
20
13
/1
0/
23

#1
CC

He
tN
et

20
13

A�
N
ov
el
�IQ

�D
at
a�
Co

m
pr
es
sio

n�
Sc
he

m
e�

in
�F
ro
nt
ha
ul
Li
nk
�o
n�
C�
RA

N

Sh
in
ob

u�
N
an
ba
�a
nd

�A
ki
ra
�A
ga
ta

KD
DI
�R
&
D�
La
bo

ra
to
rie

s�I
nc
.

#2

Ba
ck
gr
ou

nd
�(1

.1
)

Ex
pa

ns
io
n�
of
�m

ob
ile
�tr
af
fic
!!

20
13
/1
0/
23

CC
He

tN
et

20
13

#3

Ba
ck
gr
ou

nd
�(1

.2
)

*E
xc
er
pt
�fr
om

�C
isc

o�
w
hi
te
�p
ap

er
:�"
Gl
ob

al
�M

ob
ile
�D
at
a�
Tr
af
fic
�F
or
ec
as
t�U

pd
at
e,
�2
01

2�
20

17
"

[1
]�h

tt
p:
//
w
w
w
.c
isc

o.
co
m
/e
n/
U
S/
so
lu
tio

ns
/c
ol
la
te
ra
l/n

s3
41

/n
s5
25

/n
s5
37

/n
s7
05

/n
s8
27

/w
hi
te
_p

ap
er
_c
11

�5
20

86
2.
ht
m
l

0.
9�
EB

1.
6�
EB

2.
8�
EB

4.
7�
EB

7.
4�
EB

11
.2
�E
B

20
13
/1
0/
23

CC
He

tN
et

20
13

#4

Ba
ck
gr
ou

nd
�(2

.1
)

Ev
ol
ut
io
n�
of
�m

ob
ile
�n
et
w
or
k�
ar
ch
ite

ct
ur
e

Sm
al
l�c
el
ls�
fo
r�i
nc
re
as
e�
of
�sy

st
em

�c
ap
ac
ity

In
cr
ea
se
�o
f�t
he

�in
te
rfe

re
nc
e�
be

tw
ee
n�
ce
lls

en
ha
nc
ed

�In
te
r�
Ce

ll�
In
te
rfe

re
nc
e�
Co

or
di
na
tio

n�
(e
IC
IC
)�

Co
or
di
na
te
d�
M
ul
ti�
po

in
t�t
ra
ns
m
iss
io
n/
re
ce
pt
io
n�
(C
oM

P)

sm
al
l�c
el
l

sm
al
l�c
el
l

20
13
/1
0/
23

CC
He

tN
et

20
13



#5

Ba
ck
gr
ou

nd
�(2

.2
)

Ev
ol
ut
io
n�
of
�m

ob
ile
�n
et
w
or
k�
ar
ch
ite

ct
ur
e

Ce
nt
ra
liz
ed
�c
on

tr
ol
am

on
g�
m
ul
tip

le
�c
el
ls�
w
ill
�b
e�
of
�g
re
at
�im

po
rt
an

ce
in
�fu

tu
re
�m

ob
ile
�n
et
w
or
k�
w
ith

�e
IC
IC
an

d/
or
�C
oM

P

Ce
nt
ra
liz
ed
�R
ad

io
�A
cc
es
s�N

et
w
or
k�
(C
�R
AN

)�a
rc
hi
te
ct
ur
e

BB
U
�p
oo

l

RR
H

RR
H

RR
H

BB
U
:�B

as
e�
Ba

nd
�U
ni
t

RR
H:
�R
em

ot
e�
Ra

di
o�
He

ad

fr
on

t�
ha

ul

ba
ck
�h
au

l
to
�c
or
e�
ne

tw
or
k

20
13
/1
0/
23

CC
He

tN
et

20
13

#6

Ba
ck
gr
ou

nd
�(3

.1
)

M
aj
or
�fr
on

t�
ha
ul
�st
an
da
rd
�(t
ra
ns
m
iss
io
n�
lin
e�
be

tw
ee
n�
BB

U
�a
nd

�R
RH

)
Co

m
m
on

�P
ub

lic
�R
ad

io
�In
te
rf
ac
e�
(C
PR

I)

