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1. Background
In RAN4 NR AdHoc2, MPR evaluation assumptions are agreed in [1]. There are 8 test cased defined for calibration.
	Waveform type
	Modulation order
	Channel BW
	SCS 
	RB allocation
	remark

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	100RB3
	Maximum DFT-s-OFDM allocation

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	18RB0
	Channel edge (LTE 0dB MPR for QPSK)

	DFT-s-OFDM
	QPSK, 16QAM
	20MHz
	15kHz
	18RB18
	Inside channel

	DFT-s-OFDM
	QPSK, 16QAM
	100MHz
	30kHz
	270RB1
	Maximum channel BW

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	106RB0
	Allocation for spectrum utilisation

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	18RB0
	Channel Edge

	CP-OFDM
	QPSK, 16&64QAM
	20MHz
	15kHz
	18RB18
	Inside Channel

	CP-OFDM
	QPSK, 16&64QAM
	100MHz
	30kHz
	273RB0
	Allocation for spectrum utilisation & max CH BW

	Companies are encouraged to report reduced MPR and negative MPR cases
Companies are encouraged to report which criteria is limiting and when applicable which transmitter impairments drives the limitation
Companies are encouraged to provide their view of Pi/2 BPSK use at sub-6GHz



This contribution provides initial MPR simulation results for sub 6GHz frequency range for calibration. 


2. Discussion on simulation model
Our simulation model includes windowing at baseband for spectrum confinement. Hann window is used with overlapping length equal to 2% of symbol length. PN model applies a CMOS model in [2], down-scaled to 5GHz carrier frequency. 

PA model uses the polynomial model provided in [3]. Some modifications on PA model are done to cover a wide simulation range. PA output is saturated at 29dBm. Otherwise, a dip from polynomial would show up. We also linearize AMAM and AMPM below Pin = -20dBm.  

 [image: ] [image: ]
Figure 1. Left: modified AMAM response based on [3], Right: modified AMPM response based on [3].


The frontloaded DMRS is located at Symbol 0 and modelled with two ports using comb structure, i.e., every of the other RE is used for one DMRS port.
[image: ]

Figure 2. sub6 NR frame structure.

For EVM measurement, EVM window is scaled-up based on 1.4MHz LTE setting. Frequency domain linear interpolation is performed for channel estimation to recover REs used for the other port.

3. Simulation results
Our initial simulation results for PC3 RF requirements are provided in Table 1. The RF requirements that are limiting PA output power are highlighted in red. Some observations are
Observation 1: 	All 256QAM simulations are EVM limited. 
Observation 2: 	For channel edge transmission, both ACLR and SEM / spurious (except 256QAM) are limiting PA output power.
Observation 3: 	For full-BW transmission, ACLR (except 256QAM) is limiting PA output power.

Table 1. sub6 MPR simulation results

	Test Case
	Waveform
	SCS [KHz]
	CHBW [MHz]
	Mod
	RB allocation [start RB, RB num]
	ACLR feasible Pin (<=) [dBm]
	EVM feasible Pin (<=)[dBm]
	SEM& Spurious feasible Pin (<=) [dBm]
	Pout [dBm]
	MPR [dB]

	Case 1
	DFT-s-OFDM
	15
	20
	QPSK
	[0,100]
	-1.1
	0
	-1
	25.6
	0.4

	
	
	
	
	16QAM
	
	-1.6
	0
	-1.4
	25
	1

	
	
	
	
	64QAM
	
	-1.7
	-1
	-1.5
	24.9
	1.1

	
	
	
	
	256QAM
	
	-1.7
	-9.1
	-1.5
	17.2
	8.8

	Case 2
	DFT-s-OFDM
	15
	20
	QPSK
	[0,18]
	-0.2
	0
	-0.5
	26
	0

	
	
	
	
	16QAM
	
	-0.7
	0
	-0.9
	25.5
	0.5

	
	
	
	
	64QAM
	
	-0.8
	-0.9
	-1
	25.4
	0.6

	
	
	
	
	256QAM
	
	-0.9
	-9
	-1
	17
	9

	Case3
	DFT-s-OFDM
	15
	20
	QPSK
	[18,18]
	0
	0
	0
	26.6
	-0.6

	
	
	
	
	16QAM
	
	0
	0
	0
	26.4
	-0.4

	
	
	
	
	64QAM
	
	0
	-1.2
	0
	25.5
	0.5

	
	
	
	
