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1 Introduction
The discussion on spectrum utilization for NR has been ongoing for several meetings. There is however a common agreement to improve the spectrum utilization for NR beyond E-UTRA´s 90% but the exact level is under investigation.

In [1], it was shown that receiver narrow band blocking is the strictest requirement from attenuation point of view. The discussion on the impact reciprocal mixing of phase noise in the context of receiver requirement was also initiated in [1] and the need to consider this aspect before settling the utilization level for NR.

In this paper, we further elaborate on the reciprocal mixing of phase noise for mm-wave frequencies as an empirically validated phase noise model was presented and discussed in [2].

The preliminary compatibility study between LTE and NR is presented other papers considering the impact of reciprocal mixing of phase noise for existing bands.
2 Discussion
As described in [1], reciprocal mixing of phase noise when the interferer appears very close to the receiver. The reciprocal mixing of phase noise occurs when a strong unwanted signal at a frequency close to the receiver frequency enters the receiver input, because it will not be significantly attenuated by the filter before the mixer. This type of interference acts like a second local oscillator with implication that phase noise is getting superimposed on the blocking interferer affecting the achievable SINR or C/N in the receiver as shown in Figure 1. Thus the size of guard between wanted signal and interferer matters.
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Figure 1
Reciprocal mixing of phase noise
The reciprocal mixing of phase noise become more accentuated at higher frequencies as the phase noise performance degrades at higher frequencies Thus the phase noise model for mm-wave proxy frequencies of 30 GHz, 45 GHz and 70 GHz which was presented in [2] and is characterized in Figure 2 was used for the analysis in this paper.
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Figure 2
Phase noise model

Assuming, that only the reciprocal mixing of phase noise is considered for receiver degradation, the following analysis applies for various NR bandwidths, blocking interferer bandwidths and guards.

2.1 Signal definitions and guardband impact on performance

Assuming we have a coloured phase noise profile like figure 2, the signal properties of the desired signal and the blocker will make a difference to the blocking performance. Also the guardband per figure 1 will impact the blocking performance. To analyse the impact one need to integrate phase noise both across the desired signal bandwidth and across the blocker signal bandwidth.

If the phase noise has a slope of 20dB/decade, it is possible to derive a closed expression for the phase noise impact.

Assuming the phase noise can be expressed as L(f)=N0*(fg/f)^2, where N0 is the noise at the guardband offset. 
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Figure 3
Signal definitions

The overall noise expression now becomes


[image: image4]
Now we can evaluate this formula for some selected scenarios. Note that the intention with the scenarios is purely to show the dependencies and how performance is affected taking to account reciprocal mixing of phase noise for different signal and interferer bandwidths and guards. Note that assuming a numerology with 120kHz subcarrier spacing, 1 PRB equals 1.44MHz.


	Fg/MHz
	Bd/MHz
	Bi/MHz
	Scale/dB
	Relative interferer level/dB only taking to account reciprocal mixing of phase noise
	Comment

	10
	100
	100
	-17.5
	0 (reference)
	Wide guard, desired signal, and blocker

	10
	100
	10
	-12
	-5.5
	Narrowed blocker

	10
	10
	10
	-5.5
	-12
	Narrowed desired

	2.88
	10
	10
	-11
	-17.5
	Narrowed guard, 2PRB

	1.44
	10
	10
	-15
	-19.5
	Narrowed guard, 1PRB

	2.88
	100
	10
	-19.3
	-9
	Narrowed guard, 2PRB

	1.44
	100
	10
	-23.9
	-10,5
	Narrowed guard, 1PRB


 Table 1


As can be seen in table 1, the performance is dependent on wanted signal bandwidth, interferer bandwidth and guard.
Now phase noise properties are not as ideal as assumed here. With a phase noise like Figure 1, we can derive the actual blocking level we can handle in conditions per table 1 by using numerical integration instead. Especially the low-guard phase noise does not really match the 20dB/decade slope.
Assume that the interferer level is measured at the antenna connector, and use ~30 GHz as an example frequency. Also assume that the noise figure is typically 9dB at 30 GHz, we accept 6dB degradation and we aim to have10 dB margin to allow for analogue impairment. Thus, the maximum added noise now becomes
kT+NF+5-10dB=-170dBm/Hz
Table 2 shows the interfere levels we can handle only considering the contribution from reciprocal mixing of phase noise using these assumptions above.

	Fg/MHz
	Bd/MHz
	Bi/MHz
	interferer level/dBm only taking to account reciprocal mixing of phase noise
	Relative blocking level/dB
	Comment

	10
	100
	100
	-40
	0 (reference)
	Wide guard, desired signal, and blocker

	10
	100
	10
	-45
	-5
	Narrowed blocker

	10
	10
	10
	-51
	-11
	Narrowed desired

	2.88
	10
	10
	-56
	-16
	Narrowed guard, 2PRB

	1.44
	10
	10
	-58
	-18
	Narrowed guard, 1PRB

	2.88
	100
	10
	-48
	-8
	Narrowed guard, 2PRB

	1.44
	100
	10
	-49.5
	-9.5
	Narrowed guard, 1PRB


 Table 2


The interferer levels due to reciprocal mixing of phase noise only aligns well with the predicted relative performance.
The analysis indicate that low guard combined with signal properties e.g. size of wanted and interferer signal due to reciprocal mixing of phase noise highly affect the performance and the level of interferer that can be handled. Thus, the receiver reciprocal mixing of phase noise is an important aspect to consider when spectrum utilization is concerned.
3 Conclusion
In this paper, the impact of reciprocal mixing of phase noise for receiver blocking at mm-wave proxy frequency of 30 GHz was further investigated. The presented empirically validated phase noise model was used for the analysis in this paper. 
It was demonstrated that the level of guard in combination with signal properties such as wanted and interferer bandwidth would highly affect the receiver performance due to reciprocal mixing of phase noise. In the light of discussion in this paper, the reciprocal mixing of phase noise should be considered when spectrum utilization levels for mm-wave frequency bands is settled.
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