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1. Introduction
In the last RAN1 meeting, an LS [1] about RF impairments for B52.6G was sent to RAN4. The overall description of this LS is as follows:
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.

Timely feedback is requested from RAN4 on the applicability of the above modelling in the frequency range 52.6GHz to 71GHz. In this contribution, RF impairments modeling for B52.6GHz are discussed.
2. Discussion
PN Phase noise in B52.6GHz
Phase noise (PN) is mainly generated by crystal oscillator and it causes deterioration of SNR and EVM at the receiving end, which leads to great number of bit errors. PN has a small impact on the low frequency bands in FR1. For FR2 frequency bands or even higher frequency range from 52.6GHz to 71GHz, the influence of PN increases significantly due to various reasons such as RF components technology and power consumption of the device. 

To evaluate the impacts of PN, the BLER performance is evaluated for two cases: without PN and with PN. It is important to study the fundamental performance of B52.6GHz system with the 2G bandwidth. Therefore, the evaluation results are provided below for the case without PN modeling.
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a) without PN modeling                               b) with PN modeling
Figure 1  link level simulation results of different SCS a) without PN modeling b) with PN modeling
In the above Figure 1a, the blue line and red line represent the SCS=480 KHz and SCS=960 KHz respectively. The circle, asterisk and square represent the QPSK modulation, 16QAM modulation and 64QAM modulation respectively. 

Figure 1a illustrates link-level simulation results for the low, medium and high SNR cases which represents the QPSK modulation, 16QAM modulation and 64QAM modulation respectively. From Figure 1a, we can observe that for different modulation methods, the performance is acceptable. 

Then, we evaluate the PN effect on the NR system operation in beyond 52.6GHz and the evaluation results are provided in Figure 1b for the case with PN modeling. Example 2 phase noise model in TR 38.803 is used in the simulation.
It can be observed from Figure 1b that for low SNR case, the PN impact is not significant for 2 GHz bandwidth cases. For medium SNR, the PN impact is significant which caused the poor BLER performance. Further for high SNR, it can be observed that with PN, the performance for 2 GHz cases is unacceptable.
The effect of PN varies with the MCS as follows:

· For low order MCS (QPSK), the effect of PN on different SCS is very small which can be ignored. 

· For high order MCS (64QAM), the PN has a great influence on all SCSs which makes the system not work without PN compensation. 

For the low MCS (e.g., QPSK), it is unnecessary to do PN compensation. For the medium and high order MCS (e.g., 16QAM and 64QAM), the necessity for PN compensation becomes urgent.

Phase noise is an important factor deciding SCS especially for the frequency range 52.6 GHz to 71 GHz. Considering updated oscillator technology, phase noise model requires specific considerations for B52.6GHz. Before further evaluation is performed in RAN1 for B52.6G, RAN4 is suggested to evaluate the PN models based on the examples given in TR38.803 and make sure whether it is suitable for B52.6GHz.
Proposal 1: Evaluate the PN models based on the examples given in TR 38.803 in RAN4 and make sure whether it is suitable for B52.6GHz.
PA modelling in B52.6GHz
Increased power capability and increased frequency capability are conflicting requirements as observed from the so-called Johnson limit [2]. In short, higher operational frequencies require smaller geometries, which subsequently result in lower operational power in order to prevent dielectric breakdown from the increased field strengths. To uphold Moore’s law, the gate geometries are constantly shrunk and hence the intrinsic power capability is reduced [3]. 

We ran some simulations about EVM VS OBO (Output Back Off) with PA model of CMOS for 60 GHz. CP-OFDM waveform and DFT-s-OFDM waveform are considered. From simulation result about 64QAM in Figure 4, we can find that OBO needs to be 10 dB and 8 dB for CP-OFDM waveform and DFT-s-OFDM waveform respectively to achieve the EVM requirements defined, and these OBO seems too high for realistic implementation.

Therefore, we can expect that the PA linear working range is smaller for high frequencies, and PAPR will be more critical for beyond 52.6 GHz than low frequencies.
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Figure 2  OBO VS EVM for QPSK signal on PA model of CMOS and 60GHz
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Figure 3  OBO VS EVM for 16QAM signal on PA model of CMOS and 60GHz
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Figure 4 OBO VS EVM for 64QAM signal on PA model of CMOS and 60GHz
OBO needs to be 10 dB and 8 dB for CP-OFDM waveform and DFT-s-OFDM waveform respectively to achieve the EVM requirements defined, and these OBO seems too high for realistic implementation.
These simulations are performed by 60GHz PA model, which is referenced with IEEE 802.11ay [4]. It is suggested to use the 60GHz CMOS PA model as a baseline and develop a PA model for B52.6G.
Proposal 2: PA model of CMOS for 60GHz IEEE 802.11ad can be used as baseline for B52.6GHz.
I/Q imbalance in B52.6GHz

I/Q imbalance means the gain and phase imbalance between I and Q branches caused by the analog component imperfection in the direct-conversion architecture which is applied in TX side and RX side widely. 
In FR1, requirements for IQ image are defined as Table 1:
Table 1. IQ image requirements in FR1
	Parameter description
	Unit
	Limit 

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm

	
	
	-25
	Image frequencies when output power ≤ 10 dBm


In FR2, requirements for IQ image for PC3 are defined as Table 2:
Table 2. IQ image requirements in FR2

	Parameter description
	Unit
	Limit (NOTE 1)

	IQ Image
	dB
	-25
	Output power > 10 dBm

	
	
	-20
	Output power ≤ 10 dBm


As the frequency increases, the RF impairments including IQ image will become worse. It can be observed that IQ requirements in FR2 are more relaxed than in FR1. It can be predicted that IQ image should be more relaxed for B52.6G than FR2. While in the IQ image model for B52.6G given by RAN1 in [5], values of -26dBc or -31dBc are used for simulation. These models for B52.6G is stricter than FR2, which is very abnormal. Therefore, it is suggested to evaluate the limits of IQ image in RAN4.
For good performance in frequencies above 52.6 GHz, the severity of RF impairments, like I/Q imbalance, need to be evaluated so that we can decide whether it is necessary to consider additional design on standard to mitigate the side effect.
Proposal 3: It is suggested to evaluate IQ image for B52.6G.
3. Conclusion
This contribution provides initial RF impairments simulation results and related analysis for B52.6GHz based on current FR2 RF impairment models. It is suggested to evaluate whether the current impairment models in FR2 are suitable for B52.6GHz. The following observations and proposals are made:
Proposal 1: Evaluate the PN models based on the examples given in TR 38.803 in RAN4 and make sure whether it is suitable for B52.6GHz.
Proposal 2: PA model of CMOS for 60GHz IEEE 802.11ad can be used as baseline for B52.6GHz.
Proposal 3: It is suggested to evaluate IQ image for B52.6G.
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