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1 Introduction

As defined in [1], the Active Antenna System (AAS) refers to a Base Station (BS) equipped with an antenna array system, the radiation pattern of which may be dynamically adjustable. Since AAS is considered as a promising technology for boosting network throughputs and improving cell coverage, it has been included in the new study item on next-generation SON for UTRA and LTE for identifying SON enhancements and new features needed for the deployments based on active antennas [2]. More details on this AAS topic are quoted as follows:
Active antennas allow the creation of multiple vertical and horizontal beams making the deployment dynamic. That enables dynamic cell splitting/merging to handle changing load conditions. For example, beams may be steered to distribute capacity precisely according to actual traffic mix, traffic location and user demands. That makes active antennas particularly good for suburban and rural areas, where fixed deployment of pico cells is expensive, but the network may face congestion situations nonetheless. SON can automate the network deployment based on active antennas. (Please note, the work addresses dynamic deployment aspects related to active antennas, like cell splitting/merging and related RAN signalling, not specific to 3D-MIMO or other particular work item under RAN1 responsibility.)
In [3], we discuss the deployment scenarios and candidate use cases of AAS. In this contribution, we further discuss one key enabler for AAS self-optimization, the feedback scheme.
2 Discussion
2.1 Major challenge for AAS self-optimization
Some previous researching results prove that AAS can improve network capacity and coverage by means of optimizing down tilt antenna and beam shaping appropriately [1]
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[4]. Furthermore, AAS enables vertical and horizontal sectorization to handle time-varying traffic load conditions. Traditionally, the abovementioned network optimizations need to be manually performed, which implies a large sum of human resources. Therefore, from operator’s perspectives, self-optimization function is essential for AAS deployment. 
Generally speaking, the AAS self-optimization would be triggered when the environment or traffic load changed and such changes are relatively slow. For example, an AAS BS can trigger sectorization at peak hour and de-sectorization at off-peak hour, which is typically semi-static [3]. It looks like such relaxing requirement on response speed makes the centralized OAM-based solution suitable for AAS self-optimization. The OAM system can collect various KPIs from different AAS BSs over long periods and self-optimization algorithm can be executed centrally to adjust AAS status in these BSs. 
However, note that the adjustments on AAS always take effect on the cell coverage immediately. Since it is very difficult and time-consuming to measure cell coverage, the major challenge would be after making adjustments on AAS how the algorithm to gather feedbacks to verify cell coverage change. Although the OAM system will monitor the related KPIs continuously, still sufficient time is needed to gather these data form different BSs to figure out what has happened after the adjustments. Consequently, the AAS is hardly to remedy a bad decision with too small or too big step value or even in wrong direction before it is too late that UE encounters coverage issues. In other words, lacking of effective and rapid feedback scheme for coverage verification, the performance of AAS would be degraded. Hereby, we consider the feedback scheme for coverage verification as the key enabler for AAS self-optimization function and propose to study it in the SI.
Proposal 1: As the key enabler for AAS self-optimization function, the feedback scheme for coverage verification shall be studied in the SI. 

2.2 Potential way forwards
First, we can conclude some high-level principles for studying the feedback scheme for AAS coverage verification. According the [2], the SI does not intend to define new feature/capability for UE, which implies that the study shall take current Uu interface as baseline. Furthermore, as mentioned above, since the OAM-based feedback scheme is not fast enough, RAN-level solution is more preferable, i.e. focusing on the potential enhancement on interworking between BSs. Another requirement is that the feedback scheme shall be enabled on demand, i.e., event-triggered. In summary, we propose that the abovementioned high-level principles should be embodied when studying the feedback scheme for AAS coverage verification. 

Proposal 2: The abovementioned high-level principles should be embodied when studying the feedback scheme for AAS coverage verification.
In the sequel, we further analyse some typical use cases for identifying potential solution. 
2.2.1 Inter-frequency/RAT deployment
In this case, we assume that at least the one frequency or one RAT provides ubiquitous coverage in the same geographical area. When an AAS needs to perform self-configuration or self-optimization, the algorithm may automate such procedures by theoretical calculations. However, due the complexity of channel conditions, errors are inevitable. In another word, coverage verification becomes mandatory. 
Recall that similar issue has been solved with respect to the inter-RAT unnecessary HO and inter-RAT ping-pong HO. In these cases, a cell can verify its coverage with the aid of another inter-RAT cell. Hereby, for inter-frequency/RAT deployment, we can take the existing coverage verification solution for inter-RAT unnecessary HO and inter-RAT ping-pong HO as baseline for designing the feedback scheme for AAS coverage verification. Furthermore, such solution can allow eNB to configure multiple UEs to perform measurement, which implies sufficient measurement results would be gathered quickly. In another word, the AAS self-configuration/optimization algorithm may also converge quickly.
2.2.2 Intra-frequency deployment
AAS can adjust its radio signal strength in a certain geographical area. This implies that at least to some extent the AAS will be able to remedy the coverage-related issues. On the other hand, it can incur coverage issues when AAS is improperly adjusted. For intra-frequency deployment, such coverage issues are insufficient coverage and over-shooting problem. 

Insufficient coverage would lead to RLF frequently. Recall that MRO can identify such issues and will redirect the failures as inputs to other relevant functions, we can only focus on how to enhance MRO framework to meet the requirements of AAS self-optimization function. 
In case of over-shooting problem, strong interferences exist at cell border. A cell-edge UE serving by the over-shooting cell will suffer downlink interference from neighbouring cell and meanwhile cause uplink interference to the neighbouring cell. 
However, it is more difficult to identify over-shooting problem than insufficient coverage due to the adaptive corrections issued by other SON functions. For example, the (e)ICIC function may relieve the inter-cell interference and MRO can provide robustness for mobility performance. Consequently, the network may present with acceptable performance, but being trapped in suboptimal status. Additionally, even if the AAS BS can disclose the over-shooting problem, it still has to estimate and measure the changes on cell coverage before and after taking any reactions. 
In our opinion, for issue identification, we need to study how the AAS can coordinate with other functionalities, e.g. MRO, MLB, (e)ICIC and etc. while, for coverage verification, we can extend the existing coverage verification solution for inter-RAT unnecessary HO and inter-RAT ping-pong HO into intra-frequency deployment to meet this requirement. By using such measurement framework, the over-shooting BS can attain the measurement results not only on the signal and interference level in its own cell, but also on the over-shot signal and interference in its neighbouring cell. Thus, the AAS can adjust its active antenna more precisely based on the quantitative feedbacks. 
Hereby, we propose that:

Proposal 3: Joint detection and correction on AAS-related coverage issue by AAS and other functionalities shall be studied. 
Proposal 4: The existing coverage verification solution for inter-RAT unnecessary HO shall be the baseline for designing the feedback scheme for AAS coverage verification.
3 Conclusion

With respect to the AAS self-optimization, the main challenge would be the difficulty of gathering feedbacks on the autonomous adjustment. We envision that the feasibility and stability of AAS self-optimization depend on effectiveness and efficiency of the feedback scheme for coverage verification. Based on our analysis on typical deployment scenarios, we propose that: 
Proposal 1: As the key enabler for AAS self-optimization function, the feedback scheme for coverage verification shall be studied in the SI.
Proposal 2: The abovementioned high-level principles should be embodied when studying the feedback scheme for AAS coverage verification.
Proposal 3: Joint detection and correction on AAS-related coverage issue by AAS and other functionalities shall be studied.
Proposal 4: The existing coverage verification solution for inter-RAT unnecessary HO shall be the baseline for designing the feedback scheme for AAS coverage verification.
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