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1 Introduction
In the RAN4 meeting #74, the way forward on UL 64QAM RF requirements was agreed in [1]. The agreements for EVM are as follows:
· It is proposed to use [8%] EVM for UL 64QAM as basis to evaluate MPR/A-MPR requirements

· Companies can provide system simulation results to verify the system gain for the proposed EVM value in RAN4#74bis meeting
In this contribution, we will provide the link level and system level simulation results to help making the final decision on EVM value for uplink 64QAM.
2 Simulation results and discussions
Table 1 provides the link level simulation assumptions which are similar to one of the existing PUSCH demodulation performance requirements specified in 36.104 except for the reference channel.

Table 1: Parameters for PUSCH 64QAM link level simulation
	Parameter
	Value

	Maximum number of HARQ transmissions
	4

	RV sequence
	0, 2, 3, 1, 0, 2, 3, 1

	Duplex mode
	FDD

	Antenna configuration
	1x2 Low

	Propagation conditions
	EPA 5Hz

	Cyclic prefix
	Normal

	Reference channel
	16QAM: MCS#20;

64QAM: MCS#21, #22, #24, #27, #28

	EVM
	0%, 4%, 8%, 12%


Figure 1 provides the simulation results with different EVM values. It is observed that the performance losses with 4% Tx EVM are marginal for all the 64QAM MCS. When Tx EVM is 8% the performance losses for lower MCS (< MCS #27) are less than 1dB at 70%~90% relative throughput compared to the performance when Tx EVM is 0%. For MCS#27, the 8% Tx EVM will cause around 1dB performance loss, while for MCS#28 the performance loss is around 2.2dB. When EVM is 12%, the performance loss is significant for each MCS and not acceptable for the highest MCS. And especially for MCS#28, there will be an error floor from 12dB to 22dB and performance is very poor. Thus from the link level simulation results, we think that Tx EVM less than or equal to 8% would be acceptable.

· Observation 1: From the link level simulation results, 8% EVM for uplink 64QAM seems acceptable. When EVM is 8%, the performance losses for most of MCS are less than 1dB and for MCS #28 less than 2.2dB.
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Figure 1: Link level simulation results for uplink 64QAM
Table 2 provides the system simulation assumptions. Table 3 summarizes the system simulation results for 1x2 antenna configuration, and Figure 2 provides the distribution of selected MCS. Table 4 presents the system simulation results for 1x4 antenna configuration, and Figure 3 provides the distribution of selected MCS and Figure 4 gives the distribution of throughput per user. Table 5 gives the system simulation results for 1x8 antenna configuration, and Figure 5 provides the distribution of selected MCS.
In the simulation, the 8% EVM is assumed for 64QAM, 16QAM and QPSK, because it would be reasonable to assume the similar RF conditions and thus the same EVM value for all the modulation schemes when the transmitting power under open loop power control is the same. And during the simulation UE hardly transmit the signal with the maximum power. According to the link level simulation results shown in Figure 1, the performance difference between using 8%EVM and 12% EVM for MCS#20 (the highest MCS for 16QAM) would be small. So the performance gains of 64QAM over 16QAM 12.5% EVM would be similar to that over 16QAM 8% EVM, although it would be a bit underestimated.
Table 2: System level simulation assumptions

	Parameters
	values

	Scenarios
	3GPP case-1

	Deployment
	17X3 cell, 10 UE per cell

	antenna configuration
	1. 1x2 ||, 0.5 lamda
2. 1x4 ||||, 0.5 lamda

	power control parameters
	Open loop power control: alpla = 0.6, P0=-57

	simulation configuration
	500tti, 5 seeds

	Traffic model
	full buffer

	scheduling algorithm
	PF scheduling


Firstly, from the results with1x2 antenna configuration, it can be observed that 64QAM MCS are selected during about 25% time. When EVM is 0%, the performance gain of using 64QAM over only using 16QAM and QPSK is 7.63%, and when EVM is 8% the performance gain is 5.8%, which is translated to 1.70% performance loss compared to 0% EVM. The negative gain is observed when EVM is 12%.
Secondly, from the results with 1x4 antenna configuration, it can be observed that 64QAM MCS are selected for more than 50% time. When EVM is 0%, the performance gain of using 64QAM over only using 16QAM and QPSK is 17.75%, and when EVM is 8% the performance gain is 12.01%, which is translated to around 5% performance loss compared to 0% EVM (the rule of 5% performance loss is used to decide downlink EVM in Rel-8). The 5.27% gain is observed when EVM is 12% but the loss compared to 0% EVM is around 10%. 
Secondly, from the results with 1x8 antenna configuration, it can be observed that 64QAM MCS are selected for more than 70% time. When EVM is 0%, the performance gain of using 64QAM over only using 16QAM and QPSK is 40.21%, and when EVM is 8% the performance gain is 30.47%, which is translated to around 7% performance loss compared to 0% EVM. Still 20% gain can be observed when EVM is 12% but the loss compared to 0% EVM is more than 14%.

