
9


[bookmark: _Toc491868096]TSG-RAN Working Group 4 (Radio) meeting #98-E	R4-2103261
Electronic Meeting, January 25th to February 5th 2021

Source:	Ericsson
Title:	TP to TR 38.808: Addition of a set of phase noise models in subclause 4.2.3
Agenda item:	12.2.1.3
Document for:	Approval

1. Introduction
At RAN4#98-E it was concluded to collect and capture technical background information related to phase noise characteristics relevant for the frequency range 52 to 71 GHz in TR 38.808.
[bookmark: OLE_LINK1]A text proposal has been created to captured previously discussed technical background sent to RAN1 as well as additional information. The text proposal to TR 38.808, subclause 4.2.3 is presented for approval.
This is a revised version of R4-2101181.

2. Discussion
At last RAN4 meeting (RAN4#97-e) it was agreed to send the following information to RAN1.
· Set based on BS and UE PN model presented in [1].
· Set based on BS PN model based on TR 38.803 Ex-2 and UE PN model presented in [2].
· Set based on TR 38.803 Ex-2 PN model for both UE and BS.
None of the models have been agreed in RAN4. RAN4 has made an observation that the UE PN is higher compared to BS regardless of the model.
A qualitative analysis over different PN models (existing and new models based on recent information) was made and RAN WG4 concluded to continue to develop a representative PN model. 
As an addition information from [4] is also captured in the text proposal.

3. Conclusion
It is proposed that the attached text proposal is included in TR 38.808.    
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TEXT PROPOSAL to subclause 4.2.3:

4.2.3	Phase noise characteristics
It was considered which level of detail of the RF architecture is considered. The actual LO-architecture of an antenna array can vary ranging from a single LO driving the whole antenna array up to small sub-arrays each having their own LO. When multiple LOs are considered, the phase noise output of those can have a varying degree of correlation. The LO-structure is an implementation specific aspect and does not need to be considered in the standard. 
In the SI additional technical background to consider have been identified. Based on technical input following phase noise input sets have been identified for analysis in RAN1 and RAN4: 
1. Set based on BS and UE PN model presented in subclause 4.2.3.1.
2. Set based on BS PN model based on TR 38.803 Ex-2 and UE PN model presented in subclause 4.2.3.2.
3. Set based on TR 38.803 Ex-2 PN model for both UE and BS
In addition, more information has been collected in subclause 4.2.3.3.
None of the models have been agreed as the RAN4 phase noise model. It was identified that the UE PN is higher compared to BS regardless of the model.
RAN4 was not able to agree on a single representative phase noise model during the study item but concluded that both commercially available components and scientific publications should be taken into account when the representative phase noise performance is considered during the work item phase.
4.2.3.1	Phase noise model set 1 
To be able to derive an up-to-date phase noise model for 70 GHz many references published in leading IEEE conferences, journals and other conference papers from 2015 to 2020 have been investigated [1 to 12]. Figure 4.2.3.1-1 depicts all the published state-of-the-art phase noise characteristics scaled to 70 GHz where references covered a large variety of frequencies. The scaling is performed by adding a term 20*log(70GHz/f0) dB to the phase published phase noise data, where f0 is the frequency of operation where the phase noise was measured. 
[image: ]
Figure 4.2.3.1-1: Phase noise characteristics for all references
[image: ]
Figure 4.2.3.1-2: Phase noise characteristics for all references excluding the low performing outlier used for derivation of phase noise model set 1
Furthermore, as references cover a large variety of PLL output frequencies, Figure 4.2.3.1-3 represents heat coloring with respect to PLL output frequencies. 
[image: ]
Figure 4.2.3.1-3: Heat coloring with respect to PLL output frequencies
Note that the intention is not only to present the input data to derive a relevant phase noise model but also to later demonstrate relevant published high performing state-of-the-art PLL characteristics in comparison with existing models as well as a new up-to-date model. 
Using the input data described above and eq. 4.2.3.1-1 a parametrized phase noise model (set 1) is defined. In figure 4.2.3.14 the design margin for BS was set to 0 dB and design margin for UE was set to 5 dB. 
		(Eq. 4.2.3.1-1)

[image: ]
Figure 4.2.3.1-4: PLL phase noise model for 70 GHz with 5 dB design margin for UE and 0 dB design margin for BS
The parameters are listed in Table 4.2.3.1-1.
Table 4.2.3.1-1: Parameters of phase noise model equation with design margin
	Parameter
	Value/expression
	Parameter
	Value

	
PSD0
	
	

