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Introduction
At carrier frequency above 6 GHz, phase noise becomes significant and could result in performance degradations if not considered properly.  In Athens meeting, it was approved to model the total oscillator PSD by using a PLL-based model in the phase domain including the impact of reference clock, loop filter noise and VCO sub-components in RAN4 [3]. In Spokane meeting of April, we provided parameters for each sub components of the proposed noise model [1]. No agreement was reached on the phase noise model for simulation purposes while background information on phase noise modelling was agreed for TR 38.803 as one example [2]. The text in [2] is not clear on the purpose of the phase noise model described in the TR.
In this contribution, we provide proposal to clarify the phase noise models.
Discussion
[bookmark: _Ref450232044]Comments on the phase noise model in [2]
Figure 1 is the receiver architecture from [2], and there are some comments on it:
[image: ]
Figure1 Simplified receiver architecture view and phase noise measurement setup in [2]
1. The receiver architecture may be quite special, it may not be adopted for UE using such high IF frequency, which makes the phase noise number optimal than normal. 
2. Normally much lower loop bandwidth than 1 MHz will be adopted, in order to suppress the noise caused by power supply.  
3. LO chain for transceiver design need guarantee frequency stability, typically use OCXO or TCXO for reference clock, which will lower the close-in part noise.
4. High reference frequency such as 491.52MHz is good for phase noise, but it may not be used in UE chipset due to the cost consideration. 

Hence, more examples are needed to be added in the TR.

Text proposal for TR 
<Start of Text Poposal for TR 36.803>
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK13]6.1.10	Example 1: 30 GHz phase noise model 
<the text in [2] is skipped>

6.1.11	Example 2: 30 GHz phase noise model 
[bookmark: OLE_LINK18][bookmark: OLE_LINK20]6.1.11.1	Fabrication Methods and Materials
While there are many different fabrication methods, the most common fabrication materials are CMOS, GaAs, SiGe and GaN. With a review of the state of the art, a summary on the phase noise level achieved by different fabrication methods and materials is given in 6.11-1.  From this it can be seen that:
Observation: For 30GHz band, the typical phase noise level measured at 1 MHz offset is from -114 to -93 dBc/Hz, while that for 70 GHz band is from -108 to -81 dBc/Hz.
While GaAs-based devices can provide a lower phase noise level, it is still expensive and power-consuming. The CMOS-based devices are available at lower cost and have less power consumption. Taking the cost and power constraint at the UE side into consideration, it appears reasonable to assume CMOS-based design for the UE side. On the other hand, for the BS side, GaAs-based design may be assumed.


[bookmark: _Ref449633156]Figure 6.1.11-1. A brief summary of the phase noise level achieved by different fabrication methods and materials
6.1.11.2 Proposed Model and Parameters
In this contribution, we utilize the PLL-based phase noise model to express the phase noise. To be specific, the PSD of the phase noise is characterized by:
	 	
where 
	 (dB) 	
	 (dB) 	
FOM is the figure of merit,  is the carrier frequency and P is the consumed power. After reviewing the recent literature, based our expectation for the phase noise level achievable with reasonable cost and power consumption, we propose to consider the following parameters for the phase noise model at the UE (CMOS-based) and BS (GaAs-based) side, respectively (see 6.1.11-1). The PSD of the proposed phase noise models at both UE and BS side for 30 GHz are depicted in Figure 6.1.11-2.
[bookmark: _Ref449539696][bookmark: _Ref449538510]Table 6.1.11-1. Parameters for proposed phase noise models
	
	Model 1, UE, Loop BW = 187kHz
	Model 2, BS, Loop BW = 112kHz

	
	REF clk
	PLL
	VCO V2
	VCO V3
	REF clk
	PLL
	VCO V2
	VCO V3

	FOM
	-215
	-240
	-175
	-130
	-240
	-245
	-187
	-130

	fz
	Inf
	1.00E+04
	50.30E+06 
	Inf
	Inf
	1.00E+04
	8.00E+06 
	Inf

	P (mW)
	10
	20
	20
	10
	20
	50

	k
	2
	1
	2
	3
	2
	1
	2
	3
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[bookmark: _Ref449538907]Figure 6.1.11-2. PSD of proposed phase noise model at both UE and BS side

Conclusion
Based on the discussions in this paper, it is proposed to add more examples in the TR for the phase noise model above 6 GHz
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