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1 Introduction
The stage 2[1] and stage 3[2] CRs for AAS notification were agreed in last meeting. The issue of how to solve the reestablishment failure was not addressed in the agreed CRs. This contribution discussed the alternative solutions to solve this problem. A way forward was proposed based on the analysis and comparison. 
2 Discussion 
The problem to be solved: if the cell selected as a target is split, merged or reshaped, a successful re-establishment in the cell that provides coverage should be assured. The source should prepare not only the target, but also its possible coverage replacement. If the source eNB doesn’t know the replacement information, it must prepare all the cells at the target eNB. Therefore the re-establishment enhancement is needed. The information of the cell or cells that will provide coverage in case the target becomes unavailable should be provided to the neighbour eNBs. The following solutions have been discussed so far:

a) Re-establishment based on OAM information;
b) A code-based algorithm to identify overlapping cells.
c) Cell Deployment Status Indicator IE is added to eNB Configuration Update message to indicate the information contained in the Coverage Modification List IE referring to a potential future configuration or current configuration;
d) Inform the Related cell information about coverage replacement/overlap to the neighbor eNBs.
The requirements for the enhancement:

· The solution should be feasible for both scenario 1 and scenario 2;
· The solution should be feasible for flexible PCI allocation
· The information of the replacement cell(s) has to be available at the moment of handover preparation;
· It should require as little configuration as possible.

a) Re-establishment based on OAM information

For supporting scenario 2, OAM would need to be involved at every cell splitting/merging/shaping to provide the right overlap information for the newly created cells. This solution will require a lot effort from operators and add heavy signalling of this implementation. Therefore, other standard solution should be considered to relieve operators’ effort.
b) A code-based algorithm to identify overlapping cells
	Coverage Information
	O
	
	BIT STRING (SIZE(128))
	Each bit represents a coverage area: if it is ‘1’, the cell, if active, provides coverage for this area.
	YES
	ignore


Even if there is only one cell reconfiguration, the peer eNB would need to decode all the 128bit and do some analysis in order to know what really happen for the reconfiguration. It is very complex and difficult to be understood.

The solution can solve the reestablishment failure problem for scenario 1. For scenario 2, before AAS reconfiguration, eNB1 can update the recent coverage information to eNB 2. However, eNBs should 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. eNBs cannot  use common pool of PCIs. There is no means to release the not used PCIs to the common pool. Pls note that the main advantage of scenario 2 is flexible PCI allocation. 
Considering those disadvantages, the code based mechanism should not be considered.
c) Cell Deployment Status Indicator IE is added to eNB Configuration Update message to indicate the information contained in the Coverage Modification List IE referring to a potential future configuration or current configuration.
	Cell Deployment Status Indicator
	O
	
	ENUMERATED(potential,

…)
	Indicates that the Coverage Modification List IE refers to a potential future deployment
	YES
	reject


With this indicator, the neighbor eNB(e.g. eNB2) will know the received message from eNB1 is pre-notification or after notification. For pre-notification, the eNB2 can prepare the inactive cells for multiple handover preparation. 

However there are three problems:

1) Cell C may split to cell D and cell E. Cell X can split to cell Y and Cell Z. The Coverage Modification List includes all the potential cells e.g. Cell D, Cell E, Cell Y and Cell Z. The eNB2 doesn’t know the relation. When the eNB2 prepare a handover to any cell in eNB1, eNB2 would need to prepare cell D, cell E, cell Y and Cell Z. Even if for those target cells that has no overlapping coverage with cell D, cell E, cell Y and Cell Z.

2) The same as solution b), the solution cannot support flexible PCI allocation. 
3) eNB2 can already know the message is pre-notification or after-notification according to the cell coverage state. I.e. if the received cell coverage state for one cell is the same as what eNB2 saves for this cell, it is pre-notification. Otherwise, it is after-notification. Pls note that if eNB2 doesn't have the cell information and eNB2 receives the cell information indicated as inactive (the same state as inactive), it means this is a pre-notification.

d) Inform the Related cell information about coverage replacement/overlap to the neighbor eNBs.
	> Related Cell List
	
	0 .. maxnoofRelatedCells 
	
	Indicates the related cell which is reconfigured to create the replacement or overlap coverage. 
	-
	-

	>> Related Cell ECGI
	M
	
	ECGI

9.2.14
	
	
	


This solution can be used for both scenario 1 and scenario 2.

