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Introduction
This contribution is 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>
5.2.3.2 Phase noise profiles
The phase noise profiles in TS 38.803 [3] (“UE example 1” and “UE example 2”) don’t have good enough EVM for higher modulations, i.e., 256QAM with the typical 3.5% EVM requirement. In the discussion progress, some candidate phase noise profiles for 29GHz and 39GHz for UL 256QAM are proposed as following options:
For 29GHz:

· Option1: Example 1 in TR38.803 for 29 GHz.

· Option 2: Example 2 in TR38.803.

· New phase noise model using the pole-zero method based on following function:
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·   Option 3: Parameters from Qualcomm
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·    Option 4: Parameters from  MTK
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For 39GHz:

· Option 1: Example 1-based using following function:
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· Parameters from vivo
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· Parameters from Anritsu
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· Option 2: Example 2 in TR38.803.

· New phase noise model using the pole-zero method based on following function:
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· Option 3: Parameters from MTK
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· Option 4: Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example2’ refers to the example phase noise profiles in TR38.803 and ‘example1’ refers to Example 1-based for 39GHz.
5.2.3.3 Simulation results from Xiaomi
R4-2308805

Based on the agreed simulation assumptions and candidate phase noise profiles, the EVM floor is further evaluated for CP- OFDM and DFT-s-OFDM. 

For 29GHz:
Table 5.2.3.3‑1 EVM floor and benefit for with PTRS CP-OFDM at 29GHz
	CP-OFDM with phase noise， 29GHz, 120kHz, 64RB，K-PTRS=2

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

	Example 1 from TR38.803
	-31.1 
	-31.5 
	0.4 

	Example 2 from TR38.803
	-26.6 
	-28.4 
	1.8 

	Phase noise Profile from Qualcomm
	-34.8 
	-36.0 
	1.2 

	Phase noise Profile from MTK
	-35.4 
	-36.0 
	0.7 


Table 5.2.3.3‑2 EVM floor and benefit for with PTRS DFT-s-OFDM at 29GHz
	DFT-S-OFDM with phase noise， 29GHz, 120kHz, 64RB，N_group = 8, N_samp = 4

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

	Example 1 from TR38.803
	-31.2 
	-30.1 
	-1.0 

	Example 2 from TR38.803
	-26.0 
	-30.1 
	4.1 

	Phase noise Profile from Qualcomm
	-34.8 
	-34.9 
	0.2 

	Phase noise Profile from MTK
	-35.4 
	-34.7 
	-0.7 


From table 5.2.3.3-1 and table 5.2.3.3-2 for 29GHz, we can see no matter for CP- OFDM and DFT-s-OFDM:

· The EVM floors for new phase noise profiles from QC and MTK are reduced obviously compared to Example 1 and Example 2. 

· Further compared new phase noise profiles from QC and MTK, we can see the EVM floor of MTK’s phase noise profile is lower than Qualcomm’s when without PTRS correction. And they have similar EVM floor when adding PTRS correction. Since the CPE (common phase error) impacts is closely related to the performance of phase noise profile, it will get less benefit from PTRS correction if the phase noise profile introduce less CPE (common phase error). 

Therefore, we can’t only judge the phase noise profile according to the net benefit but also need consider the performance without PTRS correction.

These two new phase noise profiles have similar performance after PTRS correction for both of CP-OFDM and DFT-S-OFDM, from this point, both of them can be used in MPR simulation.
For 39GHz:
Table 5.2.3.3‑3 EVM floor and benefit for with PTRS CP-OFDM at 39GHz
	CP-OFDM with phase noise， 39GHz, 120kHz, 64RB，K-PTRS=2

