es
t s

ce
na

rio
 

Fu
rth

er
 w

or
k 

is
 re

qu
ire

d 
U

pd
at

es
 in

cl
ud

ed
 in

 th
is

 a
na

ly
si

s 
pa

ck
ag

e 
 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

5 

37
.5

-4
0.

0 
G

H
z 

Sp
ec

tr
um

 S
ha

rin
g 

Sa
te

lli
te

 O
pe

ra
tio

ns
 in

to
 

Te
rr

es
tr

ia
l 5

G
 R

ec
ei

ve
rs

 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

6 

Sa
te

lli
te

 O
pe

ra
tio

ns
 a

nd
 5

G
 R

ec
ei

ve
rs

 
M

ob
ile

 to
 B

as
e 

St
at

io
n 

Li
nk

 (R
et

ur
n)

 

5G
 p

er
fo

rm
an

ce
 im

pa
ct

ed
 <

 0
.2

 d
B

 u
si

ng
 h

ig
he

r I
TU

 o
pe

ra
tin

g 
lim

it 

co
nt

ro
lle

d 
pf

d 
 

-1
29

 d
B

W
/4

kH
z/

m
2  

U
si

ng
 IT

U
 p

fd
  

le
ve

l (
12

 d
B

 h
ig

he
r) 

1 R
ap

pa
po

rt
, T

he
od

or
e;

 B
en

-D
or

, E
sh

ar
; M

ur
do

ck
, J

am
es

 N
.; 

Q
ia

o,
 Y

iju
n,

 "
38

 G
H

z 
an

d 
60

 G
H

z 
A

ng
le

-
de

pe
nd

en
t P

ro
pa

ga
tio

n 
fo

r C
el

lu
la

r 
&

 P
ee

r-
to

-P
ee

r 
W

ire
le

ss
 C

om
m

un
ic

at
io

ns
."

  I
EE

E 
IC

C
 2

01
2 

- 
W

ire
le

ss
 C

om
m

un
ic

at
io

ns
 S

ym
po

si
um

.  
2 F

ox
, R

.; 
K

un
g,

 A
;  

"C
om

m
en

ts
 o

f S
tr

ai
gh

t P
at

h 
C

om
m

un
ic

at
io

ns
, I

nc
."

  P
et

iti
on

 fo
r 

R
ul

em
ak

in
g 

of
 th

e 
Fi

xe
d 

W
ire

le
ss

 C
om

m
un

ic
at

io
ns

 C
oa

lit
io

n 
to

 C
re

at
e 

Se
rv

ic
e,

 R
M

-1
16

64
, J

an
ua

ry
 5

, 2
01

5.
 

20
0m

 

20
 d

B
 b

as
e 

st
at

io
n 

is
ol

at
io

n 
fro

m
 s

at
el

lit
e 

lin
k 

43
 d

B
m

i i
n 

10
0 

M
H

z 

5G
 M

ob
ile

 E
IR

P
43

.0
dB

m
M

ob
ile

 to
 B

as
e 

St
at

io
n 

Di
st

an
ce

20
0.

0
m

M
ob

ile
 to

 B
as

e 
St

at
io

n 
Pa

th
 Lo

ss
1

14
1.

2
dB

Tr
an

sm
it 

Ba
nd

w
id

th
10

0.
0

M
Hz

5G
 M

ob
ile

 P
FD

 a
t B

as
e 

St
at

io
n

-1
18

.9
dB

W
/4

kH
z/

m
2

Sa
te

lli
te

 P
FD

 a
t B

as
e 

St
at

io
n

-1
29

.0
dB

W
/4

kH
z/

m
2

5G
 B

as
e 

St
at

io
n 

Rx
 Is

ol
at

io
n

20
.0

dB
C/

I d
ue

 to
 S

at
el

lit
e 

In
te

rf
er

en
ce

30
.1

dB
Rx

 G
ai

n 
at

 5
G

 B
as

e 
St

at
io

n 
2

27
.0

dB
5G

 R
ec

ei
ve

d 
Po

w
er

 a
t B

as
e 

St
at

io
n

-7
1.

2
dB

m
Re

ce
iv

ed
 N

oi
se

 P
ow

er
 

-8
7.

0
dB

m
5G

 R
et

ur
n 

Li
nk

    
   C

/N
15

.8
dB

5G
 R

et
ur

n 
Li

nk
  C

/(
I+

N
)

15
.6

dB
In

te
rf

er
en

ce
 D

eg
ra

da
tio

n
0.

16
dB

-1
4.