	256QAM
	
	0
	-9.3
	0
	17
	9

	Case 4
	DFT-s-OFDM
	30
	100
	QPSK
	[1,270]
	-1.5
	0
	0
	25.2
	0.8

	
	
	
	
	16QAM
	
	-1.9
	-0.1
	-1.6
	24.8
	1.2

	
	
	
	
	64QAM
	
	-1.9
	-1.3
	-1.7
	24.7
	1.3

	
	
	
	
	256QAM
	
	-2
	-9.6
	-1.7
	16.6
	9.4

	Case 5
	OFDM
	15
	20
	QPSK
	[0,106]
	-3.1
	-0.2
	-2.3
	23.6
	2.4

	
	
	
	
	16QAM
	
	-3.1
	-1.5
	-2.3
	23.6
	2.4

	
	
	
	
	64QAM
	
	-3.1
	-2.8
	-2.3
	23.6
	2.4

	
	
	
	
	256QAM
	
	-3.1
	-11.5
	-2.3
	14.7
	11.3

	Case 6
	OFDM
	15
	20
	QPSK
	[0,18]
	-2.2
	-0.2
	-2.1
	24.2
	1.8

	
	
	
	
	16QAM
	
	-2.2
	-1.4
	-2.1
	24.2
	1.8

	
	
	
	
	64QAM
	
	-2.2
	-2.6
	-2.1
	23.7
	2.3

	
	
	
	
	256QAM
	
	-2.2
	-11.4
	-2.1
	14.5
	11.5

	Case 7
	OFDM
	15
	20
	QPSK
	[18,18]
	0
	-0.5
	0
	25.7
	0.3

	
	
	
	
	16QAM
	
	0
	-1.8
	0
	24.8
	1.2

	
	
	
	
	64QAM
	
	0
	-3
	0
	23.8
	2.2

	
	
	
	
	256QAM
	
	0
	-11.8
	0
	14.5
	11.5

	Case 8
	OFDM
	30
	100
	QPSK
	[0,273]
	-3.2
	-0.1
	-0.3
	23.4
	2.6

	
	
	
	
	16QAM
	
	-3.2
	-1.4
	-0.3
	23.4
	2.6

	
	
	
	
	64QAM
	
	-3.2
	-2.8
	-0.3
	23.4
	2.6

	
	
	
	
	256QAM
	
	-3.2
	-11.2
	-0.3
	14.9
	11.1


 



4. References
[1]	R4-1706980, “WF on MPR evaluation assumption”, NTT DOCOMO, INC.
[2]	R4-1703528, “Phase noise model for above 6 GHz”, Huawei, Hisilicon
[3]	R4-164542, “Response LS on realistic power amplifier model for NR waveform evaluation”, Nokia


5. Appendix: simulated operation curves 
· Test case 1
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· Test case 2
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· Test case 3
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· Test case 4
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· Test case 5
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· Test case 6
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· Test case 7
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· Test case 8
[image: ]

image2.emf
-40 -35 -30 -25 -20 -15 -10 -5 0 5 10

50

55

60

65

70

75

80

X: 3.722

Y: 73.42

PA input [dBm]

Phase [deg]

X: -20.01

Y: 71.05


image3.emf
P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

P

U

S

C

H

D

M

R

S

D

M

R

S


image4.emf
-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

28

PA input power[dBm]

OutputPow [dBm]

DFT-s-OFDM,BW =20MHz,SCS=15KHz, RB=[0,100]

 

 

-14 -12 -10 -8 -6 -4 -2 0

24

26

28

30

32

34

36

38

40

42

44

PA input power[dBm]

ACLR [dB]

-14 -12 -10 -8 -6 -4 -2 0

18

20

22

24

26

28

30

32

34

36

PA input power[dBm]

EVM [dB]

-14 -12 -10 -8 -6 -4 -2 0

-5

0

5

10

15

20

25

30

PA input power[dBm]

SEM margin [dB]

QPSK

16QAM

64QAM

256QAM


image5.emf
-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

28

PA input power[dBm]

OutputPow [dBm]

DFT-s-OFDM,BW =20MHz,SCS=15KHz, RB=[0,18]

 

 

-14 -12 -10 -8 -6 -4 -2 0

26

28

30

32

34

36

38

40

42

44

46

PA input power[dBm]

ACLR [dB]

-14 -12 -10 -8 -6 -4 -2 0

18

20

22

24

26

28

30

32

34

36

PA input power[dBm]

EVM [dB]

-14 -12 -10 -8 -6 -4 -2 0

-5

0

5

10

15

20

25

PA input power[dBm]

