
May 12, 2016

Ms. Marlene H. Dortch, Secretary
Federal Communications Commission
445 Twelfth Street S.W.
Washington, D.C.  20554

Re: Use of Spectrum Bands Above 24 GHz For Mobile Radio Services, GN Docket No. 14-
177; Establishing a More Flexible Framework to Facilitate Satellite Operations in the 
27.5-28.35 GHz and 37.5-40 GHz Bands, IB Docket No. 15-256

Dear Ms. Dortch:

On May 11th, 2016, AT&T Services Inc., (“AT&T”), Nokia (“Nokia”), Samsung Electronics 
America (“Samsung”), T-Mobile USA, Inc. (“T-Mobile”) and Verizon (“Verizon”) met with 
members of the Wireless Telecommunications Bureau, the International Bureau and the Office 
of Engineering and Technology to discuss the above-referenced proceeding.  A full list of 
attendees at this meeting is attached hereto as Exhibit 1.

In this meeting, Nokia presented the results of its preliminary simulation to assess potential 
interference between terrestrial mobile broadband (fifth generation or “5G”) and Fixed Satellite 
Service (“FSS”) systems sharing the 28 GHz band. The discussion followed closely with the 
presentation that is attached as Exhibit 2.

Pursuant to the Commission’s rules, this notice is being filed in the above-referenced docket for 
inclusion in the public record. Please contact me should you have any questions.

Respectfully submitted, 

/s/ Stacey Black /s/ Prakash Moorut
Assistant Vice President – Federal Regulatory Spectrum Lead, North America
AT&T Services, Inc. Nokia

_/s/ John Hunter_________________ /s/ Sanyogita Shamsunder
Senior Director, Engineering & Technology Director, Network Planning,
Policy Verizon
T-Mobile USA, Inc.

__/s/ Robert Kubik________________
Director, Public Policy, Engineering and Technology
Samsung Electronics America



EXHIBIT 1

Meeting Attendees

Wireless Telecommunications Bureau
Charles Oliver
Brian Regan
Chris Helzer
Matthew Pearl
John Schauble
Simon Banyai
Stephen Buenzow (by phone)
Tim Hilfiger (by phone)
Nancy Zaczek (by phone)
Catherine Schoedeer (by phone)

International Bureau
Robert Nelson
Jose Albuquerque

Office of Engineering and Technology
Julius Knapp
Michael Ha
Nicholas Oros

AT&T
Stacey Black
Neeti Tandon
Jack Wengryniuk (by phone)

Nokia
Prakash Moorut (by phone)
Eugene Visotsky (by phone)
Jeffrey Marks

Samsung
Rob Kubik

T-Mobile
John Hunter

Verizon
Charla Rath
Greg Romano 
Sanyogita Shamsunder (by phone)
Vishwanath Ramamurthi (by phone)



EXHIBIT 2

Presentation: FSS and 5G Coexistence Analysis at 28GHz
System-level Simulation results



1
©

 N
ok

ia
 2

01
6

FS
S 

an
d 

5G
 C

oe
xis

te
nc

e 
An

al
ys

is
at

 2
8G

H
z

Sy
st

em
-le

ve
l S

im
ul

at
io

n 
re

su
lts

Eu
ge

ne
 V

iso
ts

ky
, K

am
il 

Be
ch

ta
, P

ra
ka

sh
 M

oo
ru

t

N
ok

ia
 -

Be
ll 

La
bs

 



2
©

 N
ok

ia
 2

01
6

O
ut

lin
e

•I
nt

er
fe

re
nc

e 
fr

om
 F

SS
 t

ow
ar

ds
 5

G



3
©

 N
ok

ia
 2

01
6

•
Li

nk
-l

ev
el

 p
ro

te
ct

io
n 

cr
ite

rio
n:

A 
5G

 li
nk

 (D
L 

or
 U

L)
 is

 “
pr

ot
ec

te
d”

 fr
om

 F
SS

 E
ar

th
 S

ta
tio

n 
in

te
rf

er
en

ce
 if

 
w

he
re

 
in

cl
ud

es
 N

F 
(5

 d
B)

Re
su

lts
 a

re
 g

en
er

at
ed

 fo
r 

•
Sy

st
em

-l
ev

el
 p

ro
te

ct
io

n 
di

st
an

ce
 c

rit
er

io
n:

 

M
in

im
um

 d
is

ta
nc

e 
be

tw
ee

n 
an

 F
SS

 E
ar

th
 S

ta
tio

n 
an

d 
th

e 
ne

ar
es

t5
G

 A
P,

 s
uc

h 
th

at
 9

5%
 o

f t
he

 
D

L/
U

L 
lin

ks
 a

tt
ac

he
d 

to
 t

he
 n

ea
re

st
5G

 A
P 

ar
e 

“p
ro

te
ct

ed
” 

 

•
H

ow
 s

ho
ul

d 
FS

S 
ea

rt
h 

st
at

io
n 

be
 p

os
iti

on
ed

/o
rie

nt
ed

 re
la

tiv
e 

to
 t

he
 5

G
 s

ys
te

m
? 

