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Introduction
This contribution is mainly to capture the MPR simulation results from different companies and introduce the general description including implementation impact for UE and Specification impact into TR 38.891.
Text Proposal

<Start of Text Proposal for TR 38.891>
5.1
General

The study for FR2-1 UL 256QAM are carried out based on following parts:
· Feasibility study for PC1/2/5 based on system level simulation and link level simulation
· Evaluation of Phase noise profile based on simulation.

· MPR evaluation based on simulation.

· PTRS configuration study based on simulation.

· EVM test.
<Text omit>
5.2.4
MPR simulation
5.2.4.1   Simulation assumptions

Antenna configuration and PA calibration point for MPR simulation 

· The MPR evaluation was performed by using 32 PAs, 16 for each polarizations within an antenna array for PC1/2/5 keeping align with the antenna configuration agreed in system level simulation.

· PA calibration point should follow current definition in Spec 38.101-2:

· The waveform defined by BW = 100 MHz, SCS = 120 kHz, DFT-S-OFDM QPSK, 20RB23 is the reference waveform with 0 dB MPR and is used for the power class definition.

· Calculate MPR as total backoff needed for 256QAM from this calibration point.

Emission requirements for MPR simulation

Follow the current Spec 38.101-2, otherwise specified

· Occupied bandwidth (Table 6.5.1-1 in TS 38.101-2)
· General NR spectrum emission mask for FR2-1 (Table 6.5.2.1-1 in TS 38.101-2)

· NR ACLR1 for FR2-1 (Table 6.5.2.3-1 in TS 38.101-2)

· General in-band emissions limit for FR2-1 (Tables 6.4.2.3.2-1 for PC1, 6.4.2.3.3-1 for PC2, 6.4.2.3.6-1 for PC5 in TS 38.101-2)

· General NR spurious emission limits for FR2-1 (Table 6.5.3-2 in TS 38.101-2)

· Maximum error vector magnitude (EVM) 3.5% for 29GHz and 39GHz as agreed in RAN4 #104-bis-e meeting.
· -25dB/-20dB IQ image and -25dBc/-20dBc carrier leakage should be improved for UE supporting UL 256QAM.
· There is no change of the requirements for other modulation orders
· It shall be better than -36dB IQ image and -36dBc carrier leakage for UL 256QAM.
EVM budget for MPR evaluation:

· Only consider the total value of 3.5% for Tx EVM

· Companies need to clarify the components of Tx EVM in their simulation results, including

· Phase noise

· Value for IQ imbalance

· PA and transmitter non-linearity

Phase noise profiles for MPR simulation:

· For 29GHz:

· Both of new phase noise profiles from Qualcomm and MTK for 29GHz are feasible for MPR simulation. 

· New phase noise profiles using the pole-zero method based on following function:
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· Parameters from Qualcomm
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· Parameters from MTK
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· For 39GHz:

· The new phase noise profile from MTK for 39GHz is feasible for MPR simulation.

· New phase noise profile using the pole-zero method based on following function:
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· Parameters from MTK
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PTRS configuration for MPR simulation:

· For CP-OFDM

· No PTRS configuration.
· For DFT-s-OFDM

· No PTRS configuration.

5.2.4.2   Simulation results from LGE

R4-2304634 MPR simulation for PC1 and PC2

Clarification of EVM budge, PA model, Phase noise profile, PTRS configuration for CPE correction:
EVM budget 
- For CP-OFDM (L=1, K=2), (64 RB,120 kHz)

	Tx EVM contributor
	EVM (%)
	SNR (dB)

	Phase Noise+IQ Imbalance
	2.95
	30.6

	PA Non-linearity & Transmitter
	1.88
	34.5

	Total
	3.50
	29.1
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- For DFT-s-OFDM (no PTRS correction), (64 RB,120 kHz)

	Tx EVM contributor
	EVM (%)
	SNR (dB)

	Phase Noise+IQ Imbalance
	2.30
	32.8

	PA Non-linearity & Transmitter
	2.64
	31.6

	Total
	3.50
	29.1
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PA

- Using the 39 dBm PA model considering the Tx post loss for PC1

- Using the 27 dBm PA model considering the Tx post loss for PC2

Phase noise profile

- Using the example 1 in TR38.803.

PTRS configuration for CPE correction

- Using the PTRS (K=2, L=1) for CP-OFDM

- No PTRS for DFT-s-OFDM

Table 5.2.4.2-1 RB allocations 

	For PC1
■Considered RB allocation for 100 MHz in FR2-1 256QAM MPR simulation

■Region 1
●DFT-s-OFDM : [Start RB position:22, allocated RB: 20]

●CP-OFDM : [Start RB position:22, allocated RB: 22]

■Region 2
●DFT-s-OFDM : [Start RB position:16, allocated RB: 32]

●CP-OFDM : [Start RB position:16, allocated RB: 32]

■Outer RB allocations
●DFT-s-OFDM : MAX([Start RB position:0, allocated RB: 64], [Start RB position:0, allocated RB: 10])

●CP-OFDM : MAX([Start RB position:0, allocated RB: 66], [Start RB position:0, allocated RB: 10])

■Considered RB allocation for 400 MHz in FR2-1 256QAM MPR simulation

■Region 1
●DFT-s-OFDM : [Start RB position:60, allocated RB: 60]

●CP-OFDM : [Start RB position:66, allocated RB: 60]

■Region 2
●DFT-s-OFDM : [Start RB position:60, allocated RB: 120]

●CP-OFDM : [Start RB position:66, allocated RB: 132]

■Outer RB allocations
●DFT-s-OFDM : MAX([Start RB position:0, allocated RB: 264], [Start RB position:0, allocated RB: 40])

●CP-OFDM : MAX([Start RB position:0, allocated RB: 264], [Start RB position:0, allocated RB: 40])

For PC2
■Considered RB allocation for 100 MHz in FR2-1 256QAM MPR simulation

■Region 1 inner RB allocation

●DFT-s-OFDM : [Start RB position:22, allocated RB: 20]

●CP-OFDM : [Start RB position:23, allocated RB: 20]

■Edge RB allocations

●DFT-s-OFDM : MAX([Start RB position:0, allocated RB: 64], [Start RB position:0, allocated RB: 1], [Start RB position:0, allocated RB: 20])

●CP-OFDM : MAX([Start RB position:0, allocated RB: 66], [Start RB position:0, allocated RB: 1], [Start RB position:0, allocated RB: 20])

■Considered RB allocation for 400 MHz in FR2-1 256QAM MPR simulation

■Region 1 inner RB allocation

●DFT-s-OFDM : [Start RB position:88, allocated RB: 80]

●CP-OFDM : [Start RB position:88, allocated RB: 88]

■Edge RB allocations

●DFT-s-OFDM : MAX([Start RB position:0, allocated RB: 240], [Start RB position:0, allocated RB: 1], [Start RB position:0, allocated RB: 80])

●CP-OFDM : MAX([Start RB position:0, allocated RB: 264], [Start RB position:0, allocated RB: 1], [Start RB position:0, allocated RB: 80])


Table  5.2.4.2-2 Simulated MPR results for PC1 UL256QAM

	CBW
(100 MHz)
	Region 1

[22, 20]
	Limiting factor
	Region 2
[16, 32]
	Limiting factor
	Outter 1

[0, 64]
	Limiting factor
	Outter 2

[0, 10]
	Limiting factor

	DFT-s-OFDM
	8.04
	EVM
	8.05
	EVM
	8.38
	EVM
	6.68
	SEM

	CBW
(100 MHz)
	Region 1

[22, 22]
	Limiting factor
	Region 2
[16, 32]
	Limiting factor
	Outter 1

[0, 66]
	Limiting factor
	Outter 2

[0, 10]
	Limiting factor

	CP-OFDM
	10.44
	EVM
	9.86
	EVM
	10.31
	EVM
	9.01
	EVM

	CBW
(400 MHz)
	Region 1

[60, 60]
	Limiting factor
	Region 2
[60, 120]
	Limiting factor
	Outter 1

[0, 264]
	Limiting factor
	Outter 2

[0, 40]
	Limiting factor

	DFT-s-OFDM
	8.44
	EVM
	9.28
	EVM
	9.40
	EVM
	8.44
	EVM

	CBW
(400 MHz)
	Region 1

[66, 60]
	Limiting factor
	Region 2
[66, 132]
	Limiting factor
	Outter 1

[0, 264]
	Limiting factor
	Outter 2

[0, 40]
	Limiting factor

	CP-OFDM
	10.86
	EVM
	11.96
	EVM
	10.76
	EVM
	11.96
	EVM


[start RB position, allocated RB number]
Table  5.2.4.2-3 Simulated MPR results for PC2 UL256QAM

	CBW
(100 MHz)
	Region 1
[22, 20]
	Limiting factor
	Outter1
[0, 64]
	Limiting factor
	Outter 2

[0, 1]
	Limiting factor
	Outter 3

[0, 20]
	Limiting factor

	DFT-s-OFDM
	7.54
	EVM
	7.54
	EVM
	6.21
	EVM
	6.50
	EVM

	CBW
(100 MHz)
	Region 1
[23, 20]
	Limiting factor
	Outter1
[0, 66]
	Limiting factor
	Outter 2

[0,1]
	Limiting factor
	Outter 3

[0, 20]
	Limiting factor

	CP-OFDM
	9.48
	EVM
	9.50
	EVM
	8.27
	EVM
	9.05
	EVM

	CBW
(400 MHz)
	Region 1
[88, 80]
	Limiting factor
	Outter1
[0, 240]
	Limiting factor
	Outter 2

[0, 1]
	Limiting factor
	Outter 3

[0, 80]
	Limiting factor

	DFT-s-OFDM
	8.91
	EVM
	8.91
	EVM
	7.19
	EVM
	7.84
	EVM

	CBW
(400 MHz)
	Region 1
[88, 88]
	Limiting factor
	Outter1
[0,264]
	Limiting factor
	Outter 2

[0,1]
	Limiting factor
	Outter 3

[0, 80]
	Limiting factor

	CP-OFDM
	10.96
	EVM
	10.84
	EVM
	9.04
	EVM
	10.09
	EVM


[start RB position, allocated RB number]
Table  5.2.4.2-4 Proposed MPRWT for power class 1, BWchannel ≤ 200 MHz, FR2-1

	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256 QAM
	≤ 10
	≤ 9.5
	≤ 9.5

	CP-OFDM
	256QAM
	≤ 12
	≤ 12
	≤ 11.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n256, n258, n259 and n261.


