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1 Introduction
At RAN3 #80 a list of AAS techniques that can be used to enhance capacity of a cell. These are:
· Beam forming

· Cell shaping

· Cell splitting

In this paper it is analysed how these techniques may affect existing SON features.
2 Discussion

2.1 Impact of AAS techniques on existing SON features

Both, cell shaping and beam forming as proposed in [1], are based on the principle that the antenna radiation pattern consisting of a main lobe and several side lobes is adapted in a way that either UE specific beam forming can be achieved (referring to the beam forming case to Fig 1 in [1]) or cell is shaped to adjust the sector's length and width (referring to the cell shaping case to Fig 1 in [1]). In case of cell shaping the coverage is extended to a specific location area while other location areas are explicitly excluded. The intention of cell shaping is that the cell edge areas suffering from inter-cell interference can be placed in areas with less user density improving perceived signal quality. Beam forming where one or more users are served with high power concentration is a pure intra-cell mechanism that does not affect cell coverage, but may improve QoS or capacity in the area where the beam is directed. In contrast, cell shaping may modify, in limited extend, cell coverage, usually by providing better signal quality at cell edge with higher user concentration, so that the hotspot does not have to be split between two cells.
Cell splitting results in a cell densification which is typically the network planning method for larger areas where high traffic density is expected. In contrast to cell shaping and beam forming, this technique increases the number of radio resources per defined area. More cells require more base band processing units which would lead to increased CAPEX and over-dimensioning for most of the time, if the cell splitting was be fixed. However, traffic peaks occur at different times of the day in different areas and a dynamic cell splitting follows the traffic needs in spatial and temporal domain, and with having a sort of base band resource pooling network traffic can be optimally covered with low CAPEX. (Figure 1).
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Figure 1: Saving base band resources with dynamic cell splitting/merging
	
	ANR
	MRO
	MLB

	Beam forming
	No impact
	No impact
	Beam forming may change capacity of a cell. Therefore, the information about the capacity that possibly may be gained/lost (and the cost) may need to be added to the load information.

	Cell shaping
	The probability that a small change of cell coverage creates new neighbour relations is negligible. Therefore, there is no impact expected.
	Any change in the cell coverage may have impact on mobility performance. Therefore, cell shaping may also have impact of MRO. 
	Cell shaping may change capacity of a cell. Therefore, the information about the capacity that possibly may be gained/lost (and the cost) may need to be added to the load information.

	Cell splitting
	Any change in the network deployment may need to be followed by ANR. Therefore, cell splitting may also have impact of ANR. 
	Cell splitting will create new cell borders and thus it will impact mobility performance. Therefore, cell shaping may also have impact of MRO. 
	Cell splitting may change capacity of the cells that emerge from the process. Therefore, the information about the capacity that possibly may be gained/lost (and the cost) may need to be added to the load information.


It may be observed that the impacts identified above have common denominators. The solutions shall address following problems:

· ANR:
reaction to creation of new cells.

· MRO:
reaction to changes in the network deployment, either by cell shaping which changes the cell border or cell splitting which introduces new cells and consequently new borders.

· MLB:
reporting of capacity gain/loss due AAS usage and possibly its costs (i.e. if cell A is overloaded, shall it perform load balancing to a neighbour, or shall it rather apply one of ASS techniques?)

2.2 Possible enhancements
ANR

ANR is based on UE reporting: even if other sources of information are involved, the key trigger to initiate NRT update is a report from the UE that detected a new neighbor cell. 

In LTE, the UE informs about a new neighbor with measurement report. There is no restriction related to how often or how many times this can be executed, thus even dynamic changes in the network can be reported timely. 
In UMTS the reporting happens only once the UE enters the connected mode, so it may be delayed. However, when this mechanism was designed, the delay was not considered an issue, so also in case of dynamic network changes it may be assumed acceptable.

Therefore, it may be concluded the existing ANR mechanism is able to cope with changes introduced in AAS-based deployments.

MRO
In case of cell splitting as well as cell shaping a fixed cell deployment will no longer be guaranteed. Cell borders and neighbors are changing dynamically and consequently also the handover conditions. Therefore, MRO needs to be permanently active to adapt to the changed deployment with new cell borders. With new cells new neighbor cells are listed in the measurements objects of a cell and, therefore, there are also new CIOs which have to be optimized. Shifted cell borders which might occur for both cell splitting and cell shaping requires also CIO update due to different radio propagation.