3
dB

3.
7

%

M
ob

ile
 H

an
ds

et
s t

o 
Ba

se
 S

ta
tio

n

 In
te

rf
er

en
ce

 to
 N

oi
se

 ra
tio

, I
SA

T/
N

5G



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

7 

Sa
te

lli
te

 O
pe

ra
tio

ns
 in

to
 5

G
 U

se
rs

 
B

as
e 

St
at

io
n 

to
 M

ob
ile

 L
in

k 
(F

or
w

ar
d)

 

5G
 P

er
fo

rm
an

ce
 im

pa
ct

ed
 <

 0
.6

 d
B

 u
si

ng
 h

ig
he

r I
TU

 o
pe

ra
tin

g 
lim

it 

co
nt

ro
lle

d 
pf

d 
 

-1
29

 d
B

W
/4

kH
z/

m
2  

U
si

ng
 IT

U
 p

fd
  

le
ve

l (
12

 d
B

 h
ig

he
r) 

1 R
ap

pa
po

rt
, T

he
od

or
e;

 B
en

-D
or

, E
sh

ar
; M

ur
do

ck
, J

am
es

 N
.; 

Q
ia

o,
 Y

iju
n,

 "
38

 G
H

z 
an

d 
60

 G
H

z 
A

ng
le

-
de

pe
nd

en
t P

ro
pa

ga
tio

n 
fo

r C
el

lu
la

r 
&

 P
ee

r-
to

-P
ee

r 
W

ire
le

ss
 C

om
m

un
ic

at
io

ns
."

  I
EE

E 
IC

C
 2

01
2 

- 
W

ire
le

ss
 C

om
m

un
ic

at
io

ns
 S

ym
po

si
um

.  
2 F

ox
, R

.; 
K

un
g,

 A
;  

"C
om

m
en

ts
 o

f S
tr

ai
gh

t P
at

h 
C

om
m

un
ic

at
io

ns
, I

nc
."

  P
et

iti
on

 fo
r 

R
ul

em
ak

in
g 

of
 th

e 
Fi

xe
d 

W
ire

le
ss

 C
om

m
un

ic
at

io
ns

 C
oa

lit
io

n 
to

 C
re

at
e 

Se
rv

ic
e,

 R
M

-1
16

64
, J

an
ua

ry
 5

, 2
01

5.
 

20
0m

 

N
o 

ha
nd

se
t 

is
ol

at
io

n 
fro

m
 

sa
te

lli
te

 li
nk

 

65
 d

B
m

i i
n 

10
0 

M
H

z 

5G
 B

as
e 

St
at

io
n 

EI
RP

65
.0

dB
m

M
ob

ile
 to

 B
as

e 
St

at
io

n 
Di

st
an

ce
20

0.
0

m
M

ob
ile

 to
 B

as
e 

St
at

io
n 

Pa
th

 Lo
ss

1
14

1.
2

dB
Tr

an
sm

it 
Ba

nd
w

id
th

10
0.

0
M

Hz
5G

 B
as

e 
St

at
io

n 
PF

D 
at

 M
ob

ile
-9

6.
9

dB
W

/4
kH

z/
m

2

Sa
te

lli
te

 P
FD

 a
t M

ob
ile

-1
29

.0
dB

W
/4

kH
z/

m
2

5G
 M

ob
ile

 R
x 

Is
ol

at
io

n
0.

0
dB

C/
I d

ue
 to

 S
at

el
lit

e 
In

te
rf

er
en

ce
32

.1
dB

Rx
 G

ai
n 

at
 5

G
 M

ob
ile

2
13

.0
dB

5G
 R

ec
ei

ve
d 

Po
w

er
 a

t M
ob

ile
-6

3.
2

dB
m

Re
ce

iv
ed

 N
oi

se
 P

ow
er

 
-8

7.
0

dB
m

5G
 F

or
w

ar
d 

Li
nk

    
  C

/N
23

.8
dB

5G
 F

or
w

ar
d 

Li
nk

 C
/(

I+
N

)
23

.2
dB

In
te

rf
er

en
ce

 D
eg

ra
da

tio
n

0.
60

dB
-8

.3
dB

14
.9

%

Ba
se

 S
ta

tio
n 

to
 M

ob
ile

 H
an

ds
et

s

 In
te

rf
er

en
ce

 to
 N

oi
se

 ra
tio

, I
SA

T/
N

5G



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

8 

0

20
0

40
0

60
0

80
0

10
00

12
00

50
10

0
15

0
20

0
25

0
30

0
35

0
40

0
45

0
50

0

5G Data Rate in 500 MHz (no MIMO)

Ce
ll 

Ra
ng

e 
(r

ad
iu

s,
 m

 )

5G
 D

at
a 

Ra
te

 v
s R

an
ge

62 65 67 70 75

Sa
te

lli
te

 In
te

rf
er

en
ce

 in
to

 5
G

 U
se

rs
 

5G
 L

in
k 

O
pe

ra
tin

g 
R

an
ge

 a
nd

 D
at

a 
R

at
e 

0.
2 

to
 0

.6
 d

B
 im

pa
ct

 o
n 

lin
ks

 in
 u

rb
an

 
en

vi
ro

nm
en

ts
 

(le
ss

 if
 li

nk
 is

 in
 L

O
S 

fr
ee

 s
pa

ce
 c

on
di

tio
ns

) 
R

eq
ui

re
s 

0.
6 

dB
 m

or
e 

lin
k 

po
w

er
 (E

IR
P)

 
65

 d
B

m
i i

n 
10

0 
M

H
z 

su
pp

or
ts

 5
G

 d
at

a 
ra

te
s 

80
0 

M
bp

s 
-1

 G
bp

s 
fo

r 
40

0-
50

0m
 c

el
ls

  
C

an
 in

cr
ea

se
 4

-8
x 

w
ith

 
im

pr
ov

ed
 m

od
ul

at
io

n/
 

co
di

ng
 a

nd
 M

IM
O

 
 

