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1. Introduction
At last RAN4 meeting (RAN4#92 in Ljubljana) the technical background for phase noise characteristics was discussed. Based on information presented in a companion contribution [2] a parameterized phase noise model has been created. 
In this contribution is proposed to add the parameterized model for phase noise characteristics in TR 38.820.

2. Discussion
In previous RAN4 meeting, in-depth analysis over phase noise characteristics for 7-24 GHz example frequencies was presented [1]. The analysis was based on data published covering PLLs as well as crystal oscillators and the presented characteristics consider the influence from both. Phase noise is elaborated further here considering the published data and trends for both state-of-the-art PLLs and crystal oscillators. 
In [2], based on the phase noise characteristics presented in [1], a detailed parameterized phase noise model for 10 GHz, 15 GHz and 20 GHz example frequencies is presented.
The intention with this paper is to propose text to the parameterized phase noise models for 7-24 GHz example frequencies in the technical report.  

3. Conclusion
It is proposed that the attached text proposal is included in TR 38.820 [3].    
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[bookmark: _Toc5938254][bookmark: _Toc18467473][bookmark: _Toc12543672]5.5.3	Phase noise
Phase noise performance is essential to 
· Reach low EVM enabling higher order modulation support.
· Low impact from receiver blockers due to reciprocal mixing between blocker signal and phase noise.
Phase noise is essential to be considered when SCS for different example frequencies is investigated. In addition to the above, it is important to note that there are limits on attainable levels of phase noise for a given DC power budget and the concerned carrier frequency.
Based on the phase noise characteristics and curves for 7-24 GHz example frequencies presented in sub-clause 5.4.4.4, to better adapt the model to calculations, an equation was fitted to the corresponding curves. The equation of the form below was used, using poles and zeros
				(1)
Where S is the single sideband phase noise power spectral density, fo the offset frequency, fz,1 .. fz,N the zeros, fp,1 .. fp,M the poles, αz,1 .. αz,N the order of the zeros, and αp,1 .. αp,M the orders of the poles. To fit the equation to the curves in Figure 5.4.4.4-2 the following parameters were used:
Table 5.5.3-1	Parameters of phase noise model equation
	Parameter
	Value/expression
	Parameter
	Value

	
PSD0
	 
	

	

	fz,1
	1000
	αz,1
	2

	fz,2
	500e3
	αz,2
	1

	fz,3
	560e6
	αz,3
	2

	fp,1
	1
	αp,1
	3

	fp,2
	1.26e3
	αp,2
	2



As can be seen the parameter PSD0 depends on the carrier frequency, whereas the other parameters are carrier frequency independent. At 20GHz PSD0 will be equal to 225, or 23.5dB. To compare the result of equation (1) to curves, S must be converted to a logarithmic scale:
 		dBc/Hz				(2)
The comparison can be seen in Figure 5.5.3-1 clearly demonstrating a good fit. Consequently, equation (1), together with the parameters in Table 5.5.3-1, can be used to represent the phase noise model.
[image: ]
Figure 5.5.3-1	PLL phase noise model for 10GHz, 15GHz, 20GHz, and 30GHz (bottom to top) together with the piece-wise linear model in Figure 5.4.4.4-2.
It should be noted that inclusion of this model does not precluded other possible models.
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