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1 Introduction
The AAS (Active Antenna System) Study Item was approved in RAN plenary #53 (Sept 2011, Fukuoka). A number of contributions have been discussed in RAN4 #60 (Oct 2011, Zhu Hai) and RAN4 #61 (Nov 2011, San Francisco) consecutively following the SI approval. Many appreciable viewpoints and tangible questions have been presented. 

This paper highlights the key areas of this SI that RAN4 shall focus on in the next step, and identifies the key problems and the methodologies to address those problems. 
2 Summary of the previous discussions
For the convenience of the group, all the contributions submitted to RAN4/RAN before and after the SI approval are listed as references in this paper. 
The following areas have been discussed:
1) AAS reference structure and definitions: Efforts have been made to define a generic reference structure to study the characteristics of the AAS BS [2, 16, 20, and 35]. The associated terminologies and definitions were discussed in [16, 21, 27, 31, and 33]. The minimum requirements will be figured out based on the further understanding of the AAS characteristics.
2) The conducted requirements and tests, and the reference points: There were discussions on how and where to define the reference points for conducted requirements and tests [12, 13, and 15]. 
3) Characteristics of array (or correlated) and diversity (or un-correlated) applications and the impacts on minimum requirements. This issue were discussed in [1, 2, 3, 7, 9, and 25]. We would like to raise the attentions on the issues discussed in [1, 3, and 25].
4) OTA test: There are some light discussions on the OTA tests [14, 23, and 24].
5) International regulation review particularly related with multiple antenna transmission and measurement is necessary [28, 34].
6) The AAS applications, deployment scenarios, as well as possible simulation scenarios are discussed in [11, 19, and 32].
7) The skeleton TR and work plan has been available in [17, 18, and 29].
In summary, the discussions so far have touched almost all the necessary areas. The skeleton TR has been available in [29] which outlined the organizations of the on-going study.
3 Identifying the key problems and the SI next step
In this section, we highlight the key problems and propose the corresponding methodologies. Before we start, we recall the SI key objectives without having to duplicate the texts from the WID [6]. The key objectives can be summarized as below:
1) Targeted at finding the structured minimum requirements which are applicable to AAS BS without any ambiguity.
2) Study the transmitter and receiver characteristics first, and then derive the minimum requirements that are applicable to AAS BS based on the impacts on system performance and co-existence.
3) Only study the feasibility of OTA tests.
Based on the summary presented in Section 2, the following areas are highlighted for the attention of the group:
3.1 Target at the “conducted” minimum requirements and tests for the AAS receivers and transmitters
The radiated (or OTA) tests, albeit its special requirements on test facilities and environments, offer the advantages that the BS equipment is tested in an environment resemble to its real deployment. These advantages are valid not only for AAS, but also for traditional BS installed with multi-antenna system. However, the radiated tests will definitely require significant efforts or multiple 3GPP release cycles to finish the alignment of test facilities and environments, which would warrant a separate study project. 
Requirements that are applicable to AAS BS must be clearly defined, but the radiated test is not the single path toward the minimum requirements for AAS BS, and it can be set as a long term objective for RAN4. 

The existing 3GPP RF requirements for BS transmitter and receiver system are based on conductive measurements with typical antenna pattern assumed. The requirements for antenna system are not covered in 3GPP. The same methodology may be employed for the AAS BS, but more complicated interactions between the antenna array and the transceiver array shall be carefully investigated. The minimum requirements for the AAS transmitters and receivers can be derived based on the worst case of all typical scenarios.
3.2 Study the spatial characteristics of the multi-antenna BS and the impacts on the minimum requirements for the AAS transmitters and the receivers
The spatial characteristics can be further broken down as 3 aspects that are further elaborated in the following sections.
3.2.1 Aspect 1: the MIMO applications

The BS employing multi-antenna system has been deployed in real network. The generic application for multi-antenna system is called Multiple-Input-Multiple-Output (MIMO), which is an umbrella term covering several particular technologies, that are usually classified as transmit diversity, spatial multiplexing, and beam forming, usually in the academic society. In LTE system starting from Release-8, these techniques are dynamically configured per TTI(s) basis to explore the gains from the correlated and un-correlated propagation characteristics. There are always correlated and un-correlated components in the wireless channel, and the diversity gain and array gain are jointly optimized in certain channel conditions, and they are classified as different transmission modes in 3GPP specifications. 