MRO is based on statistical analysis of MRO specific failure types. But a statistics is only reliable when the measurement conditions are stationary, i.e. the deployment is not changing with respect to the cell borders, cell neighbors and radio conditions. Even tilt changes (the simplest cell shaping use case!) have to lead to MRO adaptations. Based on deployment stationarity, MRO is able to adapt the corresponding parameters for each specific cell to reduce the mobility related failures.

MRO relies on stationary deployment conditions at least for the time interval collecting the failure type statistics. If the deployment is changed during the collection period, the statistics collected so far should not be discarded (even though not reliable yet), but should be kept in the eNB responsible for failures and labeled with current deployment configuration. The trigger for the storage of this configuration specific interim statistics could be for instance a message from eNB1 having decided about cell splitting or cell shaping sent to eNBs with cells having a neighbor relation. Based on this information the neighboring cells can store the current settings and statistics and on the other side retrieve the settings and statistics of the new configuration if available. If there is no storage for that configuration, default setting has to be used.

The exchanged information between eNB identifies a certain cell specific deployment configuration from a set of deployment configurations, In case of of vertical sectorization, for instance, there are two configurations:

Config 0:
Basic single sector cell deployment

Config 1:
Vertical split into two beams

Thus, the corresponding information element would consist of an indicator expressing the sector and other indicator expressing the current and the new configuration of the sector.

Observation 1: MRO is impacted by AAS-based cell shaping and splitting. The solution should enable storing and switching between configurations related to particular cell shaping and splitting states.
MLB

MLB is dealing with shifting of handover threshold while keeping deployment like number of cells or cell shape untouched. The objective is capacity optimization and, therefore, in competition with other capacity enhancing means achieved by deployment changing like cell splitting or cell shaping. As these different capacity optimization methods eat from the same cake coordination among them is needed. In contrast to MLB, the overload situation of a cell could be for instance also tackled by

•
AAS with cell splitting or cell shaping

•
Activation of additional carriers (if available but not in use)

•
Activation of additional antennas (if available but not in use)
MLB is the simplest approach, since the dominance area of a cell is artificially enlarged without changing radio conditions. The low loaded cell has enough spare capacity and affords serving of UEs under bad radio conditions. CAC (composite available capacity) is the percentage of resources being offered from the loaded cell. It is up to implementation how the CAC value is determined and the current specification would also allow to signal the larger CAC value taking into account a sort of hidden capacity from other capacity enhancement means (like cell splitting, additional carriers, antennas, etc.).
Better would be to get separate information about some hidden capacity to decide about the optimal capacity enhancement method or even about a combined solution of MLB and deployment changing. A possible solution would be to extend the CAC such that at least two types of CAC values are listed therein. First type corresponds to the currently reported one. The others express a CAC including hidden capacity and the costs involved when activating them.

This would increase the flexibility so that an overloaded cell having already exploited all own capacity enhancement means (like cell splitting) would start MLB and the neighboring activates hidden capacity. On the other side, knowing that there are at least same costs needed in the neighboring cell, the overloaded cell would start other capacity enhancement means in its own cell first.

Observation 2: AAS functions used to increase cell capacity affect load information reporting. The solution should enable including “potential capacity” that can be made available in case AAS-functionality is deployed.
2.3 Control of AAS based deployment changes
The first controlling task to be carried out by SON is the selection of the most appropriate application for the current traffic situation in a certain area. The optimal AAS depends on various factors, particularly on the traffic load and traffic distribution, but also on the changing interference resulting from the applied deployment change. 
AAS mechanisms may be used for capacity enhancement. It should then be triggered by overload situations. However, load information alone might be not reliable as decision criterion and also the traffic distribution is needed as demonstrated in Figure 1 (example with cell splitting).
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Figure 2: Cell splitting benefit depends on traffic distribution
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 Figure 2 a) cell splitting is beneficial since traffic can be shared between new cells; in Figure 2 b) cell splitting is useless, since inner sector would be unused. For situations as shown in case b) cell shaping might be more beneficial, but cell shaping affects the neighboring cells and therefore also the information of the traffic situation of the neighboring cells is needed. Figure 3 shows the situation of case b) including some neighboring cells (light green) and applies cell shaping so that the traffic hot spot is fully covered by extending (e.g. uptilt) yellow cell. In order to keep interference limited the coverage of the surrounding have to be reduced (e.g. downtilt).
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Figure 3: Cell shaping affects neighboring cells
Depending on the used AAS application for cell deployment adaptation different fine-tuning requirements emerge:

· In case of beam forming, the beam has to be continuously adapted to the user distribution and user locations.

