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1 Introduction
256QAM support has been discussed extensively and the agreements are reached,

Agreement: 

· Feasibility of DL 256QAM for FR2 is FFS including feasible TX and RX EVM assumptions and performance benefits

· Companies are encouraged to bring inputs on

· Performance comparison of 64QAM and 256QAM for FR2
· Focus on link-level performance comparison
· Interested companies can bring system-level evaluation results
· Feasible TX and RX EVM assumptions for 256QAM FR2

· RF implementation aspects in TX/RX such as PA efficiency aspects should also be considered towards feasibility of 256 QAM

· Timelines

· Aim to make decision on the introduction of 256QAM FR2 requirements in Rel-15 timeframe RAN4 #86 (Feb’18) 

· Note: this does not preclude introduction of 256QAM in the future in release-independent way

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

With the purpose to evaluation the due to the impact of RF impairments, we did link simulation to check the performance benefit of 256QAM. The following simulation assumptions are used.
· Carrier frequency: 29 GHz 
· CBW: 50 MHz 
· SCS: 120kHz
· Number of allocated PRBs: 32 RPBs for 120kHz SCS
· Propagation conditions: 
· CDL-D 30, UE speed 5 km/h; 

· 2x2 Low MIMO correlation 
· Rank 1
· MCS

· 64 QAM: Throughput curves envelope for MCS index Table 1 (TS 38.214 Table 5.1.3.1-1)
· 256 QAM: Throughput curves envelope for MCS index Table 2 (TS 38.214 Table 5.1.3.1-2)
· DMRS

· Type 1, no additional DMRS 
· PTRS density: KPTRS = 2 (every 2nd RB), LPTRS = 1 (each OFDM symbol)
· Other RF impairment, EVM: [0,1, 2, 3, 4] 
· Phase noise model
· BS: TR 38.803 Example 2 model for BS (section 6.1.11)

· UE: TR 38.803 Example 1 model (section 6.1.10)

· Channel estimation: LMMSE
· CPE phase noise compensation
The link lever simulation results are shown in Figure 2-1for 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, even when pessimistic RF impairment is assumed.
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Figure 2-1 spectrum efficiency comparison of 256QAM and 64QAM for CDL-D 30
Phase noise is one of the key factors on TX/RX RF impairment. Extensive studies were made during the NR study phase among RAN working groups. Table 2-1 shows the integrated power after CPE compensation. The first two are adopted in the simulation in this contribution. For the base station or device intended to support 256 QAM, the phase noise can be further improved. For example for BS, to achieve a lower phase noise level, GaAs-based design and relative higher power consumption can be assumed. Figure 2-2 shows an example of measured phase noise performance for 28 GHz which provides better than -36 dBc integrated phase noise. Furthermore, [3] includes a measured example which has even better phase noise performance. All these examples conclude that better phase noise than model used in the simulation is achievable. Another implementation aspect is PA efficiency. To support 256QAM, less non-linear distortion is required, which will increase PA power consumption. 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, e.g. LOS path UEs and WTTx applications. For mmWave, hot-spot is one of potential scenarios, where output power may not be a limiting factor.   
Table 2-1: examples of integrated phase noise from phase noise models
	Phase noise model
	integrated phase noise after CPE compensation  （dBc）(SCS=120KHz)

	Huawei_ 30G_ BS _R4-1701315 (Example 2 in TR 38.803)
	-33.99 

	Ericsson_30G _CMOS_R4-1701165 (Example1 in TR 38.803)
	-28.66 

	Nokia_30G_100K_ R4-1700725
	-28.39 

	Samsung _30G_ParaSetB _R1-163984
	-29.83 

	Docomo_30G_R1-163113
	-37.57 
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Figure 2-2: Example of measured phase noise for 28 GHz
In [2], system simulation results for BS tx EVM were provided and discussed in previous meetings. Based on the simulation results, it is proposed to define the BS tx EVM for mmWave in table 2-2.

Figure 2-3: SINR CDF and throughput loss versus BS tx EVM for 256QAM
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Table 2-2: BS Tx EVM requirement for mmWave

	Parameter
	EVM Level

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%

	256QAM
	3.5%


Based on the evaluation above, the feasibility and the benefit of support 256QAM are justified. Considering the implementation cost of 256QAM, BS manufacture should declare the capability on the supported modulation, and for UE it should be optional.
Proposal 1: DL 256QAM for FR2 is introduced in Rel-15. For UE it is optional support.
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 for 37.104. Based on the study on the feasibility and the benefit of support 256QAM, we propose,
Proposal 1: DL 256QAM for FR2 is introduced in Rel-15. For UE 256QAM support is optional.

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