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1 Introduction
In the RAN#88bis link-level simulation assumptions were agreed for evaluation of 1024QAM. In this contribution we provide initial evaluation results for 1024QAM under practical Tx/Rx impairments.
2 Discussion
Simulation assumptions
Simulation assumptions used for evaluations are summarized in Table 1. For evaluations, channel models with delay spread of 10ns was used. DM-RS based transmission scheme with random precoding for 1 and 2 MIMO layers was considered. Channel estimation errors and Tx/Rx EVM were modelled.
Table 1: Parameters of link level evaluations
	Channel model 
	TDL-A with delay spread of {10, 100}ns

	Doppler 
	5Hz

	Resource allocation
	8 PRBs

	Tx / Rx EVM, %
	{0,0}, {3,0}, {3,1.5}, {3,3} 

	Number of Tx/Rx antennas 
	2Tx/2Rx 

	Transmission modes 
	TM9/10, 1 and 2 MIMO layers, Random PMI

	Modulation mapping 
	Gray mapping

	Link adaptation scheme 
	Fixed MCS

	Channel estimation 
	Realistic 

	Antenna correlation (Tx and Rx) 
	Low 


The results of link level simulations are provided for fixed MCS supporting 256QAM and 1024QAM. The parameters of the MCS (TBS, coding rate) are summarized in Table 2, where coding rates within range of 0.75 – 0.92 were selected for 256QAM and 1024QAM. 
Table 2: Parameters of MCS

	MCS
	Modulation
	TBS
	Coding rate

	1
	256QAM
	6456
	0.7642

	2
	256QAM
	6968
	0.8248

	3
	256QAM
	7480
	0.8854

	4
	256QAM
	7736
	0.9157

	5
	1024QAM
	7992
	0.7568

	6
	1024QAM
	8760
	0.8295

	7
	1024QAM
	9144
	0.8659

	8
	1024QAM
	9526
	0.9021


Note that for the maximum 1024QAM MCS with coding rate of 0.9, the peak spectral efficiency (considering reference signal, control channel and CP overhead) is equal to 6.6 bps/Hz for 1 MIMO layer and 12.2 bps/Hz for 2 MIMO layers.
Evaluation results
Figure 1 shows the performance of 256QAM and 1024QAM MCS for DM-RS based transmission scheme with 1 MIMO layer. The results are provided for Tx/Rx EVMs of {0,0}%, {3,0}%, {3,1.5}%, {3,3}%. It can be seen that 1024QAM can provide performance improvement for very high SNRs, however, the gains are significantly reduced, when practical (non-zero) Tx/Rx EVMs values are considered. In addition, peak spectral efficiency of 1024QAM is typically not achieved due to error floors associated with non-zero EVM.
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Figure 1: Performance of 256QAM and 1024QAM for 1 MIMO layer
Figure 2 illustrates the performance of 256QAM and 1024QAM MCS for DM-RS based transmission schemes with 2 MIMO layers and the same combinations of Tx/Rx EVMs. It can be seen that for practical Tx/Rx EVMs, MCS supporting 1024QAM doesn’t provide performance improvement over MCS supporting 256QAM. The performance loss is explain by non-zero EVM impacting the performance in high SNR region. In addition, peak spectral efficiency of 1024QAM is not achieved for the considered assumptions.
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Figure 2: Performance of 256QAM and 1024QAM for 2 MIMO layers
Based on the above results the following observations can be made:
Observations:

· 1024QAM doesn’t provide performance improvement over 256QAM when 2 MIMO layers and practical Tx/Rx EVMs of {3,1.5}% are considered
· For practical Tx/Rx EVMs the peak spectral efficiency in most of the cases is not achieved
Summary
In this contribution we provide initial link level evaluation results for 1024QAM performance under practical Tx/Rx EVM values. From the link-level result the following observations were made:

· 1024QAM doesn’t provide performance improvement over 256QAM when 2 MIMO layers and practical Tx/Rx EVMs of {3,1.5}% are considered

· For practical Tx/Rx EVMs the peak spectral efficiency in most of the cases is not achieved
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