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1 Introduction

In [1] simulation results with IRC receiver had shown with the purpose of mitigating the Tx EVM as correlated noise. And the way forward of evaluation of Tx EVM impact is agreed in [1] with test configurations as following.

· Test configuration
· SNR = [0 : 2 : 40]
· 4Tx (4 CRS ports), 4Rx AP
· TM3
· 10MHz
· EVA5 low, EPA5 low
· RV = {0,1,2,3}
· PDSCH transmission scheduled in SF 1,2,3,4,6,7,8,9.
· Follow CQI
· Option 1: With OLLA
· Option 2: Without OLLA (outer loop link adaptation)
· Rank options
· Option 1: Fixed rank 2
· Option 2: Fixed rank 3
· Option 3: Fixed rank 4
· Option 4 Follow rank among {1, 2, 3, 4}
· CQI table (MCS for follow CQI)
· Option 1: Not-supporting 256QAM (Up to 64QAM)
· Option 2: Supporting 256QAM (Up to 256QAM)
· Practical front-end model 
· Rx EVM= 3%, 2%
· Other Rx EVM numbers are not precluded
· Tx EVM numbers to be evaluated
· Tx EVM= 3%, 3.5%, 6%, 8%
· Other Tx EVM numbers are not precluded
· Receiver type
· Option 1: MMSE-IRC
· Option 2: MMSE-MRC
In this contribution we provide further results of different Tx and Rx EVM with MMSE-IRC and MMSE-MRC receivers according to the agreed way forward.
2 Simulation results
The Tx EVM is taken as an AWGN noise added for each Tx antenna and from UE side all the Rx antennas are receiving the signalling transmitted from the same Tx antenna at the same time so the Tx EVM can be viewed as a correlated noised from UE side so by using MMSE-IRC receiver such correlated noise can be mitigated together with other inter-cell interference.
From Figure 1~16 show the link level results using 64QAM and 256QAM with follow CQI and without OLLA with MMSE-MRC and MMSE-IRC receivers and fixed rank 2, 3, 4 and follow rank with EVA5 and EPA5. From Figure 17~32 show the link level results using 64QAM and 256QAM with follow CQI and with OLLA with MMSE-MRC and MMSE-IRC receivers and fixed rank 2, 3, 4 and follow rank with EVA5 and EPA5 with low correlation.  
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 1 EVA5, LA, Fixed Rank 2, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 2 EVA5, LA, Fixed Rank 3, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 3 EVA5, LA, Fixed Rank 4, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 4 EVA5, LA, Follow rank, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 5 EVA5, LA, Fixed Rank 2, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 6 EVA5, LA, Fixed Rank 3, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 7 EVA5, LA, Fixed Rank 4, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 8 EVA5, LA, Follow rank, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 9 EPA5, LA, Fixed Rank 2, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 10 EPA5, LA, Fixed Rank 3, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 11 EPA5, LA, Fixed Rank 4, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 12 EPA5, LA, Follow rank, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 13 EPA5, LA, Fixed Rank 2, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 14 EPA5, LA, Fixed Rank 3, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 15 EPA5, LA, Fixed Rank 4, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 16 EPA5, LA, Follow rank, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 17 EVA5, OLLA, Fixed Rank 2, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 18 EVA5, OLLA, Fixed Rank 3, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 19 EVA5, OLLA, Fixed Rank 4, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 20 EVA5, OLLA, Follow rank, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 21 EVA5, OLLA, Fixed Rank 2, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 22 EVA5, OLLA, Fixed Rank 3, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 23 EVA5, OLLA, Fixed Rank 4, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 24 EVA5, OLLA, Follow rank, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 25 EPA5, OLLA, Fixed Rank 2, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 26 EPA5, OLLA, Fixed Rank 3, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 27 EPA5, OLLA, Fixed Rank 4, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 28 EPA5, OLLA, Follow rank, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 29 EPA5, OLLA, Fixed Rank 2, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 30 EPA5, OLLA, Fixed Rank 3, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 31 EPA5, OLLA, Fixed Rank 4, 256QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 32 EPA5, OLLA, Follow rank, 256QAM with MMSE-MRC and MMSE-IRC receivers

Besides the low correlation condition the new medium correlation defined in [4] is also taken as a more practical condition for MIMO operation. Figure 33~38 we also provide simulation results with EVA new medium correlation channel with follow CQI in 64QAM and 256QAM with MMSE-IRC and MMSE-MRC receivers.
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 33 EVA5 new medium, LA, Fixed Rank 2, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 34 EVA5 new medium, LA, Fixed Rank 3, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(a) Rx EVM 2%












