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1. Introduction
In RAN4 #106 meeting, the feasibility evaluations for FR2-1 UL 256QAM based on link level simulation and system simulation have been finished, and the agreements are as below in WF[1][2]:
· For 29GHz, UL 256 QAM for PC1/PC2/PC5 UEs is feasible. 

· For 39GHz, UL 256 QAM for PC1/PC2/PC5 UEs is feasible.

· Limit MCS with 256QAM for 29GHz to the range of MCS#20, #21, #22 and #23.
· Limit MCS with 256QAM for 39GHz to the range of MCS#20, #21 and #22.

· Adopt 28 dB as operating SNR for 29GHz.

· Adopt 30 dB as operating SNR for 39GHz.

The MPR evaluations for FR2-1 UL 256QAM, it is agreed in WF [2]:
· Not pursue the phase noise assumption, companies need to check the concrete proposal for phase noise profile.

· EVM budget is only considered 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

In previous meetings, some companies thought the existing phase noise profiles in TR 38.803 are unsuitable for FR2-1 UL 256QAM, it may cause larger MPR. In last meeting two new phase noise profiles are proposed and need further evaluate.

The minimum EIRP for EVM test has been discussed several meetings, there is no any conclusion.

In this contribution, we mainly evaluate the phase noise profiles by performing simulations and further analysis the minimum EIRP for EVM test.
2.  Discussion
2.1 Evaluation of Phase noise profiles 
2.1.1 Simulation assumption
To further evaluate the existing phase noise profiles example 1 and example 2 in TR 38.803 are suitable for FR2-1 UL 256QAM and the EVM performance of two new phase noise profiles [3][4]proposed in last meeting and the impact of  PTRS processing to EVM based on the existing phase noise profiles in TR 38.803 and two new phase noise profiles, we perform the related simulation based on Table 2-1 simulation assumption as below:
Table 2‑1 Simulation assumption

	Parameters
	Value

	Frequency
	45 GHz

	SCS
	60kHz, 120kHz

	BW
	100MHz

	RB Size
	128RB for 60kHz, 64RB for 120kHz

	Background AWGN
	No additional noise

	Time offset/Frequency offset
	0

	Antenna configuration
	1T1R

	Modulation
	256QAM

	Waveform type
	CP-OFDM / DFT-s-OFDM

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

	PTRS configuration
	OFF/ON

For CP-OFDM

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

K-PTRS (Freq density) = 4 (every 4 RBs)

For DFTs-OFDM

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

N_group = 8, N_samp = 4

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


2.1.2 Evaluation on EVM floor
Table 2.1.2-1 and Table 2.1.2-2 show the simulation results for existing phase noise profile of UE example 1 and example 2 from TR 8.803 at 29GHz and 45GHz:
Table 2.1.2-1: EVM floor and Net benefit with PTRS correction for existing phase noise profiles for 256QAM @29 GHz
	29GHz, 120kHz, 64RB, DMRS based CPE removal

	Phase noise model from TR 38.803
	Waveform
	SCS, NRB
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE example 1 @29GHz
	CP-OFDM
	120kHz, 64RB
	-31.47
	-31.02
	0.44

	
	DFT-S-OFDM
	120kHz, 64RB
	-30.11
	-31.07
	-0.96

	UE example 2 @29GHz
	CP-OFDM
	120kHz, 64RB
	-28.28
	-26.65
	1.63

	
	DFT-S-OFDM
	120kHz, 64RB
	-30.12
	-26.09
	4.03


Table 2.1.2-2: EVM floor and Net benefit with PTRS correction for existing phase noise profiles for 256QAM @45 GHz
	45GHz, 120kHz, 64RB, DMRS based CPE removal

	Phase noise model from TR 38.803
	Waveform
	SCS, NRB
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	UE example 1 @45GHz
	CP-OFDM
	120kHz, 64RB
	-26.09
	-25.82
	0.27