In scenario 2, the eNBs use common pool of PCIs, so they assign free PCIs to cells when these cells are about to be activated.
The main concern for this solution is that for the cell(s) to be deleted, the neighbour eNB will delete the information of cell indicated by Old ECGI IE, and then the MRO context will be deleted as well.
For the cell which is changed to inactive from active, the information of this cell don’t need to be included in served cell to be deleted IE. With this cell to be included in Coverage Modification List with inactive state, eNB2 can know clearly about the cell configuration in eNB1. When the cell need to be active next time, it can be included in Served cell to modify.
Take one example to explain how this solution works: cell C split to Cell D and Cell E as shown in Figure 1.
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Figure 1: Cell C split to cell D and cell E

The main steps:
· eNB1 sends eNB configuration Updated message to eNB2. The Coverage Modification list includes Cell D and Cell E. Their state is inactive. The related cell is cell C.

· eNB2 can know it is pre-notification based on that the state of cell D and cell E is not changed i.e. inactive. eNB2 can prepare cell D and Cell E once there is handover to cell C. So the reestablishment failure problem can be solved. eNB2 doesn’t need to prepare too much unnecessary cells. 

· After cell splitting, eNB1 sends another eNB Configuration Update message to eNB2. The Coverage Modification list includes Cell D, Cell E and cell C. The state of Cell D and cell E is active. The state of cell C is inactive. eNB1 can return the PCI of cell C to common pool.

· eNB2 can know it is after-notification based on that the state of cell D and cell E is changed. eNB2 keeps the ECGI of cell C and MRO context with cell C.
When Cell D and Cell E need to be merged backed to cell C, the procedure is shown in Figure 2.

[image: image2.emf]eNB1 eNB2

eNB Configuration Update

-Cell C, inactive, related cell D and Cell E

-Served cell to modify: cell C

ACK

Cell Merging

eNB Configuration Update

-Cell C, active

-Cell D, inactive

-Cell E, inactive

ACK

Prepare cell C once 

there is HO to cell D 

or cell E

Return PCI of cell D 

and cell E to 

Common Pool

Keep ECGI and 

MRO context of cell 

D and cell E. 

Retrieve MRO state 

with Cell C


Figure 2: Cell D and cell E are merged to cell C
The main steps:

· eNB1 sends eNB configuration Updated message to eNB2. The Coverage Modification list includes Cell C. Its state is inactive. The related cells are cell D and Cell E. Served cell to modify IE includes the information of cell C. So new PCI can be assigned to cell C and informed to eNB2.

· eNB2 can know it is pre-notification based on that the state of cell C is not changed. eNB2 would prepare cell C once there is handover to cell E or cell E. So the reestablishment failure problem can be solved. eNB2 doesn’t need to prepare too much unnecessary cells. 

· After cell merging, eNB1 sends another eNB Configuration Update message to eNB2. The Coverage Modification list includes Cell D, Cell E and cell C. The state of Cell D and cell E is inactive. The state of cell C is active. eNB1 can return the PCI of cell D and Cell E to common pool.

· eNB2 knows it is after-notification based on that the state of cell C is changed. eNB2 keeps the ECGI and MRO context of cell D and Cell E. eNB2 retrieves the MRO context with cell C.
From the description, it is clear that solution d) can satisfy all the requirements:
· The solution should be feasible for both scenario 1 and scenario 2;
· The solution should be feasible for flexible PCI allocation
· The information of the replacement cell(s) has to be available at the moment of handover preparation;
· It should require as little configuration as possible.

Proposal: It is proposed to agree solution d) to solve the reestablishment failure problem.
3  Conclusion
The contribution discussed the solutions of reestablishment support for AAS reconfiguration. Based on the analysis, it can be seen that, the reestablishment problem can be fully support for both scenario 1 and scenario 2 by solution d). Therefore  it is proposed to agree the following proposal and the corresponding CR [3][4].
Proposal: It is proposed to agree solution d) to solve the reestablishment failure problem.
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