���
� ��

�	

��

� �
��


��
��� �

��

��

���
��

� ��
����


 ���
��� �

��
� �

 � !
"#$

�%


20
13
/1
0/
23

CC
He

tN
et

20
13

#7

Ba
ck
gr
ou

nd
�(3

.2
)

CP
RI
�o
pt
io
n

op
tio

n�
#

Y
IQ
�d
at
a�
+�
ct
rl�
w
or
d�
bi
t�r
at
e

(M
bi
t/
s)

Li
ne

�b
it
ra
te
�a
fte

r�1
0B

/8
B

(M
bi
t/
s)

1
1

49
1.
52

61
4.
4

2
2

98
3.
04

12
28
.8

3
4

19
66
.0
8

24
57
.6

4
6

29
49
.1
2

36
86
.4

5
8

39
32
.1
6

49
15
.2

6
10

49
15
.2

61
44

7
16

78
64
.3
2

98
30
.4

20
13
/1
0/
23

CC
He

tN
et

20
13

#8

Ba
ck
gr
ou

nd
�(4

.1
)

Ex
am

pl
e:
�LT

E�
w
ith

�2
0�
M
Hz

�b
an
dw

id
th
�a
nd

�2
x2
�M

IM
O

Sa
m
pl
in
g�
fr
eq

ue
nc
y�
(M

Hz
)

30
.7
2

Sa
m
pl
in
g
bi
t�
w
id
th

15
I�a
nd

�Q
�c
ha
nn

el
s

2
N
um

be
ro

f�a
nt
en

na
s�(
2x
2�
M
IM

O
)

2
IQ
�d
at
a�
bi
t�r
at
e�
(G
bi
t/
s)

1.
84
32

af
te
rc
on

tr
ol
�w
or
d�
in
se
rt
io
n�
(G
bi
t/
s)

1.
96
60

af
te
r1

0B
/8
B�
(G
bi
t/
s)

2.
45
76

CP
RI
�#
3

20
13
/1
0/
23

CC
He

tN
et

20
13



#9

Ba
ck
gr
ou

nd
�(4

.2
)

Re
qu

ire
d�
ca
pa
ci
ty
�fo

r�o
ne

�b
as
e�
st
at
io
n�
sit
e

Ex
am

pl
e:

X�
3�
se
ct
or
sp

er
�o
ne

�b
an
d

X�
2
fr
eq

ue
nc
y�
ba
nd

s

th
en

,�2
.4
57
6�
Gb

it/
s�X

�2
�X
�3
�=
�1
4.
74
56

Gb
it/
s�!
!

+�
In
�fu

tu
re
,�i
nc
re
as
e�
of
�fr
eq

ue
nc
y�
ba
nd

s�a
nd

�n
um

be
r�o

f�a
nt
en

na
s

20
13
/1
0/
23

CC
He

tN
et

20
13

#1
0

N
ec
es
sit
y�
of
�d
at
a�
co
m
pr
es
sio

n�
(1
)

Re
qu

ire
d�
ca
pa
ci
ty
�fo

r�o
ne

�b
as
e�
st
at
io
n�
sit
e

2.
45
76
�G
bi
t/
s�X

�2
�X
�3
�=
�1
4.
74
56
�G
bi
t/
s�

Po
in
t�
to
�p
oi
nt
�=
�o
ne

�C
PR

I�c
ha
nn

el
�p
er
�o
ne

�fi
be

r

6
fib

er
s�/
�si
te

la
rg
e�
fib

er
�c
os
t�!
!

Ph
ys
ic
al
�d
ev
ic
es
�d
ev
el
op

ed
�fo

r�G
ig
a�
bi
t�c
la
ss
�li
nk
�a
re
�a
pp

lic
ab
le

BB
U
@
�C
O CP
RI
�#
3�
on

�6
�fi
be

rs

Fi
be

r�u
til
iza

tio
n�
ef
fic
ie
nc
y�

sh
ou

ld
�b
e�
st
ud

ie
d.

