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1.
Introduction
This contribution continues the discussion about mutual coupling between antenna elements or sub-arrays in an AAS BS. The discussion was initiated in a paper [1] presented at RAN4#64 in Qingdao and continued in two follow-up papers [2, 3]. Dependent on implementation and supported features, mutual coupling affects radiated performance differently. 

This contribution gives an overview based on our opinion how mutual coupling impacts different AAS BS.
2.
Discussion
An AAS BS is an integrated BS where several components such as antenna, radio and baseband are integrated into on single product holding all functionality with associated performance. Figure 2.1 shows a logical high level architecture for an AAS BS.
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Figure 2.1 Block diagram of logical high level architecture
It is reasonable to believe that the evolution of AAS BS will start with few numbers of transceivers capable of 2x2 MIMO in DL, along the evolution more transceivers will be added for higher order of MIMO and adaptive cell-specific beam-forming. In the first product versions the focus is on integrating antenna and radio, while for future products it is reasonable to believe that also baseband can be part of the product.
Many types of implementations of AAS BS may exist as mentioned in [5, 6]. In combination with the concept of base-station classes already used for legacy base-station a large variety of products is expected to appear on the market. 

Assuming an antenna aperture with a fixed number of radiating elements and functionality in current specification two extreme cases for AAS BS has been identified:

1. Few transceivers (8 or less) and complex passive RDN
2. Many transceivers (more than 8) and simple RDN, all beam-forming is done digitally
The first case is relevant for products currently on the market where the vertical cell-specific beam-forming is created passively in RDN. The vertical element separation is in this case often in the range 0.7-0.9. This is the typical element separation for a passive single-column BS antenna. For a multi-column antenna the horizontal element separation is typical 0.5. For this type of configuration the RDN creates antenna port isolation in the region of 30 dB. Mutual coupling effects will in this case affect radiation pattern and antenna gain. This effect will be captured by the radiated output power requirement. Since the isolation is 30 dB seen from ARP reverse intermodulation is not an issue. This case was covered in a reference contribution [4]. 
For antennas using RDN for vertical beam-forming several columns can be stacked together creating UE-specific beam-forming and cell-specific beam-forming in the horizontal plane is done actively in baseband processing. Observe that cell-specific beam-forming exists both for vertical and horizontal domain. Cell-specific beam-forming in the horizontal domain will require the radio to operate in coherent mode.
The second case is related to base stations were many transceivers are used in a distributed radio fashion and the RDN functionally is reduced. A result is that the isolation between antenna ports is affected. This results in a stronger coupling between the antenna ports as showed in an earlier presented contribution [2]. The very extreme case is where the RDN is reduced to a one-to-one mapping. In this case the coupled neighbouring signal be handled by the power amplifier alone, there is very low isolation in the antenna as indicated in [3]. In distributed radio architecture it is reasonable to believe that the element separation is in the region 0.5 to allow for advanced beam-forming capabilities maintaining spatial selectivity. For products with dense antenna arrays in a compact form-factor will create a design challenge aching isolation between transmitters. Therefore a need for studying the impact on spurious emission for these cases of AAS BS is identified. 
In figure 2.2 different typical antenna configurations relevant for AAS BS are showed. In the single column case the vertical cell-specific radiation pattern is created from the beam-forming done in RDN and the horizontal radiation pattern is defined by the elements. For the 4 column case the vertical radiation pattern is created in RDN and the horizontal radiation pattern for cell-specific is created as a combination of the element pattern and digitally beam-forming to achieve cell-coverage.
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Figure 2.2 UE-specific and cell-specific beam-forming mapped on antenna configuration.

For multi-column antennas with columns divided into sub-arrays active cell-specific beam-forming can be done in the vertical domain. When the RDN is broken down into simple combination network for sub-arrays and in the long term into one-to-one mapping the coupling between elements seen by the radio will be stronger. Consequences of strong coupling is analysed in a separate contribution [3].

It is important to capture RF performance related to introduction of active cell-specific beam-forming introduced in systems with more than 2 ports for horizontal plane and in longer terms for both vertical and horizontal domain. This will be handled by the introduction of EIRP as radiated output power requirement.
3.
Conclusion

In this contribution we have focused on different kinds of antenna configuration with respect to cell-specific beam-forming been introduced in AAS BS. Two main cases exist associated to the evolution of the AAS BS. First cell-specific beam-forming will be implemented in RDN passively. In this case the coupling between antenna ports will be in the region of -30 dB. 
Another case is where RDN is reduced to simple combination networks (sub-arrays with two elements) or one-to-one mapping. The latter case will put new requirement on isolation between different transceivers. As indicated in earlier contribution the coupling in this case is in the region of -13 to -15 dB [3].

For the work aiming against Release 12 it is possible to focusing on radiated output power and radiated receiver sensitivity and if necessary for later releases if necessary work on an introduction of radiated spurious emission.
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