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1.	Introduction
[bookmark: _Hlk67504958]The revised work item on NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 was approved at TSG RAN#96 [1]. One of the objectives of this work item is to investigate and enable UL 256QAM for FR2-1. 
One of the main tasks to investigate and enable UL 256QAM for FR2-1 is the MRP simulations to study the required MPR for the target signal quality and emission requirements. We proposed simulation assumptions and provided initial simulation results in [2]. This topic was further discussed at subsequent RAN4 meetings and the MRP simulation assumptions were included in the agreed WFs [3-7]. This contribution provides MPR simulation results for FR2-1 UL 256QAM according to the agreed simulation assumptions.

2.	Simulator assumptions
The following MPR simulation assumptions were agreed in [3]:
	[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Issue 2-2-1: 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.
Issue 2-2-2: 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.
Issue 2-2-3: Priority of PTRS correction method and MPR simulations
· Option 1: PTRS based correction method is agreed prior to MPR simulations.



The following MPR simulation assumptions were agreed in [4]:
	Issue 2-1-4: Whether consider other UE implementation-based methods to confine the MPR values for 256QAM
Agreement: 
· The advanced UE implementation technologies are not precluded for MPR evaluation.
· Companies should clarify what advanced UE implementation technologies are used in the simulation.
· For MPR evaluation, either simulation results or measurement data or both can be provided
Issue 3-2-2: PTRS correction methods
Agreement:
· For CP-OFDM
· PTRS correction is implemented by de-rotation of each sub carrier in an OFDM symbol. The de-rotation angle is estimated as the frequency domain average of the phase rotation of all the PTRS tones in the allocation.
· For DFT-s-OFDM: 
· PTRS correction is implemented by de-rotation of each time-domain symbol by the estimated instantaneous phase deviation. 
· The instantaneous phase deviation impacting a data symbol due to DUT phase noise is estimated by linearly interpolating between the phase deviations determined for the nearest neighbouring PTRS groups. The phase deviation for each PTRS group is determined as the time domain arithmetic mean phase deviation of all PTRS symbols in the group.



The following MPR simulation assumptions were agreed in [5]:
	Issue 1-1-4 How to apply the phase noise profiles in MPR simulation
Agreement: 
· For 29GHz: 
· Example 1 in TR38.803 for 29 GHz.
· Example 2 in TR38.803.
· New phase noise model using the pole-zero method based on following function:

·   Parameters from Qualcomm
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	32 dB
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·    Parameters from  MTK
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· 39GHz
· Example 2 in TR38.803.
· Example 1-based using following function:

· Parameters from vivo

· Parameters from Anritsu
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· New phase noise model using the pole-zero method based on following function:

· Parameters from MTK
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· 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.
Issue 1-2-3 Simulation assumption for MPR
Agreement: 
· Companies are expected to clarify EVM budge, PA model, Phase noise profile, PTRS configuration for CPE correction.
Issue 2-2-2: the PTRS configuration for MPR requirement
· FFS, companies are encouraged to evaluate the different PTRS configurations for narrow RB allocations by simulation based on the simulation assumptions in issue 1-1-3 and issue 1-1-4 in next meeting, especially for DFT-s-OFDM.



The following MPR simulation assumptions were agreed in [6]:
	MPR
Issue 1-1-1: Phase noise profiles evaluation for 29GHz
· Proposals
· 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
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· 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
[image: ]
· 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.
[bookmark: OLE_LINK11]MPR simulation
[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. 



The following MPR simulation assumptions were agreed in [7]:
	Issue 1-1-1: MRP requirements
· Proposals
· Option 1: The MPR for UL 256 QAM shall not exceed that of 64QAM by more than 3 dB. (Qualcomm, Huawei, Sony, Ericsson)
· Option 2: The MPR of UL 256 QAM shall not exceed 5 dB more than 64QAM. (Xiaomi)
· Option 3: Average the MPR simulation results from different companies, for example 29GHz PC1 100MHz/200MHz:
	Modulation
	Companies
	MPRWT (dB), BWchannel ≤ 100 MHz/200MHz

	
	
	Outer RB allocations
	Inner RB allocations

	
	
	
	Region 1
	Region 2

	DFT-s-OFDM
	64 QAM
	-
	≤ 6.5
	≤ 5.0
	≤ 5.0

	
	256QAM
	Nokia (R4-2311665)
	7.1

	
	
	Xiaomi(R4-2312686)
	12.8
	12.3
	11.4

	
	
	MediaTek(R4-2313417)
	8

	
	
	vivo(R4-2312574)
	9
	9
	9

	
	
	[bookmark: OLE_LINK44]ZTE(rev.R4-2311830)
	8.5
	9
	9

	
	
	Average
	9
	9
	9

	CP-OFDM
	64 QAM
	-
	≤ 7.5
	≤ 7.5
	≤ 7.5

	
	256QAM
	Xiaomi(R4-2312686)
	14.9
	14.5
	14.1

	
	
	MediaTek(R4-2313417)
	9.7

	
	
	vivo(R4-2312574)
	11.5
	11.5
	11.5

	
	
	ZTE(rev. R4-2311830)
	12.5
	12.5
	12.5

	
	
	Sony(R4-2313190)
	10.4
	11.4
	11.2

	
	
	Average
	12
	12
	12


· Option 4: To wait for further MPR simulation or measurement results from other companies before deciding how to define the MPR requirements.(Nokia)
Agreement: 
· Agreed on Option 4.

