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1. Introduction
For Rel-13 high data rate improvement, the 3/4 MIMO streams will be one of main pipelines to realize the effective user experiences. In RAN4 #77, RAN4 has discussed about EVM noise impacts on high MIMO layer performances [1,2]. Since the high MIMO layer performance appears susceptive to RF performance, RAN4 needs to study on the EVM impacts to the high MIMO layer usecases. In order to support the high MIMO layer usecases, cost due to UE complexity increase is high, so potential impairments in the whole system wise need to be checked if any noisy factor limits robust high layer performances. This contribution discusses about the 4-MIMO layer performance impacted by EVM noise.

2. EVM Study Motivations
EVM is a lump sum of RF impairments. For the transmitter RF impairments, the impairment impact is modeled as QAM modulation error. RX RF also causes noise due to phase jitter, DC offset, In-phase / quadrature (I/Q) imbalance and power amplifier non-linearity etc. 
For TX RF, TX EVM model is specified in chapter F.2. In 3GPP requirements. RX RF impairments are considered with SNR margin in performance requirements. Actual RF performances of market products are varied depending on design and cost for chipset market targets, accordingly we investigate 1~4% RX EVM performance in this contribution. We note that 1~2% RX EVM level seems very challenging in UE implementations. 
As RAN4 has studied TX EVM for 256QAM in Rel-12 and has adjusted TX EVM requirements for 256QAM, the high MIMO layer supports requires performance impact investigation in terms of RF impairments similarly to 256QAM cases.

2.1. Test conditions 

TX EVM model is adopted from TS36.101 F.2. It is possible to measure and model RX EVM in the receiver demodulation procedures. In technical papers, the RX EVM can be modeled in the same manner like received demodulation error as
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RX EVM is expressed as percentage with an assumption that the received power is normalized to one per a RF chain. TM4 is used for our investigations, and detail simulation conditions are given in the table below.
Table 1 : Test Condition for performance investigation depending on EVM
	Parameters
	Value

	Channel bandwidth
	10MHz

	Duplex mode
	FDD

	PDSCH transmission mode
	TM4

	RB Allocation
	Full 50RBs

	Scheduled subframes
	1,2,3,4,6,7,8,9

	Antenna configuration
	4x4

	CP type
	Normal

	CFI
	2

	Channel/Doppler
	EPA-5Hz Low

	CSIFB
	FB mode 1-1,
Fixed rank =4,
CQI adaption,
      (i)  up to 64QAM 
     (ii) up to 256QAM
PMI adaptation

	Tested TX EVM
	0% (ideal), 2.5%, 3.5% for 256QAM
0% (ideal), 3%, 6%   for 64QAM

	Tested RX EVM
	0% (ideal), 1%, 2%, 3%, 4%


2.2.     Performance impact from RF impairments
Through simulations, EVM impacts are investigated with 4 layers with 4x4 MIMO configuration. First, we investigate EVM with 64QAM. The current TX EVM requirement is 6%, which is shown inappropriate to use 4 layers as Figure 1. Although the receiver EVM is limited within 2% (green curve), performance degradation is up to 18% of out throughput measurement with ideal EVM (black-dot curve) at SNR=30dB. In the Figure-1 of 64QAM, we notice that differentiated performance impacts from EVM appear from SNR 25dB and higher, where the high layers can necessarily be used for high data rate. It is non-trivial impacts to UE performances. The 18% degradation seems quite significant to say that it vanishes the UE implementation effort paying to 4-MIMO layer implementation. 
Secondarily, TX EVM requirement for 256QAM + 4-layer has been given with TX EVM 3.5%. As shown in Figure 2, TX EVM 2.5% and 3.5% shows about 10% performance degradation with RX EVM 2% at SNR=30dB. We can see about 10% enhancement by tightening from TX EVM 3.5% to 2.5%. About tightening more 1% TX EVM requirement, we also feel that further investigation on the usecase itself may be required in RAN4; it is because the usecase in such extremely high SNR may not be defined. We observe that 1% TX EVM differences makes about SNR 2dB performance differences (red curves in 2% TX EVM and 3% TX EVM in figure 1 at 120Mbps). In the reasonable SNR range (~25dB), the gap appear smaller than that. 
Proposal 1 : In order to realize practical high MIMO layers usecases, TX EVM performance impact needs to be analyzed with 64QAM and 256QAM respectively.

Proposal 2 : For 64QAM usecases, TX EVM 6% requirement appears loosen to support high MIMO layers. TX EVM requirement needs to be revised through RAN4 study.
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Figure 1 : Performance analysis due to TX-RX EVM impacts : TM4, fixed RI=4, CL-CQI up to 64QAM, CL-PMI
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Figure 2 : Performance analysis due to TX-RX EVM impacts : TM4, fixed RI=4, CL-CQI up to 256QAM, CL-PMI

Conclusions

Based on our EVM impact study, we propose actions on TX EVM requirements as below

Proposal 1 : In order to realize practical high MIMO layers usecases, TX EVM performance impact needs to be analyzed with 64QAM and 256QAM respectively in RAN4.

Proposal 2 : For 64QAM usecases, TX EVM 6% requirement appears loosen to support high MIMO layers. TX EVM requirement needs to be revised through RAN4 study.
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