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Introduction
This contribution is mainly to capture the simulation assumptions for phase noise profiles evaluation and MPR simulation results from different companies into TR 38.891.
Text Proposal

<Start of Text Proposal for TR 38.891>
<Text omit>
5.2.1
System level simulation
<Text omit>
5.2.1.9   Summary for system level simulation results
	Companies
	Urban macro
	Indoor

	Nokia 

(R4-2300193)
	The target SNR at BS side of 27 dB can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.

Less than 15% of PC1 UE and less than 30% of PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
	The target SNR at BS side of 27 dB can be achieved by ~70% of PC1 UE and ~60% of PC2/5 UE.

Almost none of PC1 UE and PC2/5 UE are transmitting at maximum output power (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).

	LG Electronics

 (R4-2300821)
	For 29GHz:

The target SNR at BS side of 28 dB can be achieved by ~77% of PC2 UE and ~65% of PC5 UE.

For 39GHz:

The target SNR at BS side of 30 dB can be achieved by ~40% of PC1 UE, ~85% of PC2 UE and 70% of PC5.
	For 29GHz:

The target SNR at BS side of 28 dB can be achieved by ~41% of PC2 UE and ~40% of PC5 UE.

For 39GHz:

The target SNR at BS side of 30 dB can be achieved by ~37% of PC1 UE, ~75% of PC2 UE and 50% of PC5.

	ZTE

(R4-2301235)
	For 29GHz

5% UE can achieve above 30dB SINR for PC2 and PC5.

 Even ~10% UE can achieve above 28dB SINR even for PC3.
Thus we observed PC2 and PC5 are feasible for UL 256QAM for 29GHz, and PC3 is also feasible if the operating SNR is not higher than 28dB.  
For 39GHz：

For PC1, ~55% of UE can reach the operating SNR

For PC2, ~8% of UE can reach the operating SNR

For PC5 , ~15% of UE can reach the operating SNR

For PC3, ~2% of UE can reach the operating SNR
	for 39GHz：

For PC1, PC2 and PC5, ~86% of UE can reach the operating SNR

For PC3, ~75% of UE can reach the operating SNR

	vivo

(R4-2301569)
	In 29GHz:

5% in Uma PC2/PC5 UE can archive 28 dB SNR.

In 39GHz:

10% in Uma PC1 UE can archive 30 dB SNR

2% in Uma PC2/PC5 UE can archive 30 dB SNR.
	In 29GHz:

14% in Indoor PC2/PC5 UE can archive 28 dB SNR.

In 39GHz:

12% in Indoor PC1 UE can archive 30 dB SNR;

10% in Indoor PC2/PC5 UE can archive 30 dB SNR.

	Xiaomi

(R4-2301620)
	For 29GHz:

The target SNR of 28dB for 29 GHz at BS side can be achieved by 86.95% of PC1 UE and 73.26% of PC2/5 UE.

~13% of PC1 UE and ~26% of PC2/5 UE are transmitting at maximum output power at 29 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).

For 39GHz:

The target SNR of 30dB for 39 GHz at BS side can be achieved by 82.82% of PC1 UE and 62.31% of PC2/5 UE.

 ~17% of PC1 UE and ~27% of PC2/5 UE are transmitting at maximum output power at 39 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
	For 29GHz:

The target SNR of 28dB for 29 GHz at BS side can be achieved by 100% of PC1 UE and 100% of PC2/5 UE.

The transmitting power of all PC1/PC2/PC5 UE are less than 20 dBm at 29 GHz.

For 39GHz:

The target SNR of 30dB for 39 GHz at BS side can be achieved by 100% of PC1 UE and 99.99% of PC2/5 UE.

The transmitting power of ~ 99% PC1/PC2/PC5 UE are less than 13 dBm at 39 GHz.

	Sony

(R4-2302240)
	
	For 29GHz:

35% of UE can reach the target SNR condition of PC2 and PC5 at indoor scenario at 29 GHz.

For 39GHz:

45% of PC1 UE and 10% of PC2/5 UE can meet the target SNR condition for the indoor scenario at 39 GHz. 

	Ericsson

(R4-2302734)
	For 29GHz:

 UMa scenario and PC2/PC5, around 30% of users with FTP 10% load and 28% of users with FTP 30% load can reach the operating SNR of 28dB.

For 39GHz:

UMa scenario and PC2/PC5, around 17% of users with FTP 10% load and 15% of users with FTP 30% load can reach the operating SNR of 30dB.

UMa scenario and PC1, around 50% of users with FTP 10% load and 38% of users with FTP 30% load can reach the operating SNR of 30dB.
	For 29GHz:

Indoor scenario and PC2/PC5, around 60% of users with FTP 10% load and 15% of users with FTP 30% load can reach the operating SNR of 28dB.

For 39GHz:

Indoor scenario and PC2/PC5, around 50% of users with FTP 10% load and 12% of users with FTP 30% load can reach the operating SNR of 30dB.

Indoor scenario and PC1, around 55% of users with FTP 10% load and 12% of users with FTP 30% load can reach the operating SNR of 30dB.


<Text omit>
5.2.3 Phase noise profiles evaluation

<Text omit>
5.2.3.10   Simulation results from ZTE

R4-2304689
There were two new phase noise models proposed in last meeting, one is to adopt (example 1, example 2), and the other one is to adopt new parameters based on the multi-pole/zero model. By considering the existing two ones, there are four phase noise model alternatives as below:
Alternative 1. example 1 defined in 38803
Alternative 2. example 2 defined in 38803
Alternative 3. min(example 1, example 2)
Alternative 4. example 1 defined in 38803 with parameters updated
Figure 5.2.3.10-1shows the phase noise profiles for different alternatives.
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Figure 5.2.3.10-1. Phase noise profile comparison between different alternatives
From figure 5.2.3.10-1 we can find that lower phase noise can be achieved by alternative 3 and alternative 4 compared to the example 1 and example 2. In table 5.2.3.10-1, we compare the EVM performance for the above alternatives for CP-OFDM@45GHz, which is same conditions as in companies’ paper in last meeting. 
Table 5.2.3.10-1 EVM comparison between different alternatives
	CP-OFDM w/ phase noise, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal@45GHz

	Phase noise
	EVM(dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE alt 1
	-24.7
	-24.5
	0.2

	UE alt 2
	-21.5
	-20.4
	1.1

	UE alt 3
	-30.4
	-28
	2.4

	UE alt 4
	-27.3
	-27.1
	0.2


From table 5.2.3.10-1 we can find that alt 3 can achieve much smaller phase noise which means much smaller EVM can be expected @ 45GHz. Although the simulation is for 45GHz, it is reasonable to expect that the same results can be applied for other millimeter wave frequency. 
For alt 3, although smallest phase noise can be achieved, the logic to minimize both example 1 and example 2 may not be clear. As explained in TS38.803, example 1 is based upon measurements made on a prototype CMOS device, with a larger PLL bandwidth, and example 2 is based on recent research on technology capabilities for UE and BS where CMOS is considered for the UE and GaAs is considered for the BS, so a lower PLL bandwidth than example 1 can be assumed for example2. It is clearly that Example 2 distinguishes UE and BS while example 1 is the common model for both UE and BS, from this perspective, the reasons for directly taking the minimum value of both, min(Ex 1, Ex 2), are not very clear. Nevertheless, we still believe the lower phase noise can not only improve the EVM performance, but also improve the MPR requirements.
Observation 1: Smallest phase noise can be achieved for Alt 3, i.e. min(Ex1, Ex2), and lower EVM caused by phase noise can be expected.
5.2.3.11   Summary the simulation results for 29GHz phase noise profile evaluation 
CP-OFDM:

