3GPP TSG RAN WG3 #82 













                        R3-132232
San Francisco, USA, November 11-15, 2013
Title: 
Solution evaluation for connection failures due to cell splitting/merging 
Source: 
Samsung
Agenda item:
10.2
Document for:
Discussion and approval
1 Introduction
In last RAN3#81bis meeting, solutions for connection failures due to cell splitting/merging were captured in the TR[1][2]. This contribution gave the comparaion of the solutions and proposed a way forward.

2 Discussion
2.1 Radio link failures in the splitting/merging cell
Two solutons were identified and agreed for this problem. Both of the two solutions can be suppported with the current stage 3. Eigher solution can be used in implementation. Therfore, down selection is not needed. In the WI stage, it can be discussed whether something in stage 2 is needed.
Proposal 1: Keep both solutions on the table for radio link failures in the splitting/merging cell.

2.2 Incoming handover failure and consequent re-establishment failure
The following solutions were agreed for incoming handover failrue and consequent re-ettablishment failrue:
If a handover has been triggered (measurement event reported) before deployment change of the target cell and the handover execution (RRCConnectionReconfig + RACH attempt) occurs after the deployment change, the handover may fail. In order to minimise the risk of preparing a HO to a non-existing cell, the neighbour may be notified about the deployment change in advance. Therefore the solution for (b) is:

3)
With the pre-condition that cell splitting / cell merging is under the supervision and validation of OAM, the neighbour eNBs of the eNB controlling the cell to be split / merged are notified about the planned deployment change in advance. There are two options for the notification: 

a.
Direct notification: Multiple states can be configured to a cell with changeable cell border according to the coverage of the cell with an explicit indication. 

b.
Notification by OAM: for the case when OAM is coordinating the state change, the OAM can configure all eNBs with the correct state.

With the pre-condition that cell splitting / cell merging is under the supervision and validation of OAM, option b) is a feasible and simple solution. It can be implemented without specification impact. However, operator involvement is inevitable. For the scenario that the load change can be known in advance e.g. in the stadium or theatre, the cell splitting/merging time can be determined beforehand after the validation of OAM. For example, cell-a controlled by eNB-A has AAS capability. It will have high load from 9:00 to 11:00 in the morning and 14:00 to 17:00 at afternoon. After the validation with OAM, the cell makes cell splitting before 9:00 and 11:00 and cell merging after 11:00 and 17:00 separately. In this case, it is not a burden for operators to configure the neither cells because the configuration is only once.  In the scenario that the load change is not regular/periodically, the operator need to configure the neighbour eNBs again an again. Option a) can relieve this drawback. It seems that both centralised and distributed notification mechanism has its pros and cons. They can be used in different scenarios.
Observation: Both centralised and distributed notification mechanism for reestablishment failure has its pros and cons. They can be used in different scenarios
For option a, the wording was discussed at the end of the last meeting. People may have different undersanding  on how to inform the “multiple state” to the neighbors. The following options were proposed in last meeting:
Option i: use different PCI/ECGI to implicitly indicate the cell state. 
For example, cell 1 (with PCI1 controled by eNB1) can split to cell2 (with PCI2) and cell 3(with PCI3). When cell spliting is decided for cell1, eNB1 indicates cell 1 as “Deactivated” state and cell2/cell 3 as new serving cells. With the existing message, the neighbor eNBs know cell1 in eNB 1 will change to deactivation state. So don’t trigger HO to the cell1. The time when to send the message for eNB1 is very critical. If eNB1 send it too early before HO, some UE may experience failure due to not handed over to cell1. If it is too late, some neighbor eNBs may already prepare a handover to cell1.
According to RAN1 discussion, the main scenario for AAS cell spliting is to use different PCI. Only in case of using CoMP (i.e. TM10), it is possible to use the same PCI. Therefore, ther  is no problem to use this assumption.

