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1 Background
In RAN1#101-e, a LS to RAN4 on phase noise and other RF impairment modelling [1] has been approved with the content below:
1. Overall Description:
During the discussions in RAN1 on Evaluation Methodology for the study on supporting NR from 52.6 GHz to 71 GHz, it was agreed that: 
· Phase noise (PN) modelling is necessary in the RAN1 evaluation of applicable numerology including subcarrier spacing and channel BW. Two PN models developed during the Rel-15 NR study item are provided in TR 38.803 (Ex-1 and Ex-2). 
· Modelling of the power amplifier (PA), either directly or approximately via EVM injection, and other RF impairments, such as I/Q imbalance and frequency offset, will be optionally considered in the RAN1 evaluation.

2. Actions:
To RAN WG4 group:
ACTION: 	RAN WG1 respectfully requests timely feedback from RAN WG4 on the applicability of the above modelling to NR in the 52.6 to 71 GHz frequency range. In the meantime, RAN WG1 will continue the study on the objectives with the existing models.

Regarding the phase noise (PN) model, a new model has also been proposed in RAN1#101-e for the frequency range above 52 GHz [2]. In this contribution, we share our views on the newly proposed PN model and its potential impact on the subcarrier spacing (SCS) in the frequency range above 52 GHz.
2 Discussion
Comparison of PN Models
The PN is a critical RF impairment which impacts the choice of SCS for the frequency range above 52GHz. Currently, two phase noise model examples (Ex. 1 and Ex. 2) have been presented in TR 38.803. The PN model Ex. 1 is based on a research prototype receiver designed in a 28nm FD-SOI CMOS process [3], and it has been scaled up to 45 GHz and 70 GHz as well. The PN model Ex. 2 also distinguishes the model for BS and UE, where the UE model is based on CMOS technology and the BS model is based on GaAs. In R1-2003851 [2], a new PN model is raised to provide a model that is more representative of integrated RF circuit solutions for low-cost unlicensed band and/or indoor operations. Since the new model has a mathematic form like that of PN model Ex. 1 in TR 38.803, we focus our study on those two PN models in this contribution.
The common mathematic form of the PN models from R1-2003851 and Ex. 1 in TR 38.803 is given by (1), and the involved parameters are listed in Table I and Table II. For the purpose of comparison, the power spectral densities (PSDs) of the new phase noise model and the Ex.1 in TR 38.803 model at 70 GHz are plotted in Fig. 1. It can be observed that the new phase noise model is more pessimistic than the existing ones, especially at small frequency offsets. In particular, the integrated phase noise, from 1 kHz and upwards, is much more significant for the enhanced phase noise model.

                                                                            (1)

Observation 1: the PN model proposed in R1-2003851 based on the literature review has a more significant phase noise power spectral density spectrum than the existing PN models in TR 38.803. 





Table I. Parameter for Phase noise model comparison
	Ex. 1 PN model in TR38.803

	PSD0
	8894 (39.49dB)

	n,m
	fz,n
	αz,n
	fp,m
	αp,m

	1
	3e3
	2.37
	1
	3.3

	2
	396e3
	2.7
	1.55e6
	3.3

	3
	754e6
	2.53
	30e6
	1

	PN model in R1-2003851

	PSD0
	

	n,m
	fz,n
	αz,n
	fp,m
	αp,m

	1
	1e3
	2
	1
	3

	2
	500e3
	1
	1.26e3
	2

	3
	
	2
	N/A
	N/A
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Fig. 1. A comparison of the phase noise models in TR 38.803 Ex. 1 and R1-2003851 at 70 GHz.


Effect of PN noise model on the subcarrier spacing

As can be observed in Fig. 2, phase noise has two main effects on OFDM-based wireless systems: 1) A rotation, by the same amount, of the phases of all transmitted symbols. 2) A dispersion of the transmitted symbols about the original modulation symbols, which is the result of inter-carrier interference (ICI). 

