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1 Introduction

The BS Tx EVM issue was brought up in both RAN4#77 and RAN#70 from [1] and [2] when higher rank >2 is considered together with 4Rx. In this contribution we provide our view and simulation results when it comes to impact of Tx EVM to UE demodulation tests.
2 Disucssion
The Tx EVM is taken as an AWGN noise added for each Tx antenna as a colored noised so from UE side by using MMSE-IRC receiver such colored noise can be mitigated together with other inter-cell interference.
From Figure 1 the link level results using 64QAM follow CQI are shown with Tx EVM 3% and 6% with MMSE-MRC and MMSE-IRC receivers with fixed rank 3 and rank 4. Figure 2 shows throughputs with both follow CQI and follow rank with 64QAM and 256QAM. 

From the results it can prove by using MMSE- IRC receiver the throughput performance is dramatically improved with condition of Tx EVM as 6% for any higher rank >2 with both 64QAM and 256QAM.
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Figure 1 Link level results with 64QAM follow CQI with MMSE-MRC and MMSE-IRC receivers
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Figure 2 Link level results with follow CQI and follow rank with MMSE-MRC and MMSE-IRC receivers

Table 1 System level simulation parameter list
	Paramteter
	(3GPP case 1)

	Deployment
	Hexgrid, 19 sites, trisector

	Band
	2 Ghz

	System BW
	10 MHz

	Antenna configuration 
	4x4

	BS Height
	32 m

	ISD
	500 m

	Pathloss Model 
	Hata

	BS output power
	40 W

	Outdoor users
	100%

	Traffic
	Equal buffer, Offered cell load varied from 1 Mbps to 12 Mbps

	UE receiver
	IRC or MRC
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Figure 3 System level results with Tx EVM 2%, 3%, 4%, 6%, 8% with MMSE-MRC receiver
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Figure 4 System level results with Tx EVM 2%, 3%, 4%, 6%, 8% with MMSE-IRC receiver
Furthermore Figure 3 and 4 show the system level results based on parameters listed in Table 1 with MMSE-MRC and MMSE-IRC receivers. It can be seen there is no obvious difference between different Tx EVM numbers 2%, 3%, 4%, 6% when it comes to different percentile of system throughput when MMSE-IRC is applied from UE side compared to MMSE-MRC.

Observation 1: MMSE- IRC receiver can dramatically improve the throughput performance by mitigating the colored noise from Tx EVM up to 8% for both link and system level and system level results show limited impact of Tx EVM when MMSE-IRC receiver is applied.

Proposal 1: Take MMSE-IRC receiver as baseline receiver in order to mitigate the impact from Tx EVM.
Proposal 2: Keep 6% for 64QAM and 3% for 256QAM as the simulation assumptions for higher rank when MMSE-IRC is applied.

With such observations above it’s justified to keep the existing Tx EVM assumptions for UE demodulation tests so there is no need for any separated capability signalling for 256QAM with 4 layers MIMO to combine the features to limit the user scenarios.

Proposal 3: No need to have separated capability signalling for 256QAM and 4 layers MIMO.

Also one important aspect to impact the performance results related to this study is Rx EVM. The results from [2] are based on the assumption of Rx EVM as 30dB and 33dB for 64QAM and 36dB and 40dB for 256QAM. The numbers used for 64QAM are more taken as practical Rx EVM from UE Rx implementation point of view, regardless of the modulation order. So for any further evaluation on this issue a practical Rx EVM should be assumed as 30~33dB for any modulation orders.

Proposal 4: Practical Rx EVM as 30~33dB should be considered for the any further evaluation of Tx EVM for both 64QAM and 256QAM with higher ranks >2.

By looking back all the RAN4 requirements on UE demodulation and CSI performance there is no such link between BS Tx EVM requirements and performance assumtions of Tx EVM. As shown in Table 1 from RAN4 UE performance point of view the BS requirements from 36.104 were never taken as UE demodulation assumption.
Table 2 BS Tx EVM requirements and assumption for UE performance tests

	
	BS requirements in [3]
	UE demodulation assumption of Tx EVM for requirements defined in [4]

	QPSK
	17.5%
	6%

	16QAM
	12.5%
	6%

	64QAM
	8%
	6%

	256QAM
	3.5%
	3%


Observation 2: All RAN4 UE performance tests are specified with assumption of 6% Tx EVM for QPSK, 16QAM, 64QAM and 3% for 256QAM which are different than BS requirements specified in [3].

The reason of having different Tx EVM as simulation assumption for UE performance tests is the UE demodulation tests are focusing on verifying the performance on UE side where the Tx EVM is simply modelled as 6% for QPSK, 16QAM and 64QAM and 3% for 256QAM in order to reflect a practical scenario, instead of assuming the worst condition of BS Tx EVM implementation to limit the UE throughput under the assumed condition.

Observation 3: UE performance tests are with purpose of verifying UE implementation under the assumed condition of Tx EVM instead of the worst number from BS Tx EVM.
Also from test equipment pont of view as the LS sent in [5] from RAN4 to RAN5 it’s only important to make sure proper number assumed in the RAN4 simulation assumption is properly modelled in the test equipment from RAN4 test procedure but not with the purpose to tighten the BS Tx EVM number.

Observation 4: The Tx EVM is only modelled in test equipment from RAN5 test procedure following RAN4 recommendation as send in LS from [5].

From above observations the Tx EVM study should focus on the UE simulation assumptions to ensure proper UE performance can be maintained with proper Tx EVM assumption, instead of tightening the BS requirements in [3].

Proposal 5: Tx EVM study should focus on the UE simulation assumptions to ensure proper UE performance can be maintained with proper Tx EVM assumption, instead of tightening the BS requirements in [3].

3 Conclusion

This contribution provides analysis and results for Tx EVM evaluation with observations and proposals as the following.
Observation 1: MMSE- IRC receiver can dramatically improve the throughput performance by mitigating the colored noise from Tx EVM up to 8% for both link and system level and system level results show limited impact of Tx EVM when MMSE-IRC receiver is applied.

Observation 2: All RAN4 UE performance tests are specified with assumption of 6% Tx EVM for QPSK, 16QAM, 64QAM and 3% for 256QAM which are different than BS requirements specified in [3].

Observation 3: UE performance tests are with purpose of verifying UE implementation under the assumed condition of Tx EVM instead of the worst number from BS Tx EVM.
Observation 4: The Tx EVM is only modelled in test equipment from RAN5 test procedure following RAN4 recommendation as send in LS from [5].

Proposal 1: Take MMSE-IRC receiver as baseline receiver in order to mitigate the impact from Tx EVM.
Proposal 2: Keep 6% for 64QAM and 3% for 256QAM as the simulation assumptions for higher rank when MMSE-IRC is applied.

Proposal 3: No need to have separated capability signalling for 256QAM and 4 layers MIMO.

Proposal 4: Practical Rx EVM as 30~33dB should be considered for the any further evaluation of Tx EVM for both 64QAM and 256QAM with higher ranks >2.

Proposal 5: Tx EVM study should focus on the UE simulation assumptions to ensure proper UE performance can be maintained with proper Tx EVM assumption, instead of tightening the BS requirements in [3].
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