Table  5.2.4.2-5 Proposed MPRWT for power class 1, BWchannel = 400 MHz

	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256 QAM
	≤ 11
	≤ 10
	≤ 11

	CP-OFDM
	256 QAM
	≤ 13.5
	≤ 12.5
	≤ 13.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n256, n258, n259 and n261.


Table  5.2.4.2-6 Proposed MPRWT for power class 2, BWchannel ≤ 200 MHz, FR2-1

	Modulation
	MPRWT, BWchannel ≤ 200 MHz

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	256 QAM
	≤ 9
	≤ 9

	CP-OFDM
	256 QAM
	≤ 11
	≤ 11

	Note: 256 QAM MPRWT requirements can be applied for operating band n256, n258, n259 and n261.


Table  5.2.4.2-7 Proposed MPRWT for power class 2, BWchannel = 400 MHz, FR2-1

	Modulation
	MPRWT, BWchannel ≤ 400 MHz

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	256 QAM
	≤ 10.5
	≤ 10.5 

	CP-OFDM
	256 QAM
	≤ 12.5
	≤ 12.5

	Note: 256 QAM MPRWT requirements can be applied for operating band n256, n258, n259 and n261.


R4-2308223 MPR simulation for PC2

Table 5.2.4.2-8 Simulated MPR results for 29 GHz PC2 UL256QAM

	CBW
(100 MHz)
	PN
profile
	Region 1
[22, 20]
	Outer1

[0, 64]
	Outter 2

[0, 1]
	Outter 3

[0, 20]

	DFT-s-OFDM
	Case 1
	7.54
	7.54
	6.21
	6.50

	
	Case 2
	7.22
	7.34
	5.96
	6.18

	
	Case 3
	7.22
	7.22
	6.00
	6.19

	CBW
(100 MHz)
	PN
profile
	Region 1
[23, 20]
	Outter1
[0, 66]
	Outter 2

[0,1]
	Outter 3

[0, 20]

	CP-OFDM
	Ex1
	9.48
	9.50
	8.27
	9.05

	
	QC’s
	9.26
	9.27
	8.04
	8.72

	
	MDK’s
	9.26
	9.26
	7.74
	8.83

	CBW
(400 MHz)
	PN
profile
	Region 1
[88, 80]
	Outter1
[0, 240]
	Outter 2

[0, 1]
	Outter 3

[0, 80]

	DFT-s-OFDM
	Ex1
	8.91
	8.91
	7.19
	7.84

	
	QC’s
	8.06
	8.06
	7.10
	7.33

	
	MDK’s
	8.48
	8.06
	7.11
	7.44

	CBW
(400 MHz)
	PN
profile
	Region 1
[88, 88]
	Outter1
[0,264]
	Outter 2

[0,1]
	Outter 3

[0, 80]

	CP-OFDM
	Ex1
	10.96
	10.84
	9.04
	10.09

	
	QC’s
	10.30
	10.30
	9.10
	9.76

	
	MDK’s
	10.19
	10.30
	8.96
	9.75


[start RB position, allocated RB number]
Table 5.2.4.2-9 MPR results for 29 GHz PC2 UL256QAM with margin

	CBW
(100 MHz)
	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Example1
	9
	9

	
	QC
	8.5
	9

	
	MDK
	8.5
	8.5

	CP-OFDM
	Example1
	11
	11

	
	QC
	11
	11

	
	MDK
	11
	11

	CBW
(400 MHz)
	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Example1
	10.5
	10.5

	
	QC
	9.5
	9.5

	
	MDK
	10
	9.5

	CP-OFDM
	Example1
	12.5
	12.5

	
	QC
	12
	12

	
	MDK
	11.5
	12


In the last meeting, there was a concern that EVM 3.5% could not be achieve due to phase noise, or even if it was achieved, it would have a very large MPR, so new phase noise profiles that are more relaxed than the exisiting phase noise profile were proposed. In this clause, the simulated MPR values of PC2 UL 256QAM according to the phase noise profile are shown in Table 5 and Table 6. It was found that the MPR value for 29 GHz can be improved by 0~1 dB by using the phase noise profile of case 2 and case 3 compared to the exisiting case1. 
Observation 3: The MPR value for 29 GHz can be improved by 0~1 dB by using the phase noise profile of case 2 and case 3 compared to the case 1.
R4-2312237 MPR simulation for PC2 with low AM-PM distortion PA
Table 5.2.4.2-10 phase noise profiles

	For 29 GHz phase noise profile
· option 1 (TR 38.803 Example 1)

%                 fz = [3e3 550e3 280e6];

%                 fp = [1 1.6e6 30e6];

%                 alphaz = [2.37 2.7 2.53];

%                 alphap = [3.3 3.3 1];

%                 PSD0 = 32;

· option 2 (QC’s)

%                 fz = [3e3 7e5 9e5];

%                 fp = [1 1e6 1.1e6];

%                 alphaz = [2.37 4.7 2];

%                 alphap = [3.3 5.3 2.5];

%                 PSD0 = 33;

· option 3 (MTK’s)

%                 fz = [3e3 550e3 280e6];

%                 fp = [1 1.6e6 30e6];

%                 alphaz = [2.37 2.7 2.53];

%                 alphap = [3.3 3.3 1];

%                 PSD0 = 29.35;

For 39 GHz phase noise profi
· option 4 (MTK’s)

%                 fz = [3e3 620e3 240e6];

%                 fp = [1 1.6e6 30e6];

%                 alphaz = [2.37 2.7 2.53];

%                 alphap = [3.3 3.3 1];

%                 PSD0 = 31.76;




We recognize the AM-PM distortion is the key factor for the MPR value based on our mmWave transceiver system. So, we performed MPR simulation with low AM-PM distortion PA. The low AM-PM distortion PA has only few degrees distortion until the AM-AM drops. The MPR result comparison between general PA and Low AM-PM distortion PA are showed in table 2 for 29 GHz and table 3 for 39 GHz.
-DFT-s-OFDM for 100 MHz CBW
MPR value with Option2 phase noise profile and low AM-PM distortion PA is improved about 1~1.5 dB over MPR with Option2 phase noise profile only.
-CP-OFDM for 100 MHz CBW
MPR value with Option2 phase noise profile and low AM-PM distortion PA is improved about 0.5~1 dB over MPR using only Option2 phase noise profile.The CP-OFDM waveform has a high PAPR, so the AM-AM distortion is more critical to the MPR value. That’s why the MPR improvement is less than DFT-s-OFDM when the lower AM-PM distortion PA is applied.
-DFT-s-OFDM for 400 MHz CBW
The MPR value with Option2 phase noise profile and low AM-PM distortion PA is improved about 0~0.5 dB. The limiting factor for 400 MHz DFT-s-OFDM is IBE&EVM, so it has low improvement.
-CP-OFDM for 400 MHz CBW
The MPR value with Option2 phase noise profile and low AM-PM distortion PA is improved about 0~1 dB over MPR using only Option2 phase noise profile.
Observation 1: The lower MPR value with low AM-PM distortion PA than MPR value with general PA is observed.
Table 5.2.4.2-11 Simulated MPR results for 29 GHz PC2 UL256QAM

	
	PA model
	PN
Profile
	Region 1
[22, 20]
	Outer1
[0, 64]
	Outer 2

[0, 1]
	Outer 3

[0, 20]

	DFT-s-OFDM
(CBW: 100 MHz)
	General
	Option 1
	7.54 
	7.54 
	6.21 
	6.50 

	
	General
	Option 2
	7.22 
	7.34 
	5.96 
	6.18 

	
	General
	Option 3
	7.22 
	7.22 
	6.00 
	6.19 

	
	Low AM-PM distortion
	Option 2
	5.86 
	5.97 
	5.60 
	5.78 

	CP-OFDM
(CBW: 100 MHz)
	General
	Option 1
	9.48 
	9.50 
	8.27 
	9.05

	
	General
	Option 2
	9.26 
	9.27 
	8.04 
	8.72 

	
	General
	Option 3
	9.26 
	9.26 
	7.74 
	8.83 

	
	Low AM-PM distortion
	Option 2
	8.39 
	8.29 
	7.51 
	8.18

	
	PN
profile
	Region 1
[88, 80]
	Outer1
[0, 240]
	Outer 2

[0, 1]
	Outer 3

[0, 80]
	Outer 3

[0, 20]

	DFT-s-OFDM
(CBW: 400 MHz)
	General
	Option 1
	8.91 
	8.91 
	7.19 
	7.84 

	
	General
	Option 2
	8.48 
	8.06 
	7.10 
	7.33 

	
	General
	Option 3
	8.48 
	8.06 
	7.11 
	7.44 

	
	Low AM-PM distortion
	Option 2
	8.26 
	7.54 
	7.06 
	7.23 

	CP-OFDM
(CBW: 400 MHz)
	General
	Option 1
	10.96 
	10.84 
	9.04 
	10.09 

	
	General
	Option 2
	10.30 
	10.30 
	9.10 
	9.76

	
	General
	Option 3
	10.19 
	10.30 
	8.96 
	9.75 

	
	Low AM-PM distortion
	Option 2
	9.44 
	9.86 
	8.76 
	9.44 


[start RB position, allocated RB number]
Table 5.2.4.2-12 Simulated MPR results for 39 GHz PC2 UL256QAM