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

	Example 1:VIVO parameter
	-27.8 
	-28.1 
	0.3 

	Example 1:Anritsu parameter
	-28.1 
	-28.5 
	0.4 

	Example 2 from TR38.803
	-24.1 
	-25.8 
	1.7 

	Phase noise Profile from Qualcomm

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

	Phase noise Profile from Qualcomm

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

	Phase noise Profile from MTK
	-32.4 
	-33.0 
	0.6 


	Table 5.2.3.3‑4 EVM floor and benefit for with PTRS DFT-s-OFDM at 39GHz

CP-OFDM with phase noise， 39GHz, 120kHz, 64RB，N_group = 8, N_samp = 4

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

	Example 1:VIVO parameter
	-27.9 
	-26.7 
	-1.2 

	Example 1:Anritsu parameter
	-28.2 
	-27.0 
	-1.2 

	Example 2 from TR38.803
	-23.6 
	-27.5 
	4.0 

	Phase noise Profile from Qualcomm

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

	Phase noise Profile from Qualcomm

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

	Phase noise Profile from MTK
	-32.4 
	-31.6 
	-0.8 


From table 5.2.3.3-3 and table 5.2.3.3-4 for 39GHz, we can see no matter for CP- OFDM and DFT-s-OFDM:

· The EVM floors of Example 1-based from vivo and Anritsu is better than example 2, but still worse than -29.1 dB EVM requirement for 256QAM. 

· And the EVM floors of the new phase noise profiles that adopting min(Example 1-based, Example 2) and from MTK are reduced obviously compared to Example 1-based and Example 2. 

· Further compared new phase noise profiles from adopting min(Example 1-based, Example 2) and MTK, we can see the EVM floor of MTK’s phase noise profile is better a little than that adopting min(Example 1-based, Example 2) a little when without PTRS correction. But the EVM floor of MTK’s phase noise profile is worse a little than that adopting min(Example 1-based, Example 2) when with PTRS correction.

These two new phase noise profiles that adopting min(Example 1-based, Example 2) and from MTK have better EVM floor than -29.1 dB EVM requirement for 256QAM whether adding PTRS correction or not for both of CP-OFDM and DFT-S-OFDM, from this point, both of them can be used in MPR simulation.

But considering phase noise profiles that adopting min(Example 1-based, Example 2) hasn’t clearly physical description, we can use the new phase noise profile from MTK in MPR simulation.

5.2.3.4 Simulation results from vivo

R4-2308227

In the simulation, distortion other than phase noise is not considered, e.g., PA non-linearity, transceiver impairment, etc., to ensure the results only show the feasibility of different phase noise profiles.

The simulation results for 29GHz bands are shown in Table 5.2.3.4-1
Table 5.2.3.4-1 simulation results for 29GHz band

	64RB
	EVM no correction
	EVM with correction
	benefit

	CP-OFDM
	Option 1
	-28.3288
	-28.9129
	0.5841

	
	Option 2
	-25.3244
	-25.5883
	0.2639

	
	Option 3
	-31.7997
	-33.0798
	1.2801

	
	Option 4
	-33.0942
	-33.3608
	0.2666

	DFT-s-OFDM
	Option 1
	-28.8567
	-27.1551
	-1.7016

	
	Option 2
	-25.4507
	-28.9614
	3.5107

	
	Option 3
	-32.8215
	-29.8556
	-2.9659

	
	Option 4
	-33.2358
	-30.0408
	-3.195


Based on the simulation results, we have the following observations:
Observation 1: The phase noise profile described in option 1 and option 2 is not feasible for the 29GHz band.
Observation 2: CP-OFDM can benefit from PTRS correction in UL 256QAM but DFT-s-OFDM can’t.
The simulation results for 39GHz are shown in Table 5.2.3.4-2.
Table 5.2.3.4-2 simulation results for the 39GHz band