	
	DFT-S-OFDM
	120kHz, 64RB
	-24.66
	-25.90
	-1.24

	UE example 2 @45GHz
	CP-OFDM
	120kHz, 64RB
	-24.46
	-22.71
	1.75

	
	DFT-S-OFDM
	120kHz, 64RB
	-26.30
	-22.20
	4.10


Observation 1:  EVM floor with PTRS correction of the phase noise profiles for UE example 1 and example 2 from TR 8.803 at 29GHz is in relation to -29.1 dB EVM requirement for 256QAM.
Observation 2:  EVM floor with PTRS correction of the phase noise profiles for UE example 1 and example 2 from TR 8.803 at 45GHz is higher than -29.1 dB EVM requirement for 256QAM.
From above simulation results and observations, the existing phase noise profiles in TR 38.803 are unsuitable for FR2-1 UL 256QAM at least for 45GHz, it may cause larger MPR.

Based on lasting meeting discussion for phase noise profile, we further evaluate the performance of new phase noise profiles in WF:
· Option 1: Adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803. (Qualcomm R4-2300707)

· Option 2: Consider a new UE phase noise profile based on the multi-pole/zero model with parameters shown in Table 1. (MTK R4-2301928)

Table 1 Phase noise modelling parameters for UL 256QAM
	PSD0
	33 dB
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	1
	3e3
	2.37
	1
	3.3

	2
	550e3
	2.7
	1.6e6
	3.3

	3
	280e6
	2.53
	30e6
	1


Table 2.1.2-3 and Table 2.1.2-4 show the simulation results for new phase noise profiles based on no DMRS based CPE removal and DMRS based CPE removal separately.
Table 2.1.2-3: EVM floor and Net benefit with PTRS correction for new phase noise profiles for 256QAM @45 GHz (based on no DMRS based CPE removal)
	45GHz, no DMRS based CPE removal

	Phase noise model 
	Waveform
	SCS, NRB
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	Phase noise Profile in Option 1 @45GHz
	CP-OFDM
	60kHz, 128RB
	-31.57
	-30.56
	1.01

	
	
	120kHz, 64RB
	-31.74
	-30.75
	0.99

	
	DFT-S-OFDM
	60kHz, 128RB
	-30.41
	-30.55
	-0.14

	
	
	120kHz, 64RB
	-30.65
	-30.67
	-0.02

	Phase noise Profile in Option 2 @45GHz
	CP-OFDM
	60kHz, 128RB
	-30.44
	-30.02
	0.42

	
	
	120kHz, 64RB
	-30.47
	-30.10
	0.37

	
	DFT-S-OFDM
	60kHz, 128RB
	-29.04
	-30.03
	-0.99

	
	
	120kHz, 64RB
	-29.12
	-30.16
	-1.04


Table 2.1.2-4: EVM floor and Net benefit with PTRS correction for new phase noise profiles for 256QAM @45 GHz (based on DMRS based CPE removal)
	45GHz, DMRS based CPE removal

	Phase noise model 
	Waveform
	SCS, NRB
	EVM (dB) with PTRS 
	EVM (dB) with no PTRS corrections
	Net benefit of PTRS

	Phase noise Profile in Option 1 @45GHz
	CP-OFDM
	120kHz, 64RB
	-31.74
	-30.58
	1.16

	
	DFT-S-OFDM
	120kHz, 64RB
	-30.65
	-30.50
	0.15

	Phase noise Profile in Option 2 @45GHz
	CP-OFDM
	120kHz, 64RB
	-30.47
	-30.03
	0.44

	
	DFT-S-OFDM
	120kHz, 64RB
	-29.12
	-30.08
	-0.96


Observation 3: EVM floor for both of the phase noise profiles in Option1 and Option2 are in relation to -29.1 dB EVM requirement for 256QAM.
Observation 4: For CP-OFDM, both of the phase noise profiles in Option1 and Option2 could get the net benefit of PTRS.

Observation 5: For DFT-S-OFDM, both of the phase noise profiles in Option1 and Option2 with no DMRS based CPE removal have some penalties due to PTRS corrections.