Pl
an

ne
d 

5G
 s

ys
te

m
s 

op
er

at
in

g 
in

 m
ul

tip
le

 e
nv

iro
nm

en
ts

 
w

ill
 h

av
e 

m
in

im
al

 im
pa

ct
s 

fr
om

 m
ax

im
um

 IT
U

 s
at

el
lit

e 
PF

D
 o

pe
ra

tio
n 

E
IR

P
 (d

B
m

i) 
in

 1
00

 M
H

z 

(in
cl

ud
es

 C
/I 

an
d 

I/N
 im

pa
ct

 o
f m

ax
 s

at
el

lit
e 

IT
U

 P
FD

) 

 D
at

a 
R

at
e 

ca
lc

ul
at

ed
 u

si
ng

 L
TE

 w
av

ef
or

m
 m

od
ul

at
io

ns
/c

od
in

g,
 5

00
 M

H
z 

ba
nd

w
id

th
, d

er
at

ed
 u

si
ng

 6
2.

5%
 F

W
 d

ut
y 

cy
cl

e 
an

d 
40

%
 s

ys
te

m
 o

ve
rh

ea
d 

– 
se

e 
Fo

x,
 R

.; 
K

un
g,

 A
;  

"C
om

m
en

ts
 o

f S
tr

ai
gh

t P
at

h 
C

om
m

un
ic

at
io

ns
, I

nc
."

  P
et

iti
on

 fo
r 

R
ul

em
ak

in
g 

of
 th

e 
Fi

xe
d 

W
ire

le
ss

 C
om

m
un

ic
at

io
ns

 C
oa

lit
io

n 
to

 C
re

at
e 

Se
rv

ic
e,

 R
M

-1
16

64
, J

an
ua

ry
 5

, 2
01

5 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

9 

37
.5

-4
0.

0 
G

H
z 

Sp
ec

tr
um

 S
ha

rin
g 

Te
rr

es
tr

ia
l 5

G
 O

pe
ra

tio
ns

 
in

to
 

Sa
te

lli
te

 E
ar

th
 S

ta
tio

n 
R

ec
ei

ve
rs

  



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

10
 

5G
 U

se
r O

pe
ra

tio
ns

 in
to

  
Sa

te
lli

te
  E

ar
th

 S
ta

tio
n 

R
ec

ei
ve

rs
 

Tw
o 

sc
en

ar
io

s 
co

ns
id

er
ed

 in
 s

ta
tis

tic
al

 li
nk

 b
ud

ge
ts

 
5G

 M
ob

ile
 H

an
ds

et
 in

to
 S

at
el

lit
e 

R
ec

ei
ve

 E
ar

th
 S

ta
tio

n 
5G

 B
as

e 
S

ta
tio

n 
in

to
 S

at
el

lit
e 

R
ec

ei
ve

 E
ar

th
 S

ta
tio

n 

C
/I 

27
.8

 d
B

 
C

/I 
17

.8
 d

B
 

1
Fo

x,
 R

.; 
Ku

ng
, A

;  
"C

om
m

en
ts

 o
f S

tr
ai

gh
t P

at
h 

Co
m

m
un

ic
at

io
ns

, I
nc

."
  P

et
iti

on
 fo

r R
ul

em
ak

in
g 

of
 

th
e 

Fi
xe

d 
W

ire
le

ss
 C

om
m

un
ic

at
io

ns
 C

oa
lit

io
n 

to
 C

re
at

e 
Se

rv
ic

e,
 R

M
-1

16
64

, J
an

ua
ry

 5
, 2

01
5.

2

Ak
de

ni
z,

 M
.R

.; 
Yu

an
pe

ng
 L

iu
; S

am
im

i, 
M

.K
.; 

Sh
u 

Su
n;

 R
an

ga
n,

 S
.; 

Ra
pp

ap
or

t, 
T.

S.
; E

rk
ip

, E
., 

"M
ill

im
et

er
 W

av
e 

Ch
an

ne
l M

od
el

in
g 

an
d 

Ce
llu

la
r C

ap
ac

ity
 E

va
lu

at
io

n,
" 

Se
le

ct
ed

 A
re

as
 in

 
Co

m
m

un
ic

at
io

ns
, I

EE
E 

Jo
ur

na
l o

n 
, v

ol
.3

2,
 n

o.
6,

 p
p.

11
64

,1
17

9,
 Ju

ne
 2

01
4

3
An

gl
e-

de
pe

nd
en

t P
ro

pa
ga

tio
n 

fo
r C

el
lu

la
r &

 P
ee

r-
to

-P
ee

r W
ire

le
ss

 C
om

m
un

ic
at

io
ns

."
  I

EE
E 

IC
C 

20
12

 - 
W

ire
le

ss
 C

om
m

un
ic

at
io

ns
 S

ym
po

siu
m

.  