	Companies
	Waveform
	Phase noise model @29GHz
	SCS, NRB
	PTRS configuration
	EVM (dB) with no PTRS 
	EVM (dB) with PTRS corrections
	Net benefit of PTRS

	Xiaomi R4-2308805
	CP-OFDM
	UE example 1
	120kHz, 64RB


	L = 1, K =2
	-31.1 
	-31.5 
	0.4 

	
	
	UE example 2 
	
	
	-26.6 
	-28.4 
	1.8 

	
	
	From Qualcomm
	
	
	-34.8 
	-36.0 
	1.2 

	
	
	From MTK
	
	
	-35.4 
	-36.0 
	0.7 

	Vivo R4-2308227
	CP-OFDM
	UE example 1
	120kHz, 64RB
	L = 1, K =2
	-28.3288
	-28.9129
	0.5841

	
	
	UE example 2
	
	
	-25.3244
	-25.5883
	0.2639

	
	
	From Qualcomm
	
	
	-31.7997
	-33.0798
	1.2801

	
	
	From MTK
	
	
	-33.0942
	-33.3608
	0.2666

	Anritsu R4-2307043
	CP-OFDM
	UE example 1
	120kHz, 64RB
	
	-28.65
	
	

	
	
	UE example 2
	
	
	-28.6
	
	

	
	
	From Qualcomm
	
	
	-32.5
	
	

	
	
	From MTK
	
	
	-32.7
	
	

	MTK R4-2307931
	CP-OFDM
	UE example 1
	120kHz, 64RB
	L = 1, K =2
	-27.7
	-28.3
	0.6

	
	
	From Qualcomm
	
	
	-30.7
	-32.5
	1.8

	
	
	From MTK
	
	
	-31.6
	-32.7
	1.1

	LGE R4-2308223
	CP-OFDM
	UE example 1
	120kHz, 64RB
	L = 1, K =2
	
	-30.75
	

	
	
	From Qualcomm
	
	
	
	-31.57
	

	
	
	From MTK
	
	
	
	-31.37
	

	Sony R4-2309028
	CP-OFDM
	UE example 1
	120kHz, 64RB
	
	-28.3 dB
	
	

	
	
	From Qualcomm
	
	
	-32.9 dB
	
	

	
	
	From MTK
	
	
	-33 dB
	
	


DFT-s-OFDM:

	Companies
	Waveform
	Phase noise model @29GHz
	SCS, NRB
	PTRS configuration
	EVM (dB) with no PTRS 
	EVM (dB) with PTRS corrections
	Net benefit of PTRS

	Xiaomi R4-2308805
	DFT-s-OFDM
	UE example 1
	120kHz, 64RB
	N_group = 8, N_samp = 4
	-31.2 
	-30.1 
	-1.0 

	
	
	UE example 2 
	
	
	-26.0 
	-30.1 
	4.1 

	
	
	From Qualcomm
	
	
	-34.8 
	-34.9 
	0.2 

	
	
	From MTK
	
	
	-35.4 
	-34.7 
	-0.7 

	Vivo R4-2308227
	DFT-s-OFDM
	UE example 1
	120kHz, 64RB
	N_group = 8, N_samp = 4
	-28.8567
	-27.1551
	-1.7016

	
	
	UE example 2
	
	
	-25.4507
	-28.9614
	3.5107

	
	
	From Qualcomm
	
	
	-32.8215
	-29.8556
	-2.9659

	
	
	From MTK
	
	
	-33.2358
	-30.0408
	-3.195

	Sony R4-2309028
	DFT-s-OFDM
	UE example 1
	120kHz, 64RB
	
	-26.9 dB
	
	

	
	
	From Qualcomm
	
	
	-31.4 dB
	
	

	
	
	From MTK
	
	
	-31.4 dB
	
	


5.2.3.12   Summary the simulation results for 39GHz phase noise profile evaluation
CP-OFDM
	Companies
	Waveform
	Phase noise model @39GHz
	SCS, NRB
	PTRS configuration
	EVM (dB) with no PTRS 
	EVM (dB) with PTRS corrections
	Net benefit of PTRS

	Xiaomi R4-2308805
	CP-OFDM
	Example 1 from VIVO 
	120kHz, 64RB


	L = 1, K =2
	-27.8 
	-28.1 
	0.3 

	
	
	Example 1from Anritsu
	
	
	-28.1 
	-28.5 
	0.4 

	
	
	Example 2 from TR38.803
	
	
	-24.1 
	-25.8 
	1.7 

	
	
	Min(Example1-VIVO, Example2)
	
	
	-32.2 
	-33.3 
	1.1 

	
	
	Min(Example1- Anritsu, Example2)
	
	
	-32.2 
	-33.3 
	1.1 

	
	
	From MTK
	
	
	-32.4 
	-33.0 
	0.6 

	Vivo R4-2308227
	CP-OFDM
	UE example 1
	120kHz, 64RB
	L = 1, K =2
	-25.1733
	-25.3235
	0.1502

	
	
	UE example 2
	
	
	-22.7246
	-22.9743
	0.2497

	
	
	From Qualcomm
	
	
	-29.8719
	-30.2049
	0.333

	
	
	From MTK
	
	
	-29.9468
	-30.182
	0.2352

	Anritsu R4-2307043
	CP-OFDM
	UE example 1
	120kHz, 64RB
	
	-25.2
	
	

	
	
	UE example 2
	
	
	-26.2
	
	

	
	
	From Qualcomm
	
	
	-29.3
	
	

	
	
	From MTK
	
	
	-29.7
	
	

	MTK R4-2307931
	CP-OFDM
	UE example 1
	120kHz, 64RB
	L = 1, K =2
	-25.3
	-25.7
	0.4

	
	
	From MTK
	
	
	-28.7
	-29.6
	0.9

	LGE R4-2308223
	CP-OFDM
	Example 1 from VIVO 
	120kHz, 64RB
	L = 1, K =2
	
	-28.56
	

	
	
	Example 1 from Anritsu
	
	
	
	-28.77
	

	
	
	From MTK
	
	
	
	-30.96
	


DFT-s-OFDM
	Companies
	Waveform
	Phase noise model @39GHz
	SCS, NRB
	PTRS configuration
	EVM (dB) with no PTRS 
	EVM (dB) with PTRS corrections
	Net benefit of PTRS