Fo
r t

he
 c

ur
re

nt
 re

su
lts

, F
SS

 E
ar

th
 S

ta
tio

n 
is

 p
oi

nt
ed

 a
t t

he
 c

en
te

r o
f t

he
 5

G 
sy

st
em

 la
yo

ut

Pr
el

im
in

ar
ie

s
D

ef
in

iti
on

 o
f 5

G
 p

ro
te

ct
io

n 
cr

ite
rio

n 
at

 th
e 

sy
st

em
 le

ve
l 



4
©

 N
ok

ia
 2

01
6

Ev
al

ua
tio

n 
sc

en
ar

io
 a

nd
 m

et
ho

do
lo

gy

Si
m

ul
at

io
n 

pa
ra

m
et

er
s

Co
m

m
en

ts
M

et
ho

do
lo

gy
 

•
FS

S 
tr

an
sm

itt
er

pl
ac

ed
 a

t a
 c

er
ta

in
 d

is
ta

nc
e 

aw
ay

 fr
om

 t
he

 
5G

 s
ys

te
m

 e
dg

e
•

FS
S 

tr
an

sm
itt

er
 in

 a
zi

m
ut

h 
is

 p
oi

nt
in

g 
at

 th
e 

ce
nt

er
 o

f t
he

 
5G

 s
ys

te
m

 la
yo

ut
•

5G
 U

L 
in

te
rf

er
en

ce
 c

al
cu

la
tio

ns
 a

re
 a

ve
ra

ge
d 

ov
er

 m
an

y 
FS

S 
tr

an
sm

itt
er

 p
os

iti
on

s 
ar

ou
nd

 t
he

 ‘v
ic

tim
’ 5

G
 s

ys
te

m
 a

nd
 t

he
 

5G
 U

Es
 a

tt
ac

he
d 

to
 t

he
 A

P 
ne

ar
es

t 
to

 t
he

 F
SS

 E
ar

th
 S

ta
tio

n

•
St

at
is

tic
al

 m
et

ho
do

lo
gy

 
•

O
ut

pu
t 

is
 t

he
 p

er
ce

nt
ag

e 
of

 U
L 

lin
ks

 w
ith

 s
at

is
fie

d 
5G

 p
ro

te
ct

io
n 

cr
ite

rio
n 

at
ta

ch
ed

 t
o 

th
e 

AP
 n

ea
re

st
to

 t
he

 F
SS

 E
ar

th
 S

ta
tio

n 
as

 a
 fu

nc
tio

n 
of

 t
he

 F
SS

 
di

st
an

ce
 t

o 
th

at
 s

ite
•

FS
S 

Ea
rt

h 
St

at
io

n 
an

te
nn

a 
pa

tt
er

n 
in

 t
he

 
ho

riz
on

ta
l p

la
in

 is
 d

is
pl

ay
ed

 in
 t

he
 fo

llo
w

in
g 

sl
id

es
  

5G
 S

ys
te

m
 la

yo
ut

3G
PP

-d
ef

in
ed

19
-s

ite
 (5

7
se

ct
or

s)
 s

ys
te

m
,I

SD
  =

 2
00

m
Sh

ow
n

on
 t

he
 n

ex
t 

sl
id

e

5G
 A

P
an

te
nn

a 
co

nf
ig

ur
at

io
n

•
64

 (8
x8

) c
ro

ss
-p

ol
ar

iz
ed

 e
le

m
en

ts
 

•
El

em
en

t 
an

te
nn

a 
ga

in
 =

5 
dB

i
•

To
ta

l n
um

be
r 

of
 e

le
m

en
ts

 =
 1

28
•

M
ax

 A
P 

ar
ra

y 
ga

in
 =

 2
3 

dB
i

•
4-

bi
t 

az
im

ut
h 

an
d 

4-
bi

t 
el

ev
at

io
n 

co
de

bo
ok

s 
us

ed
 

fo
r s

te
er

in
g 

 t
he

 a
rr

ay
 a

t 
th

e 
AP

 

FS
S-

to
-5

G
 A

P
pa

th
lo

ss
 m

od
el

Fr
ee

 s
pa

ce
 p

at
hl

os
s 

+ 
20

 d
B 

ad
di

tio
na

l a
tt

en
ua

tio
n 

5G
 A

P 
re

ce
iv

er
 N

F
5 

dB

5G
 A

P 
an

te
nn

a 
he

ig
ht

10
m

 A
G

L
3G

PP
 U

rb
an

 M
ic

ro
 (U

M
i) 

sc
en

ar
io

 



5
©

 N
ok

ia
 2

01
6

5G
 S

ys
te

m
 la

yo
ut

 e
xa

m
pl

e 
(7

-s
ite

s)

FS
S

 T
ra

ns
m

itt
er

A
P

 n
ea

re
st

 to
 th

e 
FS

S
 E

ar
th

 S
ta

tio
n 

(‘V
ic

tim
’ A

P)

U
Es

 (9
0 

U
E

s 
pe

r A
P

)

S
ys

te
m

 la
yo

ut
 s

ta
ts

:
A

P 
de

ns
ity

 =
 2

9 
A

P
s/

km
2

IS
D

 =
 2

00
 m

 

5G
 A

P
s 

(3
 s

ec
to

rs
)



6
©

 N
ok

ia
 2

01
6

FS
S 

Ea
rt

h 
St

at
io

n 
pa

ra
m

et
er

s

Pa
ra

m
et

er
Va

lu
e

EI
RP

 d
en

si
ty

to
w

ar
ds

ho
riz

on
(d

Bm
/M

H
z)

12
.2

 (C
la

ss
 1

), 
24

.1
 (C

la
ss

 2
), 

48
.0

 (C
la

ss
 3

)

An
te

nn
a 

he
ig

ht
10

m
 A

G
L

FS
S 

Ea
rt

h 
St

at
io

n 
pa

tt
er

n 
in

 th
e 

az
im

ut
h 

pl
an

e 



7
©

 N
ok

ia
 2

01
6

5G
 A

P 
An

te
nn

a 
Pa

tt
er

n



8
©

 N
ok

ia
 2

01
6

In
iti

al
 s

im
ul

at
io

n 
re

su
lts

 fo
r C

la
ss

 1
 a

nd
 C

la
ss

 2
 E

ar
th

 S
ta

tio
ns

< 
50

m

20
00

 m
≈ 

40
0 

m



9
©

 N
ok

ia
 2

01
6

In
iti

al
 s

im
ul

at
io

n 
re

su
lts

 fo
r C

la
ss

 3
 E

ar
th

 S
ta

tio
ns

Pr
ot

ec
tio

n 
di

st
an

ce
 ≈

 7
0 

km
!

28
 k

m
15

 k
m



10
©

 N
ok

ia
 2

01
6

Re
su

lts
 s

um
m

ar
y

Ea
rt

h
St

at
io

n 
Cl

as
s

Re
qu

ire
d

U
L 

Pr
ot

ec
tio

n 
D

is
ta

nc
e 

Cl
as

s 
1

< 
50

 m
 

< 
50

 m
 

< 
50

 m
 

Cl
as

s 
2

15
00

 m
40

0 
m

< 
50

 m
 

Cl
as

s 
3

70
 k

m
28

 k
m

15
 k

m

O
bs

er
va

tio
ns

•
Co

 e
xi

st
en

ce
 re

su
lts

 s
en

si
tiv

e 
to

 s
ys

te
m

 p
ro

te
ct

io
n 

th
re

sh
ol

ds

•
Ra

ng
e 

of
 c

o 
or

di
na

tio
n 

di
st

an
ce

s 
de

pe
nd

en
t 

up
on

 t
he

 e
ar

th
 s

ta
tio

n 
cl

as
s 

ty
pe

.



