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Discussion
1 Introduction
The new Rel.12 study item on “Next-Generation SON for UTRA and LTE” was approved in [1]. It includes an aspect entitled “SON for AAS” proposing to investigate SON mechanisms for AAS-driven dynamic deployment changes. The discussion was started at the last meeting (RAN3#79) and was concluded that more details are needed to enable defining relevant scenarios for the further study.
The intention of this discussion paper is following:

a) To sketch briefly the SON related aspects resulting from AAS-driven dynamic deployment changes

b) To discuss aspects which were raised at the previous meeting [2].

2 Discussion

2.1 Technical aspects of dynamic cell splitting/merging
An AAS consists of an array (rows and columns) of active antenna elements, namely radiation elements each combined with a separate RF component which allows separate controlling of phase and amplitude of the signal emitted from each antenna element and therefore providing high flexibility in terms of beam pattern generation. 
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The vertical stack of antenna elements (Figure 1a) provides the flexibility in elevation plane for vertical beam forming which provides, for instance, a genuine electronic tilt change without the electromechanical RET technology or to split the sector into two separate vertical beams (“vertical sectorization” is exemplarily shown in Figure 2
). Multiple antenna array columns (Figure 1b) additionally provide flexibility in azimuth plane for horizontal beam forming with horizontal cell splitting as specific use case. Thus, with AAS cell layout can be changed very flexible and dynamic with vertical and horizontal cell splitting considered as use case in this study. The precision of the beam pattern and number of separate beam representing new cells depends on the antenna size and number of antenna elements (i.e. number of rows and columns of the array). With current AAS a splitting in both vertical and horizontal plane is realistic.
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Dynamic cell splitting / merging can be seen as one relevant use case for flexible and dynamic cell deployment changes where AAS is the enabler. The re-adjustment of AAS parameters which result in splitting or merging has to follow timely and locally varying traffic and QoS situation (as shown in Figure 3) where SON is getting a central role from network management perspective. The frequency of splitting and merging depends on the variation of the local traffic density variation, i.e. an increase of traffic of cells covering streets occurs during rush hours in the morning and evening and apart from these busy hours traffic is low. Those cells would probably change twice a day, but a other location traffic behavior is less predictable. The execution process of splitting and merging itself should be in the range of intra-site handover.
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Figure 3: Dynamic vertical and horizontal cell splitting

Therefore, two aspects with respect to SON should be dealt with in this study:

1. Impact on existing SON mechanisms, i.e. does the current SON mechanisms (MRO, MLB, etc.) need enhancements to cope with dynamic deployment changing?
2. What kind of SON mechanisms are needed to control the dynamic deployment changing process (e.g. to decide about splitting/merging of cells)?
Focusing on SON concepts without any needs of radio system simulations, this work is independent of any 3D channel models or coexistence issues what are currently in the focus of the corresponding RAN1 and RAN4 work/study items.
Impact on existing SON use cases

As mentioned above dynamic cell splitting/merging is a process where deployment is changing from time to time and from location to location in order to follow local/momentary traffic situation. New cells are emerging with new cell IDs and new cell neighbor relationships leading consequently to new cell borders where handovers might occur. Therefore, almost all existing SON use cases like automated PCI configuration, ANR, MRO might be affected.
Automated PCI configuration
Creating new cells with an own cell ID as well as releasing cell IDs has to be accompanied with automated PCI management. This SON aspect can be treated eNB internally and does not require RAN3 support per se.
MRO

MRO is used to optimize the HO parameters in a cell-pair specific manner. Traditionally, the cell deployment does not change that dynamically, but due to dynamic cell splitting/merging a stationary cell deployment will no longer be guaranteed. Cell borders and neighbours are changing dynamically and consequently also the handover conditions. Therefore, MRO may need to be permanently active to monitor possible failures at the new cell borders, store intermediate optimization states before deployment changes which can be retrieved if previous deployment is reconstituted.
Therefore, the SI should investigate if the existing MRO solution to detect mobility-related failures can cope with the scenarios presented above.
Proposal 1: The SI should investigate if the existing MRO solution is able to detect mobility-related failures in time and can cope with the scenarios presented above.
MLB

Cell densification by cell splitting increases capacity of the considered area. There might be a trade-off between MLB and cell-splitting. In some situations cell splitting might be too costly in terms of base band resources where MLB could tackle the issue by changing mobility thresholds. On the other hand, what sort of Composite Available Capacity should be reported? The one before cell splitting or the one expected after cell splitting?
Therefore, the SI should investigate if the existing MLB with respect to efficient inter-working with scenarios presented above.

Proposal 2: The SI should investigate if the existing MLB with respect to efficient inter-working with scenarios presented above.
ANR

With introducing and release of new cells neighbor relations have to be updated accordingly. An extension of the ANR mechanism is needed, but as this leaves X2 untouched and the administration is done eNB internally. Thus, RAN3 support is most likely not needed, though careful analysis is recomended.
2.2 SON algorithm to steer deployment changing
The deployment changes have to follow the current traffic situation and have to be carried out right in time and, therefore not manageable with manual process. An automatism based on a reliable SON algorithm is needed to steer the process. The decision about splitting or merging of cells depends primarily on local/momentary capacity needs of a certain serving area in the network. Different criteria (own and neighbouring cell load, information about spatial user density distribution, trade-off with MLB as discussed in section 2.1, etc.) have to be taken into account and might build new more reliable KPIs to steer the deployment changing process. 
A very simple example for horizontal cell splitting is demonstrated in Figure 4 showing that only load information as decision criterion might be not reliable.
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Figure 4: Two cases where horizontal cell splitting helps (a) and does not help (b)
The load of the cell in question (the cell with the red dots) is identical for both cases, however the spatial distribution of the traffic is different: in case a) a horizontal cell splitting is beneficial since traffic can be shared between new cells; in case b) a horizontal cell splitting would even worsen the situation since all users are in the overlapping area of the two new cells suffering from interference. Therefore, first step of the study item towards a SON algorithm for controlling the splitting/merging should be to find out:
· What sort of criteria (KPIs) is needed for reliable splitting/merging decisions?
· Which information and measurements are needed to built these criteria (KPIs)? 
Proposal 3: The SI should investigate which information and measurements are needed to build reliable criteria (KPIs) to control deployment changing process.
3 Summary and proposals
The document provides an overview of the SON-specific aspects being studied within 3GPP RAN3 SI to operate and manage AAS-driven dynamic deployment changes.
A guidance of how RAN3 shall carry out this study is given by following proposals:

Proposal 1: The SI should investigate if the existing MRO solution to detect mobility-related failures can cope with the scenarios presented above.
Proposal 2: The SI should investigate if the existing MLB with respect to efficient inter-working with scenarios presented above.
Proposal 3: The SI should investigate which information and measurements are needed to build reliable criteria (KPIs) to control deployment changing process.
It is suggested to agree to the above proposals and to structure the study item accordingly.
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