20
13
/1
0/
23

CC
He

tN
et

20
13

#1
1

�
Da

ta
�c
om

pr
es
sio

n
•C

ap
ac
ity

�p
er
�fi
be

r�c
an
�b
e�
in
cr
ea
se
d

i.e
.,�
CP

RI
�#
3�
do

w
n�
to
�C
PR

I�#
2�
(X
�1
/2
)o

r�C
PR

I�#
1�
(X
�1
/4
)

re
al
ist
ic
�ta

rg
et

•S
im

pl
e�
m
ul
tip

le
xe
r�d

ed
ic
at
ed

�fo
r�C

PR
I�c
ha
nn

el
s

1.
22

88
�G
bi
t/
s�(
CP

RI
�#
2)
�X
�6
�=
�7
.3
72

8�
G
bi
t/
s�o

n�
10

�G
bi
t/
s�o

pt
ic
al
�tr
an
sm

iss
io
n

BB
U
@
�C
O

w
ith

�C
om

p

6�
X�
CP

RI
�#
2�
on

�1
�fi
be

r

RR
H

w
ith

�D
ec
om

p
CP

RI
�#
3�
on

�6
�fi
be

rs

BB
U
@
�C
O

N
ec
es
sit
y�
of
�d
at
a�
co
m
pr
es
sio

n�
(2
)

20
13
/1
0/
23

CC
He

tN
et

20
13

#1
2

Re
qu

ire
m
en
ts
�fo

r�d
at
a�
co
m
pr
es
sio

n

�
Th
e�
co
m
pr
es
sio

n�
ra
te
�sh

ou
ld
�b
e�
=�
50

�[%
].

�
Th
e�
EV

M
�d
eg
ra
da
tio

n�
sh
ou

ld
�b
e�
��
3�
[%

].

�
Th
e�
bu

ffe
rin

g�
tim

e�
sh
ou

ld
�b
e�
��
10
0�
[u
s]
.

�
Th
e�
SN

R�
de

gr
ad
at
io
n�
sh
ou

ld
�b
e�
��
1�
[d
B]
.

20
13
/1
0/
23

CC
He

tN
et

20
13

[2
]O

RI
(1
3)
M
16
00
6,
�“
IQ
�d
at
a�
co
m
pr
es
sio

n�
pr
op

os
al
,”�
(2
01
3)
.



Ta
rg
et
�d
at
a

AD
C�
sa
m
pl
in
g�
da
ta
�fo

r�b
ot
h�
Ic
h
an
d�
Q
ch

IQ
�d
at
a

1.
5�
tim

es
�o
ve
r�s
am

pl
in
g�
fo
r�b

an
dw

id
th
��

Re
du

nd
an
t�p

ar
t�r
ed

uc
tio

n
N
or
m
al
�d
ist
rib

ut
io
n�
of
�a
m
pl
itu

de
�

Bi
t�w

id
th
�re

du
ct
io
n�
by
�n
on

lin
ea
r�q

ua
nt
iza

tio
n

A
na

ly
si

s 
of

 C
PR

I d
at

a 
fo

r d
at

a 
co

m
pr

es
si

on

N
or
m
al

Di
st
rib

ut
io
n

Am
pl
itu

de

Ch
ar
ac
te
ris
tic
s�o

f�p
ro
po

se
d�
sc
he

m
e

#1
3

20
13
/1
0/
23

CC
He

tN
et

20
13

Pr
op

os
ed

�c
om

pr
es
sio

n�
sc
he

m
e�
(1
)