	Xiaomi R4-2308805
	DFT-s-OFDM
	Example 1 from VIVO 
	120kHz, 64RB


	N_group = 8, N_samp = 4
	-27.9 
	-26.7 
	-1.2 

	
	
	Example 1from Anritsu
	
	
	-28.2 
	-27.0 
	-1.2 

	
	
	Example 2 from TR38.803
	
	
	-23.6 
	-27.5 
	4.0 

	
	
	Min(Example1-VIVO, Example2)
	
	
	-32.1 
	-32.1 
	0.0 

	
	
	Min(Example1- Anritsu, Example2)
	
	
	-32.1 
	-32.2 
	0.1 

	
	
	From MTK
	
	
	-32.4 
	-31.6 
	-0.8 

	Vivo R4-2308227
	DFT-s-OFDM
	UE example 1
	120kHz, 64RB
	N_group = 8, N_samp = 4
	-25.3171
	-23.5189
	-1.7982

	
	
	UE example 2
	
	
	-22.8672
	-26.3839
	3.5167

	
	
	From Qualcomm
	
	
	-30.0035
	-28.8569
	-1.1466

	
	
	From MTK
	
	
	-30.0888
	-28.5366
	-1.5522


<Text omit>
5.2.4
MPR simulation
<Text omit>
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.

5.2.4.3   Simulation results from Nokia
R4-2311665 simulation results for 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


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


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.

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.
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.

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


5.2.5
Simulation for PTRS configurations
5.2.5.1   Simulation results from Qualcomm
R4-2304601
The desired waveform was 256QAM of various allocation sizes and 120 kHz SCS. To isolate the EVM impact of phase noise, no AWGN, image, LO or non-linear distortion products accompanied the signal. The phase noise profile is chosen as the hybrid 30G profile (Proposal 1: Adopting min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803 for n257, n258 and n261.)
CP-OFDM

For CP-OFDM, PTRS density ranged from no correction to frequency density k=2 and k = 4. Time density was fixed at L = 1. Table 5.2.5.1-1 summarizes the EVM

	‘hybrid 30’ profile
	EVM from floor (dBc)

	
	No PTRS
	K=4
	K=2

	LCRB
	4
	-33.7
	-34.0
	-34.4

	
	16
	-33.0
	-33.6
	-33.9

	
	64
	-32.7
	-33.5
	-33.5

	
	256
	-32.5
	-33.3
	-33.4


Table 5.2.5.1-1: EVM penalty for CP-OFDM with PTRS correction

Results show that PTRS corrections seem to help the EVM floor in proportion to the density of PTRS. The effectiveness tapers off for wider allocations, so there is room for optimization in the field.

Observation 2: A fixed PTRS configuration of K=2, L=1 benefits EVM for CP-OFDM waveforms with the phase noise profile of proposal 1. 

DFT-s-OFDM

For DFT-s-OFDM, the configuration ([Nsampgroup, NPT-RSgroup]) are chosen amongst this set: {[4 2], [4 4], [4 8]}. The # of groups was maximized while ensuring there were fewer PTRS data symbols than PDSCH symbols. For all cases, number of PTRS samples per group was limited to 4.The group count is recorded in that tables below .

	‘hybrid 30’ profile
	# PTRS groups
	EVM from floor (dBc)

	
	
	No PTRS 
	PTRS enabled

	LCRB
	4
	4
	-33.8
	-35.3

	
	16
	8
	-32.9
	-33.6

	
	64
	8
	-32.7
	-32.7

	
	256
	8
	-32.5
	-32.3


Table 5.2.5.1-2: EVM penalty for DFT-s-OFDM with PTRS correction

Results show that PTRS corrections in the configuration above only help narrow allocations (~ 20 or less) of DFT-s-OFDM. PTRS seems like wasted overhead for medium sized allocations (20-64) and can be detrimental for very wide allocations. Here too there is room for optimization in the field. 

Observation 3: Assuming the phase noise profile of proposal 1, only narrow allocations of DFT-s-OFDM waveforms (~20RB or narrower) benefit from PTRS.

Observation 4: Assuming the phase noise profile of proposal 1, the network is better off not configuring PTRS for allocations wider than 20 RBs. 
The analysis assumed a certain strategy of how the number of PTRS groups must be reduced in keeping with narrower allocations. Specifically, the total number of symbols available per OFDM symbol is 12*LCRB. Of these, Nsampgroup, * NPT-RSgroup symbols are occupied by PTRS symbols. When the latter product gets comparable to the total number of symbols available per OFDM symbol, PTRS starts to represent a significant overhead. It is also self-evident that 4 symbols per group and 8 groups per OFDM symbol is physically impossible to fit into a 2RB allocation. RAN4 must therefore determine this strategy.
Observation 5: Unlike CP-OFDM, it is not clear how to adjust PTRS parameters when the number of symbols in each OFDM symbol (12*LCRB) starts to become comparable to the product Nsampgroup, * NPT-RSgroup.
5.2.5.2   Simulation results from vivo

R4-2308227
To further investigate PTRS configuration under different RB allocations, the simulation is performed and the results are shown in Table 5.2.5.2-1. Considering that Option 1 and Option 2 are not feasible, only Option 3 and Option 4 are evaluated.
Table 5.2.5.2-1 PTRS correction benefit evaluation for different RB allocation

	
	EVM no correction
	EVM with correction
	benefit

	32RB
	CP-OFDM
	Option 3
	-32.5213
	-34.0762
	1.5549

	
	
	Option 4
	-33.2888
	-34.1761
	0.8873

	
	DFT-s-OFDM
	Option 3
	-32.6484
	-30.7554
	-1.893

	
	
	Option 4
	-33.4813
	-31.4505
	-2.0308

	16RB
	CP-OFDM
	Option 3
	-33.4905
	-33.9333
	0.4428

	
	
	Option 4
	-33.9908
	-34.2379
	0.2471

	
	DFT-s-OFDM
	Option 3
	-35.5055
	-33.3672
	-2.1383

	
	
	Option 4
	-34.1009
	-32.5789
	-1.522

	8RB
	CP-OFDM
	Option 3
	-33.3388
	-33.9874
	0.6486

	
	
	Option 4
	-34.4442
	-34.8899
	0.4457

	
	DFT-s-OFDM
	Option 3
	-33.3038
	-32.9937
	-0.3101

	
	
	Option 4
	-34.5513
	-34.0163
	-0.535

	4RB
	CP-OFDM
	Option 3
	-33.9173
	-35.0024
	1.0851

	
	
	Option 4
	-35.6699
	-36.7056
	1.0357

	
	DFT-s-OFDM
	Option 3
	-34.7217
	-34.3119
	-0.4098

	
	
	Option 4
	-36.4809
	-35.7798
	-0.7011


Observation 3: Even under narrow RB allocation, the DFT-s-OFDM still hard to benefit from PTRS correction.
Take the 8RB case as an example, we further evaluated DFT-s-OFDM with different PTRS configurations, and the simulation results are shown in Table 5.2.5.2-2:
Table 5.2.5.2-2 PTRS correction benefit evaluation for DFT-s-OFDM with narrow RB allocation under different PTRS configurations.
	PTRS configuration
	
	EVM no correction
	EVM with correction
	benefit

	L-PTRS = 1 

N_group = 4, N_samp = 4
	Option 3
	-33.3038
	-33.946
	0.6422

	
	Option 4
	-34.5513
	-34.7963
	0.245

	L-PTRS = 1 

N_group = 2, N_samp = 4
	Option 3
	-33.3038
	-32.8345
	-0.4693

	
	Option 4
	-34.5513
	-34.022
	-0.5293

	L-PTRS = 1 

N_group = 2, N_samp = 2
	Option 3
	-33.3038
	-32.9937
	-0.3101

	
	Option 4
	-34.5513
	-34.0163
	-0.535


Observation 4: Only configuration L-PTRS = 1, (N_group = 4, N_samp = 4) can make narrow RB allocation benefit from PTRS correction.