11
©

 N
ok

ia
 2

01
6

N
ex

t S
te

ps

X
d

d
n

d
d

dB
PL

o
o

)
/

(
lo

g
10

4
lo

g
20

)
](

[
10

10

•
Al

te
rn

at
iv

e 
ch

an
ne

l m
od

el
 (c

m
W

av
e

AP
-A

P)

Li
nk

 d
ir

ec
ti

on
AP

-t
o-

U
E 

AP
-t

o-
AP

U
E-

to
-U

E

Li
nk

 ty
pe

LO
S

N
LO

S
LO

S
N

LO
S

LO
S

N
LO

S

Pa
th

 L
os

s 
Ex

po
ne

nt
 n

2.
1

3.
3

2.
1

3.
5

2.
1

3.
3

Sh
ad

ow
 F

ad
in

g 
X

4.
9 

dB
7.

6 
dB

4.
2 

dB
7.

9 
dB

5.
0 

dB
7.

6 
dB

Lo
S

vs
. N

Lo
S

pr
ob

ab
ili

ty
 a

cc
or

di
ng

 t
o 

3G
PP

 U
M

a/
RM

a



12
©

 N
ok

ia
 2

01
6

O
ut

lin
e

•I
nt

er
fe

re
nc

e 
fr

om
 5

G
 A

Ps
 t

ow
ar

ds
 F

SS



13
©

 N
ok

ia
 2

01
6

•
FS

S 
pr

ot
ec

tio
n 

cr
ite

rio
n:

N
T 

= 
65

0K
: 

N
T 

= 
10

00
K:

 

•
Sp

ac
e 

St
at

io
n 

Pa
ra

m
et

er
s

Pr
el

im
in

ar
ie

s

Ea
rt

h
St

at
io

n
Cl

as
s

Pa
ra

m
et

er
Va

lu
e

Cl
as

s 
1

El
ev

at
io

n
an

gl
e 

(d
eg

re
es

)
30

O
rb

it 
di

st
an

ce
 (k

m
)

36
00

0

M
ax

 S
pa

ce
St

at
io

n 
an

te
nn

a 
ga

in
 (d

Bi
)

60
 ( 5

7 
dB

iu
se

d 
)

Cl
as

s 
2

El
ev

at
io

n
an

gl
e 

(d
eg

re
es

)
14

.6

O
rb

it 
di

st
an

ce
 (k

m
)

36
00

0

M
ax

 S
pa

ce
St

at
io

n 
an

te
nn

a 
ga

in
 (d

Bi
)

60
 (5

7 
dB

iu
se

d 
)

Cl
as

s 
3

El
ev

at
io

n
an

gl
e 

(d
eg

re
es

)
5

O
rb

it 
di

st
an

ce
 (k

m
)

10
00

M
ax

 S
pa

ce
St

at
io

n 
an

te
nn

a 
ga

in
 (d

Bi
)

30
 ( 2

7 
dB

i
us

ed
)



14
©

 N
ok

ia
 2

01
6

Ev
al

ua
tio

n 
sc

en
ar

io
 a

nd
 m

et
ho

do
lo

gy

Si
m

ul
at

io
n 

pa
ra

m
et

er
s

Co
m

m
en

ts
M

et
ho

do
lo

gy
 

Av
er

ag
e 

re
ce

iv
er

 p
ow

er
 (d

Bm
/H

z)
 p

er
 s

ec
to

r  
is

 c
om

pu
te

d 
at

 
th

e 
sp

ac
e 

st
at

io
n 

re
ce

iv
er

Av
er

ag
e 

re
ce

iv
e 

po
w

er
 is

 c
al

cu
la

te
d 

by
 a

ve
ra

gi
ng

 o
ve

r a
ll 

 D
L 

tr
an

sm
is

si
on

s 
in

 th
e 

sy
st

em
  

•
G

iv
en

 a
n 

in
te

rf
er

en
ce

 p
ro

te
ct

io
n 

cr
ite

rio
n,

 th
is

 c
an

 b
e 

us
ed

 t
o 

co
m

pu
te

 t
he

 n
um

be
r o

f s
im

ul
ta

ne
ou

sl
y

ac
tiv

e 
se

ct
or

s
•

N
ee

ds
 to

 b
e 

tr
an

sl
at

ed
 to

 A
P 

de
ns

ity
 u

nd
er

 c
er

ta
in

 
as

su
m

pt
io

ns

5G
 S

ys
te

m
 la

yo
ut

3G
PP

-d
ef

in
ed

19
-s

ite
 (5

7
se

ct
or

s)
 s

ys
te

m
,I

SD
  =

 2
00

m

5G
 A

P
an

te
nn

a 
co

nf
ig

ur
at

io
n

•
64

 (8
x8

) c
ro

ss
-p

ol
ar

iz
ed

 e
le

m
en

ts
 

•
El

em
en

t a
nt

en
na

 g
ai

n 
=5

 d
Bi

•
12

 d
eg

re
e 

m
ec

ha
ni

ca
l d

ow
nt

ilt

•
To

ta
l n

um
be

r o
f e

le
m

en
ts

 =
 1

28
•

M
ax

 A
P 

ar
ra

y 
ga

in
 =

 2
3 

dB
i

•
4-

bi
t 

az
im

ut
h 

an
d 

4-
bi

t 
el

ev
at

io
n 

co
de

bo
ok

s 
us

ed
 fo

r s
te

er
in

g 
 

th
e 

ar
ra

y 
at

 th
e 

AP
 

•
Co

de
bo

ok
s 

ar
e 

D
FT

 v
ec

to
r-

ba
se

d 
w

ith
 s

id
e-

lo
be

 co
nt

ro
l 

5G
 A

P-
to

-F
SS

(s
pa

ce
 

st
at

io
n)

 p
at

hl
os

s 
m

od
el

N
Lo

S:
 F

re
e 

sp
ac

e 
pa

th
lo

ss
 +

 2
0 

dB
  +

 4
 d

B 
Lo

S:
Fr

ee
 s

pa
ce

 p
at

hl
os

s 
+

4 
dB

 
•

20
 d

B 
m

od
el

s 
N

Lo
S

cl
ut

te
r a

nd
 v

eg
et

at
io

n
lo

ss
es

 
•

4 
dB

 m
od

el
s 

1 
dB

 a
tm

os
ph

er
ic

 lo
ss

 +
 3

 d
B 

po
la

riz
at

io
n 

lo
ss

5G
 A

P 
TX

 p
ow

er
39

 d
Bm

/1
00

 M
Hz

/p
er

 s
ec

to
r (

EI
RP

 =
 6

2 
dB

m
/1

00
 M

Hz
)



