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1  Introduction 
This contribution discusses certain open topics based on WF [1] from RAN4#106. Proposals are made on PTRS configuration and minimum EIRP requirements for EVM test.
2  Discussion
2.1 Phase noise profile
The TR38.803 provides phase noise profiles which can be considered for performance exploration. It was found that those profiles create EVM contribution above 3.5% which do not make them good candidates for evaluating the performance of 256QAM. Consequently, it was proposed to consider improved profiles with less EVM contribution. Two specific proposals were made in RAN4#106. The proposals are captured in WF [1] and copied below:
	Issue 2-1-2: Phase noise profile 
· 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)
· Option 2: Consider a new UE phase noise profile based on the multi-pole/zero model with parameters shown in Table 1. (MTK)
Table 1 Phase noise modelling parameters for UL 256QAM
	PSD0
	33 dB

	
	
	
	
	

	1
	3e3
	2.37
	1
	3.3

	2
	550e3
	2.7
	1.6e6
	3.3

	3
	280e6
	2.53
	30e6
	1


·  Option 3: It is necessary to perform further simulations and ideally using different simulation setups to have more confidence in the actual impact of using CPE compensation based on PTRS in EVM test setups  (Anritsu)



Utilizing integrated phase noise performance of option 1 and option 2 as an indicator it seems that the first option should provide slightly better EVM performance. Therefore, we prefer option 1.
Proposal 1: For updated phase noise profile agree on option 1 which proposes to adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803.

2.1 PTRS configuration
During RAN4#106 the PTRS configuration handling was discussed. There are two main options. One option is to define a fixed PTRS configuration for all devices and the other is to let the UE signal its recommended PTRS configuration for optimum UL performance. The meeting could not reach an agreement on one of the options. The WF [1] captures the following:
	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.



	[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48]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.



The gain of different PTRS configuration were analysed in [2] [3] and it was found that the gain is dependent on the device specific phase noise profile with respect to the applied PTRS configuration. It seems that there exists no optimum PTRS configuration for all devices which would favour that a device signals its recommended setup to the network and test equipment.
Observation 1: Previous analysis on PTRS performance found that the gain is dependent on the device specific phase noise profile with respect to the applied PTRS configuration. It seems that there exists no optimum PTRS configuration for all devices which would favour that the device signals its recommended setup to the network and test equipment.
Proposal 2: PTRS configuration should be aligned with the UE’s recommended PTRS configuration. (IE PTRS-DensityRecommendationSetUL)

2.2 Minimum EIRP requirements for EVM test
The WF [1] captures three proposals for minimum EIRP requirements use in EVM testing. The proposals are re-capped below: 
	Issue 3-1-1: The minimum EIRP requirements for EVM test
· 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


 



In [4] we proposed to use the stablished -1dB/dB relation and add a 1.2dB correction factor due to the nearby noise floor. An additional proposal is to use scaling with channel bandwidth as the noise contribution from the floor rises by 3dB with doubling the channel bandwidth. This has also been done for FR2-2 and the approach could be copied. However, during RAN4#106 it was stated that scaling might not be required for PC1, PC2 and PC5. As the scaling was primarily proposed for PC3 and the current decision is only for PC1, PC2 and PC5 we consider selecting Option 2.
Proposal 3: For EVM testing PC1, PC2 and PC5 the minimum EIRP requirements can be defined according to Option 2. It is acceptable as it uses -1dB/dB relation and together with an 1dB correction factor to account for the nearby noise floor. According to discussion scaling with channel bandwidth might not be required for PC1, PC2 and PC5.

