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1 Introduction
Spectral utilization topic is addressed in latest NR WI [1]. In early discussion, it was proposed that the spectrum utilization level should be greater than 90%, as defined today for E-UTRA. 

This contribution analyzes the impact of high spectrum utilization (>90%) on the receiver requirements, and more specifically on the narowband blocking requirement by analyzing reciprocal mixing of phase noise. 
2 Discussion
2.1 Narrowband blocking requirement definition
Narrow band blocking requirement is checking ability to receive a wanted signal in the presence of a strong adjacent narrow band interferer. Narrow band blocking requirement is similar to ACS requirement, but the interferer would have higher PSD. 

The narrowband blocking requirement for E-UTRA was specified considering an interferer which is a UE from an adjacent network transmitting one PRB positioned at the edge of the bandwidth. This signal interferer would have then -49 dBm mean power and it will be positioned, for a 10MHz signal, at 347.5 kHz from wanted signal RF bandwidth edge; this position corresponds to the first PRB edge of the adjacent signal (considering an additional 7.5 kHz offset). The requirement specified the BS shall still be able to get 95% throughput at sensitivity level plus 6 dB.
2.2 E-UTRA narrowband blocking requirement evaluation for the different spectrum utilization ratios
In the following, the narrowband requirement is further analyzed for a 10 MHz E-UTRA network adjacent to a 10 MHz NR network and this for different spectrum utilization scenarios (95, 97 and 99%). 
This analysis is only considering reciprocal mixing of phase noise’s impact without any specific filtering. 

The 10 MHz choice for the NR adjacent network has been done to consider the worst case, where the interfering PRB is closer to the victim E-UTRA signal.
In next sections, a generic 3gpp strictly compliant (no margin has been considered) is first described with its associated phase noise model (2.2.1). Then, for each spectrum utilization use case, the “interferer” offset between the aggressor PRB on the edge and the aggressor RF bandwitdh edge could be evaluated (2.2.2). Depending on those interferer offsets, we could then evaluate the required desens value needed to depending on the victim PRB position or offset (Figure 3 illustrates the different offsets definition), this. to fulfill the 95% throughput requirement (2.2.3), and compare this required desens value with the specified desens in TS36.104 (which is equal to 6dB for 10 MHz). By doins so, we could then evaluate, for each victim PRB, if it would be impacted by the adjacent aggressor with high spectrum utilization, or not, and this for the different spectrum utilization scenarios (2.2.4). 

2.2.1 LO and phase noise
In any generic E-UTRA radio, a local oscillator generates the signal used by the mixer to move the wanted signal down to baseband (this might be done in several steps). This signal used in the mixer has phase noise.

As this phase noise is applied to all signals, a high blocking signal might add phase noise to the wanted signal. The closer in frequency the interferer is and the higher PSD it has, the higher the phase noise is in the wanted channel.
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Figure 1: Narrow-band blocking limited by LO phase noise and spurious
A generic 3GPP compliant (strictly) synthesizer would have following phase noise model (Figure 2). No margin has been considered in this phase noise model: radio would just pass 3gpp blocking tests with such figure.
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Figure 2: Phase noise from a generic synthesizer
2.2.2 Offsets definition

In the next sub-sections, the following offsets definitions have been considered (see Figure 3):

· Interferer offset: Offset from the interferer RF BW edge to the center of the first interferer PRB on the edge.

· PRB victim offset: Offset from the victim RF BW edge to the center of the considered victim PRB.
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Figure 3: Offsets definition

2.2.3 Interferer Offset

Considering a 10MHz E-UTRA signal as interferer, the interefer offset (as defined in 2.2.3) would vary depending on the bandwidth occupation. 
Those interfer offset values are listed in Table 1.
	E-UTRA signal 10 MHz
	Interferer Offset

	Legacy 
	590 kHz

	99% utilization
	140 kHz

	97.% utilization
	230 kHz

	95% utilization
	320 kHz


Table 1: Interferer offset depending on spectrum utilization ratio
2.2.4 E-UTRA narrowband blocking requirement: desens values
Based on the generic noise model (Figure 2) and considering the interferer offset (for each spectrum utilization case), we can evaluate how much degradation would be needed to the wanted reference signal to guaranty the required 95% throughput, and this for each victim PRB, depending on its offset (as defined in 2.2.3). The following Figure 4 gives, for each PRB victim offset (x-axis) the needed degradation (y-axis) to reach the 95% throughput requirement depending on the spectrum utilization of the aggressor (the different colored curves).
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Figure 4: Required degradation vs victim PRB offset for an aggressor with different spectrum ratio
From previous Figure 4, for each victim PRB, we could then evaluate the needed degradation to guaranty the 95% throughput. Considering the current specification allows a 6dB degradation (red line), any value above this 6 dB value would impact performances. Evaluation was done considering:
· A 99%, 97% or 95% NR 10 MHz BW as aggressor.