5.2.5.3   Simulation results from Xiaomi

R4-2308805

To further evaluate the effects of different PTRS configurations for CP- OFDM and DFT-s-OFDM, the simulations are done for different RBs allocation (4RBs, 16RBs, 64RBs) separately.

Table 5.2.5.3-1 and table 5.2.5.3-2 show the simulation results for CP- OFDM at 29GHz and 39GHz. Table 5.2.5.3-3 and table 5.2.5.3-4 show the simulation results for DFT-s- OFDM at 29GHz and 39GHz.

For CP- OFDM:

Table 5.2.5.3-1 EVM floor and benefits with different PTRS configurations for CP-OFDM at 29GHz

	CP-OFDM with phase noise， 29GHz, 120kHz, 4RB，

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 

K-PTRS=2
	EVM (dB) with PTRS 

K-PTRS=4
	Net benefit of PTRS

K-PTRS=2
	Net benefit of PTRS

K-PTRS=4

	Example 1 from TR38.803
	-34.0 
	-34.2 
	-33.6 
	0.2 
	-0.6 

	Example 2 from TR38.803
	-26.9 
	-28.1 
	-27.6 
	1.2 
	-0.5 

	Phase noise Profile from Qualcomm
	-36.0 
	-36.9 
	-36.4 
	0.9 
	-0.5 

	Phase noise Profile from MTK
	-37.9 
	-38.4 
	-37.8 
	0.5 
	-0.6 

	CP-OFDM with phase noise， 29GHz, 120kHz, 16RB，

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 

K-PTRS=2
	EVM (dB) with PTRS 

K-PTRS=4
	Net benefit of PTRS

K-PTRS=2
	Net benefit of PTRS

K-PTRS=4

	Example 1 from TR38.803
	-31.9 
	-32.3 
	-32.1 
	0.4 
	-0.2 

	Example 2 from TR38.803
	-26.7 
	-28.3 
	-28.0 
	1.6 
	-0.3 

	Phase noise Profile from Qualcomm
	-35.2 
	-36.3 
	-36.0 
	1.1 
	-0.2 

	Phase noise Profile from MTK
	-36.1 
	-36.7 
	-36.5 
	0.6 
	-0.2 

	CP-OFDM with phase noise， 29GHz, 120kHz, 64RB，

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 

K-PTRS=2
	EVM (dB) with PTRS 

K-PTRS=4
	Net benefit of PTRS

K-PTRS=2
	Net benefit of PTRS

K-PTRS=4

	Example 1 from TR38.803
	-31.1 
	-31.5 
	-31.5 
	0.4 
	-0.1 

	Example 2 from TR38.803
	-26.6 
	-28.4 
	-28.3 
	1.8 
	-0.1 

	Phase noise Profile from Qualcomm
	-34.8 
	-36.0 
	-36.0 
	1.2 
	-0.1 

	Phase noise Profile from MTK
	-35.4 
	-36.0 
	-35.9 
	0.7 
	-0.1 


Table  5.2.5.3-2 EVM floor and benefits with different PTRS configurations for CP-OFDM at 39GHz
	CP-OFDM with phase noise， 39GHz, 120kHz, 4RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
K-PTRS=2
	EVM (dB) with PTRS 
K-PTRS=4
	Net benefit of PTRS
K-PTRS=2
	Net benefit of PTRS
K-PTRS=4

	Example 1: VIVO parameter
	-30.9 
	-30.9 
	-30.2 
	0.0 
	-0.6 

	Example 1:Anritsu parameter
	-31.1 
	-31.1 
	-30.5 
	0.0 
	-0.6 

	Example 2 from TR38.803
	-24.4 
	-25.5 
	-25.1 
	1.2 
	-0.5 

	Phase noise Profile from Qualcomm; 

Min(Example1-VIVO, Example2)
	-33.3 
	-34.1 
	-33.5 
	0.8 
	-0.5 

	Phase noise Profile from Qualcomm;

Min(Example1- Anritsu, Example2)
	-33.3 
	-34.1 
	-33.6 
	0.8 
	-0.5 

	Phase noise Profile from MTK
	-35.1 
	-35.5 
	-34.9 
	0.4 
	-0.6 

	CP-OFDM with phase noise， 39GHz, 120kHz, 16RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
K-PTRS=2
	EVM (dB) with PTRS 
K-PTRS=4
	Net benefit of PTRS
K-PTRS=2
	Net benefit of PTRS
K-PTRS=4

	Example 1:VIVO parameter
	-28.6 
	-28.9 
	-28.7 
	0.2 
	-0.2 

	Example 1:Anritsu parameter
	-29.0 
	-29.2 
	-29.0 
	0.3 
	-0.2 

	Example 2 from TR38.803
	-24.2 
	-25.7 
	-25.5 
	1.5 
	-0.3 

	Phase noise Profile from Qualcomm;

Min(Example1-VIVO, Example2)
	-32.5 
	-33.5 
	-33.3 
	1.0 
	-0.2 

	Phase noise Profile from Qualcomm;

Min(Example1- Anritsu, Example2)
	-32.5 
	-33.6 
	-33.3 
	1.0 
	-0.2 

	Phase noise Profile from MTK
	-33.2 
	-33.7 
	-33.5 
	0.5 
	-0.2 

	CP-OFDM with phase noise， 39GHz, 120kHz, 64RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
K-PTRS=2
	EVM (dB) with PTRS 
K-PTRS=4
	Net benefit of PTRS
K-PTRS=2
	Net benefit of PTRS
K-PTRS=4

	Example 1:VIVO parameter
	-27.8 
	-28.1 
	-28.1 
	0.3 
	-0.1 

	Example 1:Anritsu parameter
	-28.1 
	-28.5 
	-28.4 
	0.4 
	-0.1 

	Example 2 from TR38.803
	-24.1 
	-25.8 
	-25.7 
	1.7 
	-0.1 

	Phase noise Profile from Qualcomm

Min(Example1-VIVO, Example2)
	-32.2 
	-33.3 
	-33.2 
	1.1 
	-0.1 

	Phase noise Profile from Qualcomm

Min(Example1- Anritsu, Example2)
	-32.2 
	-33.3 
	-33.2 
	1.1 
	-0.1 

	Phase noise Profile from MTK
	-32.4 
	-33.0 
	-32.9 
	0.6 
	-0.1 


From Table 5.2.5.3-1 and table  5.2.5.3-2 for CP-OFDM, we can see although the benefits are different for different phase noise profile:

· The benefits with PTRS correction for all candidate phase noise profiles are monotonously increased with the increase of the density of PTRS configurations. 

