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1   Introduction
The impact on SON from AAS was discussed in the SI, where the impact on the different SON functionalities was analyzed. In RAN3#87, a way forward was agreed [1] which includes one possible solution (which was not agreed fully) that can be used in two different usage scenarios. One of these scenarios were considered in the SI, whereas the other was not. In this paper we re-iterate the discussion form the SI to validate if the proposed solution is feasible in both usage scenarios and if there is any other impact compared to what was agreed in [1].
2   Background
The two scenarios discussed in [1] are:

· Scenario 1
eNBs have own pools of PCIs, so they can allocate them to all planned deployments and inform about these deployments at the initial phase of operation. Re-establishment enhancements can then be based on this initial information (e.g. based on existing OAM signalling). It is sufficient to notify neighbours about already completed AAS reconfiguration.

· Scenario 2
eNBs use common pool of PCIs, so they assign free PCIs to cells when these cells are about to be activated. At the initial phase of operation they can only indicate the cells that are active. In order to enable successful re-establishment, an eNB must inform neighbours about the new cells before they are activated. Then, the activation completion needs to be confirmed to release the not used PCIs to the common pool. 

The proposed solution applied in the two scenarios is suggested to work as follows:

· Scenario 1

· All cells and their deployments are sent at the initial phase of operation; some cells are marked as inactive;
· When AAS reconfiguration is completed, ENB CONFIGURATION UPDATE is used to indicate which cells are active/inactive and the current deployment state;
· Scenario 2

· Only active cells are informed at the initial phase of operation;
· When an eNB is about to reconfigure, it uses ENB CONFIGURATION UPDATE to indicate the new cells that has been just added (as inactive);
· After the reconfiguration, the eNB uses ENB CONFIGURATION UPDATE to indicate the new cells are activated and to old cell deleted;
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3   Discussion
The SON functionality can be found in section 22 of stage 2 (TS36.300) and includes:

· Dynamic configuration of the S1-MME interface
· Dynamic Configuration of the X2 interface

· Automatic Neighbour Relation Function

· TNL address discovery

· Framework for PCI Selection
· Support for Mobility Load Balancing

· Support for Mobility Robustness Optimisation

· Support for RACH Optimisation

· Support for Energy Saving
We believe that some topics can be excluded as having no immediate impact since they are related to eNB and not cell relations:

· Dynamic configuration of the S1-MME interface
· Dynamic Configuration of the X2 interface

· TNL address discovery

The impact on MRO has been discussed at length in the SI and in the WI. Therefore, we think there is no need to further analyse this.

This leaves the following functionality, which we will study in a bit more detail:

· Automatic Neighbour Relation Function

· Framework for PCI Selection
· Support for Mobility Load Balancing

· Support for RACH Optimisation

· Support for Energy Saving
3.1   Automatic Neighbour Relation Function

Addition of neighbours

ANR is used to identify unknown neighbour cells. In case AAS is used, ANR may be triggered when the configuration changes. On the other hand, this will only occur the first time a configuration is triggered. Also, the eNB will include the list of active cells in the list of served cells exchanged over X2. Hence, the neighbour eNBs will be informed of the new cells that emerge in every configuration. Therefore, we believe that there is no impact on ANR and there is no difference between scenario 1 and scenario 2.

Removal of neighbours

Another functionality is the removal of cells from the neighbour relations table. This is implementation specific. It should be noted that this functionality is not related to blacklisting. This is just functionality to manage the internal resources in the eNB. If there are enough resources (memory) there is no benefit from removing cells from the NRT. When used for AAS, there may be cells that are vital in a certain configuration. In this aspect there is a small difference between scenario 1 and 2. In scenario 2, the unused cell is removed from the served cell information and there is no way for the other eNB to know that the removal is performed as part of AAS operation. In scenario 1, the cell is marked as inactive, which hints that this cell is likely to return.

Observation 1: For the proprietary ANR removal function, there is no way for neighbours to distinguish between normal cell removals and de-activations of AAS configurations in scenario 2.

OAM configuration

OAM is informed when an eNB detects a new neighbour. OAM can configure an eNB with specifics about a target cell, either as part of an initial setup, or as a response when an eNB notifies that a new neighbour is found. In scenario1, this will work as in legacy systems, where OAM will be informed of all possible neighbour cells of an eNB when this eNB establish an X2 to a new neighbour with AAS functionality. After that, OAM may set specific parameters, such as “NO HO” for each reported cell handled by the AAS eNB. 

In scenario 2, OAM will be informed by the eNB before each AAS reconfiguration in the AAS eNB, when the AAS eNB informs it’s neighbour. At that time, OAM may configure the neighbour eNB with specific parameters for each cell. One small difference is that in scenario 2, similar to the discussion above, the neighbour eNB will not be able to distinguish between removal of a cell or a deactivation. In addition to this, the PCI is more likely to change (this is the benefit of scenarios 2). This may result in that the neighbour eNB removes the unused configuration and indicates the availability of a new cell to OAM every time a configuration is used.
Observation 2: Scenario 2 implies a more dynamic use of the PCI, and this may have an impact on the frequency of the interaction with OAM. 
3.2   Framework for PCI Selection
The PCI assignment may be more complicated when using AAS to split cells since OAM needs to guarantee that the PCI used in the different configurations does not introduce a conflict. In a centralised solution this could be planned and configured by OAM. 