Observation 6: DMRS based CPE removal could only get a little benefit compared to no DMRS based CPE removal in our simulation.
Based on above observations, we think the phase noise profiles in Option1 and Option2 are feasible for MPR simulation.
Proposal 1: Both of the phase noise profiles in Option 1 and Option 2 are feasible for MPR simulation.
2.2 Minimum EIRP
In last meeting, three options for the minimum EIRP was proposed by companies as below:

· Option 1: The minimum output power for 256QAM during the EVM test can be relaxed by 14 dB based on the difference between the  SNR of 256QAM (29.1dB) and the SNR of QPSK(15.1dB) (ZTE, Xiaomi, vivo, Huawei)

	Parameter
	Unit
	Level for PC1
	Level for PC2
	Level for PC5

	UE EIRP
	dBm
	( 4
	( -13
	( -6

	UE EIRP for UL 256 QAM
	dBm
	( 18
	( 1
	( 8


· Option 2: Use a “-1dB/dB” relation to calculate the minimum EIRP requirement for 256QAM and consider 1dB correction factor. (MTK, Ericsson)

	Parameter
	Unit
	PC1
	PC2
	PC5

	UE EIRP
	dBm
	( 4
	( -13
	( -6

	UE EIRP for UL 256 QAM
	dBm
	( 19.5
	( 2.5
	( 9.5


· Option 3: Further scaling the minimum EIRP with bandwidth based on Option 2 (Apple)

	
	
	Level for PC2


	Parameter
	Unit
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	UE EIRP for UL 256 QAM
	dBm
	( 2.5
	( 2.5
	( 5.5
	( 8.5

	Operating conditions
	Normal Conditions

	NOTE 1:
PTRS is configured for 256 QAM


All proposed companies would like to define the minimum EIRP according to the SNR relationships between different modulation modes, i.e., -1dB/dB relation. For UL 256QAM with 3.5% EVM, the SNR is 29.1dB, the difference in SNR compared to QPSK (17.5% EVM, 15.1dB SNR) is 14dB. And some companies proposed the correction factor should be considered.
In addition, [5] proposed to use a similar scaling strategy as used for FR2-2 where the minimum UE EIRP is scaled with bandwidth.
In FR2-2, the minimum EIRP for 100MHz reused the values for FR2-1, and some scaling are introduced for the channel bandwidths larger than 400MHz based on the minimum EIRP value of FR2-1 EVM test considering the adjustment made for the min peak EIRP value, higher frequency and BW scaling as analysis in [4. But there is no BW scaling for FR2-2 400MHz and just considering the adjustment made for the min peak EIRP value, higher frequency, excerpt the table from [6]:
Table 2.2-1 n263 EVM minimum power levels as a function of CBW
[image: image6.emf]PC1 n262 n263 400 MHz n263 800 MHz n263 1600 MHzn263 2000 MHz

