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1	Introduction
This contribution discusses UE NR blocking requirements for mmWave. 

2	Discussion
UE RF WF including blocking was approved in previous meeting [1] where the blocker direction was pretty much defined to be the same as the wanted signal. This document discusses the open case when the blocker is far from the wanted signal in frequency. In addition we discuss OOB blocking levels generally.

We did study antenna gain behaviour to finish the remaining open issue in blocker direction [1]:

· For cases where OOB blocker is ≥±FFS% away from the center frequency of the wanted signal the blocker direction is FFS 
 
It is possible that the antenna gain is about at the peak level at some other frequencies far off the centre frequency of the wanted signal. For instance second harmonic would be a good example. However, the probability for the antenna gain to be higher at some arbitrary frequency than the antenna gain at desired frequency is low. Those cases could for instance be handled with exceptions in OOB requirements. Thus we don’t see any strong obstacles to define that also the OOB blocker that is far in frequency comes from the same direction with the wanted signal. Anyhow, we’d like to leave this issue open for further studies until the WI phase.


OOB blocker levels have not been discussed yet in RAN4. In LTE the UE OOB levels go from -44dBm up to -15dBm depending on the frequency offset. The -15dBm value has been relaxed to -20dBm for 3.5GHz and 5GHz bands, the reason being the RF filter cannot guarantee attenuation with the relatively small frequency offset. One can say LTE below 6GHz tolerates blockers reasonably well. mmWave is however operating at multiple times higher frequency and thus the LTE blocker levels should not be directly reused without careful consideration.

The is some merit to assume that the OOB blocker levels at roughly below 6GHz could apply also for mmWave because if those blockers really exist then the mmWave capable UE should be verified against those blocker levels. Another aspect to consider is if in IDC case (LTE+mmWave) the LTE UL is seen at -15dBm level of even higher an mmWave antenna. 

OOB blocker levels for mmWave UE at mmWave frequencies should anyhow be significantly relaxed from so said legacy values. The reasons for this are the mmWave does not tolerate as high blockers as LTE and the probability of high blocker at mmWave frequency is low. 

Proposal1: Study if-15dBm OOB level at <6GHz for mmWave is feasible and what is respective sensitivity degradation


Proposal2: OOB levels at mmWave for mmWave UE likely need to be relaxed compared to legacy LTE values due to both worse tolerance for blocking due to higher frequency and low probability for such high blocker existence


The blocker level definition is also something to be defined. Maybe the most straightforward way would be to define the blocker level as directional value at the antenna. Anyhow, discussion on this is needed

Proposal3: Study if the blocker levels can be defined as directional values at the antenna or if some other type of definition is more appropriate

On top of these there are still a lot of open issues in OOB, such as the granularity of verification. For sure 1MHz granularity cannot be maintained in mmWave. The number of exceptions is also something to study and it also links a bit with the blocker requirements (blocker level and allowed degradation).
3	Conclusion
Blocking requirements for mmWave NR UE were discussed. The following proposals and observations were made.


Proposal1: Study if-15dBm OOB level at <6GHz for mmWave is feasible and what is respective sensitivity degradation

Proposal2: OOB levels at mmWave for mmWave UE likely need to be relaxed compared to legacy LTE values due to both worse tolerance for blocking due to higher frequency and low probability for such high blocker existence

Proposal3: Study if the blocker levels can be defined as directional values at the antenna or if some other type of definition is more appropriate
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