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1
Introduction

During RAN3#79bis, an offline discussion was needed in order to define the scope of the SON for AAS-based deployments. The discussion summary [1] indicates the following general scenario description:

“The SON for AAS-based deployments should address scenarios with high traffic demand from high density of UEs. The UEs may be concentrated temporarily or permanently in space; the AAS-based deployment is used to optimise capacity.”

and the following objective for the further work:

“The objective of SON for AAS task should be to evaluate whether SON mechanism could be beneficial to optimize inter-operability of AAS operations. Also, as part of the task, an evaluation should be performed of whether existing SON features need to be enhanced to handle the dynamic changes due to AAS activities.”
This contribution further discusses aspects and prioritization of SON for AAS use cases.
2
Capacity Optimization Aspects of AAS 
The aim of the study item as of above is to consider AAS deployments where the objective is to optimize capacity. Therefore, it is relevant to discuss different capacity enhancing AAS deployments to an existing network:
D1. Adopt higher order sectorisation (vertical, horizontal or a combination) to selected base stations by changing an antenna system to include more antenna beams, each covering a smaller footprint than before the change. This will improve path gains in certain areas and change the interference conditions in other. Narrower antenna beams mean that a particular cell will provide the full range of resources available in a smaller coverage area, but at the same time, the total number of cells transmitting broadcast signals increases. It is therefore essential that new sectors coverage and consequent interference levels are calculated in advance by means of reliable statistics. It is also essential that reconfiguration impacts on different system parts are minimised. Further, sectorisation procedures need to be tightly coordinated due to handling of the UEs connected on cells that could potentially “disappear” and reappear in different forms. For these reasons, such cell splitting procedures can be considered on a long term time scale. Note that cell merging is not required for the purpose of optimizing capacity.
D2. Introduce adaptive or reconfigurable antenna systems, where the footprint of each cell can be adjusted to match traffic needs, while maintaining coverage. Namely, these adjustments maintain the base coverage of a cell, but modify its cell border in a way to provide capacity to nearby areas. Since coverage and cross cell interference is critical, it is anticipated that such adaptations need to be based on sufficient statistics involving multiple base stations in order not to jeopardise coverage/performance. If adjustments are restricted to adjustments of cell footprints (i.e. adjustments of cell borders without changing the base coverage and configuration of the cell), then complicated cell, systems and functions reconfigurations can be avoided. These adjustments are considered to be on medium to long time scale.
D3. Enable UE-specific beams to track short term variations in capacity demand. To find the cell footprint that is optimal from all conditions/scenarios and from the perspective of each individual user is challenging. For this purpose, UE specific demodulation reference signal (DM-RS) are supported, which allow data channel beams to follow UEs on the move. The “Study on 3D-channel model for Elevation Beamforming and FD-MIMO” considers additional aspects of UE specific beams. This enables antenna system adaption for individual UEs while maintaining a cell footprint that is suitable for coverage. These mechanisms are designed for real time adaptation and for the purpose of “shifting” capacity dynamically in locations where there are sudden surges of it. These adjustments are considered to be on short time scale.
Figure 1 illustrates the three capacity enhancing deployments that can be considered with antenna system adjustments. The actual adjustments can typically be made in the base station or in OaM.
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Figure 1. Antenna system adjustments that improve capacity in terms of higher order sectorization, cell shaping and UE specific beams.

Cell merging deployments are excluded from the set of alternatives, since this mechanism is not considered relevant for capacity optimisation [2]. Unless some motivations of its merits in capacity optimization scenarios are presented, it should be down prioritised in the study item.
From the above it can also be deduced that sectorisation is a long term process that can be rather considered part of cell planning optimisation. Therefore, sectorisation is unlikely to be able to serve the purpose of adaptive adjustments for capacity optimisation. For this reasons, sectorisation scenarios should be down prioritised in the study item. 

Table 1 summarises the characteristics of the three solutions identified. It should be clarified that the Study is looking at solutions for capacity optimisation, namely the underlying assumption is that cells footprint already satisfies coverage requirements. 
The increase in cross cell interference has been marked as “medium” for cell shaping because possible extension of cell borders may cause increases in cross cell interference. 
It has been assumed that impacts on other nodes are mainly generated by cell reconfiguration (e.g. due to neighbour relations changes). 
The time scale field should be seen as a consequence of the coordination needed to deploy the adjustment, i.e. the time scale field depends on all the other fields listed in the table.
	
