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1	Introduction
This contribution discusses NR blocking requirements for mmWave. 

2	Discussion
Blocking requirements have been discussed in previous meetings, so far at pretty generic level. This contribution once again discusses a very important aspect in blocking requirements that is how to define the blocking requirement with respect to angles of the wanted signal and the blocking signal. This paper applies to ACS, IBB, and OOB.

Our opinion has been [1][2] that the blocking requirements should be set in a way that the blocker and the wanted signal come from the same direction. Our arguments have been that this way represents the worst case (most stringent requirement as blocker is not attenuated by BF) and the BF gain for both signals is well in control and the verification is quick and straightforward.

It’s assumed blocker impact is strongest at LNA input, which is before the phase shifters etc i.e before BF. Please note that the BF does not help LNA to tolerate higher blockers because BF is not done before LNA.  

It might be, at least in theory that the BF gain would be higher for the blocker that it is for the wanted signal [3]. We have evaluated the probability of the BF gain being higher for the blocker that comes from arbitrary direction than it is for the wanted signal that comes from well defined direction. 

In our evaluation with one antenna module the worst case signal direction is as follows. Antenna is radiating along surface of the UE: theta = 90 deg, phi = 0 deg. At that, Normalized wanted signal gain: -3.5dB (normalized signal gain at peak direction=0dB).
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[bookmark: _Ref471285054]Figure 1 Antenna pattern

A CDF is generated from the results in Figure 1. According to this CDF, the probability that the BF gain of the blocker that comes from different arbitrary direction is higher than the BF gain of the wanted signal is ~5%.
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Figure 2 CDF of figure 1

From the analysis results one can see that in 95% of cases the BF for the wanted signal is equal or higher than that for the blocking signal when the blocker comes from arbitrary position. Thus testing several possible blocker directions would not bring much more information but instead would add test complexity and test time drastically. 

Based on this analysis we are proposing the same as earlier:


Proposal1: The blocking requirements should be defined according to case1 i.e the wanted signal and the blocker come from the same direction.


Next we discuss whether blocking requirements need to be verified with more than one angle of arrival. Please note that by angle of arrival we mean the angle where both the wanted signal and the blocker come from. Angle of arrival impacts to the BF gain. Maximum BF gain at each directions of the sphere mostly depends on the amount of antenna elements in the antenna module and the number of antenna modules. We believe that there is no clear benefit to verify several angle of arrivals i.e UE with several different BF gain scenarios; anyways the ratio between the blocking signal and the wanted signal would be the same.


Observation1: Defining multiple angles of arrivals in blocking requirements would be very complicated and in particular to precisely account different implementations would be challenging.

Observation2: The benefit of having multiple angles of arrivals in blocking requirements is questionable

Proposal2: Blocking can be verified with only one angle of arrival
3	Conclusion
Blocking requirements for mmWave NR UE were discussed. The following proposals and observations were made.

Proposal1: The blocking requirements should be defined according to case1 i.e the wanted signal and the blocker come from the same direction.

Observation1: Defining multiple angles of arrivals in blocking requirements would be very complicated and in particular to precisely account different implementations would be challenging.

Observation2: The benefit of having multiple angles of arrivals in blocking requirements is questionable

Proposal2: Blocking can be verified with only one angle of arrival
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