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1 Introduction

This contribution summarizes all proposed solutions for RLF reporting extension and the conclusions of offline discussion.

2 Open points in Rel-9
In Rel-9, MRO solution covers the following scenarios

· There is RRC Reestablishment procedure after connection failure.
· If the reestablishment procedure is successful, the UE may provide additional information (RLF report) needed for better analysis of the failure cause.
Open points and problems in Rel-9:

· In case of RRC re-establish failure, there is no RLF report. Possible coverage problems will then be classified as mobility problems.
· Time information needed for detection of too early / wrong cell HO cannot be measured precisely due to undefined moment the RLF INDICATION is to be sent.
Therefore, extension of RLF reporting in Rel-10 to cover the above open points is necessary.
3 Solutions of RLF reporting extension
3.1 Requirements
Following information is expected to be needed for R10 MRO:
· Information defined for RLF report in R9

· E-CGI (1) of the last cell that served the UE (where the RLF happened) (*)
· E-CGI (2) of the cell that the first re-establishment attempt was made at (if unsuccessful)
· E-CGI (3) of the cell that served the UE at the last HO initialisation (**)
· PCI (1) and frequency information of the cell that the HO was initialised toward (*)

· Time (1) elapsed since the last HO initialisation (**) until connection failure 
(*)
Depending on the conditions, only one of the two identifiers is needed: if the type of the connection failure is Radio Link Failure (RLF), UE shall include ECGI (1); if the type is HO failure (HOF), UE shall report PCI (1). Additionally, since the PCI is expected to be unique only at given frequency band, the frequency information shall be provided with the PCI.
(**)
HO initialisation is considered as the moment when message 7 (RRC Conn. Reconf.) was received at the UE, as presented in Figure 10.1.2.1.1-1 of TS 36.300. 
The MRO mechanism should enable detection of three connection failures in following six scenarios:

· Too late HO: RLF (HO is not initialised) and HOF (HO initialised, but not completed);

· Too early HO: RLF (soon after successful HO) and HOF (HO initialised, but not completed);

· Wrong cell HO: RLF (soon after successful HO) and HOF (HO initialised, but not completed);

It is important to note, that the presence of the RLF report after connection setup is considered as the only indication the UE suffered connection failure. The report should therefore be delivered only once after connection failure, either at the connection re-establishment or at connection setup.

3.2 Connection failure detection in case of unsuccessful re-establishment
In order to demonstrate usage of the parameters reported after idle, we consider following situation: the eNB where the UE set up the RRC connection after a failure sends RLF INDICATION to the eNB controlling the cell where the UE was served last (ECGI 1 if present, otherwise ECGI 3). The eNB controlling the cell where the connection failed receives RLF INDICATION message containing RLF report from the UE. In that case, the eNB may apply following algorithm to enable detection of the three types of connection failures:
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Figure 1: Example algorithm to detect causes of connection failures.
Note: the time threshold should be the same as the value for Tstore_ue_cntxt in case of successful re-establishment.

3.3 Improvements to the existing solution
Since the Tstore_ue_cntxt used in case of successful re-establishment should be the same as the time threshold in case of connection setup, it is necessary that also in case of successful reestablishment the UE reports time elapsed since the HO initialisation until connection failure. Therefore, in case of successful re-establishment, following information should be reported from the UE:
· Information defined for RLF report in R9

· Time (1) elapsed since the last HO initialisation until connection failure

Additionally, the RLF reporting from the UE should be enabled also in case of HO failure. The content of the report in that case shall be the same as after RLF.
4 Conclusion

The following information (in addition to the already defined data in Rel-9) should be reported in the RLF report from the UE after RRC connection setup:

· Either E-CGI (1) of the last cell that served the UE (where the RLF happened)

· Or PCI (1) and frequency information of the cell that the HO was initialised toward

· E-CGI (2) of the cell that the first re-establishment attempt was made at (if unsuccessful)
· E-CGI (3) of the cell that served the UE at the last HO initialisation

· Time (1) elapsed since the last HO initialisation until connection failure

Also the solution defined for successful re-establishment should be enhanced:
· Time (1) should be added to the R9 content of the RLF report

· Reporting from the UE shall be enabled also in case of HO failure
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NOTE: In case PCI 1 is reported, its value shall be compared with the PCI of the cell identified with ECGI 2.