5G
 M

ob
ile

 H
an

ds
et

 E
IR

P1
43

.0
dB

m
Ha

nd
se

t t
o 

Ea
rt

h 
St

at
io

n 
Di

st
an

ce
10

0.
0

m
Ha

nd
se

t t
o 

Ea
rt

h 
St

at
io

n 
Pa

th
 Lo

ss
2,

3
13

0.
0

dB
 H

an
ds

et
 T

ra
ns

m
it 

Ba
nd

w
id

th
20

.0
M

Hz

Ha
nd

se
t P

FD
 a

t E
ar

th
 S

ta
tio

n
-1

00
.8

dB
W

/4
kH

z/
m

2

Sa
te

lli
te

 P
FD

 a
t E

ar
th

 S
ta

tio
n

-1
38

.0
dB

W
/4

kH
z/

m
2

M
ob

ile
 H

an
ds

et
 T

x 
Is

ol
at

io
n

15
.0

dB
Ea

rt
h 

St
at

io
n 

Rx
 Is

ol
at

io
n

50
.0

dB
C/

I d
ue

 to
 5

G
 H

an
ds

et
 In

te
rf

er
en

ce
27

.8
dB

Sa
te

lli
te

 F
or

w
ar

d 
Do

w
nl

in
k 

    
 C

/N
 

11
.2

0
dB

Sa
te

lli
te

 F
W

D 
Li

nk
 C

/(
I+

N
)

11
.1

1
dB

In
te

rf
er

en
ce

 D
eg

ra
da

tio
n

0.
09

dB
-1

6.
57

dB
2.

2
%

 In
te

rf
er

en
ce

 to
 N

oi
se

 ra
tio

, I
SA

T/
N

5G

5G
 M

O
BI

LE
 H

AN
DS

ET
 IN

TO
 R

EC
EI

VE
 E

AR
TH

 S
TA

TI
O

N
5G

 M
ob

ile
 B

as
e 

St
at

io
n 

EI
RP

1
65

.0
dB

m
Ha

nd
se

t t
o 

Ea
rt

h 
St

at
io

n 
Di

st
an

ce
10

0.
0

m
Ha

nd
se

t t
o 

Ea
rt

h 
St

at
io

n 
Pa

th
 Lo

ss
2,

3
13

0.
0

dB
Ba

se
 S

ta
tio

n 
Tr

an
sm

it 
Ba

nd
w

id
th

10
0.

0
M

Hz

Ba
se

 S
ta

tio
n 

PF
D 

at
 E

ar
th

 S
ta

tio
n

-8
5.

8
dB

W
/4

kH
z/

m
2

Sa
te

lli
te

 P
FD

 a
t E

ar
th

 S
ta

tio
n

-1
38

.0
dB

W
/4

kH
z/

m
2

Ba
se

 S
ta

tio
n 

Tx
 Is

ol
at

io
n

20
.0

dB
Ea

rt
h 

St
at

io
n 

Rx
 Is

ol
at

io
n

50
.0

dB
/I

 d
ue

 to
 5

G
 B

as
e 

St
at

io
n 

In
te

rf
er

en
ce

17
.8

dB
Sa

te
lli

te
 F

or
w

ar
d 

Do
w

nl
in

k 
    

  C
/N

11
.2

0
dB

Sa
te

lli
te

 F
W

D 
Li

nk
 C

/(
I+

N
)

10
.3

3
dB

In
te

rf
er

en
ce

 D
eg

ra
da

tio
n

0.
87

dB
-6

.5
6

dB
22

.1
%

 In
te

rf
er

en
ce

 to
 N

oi
se

 ra
tio

, I
SA

T/
N

5G

5G
 B

AS
E 

ST
AT

IO
N

 IN
TO

 R
EC

EI
VE

 E
AR

TH
 S

TA
TI

O
N



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

11
 

B
as

e 
St

at
io

n 
/ M

ob
ile

 U
se

r G
eo

m
et

ry
 

Bo
ei

ng
. A

ll 
rig

ht
s 

re
se

rv
ed

.

10
0k

 M
on

te
 C

ar
lo

 in
de

pe
nd

en
t r

an
do

m
 

dr
aw

s 
to

 s
pe

ci
fy

 th
re

e 
lo

ca
tio

ns
 

5G
 M

ob
ile

 H
an

ds
et

s 
R

ec
ei

ve
 e

ar
th

 s
ta

tio
ns

 
S

at
el

lit
e 

tra
ns

m
itt

er
 

Ea
ch

 lo
ca

tio
n 

di
st

rib
ut

ed
 u

ni
fo

rm
ly

 
M

ob
ile

 h
an

ds
et

s 
an

d 
sa

te
lli

te
 re

ce
iv

e 
ea

rth
 

st
at

io
ns

 a
re

 u
ni

fo
rm

ly
 s

pr
ea

d 
at

 g
ro

un
d 

le
ve

l 
S

at
el

lit
e 

po
si

tio
n 

is
 u

ni
fo

rm
ly

 d
is

tri
bu

te
d 

ov
er

 a
 

sp
he

ric
al

 s
he

ll 
> 

45
 d

eg
re

es
 e

le
va

tio
n 

Ex
ac

tly
 o

ne
 e

ar
th

 s
ta

tio
n 

an
d 

on
e 

   
   

