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1 Introduction

NR physical layer design supports 256QAM for the DL/UL operation. Similar to LTE for FR1 the support of 256QAM operation is feasible at least for some bands. The feasibility of 256QAM in application to FR2 requires additional studies. In the previous RAN4 meeting 256QAM BS TX EVM requirements for FR2 were discussed [1]. No agreements on the feasibility of the 256QAM for FR2 and associated EVM requirements were reached. In this paper we provide our views on 256QAM performance in FR2.
2 Discussion

It is well known that the performance of high-order modulations (256QAM, 1024QAM) is limited by the RF impairments and depends on the achievable TX/RX EVM at both BS and UE sides. For FR2, one of the key factors which has impact on the TX and RX EVM quality is phase noise.

The phase noise impairments are frequency dependent in accordance to 3GPP studies “PN could increase by 6 dB every time when f0 doubles” [2]. Therefore, the impact on the FR2 is much higher comparing to FR1. In Figure 1 we illustrate the phase noise PSD for different frequencies for the phase noise model provided in the 3GPP TR 38.803 [2]. 
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Figure 1. Phase noise models (TR 38.803 [2])
Phase noise has negative impact on both TX and RX signal quality and in general leads to two main effects: 1) Common phase error (CPE) and 2) Inter-carrier interference (ICI). Phase noise impacts on the 16QAM signal constellation are illustrated in Figure 2. 
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Figure 2. Phase noise impact on signals
The CPE impacts can be compensated at the RX side based using the special phase tracking reference signals (PTRS) introduced in NR. In Figure 3 we illustrate an example of the phase noise PSD before and after ideal common phase error compensation for the PN model in [1]. It may be observed that after the compensation the residual components are still present in the signal and would result in non-negligible TX/RX EVM. In Table 1 we provide the estimates of the EVM after CPE compensation for model [1]. 
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Figure 3. Phase noise PSD before and after CPE compensation

	Phase noise model [1]
	EVM after CPE compensation

	29 GHz
	3.6 %

	45 GHz
	6.6 %


Under assumption that the CPE impacts can be compensated using the PTRS, the residual ICI would be the key factor, which would limit the demodulation performance for 256QAM. Below, we provide the link level simulation results with the performance comparison of 64QAM and 256QAM in the mmWave scenarios. The analysis is done with the purpose to illustrate the performance under practical RF impairments conditions. In particular, the following simulation assumptions are used:

· Carrier frequency: 29 GHz and 45 GHz

· RF impairments:

· Scenario #1: No RF impairments (i.e. TX/RX EVM = 0%)
· Scenario #2: 2% TX/RX EVM + TX/RX Phase noise (i.e. it is assumed that EVM consists of constant 2% part + Phase noise)
· Phase noise model: TR 38.803 6.1.10
· 50 MHz CBW and 60kHz SCS
· Number of allocated PRBs: 66 PRBs

· Adaptive MCS and MIMO rank (rank 1/2) selection
· 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)
· Propagation conditions: 
· TDL-A, 30 ns delay spread, UE speed 5 km/h; 

· TDL-D, 30 ns delay spread, UE speed 5 km/h; 

· 2x2 Low MIMO correlation
· DMRS configuration: Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 2 (i.e. 3 DMRS symbols per slot)
· High density PTRS: KPTRS = 2 (every 2nd RB), LPTRS = 1 (each OFDM symbol)

· Receiver: 

· Practical channel, noise estimation.

· Ideal phase noise CPE compensation
	Carrier frequency 29 GHz
	Carrier frequency 45 GHz
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	Figure 2. Link level results comparison of 64QAM and 256QAM


Observations:

· No TX/RX RF impairments: 

· 256QAM provides performance improvement over 64QAM in the high SNR region only ( > 28 dB)
· Practical TX/RX RF impairments assumptions:

· 256QAM is more sensitive to the RF impairments comparing to the 64QAM

· 256QAM transmissions cannot achieve the peak throughput under practical EVM assumptions for both 29GHz and 45GHz carrier frequencies
· 64QAM transmissions cannot achieve the peak throughput under practical EVM assumptions for 45GHz carrier frequencies
· The 256QAM performance depends on the carrier frequency

· For 29GHz carrier frequencies 256QAM has almost same performance as 64QAM 

· For 45GHz carrier frequencies, 256QAM performance is worse than 64QAM.
Therefore, it may be observed that 256QAM does not provide substantial benefits over 64QAM for FR2 and assuming the impact on the UE implementation complexity benefits it is recommended that 256QAM support is not introduced in Rel-15 in application to FR2 DL and UL.

3 Conclusion

In this paper we provide our views on 256QAM performance in FR2. In summary, we make the following observations and proposals:
Observations:

· No TX/RX RF impairments: 

· 256QAM provides performance improvement over 64QAM in the high SNR region only ( > 28 dB)
· Practical TX/RX RF impairments assumptions:

· 256QAM is more sensitive to the RF impairments comparing to the 64QAM

· 256QAM transmissions cannot achieve the peak throughput under practical EVM assumptions for both 29GHz and 45GHz carrier frequencies
· 64QAM transmissions cannot achieve the peak throughput under practical EVM assumptions for 45GHz carrier frequencies
· The 256QAM performance depends on the carrier frequency

· For 29GHz carrier frequencies 256QAM has almost same performance as 64QAM 

· For 45GHz carrier frequencies, 256QAM performance is worse than 64QAM.
Proposal #1:
Do not introduce 256QAM DL/UL support for FR2.
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