· The benefits with PTRS correction for all candidate phase noise profiles are monotonously increased with the number of RBs allocation. For the narrow RBs allocation, the benefits with PTRS correction is comparable with 64RBs allocation for 120kHz SCS.
For DFT-S-OFDM:
Table  5.2.5.3-3 EVM floor and benefits with different PTRS configurations for DFT-S-OFDM at 29GHz
	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 4RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 8, 
	Net benefit of PTRS
N_group = 4, 
	Net benefit of PTRS
N_group = 2, 

	Example 1 from TR38.803
	-34.1 
	-33.6 
	-34.4 
	-34.3 
	-0.4 
	0.3 
	0.2 

	Example 2 from TR38.803
	-26.8 
	-30.9 
	-29.0 
	-26.8 
	4.1 
	2.1 
	0.0 

	Phase noise Profile from Qualcomm
	-36.0 
	-36.6 
	-37.0 
	-36.6 
	0.6 
	1.0 
	0.6 

	Phase noise Profile from MTK
	-37.9 
	-38.1 
	-38.6 
	-38.4 
	0.2 
	0.7 
	0.5 

	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 10RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 8, 
	Net benefit of PTRS
N_group = 4, 
	Net benefit of PTRS
N_group = 2, 

	Example 1 from TR38.803
	-32.5 
	-32.1 
	-32.2 
	-32.1 
	-0.4 
	-0.3 
	-0.4 

	Example 2 from TR38.803
	-26.2 
	-29.8 
	-27.9 
	-26.1 
	3.6 
	1.7 
	-0.1 

	Phase noise Profile from Qualcomm
	-35.3 
	-35.7 
	-35.6 
	-35.2 
	0.4 
	0.3 
	-0.1 

	Phase noise Profile from MTK
	-36.5 
	-36.6 
	-36.6 
	-36.4 
	0.1 
	0.1 
	-0.2 

	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 16RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 8, 
	Net benefit of PTRS
N_group = 4, 
	Net benefit of PTRS
N_group = 2, 

	Example 1 from TR38.803
	-32.0 
	-31.4 
	-31.4 
	-31.3 
	-0.6 
	-0.6 
	-0.7 

	Example 2 from TR38.803
	-26.2 
	-29.9 
	-27.9 
	-26.0 
	3.7 
	1.7 
	-0.2 

	Phase noise Profile from Qualcomm
	-35.1 
	-35.4 
	-35.2 
	-34.8 
	0.3 
	0.1 
	-0.3 

	Phase noise Profile from MTK
	-36.1 
	-35.9 
	-35.9 
	-35.7 
	-0.2 
	-0.2 
	-0.4 

	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 64RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 8, 
	Net benefit of PTRS
N_group = 4, 
	Net benefit of PTRS
N_group = 2, 

	Example 1 from TR38.803
	-31.2 
	-30.1 
	-30.0 
	-29.9 
	-1.1 
	-1.2 
	-1.3 

	Example 2 from TR38.803
	-26.0 
	-30.1 
	-27.8 
	-26.0 
	4.1 
	1.8 
	0.0 

	Phase noise Profile from Qualcomm
	-34.8 
	-34.9 
	-34.6 
	-34.1 
	0.1 
	-0.2 
	-0.7 

	Phase noise Profile from MTK
	-35.4 
	-34.7 
	-34.5 
	-34.3 
	-0.7 
	-0.9 
	-1.1 


Table  5.2.5.3-4 EVM floor and benefits with different PTRS configurations for DFT-S-OFDM at 39GHz
	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 4RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 8, 
	Net benefit of PTRS
N_group = 4, 
	Net benefit of PTRS
N_group = 2, 

	Example 1:VIVO parameter
	-30.9 
	-30.2 
	-31.0 
	-31.0 
	-0.7 
	0.1 
	0.1 

	Example 1:

Anritsu parameter
	-31.1 
	-30.5 
	-31.3 
	-31.3 
	-0.6 
	0.2 
	0.2 

	Example 2 from TR38.803
	-24.2 
	-28.4 
	-26.4 
	-24.3 
	4.2 
	2.2 
	0.1 

	Phase noise Profile from Qualcomm

Min(Example1-VIVO, Example2)
	-33.3 
	-33.6 
	-34.0 
	-33.8 
	0.3 
	0.7 
	0.5 

	Phase noise Profile from Qualcomm

Min(Example1- Anritsu, Example2)
	-33.3 
	-33.6 
	-34.1 
	-33.8 
	0.3 
	0.8 
	0.5 

	Phase noise Profile from MTK
	-35.1 
	-35.1 
	-35.7 
	-35.5 
	0.0 
	0.6 
	0.4 

	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 10RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 8, 
	Net benefit of PTRS
N_group = 4, 
	Net benefit of PTRS
N_group = 2, 

	Example 1:VIVO parameter
	-29.3
	-28.7 
	-28.8 
	-28.8 
	-0.6 
	-0.4 
	-0.5 

	Example 1:

Anritsu parameter
	-29.5 
	-29.0 
	-29.2 
	-29.1 
	-0.5 
	-0.4 
	-0.5 

	Example 2 from TR38.803
	-23.6 
	-27.2 
	-25.3 
	-23.5 
	3.6 
	1.7 
	-0.1 

	Phase noise Profile from Qualcomm

Min(Example1-VIVO, Example2)
	-32.6 
	-32.8 
	-32.7 
	-32.4 
	0.2 
	0.1 
	-0.2 

	Phase noise Profile from Qualcomm

Min(Example1- Anritsu, Example2)
	-32.6 
	-32.8 
	-32.7 
	-32.4 
	0.2 
	0.1 
	-0.2 

	Phase noise Profile from MTK
	-33.7 
	-33.6 
	-33.6 
	-33.4 
	-0.1 
	-0.1 
	-0.3 

	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 16RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 8, 
	Net benefit of PTRS
N_group = 4, 
	Net benefit of PTRS
N_group = 2, 

	Example 1:

VIVO parameter
	-28.7 
	-27.9 
	-28.0 
	-28.0 
	-0.8 
	-0.7 
	-0.7 

	Example 1:

Anritsu parameter
	-29.0 
	-28.3 
	-28.4 
	-28.3 
	-0.7 
	-0.6 
	-0.7 

	Example 2 from TR38.803
	-23.7 
	-27.5 
	-25.3 
	-23.5 
	3.8 
	1.6 
	-0.2 

	Phase noise Profile from Qualcomm

Min(Example1-VIVO, Example2)
	-32.4 
	-32.5 
	-32.3 
	-32.0 
	0.1 
	-0.1 
	-0.4 

	Phase noise Profile from Qualcomm

Min(Example1- Anritsu, Example2)
	-32.5 
	-32.6 
	-32.4 
	-32.0 
	0.1 
	-0.1 
	-0.5 

