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1 Introduction

This document proposes an analysis of the MRO solution for Rel9. The intention of the solution designed for Rel9 was to handle connection failures that result in initiating RRC re-establishment procedure toward the network, falling into three categories: too late HO, too early HO and HO to wrong cell (also called wrong cell HO). 
This papers aims at analyzing possible implementation of the Rel9 solution and considers situations were detection of those three problem categories is not possible.

2 Background - Brief overview of Rel-9 MRO 

There are three different nodes involved in the Rel-9 MRO handling

· The eNB receiving the RRC re-establishment/establishment
If we receive RRC re-establishment we send RLF indication. If the RRC re-establishment is not rejected and the UE indicates that an RLF report is available the eNB may retrieve this report and include it in the RLF report. This eNB may perform initial check of the RLF Report, if fetched from the UE, and decide if it should be forwarded further in the RLF Indication procedure.
· The eNB receiving the RLF indication
This eNB performs a simple decision, based on the contents of the RLF indication (see example figure below). The RLF indication may or may not contain the RLF report. In case the error is “too late” the eNB may use the information to adjust the mobility parameters. Otherwise a HANDOVER REPORT may be sent. Note that the RLF report can be used to determine whether a HANDOVER REPORT  should be sent, but currently the RLF report is not included in the HANDOVER REPORT. 
· The eNB Receiving the HO report
This eNB receives the information about too early or wrong cell HO and may adjust the mobility parameters. 
An example solution for the detection of MRO failures in the eNB receiving the RLF indication is illustrated in Figure 1. 
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Figure 1. Example of MRO decision in the node receiving the RLF indication, using the same definition as in [1]
The different MRO cases can be separated into failures occurring during HO execution and failures occurring not during HO execution, as can be seen in the flow chart. The “too Early” failure during HO execution can be handled internally by the eNB and will not generate an RLF indication and is therefore not visible on this figure.
Another important thing to notice is that even though the RLF report is not forwarded in the HO report, the information may be used in the eNB receiving the RLF indication to decide whether an HO REPORT shall be generated or not.

One limitation in the Rel-9 solution is that it requires that the cell receiving the RRC re-establishment must be prepared in order to retrieve the RLF report from the UE.  In order to identify which scenarios this limitation applies to, we can do a similar exercise as in [2] to identify the possible scenarios

· Too early handover, due to HO failure
In this scenario, the UE is served by cell A, commanded to go to cell B but fails during HO execution and returns to cell A. In this case, no RLF indication is needed, since the cell where the UE re-establishes the connection is the one that is serving before failure and therefore has the UE context.
· Too early handover, RLF afterHO completion
In this scenario, the UE is handed over from cell A to B, where RLF occurs shortly after HO, and the UE re-establishes in cell A. Cell A has released the UE context. 

· Handover to wrong cell, due to  HO failure
In this scenario, the UE is served by cell A, commanded to go to cell B but fails during HO execution and re-establishes in cell C. Cell C does not have the UE context. 

· Handover to wrong cell, RLF afterHO completion
In this scenario, the UE is served by cell A, manages to handover to cell B but fails shortly after leading to a re-establishment in cell C. Cell C does not have the UE context. 

· Too late handover, RLF before HO execution
In this scenario, the UE is served by cell A where he experience a RLF and manages to re-establish in cell B. Cell B does not have the context. 

· Too late handover, RLF due to HO completion
In this scenario, the UE is served by cell A and commanded to handover to cell B, but experiences a failure during execution, and manages to re-establish in cell B. Cell B has the UE context. 

In the following table we list in which of these scenarios the cell where re-establishment takes place has access to the UE context and can request the RLF report from the UE.

	
	
	Cell-RA has UE context

	1
	Too early handover, RLF during HO execution
	Yes

	2
	Too early handover, RLF not during HO execution
	No

	3
	Handover to wrong cell, RLF during HO execution
	No

	4
	Handover to wrong cell, RLF not during HO execution
	No

	5
	RLF without handover being initiated (too late handover or coverage hole)
	No

	6
	Too late handover, RLF during HO execution
	Yes


However, by allowing RLF report from idle, we could enable the RLF report in all these use cases. 
3 Handling of RLF report for Rel-9 MRO

As seen above, the RLF report is retrieved by the node where RRC re-establishment occurs and, if that node decides to send the RLF INDICATION, it may be used by the node receiving the RLF indication to judge whether a failure event is coverage or MRO related. The actual usage in the node receiving the RLF indication is implementation dependent. 
4 Precise detection of the too early / wrong cell HO

As seen above, the detection of the too early or wrong cell HO and verification if the HO REPORT is to be sent depends on proper time analysis of the arriving RLF INDICATION message. If the indication arrives within the time defined in Tstore_ue_cntxt, the possibility that the connection failure was due to too late HO is ruled out. However, since the RLF INDICATION may be sent either immediately after RRC re-establishment request is received or only after measurements from the UE are fetched, the time between last HO and the re-establishment attempt can not be measured precisely.

Additionally, the time elapsed from last HO is defined to be counted starting from RRC Context Release message, which leaves up to implementation situations that connection fails after UE sets up the RL to the target cell, but before the context release is sent.
5 Conclusions
This document outlines the MRO functionality in Rel9.
At the moment, the RLF report is available for 2 of the 6 cases defined in stage-2. By allowing RLF report from idle, we can enable the use of the RLF report in the remaining scenarios.

The time information needed for detection of too early / wrong cell HO is measured based on reception of messages, sending time of which is not precisely defined. 
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