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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 PTRS configuration
During RAN4#106bis-e the PTRS configuration handling was discussed. Over the last meetings there was no fundamental movement between the 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. To yet no agreement could be reached. The WF [1] captures to collect more date for final decisions making:
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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. In [5] results indicate that DFT-s-OFDM can provide negative gain in certain configurations. Mostly narrow allocations seem to benefit from PTRS while larger allocations might see no advantage or even negative effects.
It seems that there exists no optimum PTRS configuration for all configurations and phase noise profiles. Since there is a stalemate since several meeting on this topic it is proposed to collect more data to have at least a beneficial static configuration for all UEs. This could mean that (if verified by other companies) PTRS is not used or modified with certain DFT-s-OFDM configurations. So, it is proposed to further evaluate the gain of PTRS with certain DFT-s and CP-OFDM configurations. EVM budget is quite tight for 256QAM so that this evaluation effort should be justified.
Observation 1: Previous analysis on PTRS performance found that the gain is dependent on the device specific phase noise profile. Other results indicate that DFT-s-OFDM can provide negative gain in certain configurations. Mostly narrow allocations seem to benefit from PTRS while larger allocations might see no advantage or even negative effects.
Proposal 1: In case use of UE PTRS density recommendation is not agreeable it is proposed to further evaluate the gain of PTRS with certain DFT-s and CP-OFDM configurations. Then specify PTRS several density configurations with respect to DFT-s and CP-OFDM allocations so that the expected gains are positive for the considered PN profiles. EVM budget is quite tight for 256QAM so that this evaluation effort should be justified.
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: 
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In [4] we proposed to use the stablished -1dB/dB relation and add a 1.2dB correction factor. For lower order modulations the EVM budget is high so that the allowance is governed by power amplifier non-linearity and Tx chain distortions. To comply with the considerably tighter EVM budget for 256QAM the power amplifier needs to back-off and linearity is increased. With a reduced influence of power amplifier on the total budget other factors such as thermal and DAC noise start to play a role. This is not included in the -1dB/dB scaling. Therefore, a correction factor was proposed for PC3 to account for the additional factors. The consideration is that such a correction factor might be needed for other power classes as well but could be lower due to different hardware capability.
Observation 2: For lower order modulations the EVM budget is high so that the allowance is governed by power amplifier non-linearity and Tx chain distortions. To comply with the considerably tighter EVM budget for 256QAM the power amplifier needs to back-off and linearity is increased. With reduced influence of power amplifier on the total budget other factors such as thermal and DAC noise start to play a role. This is not included in the -1dB/dB scaling.
Proposal 2: 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. 

2.3 MPR and Dynamic Range
During the discussion on potential MPR values for 256QAM it was quickly identified that some power classes and bands might end up with low dynamic range. This section provides an estimation for dynamic range by deploying the Min peak EIRP and subtracting the minimum EIRP requirements for EVM test. The result is provided in Table 1. 
The values in Table 1 are 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 might 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 is to confine the MPR values for 256QAM. Confining MPR is controversial therefore RAN4 considered to first focus on MPR simulations before agreeing further steps. RAN4 agreed the following:
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Simply capping MPR/A-MPR to a certain level without technical justification is not part of any RAN4 approach. Hence, it was proposed that advanced UE implementation technologies might be included in the analysis (according to Issue 2-1-4 in [5]). 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.
Observation 3: 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.

3  Conclusions
This contribution discusses the EVM budget and breakdown for FR2 256QAM. The following observation and proposal are made:
Observation 1: Previous analysis on PTRS performance found that the gain is dependent on the device specific phase noise profile. Other results indicate that DFT-s-OFDM can provide negative gain in certain configurations. Mostly narrow allocations seem to benefit from PTRS while larger allocations might see no advantage or even negative effects.
Proposal 1: In case use of UE PTRS density recommendation is not agreeable it is proposed to further evaluate the gain of PTRS with certain DFT-s and CP-OFDM configurations. Then specify PTRS several density configurations with respect to DFT-s and CP-OFDM allocations so that the expected gains are positive for the considered PN profiles. EVM budget is quite tight for 256QAM so that this evaluation effort should be justified.
Observation 2: For lower order modulations the EVM budget is high so that the allowance is governed by power amplifier non-linearity and Tx chain distortions. To comply with the considerably tighter EVM budget for 256QAM the power amplifier needs to back-off and linearity is increased. With reduced influence of power amplifier on the total budget other factors such as thermal and DAC noise start to play a role. This is not included in the -1dB/dB scaling.
Proposal 2: 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. 
Observation 3: 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.
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Issue 2-1 The minimum EIRP requirements for EVM test

® Down sclect from Option 1 and Option 2 in next meeting.

* Option 1: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 14 dB based on the
difference between the SNR of 256QAM (29.1dB) and the SNR of QPSK(15.1dB).

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

* Option 2: Use a “-1dB/dB” relation to calculate the minimum EIRP requirement for 256QAM and consider 1dB
correction factor.

Parameter Unit PC1 PC2 PC5
UE EIRP dBm >4 >-13 >-6
UE EIRP for UL 256 QAM dBm >19.5 225 295
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Issue 1-2-1 How to define MRP for UL 2560AM

W First focus on the MPR simulation.
® If the MPR values are too big to accept, further discuss other methods like confined MRP or improved other EVM
budget parameters (PA, IQ imbalance,
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Issue 2-2-1: PTRS configuration for EVM test

B 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.

Issue 2-2-2: the PTRS configuration for MPR requirement

B 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.