	
	PA model
	PN
Profile
	Region 1
[22, 20]
	Outer1
[0, 64]
	Outer 2

[0, 1]
	Outer 3

[0, 20]

	DFT-s-OFDM
(CBW: 100 MHz)
	General
	Option 4
	7.44 
	7.33 
	6.01 
	6.37 

	
	Low AM-PM distortion
	Option 4
	5.97 
	6.17 
	5.54 
	5.86 

	CP-OFDM
(CBW: 100 MHz)
	General
	Option 4
	9.27 
	9.48 
	8.00 
	8.83 

	
	Low AM-PM distortion
	Option 4
	8.37 
	8.39 
	7.49 
	8.31 

	
	PN
profile
	Region 1
[88, 80]
	Outer1
[0, 240]
	Outer 2

[0, 1]
	Outer 3

[0, 80]
	Outer 3

[0, 20]

	DFT-s-OFDM
(CBW: 400 MHz)
	General
	Option 4
	8.47 
	8.48 
	7.00 
	7.54 

	
	Low AM-PM distortion
	Option 4
	8.48 
	7.64 
	6.84 
	7.33 

	CP-OFDM
(CBW: 400 MHz)
	General
	Option 4
	10.73 
	10.85 
	9.13 
	9.82 

	
	Low AM-PM distortion
	Option 4
	10.19 
	10.30 
	8.78 
	9.54 


 [start RB position, allocated RB number]
Table 5.2.4.2-13 MPR results for 29 GHz PC2 UL256QAM with margin

	CBW
(100 MHz)
	PA model
	P/N profile
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	General
	Option 1
	9
	9

	
	General
	Option 2
	8.5
	9

	
	General
	Option 3
	8.5
	8.5

	
	Low AM-PM distortion
	Option 2
	7.5
	7.5

	CP-OFDM
	General
	Option 1
	11
	11

	
	General
	Option 2
	11
	11

	
	General
	Option 3
	11
	11

	
	Low AM-PM distortion
	Option 2
	10
	10

	CBW
(400 MHz)
	PA model
	P/N profile
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	General
	Option 1
	10.5
	10.5

	
	General
	Option 2
	9.5
	9.5

	
	General
	Option 3
	10
	9.5

	
	Low AM-PM distortion
	Option 2
	10
	9

	CP-OFDM
	General
	Option 1
	12.5
	12.5

	
	General
	Option 2
	12
	12

	
	General
	Option 3
	11.5
	12

	
	Low AM-PM distortion
	Option 2
	11
	11.5


[start RB position, allocated RB number]
Table 5.2.4.2-14 MPR results for 39 GHz PC2 UL256QAM with margin

	CBW
(100 MHz)
	PA model
	P/N profile
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	General
	Option 4
	9
	9

	
	Low AM-PM distortion
	Option 4
	7.5
	7.5

	CP-OFDM
	General
	Option 4
	11
	11

	
	Low AM-PM distortion
	Option 4
	10
	10

	CBW
(400 MHz)
	PA model
	P/N profile
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	General
	Option 4
	10
	10

	
	Low AM-PM distortion
	Option 4
	10
	9

	CP-OFDM
	General
	Option 4
	12
	12.5

	
	Low AM-PM distortion
	Option 4
	11.5
	12


[start RB position, allocated RB number]
Table 4 and table 5 show the MPR value with the margin. We observed the MPR values using Low AM-PM distortion PA are lower than MPR value with general PA model. But, the characteristic of low AM-PM distortion PA is from our mmWave products, so we need to more margin for the MPR valu with low AM-PM distortion. So, we propose the MPR value as the average of the MPR results using the general PA and the MPR results using the low AM-PM distortion PA.
R4-2315540 MPR simulation for PC1 with low AM-PM distortion PA
At the last RAN4#108 meeting, we provided our MPR simulation results R4-2312237 for FR2-1 UL256QAM PC2. We also ran the MPR simulation for PC1 in a similar manner, and the results are shown in Table  5.2.4.2-15 and  5.2.4.2-16.
Observation 1: The lower MPR value with low AM-PM distortion PA than MPR value with general PA is observed.

Table  5.2.4.2-15 Simulated MPR results for 29 GHz PC1 UL256QAM

	
	PA model
	PN
Profile
	Region 1
[22, 20]
	Region 2

[16, 32]
	Outer 1

[0, 64]
	Outer 2

[0, 10]

	DFT-s-OFDM
(CBW: 100 MHz)
	General
	Option 2
	7.52 
	7.30 
	7.73 
	6.89 

	
	Low AM-PM distortion
	Option 2
	6.03 
	6.02 
	6.04 
	6.36 

	
	PA model
	PN
Profile
	Region 1
[22, 22]
	Region 2

[16, 32]
	Outer 1

[0, 66]
	Outer 2

[0, 10]

	CP-OFDM
(CBW: 100 MHz)
	General
	Option 2
	8.89 
	9.54 
	9.53 
	8.90 

	
	Low AM-PM distortion
	Option 2
	8.67 
	8.67 
	8.67 
	8.05 

	
	PA model
	PN
Profile
	Region 1
[60, 60]
	Region 2

[60, 120]
	Outer 1

[0, 240]
	Outer 2

[0, 40]

	DFT-s-OFDM
(CBW: 400 MHz)
	General
	Option 2
	8.03 
	8.44 
	8.86 
	7.93 

	
	Low AM-PM distortion
	Option 2
	7.62 
	7.82 
	7.52 
	8.03 

	
	PA model
	PN
Profile
	Region 1
[60, 60]
	Region 2

[60, 132]
	Outer 1

[0, 264]
	Outer 2

[0, 40]

	CP-OFDM
(CBW: 400 MHz)
	General
	Option 2
	10.43 
	11.08 
	10.75
	10.34 

	
	Low AM-PM distortion
	Option 2
	10.11 
	10.65 
	10.65 
	10.12 


[start RB position, allocated RB number]
Table  5.2.4.2-16 Simulated MPR results for 39 GHz PC1 UL256QAM

	
	PA model
	PN
Profile
	Region 1
[22, 20]
	Region 2

[16, 32]
	Outer 1

[0, 64]
	Outer 2

[0, 10]

	DFT-s-OFDM
(CBW: 100 MHz)
	General
	Option 4
	7.62 
	7.62 
	7.73 
	6.46 

	
	Low AM-PM distortion
	Option 4
	6.25 
	5.83 
	6.25 
	6.36 

	
	PA model
	PN
Profile
	Region 1
[22, 22]
	Region 2

[16, 32]
	Outer 1

[0, 66]
	Outer 2

[0, 10]

	CP-OFDM
(CBW: 100 MHz)
	General
	Option 4
	9.75 
	9.75 
	9.65 
	8.78 

	
	Low AM-PM distortion
	Option 4
	9.32 
	8.55 
	9.10 
	8.15 

	
	PA model
	PN
Profile
	Region 1
[60, 60]
	Region 2

[60, 120]
	Outer 1

[0, 240]
	Outer 2

[0, 40]

	DFT-s-OFDM
(CBW: 400 MHz)
	General
	Option 4
	8.13 
	8.86 
	9.18 
	8.03

	
	Low AM-PM distortion
	Option 4
	7.82 
	8.13 
	8.44 
	7.72 

	
	PA model
	PN
Profile
	Region 1
[60, 60]
	Region 2

[60, 132]
	Outer 1

[0, 264]
	Outer 2

[0, 40]

	CP-OFDM
(CBW: 400 MHz)
	General
	Option 4
	10.64 
	11.38 
	11.96
	10.55

	
	Low AM-PM distortion
	Option 4
	10.32 
	10.87 
	10.86 
	10.22 


 [start RB position, allocated RB number]
Table  5.2.4.2-17 MPR results for 29 GHz PC1 UL256QAM with margin

	CBW
(100 MHz)
	PA model
	P/N profile
	Region 1
	Region 2
	Outer



	DFT-s-OFDM
	General
	Option 2
	9
	9
	9

	
	Low AM-PM distortion
	Option 2
	7.5
	7.5
	8

	CP-OFDM
	General
	Option 2
	10.5
	11
	11

	
	Low AM-PM distortion
	Option 2
	10
	10
	10

	CBW
(400 MHz)
	PA model
	P/N profile
	Region 1
	Region 2
	Outer



	DFT-s-OFDM
	General
	Option 2
	9.5
	10
	10.5

	
	Low AM-PM distortion
	Option 2
	9
	9.5
	9.5

	CP-OFDM
	General
	Option 2
	12
	12.5
	12.5

	
	Low AM-PM distortion
	Option 2
	11.5
	12
	12


[start RB position, allocated RB number]
Table  5.2.4.2-18 MPR results for 39 GHz PC1 UL256QAM with margin

	CBW
(100 MHz)
	PA model
	P/N profile
	Region 1
	Region 2
	Outer



	DFT-s-OFDM
	General
	Option 4
	9
	9
	9

	
	Low AM-PM distortion
	Option 4
	8
	7.5
	8

	CP-OFDM
	General
	Option 4
	11.5
	11.5
	11

	
	Low AM-PM distortion
	Option 4
	11
	10
	10.5

	CBW
(400 MHz)
	PA model
	P/N profile
	Region 1
	Region 2
	Outer



	DFT-s-OFDM
	General
	Option 4
	9.5
	10.5
	10.5

	
	Low AM-PM distortion
	Option 4
	9.5
	9.5
	10

	CP-OFDM
	General
	Option 4
	12
	13
	13.5

	
	Low AM-PM distortion
	Option 4
	12
	12.5
	12.5


 [start RB position, allocated RB number]
Table 5.2.4.2-17 and table 5.2.4.2-18 show the MPR value with the margin. We observed the MPR values using Low AM-PM distortion PA are lower than MPR value with general PA model. But, the characteristic of low AM-PM distortion PA is from our mmWave products, so we need to more margin for the MPR valu with low AM-PM distortion. So, we propose the MPR value as the average of the MPR results using the general PA and the MPR results using the low AM-PM distortion PA.