SEM margin [dB]

QPSK

16QAM

64QAM

256QAM


image6.emf
-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

28

PA input power[dBm]

OutputPow [dBm]

DFT-s-OFDM,BW =20MHz,SCS=15KHz, RB=[18,18]

 

 

-14 -12 -10 -8 -6 -4 -2 0

40

42

44

46

48

50

52

54

56

58

60

PA input power[dBm]

ACLR [dB]

-14 -12 -10 -8 -6 -4 -2 0

16

18

20

22

24

26

28

30

32

34

36

PA input power[dBm]

EVM [dB]

-14 -12 -10 -8 -6 -4 -2 0

5

10

15

20

25

30

35

40

PA input power[dBm]

SEM margin [dB]

QPSK

16QAM

64QAM

256QAM


image7.emf
-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

28

PA input power[dBm]

OutputPow [dBm]

DFT-s-OFDM,BW =100MHz,SCS=30KHz, RB=[1,270]

 

 

-14 -12 -10 -8 -6 -4 -2 0

20

25

30

35

40

45

PA input power[dBm]

ACLR [dB]

-14 -12 -10 -8 -6 -4 -2 0

16

18

20

22

24

26

28

30

32

34

36

PA input power[dBm]

EVM [dB]

-14 -12 -10 -8 -6 -4 -2 0

-5

0

5

10

15

20

25

30

35

PA input power[dBm]

SEM margin [dB]

QPSK

16QAM

64QAM

256QAM


image8.emf
-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

PA input power[dBm]

OutputPow [dBm]

OFDM,BW =20MHz,SCS=15KHz, RB=[0,106]

 

 

-14 -12 -10 -8 -6 -4 -2 0

22

24

26

28

30

32

34

36

38

40

42

PA input power[dBm]

ACLR [dB]

-14 -12 -10 -8 -6 -4 -2 0

14

16

18

20

22

24

26

28

30

32

PA input power[dBm]

EVM [dB]

-14 -12 -10 -8 -6 -4 -2 0

-5

0

5

10

15

20

25

30

PA input power[dBm]

SEM margin [dB]

QPSK

16QAM

64QAM

256QAM


image9.emf
-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

PA input power[dBm]

OutputPow [dBm]

OFDM,BW =20MHz,SCS=15KHz, RB=[0,18]

 

 

-14 -12 -10 -8 -6 -4 -2 0

24

26

28

30

32

34

36

38

40

42

44

PA input power[dBm]

ACLR [dB]

-14 -12 -10 -8 -6 -4 -2 0

14

16

18

20

22

24

26

28

30

32

PA input power[dBm]

EVM [dB]

-14 -12 -10 -8 -6 -4 -2 0

-10

-5

0

5

10

15

20

25

PA input power[dBm]

SEM margin [dB]

QPSK

16QAM

64QAM

256QAM


image10.emf
-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

28

PA input power[dBm]

OutputPow [dBm]

OFDM,BW =20MHz,SCS=15KHz, RB=[18,18]

 

 

-14 -12 -10 -8 -6 -4 -2 0

40

42

44

46

48

50

52

54

56

58

60

PA input power[dBm]

ACLR [dB]

-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

28

30

32

PA input power[dBm]

EVM [dB]

-14 -12 -10 -8 -6 -4 -2 0

5

10

15

20

25

30

35

40

PA input power[dBm]

SEM margin [dB]

QPSK

16QAM

64QAM

256QAM


image11.emf
-14 -12 -10 -8 -6 -4 -2 0

12

14

16

18

20

22

24

26

PA input power[dBm]

OutputPow [dBm]

OFDM,BW =100MHz,SCS=30KHz, RB=[0,273]

 

 

-14 -12 -10 -8 -6 -4 -2 0

22

24

26

28

30

32

34

36

38

40

42

PA input power[dBm]

ACLR [dB]

-14 -12 -10 -8 -6 -4 -2 0

14

16

18

20

22

24

26

28

30

32

PA input power[dBm]

EVM [dB]

-14 -12 -10 -8 -6 -4 -2 0

-5

0

5

10

15

20

25

30

35

PA input power[dBm]

SEM margin [dB]

QPSK

16QAM

64QAM

256QAM


image1.emf
-40 -35 -30 -25 -20 -15 -10 -5 0 5 10

-15

-10

-5

0

5

10

15

20

25

30

X: -20

Y: 6.599

PA input [dBm]

PA output [dBm]

X: 3.722

Y: 29.02


