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1. Introduction
In last RAN3 meeting, the problematic scenarios that MRO is going to address were categorized as the following failures:
· Handover too late
· Handover too early
· Handover to a wrong cell
· Unnecessary handover
R3-09XXXX clarifies aspects of these scenarios

This document is going to summarize signalling requirements applicable to the different scenarios and propose the way forward.  

2. Signalling requirements
We list all handover scenarios in table 1-4 that should be taken into account by MRO and give a simple analysis of information to be exchanged for each of them. Note that, scenarios are numbering continuously on the basis of previous table.
In all the tables, we assume that a handover starts from cell A (source cell), is intended to cell B(the target), and cell C is a third cell that is involved in certain failure cases. 

The red line with arrows in the table represents failure path the UE goes through; the black line with arrow represents the planned handover path and the blue line represent network signalling (over X2).  For example, in the first case of HO too late, step 3 indicates the required network signalling E(ReEst@B, RLF@A).  This represents the event whereby RLF occurred in cell A and the UE performed a RRC connection reestablishment in cell B. 
Table 1 Handover too late
	Problem Category
	Problematic Scenarios
	Information to be exchanged

	
	Seq #
	Scenario Details
	

	HO Too late
	1
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Characteristics:

· Cell B is prepared (HO preparation success)
· RLF occurs in Cell A at a point before HO command is successfully delivered (this could be before or after any triggered measurement report is successfully received by cell A)
· UE sends RRC Connection re-establishment request to cell B
	B->A:
RLF event occurred in cell A (PCI_A) and UE (CRNTI=xxxx) performs RRC connection reestablishment successfully  to cell B. 

	
	2
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Characteristics:

· RLF occurs in Cell A before HO preparation of cell B has taken place (no attempt has been made to send the HO command to the UE)
· UE request RRC connection re-establishment to cell B

· Fails but UE is able to RRC Connect from idle to cell B
	B->A:

RLF event occurred in cell A (PCI_A) and UE (CRNTI=xxxx) performs RRC connection reestablishment (unsuccessful) to cell B.  



Table 2- Handover Too Early
	Problem Category
	Problematic Scenarios
	Information to be exchanged

	
	Seq #
	Scenario Details
	

	HO too early
	3
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Characteristics:
· UE successfully received HO command but all random access attempts fail to reach cell B (T304 expiry-“HO Failure”).
· UE reverts back to the configuration in source cell A, performs cell selection (to cell A) and sends RRC connection re-establishment request to cell A with the cause of handover failure in cell B.
	No 

	
	4
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Characteristics:

· UE succeeds in random access to cell B but fails to transfer RRC connection reconfiguration completion to Cell B. 

· UE reverts back to the configuration in the source A, performs cell selection (to cell A) and sends RRC connection re-establishment request to cell A.
	No

	
	5
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Characteristics:

· UE experience RLF shortly after successfully handing over (means UE context release has been sent from B to A) to cell B

· UE attempts RRC connection re-establishment to cell A, which fails, but the UE is able to RRC connect from idle to cell A. 
	Cell B maintains a timer that is started from time point of sending UE context release to cell A
A->B:

Event: RLF event occurred in cell B (PCI_B)  and UE (CRNTI=XXXX) performs RRC Connection Reestablishment unsuccessfully in cell A with the cause of RLF in cell B (PCI_B).  
B->A: 

Event: Too early A2B HO.




Table 3- Handover to a wrong cell
	Problem Category
	Problematic Scenarios
	Information to be exchanged

	
	Seq #
	Scenario Details
	

	HO to a wrong cell
	6a
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Characteristics:

· UE experience RLF shortly after a successful handover (UE context release from B to A) to cell B.

· UE sends RRC connection reestablishment request to cell C.
· Cell C is prepared (by B)

	C->B:

Event: RLF occurs in cell B (PCI_B) and UE (CRNTI=XXXX for B to recognise the UE recently from A) performs RRC connection re-establishment successfully in cell C. 

B->A:

Event: HO to a wrong cell B.

	
	6b
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Characteristics:

· UE experience RLF shortly after a successful handover (UE context release from B to A) to cell B.

· UE sends RRC connection reestablishment request to cell C.
· Cell C is not prepared

	C->B:

Event: RLF occurs in cell B (PCI_B) and UE (CRNTI=XXXX for B to recognise the UE recently from A) performs RRC connection re-establishment unsuccessfully in cell C. 

B->A:

Event: HO to a wrong cell B.

	
	7a
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Characteristics:

· UE is intended to do handover from A to B (handover command for A to B transmitted without success by cell A)
· UE experiences RLF in cell A and sends RRC connection re-establishment request to cell C.

· Cell C is prepared
	C->A:

Event: RLF occurs in cell A (PCI_A) and UE (CRNTI=XXXX) performs RRC connection reestablishment (successfully) in cell C.  

	
	7b
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Characteristics:

· UE is intended to do handover from A to B (handover command for A to B transmitted without success by cell A)
· UE experiences RLF in cell A and performs RRC connection re-establishment request in cell C.