15
©

 N
ok

ia
 2

01
6

5G
 A

P 
in

to
 F

SS
 a

nt
en

na
 g

ai
ns

 



16
©

 N
ok

ia
 2

01
6

Pr
el

im
in

ar
y 

re
su

lts
 -

N
um

be
r o

f s
im

ul
ta

ne
ou

sl
y 

tr
an

sm
itt

in
g 

5G
 s

ec
to

rs

Ea
rt

h
St

at
io

n
Cl

as
s,

 5
G 

AP
->

 F
SS

 
Lo

S/
N

Lo
S

ch
an

ne
l m

ix
Av

er
ag

e
no

rm
al

iz
ed

 
an

te
nn

a 
ga

in
 

to
w

ar
ds

 t
he

 S
pa

ce
 

St
at

io
n 

(d
B)

Av
er

ag
e

re
ce

iv
e 

po
w

er
 

(d
Bm

/H
z)

at
 

Sp
ac

e 
St

at
io

n 
fr

om
 a

 s
in

gl
e 

5G
 s

ec
to

r

N
um

be
ro

f s
im

ul
ta

ne
ou

sl
y

tr
an

sm
it

ti
ng

 5
G 

se
ct

or
s

N
T 

= 
65

0K
N

T 
= 

10
00

K

Cl
as

s 
1,

Ru
ra

l/
U

rb
an

 (5
0%

 L
oS

/5
0%

 N
Lo

S)
-4

7 
dB

-2
23

 d
Bm

/H
z

~1
13

00
~4

52
00

~1
80

80
0

~1
79

00
~7

16
00

~2
86

40
0

Cl
as

s 
1,

U
rb

an
 (2

5%
 L

oS
/7

5%
 N

Lo
S)

-2
26

 d
Bm

/H
z

~2
25

00
~9

00
00

~3
60

00
0

~3
56

00
~1

42
40

0
~5

69
60

0

Cl
as

s 
1,

U
rb

an
 (1

0%
 L

oS
/9

0%
 N

Lo
S)

-2
30

 d
Bm

/H
z

~5
66

00
~2

26
40

0
~9

05
60

0
~8

97
00

~3
58

80
0

~1
43

52
00

Cl
as

s 
2,

Ru
ra

l/
U

rb
an

 (5
0%

 L
oS

/5
0%

 N
Lo

S)
-3

5 
dB

-2
13

 d
Bm

/H
z

~1
10

0
~4

40
0

~1
76

00
~1

70
0

~6
80

0
~2

72
00

Cl
as

s 
2,

U
rb

an
 (2

5%
 L

oS
/7

5%
 N

Lo
S)

-2
16

 d
Bm

/H
z

~2
30

0
~9

20
0

~3
68

00
~3

60
0

~1
44

00
~5

76
00

Cl
as

s 
2,

U
rb

an
 (1

0%
 L

oS
/9

0%
 N

Lo
S)

-2
20

 d
Bm

/H
z

~5
70

0 
~2

28
00

~9
12

00
~9

00
0

~3
60

00
~1

44
00

0

Cl
as

s 
3,

Ru
ra

l /
U

rb
an

(5
0%

 L
oS

/5
0%

 N
Lo

S)
-2

2 
dB

-2
11

 d
Bm

/H
z

~7
00

~2
80

0
~1

12
00

~1
10

0
~4

40
0

~1
76

00

Cl
as

s 
3,

U
rb

an
 (2

5%
 L

oS
/7

5%
 N

Lo
S)

-2
14

 d
Bm

/H
z

~1
40

0 
~5

60
0

~2
24

00
~2

20
0

~8
80

0
~3

52
00

Cl
as

s 
3,

U
rb

an
 (1

0%
 L

oS
/9

0%
 N

Lo
S)

-2
18

 d
Bm

/H
z

~3
60

0 
~1

44
00

~5
76

00
~5

70
0

~2
28

00
~9

12
00

As
su

m
pt

io
ns

: A
P 

do
w

nt
ilt

 =
 1

2 
de

gr
ee

s,
 si

de
-lo

be
 su

pp
re

ss
io

n,
 N

Lo
S

pr
ob

ab
ili

ty
 >

 5
0%

 w
hi

ch
 a

cc
ou

nt
s f

or
 th

e 
ve

ge
ta

tio
n/

fo
lia

ge
 lo

ss
 

N
ot

e:
•

A 
re

al
is

tic
 n

et
w

or
k 

lo
ad

in
g 

fa
ct

or
 w

ill
 in

cr
ea

se
 to

ta
l #

 o
f a

ct
iv

e 
5G

 A
P

s 
th

at
 c

an
 b

e 
su

pp
or

te
d



17
©

 N
ok

ia
 2

01
6

O
ut

lin
e

•I
nt

er
fe

re
nc

e 
fr

om
 5

G
 U

Es
 t

ow
ar

ds
 F

SS



18
©

 N
ok

ia
 2

01
6

Ev
al

ua
tio

n 
sc

en
ar

io
 a

nd
 m

et
ho

do
lo

gy

Si
m

ul
at

io
n 

pa
ra

m
et

er
s

Co
m

m
en

ts
M

et
ho

do
lo

gy
 

Av
er

ag
e 

re
ce

iv
er

 p
ow

er
 (d

Bm
/H

z)
 p

er
 U

E 
is

 c
om

pu
te

d 
at

 
th

e 
sp

ac
e 

st
at

io
n 

re
ce

iv
er

Av
er

ag
e 

re
ce

iv
e 

po
w

er
 is

 c
al

cu
la

te
d 

by
 a

ve
ra

gi
ng

 o
ve

r a
ll 

 
U

L 
U

E 
tr

an
sm

is
si

on
s 

in
 th

e 
sy

st
em

O
nl

y 
ou

td
oo

r U
Es

 a
re

 c
on

si
de

re
d 

 