	Phase noise Profile from MTK
	-33.2 
	-32.9 
	-32.9 
	-32.7 
	-0.3 
	-0.3 
	-0.5 

	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 64RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 8, 
	Net benefit of PTRS
N_group = 4, 
	Net benefit of PTRS
N_group = 2, 

	Example 1:

VIVO parameter
	-27.9 
	-26.7 
	-26.6 
	-26.5 
	-1.2 
	-1.3 
	-1.4 

	Example 1:

Anritsu parameter
	-28.2 
	-27.0 
	-26.9 
	-26.8 
	-1.2 
	-1.2 
	-1.4 

	Example 2 from TR38.803
	-23.6 
	-27.5 
	-25.3 
	-23.3 
	4.0 
	1.7 
	-0.2 

	Phase noise Profile from Qualcomm

Min(Example1-VIVO, Example2)
	-32.1 
	-32.1 
	-31.7 
	-31.3 
	0.0 
	-0.3 
	-0.7 

	Phase noise Profile from Qualcomm

Min(Example1- Anritsu, Example2)
	-32.1 
	-32.2 
	-31.8 
	-31.4 
	0.1 
	-0.3 
	-0.7 

	Phase noise Profile from MTK
	-32.4 
	-31.6 
	-31.5 
	-31.3 
	-0.8 
	-0.9 
	-1.1 


From Table 5.2.5.3-3 and table 5.2.5.3-4 for DFT-s-OFDM at 29GHzand 39GHz, we can see although the benefits are different for different phase noise profile:

· The benefits with PTRS correction for all candidate phase noise profiles are monotonously increased with the increase of the density of PTRS configurations. 

· The benefits with PTRS correction for all candidate phase noise profiles are monotonously reduced with the number of RBs allocation. 

· There is obvious benefit with PTRS correction only for example 2 new phase noise profiles.

· There is no obvious benefits with PTRS correction for the RBs allocation larger than 10RBs for new phase noise profiles from Qualcomm and MTK, even some PTRS configurations have the penalty for the new phase noise profiles. 

· There is obvious benefits with PTRS correction for the RBs allocation less than 10RBs for new phase noise profiles from Qualcomm and MTK, especially for (N_group = 4, N_samp = 4) PTRS configuration, i.e., 1dB and 0.7dB benefits for 29GHz for 4RBs allocation for 120kHz SCS, 0.8dB and 0.6dB for 39GHz for 4RBs allocation for 120kHz SCS.

As we know, introducing PTRS will increase the data code rate, especially for narrow RB allocation. In order to check the impact of PTRS, we further compare the BLER performance between PTRS off and PTRS on with different RB allocation for DFT-S-OFDM waveform. The simulation assumption is same with the agreed for evaluation of phase noise profiles in lasting meeting and QC phase noise profile at 29GHz is applied. The background noise is set to -35dB. As we can see from above simulation results, the BLER increase for both 4RB and 64RB allocation when PTRS is configured shown as Table 5.2.5.3-5. For 4RB allocation, although there is EVM benefit as previous analyzation, the BLER increase due to high PTRS overhead. For 64RB, the BLER increase due to the joint effect of EVM penalty and overhead of PTRS. For 10RB, maybe there is a trade-off between PTRS overhead and EVM benefit, the BLER is same for PTRS on/off. In short, except for the case that example 2 phase noise profile is applied for MPR simulation, it may not be recommended to configure PTRS.
Table  5.2.5.3-5 the BLER for different RBs allocation with/without PTRS corrections

	BLER
	4 RBs
	10 RBs
	64 RBs

	Without PTRS corrections 
	0.5
	0.5
	0.6680

	With PTRS correction
	0.75
	0.5
	0.7075


R4-2312686
For CP-OFDM, based on the submitted simulation results in last meeting [R4-2308805], we can see the benefits with PTRS correction are monotonously increased with the number of RBs allocation. If adopting the fixed PTRS configuration of L-PTRS = 1 K-PTRS =2, it is good for full RBs allocation in EVM test, but the overhead for partial RBs allocation need consider. 
Table 5.2.5.3-6: PT-RS group pattern as a function of scheduled bandwidth

	Scheduled bandwidth
	Number of PT-RS groups
	Number of samples 

per PT-RS group

	NRB0 
[image: image14.wmf]£

NRB < NRB1
	2
	2

	NRB1 
[image: image15.wmf]£

 NRB < NRB2
	2
	4

	NRB2 
[image: image16.wmf]£

 NRB < NRB3
	4
	2

	NRB3 
[image: image17.wmf]£

 NRB < NRB4
	4
	4

	NRB4 
[image: image18.wmf]£

 NRB
	8
	4


For DFT-s-OFDM, based PTRS group pattern in Table 5.2.5.3-6, we introduced more simulation cases and the simulation results for some PTRS configurations under different RB allocations are shown in Table 5.2.5.3-7 and Table 5.2.5.3-8. 

Table 5.2.5.3-7 EVM floor and benefits with different PTRS configurations for DFT-S-OFDM at 29GHz
	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 4RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from Qualcomm
	-36.0
	-36.2
	-36.6
	-36.6
	-37.0
	-36.6
	0.2
	0.6
	0.6
	1
	0.6

	Phase noise Profile from MTK
	-37.9
	-38.0
	-38.4
	-38.3
	-38.6
	-38.1
	0.1
	0.5
	0.4
	0.7
	0.2

	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 8RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from Qualcomm
	-35.5
	-35.1
	-35.5
	-35.5
	-35.9
	-35.9
	-0.4
	0.0
	0.0
	0.4
	0.4

	Phase noise Profile from MTK
	-36.9
	-36.3
	-36.8
	-36.5
	-37.1
	-37.0
	-0.6
	0.0
	-0.4
	0.2
	0.1

	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 10RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from Qualcomm
	-35.3
	-34.9
	-35.2
	-35.2
	-35.6
	-35.7
	-0.4
	-0.1
	-0.1
	0.3
	0.4

	Phase noise Profile from MTK
	-36.5
	-35.9
	-36.4
	-36.1
	-36.6
	-36.6
	-0.6
	-0.1
	-0.4
	0.1
	0.1

	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 16RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from Qualcomm
	-35.1
	-34.4
	-34.8
	-35.0
	-35.2
	-35.4
	-0.7
	-0.3
	-0.1
	0.1
	0.3

	Phase noise Profile from MTK
	-36.1
	-35.1
	-35.7
	-35.4
	-35.9
	-35.9
	-1.0
	-0.4
	-0.7
	-0.2
	-0.2

	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 20RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from Qualcomm
	-35.1
	-34.4
	-34.7
	-34.8
	-35.0
	-35.3
	-0.7
	-0.4
	-0.3
	-0.1
	0.2

	Phase noise Profile from MTK
	-36.0
	-34.8
	-35.4
	-35.1
	-35.6
	-35.6
	-1.1
	-0.6
	-0.8
	-0.4
	-0.3