CCBW 400 400 800 1600 2000

BW factor 0.0 3.0 6.0 7.0

peak EIRP factor -3.6 -3.6 -3.6 -3.6

frequency factor 0 2.0 2.0 2.0 2.0

min peak EIRP 34.2 30.6 30.6 30.6 30.6

EVM EIRP min power limit - QPSK 4 2 5 8 9

EVM EIRP min power limit - 16QAM 7 5 8 11 12

EVM EIRP min power limit - 64QAM 11 9 12 15 16

PC2 n262 n263 400 MHz n263 800 MHz n263 1600 MHzn263 2000 MHz

CCBW 400 400 800 1600 2000

BW factor 0.0 3.0 6.0 7.0

peak EIRP factor -0.2 -0.2 -0.2 -0.2

frequency factor 0 2.0 2.0 2.0 2.0

min peak EIRP 22.9 22.7 22.7 22.7 22.7

EVM EIRP min power limit - QPSK -13 -11 -8 -5 -4

EVM EIRP min power limit - 16QAM -10 -8 -5 -2 -1

EVM EIRP min power limit - 64QAM -6 -4 -1 2 3

PC3 n262 n263 400 MHz n263 800 MHz n263 1600 MHzn263 2000 MHz

CCBW 400 400 800 1600 2000

BW factor 0.0 3.0 6.0 7.0

peak EIRP factor -1.9 -1.9 -1.9 -1.9

frequency factor 0 2.0 2.0 2.0 2.0

min peak EIRP 16 14.1 14.1 14.1 14.1

EVM EIRP min power limit - QPSK -13 -13 -10 -7 -6

EVM EIRP min power limit - 16QAM -10 -10 -7 -4 -3

EVM EIRP min power limit - 64QAM -6 -6 -3 0 1


For FR2-1 UL 256QAM, the minimum peak EIRP and frequency range don’t change, so the scaling is not needed.
Proposal 2: The minimum EIRP for UL 256 QAM for EVM test should be defined a single value for all FR2-1 channel bandwidths as for UL 16QAM and 64QAM.
Proposal 3: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 14 dB based on the minimum output power for different PCs:

	Parameter
	Unit
	Level for PC1
	Level for PC2
	Level for PC5

	UE EIRP
	dBm
	( 4
	( -13
	( -6

	UE EIRP for UL 256 QAM
	dBm
	( 18
	( 1
	( 8

	Operating conditions
	
	Normal Conditions

	NOTE 1:
PTRS is configured for 256 QAM


2.3 PTRS configuration
2.3.1 PTRS configuration for MPR simulation
In last meeting, the PTRS configuration was discussed for both of MPR requirements and EVM test, the options as below list:
Issue 2-1-5: PTRS configuration for MPR requirements

· Option 1: The MPR requirements are specified with the default PTRS configuration (K = 2, L = 1), applicable to all UEs regardless of UE’s recommended PTRS configuration. (Ericsson)
· Add an additional requirement with the UE recommended set not the default, then the MPR should be within a margin from the above “default” for gNB following the recommendations

Issue 3-2-1: PTRS configuration for EVM test
· Option1: 

· FFS using a fixed PTRS configuration (K = 2, L = 1) for all devices as the default configuration for the EVM test.

· Recommended PTRS configuration by UE via IE PTRS-DensityRecommendationSetUL for the EVM test is allowed. Whether UE shall be tested according to recommended PTRS configuration when IE is signalled or it shall be tested according to the default fixed PTRS configuration in all cases is FFS.

· Recommended PTRS is optional.

Based on last meeting discussion, some companies concern the UE could only meet the test requirements under the PTRS configuration which the UE recommended. To making a progress on this issue, we could introduce a relaxation for EVM test as below proposal:

Proposal 4: PTRS configuration for EVM test:
· Using a fixed PTRS configuration (K = 2, L = 1) for all devices as the default configuration for the EVM test regardless of UE’s recommended PTRS configuration.
· A relaxation is allowed when the UE recommended PTRS configuration is not the default, how to introduce the relaxation can be further discussion.
How to introduce the relaxation could further discuss, i.e., by adding an additional relaxation for MPR requirements when UE recommended configuration is not the default.
3. Conclusion

This contribution provided the simulation results to evaluate the phase noise profile and further analysis the minimum EIRP and PTRS configuration for EVM test. And proposed:

Proposal 1: Both of the phase noise profiles in Option1 and Option2 are feasible for MPR simulation.
Proposal 2: The minimum EIRP for UL 256 QAM for EVM test should be defined a single value for all FR2-1 channel bandwidths as for UL 16QAM and 64QAM.

Proposal 3: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 14 dB based on the minimum output power for different PCs:

	Parameter
	Unit
	Level for PC1
	Level for PC2
	Level for PC5

	UE EIRP
	dBm
	( 4
	( -13
	( -6

	UE EIRP for UL 256 QAM
	dBm
	( 18
	( 1
	( 8

	Operating conditions
	
	Normal Conditions

	NOTE 1:
PTRS is configured for 256 QAM


Proposal 4: PTRS configuration for EVM test:

· Using a fixed PTRS configuration (K = 2, L = 1) for all devices as the default configuration for the EVM test regardless of UE’s recommended PTRS configuration.
· A relaxation is allowed when the UE recommended PTRS configuration is not the default, how to introduce the relaxation can be further discussion.
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