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1 Introduction

In the last RAN4 meeting, the simulation results and analysis provided by companies were captured in the TR. Initial summaries for link level simulation and conclusion for system level simulation were achieved [1][2][3].  
This contribution provides update for link level simulation results and analysis to show the throughput difference between 64QAM and 256QAM as a part of feasibility study for FR2 DL 256QAM.
2 Simulation assumptions 
Simulation assumptions captured in the TR are listed in two tables, one includes all the possible parameters considering companies’ individual potential deployment scenarios or evaluation cases, another one includes the down-selection assumptions based on the possible identified and applicable scenarios in which 256QAM is anticipated to achieve distinguishable benefit comparing to the performance for 64QAM. 
The assumptions updated in the simulation are shown as following which are down-selected based on the table 5.2.1.1-1 in the TP [1].
Table 1 Updated down-selected link level simulation assumptions
	Parameter 
	Values

	Carrier frequency
	29 GHz

	CBW
	50MHz

	SCS
	120kHz

	Allocated RBs
	(

	Propagation
	TDL-A
	(

	
	TDL-D
	(

	
	Static
	(

	MCS
	64QAM
	28

	
	256QAM
	23, 27

	Precoding
	(

	Symbol type 
	(

	HARQ 
	None  

	Antenna configuration
	Fading
	2x2 for Rank1

	
	Static
	1x2 for Rank1

	Channel estimation 
	(

	Receiver type
	(

	PDSCH configuration
	(

	DMRS configuration
	(

	PTRS configuration
	None  

	Phase noise compensation
	None  

	Phase noise model
	Option a)
	(

	
	Option b)
	

	
	Option c)
	

	
	Option d)
	

	
	Option e)
	

	txEVM + rxEVM excluding phase noise for 256QAM
	Tx+Rx: 3%, 4%

	Other parameters
	(


3 Simulation results 
As agreed in the WF [4], the key parameter of EVM is constructed of two values dependent on different kinds of distortions. One is fixed EVM which reflects the impairment by the component non-linearity attribute and the other one is derived EVM based on the phase noise of transmitter/receiver. So in our simulation, the EVM variable is defined as fixed EVM + explicit derived EVM by PN model, and then we transverse the fixed EVM in range of 1% to 5% to find if any performance benefit for 256QAM by comparing to 64 QAM. 

Figure 1-3 depict the spectrum efficiency performance by comparing 256QAM to 64QAM for TDL-A, TDL-D and AWGN channel correspondingly.

The curve with red colour represents the performance for 256QAM without PTRS.
The curve with blue colour represents the performance for 64QAM without PTRS.
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Figure1 Spectrum efficiency performance by comparing 256QAM to 64QAM for TDL-A
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Figure 2 Spectrum efficiency performance by comparing 256QAM to 64QAM for TDL-D
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Figure 3 Spectrum efficiency performance by comparing 256QAM to 64QAM for AWGN
It is worth to note that all the EVM values in the figure have included the impact due to the phase noise which will contribute the -35dBc EVM in typically. Based on the figure above, we can observe that the phase noise will cause the SE performance degradation, the higher modulation order the more severe degradation. Although the PTRS is mandatory with UE capability signalling, but it is necessary for transmitter/receiver to apply PTRS to remove the CPE, which will not only benefit for 256QAM but also for lower order modulation. On the other side, 256QAM is an optional feature for FR2, but it shall be more applicable with PTRS supporting.  
On the other side, even without PTRS which means no phase noise compensation, 256QAM still can achieve higher spectrum efficiency than 64QAM when SINR are larger than 25dB for TDL-A channel, 24dB for TDL-D channel, 20dB for AWGN channel with the total EVM is less than 4%.

4 Conclusion

In this contribution, we first down-select the assumptions based on the possible identified and applicable scenarios and then simulate by comparing the 256QAM benefit to 64QAM. It can be observed that:
Observation 1: Even without PTRS which means no phase noise compensation, 256QAM still can achieve higher spectrum efficiency than 64QAM when SINR are larger than 25dB for TDL-A channel, 24dB for TDL-D channel, 20dB for AWGN channel with the total EVM is less than 4%.
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