   
 

co
-fr

eq
ue

nc
y 

m
ob

ile
 c

ho
se

n 
pe

r d
ra

w
 

M
an

y 
in

de
pe

nd
en

t t
ria

ls
 g

en
er

at
e 

re
pr

es
en

ta
tiv

e 
st

at
is

tic
s 

fo
r l

oo
k 

an
gl

es
 a

nd
 d

is
ta

nc
es

 
S

ta
tis

tic
al

 li
nk

 b
ud

ge
ts

 c
re

at
ed

 b
et

w
ee

n 
5G

 u
se

rs
 

(h
an

ds
et

s 
an

d 
ba

se
 s

ta
tio

ns
) a

nd
 s

at
el

lit
e 

us
er

s 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

12
 

Tr
an

sm
it 

an
d 

R
ec

ei
ve

 Is
ol

at
io

n 

5G
 b

as
e 

st
at

io
n 

an
d 

ha
nd

se
t T

x 
Is

ol
at

io
n 

gi
ve

n 
by

 IT
U

-R
 S

.1
42

8 

50
.0

50
.0

%
Ef

fic
ie

nc
y

G
13

.0
27

.0
dB

i
Pe

ak
 G

ai
n

1.
6

7.
8

cm
0.

0
7.

8E
-0

2
m

0.
0

7.
7E

-0
3

m
W

av
el

en
gt

h
f

38
.8

38
.8

GH
z

Ce
nt

er
 F

re
qu

en
cy

D
An

te
nn

a 
Di

am
et

er

Di
am

et
er

 F
ro

m
 P

ea
k 

Ga
in

G
 =

 1
0l

og
10

(
(

D
/

)2 )

Ea
rt

h 
st

at
io

n 
te

rm
in

al
 R

x 
Is

ol
at

io
n 

gi
ve

n 
by

 
ph

as
ed

 a
rr

ay
 w

ith
 s

ca
n 

an
d 

di
st

or
tio

n 

m
ob

ile
ba

se
 

st
at

io
n

10
15

.0
8.

3
20

17
.8

21
.0

30
17

.9
25

.9
40

22
.6

28
.6

50
22

.7
31

.0
60

22
.7

33
.1

70
22

.8
35

.0
80

22
.8

36
.4

90
22

.8
36

.6
10

0
22

.8
36

.8

B
as

e 
St

at
io

n 
Tx

 Is
ol

at
io

n:
 >

20
dB

 in
 8

0%
 o

f t
ria

ls
 

H
an

ds
et

 T
ra

ns
m

it 
Is

ol
at

io
n 

>1
5d

B
 in

 9
0%

 o
f t

ria
ls

 
Ea

rt
h 

St
at

io
n 

R
x:

 5
6d

B
 m

ea
n 

is
ol

at
io

n 
to

w
ar

d 
5G

 u
se

rs
 

B
ea

m
fo

rm
in

g 
en

ab
le

s 
sh

ar
in

g 
by

 p
ro

vi
di

ng
 is

ol
at

io
n 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

13
 

D
is

ta
nc

e,
 P

at
h 

Lo
ss

 a
nd

 P
ow

er
 C

on
tr

ol
 

D
is

ta
nc

e 
be

tw
ee

n 
th

e 
ha

nd
se

t a
nd

 
ba

se
 s

ta
tio

n 
se

ts
 5

G
 p

at
h 

lo
ss

 
Po

w
er

 C
on

tr
ol

 li
m

its
 re

ce
iv

e 
PF

D
 o

n 
th

e 
5G

 li
nk

 to
 a

 d
yn

am
ic

 ra
ng

e 
M

in
im

um
 P

FD
 c

om
pu

te
d 

at
 m

ax
 ra

ng
e 

w
ith

 
no

n-
lin

e 
of

 s
ig

ht
 lo

ss
es

, m
ax

 E
IR

P
 

M
ax

im
um

 P
FD

 is
 m

in
im

um
 P

FD
 p

lu
s 

dy
na

m
ic

 
ra

ng
e 

(e
.g

.1
0 

dB
) 

B
as

e 
St

at
io

n 
to

 M
ob

ile
, P

FD
 a

nd
 E

IR
P 

 

M
ob

ile
 to

 B
as

e 
St

at
io

n,
 P

FD
 a

nd
 E

IR
P 

-8
7<

PF
D

<-
97

 d
B

W
/m

2 /4
kH

z 10
dB

 

-1
12

<P
FD

<-
10

2 
dB

W
/m

2 /4
kH

z 

10
dB

 

Po
w

er
 c

on
tr

ol
 li

m
its

 re
ce

iv
ed

 in
te

rf
er

en
ce

 c
lo

se
 to

 b
as

e 
st

at
io

ns
 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

14
 

PF
D

 a
nd

 C
/I 

at
  

Ea
rt

h 
St

at
io

n 
R

ec
ei

ve
 T

er
m

in
al

 

PF
D

 fr
om

 5
G

 b
as

e 
st

at
io

ns
 a

nd
 u

se
rs

 a
t 

re
ce

iv
e 

ea
rt

h 
st

at
io

ns
 

in
cl

ud
es

: 
EI

R
P 

w
ith

 p
ow

er
 c

on
tro

l 
N

on
 li

ne
-o

f-s
ig

ht
 lo

ss
es

 
Tx

 Is
ol

at
io

n 
fro

m
 a

ng
le

 
be

tw
ee

n 
in

te
nd

ed
 ta

rg
et

 a
nd

 
th

e 
ea

rth
 s

ta
tio

n 
C

/I 
at

 re
ce

iv
e 

ea
rt

h 
st

at
io

ns
 in

cl
ud

es
: 