5.2.4.3   Simulation results from Nokia
R4-2311665 simulation results for DFT-s-OFDM PC1/PC2/PC5
To simulate the MPR we used the maximum allocation placed at the center of the channel. The phase noise is expected to increase with increasing size of the allocation, and the effect of the IQ imbalance is maximized at the center of the channel.

In the simulations we use the multi-zero/pole model with Qualcomm’s parameters. 

In all cases in the tables below we see the transmit power is limited by the EVM. This explains why the MPR is very similar for all the simulated power classes.

The MPR simulation results with different PCs are provided in Tables 1-3, and the EVM budget is provided in Table 4.

Table 5.2.4.3-1. MPR simulation results for 256QAM with PC1.

	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	DFT-S-OFDM
	60
	7.1
	7.1
	7.2
	
	7.2

	
	120
	7.1
	7.0
	7.1
	7.2
	


Table 5.2.4.3-2. MPR simulation results for 256QAM with PC2.

	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	DFT-S-OFDM
	60
	7.0
	7.0
	7.1
	
	7.1

	
	120
	7.0
	6.9
	7.0
	7.0
	


Table 5.2.4.3-3. MPR simulation results for 256QAM with PC5.

	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	DFT-S-OFDM
	60
	7.1
	7.3
	7.3
	
	7.3

	
	120
	7.0
	7.0
	7.1
	7.1
	


Table 5.2.4.3-4. EVM budget for DFT-s-OFDM at 29 GHz. RB start position 0, number of RBs 64, SCS 120 kHz.
	Tx EVM contributor
	EVM (%)

	Phase Noise+IQ Imbalance
	2.79

	PA Non-linearity & Transmitter
	2.11

	Total
	3.50


R4-2315265 simulation results for CP-OFDM PC1/PC2/PC5
To simulate the MPR we used the full allocation as the phase noise is expected to increase with increasing size of the allocation. 

In the simulations at 29 GHz we use the multi-zero/pole model with Qualcomm’s parameters. We do not use PTRS. 

In all cases in the tables below we see the transmit power is limited by the EVM. This explains why the MPR is very similar for all the simulated power classes.

The MPR simulation results with different PCs are provided in Tables 5.2.4.3-5 to 5.2.4.3-7, and the EVM budget is provided in Table 5.2.4.3-8.

Table 5.2.4.3-5 MPR simulation results for 256QAM with PC1 at 29 GHz.

	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	CP-OFDM
	60
	8.8
	8.8
	8.9
	
	8.9

	
	120
	8.7
	8.7
	8.6
	8.7
	


Table 5.2.4.3-6 MPR simulation results for 256QAM with PC2 at 29 GHz.

	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	CP-OFDM
	60
	8.9
	8.9
	8.8
	
	8.9

	
	120
	8.7
	8.8
	8.8
	8.8
	


Table 5.2.4.3-7 MPR simulation results for 256QAM with PC5 at 29 GHz.

	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	CP-OFDM
	60
	8.9
	8.9
	8.9
	
	8.9

	
	120
	8.7
	8.7
	8.8
	8.9
	


Table 5.2.4.3-8 EVM budget for CP-OFDM at 29 GHz. RB start position 0, number of RBs 64, SCS 120 kHz.
	Tx EVM contributor
	EVM (%)

	Phase Noise+IQ Imbalance
	2.81

	PA Non-linearity & Transmitter
	2.09

	Total
	3.50


We notice that the backoff values from our simulations are smaller than other companies. This could result from differences in the linearity of the used power amplifier. We also studied the effect of the IQ imbalance that affects the EVM quota left for PA non-linearity and other transmitter impairments. For our results above we used IQ imbalance of -37.3dBc and carrier leakage of -31.6 dBc. When we used -36 dBc for both we obtained about 0.5 dB larger MPR values for CP-OFDMA. 

We also studied the phase noise contribution to EVM at 39 GHz without PTRS. We used the phase noise model from MTK. The results are presented in Table 5.2.4.3-9.

Table 5.2.4.3-9 Contribution of phase noise to EVM at 39 GHz. RB start position 0, number of RBs 64, SCS 120 kHz. PTRS was not used.
	waveform
	EVM (%)
	EVM (dB)

	DFT-s-OFDM
	3.26
	-29.74

	CP-OFDM
	3.27
	-29.71


5.2.4.4   Simulation results from ZTE

R4-2314619 simulation results for PC1
Some initial MPR simulation results for 29GHz PC1 100MHz 256QAM DFT-s-OFDM and CP-OFDM are shown in Fig 5.2.4.4-1.
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Fig  5.2.4.4-1. 29GHz PC1 MPR for 256QAM 100MHz, DFT-s-OFDM(Left) and CP-OFDM (Right)
The maximum MPR@outer RB is 8.375dB and the maximum MPR@inner RB is 8.875dB for DFT-s-OFDM and 12.125dB for CP-OFDM.
The EVM budget for the 64RB0 is provided in Table  5.2.4.4-2.

Table  5.2.4.4-2 EVM budget for PC1 256QAM 100MHz, DFT-s-OFDM, 64RB0
	Tx EVM contributor
	EVM (%)

	Phase Noise+IQ Imbalance
	2.93

	PA Non-linearity & Transmitter
	1.90

	Total
	3.50


Therefore, the MPR requirements for 29GHz PC1 256QAM DFT-s-OFDM are proposed:
Table  5.2.4.4-3 MPR requirements for 29GHz PC1 256QAM DFT-s-OFDM (BWchannel ≤ 200 MHz)
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.0

	
	16 QAM
	≤ 6.5
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256QAM
	≤8.5
	≤ 9.0
	≤ 9.0

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 4.5
	≤ 4.5

	
	16 QAM
	≤ 7.0
	≤ 5.5
	≤ 5.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256QAM
	≤ 12.5
	≤ 12.5
	≤ 12.5


R4-2315563 simulation results for PC1 using modified IQ image
We update our simulation with better IQ image and carrier leakage value assumption, which are approximately -38dB IQ image and -38dBc carrier leakage. Besides, based on the conclusions in [1], neither DFT-s-OFDM nor CP-OFDM configures PT-RS. 
Except the above assumption updates for IQ image, carrier leakage and PT-RS, the other assumptions are kept which are from TR38.891.
The updates for MPR simulation results for 29GHz PC1 100MHz 256QAM DFT-s-OFDM and CP-OFDM are shown in Fig 5.2.4.4-2.
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Fig 5.2.4.4-2 29GHz PC1 MPR for 256QAM 100MHz, DFT-s-OFDM(Left) and CP-OFDM (Right)
The EVM budget for the 64RB0 is provided in Table 5.2.4.4-4.

Table 5.2.4.4-4  EVM budget for PC1 256QAM 100MHz, DFT-s-OFDM, 64RB0
	Tx EVM contributor
	EVM (%)

	Phase Noise+IQ Imbalance
	3.03

	PA Non-linearity & Transmitter
	1.83

	Total
	3.50


The MPR simulation results for 29GHz PC1 400MHz 256QAM DFT-s-OFDM and CP-OFDM are shown in Fig 5.2.4.4-3.
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Fig 5.2.4.4-3 29GHz PC1 MPR for 256QAM 400MHz, DFT-s-OFDM(Left) and CP-OFDM (Right)
Therefore, the MPR requirements for 29GHz PC1 256QAM DFT-s-OFDM and CP-OFDM are proposed as follows.
Table 5.2.4.4-5 MPR requirements for 29GHz PC1 256QAM DFT-s-OFDM and CP-OFDM (BWchannel ≤ 200 MHz)
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.0

	
	16 QAM
	≤ 6.5
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256QAM
	≤7.5
	≤ 7.5
	≤ 7.5

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 4.5
	≤ 4.5

	
	16 QAM
	≤ 7.0
	≤ 5.5
	≤ 5.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256QAM
	≤ 10.5
	≤ 10.5
	≤ 10.5


Table 5.2.4.4-6 MPR requirements for 29GHz PC1 256QAM DFT-s-OFDM and CP-OFDM (BWchannel = 400 MHz)
	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.5

	
	16 QAM
	≤ 6.5
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5

	
	256QAM
	≤7.5
	≤ 7.5
	≤ 7.5

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 7.0
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0

	
	256QAM
	≤ 10.5
	≤ 10.5
	≤ 10.5


5.2.4.5   Simulation results from vivo
R4-2312574 simulation results for PC1
The EVM budget for this simulation is shown in Table 5.2.4.5-1:

Table 5.2.4.5-1 EVM budget for 256QAM MPR evaluation

	Tx EVM budget
	EVM (%)

	Phase Noise & IQ Imbalance
	2.99

	PA Non-linearity &Transmitter
	1.82

	Total
	3.50


In our simulation, the PTRS is only configured for CP-OFDM with L =1, K = 2, and the 29GHz phase noise profile from MTK in [1] is used for all waveforms.

· BW = 200 MHz SCS = 120kHz

The simulation results are shown in Figure 5.2.4.5-1
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Figure 5.2.4.5-1 MPR simulation results for 256QAM when BW = 200MHz

· BW = 400 MHz SCS = 120kHz

Due to time constraints, we don’t finish all cases and as an alternative, we only give simulation results for cases that need to be verified in the test, which are specified in TS38.521-2 Table 6.2.2.4.1-3.
	MPR (dB)
	DFT-s-OFDM
	CP-OFDM

	Outer_Full (DFT-s-OFDM: 256@0

CP-OFDM: 264@0)
	7.94
	10.12

	Inner_Full_Region2(DFT-s-OFDM: 128@66 

CP-OFDM: 132@66)
	8.51
	10.64

	8@0
	7.76
	9.18

	8@NRB-8
	7.74
	9.64


In our simulation, we find that the sole gating factor for 256QAM is EVM, and it is hard to further differentiate regions for MPR value since the inner region may require higher MPR due to the impact of the phase noise, carrier leakage, etc., so in our view, same MPR value can be applied to all regions which is similar to 64QAM with CP-OFDM. 