•
G

iv
en

 a
n 

in
te

rf
er

en
ce

 p
ro

te
ct

io
n 

cr
ite

rio
n,

 th
is

 c
an

 b
e 

us
ed

 t
o 

co
m

pu
te

 t
he

 n
um

be
r o

f s
im

ul
ta

ne
ou

sl
y

ac
tiv

e 
ou

td
oo

rU
Es

•
Re

su
lts

 tr
an

sl
at

ed
 in

to
 th

e 
to

ta
l n

um
be

r o
f U

L 
ac

tiv
e 

U
Es

 in
 th

e 
sy

st
em

5G
 S

ys
te

m
 la

yo
ut

3G
PP

-d
ef

in
ed

19
-s

ite
 (5

7
se

ct
or

s)
 s

ys
te

m
,I

SD
  =

 2
00

m

5G
 U

E
an

te
nn

a 
co

nf
ig

ur
at

io
n

•
16

 (4
x4

) c
ro

ss
-p

ol
ar

iz
ed

 e
le

m
en

ts
 

•
El

em
en

t a
nt

en
na

 g
ai

n 
=5

 d
Bi

•
0 

de
gr

ee
 m

ec
ha

ni
ca

l d
ow

nt
ilt

•
O

pt
im

iz
ed

 o
rie

nt
at

io
n 

in
 a

zi
m

ut
h 

to
wa

rd
s 

th
e 

se
rv

in
g 

se
ct

or

•
To

ta
l n

um
be

r o
f e

le
m

en
ts

 =
 3

2
•

M
ax

 U
E 

ar
ra

y 
ga

in
 =

 1
7 

dB
i

•
3-

bi
t 

az
im

ut
h 

an
d 

3-
bi

t 
el

ev
at

io
n 

co
de

bo
ok

s 
us

ed
 fo

r s
te

er
in

g 
 t

he
 

ar
ra

y 
at

 th
e 

U
E 

•
Co

de
bo

ok
s 

ar
e 

D
FT

 v
ec

to
r-

ba
se

d 

5G
 U

E-
to

-F
SS

(s
pa

ce
 

st
at

io
n)

 p
at

hl
os

s 
m

od
el

N
Lo

S:
 F

re
e 

sp
ac

e 
pa

th
lo

ss
 +

 2
0 

dB
  +

 4
 d

B 
Lo

S:
Fr

ee
 s

pa
ce

 p
at

hl
os

s 
+

4 
dB

 
•

20
 d

B 
m

od
el

s 
N

Lo
S

cl
ut

te
r a

nd
 v

eg
et

at
io

n
lo

ss
es

 
•

4 
dB

 m
od

el
s 

1 
dB

 a
tm

os
ph

er
ic

 lo
ss

 +
 3

 d
B 

po
la

riz
at

io
n 

lo
ss

5G
 U

E 
TX

BW
10

0 
M

Hz
•

10
0 

M
H

z 
ca

rr
ie

r B
W

 a
ss

um
ed

•
U

L 
U

Es
 t

ra
ns

m
is

si
on

s 
ar

e 
sc

he
du

le
d 

pe
r 

10
0 

M
H

z 

5G
 U

E 
TX

 p
ow

er
26

 d
Bm

/1
00

 M
Hz

 (E
IR

P 
= 

43
 d

Bm
/1

00
 M

Hz
)

•
W

ith
 U

L 
ca

rr
ie

r a
gg

re
ga

tio
n,

 U
E 

EI
RP

/1
00

 M
H

z 
w

ill
 b

e 
re

du
ce

d



19
©

 N
ok

ia
 2

01
6

5G
 U

E 
An

te
nn

a 
Pa

tt
er

n



20
©

 N
ok

ia
 2

01
6

5G
 U

E 
in

to
 F

SS
 a

nt
en

na
 g

ai
ns

 



21
©

 N
ok

ia
 2

01
6

Pr
el

im
in

ar
y 

re
su

lts
 -

N
um

be
r o

f s
im

ul
ta

ne
ou

sl
y 

tr
an

sm
itt

in
g 

ou
td

oo
r5

G
 U

Es

Ea
rt

h
St

at
io

n
Cl

as
s,

 5
G 

U
E

->
 F

SS
 

Lo
S/

N
Lo

S
ch

an
ne

l m
ix

Av
er

ag
e

no
rm

al
iz

ed
 

an
te

nn
a 

ga
in

 
to

w
ar

ds
 t

he
 S

pa
ce

 
St

at
io

n 
(d

B)