· A E-UTRA 10 MHz, E-UTRA 5 MHz, NR 99% 10MHz,  NR 97% 10 MHz or 95% NR 10 MHz as victim.
Following color code has been used:

· Green: no impact.

· Orange: slight impact (< 1.5 dB).
· Pink: some impact (>1.5 db and <5dB).
· Red: major impact (>5dB).
	
	Aggressor

	Victim
	99%
	97%
	95%

	
	PRB number
	Offset from PRB center to RF BW edge

(kHz)
	Needed

Desens

(dB)
	Degradation

(dB)
	Needed

Desens

(dB)
	Degradation

(dB)
	Needed

Desens

(dB)
	Degradation

(dB)

	Legacy E-UTRA
10 Mhz
	PRB #50
	590
	6.9
	0.9
	6
	0
	6
	0

	
	PRB #49
	770
	6.1
	0.1
	6
	0
	6
	0

	
	PRB #48
	950
	6.0
	0
	6
	0
	6
	0

	Legacy E-UTRA

5 MHz
	PRB#25
	340
	9.4
	3.4
	8.1
	2.1
	7.0
	1.0

	
	PRB#24
	520
	7.1
	1.1
	6.2
	0.2
	6
	0

	
	PRB#23
	700
	6
	0
	6
	0
	6
	0

	99% spectrum utilization
	PRB #55
	140
	16.1
	10.1
	
	
	
	

	
	PRB #54
	320
	10.0
	4
	
	
	
	

	
	PRB #53
	500
	7.4
	1.4
	
	
	
	

	
	PRB #52
	680
	6.0
	0
	
	
	
	

	97.2% spectrum utilization
	PRB #54
	230
	
	
	9.9
	3.9
	
	

	
	PRB #53
	410
	
	
	7.3
	1.3
	
	

	
	PRB #52
	590
	
	
	6
	0
	
	

	95% spectrum utilization
	PRB #53
	320
	
	
	
	
	7.1
	1.1

	
	PRB #52
	500
	
	
	
	
	6.0
	0

	
	PRB #51
	680
	
	
	
	
	6.0
	0


Table 2: Required degradation for victim PRBs depending on aggressor's spectrum utilization ratio
2.2.5 Evaluation

From this Table 2, following figures highlight the most impacted PRBs (desens value > 6 dB) for each use cases, 
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Figure 5: PRBs edge impact: legacy 5 MHz E-UTRA (victim) vs 10 MHz 99% spectrum utilization (aggressor)
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Figure 6: PRBs edge impact: legacy 10 MHz E-UTRA (victim) vs 10 MHz 99% spectrum utilization (aggressor)

[image: image7.emf]50 kHz

50 kHz


Figure 7: PRBs edge impact: 10 MHz 99% spectrum utilization (victim) vs 10 MHz 99% spectrum utilization (aggressor)

[image: image8.emf]140 kHz 140 kHz


Figure 8: PRBs edge impact: 10 MHz 97.2% spectrum utilization (victim) vs 10 MHz 97.2% spectrum utilization (aggressor)
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Figure 9: PRBs edge impact: 10 MHz 95% spectrum utilization (victim) vs 10 MHz 95% spectrum utilization (aggressor)
Investigating narrowband blocking requirement, we could notice:
· Legacy 5 MHz E-UTRA would most likely be impacted (at least the 2 PRBs on the edge) when the adjacent signal is a 99% spectrum occupency network.

· Legacy 10 MHz E-UTRA (and so 20 MHz E-UTRA) would most likely not (very slightly on PRB edge) be impacted when the adjacent signal is a 99% spectrum occupency network (and so with 97 and 95% occupency).
· With two adjacent 99% spectrum occupency network, the edge PRBs would be highly impacted. That might compromise the benefit of adding a PRB in the considered bandwidth, comparing to 97% and 95% occupency.
3 Conclusion
In this contribution we further analyzed the impact of high spectrum utilization on narrowband blocking requirement, this for different ratio of utilization.

We noticed reciprocal mixing of phase noise would affect the narrowband blocking performance depending on the considered utilization ratio; benefit of considering very high ratio might even be very limited for a very high spectrum utilization.  
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