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Introduction/Background
In the previous RAN plenary meeting a new study item on Active Antenna Array System (AAS) was approved [1]. Spatial techniques have been available in 3GPP specifications from rel-8 where, some examples include transmitter diversity, MIMO and beamforming.

However the reference point for requirements and tests is the antenna connector and thus the properties of the spatial domain is not fully captured in the specifications. In this paper we highlight some of issues that we think should be considered if the spatial domain should be taken into account in future specifications.
Discussion

In general the properties of how the spatial domain influences the requirements are not fully considered in the specification. Some indications are that:
The coexistence studies done so far typically assume a directional antenna for the BS and a omnidirectional antenna for the terminal. The possibilities for interference mitigation by null steering towards victim UEs are not taken into account when considering the impact of the aggressor. Another aspect is that the baseline performance, which losses are compared against, does not consider spatial techniques. What is currently used is a modified Shannon curve, but this does not take into account that at high SNR levels multi-stream MIMO may be used, or that the BS may direct different beams towards different users and thus be able to accommodate more users in the same frequency spectrum.

Also a lot of requirements are based on assumptions about minimum coupling loss for BS. This may be a reasonable model for the cases when the BS antennas are directional and the direction is fixed. This is further discussed in [2,3]  However if the BS uses spatial techniques the interference level when the aggressor BS points the beam directly into the victim BS antenna the MCL may be lower. On the other hand this does not happen all the time which makes the interference that the victim BS sees more variable and on the average the interference may be lower than the levels calculated from MCL today.

Another interesting question that needs to be answered is how to address the spatial domain in practice. One could imagine that requirements are set in one direction, in multiple directions, as a average over a sphere, as the minimum/maximum over a sphere or in some other metric. This will also need to be considered. 
Options for handling spatial domain

One of the things that we need to decide in the AAS WI is how the spatial domain should be handled in future specifications. It is possible to imagine a number of different options.

Focus on per antenna port requirements: Continue using the same principles that are currently used in the specifications. This option has the advantage that it is backwards compatible. However the main drawback is that the problems that the AAS SI tries to address are not fully considered. It may lead to overly stringent per-antenna-port requirements in some cases and too relaxed requirements in other cases. These discrepancies are expected to become larger as the number of antenna elements increase.
Another option is to fully consider the spatial domain. I.e. all requirements should be revisited to take into account the processing done. The advantage is of course that the requirements match the expected deployment scenarios. However there are problems along the way as well since the amount of work that needs to be done is large. It is for example necessary to make assumptions about how processing in the BS is done when combining/distributing the signals to and from the antennas. It is also necessary to simulate system level behavior in order to determine the correct requirement levels.
Finally it is also possible to imagine options between these two endpoints. For example it may be possible to group antenna elements and make simplified assumptions about the processing done for groups of elements, e.g. that a group of elements always form a static beam. This is in one sense the approach used today where each antenna that is connected the BS antenna connector consist of a phase adjustment network and a number of antenna elements. This may create simplifications, but it may also be so that most work is actually to consider the spatial domain and the extra work for adding a large number of elements may be minor.
It seems reasonable to use a mix of approaches when setting the requirements. Some requirements may need to consider the spatial domain and consider all antenna elements or sub-arrays at one, possibly using OTA measurements, while other requirements may be set on individual antenna ports. 

Summary

Currently the 3GPP specifications use spatial domain features, e.g. transmit diversity, MIMO and beamforming. At the same time these techniques have not been considered in detail when deriving RF requirements.

One of the main questions in the AAS study item is how the spatial domain should be handled in the future. There is a range of options ranging from “completely ignoring” to “fully include” the spatial domain where each option has it’s own benefits and drawbacks. 

It is necessary to further discuss how to handle the spatial domain. Here we have provided a first set of contributions to that discussion.
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