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1   Introduction
During RAN3#87 discussions were held on solutions to notify eNBs of cell footprint configuration changes via AAS. The discussion focused on the type of notifications to exchange between eNBs, namely whether a notification is needed before the change, after the change or before and after. Further, the content of such notifications was also discussed.

During the meeting the following principles were agreed and captured in the meeting report:

The ENB CONFIGURATION UPDATE is used as the AAS reconfigurations notification;

Sending the notification before the AAS reconfiguration does not require to break the principle that the ENB CONFIGURATION UPDATE is sent after the change is taken into operational use.

The ENB CONFIGURATION UPDATE may be used to inform about cell on/off state (FFS if this needs new signaling, or existing ES signaling is sufficient);

The current deployment is informed as part of the post-reconfiguration notification (FFS if it is per cell or per eNB);

From the agreements above it can be seen that RAN3 converged on two aspects:

1) The message used to notify a neighbour eNB of a cell footprint configuration change via AAS is the X2: eNB CONFIGURATION UPDATE message

2) A notification of an occurred AAS change indicating the current deployment is sent via the eNB CONFIGURATION UPDATE message after the change takes place

In this paper the remaining issues that are pending an agreement are discussed.

2   Is an AAS change notification needed before the change occurs?
During RAN3#87 a number of motivations were presented to justify an AAS change notification sent before the change occurs. The main three points made were the following:

1) A notification before the AAS change is needed to avoid HOFs for UEs handed over to the cell to be deactivated before the change took place
2) A notification before the AAS change is needed to enable reuse of PCIs between neighbouring eNBs where AAS changes can occur
3) A notification before the AAS change is needed to provide the neighbouring eNB with re-establishment information to be used for handovers triggered immediately after the notification is received
The points above will be analysed below.

1) A notification before the AAS change is needed to avoid RLFs for UEs handed over to the cell to be deactivated before the change took place
As it was stated during RAN3#87 discussions a notification before the AAS change does not provide benefits in avoiding RLFs for UEs that have received an HO Command pointing at a cell that is no more active at the time of RRC Connection Reconfiguration with the HO target.

In order to guarantee such HOF avoidance the source and target eNB should be perfectly synchronised so that the notification can indicate the exact time when the AAS change will occur. With this information the neighbour eNB receiving the notification is able to avoid handovers running across the AAS change execution time.

However, such synchronisation accuracy is not possible in many cases. Therefore a notification sent before the AAS change cannot resolve the problem of HOF due to deactivated target cell. 

Indeed, the only way the handover could succeed is if the deactivated target cell was replaced by a cell using the same PCI as the deactivated target. If such replacement cell shares the same cell access configuration (e.g. same RACH resources) of the deactivated target cell, the UE would be able to correctly access the cell. Nonetheless, the latter case is independent of whether a notification is sent before the AAS change.
Observation 1: A notification sent before the AAS change occurs does not help resolving HOFs due to target cell deactivation
2) A notification before the AAS change is needed to enable reuse of PCIs between neighbouring eNBs where AAS changes can occur
In this scenario two eNBs may allocate the same PCIs to neighbour cells that are not active at the same time.  For example: 

· eNB1 serves Cell1a (PCI1, active) and Cell1b (PCI2, inactive)

· eNB2 serves Cell2a (PCI1, inactive) and Cell2b (PCI2, active)

The proposal to send a notification message before the AAS change occurs should allow e.g. eNB1 to notify to eNB2 that Cell1b will be activated via an AAS change. By means of such notification eNB2 should be able to resolve the PCI conflict in advance, before the AAS change takes place.

The scenario above seems however not realistic for a number of reasons. 
Firstly, it seems unrealistic to think that neighbouring eNBs would use the same pool of PCIs, therefore risking a direct clash (PCI collision). 

Secondly, each eNB knows the list of active cells used by the neighbour eNB. It seems unreasonable to believe that an eNB would activate a cell knowing that its PCI will be the same of another active neighbour cell.
Therefore it can be concluded that a notification sent before the AAS change occurs is not beneficial to enhance PCI management. Optimal PCI management is possible without such notification.

Observation 2: A notification sent before the AAS change occurs does not help improving PCI management

3) A notification before the AAS change is needed to provide the neighbouring eNB with re-establishment information to be used for handovers triggered immediately after the notification is received
The scenario is that an eNB about to perform an AAS change would send a notification to its neighbour eNBs in which it can list the cells that should be considered for re-establishment in case of mobility failure towards one of the cells that is going to be deactivated.

There are two possible alternatives to solve this problem, both not requiring any standardisation change.

First alternative: adding re-establishent information 

The first alternative assumes that an AAS change will happen across the preparation/execution of a handover. This may cause a HOF and consequently it may trigger re-establishment. 
In this case the solution consists of reusing the attribute isESCoveredBy (see TS 32.762), which is reported as follows and that is set for each neighbouring cell of a given cell.
	Attribute Name
	Definition
	Legal Values

	isESCoveredBy
	The value of the attribute is configured by the IRPmanager and is not changed by the IRPAgent. It indicates whether the adjacentCell according to this planning provides no, partial or full coverage for the cell which name-contains the EUtranRelation instance. 

Adjacent cells with this attribute equal to “yes” are recommended to be considered as candidate cells to take over the coverage when the original cell is about to be transferred to energySaving state.

