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Introduction
The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [2]. 
This contribution deals with required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz. More specifically, we consider the following objectives of the approved study item: 
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
Discussion
Related to phase noise, RAN4 agreed a WF on PT-RS and RAN4 aspects in [3]. The main agreement in the WF states

· Based on simulations provided to RAN4#96-e, PT-RS enhancements for >52.6 GHz frequencies may enable better performance especially with high order modulations. 
à Include in reply LS to RAN1 that RAN4 sees enhancements to PT-RS may be useful for >52.6 GHz frequencies and respectfully asks RAN1 to take this into account in their work.

On the same topic, RAN1#102-e agreed:
Consider at least the following aspects of PT-RS design for a given SCS
· Phase noise compensation performance of existing PT-RS design
· Study of need of any modification/changes to existing PT-RS design
· Potential modification to the PT-RS pattern or configuration to aid performance improvement for CP-OFDM and DFT-s-OFDM waveforms (if needed)
· Potential methods to aid ICI compensation at the receiver (if needed)

Also an applicable phase noise model for 52.6 – 71 GHz was discussed in RAN4#97e and the following way forward was reached [4].  WF on UE and BS PN models for use in RAN4: Continue to discuss the PN models in the WI phase.






A LS [5] was sent to RAN1 from RAN4#97e capturing the proposed phase noise models. As stated in the LS, RAN4 has not yet reached agreement on what is the representable phase noise performance for these frequencies, and according to the [4], the discussion should take place only in the work item.
Observation 1: According to agreed WF in RAN4#97e, UE and BS PN models shall be discussed in the WI phase.
Despite the status, we see it beneficial to provide the current technology status based on both commercial components and scientific publications, and how a representative PN model for 52.6 – 71 GHz could be formulated. However, due to the earlier agreements we propose to capture into the TR only the agreed status that RAN4 has not agreed a representative PN model.
Proposal 1: Capture in TR 38.808, that RAN4 has not yet found a representative phase noise model for NR operation from 52.6 to 71 GHz.
Representative phase noise performance for 52.6 to 71 GHz.
Observations and proposals regarding phase noise performance have been done at least in [6][7][8][9][10]. It should be noted that while [6] and [7] are from the same source company, the proposals have been different in different working groups, so both contributions have been included here. Model from TR 38.803 as scaled to 60 GHz center frequency is illustrated in Figure A1-1 in Appendix A. Additionally, some data published in scientific forums and commercial component data sheets have been provided in [11][12][13].
When looking at the data sources it should be taken into account that here the data includes components from different cost and performance categories. Whereas models in [6] and [7] are based in data limited to low current consumption and low-cost category, components in [11] and [12] 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, [13] would be the most appropriate comparison point as it has also low current consumption.
Observation 2: Commercial components included here have high current consumption and unit cost, and would be likely to be considered only for infrastructure side applications needing highest quality.
Comparison of the phase noise characteristics is provided in Figure 1. In the figure all models are scaled to operate at 70 GHz center frequency by using the well known 20 dB per decade phase noise increase when frequency is shifted. Based on the feedback in RAN4#97-e, proposals from [6] and [7] are modified to use 5 dB design margin for UE and 0 dB margin for base station.
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Figure 1: Comparison of various proposed phase noise models and some example components
From Figure 1 it can be seen that the low frequency PN levels are extremely high in proposals in [7] and [8]. 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 1, commercial components tend to exhibit better performance than scientifically published low-power implementations. Still this is not the full truth, as for example source [13] appears to perform better than the some proposed models for base station. even though [13] is a low-power implementation.
Proposal 2: Final PN model shall take into account the achievable performance reported by both commercial components and scientific publications.
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 2. This PN model does not exhibit excessively high low frequency noise, has the loop filter cutoff 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. 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. 1 to the curves in Figure 1 the following parameters were used:
Table 1: Parameters of phase noise model equation with design margin
	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
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Figure 2: A bold black curve showing a curve fitted to BS data.
It can be observed, that the model fits better to BS data than the previously contributed models.
Observation 3: PN curve in Figure 2 based on parameters of table 1 is matches better the PN performance of base stations than the previous models discussed in RAN4
Conclusion 
In this contribution, phase noise aspects related to NR operation above 52.6 GHz were discussed. Following observations and proposals were made.
Observation 1: According to agreed WF in RAN4#97e, UE and BS PN models shall be discussed in the WI phase.
Observation 2: Commercial components included here have high current consumption and unit cost, and would be likely to be considered only for infrastructure side applications needing highest quality.
Observation 3: PN curve in Figure 2 based on parameters of table 1 is matches better the PN performance of base stations than the previous models discussed in RAN4
Proposal 1: Capture in TR 38.808, that RAN4 has not yet found a representative phase noise model for NR operation from 52.6 to 71 GHz.
Proposal 2: Final PN model shall take into account the achievable performance reported by both commercial components and scientific publications.
Finally, a text proposal to TR 38.808 is proposed in Annex A.
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Annex A: TP to TR 38.808
[bookmark: _Toc57038819][bookmark: _Toc57038275][bookmark: _Toc57038150][bookmark: _Toc57036035][bookmark: _Toc57035419][bookmark: _Toc56754114]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. 
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.
[bookmark: _Toc57038820][bookmark: _Toc57038276][bookmark: _Toc57038151][bookmark: _Toc57036036][bookmark: _Toc57035420][bookmark: _Toc56754115]4.2.4	Power amplifiers trends
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