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1	Introduction
This contribution discusses NR blocking requirements for mmWave. 

2	Discussion
In previous meeting the blocking requirements were discussed for the first time, on very generic level. In [1] we had some observations on which, how, and how many blocking requirements should be defined. This paper takes one step back and concentrates on aspects related to BF gain and sphere coverage.

One aspect that was much discussed during the online session was the verification coverage of the requirements, i.e how much of the entire sphere should the requirements cover. The starting point for our discussion [1] was to assume only single-point verification for the sake of simplicity, while some companies commented that for instance 90% of the sphere or even the entire sphere should be covered. As such these comments are rational, but it has to be recognized that there is a relation between the sphere coverage and performance.
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The simulation results above show a very basic scenario of how the antenna element directivity varies with respect to sphere coverage. It has to be noted that if we go along with the “high” sphere coverage the gain variation also increases. This has direct implications to requirement setting; the difference between the peak and worst case is larger.

The RF performance is most straightforwardly defined in case when the wanted signal and the blocker have equal BF gain while case where the wanted signal and/or blocker don’t come from optimal direction could give understanding of system performance. We illustrate these cases in Figure 1below.
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[bookmark: _Ref465247687]Figure 1 Illustration of potential test cases for blocking
In case1 both wanted signal and blocker come from the same well defined direction. In this example, the angle of arrival is 0 deg such that the UE is able to maximize the BF gain, and the BF gain is approximately the same for both the wanted signal and the blocker.

Case2 is an extreme example. In case 2 the angle of arrival for the wanted signal is 90deg, meaning that the UE likely is not able to maximize the BF gain for the wanted signal due to limited scan range. The blocker comes from arbitrary direction, in this example from 75deg. In this example, the BF gain is incidentally maximized for the blocker due to limited scan range. This leads to case when the BF gain is higher for the blocker than it is for the wanted signal, leading to potential problems when defining requirements. Of course, this may happen in reality, but the requirements should then account this kind of scenario by relaxing the requirements accordingly.

How to define the requirements? We still believe that requirements should be set fairly simply; we don’t have infinite amount of time to define them and on the other hand having too complex requirements does not benefit anyone. RF core requirements should, when possible, cover the worst case. In our understanding there is quite limited amount of benefits if requirements were defined for other than worst cases. For instance defining a case where the BF gain for the blocker is smaller than BF gain for the wanted signal is pretty questionable; anyways the RF performance is better defined when the blocker gain is equal to wanted signal representing worse case for the RF.

Actually, the problem we are facing here is how to define the worst case. One definition of the worst case could be the difference between BF gain for the wanted signal and the blocker. We should not assume the worst case as case2 is defined above (i.e the gain for the blocker is higher than that for the wanted signal). The worst case, and thus the basis of the blocking requirements should be defined as equal BF gain for the blocker and the wanted signal.

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. We assume one antenna module consisting of 2*2elements is used to cover the entire sphere. Having more than one antenna module as baseline is too stringent requirement for UE implementations. With these assumptions there is 10-20dB difference in BF gain if the entire sphere coverage is assumed.

In other words, both the wanted signal and the blocker would need to be amplified by 20dB in the tester to achieve desired power levels at the UE. Having such a strong blocker from the tester does not anymore represent realistic use scenario and so forth. UE implementation will be different leading to different BF gains at different angles. 

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

Observation2: The benefit of having multiple angles of arrivals in blocking requirements is questionable
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 account different implementations would be challenging.

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