Observation 2: The gating factor for 256 QAM is EVM only.

Another thing we noticed in the simulation results is that the MPR results are insensitive to the channel bandwidth. However, considering the challenge for real wideband device design, e.g., the droop effect at the bandwidth edge, the EVM of 400MHz may be further degraded which leads to higher MPR than previous simulation results, so it is proposed to reserve 1.5 dB margin for 400MHz case compared to 200MHz.

Observation 3: The 256QAM MPR simulation results are insensitive to the channel bandwidth but the challenge of wideband device design should be considered in MPR requirement.
R4-2315808

In the last meeting, many simulation results of FR2 256QAM are provided, but one interesting issue was raised in the last meeting R4-2314677:
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New issue: What’s about the MPR for 39GHz?

· Proposals

· Option 1: Defined the same MPR with 29GHz

· Option 2: Consider some margin for 39GHz because the phase noise profile performance between 29GHz and 39GHz is different

· Option 3: Others

Agreement:

· FFS

For other lower modulation orders, either PTRS configuration or phase noised is not considered in MPR evaluation and the evaluation results can be frequency agnostic, but in FR2 256QAM, the phase noise, which is closely related to the frequency, is inserted, so the MPR value may be different for different band.
Observation 1: The phase noise is not considered in the modulation order other than 256QAM in FR2.

Observation 2: The phase noise profile is closely related to the frequency.
To compare the difference, the MPR simulation results are shown in following figures:
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Figure 5.2.4.5-2 MPR simulation results for 256QAM without phase noise
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Figure 5.2.4.5-3 MPR simulation results for 256QAM with 28GHz phase noise
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Figure 5.2.4.5-4 MPR simulation results for 256QAM with 39GHz phase noise
Obviously the MPR value increase when phase noise is inserted and the value will be larger when frequency become higher, so we think it is reasonable to introduce △MPR to show the difference and the MPR table will defined based on the assumption without phase noise.
5.2.4.6   Simulation results from Xiaomi

R4-2312686 simulation results for PC1

And the EVM budget is shown in Table 5.2.4.6-1:

Table 5.2.4.6-1 EVM budget in MPR simulation for 256QAM

	Tx EVM contributor
	EVM (%)
	SNR (dB)

	Phase Noise
	1.41
	37

	IQ Imbalance(w/ compensation)
	1.70
	35.4

	PA Non-linearity & Transmitter
	2.70
	31.4

	Total
	3.49
	29.1


Based on above simulation parameters, we simulated different configurations:

· PC1 100MHz without PN and PTRS.

· PC1 100MHz with PN and PTRS.

· PC1 100MHz with PN and without PTRS. 
The simulation results for DFT-s-OFDM are shown in figure 5.2.4.6-1 to figure 5.2.4.6-3:
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Figure 5.2.4.6-1 PC1 100MHz MPR for 256QAM without PN and PTRS for DFT-s-OFDM
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Figure 5.2.4.6-2 PC1 100MHz MPR for 256QAM with PN and PTRS for DFT-s-OFDM
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Figure 5.2.4.6-3 PC1 100MHz MPR for 256QAM with PN without PTRS for DFT-s-OFDM
The simulation results for CP-OFDM are shown in figure 5.2.4.6-4 to figure 5.2.4.6-6:
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Figure 5.2.4.6-4 PC1 100MHz MPR for 256QAM without PN and PTRS for CP-OFDM
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Figure 5.2.4.6-5 PC1 100MHz MPR for 256QAM with PN and PTRS for CP-OFDM
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Figure 5.2.4.6-6 PC1 100MHz MPR for 256QAM with PN without PTRS for CP-OFDM

Table 5.2.4.6-2 shows the largst MPR values in each regions based on above figure 5.2.4.6-1 to figure 5.2.4.6-6.
Table 5.2.4.6-2 MPRWT for power class 1, BWchannel =100 MHz in FR2-1
	Modulation
	MPRWT (dB), BWchannel =100 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	w/o PN
	11.7
	11.7
	11.4

	
	w/ PN w/ PTRS
	12.8
	12.3
	11.4

	
	w/ PN w/o PTRS
	13
	12.8
	12.1

	CP-OFDM
	w/o PN
	12.4
	13.2
	12.5

	
	w/ PN w/ PTRS
	14.9
	14.5
	14.1

	
	w/ PN w/o PTRS
	14.5
	13.9
	13.9


From Table 5.2.4.6-2, we can see the impact of phase noise to MPR value is about 1dB. And for DFT-s-OFDM, we can see about 0.5dB benefit when introducing the PTRS correction. But for CP-OFDM, there is no the benefit when introducing PTRS correction.
R4-2315437 simulation results for PC1 using modified IQ image
Based on above simulation parameters with modified IQ image -36dB, we simulated different configurations:

· PC1 200MHz and 400MHz with PN and no PTRS for 29GHz. 
And the EVM budget is shown in Table 5.2.4.6-3:

Table 5.2.4.6-3 EVM budget in MPR simulation for 256QAM

	Tx EVM contributor
	EVM (%)
	SNR (dB)

	IQ Imbalance(w/ compensation)+ Phase Noise
	2.8
	31

	PA Non-linearity & Transmitter
	2.1
	33

	Total
	3.5
	29.1


The simulation results for 200MHz channel bandwidth are shown in figure 5.2.4.6-7 and figure 5.2.4.6-8:
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Figure 5.2.4.6-7 PC1 200MHz MPR for 256QAM with PN and no PTRS for 29GHz DFT-s-OFDM
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Figure 5.2.4.6-8 PC1 200MHz MPR for 256QAM with PN and no PTRS for 29GHz CP-OFDM
Based on RB allocations regions of the channel bandwidths less than 200MHz for FR2-1 defined in current Spec as below:

NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1 of TS 38.101-2.

RBend = RBStart + LCRB - 1

RBStart,Low = Max(1, Floor(LCRB/2))

RBStart,High = NRB – RBStart,Low – LCRB
An RB allocation is an Outer RB allocation if

RBStart < RBStart,Low OR RBStart > RBStart,High OR LCRB > Ceil(NRB/2) 

An RB allocation in the channel bandwidths less than 200MHz is a Region 1 inner RB allocation if 

RBstart ≥ Ceil(1/3 NRB) AND RBend < Ceil(2/3 NRB)

An RB allocation is a Region 2 inner allocation if it is NOT an Outer allocation AND NOT a Region 1 inner allocation.

The MPR values of 200MHz channel bandwidths for different regions are shown in Table 5.2.4.6-4 based on the simulation results of figure 5.2.4.6-7 and figure 2.1-8:

Table 5.2.4.6-4 MPRWT for power class 1, BWchannel ≤ 200 MHz in FR2-1
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256QAM
	8.7
	8.5
	8.1

	CP-OFDM
	
	10.9
	10.2
	10.7


The simulation results for 400MHz channel bandwidth are shown in figure 2.1-9 to figure 2.1-10:
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Figure 5.2.4.6-9 PC1 400MHz MPR for 256QAM with PN and no PTRS for 29GHz DFT-s-OFDM
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Figure 5.2.4.6-10 PC1 400MHz MPR for 256QAM with PN and no PTRS for 29GHz CP-OFDM

Based on RB allocations regions of 400 MHz channel bandwidths for FR2-1 defined in current Spec as below:

NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1 of TS 38.101-2.

RBend = RBStart + LCRB - 1

RBStart,Low = Max(1, Floor(LCRB/2))

RBStart,High = NRB – RBStart,Low – LCRB
An RB allocation is an Outer RB allocation if

RBStart < RBStart,Low OR RBStart > RBStart,High OR LCRB > Ceil(NRB/2) 

An RB allocation in 400 MHz channel bandwidth is a Region 1 inner RB allocation if

RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
An RB allocation is a Region 2 inner allocation if it is NOT an Outer allocation AND NOT a Region 1 inner allocation

The MPR values of 400MHz channel bandwidths for different regions are shown in Table 5.2.4.6-5 based on the simulation results of figure 5.2.4.6-9 and figure 5.2.4.6-10:
Table 5.2.4.6-5 MPRWT for power class 1, BWchannel = 400 MHz in FR2-1

	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256QAM
	8.5
	7.5
	7.6

	CP-OFDM
	
	10.7
	10.7
	10.3


In our simulations, we can see the limit factor for 256QAM MPR is EVM, and the larger MPR are need for the RB allocations which are overlap with the IQ image and mainly located around the carrier leakage. If we don’t redefine the RB allocation regions, the MPR values for outer allocation, region 1 inner allocation and region 2 inner allocation are almost same.
Due to time constraints, we don’t finish the simulation for PC1 all RB allocations of 39GHz, to compare the MPR difference of 39GHz with 29GHz due to the difference of phase noise profiles, we only give simulation results for some RB allocations based CP-OFDM of 200MHz channel bandwidth with 120kHz SCS, Table 2.1-5 gave the simulation results based on different IQ images:

Table 5.2.4.6-6 MPR values of 39GHz and 29GHz for PC1

	Modulation
	Frequency
	IQ image
	MPR

	
	
	
	132@0
	120@6
	100@17
	80@27
	60@40
	40@52
	20@61

	CP-OFDM
	29GHz
	-36dB
	10.6
	10.4
	10.6
	10.3
	9.8
	9.8
	9.7

	
	39GHz
	-40dB
	14.3
	14
	14.2
	14.3
	12.8
	12.6
	11.7

	
	
	-50dB
	12.6
	13.1
	12.8
	12.4
	11.7
	11.4
	10.6


Due to we used 28GHz PA model, the MPR values are larger for 39GHz than the values of 29GHz. In additional, we simulation the MPR values for 39GHz with different IQ image values, from table 2.1-5, we can see, the MPR value will be reduced when we using smaller IQ image. So, the MPR values of 39GHz are related not only to phase noise profile but also to PA model. Therefore, the MPR values of 39GHz could be modified by choosing suitable PA model.
5.2.4.7   Simulation results from Sony

R4-2313190 simulation results for PC1
To investigate the feasibility of confining the MPR for UL 256QAM, the MPR for CP-OFDM for 100 MHz and 400 MHz BW are simulated for PC1 with 120 kHz SCS. The power amplifier is modeled based on a couple different III-V semiconductor PA models and the RB allocation is referred from contributions in last RAN4 meeting [2]. Other simulation assumptions are listed below and the simulated MPR is shown in Table 5.2.4.7-1.
· The phase noise model proposed by QC has been adopted in the simulation [1], where the EVM budget for Phase noise + IQ imbalance is -30.8 dB.  