	64RB
	EVM no correction
	EVM with correction
	benefit

	CP-OFDM
	Option 1
	-25.1733
	-25.3235
	0.1502

	
	Option 2
	-22.7246
	-22.9743
	0.2497

	
	Option 3
	-29.8719
	-30.2049
	0.333

	
	Option 4
	-29.9468
	-30.182
	0.2352

	DFT-s-OFDM
	Option 1
	-25.3171
	-23.5189
	-1.7982

	
	Option 2
	-22.8672
	-26.3839
	3.5167

	
	Option 3
	-30.0035
	-28.8569
	-1.1466

	
	Option 4
	-30.0888
	-28.5366
	-1.5522


It is noted that only phase noise is considered in the simulation and when other distortion needs to be counted in MPR evaluation, even under option 3 or option 4 phase noise, it is still challenging to achieve the 29.1 dB EVM requirement for UE.
Observation 5: Either option 3 or option 4 may still be infeasible for MPR evaluation in the 39GHz band.
5.2.3.5 Simulation results from Anritsu Limited
R4-2307043
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Figure 5.2.3.5-1 Comparison of simulation results

	Phase noise profile at 29.55GHz
	38_803 Example1 [5]
	38_803 Example2 [5]
	Qualcomm Min
(38_803 Example1,
38_803 Example2) using pole-zero model [7]
	MediaTek [7]

	Fmin used in integration (Hz)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)

	1.00E+03
	26.05
	5.0
	28.2
	3.9
	27.8
	4.1
	29.4
	3.4

	1.00E+04
	28.34
	3.8
	28.5
	3.8
	31.8
	2.6
	32.3
	2.4

	1.00E+05
	28.65
	3.7
	28.6
	3.7
	32.5
	2.4
	32.7
	2.3

	1.00E+06
	29.08
	3.5
	31.9
	2.5
	33.7
	2.1
	33.3
	2.2

	1.00E+07
	33.3
	2.2
	41.6
	0.8
	41.9
	0.8
	37.5
	1.3

	Note: Fmax is fixed to 100MHz in the calculations.


Table 5.2.3.5-1 Simulation results for UE example 2 phase noise profile.

The phase noise profiles from MediaTek and Qualcomm improves the SNR by about 3.5dB compare to the case of the Example 1 and Example phase noise profiles.

1.1.1. Observation 1: Both the MediaTek and Qualcomm phase noise profiles allow UL 256QAM to be feasible in terms of phase noise profile at 29.55GHz.
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Figure 5.2.3.5-2 Comparison of simulation results – 2nd set of results

	Phase noise profile at 39GHz
	38_803 Example1 [5]
	38_803 Example2 [5]
	Qualcomm Min
(38_803 Example1,
38_803 Example2) [2] – Option1 [6]
	MediaTek [7]

	Fmin used in integration (Hz)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)
	SNR (dB)
	EVM (%)

	1.00E+03
	23.1
	7.0
	25.8
	5.1
	27.3
	4.3
	26.7
	4.6

	1.00E+04
	25.0
	5.6
	26.1
	5.0
	28.7
	3.7
	29.4
	3.4

	1.00E+05
	25.2
	5.5
	26.2
	4.9
	29.3
	3.4
	29.7
	3.3

	1.00E+06
	25.6
	5.3
	29.5
	3.3
	30.3
	3.1
	30.2
	3.1

	1.00E+07
	29.8
	3.3
	39.2
	1.1
	39.2
	1.1
	34.4
	1.9

	Note: Fmax is fixed to 100MHz in the calculations.


Table 5.2.3.5-2 Simulation results for UE example 2 phase noise profile.

Using Min() phase noise profile improves the SNR by about 3.5dB compare to the case of the Example 1 and Example phase noise profiles. The phase noise profile by MediaTek is also giving about 2.5dB improvement of the SNR. 

Observation 2: Both the MediaTek and Qualcomm phase noise profiles allow UL 256QAM to be feasible in terms of phase noise profile at 39GHz.

