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1	Introduction
Signal quality aspects have been discussed from RAN4#90 to RAN4#92 and it has been identified that amongst the most crucial factors are phase noise and power amplifier (PA) performance. In this contribution signal quality aspects are further discussed and a representative phase noise profile applicable for 7-24 GHz frequency range is proposed.
2	Discussion
Phase noise aspects
When it comes to discussion feasible phase noise performance, a phase noise model was proposed in [1], whereas significantly better performance was reported for example in [2]. The proposed model in [1] is based on scientific publications and on top of those includes a 10 dB margin compared to the underlying data, to account for process, voltage and temperature (PVT) variations. Data provided in [2] includes both commercially available components and scientific work. In this contribution, these two are brought together and further observations from the large amount of data available are done. 
Firstly, it can be seen from [3], approved in RAN4#91, that a multitude of deployment and use cases are within the scope of the study, and naturally other deployment scenarios have not been precluded to be used in the field. Therefore, it appears to consider also signal quality from the point-of-view, that it should rather allow more use cases rather than restrict those. 
In practice, this means a distinction between what is achievable and what is the basis for minimum requirements. Extremely high data rate applications or high capacity deployments can benefit from higher-order modulations enabling better throughput, whereas on the other hand the standard should not preclude also low-cost devices or deployments which may not meet, or benefit from, similar performance. Therefore, it is beneficial to be inclusive towards the available data.
To generate a more complete view of the available data, various different performance curves from [1] and [2], and their references have been collected in Figure 1. Before plotting the data, it has been processed to match each other at a single frequency, 20 GHz, using Leeson’s equation, i.e. scaling the performance according to the frequency. If the presented data is originally at a frequency above 20 GHz, then the phase noise shown in Figure 1 is better than the original data. Based on the shown data, a representative phase noise profile is proposed, which also includes a margin to the presented data to account for PVT-variations. While the proposed profile is not worse than all individual datapoints, the overall performance integrated over the frequency range still has sufficient margin to account for component variations. The DSB phase noise integrated from 100 Hz to 100 MHz is approximately 34 dBc.  
It is important to note here that this profile is created towards analysing the signal quality impact from phase noise for all base station devices. As seen from the raw data, better performance than the proposed profile is possible, but perhaps not achievable for all types of devices. When looking into e.g. base stations supporting high-order modulations, e.g. 256QAM and 1024QAM, trade-offs can be done. These include increasing the power consumption and/or increasing the number of VCO-cores, which both improve phase noise performance, but may not be attractive for low-cost implementations. Therefore, it is stressed that this single profile does not tell the one and only truth of the performance, and for specific use cases one should still consider putting different emphasis on the better or worse performing data when it is used for setting the minimum performance and deciding on what are mandatory requirements. For this reason, it was found useful to include not only the phase noise profile but also the underlying data into the TR.
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Figure 1: Phase noise data and proposed profile.

Power amplifier aspects 
Power amplifiers also impact signal quality. While the PA performance is typically measured using output power and ACLR, the non-linearity induced distortion which appears as ACLR is also present within the signal bandwidth. Typically, the impact in-band is slightly stronger than out-of-band, i.e. for a given ACLR EVM is typically worse. However, one needs to be careful when drawing conclusions from PA induced EVM, as the impact to system performance can be in some cases mitigated.
Sometimes statements are made that signal quality needed by high-order modulations cannot be reached due to the EVM impact of the PA when it is operating at the minimum ACLR performance limit. This kind of thinking seems to come to a philosophy where the system should operate “at the limit” of each minimum requirement simultaneously, which is not correct. Rather different requirements guard the system performance from different points of view. We need a minimum ACLR requirement to guarantee that we do not cause excessive interference towards our neighbours in the frequency domain and we need high signal quality to provide the best throughput. For different use cases, different requirements act as the gating factor for the design, i.e. ACLR minimum requirement is not typically the deciding factor in design when the highest signal quality is targeted.
Also other possible PA related signal quality aspects, as additional back-off, can be compensated in design by employing a larger antenna array, i.e. by settling to slightly lower efficiency. Therefore as a whole, PA performance can be de-coupled from the achievable signal quality estimations.
3	Conclusion
In this contribution signal quality aspects regarding phase noise and power amplifiers were discussed and a representative phase noise profile applicable for 7-24 GHz frequency range was proposed.
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[bookmark: _Toc9865806][bookmark: _Hlk22160985][bookmark: _Hlk22160849]Sufficiently low phase noise at the measurement interface is required to avoid excessive EVM. Based on the available data [10 - 15], a descriptive phase noise profile is shown in figure 5.5.X-1. It shows performance of the current PLLs (i.e. as of 2019) for base stations operating in 7 – 24 GHz range. In the figure each colour matches to a single component. It should be noted that throughout this section phase noise is referred to the observed level at a measurement interface. Noise levels internal to PLL and clock distribution network may differ from this and implementation freedom is not limited. 
For specific use cases where high data rates are targeted, the performance can be better as shown by the examples of component data. On the other hand, in cases where device size, power consumption and low cost are the highest priorities, the phase noise performance may be worse.
[image: ]
Figure 5.5.X-1: A representative phase noise profile for 7-24 GHz base stations
In figure 5.5.X-1 the phase noise profile is shown at 20 GHz example frequency. To adjust the model to a different frequency, the levels need to be scaled according to Leeson’s equation, i.e. halving the frequency reduces the noise power to one quarter of the original. When the profile is given at center frequency f0 and a given noise power P0, the correct noise power P at frequency f equals:
 P = P0 * 20 * log10(f/f0)
In this example, P and P0 describe the full single side-band noise profile for which the unit is dBc/Hz.
5.6	Deployment scenarios
<End of text proposal>
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