· L-PTRS = 1 K-PTRS =2 are adopted as PTRS configuration for CP-OFDM.
Table 5.2.4.7-1. The MPR simulation results for CP-OFDM with 120 kHz SCS for PC1
	
Waveform
	BWchanne
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	CP-OFDM
	100 MHz
	10.4
	11.4
	11.2

	
	400 MHz
	11
	10.2
	10.8


Based on the simulated results, it can be observed that for 400 MHz, the MPR values are well below the “64QAM MPR + 3dB” range. Though not all cases (inner region of 100 MHz) can be well-fitted within the proposed range, the values are not far from the proposed limits for narrower BW. In addition, it is worth mentioning that no advanced linearity technologies, e.g., DPD or APD, have been included in such a simulation. Therefore, it can be expected that the MPR confinement, as mentioned above, is feasible to be used to define the MPR values for 256 QAM.
R4-2315561 simulation results for PC1
The MPR for CP-OFDM for 100 MHz and 400 MHz BW are simulated for PC1 with 120 kHz SCS. The power amplifier is modeled based on a couple of different III-V semiconductor PA models. Other simulation assumptions are listed below, and the simulated MPR is shown in Table. 5.2.4.7-2. 
· The phase noise model proposed by QC has been adopted in the simulation R4-2314677, where the EVM budget for Phase noise + IQ imbalance is -30.8 dB.  

Both simulation results with PTRS (L-PTRS = 1 K-PTRS =2) and no PTRS are provided in Table. 5.2.4.7-2 and Table. 5.2.4.7-3, respectively. In general, the results without PTRS for CP-OFDM are 1 to 0.5 dB worse than the PTRS configuration (L-PTRS = 1 K-PTRS =2).
Table 5.2.4.7-2 The MPR simulation results for CP-OFDM with 120 kHz SCS for PC1 with PTRS L-PTRS = 1 K-PTRS =2
	
Waveform
	BWchanne
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	CP-OFDM
	100 MHz
	10.4
	11.4
	11.2

	
	400 MHz
	11
	10.2
	10.8


Table 5.2.4.7-3 The MPR simulation results for CP-OFDM with 120 kHz SCS for PC1 without PTRS
	
Waveform
	BWchanne
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	CP-OFDM
	100 MHz
	11.2
	11.6
	11.5

	
	400 MHz
	12
	10.7
	11.3


5.2.4.8   Simulation results from MediaTek
R4-2313417 simulation results for PC2
In the Tx, the EVM performance is determined by many factors including baseband clipping and quantization, transmitter non-linearity, IQ imbalance, phase noise, PA non-linearity, etc. In RAN4 #106, the approved agreement for EVM budget is listed below: 

EVM budget for MPR evaluation:

· Only consider the total value of 3.5% for Tx EVM

· Companies need to clarify the components of Tx EVM in their simulation results, including

· Phase noise

· Value for IQ imbalance

· PA and transmitter non-linearity

Table 5.2.4.8-1 EVM budget for FR2-1 UL 256QAM MPR at 29GHz and 39GHz

	
	29GHz
	39GHz

	EVM Contributor
	EVM(%)
	SNR(dB)
	EVM(%)
	SNR(dB)

	Transmitter +IQ Imbalance 
	1.7
	35.3
	1.7
	35.3

	Phase Noise
	2.2
	33.15
	2.95
	30.6

	PA Non-linearity
	2.1
	33.56
	0.8
	41.93

	Total
	3.5
	29.1
	3.5
	29.1


In the FR2-1 UL 256QAM MPR simulation, we propose the EVM budget with approved phase noise profiles in the last meeting summarized in Table 1. With current 39GHz phase noise profile, it should be noted that the phase noise performance of 39GHz dominates the EVM budget for 3.5% EVM. PA requires more back-off power to compensate the quality of the transmitting signal. In our initial simulations, MPR for 29GHz UL 256QAM could achieve reasonable MPR value. However, the MPR value for 39GHz UL 256QAM could be too large and this will result in insufficient dynamic range. 

Observation 1: With current 39GHz phase noise profile, it should be noted that the phase noise performance of 39GHz dominates the EVM budget for 3.5% EVM. PA requires more back-off power to compensate the quality of the transmitting signal. In our initial simulations, MPR for 29GHz UL 256QAM could achieve reasonable MPR value. However, the MPR value for 39GHz UL 256QAM could be too large and this will result in insufficient dynamic range.

In FR1, the MPR of 256QAM is entirely determined by the EVM. This could be also expected for FR2-1. Therefore, in this contribution, we provide our initial MPR simulation for the EVM by using our phase noise model and Qualcomm’s phase noise model with full RB allocation in 100 MHz BW with 120 kHz SCS.

Table 5.2.4.8-2. PC2 MPR simulated results

	Modulation
	PTRS CPE compensation
	MPR (dB)

	100MHz (full RB)
	
	MTK’s model @29GHz
	QC’s model @29GHz

	DFT-s-OFDM
	256 QAM
	Off
	7.2
	7.4

	DFT-s-OFDM
	256 QAM
	On
	8
	7.8

	CP-OFDM
	256 QAM
	Off
	9.9
	10.1

	CP-OFDM
	256 QAM
	On
	9.7
	9.7


R4-2315559 simulation results for PC1 and PC2/5
In the last meeting, RAN4 reached an agreement that there would be no PTRS configuration for EVM testing in both DFT-S-OFDM and CP-OFDM. In R4-2313417, and we also presented our initial MPR simulation by utilizing both MTK's phase noise model and Qualcomm's phase noise model, with full RB allocation in a 100 MHz bandwidth and 120 kHz SCS. Based on the simulation results, we observed that the MPR requirements, without PTRS compensation, using both MTK's and Qualcomm's phase noise models, were almost identical. Therefore, for further MPR evaluation, we just considered MTK's phase noise model.

Observation 1: For MPR requirements without PTRS compensation, both MTK's and Qualcomm's phase noise models are nearly identical. It is sufficient to just use one of these two models for further evaluation. 
MPR simulations were conducted for both CP-OFDM and DFT-s-OFDM with 100 MHz and 400 MHz bandwidth for PC1/2/5 using a 120 kHz SCS. In our simulation, it is important to note that the MPR requirements for 256QAM are solely determined by the EVM. Additionally, if taking into account droop effects from the circuits between the baseband BB, IF, and RF, a 1.5dB MPR margin should be reserved for the 400 MHz bandwidth.

Observation 2: MPR requirements for 256QAM are solely determined by the EVM.

Based on the simulation results and analysis, we propose the FR2-1 256QAM MPR values for PC1/2/5 as shown in Table 2-5.

Table 5.2.4.8-3 MPRWT for power class 1, BWchannel ≤ 200 MHz
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.0

	
	16 QAM
	≤ 6.5
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256 QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 4.5
	≤ 4.5

	
	16 QAM
	≤ 7.0
	≤ 5.5
	≤ 5.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256 QAM
	≤ 11.5
	≤ 11.5
	≤ 11.5


Table  5.2.4.8-4 MPRWT for power class 1, BWchannel = 400 MHz
	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.5

	
	16 QAM
	≤ 6.5
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5

	
	256 QAM
	≤ 10.5
	≤ 10.5
	≤ 10.5

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 7.0
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0

	
	256 QAM
	≤ 13
	≤ 13
	≤ 13


Table  5.2.4.8-5 MPRWT for power class 2/5, BWchannel ≤ 200 MHz
	Modulation
	MPRWT, BWchannel ≤ 200 MHz

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 5.0
	≤ 5.5

	
	256 QAM
	≤ 9.0
	≤ 9.0

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 5.0
	≤ 5.0

	
	64 QAM
	≤ 7.5
	≤ 7.5

	
	256 QAM
	≤ 11.5
	≤ 11.5


Table  5.2.4.8-6 MPRWT for power class 2/5, BWchannel = 400 MHz
	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16 QAM
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5

	
	256 QAM
	≤ 10.5
	≤ 10.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0

	
	256 QAM
	≤ 13
	≤ 13


5.2.4.9   Simulation results from Qualcomm
R4-2315054 simulation results for PC1/PC5
In the discussion below, we assume mass producible and commercially feasible UEs assuming best possible design practices.  In this context, among current UL waveforms, 256QAM remains distinct from the others on account of the proximity of the EVM requirement (-29.1 dB) to the floors introduced by multiple impairment mechanisms in the Tx chain. In contrast, lower modulation complexity waveforms are limited principally by PA distortion. The aforementioned sensitivities to various assumptions like phase noise floor, image levels, and various floors from stages preceding the PA can cause large variation in MPR projections for 256QAM. This effect is demonstrated below in figure 5.2.4.9-1 for PC5 CP-OFDM 256QAM UL. See Annex for calibration details.


[image: image36]
From the examples above, projected MPR can vary from ~8 dB to ~ 12 dB just by manipulating image suppression levels between 36 and 38 dBc and substituting a conservative (padded) estimate of implementation-worthy phase noise in place of the profile RAN4 has identified as suitable for 256QAM [5]. Further variation is likely when varying assumptions for other impairment floors are considered.

