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1. Introduction
In previous meetings, the MPR simulation assumption for UL 256QAM was agreed:

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Issue 2-2-1a: PTRS configuration in MRP simulation for CP-OFDM
· Proposals
· Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration.
Issue 2-2-2a: PTRS configuration in MPR requirement for DFT-S-OFDM
· Proposals
· 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.
Note: The above PTRS configurations for CP-OFDM and DFT-s-OFDM are just for MPR simulation, FFS whether the PTRS configurations are mandatory or optional in EVM test.

In this contribution, we provide our preliminary simulation results and analysis for FR2 UL 256QAM.
2. Discussion
2.1 UL dynamic range for FR2 256QAM
Since predictably large MPR values of FR2 UL 256QAM, the concern of the dynamic range was raised. In the last meeting, the minimum output power of PC1/2/5 for FR2 UL 256QAM was agreed as below:
Option 1: The minimum EIRP for UL 256 QAM for EVM test is relaxed by 14 dB compared to QPSK (or more than 7dB compared to 64QAM). (Xiaomi, ZTE, MTK, vivo, Ericsson, LGE, Qualcomm)
	
Parameter
	Unit
	Level for PC1
	Level for PC2
	Level for PC5

	UE EIRP
	dBm
	 4
	 -13
	 -6

	UE EIRP for UL 64 QAM
	dBm
	 11
	 -6
	 1

	UE EIRP for UL 256 QAM
	dBm
	 18
	 1
	 8

	Operating conditions
	
	Normal Conditions




Take 29GHz band PC1 as an example, to achieve minimum EIRP in peak direction the maximum allowed MPR should be:

Max allowed MPR = min peak EIRP (40 dBm) - minimum EIRP (18 dBm) – T(△P) (7 dB, assuming that the range of MPR is (10,15]) = 15 dB

Observation 1: From the UL dynamic range perspective, the FR2 PC1 MPR of UL 256QAM should not exceed 15 dB.

2.2 Preliminary MPR evaluation for PC1
The EVM budget for this simulation is shown in Table I:
Table I 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 1
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Figure 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.

Proposal 1: Based on the simulation results and analysis, we propose FR2-1 256QAM MPR as follows:
Table 6.2.2.1-1 MPRWT for power class 1, BWchannel ≤ 200 MHz
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

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

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.0

	
	16 QAM
	≤ 6.5
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 4.5
	≤ 4.5

	
	16 QAM
	≤ 7.0
	≤ 5.5
	≤ 5.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256QAM
	≤ 11.5
	≤ 11.5
	≤ 11.5



Table 6.2.2.1-2 MPRWT for power class 1, BWchannel = 400 MHz
	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

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

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.5

	
	16 QAM
	≤ 6.5
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5

	
	256QAM
	≤ 10.5
	≤ 10.5
	≤ 10.5

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 7.0
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0

	
	256QAM
	≤ 13.0
	≤ 13.0
	≤ 13.0




2.3 PTRS configuration in the test 
In [2], we provide the simulation results of EVM performance under different PTRS configurations and phase noise. The simulation shows that under different phase noise profiles, UE does not always benefit from one fixed PTRS configuration. Whether the UE can get the benefit depends on profiles, RB allocation, etc. More importantly, there is no way to exhaustively enumerate all UE possible phase noise profiles which depends on the UE architecture or device performance. So, during the test, we think it should be up to the UE to choose whether to configure PTRS or not. 

Observation: Whether the UE can benefit from PTRS is highly associated with the phase noise profile, which varies in different UEs.

Proposal 2: Whether the PTRS needs to be configured for different waveforms (DFT-s-/CP-) during EVM test depends on the UE declaration respectively.

Proposal 3: If the UE declares that the PTRS is needed, the following fixed PTRS configuration is used:
· For CP-OFDM: LPTRS = 1, KPTRS =2 
· For DFTs-OFDM: LPTRS = 1, Ngroup = 8, Nsamp = 4

3. Conclusion
In this contribution, we provide our views on FR2 256QAM and the proposals are listed below:
 
Observation 1: From the UL dynamic range perspective, the FR2 PC1 MPR of UL 256QAM should not exceed 15 dB.

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

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.

Observation 4: Whether the UE can benefit from PTRS is highly associated with the phase noise profile, which varies in different UEs.

Proposal 1: Based on the simulation results and analysis, we propose FR2-1 256QAM MPR as follows:
Table 6.2.2.1-1 MPRWT for power class 1, BWchannel ≤ 200 MHz
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

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

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.0

	
	16 QAM
	≤ 6.5
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 4.5
	≤ 4.5

	
	16 QAM
	≤ 7.0
	≤ 5.5
	≤ 5.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256QAM
	≤ 11.5
	≤ 11.5
	≤ 11.5



Table 6.2.2.1-2 MPRWT for power class 1, BWchannel = 400 MHz
	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

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

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.5

	
	16 QAM
	≤ 6.5
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5

	
	256QAM
	≤ 10.5
	≤ 10.5
	≤ 10.5

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 7.0
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0

	
	256QAM
	≤ 13.0
	≤ 13.0
	≤ 13.0




Proposal 2: Whether the PTRS needs to be configured for different waveforms (DFT-s-/CP-) during EVM test depends on the UE declaration respectively.

Proposal 3: If the UE declares that the PTRS is needed, the following fixed PTRS configuration is used:
· For CP-OFDM: LPTRS = 1, KPTRS =2 
· For DFTs-OFDM: LPTRS = 1, Ngroup = 8, Nsamp = 4
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