5.2.3.6 Simulation results from MediaTek Inc.
R4-2307931
To isolate the EVM impact of phase noise, no other types of impairments were added to the waveform. Table 5.2.3.6-1 and Table 5.2.3.6-2 show the initial simulated results.
Table 5.2.3.6-1 Benefit of PTRS in 256QAM, 64RB, 100MHz, SCS= 120kHz, CP-OFDM @29GHz
	CP-OFDM w/ phase noise, 256QAM, 120kHz, 64RB, DMRS based CPE removal

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

	TR38.803: UE example 1 
	L = 1, K =2
	-28.3
	-27.7
	0.6

	Our proposal
	L = 1, K =2
	-32.7
	-31.6
	1.1

	Qualcomm’s proposal
	L = 1, K =2
	-32.5
	-30.7
	1.8


Table 5.2.3.6-2 Benefit of PTRS in 256QAM, 64RB, 100MHz, SCS= 120kHz, CP-OFDM @39GHz
	CP-OFDM w/ phase noise, 256QAM, 120kHz, 64RB, DMRS based CPE removal

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

	TR38.803: UE example 1 
	L = 1, K =2
	-25.7
	-25.3
	0.4

	Our proposal
	L = 1, K =2
	-29.6
	-28.7
	0.9


From Table 5.2.3.6-1, we can find that the EVM performance with our proposed phase noise profile is very close to Qualcomm’s proposal at 29GHz after PTRS processing. Therefore, our proposal and Qualcomm’s proposal for the phase noise profile can be used in 256QAM MPR evaluation for FR2-1.

Observation 1: EVM performance with our proposed phase noise profile is very close to Qualcomm’s proposal at 29GHz after PTRS processing.
5.2.3.7 Simulation results from LG Electronics
R4-2308223
Table 5.2.3.7-1 simulation assumption for phase noise

	Parameters
	Value

	Frequency
	29, 39 GHz

	SCS
	120kHz

	BW
	100MHz

	RB Size
	64RB for 120kHz

	Background AWGN
	No additional noise

	Time offset/Frequency offset
	0

	Antenna configuration
	1T1R

	Modulation
	256QAM

	Waveform type
	CP-OFDM 

	DMRS
	3 symbols per slot (UL DMRS add-pos = 2)

	PTRS configuration
	ON

For CP-OFDM:

L-PTRS (Time density) = 1 (every 1 symbol)

K-PTRS (Freq density) =2 (every 2 RBs)

	EVM measurement
	Data aided EVM calculation, based on ideal data signal

	Phase noise profiles
	For 29 GHz

Case 1:

Example 1 in TR 38.803 for 29 GHz

%                 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;

Case2:
Parameters from QC

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

%                 fp = [1 1e6 1.1e6];

%                 alphaz = [2.37 4.7 2];

%                 alphap = [3.3 5.3 2.5];

%                 PSD0 = 33;

Case 3:
Prameters from MTK

%                 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
Case 4:

Parameters from Vivo

%                 fz = [3e3 494e3 418e6];

%                 fp = [1 1.58e6 30e6];

%                 alphaz = [2.37 2.7 2.53];

%                 alphap = [3.3 3.3 1];

%                 PSD0 = 34.41;

Case 5:

Parameters from Anritsu

%                 fz = [3e3 499e3 3.9e8];

%                 fp = [1 1.54e6 3e7];

%                 alphaz = [2.37 2.7 2.53];

%                 alphap = [3.3 3.3 1];

%                 PSD0 = 34.4;

Case 6:

Parameters from MTK

%                 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;




Table 5.2.3.7-2 CP-OFDM [29 GHz, 120KHZ, 100 MHz, 64RBs, (L=1, K=2)]

	
	EVM (dB)

	Case 1
	-30.75

	Case 2
	-31.57

	Case 3
	-31.37


Table 5.2.3.7-3 CP-OFDM [39 GHz, 120KHZ, 100 MHz, 64RBs, (L=1, K=2)]

	
	EVM (dB)

	Case 4
	-28.56

	Case 5
	-28.77

	Case 6
	-30.96


We simulate EVM according to phase noise profiles and simulation results are shown in table 5.2.3.7-2 and table 5.2.3.7-3.