N
om

in
al

 -1
38

 d
BW

/m
2 /4

kH
z 

sa
te

llit
e 

P
FD

 
R

x 
Is

ol
at

io
n 

to
w

ar
d 

5G
 

m
ob

ile
 u

se
rs

 a
nd

 b
as

e 
st

at
io

n 
fro

m
 re

pr
es

en
ta

tiv
e 

an
te

nn
a 

pa
tte

rn
  

B
as

e 
St

at
io

n 
to

 E
ar

th
 S

ta
tio

n 
R

ec
ei

ve
r P

FD
 a

nd
 C

/I 

M
ob

ile
 to

 E
ar

th
 S

ta
tio

n 
R

ec
ei

ve
r P

FD
 a

nd
 C

/I 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

15
 

Pe
rc

en
t o

f t
ot

al
 li

nk
 fr

om
 5

G
 tr

an
sm

itt
er

s 
at

  
Ea

rt
h 

St
at

io
n 

R
ec

ei
ve

 T
er

m
in

al
 

To
ta

l l
in

k 
im

pa
ct

 is
 g

iv
en

 a
s 

th
e 

ra
tio

 I 5
G
 / 

N
SA

T 
I 5G

 is
 m

ob
ile

 h
an

ds
et

 o
r b

as
e 

st
at

io
n 

tra
ns

m
itt

er
 in

te
rfe

re
nc

e 
in

to
 

th
e 

sa
te

lli
te

 re
ce

iv
e 

ea
rth

 s
ta

tio
n 

U
si

ng
 C

/I 5
G
 fr

om
 p

rio
r p

ag
e,

 w
e 

 
ca

n 
de

riv
e 

th
e 

ra
tio

 a
bo

ve
 

 15
%

 o
f e

ar
th

 s
ta

tio
ns

 re
ce

iv
e 

in
te

rf
er

en
ce

 p
ow

er
 th

at
 is

 2
5%

 
of

 s
ys

te
m

 n
oi

se
 

O
pe

ra
tin

g 
ea

rt
h 

st
at

io
ns

 n
ea

r 
ba

se
 s

ta
tio

ns
 is

 d
iff

ic
ul

t, 
ev

en
 

w
ith

 p
ro

po
se

d 
po

w
er

 le
ve

l 
re

st
ric

tio
ns

 

m
ob

ile
ba

se
 st

at
io

n
1%

80
.6

%
67

.4
%

5%
88

.3
%

77
.2

%
10

%
91

.1
%

80
.4

%
15

%
92

.6
%

82
.2

%
20

%
93

.5
%

83
.3

%

us
er

s w
ith

 le
ss

 d
eg

ra
da

tio
n

I 5G
/N

SA
T

5%
-1

3.
0 

dB
10

%
-1

0.
0 

dB
15

%
-8

.2
 d

B
20

%
-7

.0
 d

B
25

%
-6

.0
 d

B

I/
N

 V
al

ue
s



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

16
 

5G
 B

as
e 

St
at

io
n 

In
te

rf
er

en
ce

  
vs

. B
as

e 
St

at
io

n 
Po

w
er

 

Li
nk

 im
pa

ct
 a

s 
a 

fu
nc

tio
n 

of
 b

as
e 

st
at

io
n 

po
w

er
 

N
um

be
r o

f s
at

el
lit

e 
us

er
s 

im
pa

ct
ed

 
in

cr
ea

se
s 

w
ith

 
in

cr
ea

si
ng

 b
as

e 
st

at
io

n 
po

w
er

 
In

 a
dd

iti
on

 to
 1

0%
 

sy
st

em
 n

oi
se

 
in

cr
ea

se
, s

at
el

lit
e 

sy
st

em
 c

ap
ac

ity
 d

ro
ps

 
~1

5%
 b

et
w

ee
n 

 
62

 a
nd

 7
5 

dB
m

 
pe

r 1
00

 M
H

z 
 

65
 d

B
m

 

90
%

 

81
%

 

75
 d

B
m

 

68
%

 

62
 d

B
m

 

EI
R

P 
is

 
dB

m
i 

in
 1

00
 M

H
z 

ba
nd

w
id

th
 

83
%

 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

17
 

H
ig

he
r 5

G
 b

as
e 

st
at

io
n 

EI
R

P 
yi

el
ds

 
lim

ite
d 

in
cr

ea
se

 in
 

5G
 s

er
vi

ce
 

ra
ng

e/
da

ta
 ra

te
 

FS
S 

sy
st

em
 c

ou
ld

 
ra

is
e 

op
er

at
in

g 
PF

D
 

in
 a

ffe
ct

ed
 a

re
as

 
du

e 
to

 h
ig

he
r 5

G
  

ba
se

-s
ta

tio
n 

EI
R

P 
O

pe
ra

tio
ns

 u
p 

to
 IT

U
 

P
FD

 li
m

it 
w

ou
ld

 o
nl

y 
im

pa
ct

 5
G

 s
ys

te
m

 b
y 

(0
.2

-0
.6

 d
B

) 
G

re
at

er
 im

pa
ct

 to
 F

S
S

 
ca

pa
ci

ty
 (+

9 
dB

 p
ow

er
 

to
 o

ve
rc

om
e 

75
 d

B
m

 
in

te
rfe

re
nc

e 
an

d 
re

ta
in

 
80

%
 F

S
S

 s
ys

te
m

 
op

er
at

in
g 

ca
pa

ci
ty

 

