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1 Introduction
256QAM support has been discussed extensively and the agreements are reached in RAN4#86,

Agreement: 

For 256QAM in FR2, the capability signaling type is Type 1. RAN4 will continue to discuss whether to introduce the requirements.

In the contribution, we provide further analysis and view on the introduction of 256QAM requirements in Rel-15 time frame.
2 Discussion

In [4] and [5], the link level simulation results for Rank 1 and Rank 2 are provided for CDL-D 30. From the simulation results, it is shown that support 256 QAM can provide significant performance gain over 64QAM where the UE is in good propagation condition. It is also found that the performance is more sensitive to RF impairment for 256 QAM
Observation 1: Support 256QAM can provide significant performance gain over 64QAM where the UE is in good propagation condition.
The feasibility study was discussed in previous meetings [4] and [5]. In last meeting companies raised the concern on phase noise degradation and power back-off for FR2. Firstly for Phase noise, extensive studies were made during the NR study phase among RAN working groups and there is a summarize in [4]. Examples of measured phase noise performance show better than -36 dBc integrated phase noise for 28 GHz in [3] and [4]. Hence it can conclude that better phase noise than model used in the simulation is achievable for the BS and UE choose to support 256QAM. 


Figure 2-1: Example of measured phase noise for 28 GHz in [4]
Observation 2: Better phase noise than the models used in the simulation is achievable for the BS and UE choose to support 256QAM.
To support 256QAM, less non-linear distortion is required, which will increase the value of power back-off. But it is not a new issue for mmWave, sub-6GHz have the same issue. Power back-off is allowed for higher order modulation which still allows 256QAM serves for the users who are in good channel propagation conditions. For favourable channel propagation, the output power is not a limiting factor. Also, narrow beam forming in FR2 will mitigate the impact due to power back-off. We did some trial test in a real scenario. The carrier frequency is 28 GHz, with coverage of 200m, nearly 20% UE can take the advantage of 256 QAM. Hence the power back-off due to 256QAM is tolerant for the UE with favourable channel propagation. 
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Figure 2-2: Modulation orders statistics
Observation 3: the power back-off due to 256QAM is tolerant for the UE with favourable channel propagation.
To support DL 256QAM, EVM requirement should be defined for BS and maximum input level should be reviewed for UE requirement. EVM requirements study can be found in [6]. 
Based on the discussion above, since 256QAM with phase noise compensation can further improve the use experience for some deployment scenarios, e.g. WTTx and small cell, it should not be precluded from Rel-15.
Proposal 1: Define the DL 256QAM for FR2 as an optional feature in Rel-15.
In [7], system simulation results for BS tx EVM were provided and discussed in previous meetings. For modulation order QPSK, 16QAM and 64QAM, the simulation results show more stringent requirement is needed to meet the 5% throughput loss threshold, however by considering the feasibility and FR1 requirement as baseline, and also a little margin for degradation due to phase noise, it is proposed to reuse FR1 BS EVM requirement for QPSK, 16QAM, 64QAM and 256QAM modulation orders for mmWave.

Table 2-2: BS Tx EVM requirement for mmWave

	Parameter
	EVM Level

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%

	256QAM
	3.5%


Proposal 2: The EVM requirement in Table 2-2 is specified for FR2 BS.
3 Conclusion
In the contribution we provide some consideration on NR 256QAM support. Based on the study on the feasibility and the benefit of support 256QAM, we propose,
Proposal 1: Define the DL 256QAM for FR2 as an optional feature in Rel-15.

Proposal 2: The EVM requirement in Table 2-2 is specified for FR2 BS.
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