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1.
Introduction
In the last RAN2 meeting, there was still some debate about the parameters ECGI(2) and Time(1) and no agreement was reached. This contribution aims to present a detailed analysis of this issue and end the argument. 
A companion CR is also proposed in [4].
2.
Discussion
2.1 General agreement and precondition
Firstly, according to LS from RAN3[1]:

“… In order to enable the needed MRO functionality, RAN3 would like to ask kindly RAN2 to enable failure reporting after fresh connection setup. The report shall contain following information:

· Information defined for RLF report in R9

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

· or PCI (1) and frequency band 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;

(*)
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).

(**)
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.”
By the end of last meeting, the approved information includes:

· Information defined for RLF report in R9

· FailedPcell, i.e. E-CGI (1) or PCI(1)

· PreviousPcell, i.e. E-CGI (3)
The inclusion of ECGI(2) and Time(1) has not reached an agreement.
Secondly, according to TS 36.300, one function of MRO is to detect the following cause of connection failure with the use of RLF report：

· “[Too Late HO] A connection failure occurs in the source cell before the handover was initiated or during a handover; the UE attempts to re-establish the radio link connection in the target cell (if handover was initiated) or in a cell that is not the source cell (if handover was not initiated). 

· [Too Early HO] A connection failure occurs shortly after a successful handover from a source cell to a target cell or during a handover; the UE attempts to re-establish the radio link connection in the source cell. 

· [HO to Wrong Cell] A connection failure occurs shortly after a successful handover from a source cell to a target cell or during a handover; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

……
The radio measurements contained in the RLF Report may be used to identify Coverage Hole as the root cause of the failure. This information can be used to exclude those events from the MRO evaluation of intra-LTE mobility connection failures and redirect them as input to other algorithms, e.g. CCO.”
Thirdly, it should be noted that, the newly added parameters is mainly calculated to appeal to the MRO functionality complementation under “unsuccessful re-establishment” scenario. In this contribution, we discuss the necessity of parameter ECGI(2) and Time(1) under two scenarios:

· RLF with subsequent unsuccessful re-establishment

· Handover failure with subsequent unsuccessful re-establishment

2.2 RLF with unsuccessful re-establishment
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Figure 1. RLF with unsuccessful re-establishment
Scenario
In this scenario, the UE suffered from RLF in cell B in time of T after a successful handover from cell A to cell B, and subsequently it failed in the re-establishment in cell C. Finally, the UE setup a fresh RRC connection in cell D, and sent the RLF report to the network as requested, as shown in figure 1. 
The need of ECGI(2) in RLF report
For the sake of simplification, we firstly assume that the RLF happened in cell B is shortly after the successful handover from cell A to cell B. That is, the T shown in figure 1 is very short. According to the criterion quoted in 2.1, the network can firstly differentiate the above causes as following: 

· If ECGI(2) = cell A, the connection failure cause may be “Too Early HO”;

· If ECGI(2) = cell C, the connection failure cause may be “HO to Wrong Cell”.

Note: There is still another cause, “Coverage Hole” in cell B, which can be identified by the radio measurements (e.g. RSRP/RSRQ of neighbour cells) contained in the RLF Report, if there is no strong cell in the measurement results. 
In order to facilitate the evaluation, if the ECGI(2) was not included in the RLF report, the network should retrieve the ECGI(2) information by some other ways: 

1) In the last meeting, it has been analyzed in [2] that the measurement results in RLF report are not always available in UE (e.g. measurement configuration for specific freqency is not avaliable) and the measurement results can only reflect the radio status upon RLF/HOF happens not upon re-establishment. So, it is unfeasible to retrieving ECGI(2) from the measurement results.

2) The ECGI(2) may be deduced from the “RLF indication” message over X2 from the cell which the UE initiated the re-establishment in to the cell where the RLF is detected. For example, just as shown in figure 1, the UE initiated the re-establishment in cell C. Upon receiving the RRCReestablishmentRequest message, the eNB C may send “RLF indication” to eNB B. From this indication the eNB B may deduce the ECGI(2) = Cell C. However, the network is not sure about the real cause of the RLF is “HO to Wrong Cell” at this time. Maybe the RLF is caused by the “Coverage Hole” in cell B. The final conclusion can only be reached with the help of radio measurement in RLF report further. In this scenario, the RLF report with the radio measurements can only be available when the UE re-establish a fresh connection in cell D. However, at this moment, there is no way for the eNB D to associate the RLF report with the ECGI(2) deduced in the previous serving cell (i.e. eNB B), because the eNB D has no idea about the previous UE context in cell B. There is no way for eNB D to index the previous UE context and ECGI(2). What is worse, the UE may initiate the new connection after a long time, e.g. 10hrs later. In this case, when the eNB D received the RLF report, the previous UE context and the deduction of ECGI(2) in eNB B may have already been removed. In this way, the final conclusion can not be reached. Therefore retrieving the ECGI(2) from “RLF indication” message is unfeasible too.
As analyzed above, we can see that the most reliable way for the network to retrieve the ECGI(2) is reported by the UE via RLF report.
The Need of Time(1) in RLF report
From the above analysis, we can see that ECGI(2) is necessary for the network. However, even if the network retrieved the ECGI(2) = cell C, it is not enough yet, because the above analysis is based on a simplified case that the T is very short. If the amount of T (i.e. Time(1)) is uncertain, according to the criterion in 2.1, there are still 2 possibilities of the cause of RLF: 
· If the T is long, that means the RLF may have no relationship with the previous HO. So the cause of RLF may be “Too Late HO” from cell B to cell C;
· If the T is short, that means the RLF may be caused by the previous HO. According to the definition, the cause of RLF may be “HO to Wrong Cell”. (i.e. cell B).  