C
op

 Sa
te

lli
te

 C
ap

ac
ity

 a
nd

 O
pe

ra
tin

g 
Po

w
er

 
w

ill
 b

e 
im

pa
ct

ed
 b

y 
hi

gh
er

 5
G

 E
IR

P 
op

er
at

io
n 

65
 d

B
m

 
62

 d
B

m
 

75
 d

B
m

 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

18
 

Fu
tu

re
 S

ha
rin

g 
A

ss
es

sm
en

ts
 –

   
   

Sa
te

lli
te

s 
an

d 
Te

rr
es

tr
ia

l 5
G

 

C
on

tin
ue

 m
od

el
in

g 
w

ith
 fu

rt
he

r u
pd

at
ed

 a
ss

um
pt

io
ns

 fo
r 

5G
 s

ys
te

m
 d

es
ig

n 
an

d 
op

er
at

io
ns

 
5G

 a
nt

en
na

 p
at

te
rn

s 
fo

r m
or

e 
ac

cu
ra

te
 is

ol
at

io
n 

m
od

el
in

g 
M

ul
tip

le
 a

cc
es

s 
sc

he
m

es
 a

nd
 5

G
 s

pe
ct

ra
l r

eu
se

 
M

or
e 

de
ta

ile
d 

po
w

er
 c

on
tro

l m
od

el
s 

U
til

iz
e 

si
m

ul
at

io
ns

 to
 p

er
fo

rm
 a

dd
iti

on
al

 s
en

si
tiv

ity
 s

tu
di

es
 

5G
 d

ep
lo

ym
en

t g
eo

m
et

ry
 (v

ar
yi

ng
 c

el
l r

ad
iu

s)
 

M
ul

tip
le

 N
G

S
O

 s
at

el
lit

e 
co

ve
ra

ge
 (s

el
ec

t b
es

t l
in

k)
 

M
ix

ed
 p

ro
pa

ga
tio

n 
pa

th
s 

an
d 

m
od

el
s 

–
Lo

S 
vs

. N
Lo

S 
pr

op
ag

at
io

n 
(N

Lo
S 

bo
un

da
rie

s)
 

–
O

th
er

 im
pa

irm
en

ts
 / 

bl
oc

ka
ge

s 
(e

.g
. r

ai
n,

 fo
lia

ge
) 

 
In

iti
al

 s
ha

rin
g 

as
se

ss
m

en
ts

 e
nh

an
ce

d 
by

 d
et

ai
le

d 
m

od
el

in
g 

Fu
rt

he
r d

ia
lo

gu
e 

an
d 

st
ud

y 
w

ill
 im

pr
ov

e 
sh

ar
in

g 
gu

id
el

in
es

 



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

19
 

Su
m

m
ar

y 
– 

5G
 a

nd
 S

at
el

lit
e 

Sp
ec

tr
um

 
Sh

ar
in

g 
at

 3
7.

5-
40

.0
 G

H
z 

 

FS
S 

sa
te

lli
te

 u
sa

ge
 a

nd
 te

rr
es

tr
ia

l 5
G

 s
pe

ct
ru

m
  

sh
ar

in
g 

is
 p

os
si

bl
e 

in
 th

e 
37

.5
-4

0.
0 

G
H

z 
ba

nd
 

D
ow

nl
in

k-
on

ly
 b

an
d 

fo
r F

SS
 s

at
el

lit
es

 
Sh

ar
in

g 
is

 e
na

bl
ed

 b
ec

au
se

 o
f h

ig
h 

el
ev

at
io

n 
an

gl
es

  
Sh

ar
in

g 
is

 a
ls

o 
en

ab
le

d 
by

 k
ey

 b
ea

m
fo

rm
in

g 
te

ch
ni

qu
es

  
in

he
re

nt
 to

 s
at

el
lit

e 
an

d 
5G

 s
ys

te
m

 d
es

ig
n 

fo
r h

ig
h 

da
ta

 ra
te

s 
5G

 s
ys

te
m

s 
ar

e 
pr

ot
ec

te
d 

fr
om

 s
at

el
lit

e 
do

w
nl

in
k 

   
   

   
   

   
   

   
   

   
   