(b) Rx EVM 3%
Figure 35 EVA5 new medium, LA, Follow rank, 64QAM with MMSE-MRC and MMSE-IRC receivers
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(b) Rx EVM 3%
Figure 36 EVA5 new medium, LA, Fixed Rank 2, 256QAM with MMSE-MRC and MMSE-IRC receivers
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Figure 37 EVA5 new medium, LA, Fixed Rank 3, 256QAM with MMSE-MRC and MMSE-IRC receivers
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Figure 38 EVA5 new medium, LA, Follow rank, 256QAM with MMSE-MRC and MMSE-IRC receivers

From the results above it can further confirm 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. Also it can be seen with 256QAM if Tx EVM is 3% as the existing simulation assumption even with MMSE-MRC receiver there is no obvious performance loss with any higher rank >2 compared to the ideal Tx EVM case. So it should be sufficient enough to keep the existing simulation assumptions for all UE demodulation and CSI tests, e.g. 6% for QPSK, 16QAM, 64QAM and 3% for 256QAM.
Observation 1: MMSE-IRC receiver can dramatically improve the throughput performance by mitigating the Tx EVM as correlated noise up to 6% compared to MMSE-MRC receiver with higher rank>2 operation for both 64QAM and 256QAM under all evaluated conditions.
Observation 2: With 256QAM if Tx EVM is 3% as the existing simulation assumption even with MMSE-MRC receiver there is no obvious performance loss with any higher rank >2 compared to the ideal Tx EVM case.

Proposal 1: Take MMSE-IRC receiver as baseline receiver which is specified since Rel-11, in order to mitigate the impact from Tx EVM for higher layer higher layer > 2 MIMO operation.
Proposal 2: Keep 6% for 64QAM and 3% for 256QAM as the simulation assumptions for higher layer higher layer > 2 MIMO operation.
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.

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 1 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 3: All RAN4 UE performance tests are specified with assumption of 6% Tx EVM for QPSK, 16QAM, 64QAM and 3% for 256QAM which reflect the typical BS performance in practical network that are different than the 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 4: 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.
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 posing significant tightening the BS requirements in [3]. Also base on the existing results the current simulation assumptions as 6% for QPSK, 16QAM, 64QAM and 3% 256QAM are still valid so there is no need of tightening of BS Tx EVM.
Proposal 4: The RAN4 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].
Considering the observations from simulations above, there is no obvious rationale or benefit changing the BS TX EVM by posing a significant tightening and this should be no need to tighten the BS Tx EVM. 

Proposal 5: No need to tighten the BS Tx EVM.

Furthermore it’s been noticed it’s important to get reasonable UE implementation in order to have an efficient MMSE-IRC receiver with certain number of PRBs for noise estimation. Figure 39 shows the different performance by using 1 and 3 PRBs in frequency domain and it’s observed by assuming 3 PRBs for noise estimation in frequency domain can bring more than 3dB gain comparing to using only 1 PRB for noise estimation.
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Figure 39 Comparison of number of PRBs used for noise estimation for IRC and MRC

Proposal 6: More efficient IRC by using more PRBs in frequency domain for noise estimation is needed for mitigating Tx EVM as correlated noise.
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 Tx EVM as correlated noise up to 6% compared to MMSE-MRC receiver with higher rank>2 operation for both 64QAM and 256QAM under all evaluated conditions.

Observation 2: With 256QAM if Tx EVM is 3% as the existing simulation assumption even with MMSE-MRC receiver there is no obvious performance loss with any higher rank >2 compared to the ideal Tx EVM case. 
Observation 3: All RAN4 UE performance tests are specified with assumption of 6% Tx EVM for QPSK, 16QAM, 64QAM and 3% for 256QAM which reflect the typical BS performance in practical network that are different than the BS requirements specified in [3].

Observation 4: 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.
Proposal 1: Take MMSE-IRC receiver as baseline receiver which is specified since Rel-11, in order to mitigate the impact from Tx EVM for higher layer higher layer > 2 MIMO operation.

Proposal 2: Keep 6% for 64QAM and 3% for 256QAM as the simulation assumptions for higher layer higher layer > 2 MIMO operation.

Proposal 3: No need to have separated capability signalling for 256QAM and 4 layers MIMO.
Proposal 4: The RAN4 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: No need to tighten the BS Tx EVM.

Proposal 6: More efficient IRC by using more PRBs in frequency domain for noise estimation is needed for mitigating Tx EVM as correlated noise.
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