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1. Introduction
RAN4 has been discussing UE RF and performance requirements for 4 Rx UE for several meeting cycles. 4 Rx UE can significantly improve downlink system capacity of existing network deployment by enhancing rank 1/2 PDSCH demodulation performance. If eNB and UE support 4 layer MIMO transmission, 4 Rx UE can further increase peak throughput and thus boost system capacity in a way similar to introduction of 256QAM in Rel-12. In order to guarantee large capacity gain, it is essential to improve signal quality at eNB transmitter as well as UE receiver performance. 
In RAN4 #78, several companies provided simulation results to analyse the impact of Tx EVM on 4 layer MIMO transmission [1-4]. Simulation results in [1-3] indicated that there could be significant performance degradation in 4 layer MIMO throughput if existing 64QAM Tx EVM requirement of 8% is applied and thus Tx EVM for 4 layer MIMO needs to be tightened. On the other hand, analysis in [4] indicated that UE with MMSE-IRC receiver can effectively mitigate Tx EVM impairment and thus there is no need to tighten Tx EVM requirement. WF in [5] was approved to invite further analysis on whether MMSE-IRC receiver can mitigate Tx EVM. In this contribution, we provide further simulation results to investigate the impact of Tx EVM on the 4 layer MIMO demodulation performance of MMSE-IRC receiver UE. 
2. Discussion
2.1. Rx EVM and Tx EVM modeling
In WF [5], it was clarified how to model Tx EVM and Rx EVM in the link level simulation. 
· Rx EVM modeling
· Option 1: Rx EVM is modeled as IQ mismatch at each receiver chain
· Other options are not precluded and Rx EVM handling is UE implementation specific
· Tx EVM modeling
· Option 1: Tx EVM is modeled as independent AWGN noise added at each Tx antenna 
· Other options are not precluded
For Rx EVM, following IQ mismatch parameters are used in the simulation. 
· 3% Rx EVM: gain mismatch 0.2dB, phase mismatch 3.15 degree

· 2% Rx EVM: gain mismatch 0.168dB, phase mismatch 2.0 degree

For Tx EVM, AWGN noise power is determined with respect to CRS tone power. For example, for 6% Tx EVM, AWGN noise with variance 24.437dB lower than CRS tone power is added to each transmit antenna. Note that AWGN noise added at each Tx antenna are independent. This is valid assumption considering that Tx EVM noise models RF impairment in transmitter RF circuits including PA (power amplifier).
2.2. Simulation parameters

In WF [5], following simulation parameters were agreed. 

· 4x4 TM3, 10MHz system bandwidth



· EVA5L, EPA5L



· PDSCH scheduled in SF 1,2,3,4,6,7,8,9



· LA simulation with or without OLLA



· fixed rank 2, fixed rank 3, fixed rank 4, follow rank up to rank 4



· 64QAM, 256QAM



· Rx EVM = 3%, 2%



· Tx EVM = 3%, 3.5%, 6%, 8%



· receiver type : MMSE-IRC, MMSE-MRC


2.3. Simulation results

Figure 1 and 2 show PDSCH throughput with link adaptation for 64QAM and 256QAM for different rank and Tx EVM. We can observe that

· For rank 2 transmission with 64QAM, 6% Tx EVM has negligible effect on PDSCH throughput performance. With 8% Tx EVM, small performance degradation is observed between 15~22dB CINR but UE can still achieve peak throughput. 

· For rank 2 transmission with 256QAM, significant performance degradation is observed with 6% or 8% Tx EVM while performance degradation is negligible with 3% or 3.5% Tx EVM irrespective of Rx EVM. This justifies 3.5% Tx EVM requirement for 256QM that RAN4 specified in Rel-12.

· For rank 2 MIMO transmission, MMSE-IRC receiver provides negligible gain over MMSE-MRC receiver. 

· For rank 4 transmission with 64QAM, we can observe significant performance degradation with 6% and 8% Tx EVM. Note that effect of Tx EVM on PDSCH throughput for 64QAM rank 4 is very similar to that for 256QAM rank 2. 

· For rank 4 transmission with 256QAM, PDSCH throughput that can be achieved with 3% Tx EVM and 3% Rx EVM is not higher than PDSCH throughput for rank 4 64QAM. Both Tx and Rx EVM needs to be better than 3% to benefit from 256QAM 4 layer MIMO transmission. 

· For rank 4 MIMO transmission, MMSE-IRC receiver provides small throughput gain over MMSE-MRC receiver when Tx EVM is 6% or 8% in high CINR regime. However, MMSE-IRC receiver can recover only small fraction of performance degradation caused by 6% or 8% Tx EVM. 
Based on these observation, we would like to propose following. 

Proposal 1. Confirm that MMSE-IRC receiver cannot mitigate performance degradation due to Tx EVM for 4 layer MIMO transmission. 

Proposal 2. For 4 layer MIMO transmission with 64QAM, specify Tx EVM requirement at 3.5%. 

Proposal 3. For 4 layer MIMO transmission with 256QAM, study whether/how to tighten Tx EVM and UE Rx performance requirements for 4 layer MIMO with 256QAM. 
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(a) Rank 4, EPA5L channel
[image: image3.emf]-5 0 5 10 15 20 25 30 35 40

0

10

20

30

40

50

60

64QAM, rank2, EPA5L, Rx EVM 3%

SNR (dB)

PDSCH Throughput (Mbps)

 

 

Tx EVM 3.0% MMSE-IRC

Tx EVM 3.5% MMSE-IRC

Tx EVM 6.0% MMSE-IRC

Tx EVM 8.0% MMSE-IRC

Tx EVM 3.0% MMSE-MRC

Tx EVM 3.5% MMSE-MRC

Tx EVM 6.0% MMSE-MRC

Tx EVM 8.0% MMSE-MRC

[image: image4.emf]-5 0 5 10 15 20 25 30 35 40

0

10

20

30

40

50

60

64QAM, rank2, EPA5L, Rx EVM 2%

SNR (dB)

PDSCH Throughput (Mbps)

 

 

Tx EVM 3.0% MMSE-IRC

Tx EVM 3.5% MMSE-IRC

Tx EVM 6.0% MMSE-IRC

Tx EVM 8.0% MMSE-IRC

Tx EVM 3.0% MMSE-MRC

Tx EVM 3.5% MMSE-MRC

Tx EVM 6.0% MMSE-MRC

Tx EVM 8.0% MMSE-MRC


(b) Rank 2, EPA5L channel
Figure 1. 64QAM performance
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(a) Rank 4, EPA5L channel
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(b) Rank 2, EPA5L channel
Figure 2. 256QAM performance
3. Conclusions

In this contribution, we analyzed the effect of Tx EVM on 4 layer MIMO transmission with MMSE-IRC receiver and made following proposal. 

Proposal 1. Confirm that MMSE-IRC receiver cannot mitigate performance degradation due to Tx EVM for 4 layer MIMO transmission. 

Proposal 2. For 4 layer MIMO transmission with 64QAM, specify Tx EVM requirement at 3.5%. 

Proposal 3. For 4 layer MIMO transmission with 256QAM, study whether/how to tighten Tx EVM and UE Rx performance requirements for 4 layer MIMO with 256QAM. 
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