· In case of cell shaping, the shaping has also to be optimized with respect to changing user distribution. In contrast to beam forming, cell shaping as shown in [1] affects also the neighboring cells and, therefore, the coordination between those cells is needed.

· In case of cell splitting a new cell is created, namely the inner sector, which might need further optimization of the tilt and the elevation half power beam. Creation of new cells also affects already existing SON features as discussed above.
Observation 3: AAS applications for deployment changes require information of traffic distribution of the overloaded cell triggering the deployment. Also, cell shaping may require interference coordination with neighbours.
2.4 Cell merging

So far only cell splitting has been considered in the discussion. However, it is impossible to avoid cell merging: technically, cell split is an effect of reconfiguration. In case of vertical sectorization, cell splitting refers to the introduction of an inner sector in case of high load situation in the sector and almost doubles the capacity of that area. This reconfiguration may therefore be reverted, e.g. as the collateral effect of cell reset. It should therefore be considered, if cell merging shall be considered also as a load-based reconfiguration.. As it was shown above, AAS activities, including cell splitting, depend on dynamic load changes. This implies that conditions that led to cell splitting may change and the split will become unnecessary. If load falls below a certain level in a given area, the inner sector created before using AAS cell splitting can be switched off what is tantamount to cell merging. Not to do so would be waste of base band resources which could used for another area.

Observation 4: Cell merging is necessary to counter-act cell splitting, when the conditions leading to cell splitting change. Cell merging should be possible to be executed based on load monitoring, in the same way as cell splitting is enabled.
3 Summary and proposals
In the presented paper, the impact of deployment changes enabled by AAS functions on existing SON features was studied. It was shown that both cell splitting and cell shaping have quite considerable impact: cell splitting was studied in detail where it is concentrated in MRO (switching between modes) and MLB (information on capacity that may be made available). It is therefore proposed to capture the above conclusions in the TR [2], in a form of the text proposal, as provided below.
4 Text proposal

	*** First change ***


4.2.1
High traffic demand from high density of UEs

Problem description:

The scenarios assumes 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.

Three AAS techniques have been considered:

1)
Beam forming

-
The solution introduces adaptive or reconfigurable antenna systems, where the coverage of each cell is maintained unchanged. 

-
The same PCI is used in all the cell coverage. 

-
These adjustments are considered to be on fast time scale (following RRM). 

-
The trigger for the change may be OAM reconfiguration (e.g. based on collected KPIs) or the control unit may be the base station (implementation based).

-
Problems related to existing SON features or enhancements needed: none (intra-cell activity)
2) Cell Shaping

-
The solution introduces adaptive or reconfigurable antenna systems, where the main coverage of each cell is maintained unchanged but the cell edge can be adapted to load demand. 

-
The same PCI is used in all the cell coverage. 

-
These adjustments are considered to be on medium time scale (every 1h or more seldom). 

-
The trigger for the change may be OAM reconfiguration (e.g. based on collected KPIs) or the control unit may be the base station (implementation based) if the change is pre-planned.

-
Problems related to existing SON features or enhancements needed: 
-
MLB (load information for capacity that may be made available in case AAS is enabled)
-
MRO (switching between modes to enable separation of statistics collected for each of the modes)
3)
Cell splitting

-
The solution adopts 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 area than before the change – however, the main coverage of the combined beams correspond to the main cell coverage before the split. 

-
Each of the beams broadcasts different PCI. 

-
Cell splitting / merging procedures is considered on a long term time scale (every 1h or more seldom – few times a day). 

-
The trigger for the change may be OAM reconfiguration (e.g. based on collected KPIs) or, if the cell coverage is not affected and the split is pre-planned, the control unit is the base station (implementation based). Indication of the cell splitting may be needed at OAM and neighbour eNBs.

-
Problems related to existing SON features or enhancements needed: 
-
MLB (load information for capacity that may be made available in case AAS is enabled)

-
MRO (switching between modes to enable separation of statistics collected for each of the modes)
In addition, AAS applications for deployment changes require information of traffic distribution of the overloaded cell triggering the deployment. 
Solutions:

	*** Remaining text not changed ***
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