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1	Introduction 
Last meeting RAN4 discussed about the applicability of the Phase Noise model in TR 38.803 for the frequency range from 52.6 to 71 GHz. The incoming LS from RAN1 [1] asked for feedback from RAN4 on the available model developed during the Rel-15. Last meeting other models were shown in RAN4 in addition to the TR 38.803, but without reaching an agreement for the response to the LS from RAN1. 
This contribution provides further considerations on the phase noise model and shares our view on the applicability of these PN models to the frequency range from 52.6 to 71 GHz. In addition, we shortly address the topic of the EVM requirement to meet 64-QAM for this frequency range.
2	Discussion 
RAN1 incoming LS considered the Phase Noise (PN) model example from the TR 38.803, however companies suggested additional PN models considering adjustment on the parameters to model the carrier frequency increase. Below we give a brief summary of the PN models under discussion for the applicability for the frequency range from 52.6 to 71 GHz.
1. Huawei Model [2] (Model 1): The model is based on the multiple zero-pole equation as used in the TR 38.803 Example 1, but it applies a revision of the parameters, such as the PSD0 and the poles and zeros of the PN model equation. The revision of the parameters creates a new curve for the PN model, which is slightly moved to the left compared to the Example 1 in TR 38.803. 

2. Ericsson model [3] (Model 2): A comparison is given with state-of-the art published PLL PN models. On top of the average of the published PLL PN models, 5dB margin is added to compensate for the favourable conditions. The multi zero-pole equation was used, the parameters (PSD0, poles and zeros) were revised to fit the curve with the 5dB design margin.

3. Example 2 in TR 38.803 [4] (Model 3): Example 2 models the phase noise for a carrier frequency of 30 GHz for the UE and BS, this model characterises the PSD with the IEEE zero-pole model. However, the given parameters for the phase noise model have to be adjusted when considering the frequency increase. For instance, this model sets the loop BW for the UE to 187 kHz, while in general the loop filter bandwidth should be 1/10 of the PFD frequency.

It is worth noting that model 1 and 2 use the multiple zero-pole equation to represent the phase noise, while model 3 considers the zero-pole model.  This multiple zero-pole model is an extension of the IEEE model that includes additional poles and zeros to the equation. The additional poles and zeros improve the model, since they can describe other phase noise sources on top of the PLL and the oscillator.  Based on this observation, we have focused our analysis on Models 1 and 2.

Since the parameters used for the zero and pole calculation vary between the PN models, we have calculated the integrated phase noise under the curve to have a common reference point for comparison. One of the scenarios is when no PTRS is used, which gives the highest PN. The other scenarios consider PTRS and the 120 kHz, 240 kHz, 480 kHz and 960 kHz SCS.  We compare the integrated phase noise from Models 1 and 2. In addition, we have generated the integrated phase noise based on our own simulations, which is included in Table 1 as an additional column for comparison. 

Table 1: Comparison of Phase Noise model considering integrated Phase Noise
	
	Apple
	Huawei (Model 1)
	Ericsson (Model 2)

	No PTRS
	-23.3 dBc
	-19.18 dBc
	-18.86 dBc

	120 kHz
	-24.0 dBc
	-19.43 dBc
	-19.75 dBc

	240 kHz
	-24.2 dBc
	-19.52 dBc
	-20.04 dBc

	480 kHz
	-24.45 dBc
	-19.72 dBc
	-20.38 dBc

	960 kHz
	-25.0 dBc
	-20.30 dBc
	-20.96 dBc



Referring to the results presented in Table 1, Model 1 has similar tendency as Example 1 in TR 38.803, and it can be seen that both models have a peak between 0.1 MHz and 1MHz. And this behaviour is common to see in lower carrier frequency models (e.g. 1 GHz). From that perspective Model 3 would be more suitable to represent the Phase Noise at 60 GHz, nevertheless the Model 3 has other critical issues, as for example the loop BW. A common loop BW should consider 1/10 of the PFD frequency, which means that the loop BW for the 60 GHz frequency range should be in the MHz region. In addition, Model 3 plots the PN model with a carrier frequency of 30 GHz, the parameter considered in the function have not been adjusted to the correct frequency.

Observation 1:	The loop BW shall increase with the carrier frequency, so a common loop BW should consider 1/10 of the PFD frequency.
Based on our simulations on the PN for the 60 GHz the results, we have shown a better integrated phase noise compared to Model 1, with an average of 4.5 dB delta between PN. At the same time, in our view the Model 1 has a pessimistic result and require further adaptation for the frequency increase. Thus, in the comparison between the listed models, we conclude that Model 2 is more suitable for the 60 GHz frequency range. First, the multiple zero-pole can model more accurately the PN behaviour at larger frequencies, and Model 2 takes into account a loop BW of 1 MHz, which is suitable to the frequency range. Therefore, our proposal is to consider Model 2 as an applicable model for the frequency range from 52.6 to 71 GHz.

[bookmark: _Toc13823832][bookmark: _Toc13821307][bookmark: _Toc13823307]Proposal 1:	RAN4 agrees on sending a LS to RAN1 to inform that Model 2 is a more precise phase noise model for the frequency range from 52.6 to 71 GHz.
Results provided in Table 1 show that the PN at this frequency range can be potentially too large to support higher order modulation schemes. If 3GPP aims at 64-QAM as the target modulation for this frequency range, then it bears mentioning that 3GPP specifications define the total EVM to support 64-QAM as 8%, which is around -22 dBc. The total EVM budget considers all applicable gNB TX and UE Rx impairments. It is worth noticing that the PLL is one of the main noise contributions, but not the only contributor. Based on these results showing the large integrated phase noise when increasing the carrier frequency, a feasibility study for 64-QAM EVM for 60 GHz frequency range is required. 

Proposal 2:	Feasibility study for 64-QAM EVM for 60 GHz frequency range is required.
3	Conclusions
This contribution provides considerations on the phase noise model and shares our view on the applicability of the PN models in TR 38.803, and shortly addresses the topic of the EVM requirement to meet 64-QAM for this frequency range.
Observation 1:	The loop BW shall increase with the carrier frequency, so a common loop BW should consider 1/10 of the PFD frequency.
Proposal 1:	RAN4 agrees on sending a LS to RAN1 to inform that Model 2 is a more precise phase noise model for the frequency range from 52.6 to 71 GHz,
Proposal 2:	Feasibility study for 64-QAM EVM for 60 GHz frequency range is required.
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