The main drawback of this alternative is that the neighbor eNBs don’t know the relation of the parent cell (cell before cell split) and the child cell(new cells after cell split). For some UEs, if there is no other candidate cells for handover, the UEs will experience failure. In order to assure the re-establishment success in the initial coverage of cell1, multiple handover preparation to the parent cell and baby cell is benifical. For solving this issue, eNB1 need to let neighbor eNBs know the relation of the parent cell and chird cell. If the neighbor eNBs need to trigger a handover to the parent cell, the neighbor eNB can trigger a multiple handover preparation to the child cell as well. The same mechanism apply for cell merging.
Option ii: use explicit indication in X2 message
As stated above, the main scenario for AAS cell spliting is to use different PCI. So different PCI/ECGI should be used. The explict indication in X2 message should be able to indicate the cell relation of the parent cell and the child cell.
Therefore, the two options address different aspects of the solution. Notifing the neighbor the cell relation of those cells before and after cell split is needed. This is the same for O&M based notification. Based on this, it is proposed to update the description of solution 3) as provided in section 4.

Proposal 2: It is proposed to capture the text proposal in section 4 in TR37.822.

3 Conclusion
This contribution analyzed the agreed solutions for Radio link failures in the splitting/merging cell and incoming handover failure and consequent re-establishment failure. We have the following observation and proposals:
Proposal 1: Keep both solutions on the table for radio link failures in the splitting/merging cell.

Observation: Both centralised and distributed notification mechanism for reestablishment failure has its pros and cons. They can be used in different scenarios
Proposal 2: It is proposed to capture the text proposal in section 4 in TR37.822.

4 Text Proposal
4.1.1 4.2.1
Connection failures due to cell splitting/merging

Problem description:

a)
Radio link failures in the splitting/merging cell


Once the cell splitting is triggered, the eNB controlling the cell to be split may not yet know exactly which UEs will be impacted. Therefore, it may not be able to initiate a handover for some UEs accordingly before the cell splitting action. Even though such UEs could be identified and assuming that these UEs are in active mode while the cell splitting occurs, it is not guaranteed that a suitable target cell for handover is available. Consequently, these UEs may experience an RLF.


In addition, some UEs served by the cell for which the PCI is unchanged before and after a splitting/merging action, they may also experience an RLF if the interruption time due to cell splitting/merging is too long (e.g., longer than the RLF detection related timer T310).


Moreover, once the cell splitting is triggered a large number of UEs may have to be in handover procedures. Therefore, this solution may result in high handover failure cases because of the inter-cell interference in the intra-frequency deployment.

b)
Incoming handover failure and consequent re-establishment failure


Handover preparation may be triggered by a neighboring eNB to the cell to be split/merged before the cell splitting/merging action. When the UE tries to access the target cell, the target cell may have changed due to cell splitting/merging. This handover may fail due to unsuccessful access. Soon the UE attempts to re-establish the connection in the best cell, it would fail due to lack of re-establishment information for this cell.

Solutions:

Following solutions have been identified for (a):

1)
Cell splitting is executed after successful HO the active mode UEs.


According to the measurement result of the UEs, the eNB will know whether there is candidate cells for the UE. After all the UEs are handover out successfully , the eNB perform cell spliting.

2)
Multiple preparation in the eNB handling the split/merged cells and to eNB handling neighbour cells to guarantee the successful re-establishment.


It is assumed that there is no coverage change for the cell splitting/merging. For all the UEs in the coverage of the intial cell, they can be served by the new splitting/merging cells. The initial serving cell can prepare the UE context in the new cells. If there is connection failure for some UEs, the UE can perform the RRC reestablishment procedure successfully in the new splitting/merging cells.

All above solutions can be supported by implementation with the current standard.

If a handover has been triggered (measurement event reported) before deployment change of the target cell and the handover execution (RRCConnectionReconfig + RACH attempt) occurs after the deployment change, the handover may fail. In order to minimise the risk of preparing a HO to a non-existing cell, the neighbour may be notified about the deployment change in advance. Therefore the solution for (b) is:

3)
With the pre-condition that cell splitting / cell merging is under the supervision and validation of OAM, the neighbour eNBs of the eNB controlling the cell to be split / merged are notified about the planned deployment change in advance. The cell relation of those cells before and after cell split is notified. There are two options for the notification: 

a.
Direct notification: Multiple states can be configured to a cell with changeable cell border according to the coverage of the cell. 
b.
Notification by OAM: for the case when OAM is coordinating the state change, the OAM can configure all eNBs with the correct state.
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