· Cell C is not prepared
	C->A:

Event: RLF occurs in cell A (PCI_A) and UE (CRNTI=XXXX) performs RRC connection reestablishment unsuccessfully  in cell C 

	
	8a
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Characteristics:
· UE successfully received HO command but all random access attempts fail to reach cell B (T304 expiry-“HO Failure”).
· UE reverts back to the configuration in source cell A and sends RRC connection re-establishment request to cell C with the cause of handover failure in cell A.
· Cell C is prepared
	C->A: 

Event: Handover failure occurs in cell A (PCI_A) and UE (CRNTI=XXXX) performs RRC connection re-establishment successfully to cell C.

	
	8b
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Characteristics:
· UE successfully received HO command but all random access attempts fail to reach cell B (T304 expiry-“HO Failure”).
· UE reverts back to the configuration in source cell A and sends RRC connection re-establishment request to cell C with the cause of handover failure in cell A.
· Cell C is not prepared
	C->A: 

Event: Handover failure occurs in cell A (PCI_A) and UE (CRNTI=XXXX) performs RRC connection re-establishment unsuccessfully to cell C.

	
	9a
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Characteristics:

· UE succeeds in random access to cell B but fails to transfer RRC connection reconfiguration completion to Cell B. 

· UE reverts back to the configuration in the source A and sends RRC connection re-establishment request to cell C.
· Cell C is prepared
	C->A:

Event: RLF occurs in cell A? (PCI_A?) and UE (CRNTI=XXXX) performs RRC connection re-establishment successfully to cell C 

	
	9b
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Characteristics:

· UE succeeds in random access to cell B but fails to transfer RRC connection reconfiguration completion to Cell B. 

· UE reverts back to the configuration in the source A and sends RRC connection re-establishment request to cell C.

· Cell C is not prepared
	C->A:

Event: RLF occurs in cell A? (PCI_A?) and UE (CRNTI=XXXX) performs RRC connection re-establishment unsuccessfully to cell C 


Table 4- Unnecessary handover
	Problem Category
	Problematic Scenarios
	Information to be exchanged

	
	Seq #
	Scenario Details
	

	Unnecessary HO
	10
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Characteristics:

· UE successfully HO back to cell A short time after successfully HO from A to B
	A->B->A:

UE history (available)

	
	11
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Characteristics:

· UE successfully HO to cell C short time after successfully HO from A to B.
	A->B->C:

UE history (available)

C->B->A:

Event: Rapid HO (A2B2C).


3. Discussion
After RLF or HO failure, the UE will attempt to send a RRC connection re-establishment request to the network. Whether or not the RRC connection re-establishment is successful depends on whether the targeted cell has been prepared or not. Re-establishment to any cell of the source eNB may also succeed.  But in all cases the CRNTI and the identity of the previous cell (where RLF took place) are included in the re-establishment request message, and signalling of failure event is necessary.  Of course re-establishment can fail if the radio conditions do not permit successful signalling (irrespective of the prepared status of the target for re-establishment).
In the case where the cell that UE attempts to re-establish the RRC connection to has not been prepared, there is no UE context in this cell. Of course, the cell will reject the UE’s RRC connection re-establishment request. In table 1-4, scenario 2, 5, 6b, 7b, 8b, 9b fall into this type.  Even though it’s not possible to successfully re-establish the RRC connection, it is still required to signal the re-establishment event back to problematic cell from MRO point of view. 
No matter which node the failure event signalling is initiated, finally it shall arrive to the problematic cell (cell A in this document), where we assume HO related parameter need to be optimized. However, when signalling reach cell A, the UE context may have already been released. E.g. scenario 5, 6, 11.  So, signalling solution shall not rely on existence of UE context in problematic cell.

As a summary, the following information is useful and required to be signalled over X2

· A successful RRC Connection Re-establishment occurs in cell 1 (sender) for UE with CRNTI in cell 2 (receiver). 

· Unsuccessful re-establishment due to no UE context held has occurred in cell1 (sender) for UE with CRNTI in cell2 (receiver) 

· RRC connection occurred in cell 1 for UE with CRNTI in previous cell.

In addition, signalling transfer shall be based on common procedures 
4. Proposal

Based on above discussion, our proposal about information to be exchanged includes
· A successful RRC Connection Re-establishment occurs in cell 1 (sender) for UE with CRNTI in cell 2 (receiver). 

· Unsuccessful re-establishment due to no UE context held has occurred in cell1 (sender) for UE with CRNTI in cell2 (receiver) 

Also, we propose that 

· Signalling transfer for MRO shall be based on common signalling procedures. 

We hope RAN3 agree it and further agree the following text proposal for TR36.902. 
------------------------------------ start of text proposal to [1] ------------------------------------------
4.5.5.1
Input data, definition of Measurements or Performance data
It is proposed that certain information may be exchanged between neighbouring eNBs, to facilitate optimization of mobility robustness parameters:

· Report of RLF failures 

· HO parameter settings, e.g. Cell Individual Offset

The signalling transfer is proposed to be based on common procedures. The information to be exchanged includes:

· A successful RRC Connection Re-establishment occurs in cell 1 (sender) for UE with CRNTI in cell 2 (receiver);
· Unsuccesful re-establishment due to no UE context held has occurred in cell1 (sender) for UE with CRNTI in cell2 (receiver);
· RRC connection occurred in cell 1 for UE with CRNTI in previous cell
Whether or not other information is required to be exchanged is FFS
------------------------------------------ end of text proposal -------------------------------------------------
5. Reference
[1] 3GPP TR 36.902, “Self-configuring and self-optimizing network use cases and solutions”
[2] R3-09XXXX, “MRO problem description”
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