
































































































































9 9.5 10 10.5 11
0

10

20

30

40

50

60

P
ow

er
 (

 W
)

Rate (bits/s/Hz)

R−E tradeoff curves for one−ID user and one−EH user

MinCG
MaxCG
SLER
SLREC



7 8 9 10 11 12
0

50

100

150

200

250

300

350

400

450

500

P
o

w
er

 (
 W

)

Rate (bits/s/Hz)

R−E tradeoff curves for K
1
=4 and K=5

MaxCG
MinCG
SLER
SLREC

13 14 15 16 17 18
0

50

100

150

200

250

300

P
ow

e
r 

(
 W

)

Rate (bits/s/Hz)

R−E tradeoff curves for K
1
=3 and K=5

MaxCG
MinCG
SLER
SLREC





2 3 4 5 6 7 8
0

100

200

300

400

500

600

P
ow

e
r 

(
 W

)

DoF

DoF−Energy tradeoff for K
1
=8, K=9 and N=8

Global CSI
MaxCG (local CSI)





































0 2 4 6 8 10

x 10
6

10
−2

10
−1

10
0

10
1

F
re

qu
e

n
cy

 R
e

sp
o

n
se

Frequency (Hz)

A
11

, B=10MHz

A
12

, B=10MHz

A
21

, B=10MHz

A
22

, B=10MHz

B=1MHz











0 10 20 30 40 50
0

0.2

0.4

0.6

0.8

1

1.2
x 10

−5

Rate (bits/s)

z D
C

Non−linear PC

Linear PC

Non−linear NC

Linear NC

0 5 10 15 20 25 30 35 40 45
0

0.2

0.4

0.6

0.8

1

1.2
x 10

−5

Rate (bits/s)

z D
C

Non−linear PC

Linear PC

Non−linear NC

Linear NC



0 10 20 30 40 50
0

0.5

1

1.5

2

2.5

3

3.5
x 10

−5

Rate (bits/s)

z D
C

Non−linear PC

Linear PC

Non−linear NC

Linear NC

0 5 10 15 20 25 30 35 40 45
0

0.5

1

1.5

2

2.5

3
x 10

−5

Rate (bits/s)

z D
C

Non−linear PC

Linear PC

Non−linear NC

Linear NC



0 10 20 30 40 50
0

0.2

0.4

0.6

0.8

1

1.2
x 10

−5

Rate (bits/s)

z D
C

GP, B=1MHz

Appendix A, B=1MHz

GP, B=10MHz

Appendix A, B=10MHz



0 5 10 15 20 25 30 35 40 45 50
0

0.5

1

1.5

2

2.5

3

3.5
x 10

−5

Rate (bits/s)

z D
C

NIPT PC
NIPT NC
SIPT PC
SIPT NC

K−factor = 0
K−factor = 0

K−factor increasing

K−factor increasing

0 5 10 15 20 25 30 35 40 45
0

0.5

1

1.5

2

2.5

3
x 10

−5

Rate (bits/s)

z D
C

NIPT PC
NIPT NC
SIPT PC
SIPT NC

K−factor increasing
K−factor increasing

K−factor = 0

K−factor = 0



(2,0) (4,0) (8,0) (16,0) (4,20) (8,20) (16,20)
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
x 10

−5

z D
C

Linear NC

Linear PC

Non−Linear NC

Non−Linear PC

(2,0) (4,0) (8,0) (16,0) (4,20) (8,20) (16,20)
0

0.2

0.4

0.6

0.8

1

1.2

1.4
x 10

−5

z D
C

Linear NC

Linear PC

Non−Linear NC

Non−Linear PC



(2,0) (4,0) (8,0) (16,0) (4,20) (8,20) (16,20)
0

1

2

3

4

5

6
x 10

−5

z D
C

Linear NC

Linear PC

Non−Linear NC

Non−Linear PC

(2,0) (4,0) (8,0) (16,0) (4,20) (8,20) (16,20)
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
x 10

−5

z D
C

Linear NC

Linear PC

Non−Linear NC

Non−Linear PC

































-5 0 5
Frequency (Hz)

10-2

10-1

100

101

A, B=10MHz

Ab, B=10MHz

A*Ab, B=10MHz
B=1MHz

12.5 12.6 12.7 12.8 12.9 13 13.1
5

10

15

20

25

30

35

SNR [dB]

z D
C

 [
 A

]

N=4
N=16
N=32

12 12.5 13 13.5 14 14.5 15

2

4

6

8

10

12

14

SNR [dB]

z D
C

 [
 A

]

N=4
N=16
N=32



7 7.5 8 8.5 9 9.5 10
0

2

4

6

8

10

12

14
Z

D
C

 [
 A

]
Non−linear, Algo. 2
Reversed GP
Linear, Algo. 2

Blue   N=4
Red    N=16
Green N=32

12 12.5 13 13.5 14 14.5 15
0

2

4

6

8

10

12

14

Z
D

C
 [

 A
]

Non−linear, Algo. 2
Reversed GP
Linear, Algo. 2

Blue    N=4
Red    N=16
Green N=32

22 22.5 23 23.5 24 24.5 25
0

2

4

6

8

10

12

14

Z
D

C
 [

 A
]

Non−linear, Algo. 2
Reversed GP
Linear, Algo. 2

Blue    N=4
Red    N=16
Green N=32



−5 0 5
10

−2

10
−1

10
0

10
1

F
re

qu
e

nc
y 

R
e

sp
o

ns
e

Frequency (MHz)

A
1

A
2

A
3

−5 0 5
10

−2

10
−1

10
0

10
1

F
re

qu
e

nc
y 

R
e

sp
o

ns
e

Frequency (MHz)

A
1
*A

1
b

A
2
*A

2
b

A
3
*A

3
b



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
0

5

10

15

20

25

Z
D

C
 [

 A
]

Non−linear, Algo. 2
Linear, Algo. 2
Non−linear, Algo. 3

Blue    N=4
Yellow N=8
Red    N=16
Green N=32

0 1 2 3 4 5
0

5

10

15

20

25

Z
D

C
 [

 A
]

Non−linear, Algo. 2
Linear, Algo. 2
Non−linear, Algo. 3

Blue    N=4
Yellow N=8
Red    N=16
Green N=32

0 10 20 30 40 50
0

5

10

15

20

25

Z
D

C
 [

 A
]

Non−linear, Algo. 2
Linear, Algo. 2
Non−linear, Algo. 3

Blue    N=4
Yellow N=8
Red    N=16
Green N=32



(1,8) (1,16) (1,32) (1,64) (4,8) (4,16) (4,32) (4,64) (6,8) (6,16) (6,32) (6,64)
0

10

20

30

40

50

60

(K,N)

Z
D

C
 [

 W
]

Linear, Algo. 2
Non−linear, Algo. 3
Non−linear, Algo. 2
WPT backsc. ch., Algo. 2














































