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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK9]In terms of the previous discussion, the feasibility on enabling UL 256QAM for FR2-1 PC1, PC2 and PC5 were verified, including the gain, operating SNR, phase noise model, and etc.
In parallel with feasibility discussion, the PTRS configuration for EVM test and MPR test were also discussed but no consensuses are achieved up to last meeting [1].
[bookmark: OLE_LINK7][bookmark: OLE_LINK1]In this contribution, we provide some simulation results to study the impact of PTRS configuration for EVM on the different waveforms, and discuss whether PTRS configuration for EVM test are needed for DFT-S-OFDM and CP-OFDM. Meanwhile, some initial MPR simulation results for FR2 256QAM DFT-s-OFDM are provided.
2. Discussion
2.1 PTRS/PN
[bookmark: OLE_LINK8]After verifying the feasibility of UL 256QAM for FR2-1 PC1, PC2 and PC5, the related RF requirements like MPR and EVM shall be defined accordingly. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK14]To achieve the acceptable performance, some improved phase noise models based on the existing ones defined in TR38.803 were proposed by companies, and these new phase noise models/profiles were also verified that lower phase noise can be achieved which imply less MPR values are foreseen. The agreements on phase noise profiles for 29GHz and 39GHz can be found in the WF[1], which are listed below.
	Issue 1-1-1: Phase noise profiles evaluation for 29GHz
· Proposals
· [bookmark: OLE_LINK15]Option 1: Both of new phase noise profiles from Qualcomm and MTK for 29GHz are feasible for MPR simulation. (Anritsu, MTK, Xiaomi, ZTE, vivo, Sony)
· New phase noise profiles using the pole-zero method based on following function:

· Parameters from Qualcomm
	PSD0
	32 dB

	[image: image012]
	[image: image014]
	[image: image016]
	[image: image018]
	[image: image020]

	1
	3e3
	2.37
	1
	3.3

	2
	6e5
	4.7
	8e5
	5.3

	3
	8e5
	2.0
	1.1e6
	2.5


· Parameters from MTK
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· Option 2: Example 1 in TR38.803 for 29GHz and new phase noise profiles from Qualcomm and MTK for 29GHz are feasible for MPR simulation. (LGE)
Agreement: 
· Agreed on Option 1.
Issue 1-1-2: Phase noise profiles evaluation for 39GHz
· Proposals
· Option 1: The new phase noise profile from MTK for 39GHz is feasible for MPR simulation. (Xiaomi, ZTE)
· New phase noise profile using the pole-zero method based on following function:

· Parameters from MTK
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· [bookmark: OLE_LINK18][bookmark: OLE_LINK33]Option 2：The new phase noise profiles from MTK and adopting min(example1-based, example2) for 39GHz are feasible for MPR simulation, where ‘example1-based’ refers to the example phase noise profiles from vivo and Anritsu, ‘example2’ refers to the example phase noise profile in TR38.803. (Anritsu)
· Option 3: Further discuss feasible phase noise profile for 39GHz. (Vivo, LGE)
Agreement: 
· Take Option 1 as the starting point.


Figure 2-1 shows the alternatives for the phase noise model @39GHz. 
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Figure 2-1 PSD of proposed phase noise model of option 1 and option 2 proposed in RAN4# 107 meeting
From the above figure, we can see that min( ) can achieve smaller phase noise which is beneficial for UL 256qam transmission. On the other hand, as example1-based PN model is agreed for 29GHz so a method similar to that of 29GHz is preferred.
Proposal 1: Option 1 is preferred for the phase noise of 39GHz.
[bookmark: OLE_LINK20][bookmark: OLE_LINK22]For PTRS configuration for EVM test for CP-OFDM and DFT-s-OFDM waveform, the agreements in the WF [1] are listed below.
	[bookmark: OLE_LINK12]EVM test
Issue 2-2-1b: PTRS configuration for EVM test for CP-OFDM
· Proposals
· Option 1: Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration for CP-OFDM. 
· [bookmark: OLE_LINK5][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Option 2: Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration for CP-OFDM when UEs declare they need PTRS to meet Tx signal quality requirements, FFS how UEs declare whether they need PTRS or not.
[bookmark: OLE_LINK6]Issue 2-2-2b: PTRS configuration for EVM test for DFT-S-OFDM
· Proposals
· [bookmark: OLE_LINK26][bookmark: OLE_LINK25]Option 1: PTRS is not configured for all RBs allocation.
· Option 2: The following PTRS configuration is established for UEs that declare they need PTRS to meet Tx signal quality requirements: 
· FFS which PTRS configuration adopt for DFT-s-OFDM for narrow RBs allocations (20 RBs or narrower). (Companies are expected to submit related simulation results for narrow RBs allocations to further evaluate whether or which PTRS configuration adopt)
· PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.
· FFS how UEs declare whether they need PTRS or not.
· Option 3: The following PTRS configuration is established: 
· FFS which PTRS configuration adopt for DFT-s-OFDM for narrow RBs allocations (20 RBs or narrower). (Companies are expected to submit related simulation results for narrow RBs allocations to further evaluate whether or which PTRS configuration adopt)
· PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.