Observation 1: MPR projections for 256QAM can be very sensitive to estimates of impairment floors from multiple mechanisms in the Tx chain of the UE.

Observation 1 demonstrates that MPR determination from UE performance projections can be even more challenging than for other modulation types. It may be necessary to view each proposal paired with the associated floor assumptions. For the remainder of the contribution, we assume implementation quality impairments (image level and other floors are chosen from realistic projections).

PC5 

Figures 5.2.4.9-2 and -3 shows the MPR difference between 256QAM and 64QAM for CP-OFDM and DFT-s-OFDM respectively for devices limited to 23 dBm TRP (includes PC5 as well as PC2/3/4/6).
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An interesting observation is that it takes less than 3 dB of additional back off to seemingly improve EVM 6 dB (the difference between the EVM requirements for 64 and 256 QAM). To resolve this potentially problematic observation, we studied the gating mechanisms for each case, and found that they indeed change. In the 64QAM case, the MPR allowance is driven by IBE compliance for some corner waveforms and for 256, MPR allowance is driven by EVM compliance. i.e the results do not imply inconsistency or other unphysical behavior.

Observation 2: With implementation-grade assumptions for a UE limited to 23 dBm TRP, the additional MPR for 256QAM over that of 64 QAM is 3 dB or less.

PC1 

Figures 5.2.4.9-4 and -5 shows the MPR difference between 256QAM and 64QAM for CP-OFDM and DFT-s-OFDM respectively for devices limited to 35 dBm TRP (example: PC1).
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It is evident that for PC1, the pattern of variation is like that of PC5.

Observation 3: With implementation-grade assumptions for a UE limited to 35 dBm, the additional MPR for 256QAM over that of 64 QAM can be conservatively considered to be 3 dB or less.

Annex, calibration condition for PA model

The calibration condition for the PA used for MPR projections is shown below – 20RB23 DFT-s-QPSK is expected to operate with no more than 23 dBm TRP for PC5 and 35 dBm for PC1. This is a worst-case scenario for SEM compliance.
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5.2.4.10   Simulation results from Huawei

R4-2316379 simulation results for PC1
We use the following EVM budget for our further MPR simulation.

Table 5.2.4.10-1 EVM budget in MPR simulation for 256QAM

	EVM Contributor
	EVM(%)
	SNR(dB)

	Transmitter 
	1
	-40

	Phase Noise
	1.8
	-34.9

	IQ Imbalance
	1.45
	-36.8

	PA Non-linearity
	2.5
	-32

	Total
	3.5
	-29.1


The simulation results is shown in Table 5.2.4.10-1.

Table 5.2.4.10-1: MPR simulation for 256QAM

	Modulation
	Companies
	MPRWT (dB), BWchannel ≤ 100 MHz/200MHz

	
	
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	DFT-s-OFDM
	64 QAM
	-
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256QAM
	Huawei
	9.1

	CP-OFDM
	64 QAM
	-
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256QAM
	Huawei
	11.8


5.2.4.11   Summary of the simulation results for 29GHz MPR
Based on the simulation results from companies, below tables list the average values for 29GHz PC1/PC2/PC5 MPR:
Table 5.2.4.11-1 PC1 UL 256QAM MPR summary for 29 GHz with BWchannel ≤200 MHz and 120kHz SCS 
	Modulation
	Companies
	MPRWT (dB), BWchannel ≤ 100/200 MHz

	
	
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	DFT-s-OFDM
	64 QAM
	-
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256QAM
	Xiaomi(R4-2315437)
	9
	9
	9

	
	
	MediaTek(R4-2315559)
	9
	9
	9

	
	
	ZTE(R4-2315563)
	7.5
	7.5
	7.5

	
	
	LGE(R4-2315540)
	8.5
	8.5
	8

	
	
	vivo(R4-2315808)
	8
	8
	8

	
	
	Qualcomm(R4-2315054)
	9.5
	8
	8

	
	
	Huawei(R4-2316379)
	9.1

	
	
	Nokia (R4-2311665)
	7.2

	
	
	Average
	8.5
	8.3
	8.2

	CP-OFDM
	64 QAM
	-
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256QAM
	Nokia (R4-2315265)
	8.6

	
	
	Xiaomi(R4-2315437)
	11
	11
	11

	
	
	MediaTek(R4-2315559)
	11.5
	11.5
	11.5


	
	
	ZTE(R4-2315563)
	10.5
	10.5
	10.5

	
	
	vivo(R4-2315808)
	11
	11
	11

	
	
	LGE(R4-2315540)
	10.5
	10.5
	10.5

	
	
	Sony(R4-2315561)
	11.2
	11.6
	11.5

	
	
	Qualcomm(R4-2315054)
	10.5
	10.5
	10.5

	
	
	Huawei(R4-2316379)
	11.8

	
	
	Average
	10.7
	10.8
	10.8


Table 5.2.4.11-2 PC1 UL 256QAM MPR summary for 29 GHz with BWchannel =400 MHz and 120kHz SCS
	Modulation
	Companies
	MPRWT (dB), BWchannel =400 MHz

	
	
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	DFT-s-OFDM
	64 QAM
	
	≤ 6.5
	≤ 6.5
	≤ 6.5

	
	256QAM
	Xiaomi(R4-2315437)
	9
	9
	9

	
	
	LGE(R4-2315540)
	10
	9.5
	9.5

	
	
	MediaTek(R4-2315559)
	10.5
	10.5
	10.5

	
	
	ZTE(R4-2315563)
	7.5
	7.5
	7.5

	
	
	vivo(R4-2315808)
	9.5
	9.5
	9.5

	
	
	Nokia (R4-2311665)
	7.2

	
	
	Average
	9
	8.9
	8.9

	CP-OFDM
	64 QAM
	
	≤ 9.0
	≤ 9.0
	≤ 9.0

	
	256QAM
	Nokia (R4-2315265)
	8.7

	
	
	Xiaomi(R4-2315437)
	11
	11
	11

	
	
	LGE(R4-2315540)
	12
	12
	12.5

	
	
	MediaTek(R4-2315559)
	13
	13
	13

	
	
	Sony(R4-2315561)
	12
	10.7
	11.3

	
	
	ZTE(R4-2315563)
	10.5
	10.5
	10.5

	
	
	vivo(R4-2315808)
	12.5
	12.5
	12.5

	
	
	Average
	11.4
	11.2
	11.4


Table 5.2.4.11-3 PC2 UL 256QAM MPR summary for 29 GHz with BWchannel ≤ 200 MHz and 120kHz SCS
	Modulation
	Companies
	MPRWT, BWchannel ≤ 100/200 MHz

	
	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	64 QAM
	
	≤ 5.0
	≤ 5.5

	
	256QAM
	MediaTek(R4-2315559)
	9
	9

	
	
	LGE(R4-2315540)
	8
	8

	
	
	Qualcomm(R4-2315054)
	8
	8.5

	
	
	Nokia (R4-2311665)
	7.1

	
	
	Average
	8
	8.2

	CP-OFDM
	64 QAM
	
	≤ 7.5
	≤ 7.5

	
	256QAM
	Nokia (R4-2315265)
	8.8

	
	
	MediaTek(R4-2315559)
	11.5
	11.5

	
	
	LGE(R4-2315540)
	10.5
	10.5

	
	
	Qualcomm(R4-2315054)
	10.5
	10.5

	
	
	Average
	10.3
	10.3


Table 5.2.4.11-4 PC2 UL 256QAM MPR summary for 29 GHz with BWchannel =400 MHz and 120kHz SCS
	Modulation
	Companies
	MPRWT, BWchannel =400 MHz

	
	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	64 QAM
	
	≤ 6.5
	≤ 6.5

	
	256QAM
	LGE(R4-2315540)
	10
	9.5

	
	
	MediaTek(R4-2315559)
	10.5
	10.5

	
	
	Nokia (R4-2311665)
	7.0

	
	
	Average
	9.2
	9.2

	CP-OFDM
	64 QAM
	
	≤ 9
	≤ 9

	
	256QAM
	Nokia (R4-2315265)
	8.8

	
	
	LGE(R4-2315540)
	11.5
	11.5

	
	
	MediaTek(R4-2315559)
	13
	13

	
	
	Average
	11.1
	11.1


Table 5.2.4.11-5 PC5 UL 256QAM MPR summary for 29 GHz with BWchannel ≤200 MHz and 120kHz SCS
	Modulation
	Companies
	MPRWT, BWchannel ≤ 100/200 MHz

	
	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	64 QAM
	
	≤ 5.0
	≤ 5.5

	
	256QAM
	MediaTek(R4-2315559)
	9
	9

	
	
	Qualcomm(R4-2315054)
	8
	8.5

	
	
	Nokia (R4-2311665)
	7.3

	
	
	Average
	8.1
	8.3

	CP-OFDM
	64 QAM
	
	≤ 7.5
	≤ 7.5

	
	256QAM
	Nokia (R4-2315265)
	8.8

	
	
	MediaTek(R4-2315559)
	11.5
	11.5

	
	
	Qualcomm(R4-2315054)
	10.5
	10.5

	
	
	Average
	10.3
	10.3


Table 5.2.4.11-6 PC5 UL 256QAM MPR summary for 29 GHz with BWchannel =400 MHz and 120kHz SCS
	Modulation
	Companies
	MPRWT, BWchannel = 400 MHz

	
	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	64 QAM
	
	≤ 6.5
	≤ 6.5

	
	256QAM
	MediaTek(R4-2315559)
	10.5
	10.5

	
	
	Nokia (R4-2311665)
	7.1

	
	
	Average
	8.8

	CP-OFDM
	64 QAM
	
	≤ 9
	≤ 9

	
	256QAM
	Nokia (R4-2315265)
	8.9

	
	
	MediaTek(R4-2315559)
	13
	13

	
	