Issue 1-1-2: PA model
· Proposals
· Option 1: Consider the low AM-PM distortion PA to obtain the reasonable MPR value for FR2-1 256QAM.
· Option 2: PA model in TR 38.803, i.e., Rapp Model, PA model for ~28 GHz, CMOS
· Option 3: Others
Agreement:
· PA models in Option 1 and Option 2 are allowed.
· Other PA model is not precluded for the requirements.
Issue 1-1-3: IQ image and carrier leakage
· Proposals
· Option 1: Whether -25dB/-20dB IQ image and -25dBc/-20dBc carrier leakage in current Spec are too higher for UL 256QAM.
Agreement:
· -25dB/-20dB IQ image and -25dBc/-20dBc carrier leakage should be improved for UE supporting UL 256QAM.
· There is no change of the requirements for other modulation orders
· It shall be better than -36dB IQ image and -36dBc carrier leakage for UL 256QAM.

New issue: What’s about the MPR for 39GHz?
· Proposals
· Option 1: Defined the same MPR with 29GHz
· Option 2: Consider some margin for 39GHz because the phase noise profile performance between 29GHz and 39GHz is different
· Option 3: Others
Agreement:
· FFS

Issue 1-2-1: PTRS configuration for EVM test for CP-OFDM
· Proposals
· Option 1: Adopt L-PTRS = 1 K-PTRS =2 as fixed configuration (Apple, Nokia, ZTE, Huawei, Ericsson, Sony) 
· Against: Qualcomm, vivo, Xiaomi,
· Option 2: Adopt L-PTRS = 1 K-PTRS =2 as PTRS configuration for CP-OFDM only when UEs declare they need PTRS to meet Tx signal quality requirements.(Qualcomm, vivo, Apple)
· Against: Sony, Ericsson, MediaTek
· Option 3: No PTRS configuration. (Xiaomi)
· Against: Ericsson
Agreement:
· No PTRS configuration for EVM test for CP-OFDM.

Issue 1-2-2: PTRS configuration for EVM test for DFT-S-OFDM
· Proposals
· Option 1: No PTRS configuration.(Apple, Xiaomi, Nokia, ZTE)
· Option 2: Adopt a fixed PTRS configuration. (Sony)
· Option 3: PTRS is configured for DFT-s-OFDM only when UEs declare they need PTRS to meet Tx signal quality requirements. (Qualcomm, vivo)
If Option 3 is adopted, considering below restrictions:
· Adopt 4 samples/group and 8 groups/OFDM symbol for DFT-s-OFDM for narrow allocations (20 RBs or narrower). 
· PTRS is not configured for DFT-s-OFDM for allocations wider than 20 RBs.
· The PTRS configuration strategy for very narrow allocations (<= 8RB)  is to maximize the number of PT-RS groups while ensuring that the number of data symbols > number of PT-RS symbols.
· Uses existing signaling PTRS-DensityRecommendationSetUL to convey need for PTRS. (Huawei, Qualcomm, Xiaomi)
· Option 4: The following PTRS configuration is established: (Ericsson)
· PTRS configuration adopt for narrow RBs allocations (20 RBs or narrower). 
· PTRS is not configured for allocations wider than 20 RBs.
Agreement:
· No PTRS configuration for EVM test for DFT-S-OFDM.



3.	Simulation results and observations
To simulate the MPR we used the full allocation as the phase noise is expected to increase with increasing size of the allocation. 
In the simulations at 29 GHz we use the multi-zero/pole model with Qualcomm’s parameters. We do not use PTRS. 
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 1. MPR simulation results for 256QAM with PC1 at 29 GHz.
	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	CP-OFDM
	60
	8.8
	8.8
	8.9
	
	8.9

	
	120
	8.7
	8.7
	8.6
	8.7
	



Table 2. MPR simulation results for 256QAM with PC2 at 29 GHz.
	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	CP-OFDM
	60
	8.9
	8.9
	8.8
	
	8.9

	
	120
	8.7
	8.8
	8.8
	8.8
	



Table 3. MPR simulation results for 256QAM with PC5 at 29 GHz.
	
	
	Required back-off [dB]

	Waveform
	SCS
[kHz]
	Channel bandwidth [MHz]
	Max

	
	
	50
	100
	200
	400
	

	CP-OFDM
	60
	8.9
	8.9
	8.9
	
	8.9

	
	120
	8.7
	8.7
	8.8
	8.9
	



Table 4. EVM budget for CP-OFDM at 29 GHz. RB start position 0, number of RBs 64, SCS 120 kHz.
	Tx EVM contributor
	EVM (%)

	Phase Noise+IQ Imbalance
	2.81

	PA Non-linearity & Transmitter
	2.09

	Total
	3.50



We notice that the backoff values from our simulations are smaller than other companies. This could result from differences in the linearity of the used power amplifier. We also studied the effect of the IQ imbalance that affects the EVM quota left for PA non-linearity and other transmitter impairments. For our results above we used IQ imbalance of -37.3dBc and carrier leakage of -31.6 dBc. When we used -36 dBc for both we obtained about 0.5 dB larger MPR values for CP-OFDMA. 
We also studied the phase noise contribution to EVM at 39 GHz without PTRS. We used the phase noise model from MTK. The results are presented in Table 5.
Table 5. Contribution of phase noise to EVM at 39 GHz. RB start position 0, number of RBs 64, SCS 120 kHz. PTRS was not used.
	waveform
	EVM (%)
	EVM (dB)

	DFT-s-OFDM
	3.26
	-29.74

	CP-OFDM
	3.27
	-29.71




4.	Conclusion
This contribution has provided MPR simulation results for FR2-1 UL 256QAM according to the agreed simulation assumptions.
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Parameters for 45 GHz PLL phase noise model
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Parameters for 39 GHz PLL phase noise model valid from 100 Hz and upwards
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