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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

Furthermore, at RAN3 #81 the analysis of the impact was requested for cell shaping and cell splitting/merging. In this paper it is discussed how these techniques may affect existing SON features.
2 Discussion

2.1 Impact of AAS techniques on existing SON features

The techniques were described in several papers so far, e.g. in [1] and [2]. Therefore, here only the summary from the discussion is presented.

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 densification is fixed from early planning on. 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.
The impact of the two techniques is summarized in the table below.
	
	ANR
	MRO
	MLB

	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 and may shift traffic from one cell to another. Therefore, the information about the capacity that possibly may be gained/lost 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:

2.2 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 case a cell is removed, the neighbor lists will be updated with a delay as not reported from any UE. During this period regular HOs will not be triggered, because no UE will report such a cell, the risk of failure exists only in case of blind HOs, if such are attempted (i.e. without any prior communication to the possible target, e.g. related to load reporting). The risk is therefore moderate.
In UMTS the reporting happens only when 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. The only identified risk is related to blind HOs. In order to mitigate it, an information about deployment change needs to be introduced (e.g. similar as in case of ES and cell deactivation).
Observation 1: ANR is able to deal with most consequences of dynamic deployment changes. The only possible area of improvement is related to providing information about cell removal (cell merging).
2.3 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 start a new MRO process for the cells in question. Deployment stationarity, at least for the cells being considered in the cell-pair specific optimization process is prerequisite for MRO to be able to adapt the corresponding parameters 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.

Observation 2: MRO assumes the deployment of the network is stationary. Changes of the deployment may require MRO to restart its analysis under new deployment conditions. Therefore, both of the AAS techniques affect MRO and require enhancements.
The exchanged information between eNB identifies a certain cell specific deployment configuration (or deployment state) from a set of deployment configurations, In case of vertical sectorization, for instance, there would be 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 cell/sector ID and its current and the new configuration (deployment state). It is worth noting that the indicator can be used to help ANR to detect quickly cell removal.
Observation 3: The solution to help MRO to deal with deployment changes caused by cell shaping and cell splitting/merging should enable a MRO process to store and to switch MRO related data according to deployment changes in own or related neighbor cell and resulting from cell shaping and splitting.
2.4 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 low 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.).
Observation 4: Currently used CAC is able to deal with changes introduced by AAS, but merging the potential capacity that can be enabled with AAS reconfiguration to the “normal” CAC may be interpreted as “free capacity”, i.e. a capacity that is available without any costs. This may lead to unnecessary reconfiguration at the cell offering capacity. Therefore, an enhancement to the load information exchange may be advisable.

If separate information about the “hidden” capacity is offered, it can help 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 5: Introducing information about “AAS capacity” that can be offered will be clearer for the receiver.
2.5 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 technique 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, e.g. in case of vertical sectorization 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 6: AAS applications for deployment changes require information of traffic distribution of the overloaded cell triggering the deployment. However, for the conclusive decision also traffic distribution information of surrounding cells is needed.

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/merging and cell shaping have quite considerable impact: cell splitting/merging impact KPI administration of MRO and load information exchange of MLB. Furthermore, possible enhancements to MRO and MLB are discussed.

It is therefore proposed to capture the conclusions in the TR [3] in the form of the text presented below.
4 Text proposal

	*** First change ***


4.2
SON for AAS-based deployments

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.
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 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).
-
Problems related to existing SON features or enhancements needed: 
-
MLB (load information about the 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 about the 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 in the overloaded cell and the neighbour cells that may be affected by the deployment change. 
A centralized (in OAM) controlled solution is already possible today, since OAM is able to send any configuration to the involved eNBs. It is also capable of monitoring an extensive range of measurements. Therefore, the solutions for cell splitting operate on a discreet set of configurations provided from OAM.
Scenario descriptions involving cell splitting should provide answers to the following questions:

1.
Should cell splitting occur in zones freely defined by the eNB, or only according to OAM preconfigured geographical information?

Answer: The cell splitting should occur according to OAM preconfigured geographical information.


The process of cell splitting should be carried out in a controlled and preconfigured way, i.e. by selecting splitting configurations that have been validated in terms of coverage at OAM level. According to network load and users service type and requirements in the considered geographic areas, OAM can define whether a cell splitting is necessary or not.
2.
Should the RAN provide particular information to OAM in order to help configuration of geographical or other information related to cell splitting?


Answer: Information such as MDT measurement data or statistics can be provided to OAM to help further optimisation of configuration related to cell splitting. 


RAN can provide statistics and/or MDT data to OAM, for example, OAM can consider statistics and/or configure MDT measurements before or after cell splitting in the concerned zones, and the statistics and/or MDT measurements data collected from eNBs and UEs may help operators get knowledge of the real coverage and capacity conditions under the two different antenna configurations within the concerned geographical area. Operators can make further optimisation on the setting of AAS antenna and geographical zones.
3.
Should the cell splitting, once defined by OAM, be permanently activated?


Answer: The cell splitting can be activated and merged back.


In a situation where the hot spots of traffic demand are consistently localised in space and are present for most of the time, or appear/disappear with a relatively short time period, it would be plausible to permanently adopt the cell splitting configuration.


On the other end, if the traffic hotspots are not consistently localised in space and appear in time with rather long periods, it may be plausible to allow the merge back, from the splitting configuration to a merged one.
4.
Should the OAM system be able to activate/de-activate the cell splitting (cell merging)?


Answer: The OAM system should be able to activate/de-activate the cell splitting/merging, which allows operators to control the cell splitting/merging functionality at their needs.
5.
Should the eNB be able to autonomously activate (the possibly OAM preconfigured) cell splitting? If so which kind of information is needed?

6.
Should the eNB be able to autonomously de-activate cell splitting (cell merging)? If so which kind of information is needed?


Answer5/6: The eNB should be able to activate/de-activate the cell splitting using splitting configurations preconfigured by OAM. Under the supervision and validation of OAM (e.g. validation that the configuration is compatible with the neighboring eNB status), the eNB may be able to trigger activation/de-activation of the cell splitting when certain conditions are met.
7.
Should intra-frequency scenarios be considered?

8.
Should inter-frequency scenarios be considered?

Answer7/8: Both, intra-frequency and inter-frequency scenarios should be considered, which may satisfy different operators demands.
	*** Next change ***


4.2.X
Enhancements to the MLB and MRO to facilitate deployment changes
Problem description:

As described in the scenario, cell shaping and cell splitting/merging may have an impact on the two functions: 

a) MRO: MRO assumes the deployment of the network is stationary. Changes of the deployment may require MRO to restart its analysis. Therefore, both of the AAS techniques affect MRO and require enhancements, because both affect cell borders.
b) MLB: Due to the high degree of freedom with respect to the reported CAC, it might be able to deal with changes introduced by AAS. But merging the potential capacity that can be enabled with AAS reconfiguration to the “normal” CAC may be interpreted as “free capacity”, i.e. a capacity that is available without any costs. This may lead to unnecessary reconfiguration at the cell offering capacity. Therefore, an enhancement to the load information exchange may be advisable.
Solutions:

a) MRO: The solution to help MRO to deal with deployment changes caused by cell shaping and cell splitting/merging should enable a MRO process to store and to switch MRO related data according to deployment changes in own or related neighbor cell and resulting from cell shaping and splitting.
b) MLB: The solution to help MLB to decide upon the best policy is to introduce information about “AAS capacity” that can be offered if AAS is activated.
	*** Remaining text not changed ***
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