 [image: ]
Fig. 2. The impact of the phase noise model on a QPSK signal constellation. 

The phase rotations can be accounted for by channel estimation and compensated. On the other hand, the ICI plays a critical role in the selection of proper SCS, which is a vital issue that needs to be investigated for the communication systems operating above 52 GHz. Thus, we focus on the dispersion of transmitted symbols, quantized by the error vector magnitude (EVM) metric:
.

To provide an initial illustration on the impact from different PN models on the SCS in the frequency range above 52 GHz, a simplified link-level simulation (LLS) has been carried out. The setup of the LLS is illustrated in Fig. 3, where is a CP-OFDM baseband waveform and  is the phase noise (PN) generated according to the selected PN-model. 

[image: ]


Fig. 3. The setup of LLS to exam the impact of phase noise on the SCS. 

In order to isolate the impact of different PN models on the SCS, the PN noise is only added on the TX side with frequency offset from 100 Hz and above, and no other RF impairment is taken into account here. Four different SCS, namely 0.24/0.48/0.96/1.92 MHz, have been compared in this study.  In addition, a 2 GHz bandwidth is used in the LLS since such a large bandwidth could be potentially used for the unlicensed spectrum. We have also examined 500 MHz as a reference case but observed very similar performance changes due to the different PN models, and thus the results are omitted here.  Other parameters of the LLS have been listed in Table II. 

Table II. Parameters for EVM LLS with different phase noise models

	Parameters
	Values
	Parameters
	Values

	Carrier frequency
	70 GHz
	Modulation
	QAM

	Waveform
	CP-OFDM
	System bandwidth
	2 GHz

	Subcarrier spacing
	0.24/0.48/0.96/1.92 MHz
	RB allocation
	640/320/160/80

	Phase noise model, transmitter
	R1-2003851/TR38.803Ex1
	FFT size
	8192/4096/2048/1024

	Phase noise model, receiver
	Noiseless
	OFDM symbols
	1000




The simulated CDF of EVM results over 1000 iterations are shown in Fig. 3. It can be observed that the more pessimistic models from R1-2003851 has a considerable impact on the results. With such a pessimistic outcome, an enlarged SCS is likely to be needed for the higher spectrum to reduce the impact of ICI. 
Observation 2: A significant difference in terms of EVM performance can be observed with the new PN model proposed in R1-2003851 compared to Ex. 1 in TR 38.803, and an enlarged SCS would be necessary for the higher spectrum to reduce the impact from ICI in this case. 

 [image: ]                 [image: ]
(a)                                                                                                          (b)

Fig. 3. The simulated CDF of EVM over 2GHz at 70 GHz with (a) the PN Ex. 1 model from TR 38.803 and (b) the new PN model from R1-2003851.


Considering the new model is motivated by RF circuit solutions which are more suited for low-cost unlicensed band and/or indoor operations, we believe that RAN4 shall further discuss whether the new model is reasonable based upon practical transceiver architectures and sources of impairments.

Proposal 1: RAN4 can discuss whether the new phase noise model would be needed based on practical transceiver architectures and sources of impairments at frequency range from 52.6 GHz to 71 GHz.

3 Conclusions
we share our views on the newly proposed PN model and its potential impact on the subcarrier spacing (SCS) in the frequency range above 52 GHz. We have the following observations and proposals: 

[bookmark: _GoBack]Observation 1: the PN model proposed in R1-2003851 based on the literature review has a more significant phase noise power spectral density spectrum than the existing PN models in TR 38.803. 

Observation 2: A significant difference in terms of EVM performance can be observed with the new PN model proposed in R1-2003851 compared to Ex. 1 in TR 38.803, and an enlarged SCS would be necessary for the higher spectrum to reduce the impact from ICI in this case.  

Proposal 1: RAN4 can discuss whether the new phase noise model would be needed based on practical transceiver architectures and sources of impairments at frequency range from 52.6 GHz to 71 GHz.
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