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1 Introduction
For mmWave UE blocking tests, it has been consented that the ACS, in-band blocking, and out-of-band blocking with blocker frequency offset within +/- 15% of the wanted signal, the blockers are applied in the same direction as the main beam [1]. However, the main beam direction and the direction of the out-of-band blocker with frequency offset outside +/- 15% of the wanted signal have not been specified. In this contribution, we compile a few observations from beamforming simulations over a wide range of frequency offset relative to 28 GHz and propose to specify all the UE blocking tests with both main beam and blockers being applied in the peak gain direction (lowest % point in EIS CDF) regardless of the blocker frequency offset.  
2 Discussion
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The beamforming simulations were based on a 2x2 patch antenna array with wanted signal centered around 28 GHz. For blocker frequency higher than the wanted signal in any beam direction, as the blocker beam pattern is essentially “narrowed”, it is observed that there exists at least one blocker direction where the peak beamforming gain can be as high as the wanted signal, but may not be in the same beam direction, as exemplified in Figure 2-1. This observation is consistent with what has been presented in [1] and the conclusion that the blocker in the main beam direction may not represent the worst-case scenario when the blocker frequency offset is outside +/- 15% of the wanted signal.
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Figure 2-1 Beam patterns for (a) wanted signal at ( = 56 degree (b), (c), (d) at blocker frequency 
Observation 1: For blocker frequency higher than wanted signal in any beam direction, there exists at least one blocker direction where the peak beamforming gain can be as high as the wanted signal, but may not be in the same beam direction.
For blocker frequency lower than wanted signal, the situation is slightly different as the blocker beam pattern is essentially ‘widened’. For some wanted signal directions, blocker can still have the same peak beamforming gain as the wanted signal. However, for other wanted signal directions, there may not exist any blocker direction where the peak beamforming gain could be as high as the wanted signal, that is, the blocker would be attenuated in all directions. Figure 2-2 shows an example where the wanted signal is directed at ( = 56 degree. It is seen that the blocker peak gain decreases as the frequency is lowered. Below 15 GHz, the blocker is attenuated substantially in all directions.




Figure 2-2 Beam patterns for (a) wanted signal at ( = 56 degree (b), (c), (d) at blocker frequency
Observation 2: For blocker frequency lower than wanted signal in any beam direction, there may not exist any blocker direction where the peak beamforming gain could be as high as the wanted signal, that is, the blocker would be attenuated in all directions.

The frequency dependent beamforming gain and pattern lies in the phase shifting mechanism which usually is a function of signal frequency. Ideally phase shifting is only needed if the signal travelling distances to the beamforming antenna elements are different. If the signal can be arranged in a direction where phase shifting is not needed to achieve peak gain, the frequency dependent beamforming gain can be avoided. In a symmetric planar antenna design as shown in Figure 2-3, this particular beam direction can be visualized as the direction perpendicular to the antenna plane. Simulations also ratify that peak beamforming gain can be achieved in this beam direction for blocker frequency above and below wanted signal with relatively wide offset, as shown in Figure 2-4. Further analysis also reveals that this beam direction retains the highest beamforming gain among all beam directions which would represent the lowest % point in EIS CDF.   
Observation 3: If the signal can be arranged in a direction where phase shifting is not needed to achieve peak gain, the frequency dependent beamforming gain can be avoided.
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Figure 2-3 Beam direction to avoid frequency dependent beamforming gain  



Figure 2-4 Beam patterns in peak gain direction showing frequency independent beamforming gain
As all UE blocking test requirements are referred to REFSENS level which in mmWave would be defined by EIS at certain % point in CDF [2], it is crucial to select a particular beam direction to define the REFSENS level and conduct all the blocking tests. Based on the above analysis, the peak gain direction (lowest % point in EIS CDF) would be a rational choice as it avoids the frequency dependent beamforming gain (or blocker direction uncertainty) as observed in other beam directions which also represents the worst-case blocking condition for all blocker frequencies.

Proposal: For all mmWave UE blocking tests, the wanted signal and blockers are applied in the peak gain direction (lowest % point in EIS CDF) regardless of the blocker frequency offset.          

3 Conclusion
In this contribution, based on a few observations from our beamforming simulations, we propose to specify all mmWave UE blocking tests with both main beam and blockers being applied in the peak gain direction (lowest % point in EIS CDF) regardless of the blocker frequency offset.

Proposal: For all mmWave UE blocking tests, the wanted signal and blockers are applied in the peak gain direction (lowest % point in EIS CDF) regardless of the blocker frequency offset.
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