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1 Introduction

During recent RAN4 meetings there has been discussion on the need for introducing new RAN4 BS requirements and declarations for NR. One of the discussed new introductions has been a declaration related to radiation in directions that are not useful for reception by the target UE in a beamforming system. At the June NR Ad-Hoc, a WF was agreed that captured 3 possibilities for the declaration.
This contribution considers again the meaning, impact and most useful potential declaration for radiation in unwanted directions.
2 Discussion

As discussed in previous meetings, in a line of sight deployment, any radiation apart from in the direction of the scheduled UE is unnecessary. Both radiation within the wanted beam (i.e. beamwidth), sidelobes and grating lobes will be unwanted radiation. 
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However minimizing radiation in unwanted directions may not necessarily increase system performance. Reducing sidelobe levels generally implies increasing beamwidth, which may reduce EIRP towards wanted UEs.

Observation 1: For line of sight, all radiation except for in the direction of a wanted beam can be considered unwanted radiation. However minimizing unwanted radiation might not always lead to a system performance benefit.
For a non-line of sight situation, differentiating wanted and unwanted radiation may be much more complex. Several multipaths may exist to the UE, and radiation along each of the multipaths comprises useful radiation. It can even be possible that a multipath reflection may result in a beam radiated into the direction of a neighbor cell may be reflected back towards the wanted UE and be useful.
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Furthermore, in a multipath environment it may be that radiation is both useful for the scheduled UE and interference to other UEs with a different multipath profile. In the example illustrated in figure 3, the beams is reflected back to the wanted UE. However the beam also causes interference to another UE.
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Observation 2: For multipath environments, radiation may be both wanted and unwanted and difficult to differentiate.

For these reasons, it was agreed in [1] that alongside a declaration of unwanted radiation, further text should be introduced to clarify that the unwanted radiation level may not directly correspond to system performance. This is important to prevent misunderstandings. Below is a proposal for text that could be further discussed and revised (This text assumes option 2; if a different option would be selected we would propose different text):

NOTE: The declaration of total power [outside of the wanted cell] may in many circumstances not directly relate to system performance on its own. This is because it is often not possible to differentiate wanted and unwanted radiation, and furthermore because the benefits of optimizing beamforming performance may outweigh the impacts of “unwanted” radiation, leading to systems with apparently higher unwanted radiation also providing superior throughput performance. System performance should additionally be characterized taking all factors into account.
The most useful form for the clarification should also be considered further. In order to do this, it is worthwhile to consider which is most important to capture; a declaration relating to instantaneous unwanted radiation or to averaged effects.

A declaration of sidelobe level or EIRP corresponds to instantaneous radiation. The impact that instantaneous radiation could have will depend on the radiation direction in relation to victims. Two potential instantaneous radiation impacts are depicted in the figure below.
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The figure considers a line of site situation only. On the left hand side, an instantaneous situation is depicted in which a sidelobe points towards a victim UE. Clearly in this case, the lower the sidelobe level, the lower will be the impact on the UE. The right hand side indicates a situation in which a victim UE is between sidelobes of the wanted beam. The sidelobe level will not impact the victim UE in this situation; in fact, an increased sidelobe level could imply sidelobes with lower beamwidth, which might actually benefit victim UEs in between sidelobes.
Extensive system simulation studies were carried out for both below 6GHz and mm wave to investigate the impact of adjacent channel interference to system performance. The simulations demonstrated that in general, the impact of adjacent channel interference to key KPIs such as mean throughput and 5th percentile throughput relates to TRP of unwanted emissions and not EIRP. This is because for a telecommunications system with beamforming and random positions of aggressor and victim system UEs, the impact of different radiation patterns to KPIS on mean throughput averages out.

We believe that a similar observation can be made for co-channel radiation in unwanted directions; the interference impact will relate to the average power of unwanted radiation and not to instantaneous radiation patterns and EIRP. In fact, considering EIRP in unwanted directions could even lead to false design considerations for the BS. Thus, we do not think that the proposal 1 in [1] will be useful under any circumstances for a system that does active beamforming.

Observation 3: Proposal 1 from [1] does not appear to be useful for a system with active beamforming.
Proposals 2 and 3 from [1] propose to declare mean radiated power in “unwanted directions”. The difference between proposals 2 and 3 is that proposal 2 declares an out of cell area and proposal 3 measures radiation outside of the main beam.
Proposal 3 could be relevant for line of sight beamforming, since it captures radiation outside of the beam. However it does not capture the fact that a wide beamwidth could lead to a much larger amount of unwanted radiation than a narrow beamwidth. This may be acceptable since the main usefulness of proposal 3 would be for systems performing MU-MIMO, for which in general narrow beamwidths would be required.
Observation 4: If proposal 3 from [1] would be adopted, then further explanatory text should be added that the declaration is generally useful for systems envisaged for LoS operation, and that only out of beamwidth radiation is declared; the beamwidth will also impact the amount of unwanted radiation.

Proposal 2 from [1] proposes to capture a declaration of out of cell radiation. This would in general impact adjacent sectors. This could be applicable for both LoS and multipath systems. In our view, this proposal is the most useful one to take, since it most clearly relates to a parameter of interest for several scenarios. However still the explanatory text agreed to be included in [1] and suggested above should be included.

Observation 5: Proposal 2 from [1] would be the most useful proposal.
3 Conclusion

If a declaration of radiation in other directions is made, then we believe that proposal 2 from [1] is most suitable. Proposal 3 could be adopted if further explanatory text would be provided together with the declaration. Proposal 1 does not really relate to a useful declaration.
A starting point for developing additional clarification text (based on option 2) is as follows:

NOTE: The declaration of total power [outside of the wanted cell] may in many circumstances not directly relate to system performance on its own. This is because it is often not possible to differentiate wanted and unwanted radiation, and furthermore because the benefits of optimizing beamforming performance may outweigh the impacts of “unwanted” radiation, leading to systems with apparently higher unwanted radiation also providing superior throughput performance. System performance should additionally be characterized taking all factors into account.
It is also encouraged to discuss further the extent to which standardizing a declaration of a parameter whose description and effects are very complex and implementation dependent in 3GPP specifications is the best approach, or whether leaving declarations relating to interference (and also system performance) to be formulated by vendors independently based on their own implementations and deployment scenarions could be more optimal in the long run.
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