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1
Introduction
RAN4#80 approved a way forward of [1] for UE RF requirements for mmWave. The Way Forward of [1] contains the following agreements for blocking requirements:

· Blocking requirements
· ACS, blocking requirements are needed
· FFS how these requirements should be defined, whether spatial characteristics have to be taken into account or not and if yes, how

· For the blocking requirements, realistic values based on actual possible blockers should be considered

In this contribution, we discuss what kind of aspect should be studied to proceed with blocking requirements such as (ACS, in-band blocking etc.). 
2
Discussion
There was a contribution of [2] on blocking requirements where the following Observation 4 and 5 are provided in [2].

---------------------------------------------------Start of an excerpt from [2] ---------------------------------------------------

Observation 4. Blocking requirements (ACS and blocking) should be defined with interference signals coming from the same direction as the wanted signals. Blocker levels and frequency offset levels should be based on actual systems deployed in adjacent frequencies. 
Observation 5. It should be further discussed whether spatial blocking requirements are needed or not.
---------------------------------------------------End of an excerpt from [2] ----------------------------------------------------

We share our view on the contents for the above respective observations. 
In RAN4#80 meeting, there was a discussion on beam forming pattern for unwanted signals. Although RAN4 agreed the same beam forming pattern for the unwanted signals as that for the wanted signals for the simulation assumption for WP5D, whether the unwanted signals are beamformed or not is still FFS [5]. In this contribution we analyse ACS/blocking in mm Wave considering both cases. It should be also noted in this analysis we take two extreme cases. 
2.1 Case 1: Unwanted signals are beamformed
2.1.1 Direction of blockers

In principle, we share the same view on handling directions of interference signals and the wanted signals mentioned in Observation 4 in [2] since defining direction of the blockers to be the same as that of the wanted signals is the worst case in terms of not being able to use any spatial isolation.  This, however, may not happen so much often in practical deployment scenarios. More clearly, the condition is that interference signals and the wanted signals come together from the same direction with significantly different signal levels, in which the wanted signal level should be lower than the aggressor signal level. Provided that victim UEs, aggressor UEs and base stations use beamforming feature, this worst case may be hard to be seen due to the following reasons. 
In general, we can assume at least two scenarios where the signal levels of the victim UEs are lower than those of the aggressor UEs or base stations. One would be non-collocated deployment between operators. For instance, the victim UEs are close to the aggressor base stations while the base stations for the victim UEs to communicate are far away from them. This scenario has been covered in requirements such as ACS and in-band blocking in current LTE specification. The other would be seen in cell edges where the signal levels of the victims UEs and aggressor UEs are both quite low while both the victim and aggressor UEs are likely to transmit at higher power than usual. In mmWave, however, considering that the UEs and the base stations use beamforming feature, it seems less frequent to see the situation that the levels of the victim UEs are lower than those of the aggressor. One of the reasons is that the aggressor’s Tx beam is not pointed to the victims so that the levels of the aggressor would be weakened at the victims.  Another reason is that the victim’s Rx beam is directed to their base station so that they do have spatial isolation against the aggressor’s. These situations are illustrated in Figure 2.1.1-1. One of the conditions somehow coming up to generate the situation to cause blocking would be the victim, aggressor UEs, victim and aggressor base stations is arranged linearly in space.  Considering that people with UEs and associated base stations rarely are on the same height, the worst case may seldom happen. One of the potential worst cases is illustrated in Figure 2.1.1-2. Note that this analysis is based on the condition that beam is sufficiently sharp enough.
Observation 1: Provided that the victim and aggressor UEs and base stations use beamforming feature whose beam is sufficiently sharp enough for both wanted signals and unwanted signals, the probability to cause blocking may not be so much often.
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(a) Non-collocated deployment between operators
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(b) Both UEs are in cell edges
Figure 2.1.1-1: Example cases where both the UEs and BSs use beam forming feature and victim’s Rx beam is not pointed to the aggressor’s Tx beam. Both wanted signals and unwanted signals are beamformed.
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Figure 2.1.1-2: One of the potential worst cases
2.1.2 Spatial blocking requirements
In principle, the requirement would be necessary. We, however, believe that how important it is has relation with the discussion of direction of blockers elaborated in the Section 2.1.1. In case signals other than wanted signal is beamformed in Rx, more sufficiently the spatial blocking requirements are guaranteed, even less the probability to cause the interference and the wanted signals to come from the same direction, in which the wanted signal level should be lower than the aggressor signal level become since at least beam of the victims should be even sharper and conversely. One aspect of this requirement cannot cover is that the sharpness of aggressor’s beam. If we avoid having blocking requirements assuming the interference and the wanted signals from the same direction, then, we need to guarantee the sharpness of the beams for UEs and base stations for Tx and Rx, respectively.
Observation 2: 
· The spatial blocking requirements would be useful to reduce the probability to cause blocking in mmWave and guarantee the sharpness of the victim UE’s Rx beam to some extent provided that signals other than wanted signal can be beamformed. This, however, does not cover the sharpness of the aggressor UEs and base station’s beams.
· In addition, these aspects are related with the necessity of specifying blocking requirements whose interference and wanted signals come from the same direction in which the wanted signal level should be lower than the aggressor signal level. If we can significantly reduce the probability to cause blocking by specifying spatial blocking requirements or other ways, we may avoid having the blocking requirements whose the two signals come from the same direction.
2.2 Case 2: Unwanted signals are NOT beamformed
In this case, received unwanted signals are not affected by Rx beam forming gain. Thus the received unwanted signals are not amplified as well as less suppressed. On the other hand, since the unwanted signals for victim system are wanted signals for aggressor system, the unwanted signals for victim system are amplified if aggressor’s Tx beam is pointed to the victim system UE/BS. This means that scenarios where blocking would be caused in the victim system discussed in previous section may happen often in practical deployment scenarios. These situations are illustrated in Figure 2.2-1.
Observation 3: Provided that unwanted signals are NOT beamformed, the probability to cause blocking in this case is higher than that in the case that unwated signals are beamformed 
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(a) Non-collocated deployment between operators
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Figure 2.2-1: Example cases where both the UEs and BSs use beam forming feature and victim’s Rx beam is not pointed to the aggressor’s Tx beam. Unwanted signals are NOT beamformed.
2.3 Blocker levels
In our understanding, out of band blocking requirements for LTE (UMTS) were derived based on UE to UE co-existence with certain conditions such as UE antenna gain, minimum distance between aggressor UEs and victim UEs etc. while ACS has been derived from co-existence simulation in conjunction with ACLR. In this section, we focus on out of band blocking requirements since ACS is handled in co-existence simulation. Provided that out of band blocking requirements may be one of the key requirements impacting on the necessity of filters on RF front end, it would be better to consider both system and UE RF implementation impacts with more careful attention. 
On blocker level for out of band blocking, consideration of at least the existence of 3GPP radio systems such as GSM, UMTS and LTE etc in below 6 GHz would be necessary since UEs in mmWave may be affected by co-existing these systems. It should be, however, noted that specifying every single radio system as blocker may not be realistic in terms of the number of requirements.