For 29 GHz simulation results, we can observe the feasibility in case 1, case 2 and case 3. But, case 2 and case 3 phase noise profiles can achieve more EVM margin than case 1.
Observation 1: For 29 GHz simulation results, we can observe the feasibility in case 1, case 2 and case 3. But, case 2 and case 3 phase noise profiles can achieve more EVM margin than case 1.

For 39 GHz simulation results, we can observe the feasibility in only case 6. Case 4 and case 5 can not achieve below 3.5% EVM. 
Observation 2: For 39 GHz simulation results, we can observe the feasibility in only case 6. Case 4 and case 5 can not achieve below 3.5% EVM. 

5.2.3.8 Simulation results from Sony
R4-2309028
Multiple phase noise models have been proposed in the last few RAN4 meetings, and their contribution to the EVM noise floor based on the agreed simulation assumption in [1] is provided in table 5.2.3.8-1. Only results for 120 kHz SCS (64 RB) at 28 GHz are presented here, but other combinations of numerologies show a similar trend. 
Table 5.2.3.8-1 The EVM performance with different phase noise profile in [1] for 120 kHz SCS at 28 GHz

	
	CP-OFDM
	DFTs-OFDM

	Ex.1 from TR 38.803
	-28.3 dB
	-26.9 dB

	Model proposed by QC 
	-32.9 dB
	-31.4 dB

	Model proposed by MTK
	-33 dB
	-31.4 dB


Reusing example 1 in TR 38.803 may cause an excessive EVM floor, which is not feasible for MPR evaluation for 256 QAM in our view. In addition, we shall notice that the 256 QAM is mainly targeted for FWA/CPE type of devices, which shall be capable of taking advantage of better-performed RF components than mobile handsets. Meanwhile, to leave sufficient EVM margin for other components, e.g., PA. IQ imbalanced, it is necessary for the device to strive to achieve a better phase noise performance.  
Observation 1: the phase noise examples in TR38.803 does not leave enough EVM margin for 256QAM evaluation.
Physical-wise, the phase noise at different frequency offsets is usually dominated by various components inside a PLL, including the VCO, the reference clock, and other associated circuitry. In our view, combining different phase noise profiles is physically viable. Therefore, it is proposed to adopt the improved phase noise model as a baseline for MPR evaluation. 

5.2.3.9 Simulation results from Qualcomm
R4-2300707
The penalties from PTRS corrections work against any benefit the PTRS brings in reducing the impact of phase noise. The benefit is a strong function of the phase noise profile, due to the nature of PTRS corrections. The variable benefit cannot be generalized across implementations. The net benefit is the EVM benefit when PTRS processing is enabled despite the penalties discussed previously. The phase noise profiles used below are merely examples for calibration across companies, neither seems particularly worthy of 256QAM. 

In the presence of phase noise, the DMRS symbols themselves have some CPE associated with them. The EVM algorithm can either ignore them and find the best channel estimate despite the phase noise, or it can de-rotate each DMRS symbol to nominal phase, along with the PUSCH symbols around the DMRS symbol. This latter variant is termed ‘DMRS based CPE removal’ in the tables below. 
Tables 5.2.3.9-1 and -2 shows the net impact of PTRS calculations in the presence of phase noise for CP-OFDM with 64 RBs. 

	CP-OFDM w/ phase noise, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal

	Phase noise profile from TR38.803
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE example 2 @ 45 GHz
	-21.8
	-20.6
	1.2

	UE example 1 @ 45 GHz
	-24.8
	-24.5
	0.3


Table 5.2.3.9-1: Net benefit for CP-OFDM with PTRS correction, DMRS based CPE removal

	CP-OFDM w/ phase noise, 64 RBs, 256QAM, 120k SCS, no DMRS based CPE removal

	Phase noise profile from TR38.803
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE example 2 @ 45 GHz
	-20.8
	-19.1
	1.7

	UE example 1 @ 45 GHz
	-23.8
	-23.0
	0.8


Table 5.2.3.9-2: Net benefit for CP-OFDM with PTRS correction

	CP-OFDM w/ phase noise, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal

	Phase noise profile from TR38.803
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE example 1 @ 30 GHz
	-30.1
	-29.7
	0.4

	UE example 2 @ 30 GHz
	-25.5
	-24.2
	1.3


Table 5.2.3.9-3: 30 GHz EVM floor in relation to -29.2 dB EVM requirement for 256QAM

Tables5.2.3.9-4 and -5 shows the net impact of PTRS calculations in the presence of phase noise for DFT-s-OFDM. These projections are somewhat revised from earlier estimates due to algorithm development.