	

	fz,1
	1.6e3
	αz,1
	2

	fz,2
	200e3
	αz,2
	1

	fz,3
	
	αz,3
	2

	fp,1
	1
	αp,1
	3

	fp,2
	1e6
	αp,2
	2



Here, fc represent the PLL output frequency (Hz) and and DM  is design margin (dB). For BS, DM=0 while for UE, DM=5 dB. 
The new proposed phase noise model matches the published low power consumption state-of-the-art PLL performance very well where both the new parameterized model as well as an average characteristics of input data is presented in figure 4.2.3.1-5.
[image: ]
Figure 4.2.3.1-5: Proposed phase noise model for 70GHz with relating to input data
4.2.3.2	Phase noise model set 2 
Theoretically, PN model is an additive curve which dominates by different part of PLL, Ex-2 in TR 38.803 provides the fabrication model with clearly domination factor. When frequency offset < LoopBW, the PN is dominated by ref noise and Loop components. When frequency offset > LoopBW, the PN model is dominated by VCO, and the PN model curve is further adjusted by divider noise, etc. However, we can find that the PN model is not purely a curve of 2 sections but a complicated and additive issue.
From measurements/simulation on 70GHz UE PLL, PN model can be easily generated by multi-pole/zero model with slight parameter revision. For lower frequency offset(1000Hz), phase noise is about -61dBc, while for large offset phase noise is constant at -140dBc. The LoopBW is lower than model Ex1 of TR 38.803, and larger than model Ex2 of TR 38.803. The comparison can be seen as in figure 4.2.3.2-1. 
[image: ]
Figure 4.2.3.2-1: PN models in TR 38.803 and new model
The phase noise profile in figure 4.2.3.2-1 can be parameterised using multiple zero-pole equation (Eq. 4.2.3.2-1) and parameters are listed in Table 4.2.3.2-1.
			(Eq. 4.2.3.2-1)

Table 4.2.3.2-1. Parameters of multiple zero/pole model for 70GHz
	PSD0
	8894 (39.49dB)

	n,m
	fz,n
	αz,n
	fp,m
	αp,m

	1
	3e3
	2.37
	0.7
	3.2

	2
	120e3
	2.8
	330e3
	3.2

	3
	900e6
	2.4
	17e6
	1

	Note: Valid from 1000Hz frequency offset.



4.2.3.3	Additional information
Additionally, some data published in scientific forums and commercial component data sheets have been provided in [13][14][15].When looking at the data sources it should be taken into account that here the data includes components from different cost and performance categories. For components in [13] and [14] are high-cost and high performance. Various categories are included to improve the understanding on how the performance can vary based on design choices. Regarding UE performance, [15] would be the most appropriate comparison point as it has also low current consumption.
Comparison of the phase noise characteristics is provided in Figure 4.2.3.3-1. In the figure all models are scaled to operate at 70 GHz centre frequency by using the well-known 20 dB per decade phase noise increase when frequency is shifted. 
[image: ]
Figure 4.2.3.3-1: Comparison of various proposed phase noise models and some example components
It can be also observed that the “knee frequency”, i.e. the loop filter bandwidth is lower in TR 38.803 models than seen in commercial components. It appears that the 20 dB / dec slope begins at or slightly below 1 MHz offset frequency in most cases. It also appears that the noise floor is rather high in models presented in TR 38.803.
Overall, it is obvious that in reality the phase noise performance will vary between implementations. Therefore, when representative performance is evaluated, the results based on which the model is derived cannot be too tightly filtered, for example selecting only sources showing worst performance. As seen in Figure 4.2.3.3-1, commercial components tend to exhibit better performance than scientifically published low-power implementations. 
When the models more suited for BS operation are taken and a curve is fitted to them, the result is as shown by a bold black curve in Figure 4.2.3.3-2. This PN model does not exhibit excessively high low frequency noise, has the loop filter cut-off frequency just below 1 MHz and a reasonable noise floor at very high frequency offsets. The pole-zero model used here is described next. 
      (Eq. 4.2.3.3-1)
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 eq. 4.2.3.3-1 to the curves in figure 4.2.3.3-2 the following parameters were used:
Table 4.2.3.3-1. Parameters of phase noise model equation 
	Parameter
	Value/expression
	Parameter
	Value

	
PSD0
	0.2
	

	

	fz,1
	1e3
	αz,1
	1.4

	fz,2
	200e3
	αz,2
	1

	fz,3
	300e6
	αz,3
	2.2

	fp,1
	1
	αp,1
	2.2

	fp,2
	650e3
	αp,2
	2.5



[image: ]
Figure 4.2.3.3-2: A bold black curve showing a curve fitted to BS data.
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