Observation 4:
· As blocker below 6GHz, at least radio systems specified in 3GPP such LTE can be one of the candidates for blockers for mmWave devices. Further discussion on which and how many systems needed to be considered in terms of technical analysis and practical deployment in the future.
In addition, it would be better to consider what kind of radio system exists close to mmWave spectrum for both sides. The reason behind is that if there are systems to be strong blockers to affect NR in mmWave, this may affect UE implementation. As one of the examples, we share the information of radio systems around 28 GHz in Japan in [3, 4]. Note that unfortunately, the information is provided in Japanese only.

Observation 5:
· Information on radio systems round each available mmWave would be useful to consider blocking requirements in mmWave.
3
Conclusions

This paper shares the following four observations. 
Observation 1: Provided that the victim and aggressor UEs and base stations use beamforming feature in both wanted signals and unwanted signals whose beam is sufficiently sharp enough, the probability to cause blocking may be not so much often.

Observation 2: 

· The spatial blocking requirements would be useful to reduce the probability to cause blocking in mmWave and guarantee the sharpness of the victim UE’s Rx beam to some extent provided that signals other than wanted signal can be beamformed. This, however, does not cover the sharpness of the aggressor UEs and base station’s beams.

· In addition, these aspects are related with the necessity of specifying blocking requirements whose interference and wanted signals come from the same direction in which the wanted signal level should be lower than the aggressor signal level. If we can significantly reduce the probability to cause blocking by specifying spatial blocking requirements or other ways, we may avoid having the blocking requirements whose the two signals come from the same direction.

Observation 3: Provided that unwanted signals are NOT beamformed, the probability to cause blocking in this case is higher than that in the case that unwated signals are beamformed.
Observation 4:
· As blocker below 6GHz, at least radio systems specified in 3GPP such LTE can be one of the candidates for blockers for mmWave devices. Further discussion on which and how many systems needed to be considered in terms of technical analysis and practical deployment in the future.

Observation 5:
· Information on radio systems round each available mmWave would be useful to consider blocking requirements in mmWave.
Based on the above observations, we propose the followings to facilitate the future discussion on this aspect.

Proposal 1: Study whether or not unwanted signals are beamformed. If unwanted signals are beamformed, clarify from which frequency range and what to extent unwanted signals are beamformed.
Proposal 2: Study and identify potential worst scenarios to cause blocking where the blockers and the wanted signals come from the same direction where wanted signal levels are even lower than those of blockers under the condition that beams of victims and aggressors are sufficiently sharp enough. Note that how sharp they should be can be discussed later.

Proposal 3: Study typical and achievable beam pattern and achievable isolation against blockers with some side conditions such that the number of antenna arrays, applicable frequency range etc and analysis of their trade-off.

Proposal 4: As blocker below 6GHz, at least radio systems specified in 3GPP such LTE should be one of the candidates for blockers for mmWave devices. Study which and how many systems needed to be considered in terms of technical analysis and practical deployment in the future.

Proposal 5: Share the information on what kind of radio system co-exists around each available mmWave spectrum such as 28GHz in each region and country.
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