Av
er

ag
e

re
ce

iv
e 

po
w

er
 (d

Bm
/H

z)
at

 S
pa

ce
 S

ta
ti

on
 

fr
om

 a
 s

in
gl

e 
5G

 
U

E

N
um

be
ro

f s
im

ul
ta

ne
ou

sl
y

tr
an

sm
it

ti
ng

 o
ut

do
or

5G
 U

Es

N
T 

= 
65

0K
N

T 
= 

10
00

K

Cl
as

s 
1,

Ru
ra

l/
U

rb
an

: 2
5%

 L
oS

/7
5%

 N
Lo

S
-2

2 
dB

-2
25

 d
Bm

/H
z

~1
79

00
~7

16
00

~2
86

40
0

~2
83

00
~1

13
20

0
~4

52
80

0

Cl
as

s 
1,

U
rb

an
: 1

0%
 L

oS
/9

0%
 N

Lo
S

-2
2 

dB
-2

28
 d

Bm
/H

z
~3

57
00

~1
42

80
0

~5
71

20
0

~5
66

00
~2

26
40

0
~9

05
60

0

Cl
as

s 
1,

10
0%

 N
Lo

S
-2

2 
dB

-2
38

 d
Bm

/H
z

~3
92

70
0

~1
57

08
00

~6
28

32
00

~6
22

60
0

~2
49

04
00

~9
96

16
00

Cl
as

s 
2,

Ru
ra

l/
U

rb
an

:2
5%

 L
oS

/7
5%

 N
Lo

S
-1

4 
dB

-2
17

 d
Bm

/H
z

~2
80

0
~1

12
00

~4
48

00
~4

40
0

~1
76

00
~7

04
00

Cl
as

s 
2,

U
rb

an
:1

0%
 L

oS
/9

0%
 N

Lo
S

-1
4 

dB
-2

20
 d

Bm
/H

z
~5

70
0

~2
28

00
~9

12
00

~9
00

0
~3

60
00

~1
44

00
0

Cl
as

s 
2,

10
0%

 N
Lo

S
-1

4 
dB

-2
30

 d
Bm

/H
z

~6
27

00
~2

50
80

0
~1

00
32

00
~9

90
00

~3
96

00
0

~1
58

40
00

Cl
as

s 
3,

Ru
ra

l /
U

rb
an

:2
5%

 L
oS

/7
5%

 N
Lo

S
-1

2 
dB

-2
23

 d
Bm

/H
z

~1
13

00
~4

52
00

~1
80

80
0

~1
79

00
~7

16
00

~2
86

40
0

Cl
as

s 
3,

U
rb

an
:1

0%
 L

oS
/9

0%
 N

Lo
S

-1
2 

dB
-2

27
 d

Bm
/H

z
~2

84
00

~1
13

60
0

~4
54

40
0

~4
50

00
~1

80
00

0
~7

20
00

0

Cl
as

s 
3,

10
0%

 N
Lo

S
-1

2 
dB

-2
37

 d
Bm

/H
z

~3
12

40
0

~1
24

96
00

~4
99

84
00

~4
95

00
0

~1
98

00
00

~7
92

00
00



22
©

 N
ok

ia
 2

01
6

Pr
el

im
in

ar
y 

re
su

lts
 -

N
um

be
r o

f a
ct

iv
e 

ou
td

oo
r5

G
 U

Es

Ea
rt

h
St

at
io

n
Cl

as
s,

 5
G 

U
E

->
 F

SS
 

Lo
S/

N
Lo

S
ch

an
ne

l m
ix

Av
er

ag
e

no
rm

al
iz

ed
 

an
te

nn
a 

ga
in

 
to

w
ar

ds
 t

he
 S

pa
ce

 
St

at
io

n 
(d

B)

Av
er

ag
e

re
ce

iv
e 

po
w

er
 (d

Bm
/H

z)
at

 S
pa

ce
 S

ta
ti

on
 

fr
om

 a
 s

in
gl

e 
5G

 
U

E

N
um

be
ro

f a
ct

iv
e 

ou
td

oo
r5

G 
U

Es

N
T 

= 
65

0K
N

T 
= 

10
00

K

Cl
as

s 
1,

Ru
ra

l/
U

rb
an

: 2
5%

 L
oS

/7
5%

 N
Lo

S
-2

2 
dB

-2
25

 d
Bm

/H
z

~1
79

00
0

~7
16

00
0

~2
86

40
00

~2
83

00
0

~1
13

20
00

~4
52

80
00

Cl
as

s 
1,

U
rb

an
: 1

0%
 L

oS
/9

0%
 N

Lo
S

-2
2 

dB
-2

28
 d

Bm
/H

z
~3

57
00

0
~1

42
80

00
~5

71
20

00
~5

66
00

0
~2

26
40

00
~9

05
60

00

Cl
as

s 
1,

10
0%

 N
Lo

S
-2

2 
dB

-2
38

 d
Bm

/H
z

~3
92

70
00

~1
57

08
00

0
~6

28
32

00
0

~6
22

60
00

~2
49

04
00

0
~9

96
16

00
0

Cl
as

s 
2,

Ru
ra

l/
U

rb
an

:2
5%

 L
oS

/7
5%

 N
Lo

S
-1

4 
dB

-2
17

 d
Bm

/H
z

~2
80

00
~1

12
00

0
~4

48
00

0
~4

40
00

~1
76

00
0

~7
04

00
0

Cl
as

s 
2,

U
rb

an
:1

0%
 L

oS
/9

0%
 N

Lo
S

-1
4 

dB
-2

20
 d

Bm
/H

z
~5

70
00

~2
28

00
0

~9
12

00
0

~9
00

00
~3

60
00

0
~1

44
00

00

Cl
as

s 
2,

10
0%

 N
Lo

S
-1

4 
dB

-2
30

 d
Bm

/H
z

~6
27

00
0

~2
50

80
00

~1
00

32
00

0
~9

90
00

0
~3

96
00

00
~1

58
40

00
0

Cl
as

s 
3,

Ru
ra

l /
U

rb
an

:2
5%

 L
oS

/7
5%

 N
Lo

S
-1

2 
dB

-2
23

 d
Bm

/H
z

~1
13

00
0

~4
52

00
0

~1
80

80
00

~1
79

00
0

~7
16

00
0

~2
86

40
00

Cl
as

s 
3,

U
rb

an
:1

0%
 L

oS
/9

0%
 N

Lo
S

-1
2 

dB
-2

27
 d

Bm
/H

z
~2

84
00

0
~1

13
60

00
~4

54
40

00
~4

50
00

0
~1

80
00

00
~7

20
00

00

Cl
as

s 
3,

10
0%

 N
Lo

S
-1

2 
dB

-2
37

 d
Bm

/H
z

~3
12

40
00

~1
24

96
00

0
~4

99
84

00
0

~4
95

00
00

~1
98

00
00

0
~7

92
00

00
0

A
ct

iv
e 

U
E

s:
 U

E
s 

w
ith

 b
uf

fe
re

d 
U

L 
da

ta
 a

nd
 in

 a
 s

ch
ed

ul
in

g 
qu

eu
e

A
ss

um
pt

io
n:

 
•

10
 a

ct
iv

e 
U

E
s 

pe
r c

el
l

•
S

in
gl

e 
U

E
 p

er
 s

ch
ed

ul
in

g 
in

st
an

ce
 =

> 
10

X 
fa

ct
or

 to
 c

on
ve

rt 
fro

m
 tr

an
sm

itt
in

g 
to

 a
ct

iv
e 

U
E

s



23
©

 N
ok

ia
 2

01
6

Pr
el

im
in

ar
y 

re
su

lts
 -

To
ta

l n
um

be
r o

f s
im

ul
ta

ne
ou

sl
y 

tr
an

sm
itt

in
g 

5G
 U

Es
 

Ea
rt

h
St

at
io

n
Cl

as
s,

 5
G 

U
E

->
 F

SS
 

Lo
S/

N
Lo

S
ch

an
ne

l m
ix

Av
er

ag
e

no
rm

al
iz

ed
 

an
te

nn
a 

ga
in

 
to

w
ar

ds
 t

he
 S

pa
ce

 
St

at
io

n 
(d

B)