Table 5.2.5.3-8 EVM floor and benefits with different PTRS configurations for DFT-S-OFDM at 39GHz
	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 4RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from MTK
	-35.1
	-35.1
	-35.5
	-35.3
	-35.7
	-35.1
	0.0
	0.4
	0.2
	0.6
	0.0

	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 8RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from MTK
	-34.0
	-33.3
	-33.9
	-33.5
	-34.1
	-34.0
	-0.7
	-0.1
	-0.5
	0.1
	0.0

	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 10RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from MTK
	-33.7
	-32.9
	-33.4
	-33.1
	-33.6
	-33.6
	-0.8
	-0.3
	-0.6
	-0.1
	-0.1

	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 16RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)

	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from MTK
	-33.2
	-32.1
	-32.7
	-32.4
	-32.9
	-32.9
	-1.1
	-0.5
	-0.8
	-0.4
	-0.3

	DFT-S-OFDM with phase noise， 39GHz, 120kHz, 20RB

	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS (N_group, N_samp)
	Net benefit of PTRS (N_group, N_samp)


	
	
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)
	(2, 2)
	(2, 4)
	(4, 2)
	(4, 4)
	(8, 4)

	Phase noise Profile from MTK
	-33.1
	-31.8
	-32.4
	-32.1
	-32.5
	-32.6
	-1.2
	-0.7
	-1.0
	-0.5
	-0.5


From above tables for DFT-s-OFDM at 29GHzand 39GHz, we can see:

· The benefits with PTRS correction are monotonously increased with the increase of the density of PTRS configurations. 

· The benefits with PTRS correction are monotonously reduced with the number of RBs allocation. 

· There is no obvious benefits with PTRS correction for the RBs allocation larger than 10RBs, even some PTRS configurations have the penalty. 

· There is obvious benefits with PTRS correction for the RBs allocation less than 10RBs, especially for (N_group = 4, N_samp = 4) PTRS configuration.
5.2.5.4   Simulation results from ZTE

R4-2314619
For DFT-s-OFDM waveform, the results for EVM comparison between different RB allocations are summarized in Table 5.2.5.4-1, in which the phase noise model for 29GHz (i.e. option 1.) agreed in the WF R4-2310260 is used. 
Table 5.2.5.4-1 EVM comparison between different configurations for DFT-s-OFDM waveform
	DFT-s-OFDM w/ phase noise, 256QAM, 120k SCS, w/ CPE vs w/o CPE @29GHz

	Scheduled BW
(RB)
	PTRS config
[PTRS/group,PTRS group]
	EVM(dB) with CPE
	EVM (dB) without CPE
	Net benefit of CPE

	8
	[2, 2]
	-31.4
	-31.9
	-0.5

	20
	[4, 4]
	-31.5
	-31.6
	-0.1

	20
	[2, 4]
	-30.8
	-30.7
	0.1

	66
	[4, 8]
	-30.9
	-30.8
	0.1


From table 5.2.5.4-1, it can be seen that the net benefit of CPE is only 0.1dB for full RB allocation, however, for partial RB allocation, even negative net benefits is found. It would be foreseen that this tendency can be applied to all the start allocation for the partial RB. Therefore, we think PTRS for CPE will not provide EVM benefit for all RB allocation cases for DFT-s-OFDM.
Observation 1: Introducing PTRS for CPE for DFT-s-OFDM may not improve EVM or the improvement is very small.
With regard to the PTRS configuration for EVM test for CP-OFDM, we can see that the difference between the two options is whether to configure PTRS for EVM test based on the UEs declaration or to configure the same PTRS without considering UE declaration. Currently, how UEs declare whether they need PTRS or not is FFS. In our contribution[R4-2304689], we compared net benefit of PTRS for CPE for different UE phase noise model alternatives for CP-OFDM, we copy the results in table 5.2.5.4-2 for convenience.
Table 5.2.5.4-2. EVM comparison between different alternatives
	CP-OFDM w/ phase noise, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal@45GHz

	Phase noise
	EVM(dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE alt 1
	-24.7
	-24.5
	0.2

	UE alt 2
	-21.5
	-20.4
	1.1

	UE alt 3
	-30.4
	-28
	2.4

	UE alt 4
	-27.3
	-27.1
	0.2


The four phase noise options in the above table are:
Alt 1. example 1 defined in 38803
Alt 2. example 2 defined in 38803
Alt 3. min(example 1, example 2)
Alt 4. example 1-based 
In table 5.2.5.4-2, when the low phase noise model (i.e. alt 3.) is adopted, the net benefit of PTRS is promising. But companies have different views of the PTRS configuration, e.g., some companies prefer to use PTRS for all device and others prefer to use PTRS if UE declare to use it. From the contributions [3][4]provided by companies we can see that PTRS based CPE can improve EVM at least for CP-OFDM waveform. If most companies believe that PTRS based CPE can improve EVM for CP-OFDM waveform, then we tend to use the same PTRS configuration for all devices.
Observation 2: Introducing PTRS for CPE can improve EVM for CP-OFDM waveform.
5.2.5.5   Summary the CP-OFDM simulation results for PTRS configuration
For CP-OFDM at 29GHz:

	
	
	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 

K-PTRS=2
	EVM (dB) with PTRS 

K-PTRS=4
	Net benefit of PTRS

K-PTRS=2
	Net benefit of PTRS

K-PTRS=4

	Qualcomm R4-2304601
	120kHz, 4RBs
	min(example1, example2)
	-33.7
	-34.4
	-34.0
	0.7
	0.3

	
	120kHz, 16RBs
	
	-33.0
	-33.9
	-33.6
	0.9
	0.6

	
	120kHz, 64RBs
	
	-32.7
	-33.5
	-33.5
	0.8
	0.8

	
	120kHz, 256RBs
	
	-32.5
	-33.4
	-33.3
	0.9
	0.8

	Xiaomi R4-2308805

	120kHz, 4RBs
	UE example 1
	-34.0 
	-34.2 
	-33.6 
	0.2 
	-0.6 

	
	
	UE example 2 
	-26.9 
	-28.1 
	-27.6 
	1.2 
	-0.5 

	
	
	From Qualcomm
	-36.0 
	-36.9 
	-36.4 
	0.9 
	-0.5 

	
	
	From MTK
	-37.9 
	-38.4 
	-37.8 
	0.5 
	-0.6 

	
	120kHz, 16RBs
	UE example 1
	-31.9 
	-32.3 
	-32.1 
	0.4 
	-0.2 

	
	
	UE example 2 
	-26.7 
	-28.3 
	-28.0 
	1.6 
	-0.3 

	
	
	From Qualcomm
	-35.2 
	-36.3 
	-36.0 
	1.1 
	-0.2 

	
	
	From MTK
	-36.1 
	-36.7 
	-36.5 
	0.6 
	-0.2 

	
	120kHz, 64RBs
	UE example 1
	-31.1 
	-31.5 
	-31.5 
	0.4 
	-0.1 

	
	
