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Introduction
In RAN1 #86 Meeting [1], it was agreed that
· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL, possibly with additional low PAPR/CM technique(s) (e.g., DFT-S-OFDM, etc.) 

At higher carrier frequencies, phase noise becomes significant and could result in unacceptable performance degradation. In this contribution, we discuss the impact of the UE receiver phase noise on the BLER performance of the CP-OFDM waveform.
Phase noise impact
This section models the effect of the phase noise at the received signal in a given OFDM symbol. The baseband signal at the receiver, after CP removal, may be written as 

   (1)

where  is the data signal,  is the channel,  is the circular convolution,  is the phase noise [2], and  is the white Gaussian noise. After the DFT, the frequency domain signal for subcarrier  can be written as

    (2)

where  denotes the DFT of the phase noise signal. The received signal can then be written as

 (3)

where the subscript N denotes modulo-N operation and  is the number of subcarriers. In Eq. (3),  is the common phase error (CPE) that multiplies all subcarriers, resulting in a rotation of the constellation, and the second part is the intercarrier interference (ICI) created by the phase noise. Note that  is the DFT of the phase noise at the DC carrier, so

 (4)

The CPE is different for each OFDM symbol and its rate of change depends on the exact phase noise model.

BLER performance with phase noise
The impact of the phase noise is investigated by link level simulations. The simulation assumptions are provided in Table 1 in the Appendix.
In Figure 1, three curves are plotted: BLER without phase noise (PN), BLER with phase noise and no correction and BLER with phase noise and CPE correction. When the CPE is corrected, it is assumed that the estimation is perfect, i.e., the CPE is computed by using Eq. (4).
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Figure 1 Phase Noise Impact on BLER, for sub-carrier spacing of 720 kHz
From the Figure, we can see that the CPE correction brings a large gain because the CPE component gets more dominant as the subcarrier spacing gets larger. This is due to the fact that the OFDM symbol duration gets shorter with increasing subcarrier spacing, resulting in less variation of the phase noise during a given symbol. Therefore, subcarrier spacing and symbol duration have to be chosen carefully to limit the impact of the ICI.
To facilitate CPE estimation, a reference signal is required. Since the phase noise has to be estimated and corrected per OFDM symbol, the RS preferably should be transmitted every OFDM symbol as illustrated in Figure 2 and may be common to all UEs. Allocating more than one subcarrier for the reference signal would improve the accuracy of the estimation at the expense of an increased overhead.
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[bookmark: _Ref462839738]Figure 2. An example of reference signals for phase noise correction
Proposal 1: We recommend to study phase noise correction and possible introduction of a new reference signal for CPE estimation.
Summary
This contribution discussed the impact of phase noise on the OFDM waveform for 40 GHz.
Proposal 1: We recommend to study phase noise correction and possible introduction of a new reference signal for CPE estimation.
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Appendix – Simulation Assumptions
[bookmark: _Ref225007379][bookmark: _Ref225007373]Table 1 Simulation Assumptions 
	Parameters
	Value

	System bandwidth
	80 MHz

	Subcarrier spacing
	120kHz

	Subframe duration
	0.125ms

	UE velocity
	3 km/h

	Carrier Frequency 
	40 GHz

	Modulation and coding rate
	64QAM, 3/4

	Channel estimation
	Ideal

	Number of allocated PRBs
	50 PRBs

	Channel model
	Flat fading

	Channel coding scheme
	Turbo

	Receiver
	MMSE

	Phase noise model
	[2]
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