	DFT-s-OFDM w/ phase noise, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal

	Phase noise profile from TR38.803
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE example 2 @ 45 GHz
	-24.6
	-20.5
	4.1

	UE example 1 @ 45 GHz
	-23.5
	-24.6
	-1.1


Table 5.2.3.9-4: Net benefit for DFT-s-OFDM with PTRS correction, DMRS based CPE removal

	DFT-s-OFDM w/ phase noise, 64 RBs, 256QAM, 120k SCS, no DMRS based CPE removal

	Phase noise profile from TR38.803
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE example 2 @ 45 GHz
	-23.8
	-19.2
	4.6

	UE example 1 @ 45 GHz
	-22.5
	-23.0
	-0.5


Table 5.2.3.9-5: Net benefit for DFT-s-OFDM with PTRS correction

	DFT-s-OFDM w/ phase noise, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal

	Phase noise profile from TR38.803
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE example 1 @ 30 GHz
	-28.9
	-29.7
	-0.8

	UE example 2 @ 30 GHz
	-28.0
	-24.2
	3.8


Table 5.2.3.9-6: 30 GHz EVM floor in relation to -29.2 dB EVM requirement for 256QAM
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In R4-2300707, we proposed an UL256QAM-worthy phase noise profile out of the profiles in TR38.803 as follows:

Fhybrid(f) = min[Fex1(f),Fex2(f)]

The WF R4-2303491 also recorded another phase noise profile as a candidate, referred to simply as ‘option 2’ for brevity. Figures 2.1-1 shows the proposed profiles in relation to the phase noise profile in the TR. 

These profiles were evaluated with test signals with no impairment other than phase noise. While impractical, this simplification is useful to isolate the EVM impact due to phase noise and associated processing. Tables below summarize findings. Constellation diagrams are included in the Annex.

	CP-OFDM, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal

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

	30G Hybrid
	-33.5
	-32.7
	0.8

	40G Hybrid
	-30.1
	-29.2
	0.9

	Option 2 
	-28.4
	-28.1
	0.3


	DFT-s-OFDM, 64 RBs, 256QAM, 120k SCS, DMRS based CPE removal

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

	30G Hybrid
	-32.7
	-32.8
	-0.1

	40G Hybrid
	-29.4
	-29.2
	0.2

	Option 2
	-26.9
	-28.1
	-1.2


Given the EVM requirement of -29.1 dB, FR2-1 UEs that can reasonably support UL256QAM seem to be limited to 24-30 GHz. It further appears that the ‘Option 2’ profile has too much high-offset phase noise to support 256QAM. We therefore propose to adopt the only phase noise profile that seems able to support UL256QAM among the WF options. A further consideration is to use the favorable 30 GHz phase noise assumption to establish requirements that advanced UEs in the future can support in higher bands.

Observation 1: UL256QAM looks infeasible with the ‘Option 2’ profile [WF R4-2303491] even for n257, n258 and n261. 

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.

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
	PSD0
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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

· Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration.
· For DFT-s-OFDM
· No PTRS configuration for  wider RB allocations as starting point

· Companies are encouraged to simulate the difference between with/without PTRS configuration under narrow RBs (<20 RB) allocations.
5.2.4.2   Simulation results from LGE

R4-2304634

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
Table 5 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 6 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.
Figure 2.15.2.3.9-1: Proposed phase noise profiles for UL256QAM
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