Av
er

ag
e

re
ce

iv
e 

po
w

er
 (d

Bm
/H

z)
at

 S
pa

ce
 S

ta
ti

on
 

fr
om

 a
 s

in
gl

e 
5G

 
U

E

To
ta

ln
um

be
ro

f s
im

ul
ta

ne
ou

sl
y 

tr
an

sm
it

ti
ng

 5
G 

U
Es

N
T 

= 
65

0K
N

T 
= 

10
00

K

Cl
as

s 
1,

Ru
ra

l/
U

rb
an

: 2
5%

 L
oS

/7
5%

 N
Lo

S
-2

2 
dB

-2
25

 d
Bm

/H
z

~8
95

00
~3

58
00

0
~1

43
20

00
~1

41
50

0
~5

66
00

0
~2

26
40

00

Cl
as

s 
1,

U
rb

an
: 1

0%
 L

oS
/9

0%
 N

Lo
S

-2
2 

dB
-2

28
 d

Bm
/H

z
~1

78
50

0
~7

14
00

0
~2

85
60

00
~2

83
00

0
~1

13
20

00
~4

52
80

00

Cl
as

s 
1,

10
0%

 N
Lo

S
-2

2 
dB

-2
38

 d
Bm

/H
z

~1
96

35
00

~7
85

40
00

~3
14

16
00

0
~3

11
30

00
~1

24
52

00
0

~4
98

08
00

0

Cl
as

s 
2,

Ru
ra

l/
U

rb
an

:2
5%

 L
oS

/7
5%

 N
Lo

S
-1

4 
dB

-2
17

 d
Bm

/H
z

~1
40

00
~5

60
00

~2
24

00
0

~2
20

00
~8

80
00

~3
52

00
0

Cl
as

s 
2,

U
rb

an
:1

0%
 L

oS
/9

0%
 N

Lo
S

-1
4 

dB
-2

20
 d

Bm
/H

z
~2

85
00

~1
14

00
0

~4
56

00
0

~4
50

00
~1

80
00

0
~7

20
00

0

Cl
as

s 
2,

10
0%

 N
Lo

S
-1

4 
dB

-2
30

 d
Bm

/H
z

~3
13

50
0

~1
25

40
00

~5
01

60
00

~4
95

00
0

~1
98

00
00

~7
92

00
00

Cl
as

s 
3,

Ru
ra

l /
U

rb
an

:2
5%

 L
oS

/7
5%

 N
Lo

S
-1

2 
dB

-2
23

 d
Bm

/H
z

~5
65

00
~2

26
00

0
~9

04
00

0
~8

95
00

~3
58

00
0

~1
43

20
00

Cl
as

s 
3,

U
rb

an
:1

0%
 L

oS
/9

0%
 N

Lo
S

-1
2 

dB
-2

27
 d

Bm
/H

z
~1

42
00

0
~5

68
00

0
~2

27
20

00
~2

25
00

0
~9

00
00

0
~3

60
00

00

Cl
as

s 
3,

10
0%

 N
Lo

S
-1

2 
dB

-2
37

 d
Bm

/H
z

~1
56

20
00

~6
24

80
00

~2
49

92
00

0
~2

47
50

00
~9

90
00

00
~3

96
00

00
0

A
ss

um
in

g 
ou

td
oo

r t
o 

in
do

or
 U

E
s 

ra
tio

 o
f 2

0%
 to

 8
0%

 a
s 

in
 3

G
P

P 
U

M
i=

> 
5X

 fa
ct

or



24
©

 N
ok

ia
 2

01
6

Pr
el

im
in

ar
y 

re
su

lts
 -

To
ta

l n
um

be
r o

f a
ct

iv
e 

5G
 U

Es

Ea
rt

h
St

at
io

n
Cl

as
s,

 5
G 

U
E

->
 F

SS
 

Lo
S/

N
Lo

S
ch

an
ne

l m
ix

Av
er

ag
e

no
rm

al
iz

ed
 

an
te

nn
a 

ga
in

 
to

w
ar

ds
 t

he
 S

pa
ce

 
St

at
io

n 
(d

B)