[bookmark: OLE_LINK21]From the WF we can see that there are diverse opinions on whether and how to configure PTRS for CP-OFDM and DFT-s-OFDM waveforms. 
For DFT-s-OFDM waveform, the results for EVM comparison between different RB allocations are summarized in Table 2-1, in which the phase noise model for 29GHz (i.e. option 1.) agreed in the WF [1] is used. 
[bookmark: OLE_LINK24]Table 2-1 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


[bookmark: OLE_LINK27][bookmark: OLE_LINK28]From table 2-1, 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.
[bookmark: OLE_LINK17]Proposal 2: Not to consider PTRS for EVM test for DFT-s-OFDM waveform.
[bookmark: OLE_LINK31]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[2], we compared net benefit of PTRS for CPE for different UE phase noise model alternatives for CP-OFDM, we copy the results in table 2-2 for convenience.
Table 2-2. 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 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.
[bookmark: OLE_LINK23][bookmark: OLE_LINK32]Proposal 3: To use the same PTRS configuration(k=2, l=1) for CP-OFDM waveform.
2.2 MPR initial simulation
In the TR38.891[1], some of the simulation assumption are included:
	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
<....>


In addition, the RF requirements of ACLR, SEM, SE, and etc, are to meet the requirements defined in the specification. For the BW = 100 MHz, SCS = 120 kHz, DFT-S-OFDM QPSK, 20RB23, the PSD for the MPR0 to just meet SEM requirements can be found in Fig 1 (also it can meet the QPSK EVM requirements.).
[image: ]
Fig 1. PSD for the MPR0 to just meet SEM
To check how much the MPR values are needed for each RB allocations, we use the same RB allocations (i.e. [start RB position, allocated RB number]) and the MPR criteria (i.e. SEM and EVM) as captured in the TR, 
Based on the above, sSome initial MPR simulation results for 29GHz PC1 100MHz FR2 256QAM DFT-s-OFDM and CP-OFDM are shown in table Fig 2-21.Table 1 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
	7.4
	EVM
	7.4
	EVM
	6.9
	EVM
	7.9
	SEM


<Note: More results will be provided later. >

[image: ][image: ]
Fig 2-2. 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 2-3.
Table 2-3 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 2-4 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



Proposal 4: 29GHz PC1 256QAM DFT-s-OFDM MPR requirements are proposed:
	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


3. Conclusion
Based on the simulation results and discussion, the following observation and proposal are given:
Observation 1: Introducing PTRS for CPE for DFT-s-OFDM may not improve EVM or the improvement is very small.
Observation 2: Introducing PTRS for CPE can improve EVM for CP-OFDM waveform.
Proposal 1: Option 1 is preferred for the phase noise of 39GHz.
Proposal 2: Not to consider PTRS for EVM test for DFT-s-OFDM waveform.
Proposal 3: To use the same PTRS configuration(k=2, l=1) for CP-OFDM waveform.
Proposal 4: 29GHz PC1 256QAM DFT-s-OFDM MPR requirements are proposed:
	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


4. Reference 
R4-2310260 WF on UL 256QAM requirements, Xiaomi
[bookmark: OLE_LINK19]R4-2304689 Discussion on FR2-1 UL 256QAM, ZTE
R4-2305068 Discussion on UL 256QAM, Xiaomi
R4-2304601 On enabling FR2 UL256QAM, Qualcomm Incorporated
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Parameters for 45 GHz PLL phase noise model
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