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1. Introduction
In RAN1#85 meeting, it was agreed to study PN (Phase Noise) for above 6GHz NR [1]. Also, agreed is to provide link level evaluation result with the phase noise models presented in [1]. Based on the agreement, in this contribution, we show the effect of phase noise on BLER performance, and disclose potential gain of CPE (Common Phase Error) compensation.
2. Phase Noise

PN is defined as the noise arising from the short-term random fluctuation in the phase of a waveform. The PN corrupts received signal in the time domain to rotate its phase randomly, which is shown in Figure 1. Here, it can be seen that the PN changes randomly but it shows correlation between adjacent time samples, which results in CPE (Common Phase Error) and ICI (Inter Carrier Interference) to received signal in the frequency domain. Namely, CPE and ICI indicate correlation and randomness of PN in an OFDM symbol, respectively.
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Figure 1. Phase distortion due to phase noise
Figure 2 shows the effect of CPE and ICI on received constellation points without noise. It can be seen that for square ‘A’, all constellation points are rotated in 3 degree, which results from CPE. In addition, for the circle ‘B’, constellation points are randomly placed in the circle, which results from ICI.
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Figure 2. Constellation of received symbols corrupted by phase noise
In what follows, we will show the effect of CPE and the ICI due to PN on BLER performance, and potential gain of CPE compensation in the evaluation result section.
3. Evaluation Results

In this section, we adopt PN models in [1]. Also, Table 1 shows simulation setup, and all simulation results follow that unless otherwise stated.
Table 1. Simulation setup

	PN Model
	PN model 1,2,3 in [1]
	Channel Estimation
	Ideal

	Carrier Frequency
	30 GHz
	CPE Estimation
	Ideal

	Subcarrier Spacing
	60kHz
	# of Traffic RBs
	100

	Channel
	AWGN
	# of System RBs
	100


· PN effect on BLER performance
In this subsection, we show the effect of phase noise on BLER performance for different PN models in [1] and MCS levels. 
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(a) Phase noise model I
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(b) Phase noise model II
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(c) Phase noise model III

Figure 3. BLER performance according to MCS levels

Table 2. Modulation order and code rate according to each MCS level
	
	Modulation Order
	TB Size
	Total Bits
	Code Rate

	#16
	16-QAM
	30576
	52800
	0.58

	#22
	64-QAM
	46888
	79200
	0.59

	#26
	64-QAM
	61664
	79200
	0.78


Figure 3 shows BLER performance according to PN models and MCS #16, #22, and #26 whose constellation and code rate are given in Table 2. In these figure, 16-QAM shows marginal performance loss regardless of PN models. On the contrary, 64-QAM discloses noticeable performance loss where PN model I, II and III result in 0.7dB, 1.4dB and 0.6dB at BLER=1e-1 and MCS#22, respectively. In addition, the performance loss becomes larger, as code rate increases. Especially for PN model II and MCS #26, at BLER=1e-1, 5.8dB performance loss is observed. 
Observation #1: BLER performance loss due to PN is significantly severe for high MCS regardless of PN models.
Proposal #1: PN compensation should be studied for high MCS.
· Potential Gain of CPE compensation
In this subsection, we show potential gain of CPE compensation for different PN models in [1] and MCS levels.
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(a) Phase noise model I
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(b) Phase noise model II
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(c) Phase noise model III
Figure 6. Potential gain of CPE compensation according to MCS levels
Figure 6 shows BLER performance for according to PN models, and MCS #22 and MCS #26 with/without CPE compensation. Although exact enhancement of performance is different from according to PN models, BLER performance is improved by CPE compensation. Especially noticeable performance enhancement is observed when high MCS level is used.
Observation #2: CPE compensation provides noticeable performance enhancement especially for high MCS regardless of PN models. 
Proposal #2: CPE compensation should be taken into account for high MCS. 
4. Conclusion
In this contribution, we discussed the effect of phase noise on BLER performance, and potential gain of CPE (Common Phase Error) compensation for NR study. From the discussion, we observed as follows:
Observation #1: BLER performance loss due to PN is significantly severe for high MCS regardless of PN models.

Observation #2: CPE compensation provides noticeable performance enhancement especially for high MCS regardless of PN models. 
Based on the observations, we propose as follows:
Proposal #1: PN compensation should be studied for high MCS.
Proposal #2: CPE compensation should be taken into account for high MCS. 
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