	Need for cell reconfiguration
	Increase in cross cell interference
	Impacts on other nodes (e.g. OAM, eNBs)
	Reconfiguration of established functions (e.g. eICIC, MRO)
	Need for UE mobility before adjustment
	Time Scale

	Per UE Beamforming
	No
	No
	No
	Not Needed
	Not Needed
	Short

	Cell Shaping
	No
	Medium
	No
	Medium
	Not Needed
	Medium/Long

	Cell Splitting/Sectorisation
	Yes
	High
	Yes
	High
	Needed
	Long


Table 1: Summary of AAS adjustment characteristics
Observation 1: Mechanisms involving cell merging appear to provide no gains to scenarios where capacity optimisation needs to be achieved via AAS

Observation 2: Mechanisms involving sectorisation can be considered part of cell planning optimisation and therefore long term adjustments not suitable for addressing dynamic surges of capacity demand.  

Proposal 1: Use cases concerning sectorisation and cell merging shall be of low priority in the SI.

Proposal 2: The focus of the study item shall be on intra cell AAS actions avoiding cell reconfiguration, and shall consider deployment alternatives D2 and D3.
Out of the scenarios of focus proposed in Proposal 2, UE specific beamforming provides the best potential for improving capacity in a dynamic way, since individual UE needs are addressed in a timely manner. Given a flexible AAS, UE specific beamforming described in D3 is superior to D2 (or D1) when it comes to an optimal utilisation of the available resources because available capacity is moved in a dynamic way to locations where it is needed without impacting system configurations, cross cell function coordination or radio performance of an already planned network. 

AAS in deployments D2 and D3 can be used to shape the cell to ensure adequate coverage by cell footprint adjustments such as antenna tilt, beam width and shape. Moreover, AAS can also be used to adapt to capacity needs on a medium to long term. 
3
SON Enhancements due to AAS 

Another key aspect from the offline discussions during RAN3#79bis is “whether existing SON features need to be enhanced to handle the dynamic changes due to AAS activities”. Essentially all actions that change cell shape may potentially have an impact on the operation of SON. The point to focus on should be whether there are AAS actions for which current SON functions may not be able to adapt.

When looking at use cases D1 and D2, which consist of medium to long term adjustments, it is plausible to think that existing SON functions can adapt well to the changes applied. These adjustments can in fact be subject to a certain level of preplanning, which allows coordination of existing configurations or functions. Moreover, UE mobility becomes a less relevant problem because the adjustment can be applied either during times of low traffic or once UEs have been forced to move to other cells.
When looking at the case in D3, which avoids cell configuration changes, there seems to be no impact on SON functions. Therefore, this case does not require any specific coordination.
In general, coordination of AAS operations and other SON functions seems not to be a factor of high importance. This is because:
· AAS operations involving cell reconfiguration/cell shape changes are normally slow enough to be handled by existing SON functions. Typical examples are D1 and D2; such deployment options with their need of medium to long term statistical data can be seen as slower and distributed and can therefore be handled by current SON functions.
· AAS operations involving intra cell adaptation are normally fast and not visible to SON functions. The typical example is D3, which is UE specific and part of RRM, with ambitions to follow capacity variations in the short term. 

Proposal 3: It is proposed to analyse existing SON features assuming that AAS operations requiring cell reconfiguration/shaping are medium/long term and AAS operations requiring intra cell adaptation are instantaneous

4
Conclusion

In this paper it was proposed to prioritise the work of the Next Generation SON SI to a specific set of AAS deployment alternatives. Also, it was explained that AAS operations are considered to be either faster or slower than other SON features, depending on whether cell reconfiguration/shaping is involved. Therefore, coordination of AAS actions and SON functions shall be analysed under these conditions . This was captured in the following proposals: 

Proposal 1: Use cases concerning sectorisation and cell merging shall be of low priority in the SI.

Proposal 2: The focus of the study item shall be on intra cell AAS actions avoiding cell reconfiguration, and shall consider deployment alternatives D2 and D3.

Proposal 3: It is proposed to analyse existing SON features assuming that AAS operations requiring cell reconfiguration/shaping are medium/long term and AAS operations requiring intra cell adaptation are instantaneous

It is also proposed to add the text in section 5 to TR37.822.
5
Text proposal

Scenarios:

The work in the Next Generation SON SI shall prioritise intra cell AAS actions avoiding cell reconfiguration. 
Solutions:
When analysing solutions for coordination of AAS operations and SON functions the following shall be considered:
· AAS operations involving cell reconfiguration/cell shape changes are long to medium term mechanisms, where typical examples are cell sectorisation and cell shaping; such deployment options with their need of medium to long term statistical data can be handled by existing SON functions,

· AAS operations involving intra cell adaptation are fast and not visible to SON functions. Therefore coordination between this family of AAS solutions and SON functions is not needed. A typical example is intra cell beamforming, which is UE specific and part of RRM, with ambitions to follow capacity variations in the short term.. 
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