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1	Introduction
A work item on 256QAM DL support for frequency range 2 was agreed in [1]. The work was started in RAN4#91 where parameters for link level simulations were agreed. In this contribution initial simulation results are provided. 
2	Discussion
The work on FR2 DL 256QAM aims at enhancing the network throughput especially for scenarios with very high data rate demand and for UEs in favourable channel conditions. Being able to serve these UEs in less time also frees resources and therefore enhances also the overall network capacity.
Work item objectives in [1] include two phases, first a feasibility and performance benefit study to confirm that FR2 DL 256QAM provides gains over 64QAM and then the actual setting of requirements. In this contribution link level simulation results on performance gains of 256QAM over 64QAM are presented. Used simulation parameters have been gathered in Table 1.
Table 1: Link level simulation parameters
	Parameter ​
	Value ​

	Carrier frequency​
	29 GHz ​

	CBW​
	100MHz​

	SCS​
	60kHz​

	Allocated RBs​
	Full allocation​

	Propagation​
	TDL-D 30ns delay spread, 35Hz Doppler frequency

	MCS​
	64QAM: MCS 26, 28 in TS 38.214 Table 5.1.3.1-1
256QAM: MCS 21, 23 in TS 38.214 Table 5.1.3.1-2

	Precoding​
	Fixed precoder applying direct spatial domain multiplexing

	Symbol type ​
	CP-OFDM ​

	HARQ ​
	None ​

	Antenna configuration​
	Fading channel: 2x2 for Rank1

	Channel estimation ​
	Practical ​

	Receiver type​
	MMSE​

	PDSCH configuration​
	Type A mapping, Start symbol 1, Duration 13 (for D slots)​

	DMRS configuration​
	Type 1, Single symbol, 1 additional DMRS​

	PTRS configuration​
	KPTRS : 2 (every 2 RBs), LPTRS : 1 (every 1 symbol)​

	Phase noise model​
	TR 38.803 model (in section 6.1.10)​
modelled Phase noise for TX and RX​

	txEVM + rxEVM excluding phase noise 
	TX EVM: 3%
RX EVM: 3%



Simulation results obtained with parameters in table 1 are shown in Figure 1.
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Figure 1: Link level simulation results
In figure 1 it can be seen that the throughput with 256QAM exceeds throughput with 64QAM approximately at 28 dB SNR. 
One important aspect to be taken into account when analysing the results is the used phase noise model. As shown in Figure 2, the phase noise performance is significantly worse that what is actually achievable with reasonable silicon area and power consumption [2]. On average the phase noise model is 6.5 dB worse than performance in [2]. Therefore with realistic phase noise assumptions more gains are expected.
One should also note that it may be overly optimistic to compare 64QAM and 256QAM with the same baseline EVM on Tx side, as 64QAM EVM budget is more relaxed and this can be utilized by heavier crest factor reduction.
[image: ]
Figure 2: Comparison of the used phase noise model and published results
In addition, the results in Figure 1 are obtained using 3% Tx EVM, excluding the EVM impact from the phase noise. It should be noted the gain is observed with total EVM of the Tx chain of approximately 5.3 %, excluding the benefits from PT-RS based equalization. Further gains would be observed using EVM contribution which keeps the total EVM similar to FR1 requirement.
Based on the results and analysis the following observation is made.
Observation 1: Even with the used pessimistic phase noise and EVM assumptions throughput gains over 64QAM can be observed with 256QAM.
Observation 2: TR 38.803 config 1 PN model is too pessimistic compared to currently achievable performance. Therefore a [6.5] dB downscaling of the corresponding PN model should be considered.
3	Conclusion
In this contribution initial link level simulation results were provided. Following observation was made
Observation 1: Even with the used pessimistic phase noise and EVM assumptions throughput gains over 64QAM can be observed with 256QAM.
Observation 2: TR 38.803 config 1 PN model is too pessimistic compared to currently achievable performance. Therefore a [6.5] dB downscaling of the corresponding PN model should be considered.
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