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1. Introduction
In the last RAN3#64 meeting, the solution to detect too early HO and too late handover was agreed. According to the agreement; 
· the eNB will act upon the received RLF Report in different ways depending upon the given conditions; UE Context Release has been sent or not.
· the eNB to receive UE Context Release will maintain the context for a specific time, while the eNB to send UE Context Release only recognizes that the corresponding eNB release the context immediately on its arrival..
However, the solution above may result in long handover processing delay, or RLF recovery failure due to the frequent ping-pong effect. It also may require the re-preparation procedure when the UE returns to the source eNB, even if it is rare. In addition, it may cause a problem such that a source cell and its neighbour cells have confusing and mismatching problems due to the different handling of UE Context Release in each eNB.
Motivated by that, this document proposes two alternatives; a new signalling message named "HO Complete Indication" and a new parameter "HO Complete Indication" into RLF Report. 
2. Discussion
In the section 4.5.1 of [1], HO-related failures can be categorized as follows:
· Failure due to too late HO triggering
· Failure due to too early HO triggering
· Failure due to HO to a wrong cell
We assume that a UE has a mobility path and performs HO procedure as described in figure 1. During the HO procedures, the each eNB (e.g. eNB A, eNB B) adopts the detection rules described in APPENDIX Table I and II. Figure 2 depicts several examples of erroneous handover triggering to explain the rules of Table I and II ; case I for too late handover before HO is initiated, case II for too late handover during HO procedure, and case III for too early handover. 
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Fig. 1. The basic flow of successful handover and HO Complete Indication
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Fig. 2. Some examples of erroneous handover triggering

Figure 1 shows that eNB B sends HO Complete Indication (X2AP) to eNB A after eNB B receives HO Complete (RRC). The detection solution about ‘Detection of Too Late HOs’ and ‘Detection of Too Early HO’ is described in the section 4.5.5.1.1 and 4.5.5.1.2 of [1], respectively. Considering these solutions, it seems to be tentatively agreed that RLF recovery event occurred in an eNB shall be reported to other eNBs as in figure 3. And, in this case, the confusion to consider the reception of RLF report as a too late HO may be occurred in spite of a too early HO. Hence, it is concluded that an eNB to send UE Context Release to other eNB shall not act upon a RLF report received from other eNB. 
Even for MRO function, on the contrary, the robustness of mobility is undermined by the usage of UE Context Release.  Because a connection re-establishment shall succeed only if the accessed cell is prepared, the unconditional usage of the UE Context Release after successful handover may mean that RLF recovery to a released cell cannot be accomplished without a re-preparation (e.g. HO preparation procedure with Tx2prep in figure 1). In other words, the policy to maintain a preparation can be good choice for the prompt connection recovery if UE moves within the dotted red line in the cell layout of figure 1.
It is needed to use not UE Context Release (X2AP) but HO Complete Indication (X2AP) to avoid an erroneous detection due to RLF report. The introduction of HO Complete Indication (X2AP) message can be helpful for detecting too early HO and preventing the problems caused by the usage of the UE Context Release. 
In addition, considering a general implementation in determining the maintenance time of a context, it is desirable that serving eNB shall have the authority to adjust the time to send UE Context Release to other eNB(s) and other eNB(s) to receive it shall immediately release a context.
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Fig. 3. Some examples of RLF procedures based on figure 1
3. Conclusion
Proposal 1 . HO Completion Indication should be defined as a Class 1 elementary procedure over X2 interface.
When an eNB receives a “HO Complete (RRC)” from UE, it shall send a “HO Complete Indication” to source eNB.
Proposal 2. An indication about successful handover should be included within RLF report as a Class 1 elementary procedure over X2 interface. 
When an eNB receives a RLF Report from other eNBs, it can be interpreted as only RLF recovery event or RLF recovery event with the meaning of successful handover. In case of too early handover, when an eNB B receives RLF report including the indication (=false) of successful handover from the eNB A, the eNB B shall not act upon the RLF report with “false” received from the eNB A. (Refer to APPENDIX Table III, IV).
Out of these two proposals, we would prefer proposal 2.
Text proposal to 36.902

4.5.5
Solution Description
4.5.5.1
Input data, definition of Measurements or Performance data
It is proposed that certain information may be exchanged between neighboring eNBs, to facilitate optimization of mobility robustness parameters:
· Report of RLF failures: This report includes the following information elements:

· Failure Cell ID: PCI of the cell in which the RLF occurred.

