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1. Introduction
RAN4 has been discussing UE RF and performance requirements for 4 Rx UE for several meeting cycles under the 4Rx work item [1]. A 4 Rx UE can significantly improve the user experience and the downlink system capacity of existing networks by enhancing rank 1/2 PDSCH demodulation performance. If the eNB and UE both support 4 layer MIMO transmission, a 4 Rx UE can have an even higher peak throughput and thus boost system capacity. In order to guarantee these gains, besides defining UE receiver performance requirements, it is essential to guarantee that the eNB transmit signal quality (EVM) is not a limiting factor.
In this contribution, we analyse the impact of Tx EVM on 4 layer MIMO transmission and provide our view on Tx EVM requirement for 4 layer MIMO. This issues was raised during RAN4#77 in [2] and a WF to study the issue was presented in [3] but no conclusion was reached, one of the reasons invoked was that the eNB Tx EVM requirement was not in the WI scope. 
2. Discussion
The impact of eNB Tx EVM on throughput performance was analyzed through simulations. The detailed analysis is shown below.
2.1. Simulation assumptions
In our study, we evaluated the effect of Tx EVM on PDSCH throughput performance for fixed rank 2, rank 3 and rank 4 MIMO transmission. For the UE receiver impairment, IQ mismatch is modeled in the simulation as most dominant RF impairment. For 64QAM, RSB (residual sideband) level of 30dB and 33dB is assumed in the simulation. For 256QAM, RSB level of 36dB and 40dB is assumed. For UE receiver, LMMSE receiver is used with practical channel and noise estimation. Both 64QAM and 256QAM was evaluated in the simulation study. Table 1 summarizes the simulation assumptions. Note that the simulation was run with link adaptation wherein MCS is selected according to wideband CQI feedback from UE. OLLA (outer loop link adaptation) is enabled in the simulation to remove the impact of CQI misalignment. 
Table 1 Simulation Assumptions
	Parameters
	Value

	Channel bandwidth
	10MHz

	Duplex mode
	FDD

	PDSCH transmission mode
	TM3

	RB Allocation
	Full 50RBs

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

	Antenna configuration
	4x4

	CP type
	Normal

	CFI
	2

	Channel/Doppler
	EVA5L

	Channel Estimation
	Practical

	modulation
	Up to 64QAM

Up to 256QAM

	rank
	Fixed rank 2

Fixed rank 3

Fixed rank 4

	MCS
	based WB CQI feedback

OLLA enabled

	Tx EVM
	2%, 3%, 4%, 6%

	Rx IQ mismatch (RSB)
	30/33 dB for 64QAM

36/40 dB for 256QAM


2.2. Simulation results

Figures 1 and 2 show the 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, even 6% Tx EVM has negligible effect on PDSCH throughput performance. 

· For rank 2 transmission with 256QAM, 4% Tx EVM induces noticeable performance degradation while performance degradation is negligible with 3% EVM. Note that the RAN4 specified Tx EVM requirement for 256QM up to rank 2 transmission is 3.5%. 

· For rank 3 transmission with 64QAM, 4% Tx EVM is sufficient to guarantee good performance. However, for rank 4 transmission with 64QAM, we can observe significant performance degradation with 4% EVM. Note that effect of Tx EVM on PDSCH throughput for 64QAM rank 4 is similar to that for 256QAM rank 2. 

· For rank 3 transmission with 256QAM, Tx EVM should be at least 3% to achieve reasonable performance. For rank 4 transmission with 256QAM, peak throughput cannot be achieved even with 2% EVM. 
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(a) RSB 30dB
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(b) RSB 33dB
Figure 1. 64QAM performance
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(a) RSB 36dB
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(b) RSB 40dB
Figure 2. 256QAM performance
From the simulation results, it is obvious that performance enhancement target for 4 layer MIMO with 256QAM is significantly higher than that for 4 layer MIMO with 64QAM. It would not be straightforward to assume that eNB/UE can support 4 layer MIMO transmission with 256QAM when eNB/UE support 256QAM and 4 layer MIMO transmission. We believe it should be further discussed whether an additional capability for 256QAM support for 4 layer MIMO separately from existing 256QAM capability should be introduced. In this case the existing 256QAM would be applicable up to 2 layer MIMO transmission. 

The current eNB Tx EVM requirements specified in TS 36.104 are shown below for convenience. Based on the analysis presented in this paper, the current requirements are not enough to guarantee the performance of 4 layer transmission for higher order modulation. If meaningful Tx EVM requirements for base stations are not specified, the 4 layer MIMO feature will have limited use.
Table 2. EVM requirements

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %


Based on the observations above, we believe RAN4 should study and specify eNB Tx EVM requirements for 4 layer MIMO with higher order modulations.
Proposal: RAN4 to study the eNB Tx EVM requirements for 4 layer MIMO transmissions with higher order modulations.

This could be done by modifying and extending the 4Rx work item or under TEI since the scope is rather limited and straightforward.
3. Conclusions

In this paper we analyzed the impact of eNB Tx EVM on 4 layer MIMO transmissions with higher order modulation. Based on our analysis, the eNB Tx EVM requirements have to be tightened for this feature to be useful. As such, we propose that RAN4 further studies this issue and defines appropriate requirements. 
Proposal: RAN4 to study the eNB Tx EVM requirements for 4 layer MIMO transmissions with higher order modulations.

This could be done by modifying and extending the 4Rx work item or under TEI since the scope is rather limited and straightforward.
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