The entirety of adjacent cells with this property equal to “partial” are recommended to be considered as entirety of candidate cells to take over the coverage when the original cell is about to be transferred to energySaving state.


	No, partial, yes


By configuring the per-cell information “isESCoveredBy” it is possible to know whether any neighbouring cell (active or inactive) is fully, partially or not overlapping with the serving cell. An example is shown in Figure 1.
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Figure 1: Example of isESCoveredBy parameter configuration for Cell1

In Figure 1 it is possible to see that Cell4 and Cell5 are inactive. However, such cells have a neighbour relation with Cell1. Each of the neighbouring cells of Cell1 will have the parameter isESCoveredBy parameter set. 

eNB1 can therefore deduce the re-establishment information to add in the handover signalling for UEs in Cell1. Indeed, if a UE is hand over from Cell1 to Cell3, eNB1 would be able to add Cell4 as a re-establishment cell, given that Cell4 is a possible neighbour cell, i.e. it may become active during handovers, and given that it is partially overlapping with Cell1, i.e. it might be a potential re-establishment cell.
Observation 3: To allow for successful reestablishment after mobility failures due to AAS changes, it is possible to include re-establishment information in the handover signalling by means of OAM neighbour cell configuration
Second alternative: avoiding HOFs during AAS changes 

In this scenario a solution that avoids RLFs during AAS changes is presented. Such solution is shown in Figure 2. 
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Figure 2: Example of Cell Splitting by fading off original cell

In figure 2 eNB2 applies an AAS change consisting of splitting Cell3 into Cell4 and Cell5. Instead of simultaneously switching off Cell3 and switching on Cell4 and Cell5 eNB2 goes through the following chronological steps:

· At T0 Cell3 is active and Cell4 and Cell5 are inactive

· At T1 Cell4 and Cell 5 are activated, Cell3 is still active: 
All UEs from Cell3 are handed over to Cell4 and Cell5
An X2: eNB Configuration Update is sent from eNB2 to eNB1 to notify the AAS change. Once the message is received by eNB1 no more handovers towards Cell3 shall be triggered
Cell3 is still able to accept UEs handed over from Cell1 before T1
· At T2 and T3 Cell4 and Cell 5 are active, Cell3’s power is reduced:
Cell3 is still able to accept UEs handed over from Cell1 before T1. However, UEs served by Cell3 are immediately handed over to Cell4 and Cell5.

· At T4 Cell4 and Cell5 are active, Cell3 is inactive:
All UEs are served by Cell4 and Cell5.
No risk of UEs handed over to Cell3.

A method to fade off the cell that needs to be deactivated can achieve avoidance of HOFs. In fact, the UEs that were handed over from Cell1 to Cell3 during the AAS change will still find Cell3 as target. As soon as these UEs connect to Cell3 they will be handed over to Cell4 or Cell5.
It should be noted that as soon as Cell4 and Cell5 become active, UEs that are served by Cell3 should be handed over to Cell4 or Cell5. Moving UEs from a cell that will be deactivated to cells that are activated is inevitable and applies to any spitting/merging case.
Moreover, the fact that Cell3 is populated by virtually no UEs implies that the cross cell interference from Cell 3 to Cell4 and Cell5 is minimum (limited to cell common signals and mitigated by OFDM symbol offset). 

With the above method RLFs affecting HOs during AAS changes can be virtually eliminated, therefore there would be no need to signal re-establishment information before the AAS change is applied.

It shall be noted that the method of fading off the cell to be deactivated could also be applied in case the cell(s) to be deactivated and one of the cells to be activated share the same PCI. In this case the cell to be deactivated can be shrunk to achieve the shape of the new cell to be activated with the same PCI. The cell to be deactivated can therefore be reconfigured with a new E-CGI, enabling UEs to remain connected to the cell.

Observation 4: By fading off the cell(s) to be deactivated during an AAS change it is possible to avoid mobility failures and re-establishments to newly activated cells even in case of PCI reuse
From the analysis above is can be concluded that there seems to be no compelling reason to introduce notification of AAS changes before the change occurs. 

It appears therefore that RAN3 can follow on work on SON for AAS changes on the bases of the already taken agreement of signalling an AAS change notification after the change occurs. 

Conclusion: There appear to be no advantages in signalling notification of an AAS change before the change occurs. It is suggested that RAN3 follows the work on SON for AAS on the basis of signalling a notification message after the change occurs.

3   Conclusion 
In this paper an analysis of the reasons to support signalling notifications anticipating an AAS change was presented. The paper examined the motivations outlines so far by the proponents of such technique and observed the following:

Observation 1: A notification sent before the AAS change occurs does not help resolving RLFs due to target cell deactivation
Observation 2: A notification sent before the AAS change occurs does not help improving PCI management

Observation 3: To allow for successful reestablishment after mobility failures due to AAS changes, it is possible to include re-establishment information in the handover signalling by means of OAM neighbour cell configuration
Observation 4: By fading off the cell(s) to be deactivated during an AAS change it is possible to avoid mobility failures and re-establishments to newly activated cells even in case of PCI reuse
On the basis of the observations above the following was concluded:

Conclusion: There appear to be no advantages in signalling notification of an AAS change before the change occurs. It is suggested that RAN3 follows the work on SON for AAS on the basis of signalling a notification message after the change occurs.

It is proposed to agree to the conclusion above.
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