There is not a multi-antenna BS system that is designed to work on a single MIMO technology (academic domain) or mode (the standard domain). The AAS BS definitely supports all the applications offered by a traditional BS employing multi-antenna system. The multiple antenna system installed in a conventional BS is usually an Mx1 linear array (with the same polarization direction), while the AAS BS can be generalized as an MxN planar array, or any non-linear array where the system requirements can be met with the installed antenna system. 
In existing BS specifications, there are requirements for each transceiver specified “at each antenna connector”, and the same requirements are also applicable to the far end of “a combiner or splitter” which severs a group of transceivers for “a BS using antenna array.” It’s not clear when and how the requirements shall be applied at each antenna connector or at the far-end of a combiner or splitter. Further clarifications shall be worked out based on the outputs of this SI.
3.2.2 Aspect 2: the adaptive beam-forming and the coexistence
RAN4 has done solid coexistence study for “diversity” (or “uncorrelated”) based applications. However, further coexistence study for beam forming (or “correlated”, or “spatial”) based applications may be needed. 
The radiation pattern for AAS BS can be dynamically adjustable, while a fixed beam pattern is assumed for the conventional BS. The dynamic radiation pattern has been considered for UTRA 1.28Mcps TDD system and the beam pattern can be found in Annex B in TR36.942.

There have been studies in this area by some regulatory bodies, and the early one can be found in ITU-R M.2040 (adaptive antennas concepts and key technical aspects), and latest ones are from FCC, which are the KDB publication No 662911 D01 and D02.
3.2.3 Aspect 3: the consistence between the transceivers
As elaborated in [4], there are correlated and uncorrelated components between the radio signals generated from a group of transceivers even with the identical input to each of the transceivers. The radiation pattern is different for the correlated components and uncorrelated components. This aspect shall be investigated when considering the requirements for the transmitters and receivers.
3.3 Study the impacts of antenna array configurations on the AAS transmitter and receivers to meet the coexistence and performance requirements
The last step is to figure out the conducted requirements and tests for the transmitters and receivers in the AAS. 
In existing BS specifications, the requirements are specified for each of the transmitters and receivers. Therefore the requirements are specified at the antenna connector for the transmitter and receiver.
For each of the transceivers in the AAS BS, there is the physical interface point for the input/output of radio signals, which can be temporarily named as “the physical antenna connector”. 

There are multiple physical antenna connectors in an AAS BS, and they might be dynamically configured as multiple groups, and each group of physical antenna connectors are combined as “one virtual antenna” with desired radiation pattern by applying the digital beam-forming vectors. 
For Transmitter:

For the transmitters in AAS, the air combined radio signal after digital beam-forming is the same as the one by passive phase shift network. Therefore, the requirements can be either specified for a group of transmitters, or for each of the transceiver participating in the beam-forming. When specifying the requirements for a group of transmitters, the stimulating signal for each of the transmitters shall be identical. 
For Receiver:

For the receivers in AAS, the gain of the digital beam forming is perceived as SNR changes in the spatial domain, and this is different from the transmitter side. Each of the receivers shall be considered according to the radiation pattern of the array elements modified by the radio distribution network. The tests can be applied to the group of the receivers but the requirements for each of the receivers shall be guaranteed even they are tested in a group. 
A straightforward approach is to review the existing requirements one by one, as outlined in the TR for transmitter and receiver separately. 
4 Conclusion
This paper highlights the key areas that RAN4 shall focus on in the next step for AAS SI. Here we propose the group to focus on the following key areas:
1. Target at the conducted minimum requirements and tests for AAS transmitters and receivers.
2. Study the spatial characteristics of multi-antenna BS and the impacts on the minimum requirements of the AAS transmitters and receivers.
3. Study and understand the impacts of antenna array configurations on the transmitter and receivers to meet the coexistence and performance requirements. 
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