Comparing the results between 1x2 and 1x4 and 1x8, we can observe the increasing gain in the 1x4 and 1x8 scenarios. The reason is that utilization of 4Rx/8Rx at the receiver decreases the operating SNR points for 64QAM, which causes more frequently selection of 64QAM during the simulation. On the other hand, we also observe the increasing loss of 8% EVM over 0% EVM, i.e., from 1.70% to 4.87% for 1x4 and to 6.95% for 1x8. In other words, more frequently 64QAM MCS is selected, more performance loss caused by the larger EVM.
In Figure 4, it is observed that the performance with 8% EVM is in-between the 64QAM 0% EVM performance and the performance without 64QAM (8% EVM) and closer to the latter. Considering the cost and complexity to implement uplink 64QAM, 8% EVM would be a good trade-off. And the requirement of downlink transmitter EVM is 8% for 64QAM, which was thought as a feasible value for implementation.
· Observation 2: From the system level simulation results, the noticeable performance gains of using 64QAM are observed in the 1Tx/2Rx, 1Tx/4Rx and 1Tx/8Rx scenarios. The performance losses of 64QAM with 8% EVM compared to 0% EVM are 1.70%, 4.87% and 6.95% for 1Tx/2Rx, 1Tx/4Rx and 1Tx/8Rx scenarios, respectively.
· Observation 3: 8% EVM would be a good trade-off between the performance and the cost.
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Figure 2: Distribution of selected MCS for 1x2 antenna configuration
Table 3: Performance gain of 64QAM compared to 16QAM and performance loss of x% EVM compared to 0% EVM, 1x2
	
	16QAM EVM8%
	64QAM EVM0%
	64QAM EVM4%
	64QAM EVM8%
	64QAM EVM12%

	TP (Mbps/s)
	12.58
	13.54
	13.43
	13.31
	12.55

	gain over 16QAM
	-
	7.63%
	6.76%
	5.80%
	-0.24%

	loss over 0% EVM
	-
	-
	-0.81%
	-1.70%
	-7.31%
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Figure 3: Distribution of selected MCS for 1x4 antenna configuration
Table 4: Performance gain of 64QAM compared to 16QAM and performance loss of x% EVM compared to 0% EVM, 1x4
	
	16QAM EVM8%
	64QAM EVM0%
	64QAM EVM4%
	64QAM EVM8%
	64QAM EVM12%

	TP (Mbps/s)
	16.9
	19.9
	19.65
	18.93
	17.79

	gain over 16QAM
	-
	17.75%
	16.27%
	12.01%
	5.27%

	loss over 0% EVM
	-
	-
	-1.26%
	-4.87%
	-10.60%
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Figure 4: Distribution of throughput per user for 1x4 antenna configuration
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Figure 5: Distribution of selected MCS for 1x8 antenna configuration

Table 5: Performance gain of 64QAM compared to 16QAM and performance loss of x% EVM compared to 0% EVM, 1x8
	
	16QAM EVM8%
	64QAM EVM0%
	64QAM EVM4%
	64QAM EVM8%
	64QAM EVM12%

	TP (Mbps/s)
	19.1
	26.78
	26.34
	24.92
	22.984

	gain over 16QAM
	-
	40.21%
	37.91%
	30.47%
	20.34%

	loss over 0% EVM
	-
	-
	-1.64%
	-6.95%
	-14.17%


3 Conclusions
As requested in the way forward, this contribution provides the link level and system level simulation results. It is observed that

· Observation 1: From the link level simulation results, 8% EVM for uplink 64QAM seems acceptable. When EVM is 8%, the performance losses for most of MCS are less than 1dB and for MCS #28 less than 2.2dB.

· Observation 2: From the system level simulation results, the noticeable performance gains of using 64QAM are observed in the 1Tx/2Rx, 1Tx/4Rx and 1Tx/8Rx scenarios. The performance losses of 64QAM with 8% EVM compared to 0% EVM are 1.70%, 4.87% and 6.95% for 1Tx/2Rx, 1Tx/4Rx and 1Tx/8Rx scenarios, respectively.
· Observation 3: 8% EVM would be a good trade-off between the performance and the cost.
Based on observations above, we think 8% is an appropriate value to define EVM requirement for UL 64QAM.
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