· Reestablishment Cell ID: PCI and (optionally) ECGI of the cell where RL re-establishment attempt is made

· C-RNTI: C-RNTI of the UE in the cell where RLF occurred.
· Indication of successful handover : true or false
NOTE: Reporting both the PCI and ECGI helps to resolve confusion in the network, in case the RLF was due to PCI confusion in the first place.  

4.5.5.1.2 
Detection of Too Early HO

In the event of a too early handover from cell A to cell B, an RLF event may get reported by cell A to cell B according to the mechanism described in Section 4.5.5.1.1, when the UE returns to cell A after RLF. In this case, the cell B will consider it as an indication of a too late HO. This case needs to be prevented in order to ensure the stability of the MRO function in the network. This following mechanism achieves this goal:

eNB B shall return an indication of a Too Early HO event to eNB A when eNB B receives an RLF report from eNB A and if eNB B has sent the UE Context Release message to eNB A related to the completion of an incoming HO for the same UE within the last Tstore_UE_cntxt seconds. 

eNB B shall not act upon a RLF report received from eNB A if the indication of successful handover within it is false.
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APPENDIX
Table I. The detection rules in eNB A (Proposal I)
	CASE

Note. 1
	IF

X or Y
Note. 2
	AND

Is there RLF recovery event in eNB A?
	AND

Does eNB A receive HO Complete Indication (X2AP) occurred in other eNBs?
	AND

Does eNB A receive RLF report (X2AP) occurred in other eNBs?
	THEN

eNB A concludes 
	Remark

	I
	X
	no
	no
	yes over preparation set
	Too Late HO
	before HO is initiated

	II
	Y
	no
	no
	yes over preparation set
	Too Late HO
	during HO procedure

	III
	Y
	yes
	yes
	no
	Too Early HO
	

	IV
	Y
	no
	yes
	yes but not exist within preparation set
	HO to a Wrong Cell
	


Table II. The detection rules in eNB B (Proposal I)
	CASE

Note. 1
	IF

eNB B:

A or B
Note. 3
	AND

Is there RLF recovery event in eNB B?
	AND

Does eNB B receive HO Complete Indication (X2AP) occurred in other eNBs (eNB A)?
	AND

Does eNB B receive RLF report (X2AP) occurred in other eNBs (eNB A)?
	THEN

eNB B concludes 
	Remark

	I-1
	A
	yes
	no
	no 
	Too Late HO
	before HO is initiated

	II-1
	B
	yes
	no
	no
	Too Late HO
	during HO procedure

	III-1
	B
	no
	no
	yes
	Too Early HO
	


Note.1  Refer to Figure 2.

Note. 2 X means that eNB A is an eNB not to send HO Command (RRC) to UE. Y means that the eNB A is an eNB to send HO Command (RRC) to UE. 

But Y does not mean that eNB A shall receive ACK (e.g. ARQ, HARQ) about HO Command.
Note.3 A means that eNB B is an eNB not to receive HO Complete (RRC) from UE. B means that the eNB B is an eNB to receive HO Complete (RRC) from UE. 

Table III. The detection rules in eNB A (Proposal II)
	CASE

Note. 1
	IF

eNB A:

X or Y
Note. 2
	AND

Is there RLF recovery event in eNB A?
	AND

Does eNB A receive RLF report including the indication of successful handover (X2AP) occurred in other eNBs?
	THEN

eNB A concludes 
	Remark

	I
	X
	no
	yes( including “indication=false”) over preparation set
	Too Late HO
	before HO is initiated

	II
	Y
	no
	yes( including “indication=false”) over preparation set
	Too Late HO
	during HO procedure

	III
	Y
	yes
	no
	Too Early HO
	

	IV
	Y
	no
	yes but not exist over preparation set
	HO to a Wrong Cell
	


Table IV. The detection rules in eNB B (Proposal II)
	CASE

Note. 1
	IF

eNB B:

A or B
Note. 3
	AND

Is there RLF recovery event in eNB B?
	AND

Does eNB B receive RLF report including the indication of successful handover (X2AP) occurred in other eNBs (eNB A)?
	THEN

eNB B concludes 
	Remark

	I-1
	A
	yes
	no
	Too Late HO
	before HO is initiated

	II-1
	B
	yes
	no
	Too Late HO
	during HO procedure

	III-1
	B
	no
	yes including “indication = false”
	Too Early HO
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