We believe that the current solution of automatic PCI assignment would still work for scenario 1, where all cells (including deactivated cells) are included in the list of served cells exchanged over X2. But it is not enough to know the PCI usage in its immediate neighbours. Consider the following example: Cell A is a neighbour of cell B and cell B is a neighbour of cell C. In order for the PCI of neighbours of cell B to be unique for handovers out of cell B, cell A must also consider the PCI usage in cell C. But there may not be an X2 interface between the eNBs handling cell A and C, since they are not immediate neighbours. But in this case, the neighbour information included in the eNB configuration update can be used. The neighbour information can include the information of all configured cells (also the deactivated ones). Hence, for scenario 1, there is no impact on the Automatic PCI selection as long as we also include deactivated configurations in the neighbour cell information. This should be possible already today, since the neighbour information is specified as follows in TS36.423: 

The Neighbour Information IE shall only include E-UTRAN cells that are direct neighbours of cells in the reporting eNB. A direct neighbour of one cell of a given eNB may be any cell belonging to an eNB that is a neighbour of that given eNB cell e.g. even if the cell has not been reported by a UE.
Observation 3: There is no impact on automatic PCI assignment in scenario 1 as long as the information about currently deactivated cells are propagated in the neighbour information. 

For scenario 2, the functionality is slightly different. As long as the information about currently served cells is updated, there would not be a conflicting assignment in most cases. The only issue that may occur is if (using the same example as above) two eNB (A and C) neighbouring a third eNB (B) but not each other, happens to perform AAS reconfiguration at roughly the same time. In that case the two eNB may select the same PCI resulting in a conflict. One step towards reducing this problem would be to also update the neighbour cell information with deactivated configurations (as suggested above). In that case, eNB A would be able to inform eNB B which would inform eNB C about upcoming reconfigurations and possibly detect conflicting PCI before they occur. This leads to the conclusion that the neighbour information must be updated at every reconfiguration.
Observation 4: For scenario 2, to reduce the risk for PCI conflicts, the information about currently deactivated cells should be propagated in the neighbour information.
3.3   Support for Mobility Load Balancing

The mobility load balancing consists of two parts: load information and mobility parameters adjustment. 

For load information, there is one small difference between scenario 1 and 2. In the first scenario, the cells are marked as inactive but in scenario 2 the cells are removed. 

For scenario 1, it should be considered what happens to the resource status reporting if a cell is deactivated. One solution is that the reporting is paused during this time and automatically resumed when the cell is activated again. The receiving eNB would receive the AAS indication and thereby understand why no measurement reports are receives. This would reduce the need for additional resource request activation messages to stop and resume the measurements after each reconfiguration.

Observation 5: In case a cell is deactivated, the resource status update could be paused, and resumed automatically when the cell is activated. This would reduce the signaling.

For scenario 2, the same solution could not be reused since the cells would be removed rather than deactivated. The neighbor eNBs are informed that the cell is removed, but a new resource status request is needed to initiate the measurements of added cells.
Observation 6: Scenario 2 requires a resource status request to initiate measurements after an AAS reconfiguration.
3.4   Support for RACH Optimisation

The support for RACH optimization consists of two parts: measurements from the UE and parameter exchange of PRACH parameters between eNBs. Only the latter is impacted by cell splitting/merging.
The information exchanged is:

· RootSequenceIndex

· ZeroCorrelationZoneConfiguration

· HighSpeedFlag

· PRACH-FrequencyOffset

· PRACH-ConfigurationIndex
In scenario1 we would exchange the PRACH parameters for all configurations initially. The advantage of this is that the receiving node would have access to this information from the beginning, and may be use the information to select suitable PRACH parameters. In scenario 2, this information is only available just before the configurations are used. But we believe the differences between the scenarios are small.
Observation 7: The difference between scenario 1 and 2 is small

3.5   Support for Energy Saving
Energy saving enables a capacity booster to switch off a cell and notify neighbours so that they can avoid triggering mobility towards this cell and also later re-activate the cell by sending another message. 
We see no major impact from AAS on energy saving, except that it is beneficial to distinguish the deactivations for AAS and ES purposes for the receiving eNB. 
Observation 8: No impact on ES functionality from AAS reconfigurations.
4   Conclusion / Proposals
In this paper, we re-iterated the discussion from the SI to analyse the two scenarios currently discussed in the WI. Based on this analysis, we conclude that the proposed AAS solution for both scenario1 and scenario 2 are feasible. 
There are some differences for the implementation and how messages should be used in the two scenarios, but we cannot identify any additional impact on the specification other than what is previously discussed in [1], 
Therefore we propose that we continue in line with the agreements in [1] to define the single solution that can cover both these two scenarios.
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