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Discussions 
1 Introduction 
In RAN WG4#60bis, agreed work plan in [1] calls for the study of AAS classifications, definition and terminologies as the first step towards understanding and agreeing on a baseline AAS architecture. AAS systems may deploy various internal architectures in order to create an active array, whether this is a single M-way vertical column (M elements in a vertical stack) or a full MxN array (M rows with N columns of elements). It is beneficial and important that reference architecture is established for the following reasons:

· Test and calculation methods will vary by the type of array configurations.
· Configuration type will impact whether or not elements are considered to be coherent (IMDs from power amplifiers, noise from LNAs).
· Different architectures will have different capabilities with regard to scanning, downtilting and beamforming.
In this contribution, the different radio architectures for AAS are described. It is not the objective of this document to describe all possible AAS design but rather a starting point for agreement of a general and common AAS architecture that do not exclude specific implementation. Certain implementation aspects which are not necessary to be taken into account in the test definition are omitted from the general architecture mode. 

Note: For the sake of completeness, horizontal row systems are not precluded, but are not elaborated in subsequent sections for brevity.  Here we only give examples of columnar arrays.
2 Radio Architecture
The array may cover both uplink receive functions and downlink transmit functions in one of three ways as shown in Figure 1. First, separate arrays may be used for the transmit and receive functions (dual simplex). Care must be taken to achieve adequate transmit-to-receive element isolation, especially if the elements are interstitially spaced (alternated). Often, this is only possible with vertically polarized elements (which have nulls above and below). A second, more common approach is to use a duplexer array, where each element has its own filter duplexer in order for the element to support both transmitter and receiver functions. Lastly, for TDD systems, the uplink and downlink functions can share the array elements by using a set of diplexer switches.

[image: image1.emf]Active Arrays: 

Two Interleaved  4x1

Dual Simplex

Active  Array: 

PA TX BPF

RX BPF LNA

Duplexed

Active Array: 

4x1

LNA

TX BPF

RX BPF

PA

LNA

TX BPF

RX BPF

PA

LNA

TX BPF

RX BPF

PA

LNA

TX BPF

RX BPF

PA

PA TX BPF

RX BPF LNA

PA TX BPF

RX BPF LNA

PA TX BPF

RX BPF LNA

TDD Diplexed

Active Array: 

4x1

LNA

BPF

PA

LNA

BPF

PA

LNA

BPF

PA

LNA

BPF

PA


Figure 1: Dual Simplex, Duplex, and TDD Diplexer Switch Architectures

Just as passive arrays can incorporate element illumination tapering, null spoiling, pattern shaping, and progressive phase-shift electrical downtilting, etc., active arrays can stimulate the active elements in a like manner through their active paths. Two possible configurations are described below:

1. Centralized Radio Array (CRA): This arrangement may be used when a single beam is used to cover the entire sector over all channels in the bandwidth. Using a single set of magnitude weights and a single set of phase settings, a single ‘centralized’ radio can support all of the elements of the columnar or horizontal array.
2. Distributed Radio Array (DRA): In a distributed radio array, each element of the array may have its own radio receiver and transmitter. 
If a separate radio receiver and radio transmitter is employed for the RF path feeding each element (a fully active distributed radio array, DRA), then separate signals within each RF path (e.g., per-carrier or per-user) can each have individualized magnitude and phase weights. 
Therefore, these architectures can be considered part of a progression from the fully ‘centralized’ array (including centralized power amplifier, low noise amplifier, and filtering) of the passive array, to a ‘semi-active array’ in a Centralized Radio Array (CRA), and finally to a ‘Fully-active Array’ in a Distributed Radio Array (DRA), as illustrated below in Figure 2.
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Figure 2: Centralized Radio Array (CRA) and Distributed Radio Array (DRA) 
A General Radio Architecture Model

To represent the various possible architecture implementations, a further compromise between centralized and distributed radio arrays can be used to balance cost and complexity against performance of the array. This is represented by an array structure which allows for adjacent array elements to share a common phase or magnitude weight, as well as sharing radio, amplification and filtering functions. The entire array is then made up of a number of these sub-arrays. Also, a linear array structure may have different groupings of elements in order to create a non-uniform illumination as well as to share filters or power amplifiers across the array. 

A general reference architecture is as shown in Figure 3, where the Transmitter Unit (TX) takes the baseband input and provides the RF TX outputs to the Radio Distribution Unit (DRU). The DRU then performs the distribution of the TX outputs into the corresponding antenna paths and antenna elements.
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Figure 3: Reference AAS Radio Architecture 
3 Conclusions

This contribution introduces and describes the various architecture implementations for AAS architectures. To ensure that the new AAS specifications are neutral and transparent with regard to a specific BS implementation choice for an AAS, the general reference architecture of AAS presented in this contribution are proposed for further considerations. 
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