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1. Introduction
In TR 38.308 following text was captured for OOB:

· For Range 2
· Considering the worst case of saturation of the receiver, beam peak is used as a metric where OOB blocker is < ± FFS% away from the center frequency of the wanted signal since the beam peak will change according to the blocker offset. The values will be determined considering probability of being same direction when deciding blocker level in the WI phase. Necessity of TRS is FFS to avoid unnecessarily tight requirement.

Similar to the highlighted sentence was captured in all receiver jammer cases. In this paper we discuss necessity of testing blockers from off beam direction.  
2. Discussion
For mmW, blockers impact receiver in two ways, one is when blockers come from beam direction i.e. they add up after phase shifting and an other is that they do not add up. Different parts of the receiver are impact based on which mechanism is relevant. These two cases are illustrated in Figure 1.
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Figure 1 Jammer propagation in beam forming system. Blocker from beam direction (blue, right) and off beam direction (red, left)

In Figure 1, the beam direction blocker (blue) is propagated through phase shifting and antenna array and amplified by same amount as wanted signal. The off beam blocker does not experience phase shifting gain but receiver components that are placed before phase shifting, experience blocker with same level as it would come from beam direction. We have shown in previous meetings [1], that antenna array can have array gain for other frequencies than fundamental but the likelyhood of antenna gain with array gain being higher on other frequencies than fundamental is very low. This would imply that for all blockers that are within reasonable frequency range from fundamental, the worst case blocker comes from beam direction. 

Observation 1: For any blocker that is close to fundamental operating frequency, worst case blocker comes from beam direction

For out of band blocker spec, the blocker frequency offset can be large. There may be a case where antenna + array gain for that frequency offset is in main beam direction is low but is relatively high for some other direction and that the UE has somekind of weak point for that specific frequency like for example IF frequency. Given that mmW bands have relative bandwidth of ~15 %, an appropriate frequency offset for of beam blocker should be at least 15% away from band edge. 

Observation 2: Appropriate offset for off beam blocker requirement is at least 15% from band edge 
The mmW antenna gain decays fast towards lower frequencies [2]. Our example was for patch antenna but since the antenna gain is proportional to the antenna size, this is true for all antennas. It is unlikely that for frequencies below fundamental operating frequency, there will be much antenna + array gain. Therefore, blockers from off beam direction below operating frequency will be gain benefit of lower antenna gain. 

Observation 3: Blockers below operating frequency will be attenuated by antennas

It is not necessary to specify or test blockers from off beam directions below operating frequency. 

Proposal: ACS and in-band blockers will be specified and tested from main beam direction. Out of band blockers will be tested only from main beam direction when frequency offset is ≤ ±15 %. Other directions when frequency offset is > 15 % above operating frequency are FFS.

Based on proposal 2, the offset which defined main beam direction and off beam direction blockers can be larger than 15 % if further studies indicate so. Also further optimization in blocker direction can be done in terms of testing time optimization.     
3. Conclusion
Blocker requirement for beam formed UE was discussed. Two observations were made: 
Observation 1: For any blocker that is close to fundamental operating frequency, worst case blocker comes from beam direction

Observation 2: Appropriate offset for off beam blocker requirement is at least 15% from band edge
Observation 3: Blockers below operating frequency will be attenuated by antennas 
And one proposal was made

Proposal: ACS and in-band blockers will be specified and tested from main beam direction. Out of band blockers will be tested only from main beam direction when frequency offset is ≤ ±15 %. Other directions when frequency offset is > 15 % above operating frequency are FFS.
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