It is obviously that the value of T (i.e. Time(1)) is needed to be known by the network to make the above judgement. If the T (i.e. Time(1)) was not included in the RLF report, the network should retrieve the Time(1)  information by some other ways: 
1) In the last meeting, It has been questioned whether the existing timer (i.e. Tstore_ue_cntxt) started when the eNB sends the UE context release may be reused by the networks instead of Time(1). In fact, the timer could not be kept all the time. When the UE went into IDLE states, this timer (i.e. Tstore_ue_cntxt) should be removed soon together with the old context. So reusing the time Tstore_ue_cntxt is unfeasible.

2) In the email discussion [73#43], it has been proposed that the Time(1) can be deduced by the network, with the help of “RLF indication” from eNB C to eNB B. The eNB B can record the time elapsed from the completion of successful HO to receiving “RLF indication” form eNB C. However, the same question is, there is no way for the network to associate the subsequent RLF report in eNB D with the deduced Time(1) in the eNB B. Then the detection will not be completed with only RLF report or with only the Time(1) information. So this is not a reasonable way too.
As analysed above, it can be seen that the Time(1) is only available in UE, and it is also needed in the RLF report in the scenario of “RLF with unsuccessful re-establishment”. 

2.3 HO failure with unsuccessful re-establishment
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Figure 2 HO failure with unsuccessful re-establishment
Scenario

As shown in figure 2, the UE underwent a HO failure form cell A to cell B, and then it failed in re-establishment in cell C. Finally, it setup a new connection to cell D and send RLF report information to the eNB D. 

The need of ECGI(2) in RLF report

According to the criterion quoted in 2.1, the detecting of failure cause is of much concern with where the UE’s first re-establishment happened, i.e. ECGI(2). The HOF cause can be firstly differentiated as following: 

· If ECGI(2) = cell A, the HOF cause may be “Too Early HO”;

· If ECGI(2) = cell B, the HOF cause may be “Too Late HO”;

· If ECGI(2) = cell C, the HOF cause may be “HO to Wrong Cell”.

Note: There is still another cause, “Coverage Hole” in cell A, which can be identified by the radio measurements (e.g. RSRP/RSRQ of neighbour cells) contained in the RLF Report, if there is no strong cell in the measurement results. 

Hence, the network should retrieve the ECGI(2) information by some other ways, if the ECGI(2) was not included in the RLF report. Similar to the analysis in section 2.2, we can also conclude that it is unfeasible to retrieving ECGI(2) from the measurement results or from the deduction based on “RLF indication” message. It seems that reporting the ECGI(2) in RLF report by UE is the most reliable way.
The Need of Time(1) in RLF report
It should be noted that the above analysis is based on a assumption, which is the network know that the connection failure is related to the last HO. In this case, the network may finish the differentiation easily with the use of ECGI(2) and other information in RLF report. However, the assumption is not always true.
As shown in figure 2, in the beginning, the eNB B (or eNB A) may recognize the HOF by not receiving HO complete from UE (or not receiving UE context release from target eNB). The eNB B (or eNB A) may record this failure together with the UE context. However, the record cannot be saved for the UE forever. The eNB B (or eNB A) would remove all the related record and UE context soon after it realized that the UE was dropped. Even if the UE finally establish a fresh connection in cell D in time before the record was deleted, there is still no way for the eNB D to index the previous record of HOF stored in eNB B (or eNB A). 
As a result, the network may not able to determine whether the connection failure is related to the last HO or not. So the Time(1) is also needed here. If the Time(1) is reported, according the same judgement method used in 2.2, the network can easily make sure that the failure is related to the HO, and complete the whole detection.
In conclusion, the Time(1) in RLF report is needed.
3.
Proposal
From the above analysis, we can see that ECGI(2) and Time(1) is needed in the RLF report. It is the most reliable and simple ways. 

Proposal: Adding ECGI(2) and Time(1) in the RLF report is needed.
A companion CR to TS36.331 is also presented in [4], it is proposed that the RAN2 can take this CR into account if the above proposal is agreed.
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