	Average
	11
	11


5.2.4.12   Summary of the simulation results for 39GHz MPR

Based on the simulation results from companies, below tables list the values for 39GHz PC1 MPR:
Table 5.2.4.12-1 PC1 UL 256QAM MPR summary for 39 GHz with BWchannel ≤200 MHz and 120kHz SCS
	Modulation
	Companies
	MPRWT (dB), BWchannel ≤ 100 MHz

	
	
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	DFT-s-OFDM
	64 QAM
	-
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256QAM
	LGE(R4-2315540)
	8.5
	8.5
	8

	CP-OFDM
	64 QAM
	-
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256QAM
	LGE(R4-2315540)
	11
	11
	10.5


Table 5.2.4.12-2 PC1 UL 256QAM MPR summary for 39 GHz with BWchannel =400 MHz and 120kHz SCS
	Modulation
	Companies
	MPRWT (dB), BWchannel =400 MHz

	
	
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	DFT-s-OFDM
	64 QAM
	
	≤ 6.5
	≤ 6.5
	≤ 6.5

	
	256QAM
	LGE(R4-2315540)
	10.5
	9.5
	10

	CP-OFDM
	64 QAM
	
	≤ 9.0
	≤ 9.0
	≤ 9.0

	
	256QAM
	LGE(R4-2315540)
	13
	12
	12.5


<Text omit>
5.3.3
EVM calculation flow with PTRS

Figure 5.3.3-1 shows a generalized EVM calculator signal flow with PTRS processing. In the flow chart, for CP-OFDM, the DFT and IDFT blocks are replaced by unity blocks; For DFT-s-OFDM, all blocks pertaining to layer 2 signals are disabled due to RAN1 has not introduced rank 2 UL. In Rel-18, there is no PTRS configuration for UL 256QAM EVM test, Figure 5.3.3-1 is just for reference.
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Figure 5.3.3-1: A generalized 2-Rx EVM calculator with PTRS processing
<Text omit>

5.3
Implementation impact for UE

The UE EVM consists of several contributing impairments such as phase noise, PA non-linearity, digital impairments etc. It is worth to note that examples of improved phase noise profile, PA non-linearity and IQ image reflect different implementations. Actually, in a practical implementation process the impact of each of the EVM contributors need to be traded off with each other to meet the final EVM requirement. In the MPR study, the limit factor is EVM for FR2-1 UL 256QAM, in order to achieve the target EVM limit (3.5%), some power back-off is needed, and it can be optimized by adopting different UE implementations.
5.4
Specification impact
The specification impacts for UE part include MPR, EVM and related parameters, this new feature will be introduced in the corresponding clause 6.1, 6.2.2, 6.4.2.1 for single carrier operation, and 6.2A.2.2, 6.2A.2.3, 6.2A.2.6 for intra-band CA of TS 38.101-2. 
About the MPR of both intra-band contiguous and non-contiguous CA, considering the worst situation for PA in wider channel bandwidth for 256 QAM, the additional relaxation is needed based on the 3 dB relaxation for 29GHz and 4dB relaxation for 39GHz compared to the MPR of intra-band CA in 64QAM.
5.5
Conclusion
The feasibility of FR2-1 UL 256QAM has been evaluated, including link level simulation, system level simulation and implementation study. Based on the study output, it can be concluded that FR2-1 UL 256QAM is feasible and beneficial for PC1/2/5, and corresponding requirements has been specified and introduced TS 38.101-2 v18.3.0. 
And during the meetings discussion, some agreements are achieved as following:
Key agreements:

R4-2214453 WF in RAN4 #104e
· First focus on PC1, PC2, PC5.

· Discussion on PC3 is not precluded and handled as second priority.
R4-2217729 WF in RAN4 #104 bis
· 3.5% EVM for 29GHz, FFS for operating SNR.

· The target power class is PC1, PC2, and PC5.
· 3.5% EVM for 39GHz and using average value FFS for operating SNR with limited MCS.

· The limited MCS is the subset of MCS with 256QAM

· FFS on the list of MCS

· Decide the operating SNR based on list of MCS

· The target power class is PC1, PC2, and PC5.
· To consider ICI compensation only if sufficient performance improvement is shown by proponent with explanation of the underlying algorithm.
R4-2220810 WF in RAN4 #105
· Consider operating SNR as 28 dB with MCS 20~23 for 29GHz averaged based on the submitted results from these two meetings.
· Consider operating SNR as 30 dB with limited MCS 20~22 for 39GHz averaged based on the submitted results from two meetings.

· UL 256QAM is unfeasible for 48GHz in Rel-18

· The capability for support of UL256QAM is defined as per band per band combinations
R4-2303709 WF in RAN4 #106
· For 29GHz, UL 256 QAM for PC1/PC2/PC5 UEs is feasible. 

· For 39GHz, UL 256 QAM for PC1/PC2/PC5 UEs is feasible.
· Limit MCS with 256QAM for 29GHz to the range of MCS#20, #21, #22 and #23.
· Limit MCS with 256QAM for 39GHz to the range of MCS#20, #21 and #22.

· Adopt 28 dB as operating SNR for 29GHz.

· Adopt 30 dB as operating SNR for 39GHz.

· For MPR evaluation, only consider the total value of 3.5% for Tx EVM. 

· Companies need to clarify the components of Tx EVM in their simulation results, including

· Phase noise

· Value for IQ imbalance

· PA and transmitter non-linearity

· PTRS correction methods

· For CP-OFDM

· PTRS correction is implemented by de-rotation of each sub carrier in an OFDM symbol. The de-rotation angle is estimated as the frequency domain average of the phase rotation of all the PTRS tones in the allocation.

· For DFT-s-OFDM: 

· PTRS correction is implemented by de-rotation of each time-domain symbol by the estimated instantaneous phase deviation. 

· The instantaneous phase deviation impacting a data symbol due to DUT phase noise is estimated by linearly interpolating between the phase deviations determined for the nearest neighbouring PTRS groups. The phase deviation for each PTRS group is determined as the time domain arithmetic mean phase deviation of all PTRS symbols in the group.

· The EVM calculation signal flow including PTRS processing shall be included in the annex of 38.101-2 as normative content.
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R4-2306603 WF in RAN4 #106 bis

R4-2310260 WF in RAN4 #107
· Phase noise profiles evaluation for 29GHz
· Both of new phase noise profiles from Qualcomm and MTK for 29GHz are feasible for MPR simulation. 

· New phase noise profiles using the pole-zero method based on following function:
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· Parameters from Qualcomm
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· Parameters from MTK
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· Phase noise profiles evaluation for 39GHz
· The new phase noise profile from MTK for 39GHz is feasible for MPR simulation. 

· New phase noise profile using the pole-zero method based on following function:
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· Parameters from MTK
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· The minimum EIRP requirements for EVM test
· For PC1, PC2 and PC5:

· The minimum EIRP for UL 256 QAM for EVM test is relaxed by 14 dB compared to QPSK (or more than 7dB compared to 64QAM)
R4-2314677 WF in RAN4 #108
· -25dB/-20dB IQ image and -25dBc/-20dBc carrier leakage should be improved for UE supporting UL 256QAM.
· There is no change of the requirements for other modulation orders
· It shall be better than -36dB IQ image and -36dBc carrier leakage for UL 256QAM.
· No PTRS configuration for EVM test for CP-OFDM and DFI-s-OFDM.
R4-2317596 WF in RAN4 #108bis

· The single CC MPR for PC1 in 256QAM operation shall be 3 dB more than that of 64QAM.
· The single CC MPR for PC2 in 256QAM operation shall be 3 dB more than that of 64QAM.
· The single CC MPR for PC5 in 256QAM operation shall be 3 dB more than that of 64QAM.
· The single CC MPR for PC1/2/5 in 256QAM operation shall be 4 dB more than that of 64QAM for 39 GHz band. 
· No special treatment is necessary for inter-band CA MPRs for UL256QAM.
· No special treatment is necessary for UL MIMO MPRs for UL256QAM. 

· RAN4 suggests to remove PC3 from the object of FR2-1 UL 256QAM in the WID
Agreement in RAN4 #109:

· The MPR of both intra-band contiguous and non-contiguous CA for PC1/2/5 in 256QAM operation shall be X dB more than that of intra-band CA in 64QAM operation for 29GHz bands, the X shall be as following:
· 3.5 dB up to 1400MHz aggregated channel bandwidths.
· 4 dB from 1400MHz aggregated channel bandwidths up to 2400MHz aggregated channel bandwidths.
· The MPR of both intra-band contiguous and non-contiguous CA for PC1/2/5 in 256QAM operation shall be X dB more than that of intra-band CA in 64QAM operation for 39GHz bands, the X shall be as following:
· 4.5 dB up to 1400MHz aggregated channel bandwidths.
· 5 dB from 1400MHz aggregated channel bandwidths up to 2400MHz aggregated channel bandwidths.
Figure 5.2.4.9-12.1: Required-MPR sensitivity to image and phase noise floor assumptions for 256QAM





Figure 2.2.1-15.2.4.9-2: PC2/3/4/5/6 MPR delta between 256 and 64QAM, CP-OFDM





Max(MPR_256)-Max(MPR_64) = 2.9 dB





Figure 5.2.4.9-32.2.1-2: PC2/3/4/5/6 MPR delta between 256 and 64QAM, DFT-s-OFDM





Max(MPR_256)-Max(MPR_64) = 1.9 dB





Figure 2.2.2-15.3.4.9-4: PC1 MPR delta between 256 and 64QAM, CP-OFDM





Max(MPR_256)-Max(MPR_64) = 2.4 dB





Figure 2.2.2-25.2.4.9-5: PC1 MPR delta between 256 and 64QAM, DFT-s-OFDM





Max(MPR_256)-Max(MPR_64) = 2.7 dB
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Figure 5.2.4.9-65.1: Calibration condition for devices limited to 23 dBm TRP (PC5 FWA for example)
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Figure 5.2.4.9-75.2: Calibration condition for devices limited to 35 dBm TRP (PC1 FWA for example)
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