Pr
op

os
ed

 d
at

a 
co

m
pr

es
si

on
 s

ch
em

e
Ta
rg
et
�c
om

pr
es
si
on

�ra
te

50
%

to
�k
ee
p�
th
e�
CP

RI
�li
ne

�ra
te
�a
ft
er
�c
om

pr
es
sio

n
Lo
ss
y
co
m
pr
es
sio

n�
w
ith

�lo
w
�si
gn
al
�d
eg
ra
da
tio

n�
us
in
g�
th
e�
pr
ev
io
us
�c
ha
ra
ct
er
ist
ic
s�

Fo
llo
w
in
g�
tw

o�
st
ep

s
Do

w
n�
sa
m
pl
in
g�
�

3/
4�
re
du

ct
io
n�
of
�d
at
a

N
on

lin
ea
r�q

ua
nt
iza

tio
n�
th
at
�m

ak
es
�th

e�
m
os
t�o

f�c
ha
ra
ct
er
ist
ic
s�o

f�
am

pl
itu

de
�d
ist
rib

ut
io
n
�

2/
3�
re
du

ct
io
n�
of
�d
at
a

&'(
)*+

,,-'
.�*

/0+
�� ��

� ��
� ���

��



#1
4

20
13
/1
0/
23

CC
He

tN
et

20
13

A�
sa
m
pl
e�
of
�n
on

lin
ea
r�q

ua
nt
iza

tio
n

I-
/ Q

-c
h

A
m

pl
itu

de
I-

/ Q
-c

h
A

m
pl

itu
de

#1
5

20
13
/1
0/
23

CC
He

tN
et

20
13

Re
du

ci
ng
�th

e�
re
so
lu
tio

n�
of
�a
m
pl
itu

de
�w
ith

�lo
w
�P
DF

De
te
rm

in
e�
th
e�
no

nl
in
ea
r�s
am

pl
in
g�
th
re
sh
ol
d�
by
�u
sin

g�
CD

F

Pr
op

os
ed

�c
om

pr
es
sio

n�
sc
he

m
e�
(2
)

Ac
tu
al
�LT

E�
sig

na
l�w

av
ef
or
m
�(B

an
dw

id
th

5M
Hz

,�d
at
a�
le
ng
th

5
se
co
nd

s
Ev
al
ua
tio

n�
in
de
x:
�E
VM

(E
rr
or
�V
ec
to
r�M

ag
ni
tu
de

)�a
nd

�S
N
R�
(S
ig
na
l�t
o�
N
oi
se
�R
at
io
)

A
na

ly
tic

al
 s

im
ul

at
io

n

#1
6

20
13
/1
0/
23

CC
He

tN
et

20
13

Ev
al
ua
tio

n�
re
su
lts



Su
m
m
ar
y

•
Ex
pa
nd

in
g�
m
ob

ile
�d
at
a�
tr
af
fic
�re

qu
ire

s�n
ew

�m
ob

ile
�n
et
w
or
ks
�a
rc
hi
te
ct
ur
e,
C�

RA
N
.

•
Fo
r�i
nt
ro
du

ct
io
n�
of
�C
�R
AN

�a
rc
hi
te
ct
ur
e,
�s
ub

�te
n�
G
bi
t/
s/
��
cl
as
s�
op

tic
al
�

tr
an
sm

iss
io
n�
lin
e�
is�
es
se
nt
ia
l�a
m
on

g�
ce
nt
ra
l�o
ffi
ce
�a
nd

�a
nt
en

na
�si
te
s.

•
To
�c
ar
ry
�si
gn
al
s�
w
ith

�su
ch
�a
�la
rg
e�
ca
pa
ci
ty
,�f
ib
er
�u
til
iza

tio
n�
ef
fic
ie
nc
y�
sh
ou

ld
�b
e�

m
uc
h�
m
or
e�
en

ha
nc
ed

.
•
Po

ss
ib
le
�te

ch
no

lo
gi
es
�fo

r�t
ha
t�p

ur
po

se
�is
�d
at
a�
co
m
pr
es
sio

n.

Th
e�
pr
op

os
ed

�d
at
a�
co
m
pr
es
sio

n�
sc
he

m
e�
ha
s�t
he

�fo
llo
w
in
g�
ad
va
nt
ag
es
:

�
It�
ca
n�
sa
tis
fy
�a
ll�
of
�th

e�
co
ns
tr
ai
nt
�c
on

di
tio

ns
�re

qu
ire

d�
fo
r�

im
pl
em

en
ta
tio

n�
to
�th

e�
sy
st
em

�w
hi
le
�re

al
izi
ng
�1
/2
�c
om

pr
es
sio

n�
ra
te
.

�
It�
ca
n�
be

�im
pl
em

en
te
d�
w
ith

�a
�re

la
tiv
el
y�
lo
w
�p
er
fo
rm

an
ce
.�

It�
le
ad
s�t
o�
co
st
�re

du
ct
io
n�
fo
r�i
ns
ta
lli
ng
�th

e�
op

tic
al
�fi
be

rs
.

#1
7

20
13
/1
0/
23

CC
He

tN
et

20
13