Av
er

ag
e

re
ce

iv
e 

po
w

er
 (d

Bm
/H

z)
at

 S
pa

ce
 S

ta
ti

on
 

fr
om

 a
 s

in
gl

e 
5G

 
U

E

To
ta

ln
um

be
ro

f a
ct

iv
e 

5G
 U

Es

N
T 

= 
65

0K
N

T 
= 

10
00

K

Cl
as

s 
1,

Ru
ra

l/
U

rb
an

: 2
5%

 L
oS

/7
5%

 N
Lo

S
-2

2 
dB

-2
25

 d
Bm

/H
z

~8
95

00
0

~3
58

00
00

~1
43

20
00

0
~1

41
50

00
~5

66
00

00
~2

26
40

00
0

Cl
as

s 
1,

U
rb

an
: 1

0%
 L

oS
/9

0%
 N

Lo
S

-2
2 

dB
-2

28
 d

Bm
/H

z
~1

78
50

00
~7

14
00

00
~2

85
60

00
0

~2
83

00
00

~1
13

20
00

0
~4

52
80

00
0

Cl
as

s 
1,

10
0%

 N
Lo

S
-2

2 
dB

-2
38

 d
Bm

/H
z

~1
96

35
00

0
~7

85
40

00
0

~3
14

16
00

00
~3

11
30

00
0

~1
24

52
00

00
~4

98
08

00
00

Cl
as

s 
2,

Ru
ra

l/
U

rb
an

:2
5%

 L
oS

/7
5%

 N
Lo

S
-1

4 
dB

-2
17

 d
Bm

/H
z

~1
40

00
0

~5
60

00
0

~2
24

00
00

~2
20

00
0

~8
80

00
0

~3
52

00
00

Cl
as

s 
2,

U
rb

an
:1

0%
 L

oS
/9

0%
 N

Lo
S

-1
4 

dB
-2

20
 d

Bm
/H

z
~2

85
00

0
~1

14
00

00
~4

56
00

00
~4

50
00

0
~1

80
00

00
~7

20
00

00

Cl
as

s 
2,

10
0%

 N
Lo

S
-1

4 
dB

-2
30

 d
Bm

/H
z

~3
13

50
00

~1
25

40
00

0
~5

01
60

00
0

~4
95

00
00

~1
98

00
00

0
~7

92
00

00
0

Cl
as

s 
3,

Ru
ra

l /
U

rb
an

:2
5%

 L
oS

/7
5%

 N
Lo

S
-1

2 
dB

-2
23

 d
Bm

/H
z

~5
65

00
0

~2
26

00
00

~9
04

00
00

~8
95

00
0

~3
58

00
00

~1
43

20
00

0

Cl
as

s 
3,

U
rb

an
:1

0%
 L

oS
/9

0%
 N

Lo
S

-1
2

dB
-2

27
 d

Bm
/H

z
~1

42
00

00
~5

68
00

00
~2

27
20

00
0

~2
25

00
00

~9
00

00
00

~3
60

00
00

0

Cl
as

s 
3,

10
0%

 N
Lo

S
-1

2 
dB

-2
37

 d
Bm

/H
z

~1
56

20
00

0
~6

24
80

00
0

~2
49

92
00

00
~2

47
50

00
0

~9
90

00
00

0
~3

96
00

00
00

A
ct

iv
e 

U
E

s:
 U

E
s 

w
ith

 b
uf

fe
re

d 
U

L 
da

ta
 a

nd
 in

 a
 s

ch
ed

ul
in

g 
qu

eu
e

A
ss

um
pt

io
n:

 
•

10
 a

ct
iv

e 
U

E
s 

pe
r c

el
l

•
S

in
gl

e 
U

E
 p

er
 s

ch
ed

ul
in

g 
in

st
an

ce
 =

> 
10

X 
fa

ct
or

 to
 c

on
ve

rt 
fro

m
 tr

an
sm

itt
in

g 
to

 a
ct

iv
e 

U
E

s



25
©

 N
ok

ia
 2

01
6

•
Re

su
lts

 s
ho

w
 a

 ra
ng

e 
of

 v
al

ue
s 

de
pe

nd
en

t 
up

on
 t

he
 u

nd
er

ly
in

g 
as

su
m

pt
io

ns

•
M

os
t 

se
ns

iti
ve

 p
ar

am
et

er
s 

--
Pa

th
 lo

ss
 a

nd
 s

ys
te

m
 p

ro
te

ct
io

n 
cr

ite
ria

 

-
Co

ns
id

er
 N

Lo
S

ch
an

ne
l c

on
di

tio
ns

 fo
r F

SS
-i

nt
o-

5G
 in

te
rf

er
en

ce
 c

al
cu

la
tio

ns

-
I/

N
 =

 -
6d

B 
or

 I/
N

 =
 0

 d
B,

 -
re

su
lts

 in
 4

X 
an

d 
16

X 
in

cr
ea

se
 in

 t
he

 n
um

be
r o

f s
im

ul
ta

ne
ou

sl
y 

tr
an

sm
itt

in
g 

se
ct

or
s 

or
 U

Es
 

•
FS

S 
be

am
 s

iz
e 

va
rie

s 
in

 d
ia

m
et

er
 o

n 
th

e 
gr

ou
nd

 fr
om

 o
ne

 s
ys

te
m

 t
o 

an
ot

he
r.

-
O

nl
y 

th
e 

5G
 A

Ps
/U

Es
 w

ith
in

 th
e 

FS
S 

be
am

 d
ia

m
et

er
 s

ho
ul

d 
be

 c
on

si
de

re
d 

fo
r a

gg
re

ga
te

 in
te

rf
er

en
ce

 a
na

ly
si

s

•
Al

l 5
G

 s
ec

to
rs

 o
r 

U
Es

 s
im

ul
ta

ne
ou

sl
y 

tr
an

sm
itt

in
g 

is
 u

nl
ik

el
y 

in
 a

ct
ua

l n
et

w
or

ks

-
A 

re
al

is
tic

 n
et

w
or

k 
lo

ad
in

g 
fa

ct
or

 w
ill

 in
cr

ea
se

 to
ta

l #
 o

f a
ct

iv
e 

5G
 A

Ps
 t

ha
t 

ca
n 

be
 s

up
po

rt
ed

-
O

nl
y 

sc
he

du
le

d 
U

Es
 w

ill
 c

on
tr

ib
ut

e 
to

 a
gg

re
ga

te
 in

te
rf

er
en

ce
 o

n 
th

e 
U

L.

•
5G

 S
ys

te
m

s 
ex

pe
ct

ed
 t

o 
sc

he
du

le
 <

 4
 s

im
ul

ta
ne

ou
s 

U
Es

 p
er

 s
ec

to
r (

RF
 b

ea
m

fo
rm

in
g 

lim
ita

tio
n)

.

•
Ac

tiv
ity

 fa
ct

or
 fo

r U
Es

 is
 g

oi
ng

 t
o 

be
 m

uc
h 

le
ss

 a
s 

op
po

se
d 

to
 B

S.

•
In

do
or

 A
Ps

/U
Es

 w
ill

 h
av

e 
fu

rt
he

r b
ui

ld
in

g 
pe

ne
tr

at
io

n 
lo

ss
es

 a
nd

 w
ill

 n
ot

 c
on

tr
ib

ut
e 

to
 a

gg
re

ga
te

 in
te

rf
er

en
ce

.

•
Co

ns
id

er
 o

th
er

 lo
ss

es
 s

pe
ci

fic
 t

o 
U

E 
(e

.g
., 

bo
dy

 lo
ss

).

•
Al

l U
Es

 w
er

e 
as

su
m

ed
 t

o 
tr

an
sm

it 
at

 m
ax

im
um

 E
IR

P 
of

 4
3d

Bm
/1

00
M

H
z 

in
 t

he
 s

im
ul

at
io

ns
. P

ow
er

 c
on

tr
ol

 w
as

 n
ot

 
m

od
el

ed
. A

ls
o,

 if
 U

Es
 t

ra
ns

m
it 

on
 b

an
dw

id
th

 h
ig

he
r t

ha
n 

10
0M

H
z,

 t
he

n 
nu

m
be

r o
f U

Es
 w

ou
ld

 b
e 

hi
gh

er
.

•
So

, t
ot

al
 n

um
be

r o
f a

ct
iv

e 
U

Es
 d

ep
lo

ye
d 

w
ill

 b
e 

m
uc

h 
la

rg
er

. 

N
ex

t s
te

ps
 &

 O
bs

er
va

tio
ns



26
©

 N
ok

ia
 2

01
6