	UE example 2 
	-26.6 
	-28.4 
	-28.3 
	1.8 
	-0.1 

	
	
	From Qualcomm
	-34.8 
	-36.0 
	-36.0 
	1.2 
	-0.1 

	
	
	From MTK
	-35.4 
	-36.0 
	-35.9 
	0.7 
	-0.1 

	Vivo R4-2308227
	120kHz, 4RBs
	From Qualcomm
	-33.9173
	-35.0024
	
	1.0851
	

	
	
	From MTK
	-35.6699
	-36.7056
	
	1.0357
	

	
	120kHz, 8RBs
	From Qualcomm
	-33.3388
	-33.9874
	
	0.6486
	

	
	
	From MTK
	-34.4442
	-34.8899
	
	0.4457
	

	
	120kHz, 16RBs
	From Qualcomm
	-33.4905
	-33.9333
	
	0.4428
	

	
	
	From MTK
	-33.9908
	-34.2379
	
	0.2471
	

	
	120kHz, 32RBs
	From Qualcomm
	-32.5213
	-34.0762
	
	1.5549
	

	
	
	From MTK
	-33.2888
	-34.1761
	
	0.8873
	

	
	120kHz, 64RBs
	From Qualcomm
	-31.7997
	-33.0798
	
	1.2801
	

	
	
	From MTK
	-33.0942
	-33.3608
	
	0.2666
	


5.2.5.5   Summary the DFT-s-OFDM simulation results for PTRS configuration
For DFT-s-OFDM at 29GHz:

	
	
	Phase noise model 
	EVM (dB) with no PTRS corrections
	EVM (dB) with PTRS 
N_group = 8, N_samp = 4
	EVM (dB) with PTRS 
N_group = 4, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 4
	EVM (dB) with PTRS 
N_group = 2, N_samp = 2
	Net benefit of PTRS
N_group = 8, N_samp = 4
	Net benefit of PTRS
N_group = 4, N_samp = 4
	Net benefit of PTRS
N_group = 2, N_samp = 4
	Net benefit of PTRS
N_group = 2, N_samp = 2

	Qualcomm R4-2304601
	120kHz, 4RBs
	min(example1, example2)
	-33.8
	
	-35.3
	
	
	
	1.5
	
	

	
	120kHz, 16RBs
	
	-32.9
	-33.6
	
	
	
	0.7
	
	
	

	
	120kHz, 64RBs
	
	-32.7
	-32.7
	
	
	
	0
	
	
	

	
	120kHz, 256RBs
	
	-32.5
	-32.3
	
	
	
	-0.2
	
	
	

	Xiaomi R4-2308805

	120kHz, 4RBs
	UE example 1
	-34.1 
	-33.6 
	-34.4 
	-34.3 
	
	-0.4 
	0.3 
	0.2 
	

	
	
	UE example 2 
	-26.8 
	-30.9 
	-29.0 
	-26.8 
	
	4.1 
	2.1 
	0.0 
	

	
	
	From Qualcomm
	-36.0 
	-36.6 
	-37.0 
	-36.6 
	
	0.6 
	1.0 
	0.6 
	

	
	
	From MTK
	-37.9 
	-38.1 
	-38.6 
	-38.4 
	
	0.2 
	0.7 
	0.5 
	

	
	120kHz, 10RBs
	UE example 1
	-32.5 
	-32.1 
	-32.2 
	-32.1 
	
	-0.4 
	-0.3 
	-0.4 
	

	
	
	UE example 2 
	-26.2 
	-29.8 
	-27.9 
	-26.1 
	
	3.6 
	1.7 
	-0.1 
	

	
	
	From Qualcomm
	-35.3 
	-35.7 
	-35.6 
	-35.2 
	
	0.4 
	0.3 
	-0.1 
	

	
	
	From MTK
	-36.5 
	-36.6 
	-36.6 
	-36.4 
	
	0.1 
	0.1 
	-0.2 
	

	
	120kHz, 16RBs
	UE example 1
	-32.0 
	-31.4 
	-31.4 
	-31.3 
	
	-0.6 
	-0.6 
	-0.7 
	

	
	
	UE example 2 
	-26.2 
	-29.9 
	-27.9 
	-26.0 
	
	3.7 
	1.7 
	-0.2 
	

	
	
	From Qualcomm
	-35.1 
	-35.4 
	-35.2 
	-34.8 
	
	0.3 
	0.1 
	-0.3 
	

	
	
	From MTK
	-36.1 
	-35.9 
	-35.9 
	-35.7 
	
	-0.2 
	-0.2 
	-0.4 
	

	
	120kHz, 64RBs
	UE example 1
	-31.2 
	-30.1 
	-30.0 
	-29.9 
	
	-1.1 
	-1.2 
	-1.3 
	

	
	
	UE example 2 
	-26.0 
	-30.1 
	-27.8 
	-26.0 
	
	4.1 
	1.8 
	0.0 
	

	
	
	From Qualcomm
	-34.8 
	-34.9 
	-34.6 
	-34.1 
	
	0.1 
	-0.2 
	-0.7 
	

	
	
	From MTK
	-35.4 
	-34.7 
	-34.5 
	-34.3 
	
	-0.7 
	-0.9 
	-1.1 
	

	Vivo R4-2308227
	120kHz, 4RBs
	From Qualcomm
	-34.7217
	-34.3119
	
	
	
	-0.4098
	
	
	

	
	
	From MTK
	-36.4809
	-35.7798
	
	
	
	-0.7011
	
	
	

	
	120kHz, 8RBs
	From Qualcomm
	-33.3038
	-32.9937
	-33.946
	-32.8345
	
	-0.3101
	0.6422
	-0.4693
	

	
	
	From MTK
	-34.5513
	-34.0163
	-34.7963
	-34.022
	
	-0.535
	0.245
	-0.5293
	

	
	120kHz, 16RBs
	From Qualcomm
	-35.5055
	-33.3672
	
	
	
	-2.1383
	
	
	

	
	
	From MTK
	-34.1009
	-32.5789
	
	
	
	-1.522
	
	
	

	
	120kHz, 32RBs
	From Qualcomm
	-32.6484
	-30.7554
	
	
	
	-1.893
	
	
	

	
	
	From MTK
	-33.4813
	-31.4505
	
	
	
	-2.0308
	
	
	

	
	120kHz, 64RBs
	From Qualcomm
	-32.8215
	-29.8556
	
	
	
	-2.9659
	
	
	

	
	
	From MTK
	-33.2358
	-30.0408
	
	
	
	-3.195
	
	
	

	ZTE R4-2314619

	120kHz, 8RBs
	From MTK
	-31.9
	
	
	
	-31.4
	
	
	
	-0.5

	
	120kHz, 20RBs
	
	-31.6
	
	-31.5
	
	
	
	-0.1
	
	

	
	120kHz, 20RBs
	
	-30.7
	
	
	-30.8
	
	
	0.1
	
	

	
	120kHz, 66RBs
	
	-30.8
	-30.9
	
	
	
	
	0.1
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