   
   

us
in

g 
IT

U
 P

FD
 li

m
it,

 w
ith

 m
in

im
al

 d
eg

ra
da

tio
n 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 

to
 5

G
 o

pe
ra

tio
ns

 (0
.2

-0
.6

 d
B

) 
Sa

te
lli

te
 e

ar
th

 s
ta

tio
n 

re
ce

iv
er

s 
of

fe
r h

ig
h 

is
ol

at
io

n 
(>

50
 d

B
) 

an
d 

m
ay

 b
e 

ab
le

 to
 s

ha
re

 w
ith

 5
G

 m
ob

ile
 a

nd
 b

as
e 

st
at

io
ns

 
St

at
is

tic
al

 s
im

ul
at

io
ns

 s
up

po
rt 

Bo
ei

ng
’s

 in
iti

al
 in

te
rfe

re
nc

e 
as

se
ss

m
en

ts
 

S
at

el
lit

e 
ea

rth
 s

ta
tio

ns
 w

ill 
be

 m
os

t i
m

pa
ct

ed
 b

y 
ba

se
-s

ta
tio

n 
fo

rw
ar

d 
lin

ks
 

5G
 E

IR
P 

m
us

t b
e 

lim
ite

d 
ne

ar
 p

ro
po

se
d 

va
lu

e 
(6

2-
65

 d
Bm

) t
o 

fa
ci

lit
at

e 
sh

ar
in

g 
w

ith
ou

t h
in

de
rin

g 
5G

 d
at

a 
ra

te
 g

oa
ls

 
B

ot
h 

sy
st

em
s 

ca
n 

ac
hi

ev
e 

th
e 

vi
si

on
 o

f b
ro

ad
ba

nd
 d

at
a 

ra
te

s 
an

d 
ra

pi
d 

de
pl

oy
m

en
t w

ith
 a

pp
ro

pr
ia

te
 s

ha
rin

g 
gu

id
el

in
es

 
 

   
   

    
   



B
oe

in
g 

Sa
te

lli
te

 S
ys

te
m

s 

C
op

yr
ig

ht
 ©

 2
01

6 
 B

oe
in

g.
 A

ll 
rig

ht
s 

re
se

rv
ed

. 
 | 

20
 

Pa
th

 fo
rw

ar
d 

fo
r 3

7.
5-

40
.0

 G
H

z 
- 

R
ec

om
m

en
da

tio
ns

 
M

ea
su

re
s 

to
 e

ns
ur

e 
ef

fic
ie

nt
 s

pe
ct

ru
m

 u
se

: 
R

em
ov

e 
pr

oh
ib

iti
on

 o
n 

sa
te

lli
te

 e
nd

 u
se

r r
ec

ei
ve

rs
 

–
A

llo
w

 u
nr

es
tri

ct
ed

 d
ep

lo
ym

en
t o

f s
at

el
lit

e 
re

ce
iv

er
s 

P
er

m
it 

sa
te

lli
te

 d
ow

nl
in

ks
 a

t (
or

 n
ea

r)
 IT

U
 P

FD
 le

ve
ls

 
R

eq
ui

re
 m

ob
ile

 s
er

vi
ce

s 
to

 u
se

 b
ea

m
 fo

rm
in

g 
–

Fa
ci

lit
at

e 
bo

th
 in

te
r-

 a
nd

 in
tra

-s
er

vi
ce

 s
ha

rin
g 

–
A

pp
ly

 m
od

es
t o

ff-
ax

is
 s

id
el

ob
e 

is
ol

at
io

n 
re

qu
ire

m
en

ts
  

co
ns

is
te

nt
 w

ith
 p

la
nn

ed
 5

G
 s

ys
te

m
 d

es
ig

n(
s)

 
R

eq
ui

re
 m

ob
ile

 s
er

vi
ce

s 
to

 u
se

 p
ow

er
 c

on
tro

l 
–

Li
m

its
 in

te
rfe

re
nc

e 
in

to
 L

O
S

 s
at

el
lit

e 
us

er
 te

rm
in

al
s 

A
do

pt
 b

as
e 

st
at

io
n 

tra
ns

m
itt

er
 p

ow
er

 / 
E

IR
P

 d
en

si
ty

 li
m

it 
–

R
ed

uc
es

 a
gg

re
ga

te
 in

te
rfe

re
nc

e 
in

to
 u

pw
ar

d 
fa

ci
ng

 s
at

el
lit

e 
us

er
 te

rm
in

al
s 

–
Li

m
its

 n
ea

r t
he

 c
ur

re
nt

 F
C

C
 p

ro
po

se
d 

va
lu

e 
su

pp
or

t  
hi

gh
 d

at
a 

ra
te

 5
G

 s
er

vi
ce

 o
ve

r b
ro

ad
 ra

ng
e 

of
 c

el
l s

iz
es

 
R

eq
ui

re
 d

is
cl

os
ur

e 
of

 b
as

e 
st

at
io

n 
lo

ca
tio

ns
 

–
E

na
bl

es
 s

at
el

lit
e 

us
er

 te
rm

in
al

 n
ul

lin
g 

an
d 

LO
S

 s
el

ec
tio

n 

Sa
te

lli
te

 re
ce

iv
er

 fo
rm

ed
 b

ea
m

 

H
an

ds
et

 a
nd

 b
as

e 
 

st
at

io
n 

fo
rm

ed
 b

ea
m

s 
Si

gn
ifi

ca
nt

 fu
rt

he
r s

tu
dy

 a
nd

 c
on

su
lta

tio
n 

w
ith

 w
ire

le
ss

 in
du

st
ry

 re
qu

ire
d 

C
on

tro
lle

d 
pf

d(
s)

 


