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1	Introduction
This contribution discusses NR blocking requirements for mmWave. 

2	Discussion
We start by discussing which blocking requirements are needed for NR. ACS, In-band blocking1 and in-band blocking2 are necessary while narrow-band blocking seems unnecessary as there are so such narrow-band blockers at mmWave frequencies, especially very close to NR channel. Out-of-band blocking capabilities need to be verified as well, but we need to pay attention to at which frequencies the blockers apply in order not to overspecify.

Observation1: Narrow-band blocking requirement is unnecessary for mmWave
	
In OTA environment, the actual requirement and the way to test it go hand in hand in the sense that the requirement should match well with the way to test it. In addition, the testing procedure should be fairly simply whenever possible. We believe that first RAN4 should discuss how the blocking requirements are tested, i.e is beamforming used, from which directions do the signals come from, etc. before discussing the actual dB level numbers.

Observation2: RAN4 should discuss first how the blocking requirements are tested before discussing actual dB levels.

There are many degrees of freedom to design how the requirement is verified in OTA domain. In practice the own DL and blocking signal often come from different directions, maybe the worst case would be when antenna gain for own DL is poor and antenna gain for blocker is high (UE beamforming not optimal). However, in such conditions the UE would not perform adequately even without blocker. Conversely, the antenna gain for own DL could be good and antenna gain for blocker could be poor (UE beamforming optimal, and signals come from different directions). One option would be that the own DL comes from well-defined direction and the blocker comes from multiple directions (entire sphere). 

We believe the most straightforward approach would be to define the requirement in a way that the own DL and the blocker come from the same well-defined direction. Naturally, the UE beamforming should be optimized for the own DL. In this approach, the antenna gain would be pretty similar for both signals when the frequency separation is small enough. With larger frequency separation, the antenna gain would be worse for the blocker due to frequency selectivity. 

When stating own DL and blocker should come from the same direction we create a precedence for the testing equipment as well. In practice the UE position should be rotated to find the best beam direction and then tube the own DL signal and blocker to desired levels. After that the requirement could be verified. Furthermore, in practice there would be some difference between the own DL and blocker arrival angle as the sources for these would be close to each other but not at exactly same position.

Observation3: Blocking requirements should assume both the own DL and the blocker come from the same direction, assuming beamforming at the UE is used for own DL.

Observation4: The UE location would be rotated to find the best beam direction and then the own DL and blocker levels would be tuned according to the blocking requirement to be tested.
 
Adjacent Channel Selectivity:

In LTE there are two ACS requirements (ACS Case1, ACS Case2). Case1 verifies performance at low input power while Case2 is verifying the performance when the blocker is at maximum input level. We find it pretty suitable to specify ACS in a similar way for NR as well. The blocker bandwidths should be carefully considered; it is not meaningful to test all possible wanted signal/blocker BW combinations.

At this point we see that the ACS could be verified with one blocker BW only.

Observation5: ACS could be verified by two cases, case where the own signal power is low, and case when the blocker power is at maximum input level. ACS could be verified with one blocker BW only.



In-band blocking:

In LTE there are two in-band blocking requirements (IBB1, IBB2). We find it pretty suitable to specify two in-band blockers for NR as well. The blocker bandwidths should be carefully considered; it is not meaningful to test all possible wanted signal/blocker BW combinations.

At this point we see that the IBB could be verified with one blocker BW only.

Observation6: In-band blocking could be verified by two cases, case where the blocker is placed right after ACS in frequency domain (IBB1) and a case where the blocker is placed right after IBB1 in frequency domain. IBB could be verified with one blocker BW only.





Out-of-band blocking:

In LTE there are three different out-of-band blocking requirements. For NR we believe that the number of different out-of-band blocking requirements could be even smaller than three. The reason for excessive OOB requirement in LTE is likely the likelihood of existence for such blockers fairly close to the DL CC. At mmWave frequencies the probability of having a strongish blocker close to DL is quite low. Even if there were systems that to transmit CW/very narrow signals at high power, the high propagation loss ensures that the blocker level at the UE antenna is low. This aspect should be accounted when deciding OOB requirements.

We envision that there could be two OOB requirements, one where the blocker is fairly close to the band edge, and another one where the blocker is further away. This is an initial suggestion for discussion.

Observation7: The number of out-of-band blocking requirements should be thoroughly discussed. Initially the number of requirements could be smaller than three.

Observation8: There could be two OOB requirements, one where the blocker is fairly close to the band edge, and another one where the blocker is further away. 

3	Conclusion
In-band blocking (excluding ACS) and out-of-band blocking requirements for mmWave NR UE were discussed. The following observations were made.

Observation1: Narrow-band blocking requirement is unnecessary for mmWave

Observation2: RAN4 should discuss first how the blocking requirements are tested before discussing actual dB levels.

Observation3: Blocking requirements should assume both the own DL and the blocker come from the same direction, assuming beamforming at the UE is used for own DL.

Observation4: The UE location would be rotated to find the best beam direction and then the own DL and blocker levels would be tuned according to the blocking requirement to be tested.

Observation5: ACS could be verified by two cases, case where the own signal power is low, and case when the blocker power is at maximum input level. ACS could be verified with one blocker BW only.

Observation6: In-band blocking could be verified by two cases, case where the blocker is placed right after ACS in frequency domain (IBB1) and a case where the blocker is placed right after IBB1 in frequency domain. IBB could be verified with one blocker BW only.

Observation7: The number of out-of-band blocking requirements should be thoroughly discussed. Initially the number of requirements could be smaller than three.

Observation8: There could be two OOB requirements, one where the blocker is fairly close to the band edge, and another one where the blocker is further away. 
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