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Introduction

In the last RAN4#90bis meeting, there were some initial discussions on the phase noise trend between 7-24GHz and it’s encouraged to further discuss this issue as this hardware performance is quite important for PT-RS configuration as discussed in the mmWave system, therefore in this contribution, we want to share some further considerations on these aspect from both physical layer perspective and the feasibility of PLL performance perspective. 
Discussion 
Physical layer consideration  
As discussed in the previous meeting, at least up to 64QAM should be supported for 7-24GHz and regarding the modulation 256QAM, it’s the highest modulation order that has been supported by NR. Maybe we could take this most stringent case for phase noise discussion as this should be most sensitive modulation order subject to the phase noise impact. 

In addition, RMSnoise and phase noise could comply to the following equation according to the practical experience. 
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Where fc is PLL loop bandwidth and k is the phase noise. As we know that the phase noise out of loop bandwidth is mainly determined by the VCO phase noise. In addition, there is one breaking point for VCO phase noise which could also be called corner frequency. Within the corner frequency, phase noise will attenuate at 30dB/Decade and out of corner frequency, phase noise will attenuate at 20dB/Decade. According to the practical data, the maximum allowed phase error for 256QAM should be around 3.7degree, the corner frequency of VCO is within 1KHz in general, therefore we could based on the phase noise at 1KHz to derive the far-end frequency performance. 
-59dBc/Hz@1KHz

-79dBc/Hz@10KHz

-99dBc/Hz@100KHz

-119dBc/Hz@1MHz

Based on the above physical considerations, we need to further check whether the commercial PLL and VCO could satisfy the required performance, otherwise the PT-RS signals are needed in the baseband to guarantee the system performance. 
The feasibility of commercial VCO 
In the following section, the performance of some commercial VCO components are provided. Meanwhile it could also be noticed that some output LO is not within the operating frequency. In other words, some frequency doubling is needed for 18GHz and 23GHz, otherwise the desired output LO cannot be achieved. 

For 13GHz, it could also been noticed that there are still some gaps between desired operating frequency and VCO LO output, there are the intermediate frequency mixer needed to retuning baseband signals to around 2GHz. 

13GHz: -113dBc@100KHz
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Figure 1. SSB Phase Noise vs Offset Frequency at VTune=5V [11.07-11.62GHz]

As I mentioned before, both intermediate IF LO and microwave RF LO is needed to retuning the baseband signal to the desired operating frequency, however as intermediate IF LO performance might be quite good as this is on the quite low frequency, therefore maybe only the microwave RF LO will contribute the phase noise. 

18GHz: -110dBc@100KHz
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Figure 2. SSB Phase Noise vs Offset Frequency at VTune=5V [9.6-10.8GHz] 
As mentioned before, the VCO output frequency is between 9.6-10.8GHz, therefore the frequency doubling component are needed to achieve the desired output frequency. One issue should be considered that once the operating frequency is doubled, then phase noise performance should be deteriorated 6dB. In other words, the phase noise at 100KHz should be -104dBc@100KHz. . 

23GHz: -115dBc@100KHz
[image: image4.png]'$SB PHASE NOISE (dBclHz)

IR ER

100
110
20
30
a0
50
160
n

[ ——a5C

25C
Zoc
T

% 10k

100k
OFFSET FREQUENCY (Hz)

m

Tom




Figure 3. SSB Phase Noise vs Offset Frequency at VTune=5V [11.42-12.62GHz] 
Similar story as 18GHz scenario, the VCO output frequency is between 11.42-12.62GHz, therefore the frequency doubling component are needed to achieve the desired output frequency. One issue should be considered that once the operating frequency is doubled, the phase noise performance should be deteriorate 6dB. In other words, the phase noise at 100KHz should be -109dBc@100KHz. 

Proposal: RAN4 should further discuss the the frequency boundary for the necessity of PT-RS signal configuration between 7-24GHz. 
Conclusions
In this contribution, we share some further considerations on phase noise from physical layer perspective and hardware perspective 
Proposal: RAN4 should further discuss the the frequency boundary for the necessity of PT-RS signal configuration between 7-24GHz. 
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