2.3 Dynamic Range
Using UE EIRP for UL 256 QAM from according to Proposal 3 the maximum dynamic range can be calculated by deploying the Min peak EIRP and subtracting the minimum EIRP requirements for EVM test. The result is provided in Table 1. This range is further limited by MPR. The following thought process assumes that wanted dynamic range could be at least 10-11dB and considers that the MPR need could have similar range for CP-OFDM. The color coding in Table 1 shall be an indicator where the range might be considered sufficient (green), marginal (yellow) and deficient (red). 
Table 1: Maximum dynamic range with respect to operating band and power class
	Operating Band
	Frequency Range
	Maximum Dynamic Range
(“Min peak EIRP” – “minimum EIRP requirements for EVM test”)

	
	
	PC1
	PC2
	PC5

	n257
	26.5 – 29.5 GHz
	20.5
	26.5
	20.5

	n258
	  24.25 – 27.5GHz
	20.5
	26.5
	20.9

	n259
	39.5 – 43.5GHz
	
	22.5
	18.2

	n260
	37.0 – 40.0GHz
	18.5
	
	

	n261
	  27.5 – 28.35GHz
	20.5
	26.5
	

	n262
	47.2 – 48.2GHz
	14.7
	20.4
	

	n263
	57.0 – 71.0GHz
	11.1
	20.2
	


For PC1 it seems that the high band region has deficient dynamic range which makes deployment challenging. Those bands have been ruled out by link level simulations anyways as it was found that there is no achievable throughput gain for 256QAM with reasonable SNR levels. The mid bands in the range of 37 to 43.5GHz would feature low dynamic range for PC1 and PC5. In contrast PC2 could have sufficient range for all bands due to the considerably lower minimum EIRP requirements. 
The issue with low dynamic range has been identified in RAN4#106 and potential solutions were shortly discussed. One option under discussion was to confine the MPR values for 256QAM. To achieve this task, it was proposed that advanced UE implementation technologies might be included in the analysis (according to Issue 2-1-4 in [1]). The challenge with advanced UE technologies is that those require clarification as they might reach beyond typical RAN4 assumptions. Detailed analysis and measurements would be needed to support and verify simulated performance improvements. Furthermore, it would need to be guaranteed that implementation is feasible with current technology to not specify requirements which might only be achievable in a certain future.  
As partial solution it could be considered to focus on low bands for the next meetings as those feature the largest dynamic range and require less or no MPR confinement. Higher frequency bands could be considered at a later stage when sufficient time has been spent on analyzing and verifying improved UE implementation technologies. 
Observation 2: Considering advanced UE implementation technologies for MPR confinement has the challenge that those require clarification as they might reach beyond typical RAN4 assumptions. Detailed analysis and measurements would be needed to support and verify simulated performance improvements.
Proposal 4: As partial solution it could be considered to focus on low bands for the next meetings as those feature the largest dynamic range and require less or no MPR confinement. Higher frequency bands could be considered in a later stage when sufficient time has been spent on analyzing and verifying improved UE implementation technologies. 

3  Conclusions
This contribution discusses the EVM budget and breakdown for FR2 256QAM. The following observation and proposal are made:
Proposal 1: For updated phase noise profile agree on option 1 which proposes to adopt min(example1, example2) as the phase noise profile for UL256QAM, where ‘example’ refers to the example phase noise profiles in TR38.803.
Observation 1: Previous analysis on PTRS performance found that the gain is dependent on the device specific phase noise profile with respect to the applied PTRS configuration. It seems that there exists no optimum PTRS configuration for all devices which would favour that the device signals its recommended setup to the network and test equipment.
Proposal 2: PTRS configuration should be aligned with the UE’s recommended PTRS configuration. (IE PTRS-DensityRecommendationSetUL)
Proposal 3: For EVM testing PC1, PC2 and PC5 the minimum EIRP requirements can be defined according to Option 2. It is acceptable as it uses -1dB/dB relation and together with an 1dB correction factor to account for the nearby noise floor. According to discussion scaling with channel bandwidth might not be required for PC1, PC2 and PC5.
Observation 2: Considering advanced UE implementation technologies for MPR confinement has the challenge that those require clarification as they might reach beyond typical RAN4 assumptions. Detailed analysis and measurements would be needed to support and verify simulated performance improvements.
Proposal 4: As partial solution it could be considered to focus on low bands for the next meetings as those feature the largest dynamic range and require less or no MPR confinement. Higher frequency bands could be considered in a later stage when sufficient time has been spent on analyzing and verifying improved UE implementation technologies. 
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