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1 Introduction
This email discussion is related to RLF report information requested by RAN3 for MRO, i.e. time(1) ECGI(2), and is targeting the following main questions: 

· What additional information could be useful (focus on already mentioned information)?
· What can be done with this additional information in the network that could not be done if this information would not be provided by the UE?
2 Discussion
2.1 General understanding mobility optimization and MRO

Mobility Optimization including MRO (excluding MLB in current discussion) is a reactive self-optimization function executing in eNB that is assumed to optimize handover (HO) parameters, e.g. UE measurement configuration, and HO algorithm behavior to: 

·  A) find acceptable or as low as possible HO problem rate, where MRO HO problems are classified into Too late handover, Too early handover and handover to wrong cell. 

·  B) at the same time, find a balanced ping-pong rate or HO rate.

We note that ping-pong and HO rate can be observed by UE history information IE which is forwarded at HO preparation and indicates a UE history of past serving cells and the dwell time in each of them. 

MRO HO problems are defined in 36.300 as:
[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.
We assume that the Mobility Optimization function will do corrective actions based on observations as: 

If a high rate of [too late HO] Cell A => Cell B is observed (i.e. where UE loses connection in Cell A and then immediately can re-establish to Cell B, or UE can indicate that Cell B is an appropriate cell for establishment of connection when connection failure happened),  
· then adjustment to do HO earlier for Cell A => Cell B can decrease the observed connection failure rate in Cell A. 
If a high rate of [too early HO] Cell A=>Cell B is observed (i.e. where UE experiences problems in the target cell B at HO or immediately after successful, and the UE can re-establish to Cell A, or indicates that Cell A is an appropriate cell for connection), 

· then adjustment to do HO later for Cell A => Cell B can decrease problems as observed in Cell B. 

If a high rate of [HO to wrong cell] Cell A=>Cell B=>Cell C is observed (i.e. where UE experiences problems in the target cell B at HO or immediately after successful handover, and the UE can immediately re-establish to a third Cell C, or indicates that Cell C is an appropriate cell for connection when problem occur), 
· then adjustment to do HO later for Cell A => Cell B, and

· adjustment to do HO earlier for Cell A => Cell C.

could decrease the problems observed in Cell B, while avoiding to increase problems in Cell A. 

2.2 Existing support for MRO and RLF report
NETWORK

All information needed to adjust HO parameters and behavior needs to be made available to eNB controlling source cell of a problematic Handover.
After a UE RRC re-establishment attempt a eNB may initiate the X2 RLF indication procedure towards a previous serving eNB to inform about a connection failure in the previous serving eNB, indicating [too late HO]. 
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If RRC re-establishment is successful, the UE-provided RLF report may be included. 
If a UE attempts a RRC re-establishment and it fails eNB2 can anyway send RLF indication to eNB1, identifying the UE.  
X2 RLF indication was supported also in Rel-9. 
In case a successful Handover was performed, but shortly after the handover there was a problem in the target cell, then the eNB1 controlling the target cell, can inform the eNB2 controlling the original source cell, by the X2 Handover report procedure, indicating either [too early HO] or [HO to wrong cell]. 
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It is assumed that a source Base-station may keep a UE context for durations that allow RRC or NAS re-establishments, but not for durations that involve UE dwelling in another RAT. 

X2 Handover Report was added in Rel-9. 

UE RLF Report
So far it has been decided that UE will store and later report for RLF or HOF (T304 expiry): 

· Available Mobility measurements at failure. 
· Available detail location at failure. 

· ID of Failure Cell (target cell of failed HO or serving cell when RLF is detected). 

· ID of Source cell at last handover.  

On request, UE will report this information for the latest failure after a successful RRC re-establishment or after RRC establishment on HO (e.g. from other RAT) or RRC establishment from Idle. UE will keep this information while dwelling in other RAT. 

2.3 The issues of this email discussion

The issues of this email discussion concerns whether the UE should report the following additional information or not, most of the notations used are from ref [3]. 

· Discrimination between HOF and RLF. 

· Time(1)

· Time(1) and ECGI(3)

· ECGI(2)

2.3.1.1 Discrimination between Handover Failure and Radio Link Failure

A typical case of RLF is the case of [too late HO] or just coverage problem. RLF after very short UE dwell time, when other good cells are available is characterized as [too early HO] or [HO to wrong cell]. 
Handover failure (HOF), t304 expiry, occurs when a UE is handed over to a cell, but e.g. the radio conditions of the target cell are bad so either the RACH procedure or the transmission of the HO complete fails. Thus HOF typically represents [too early HO], [HO to wrong cell] or a coverage problem. 

Proposals that were discussed briefly at RAN2#73: 

1.  RLF report is enhanced so cases of RLF and HOF can be discriminated (somehow). 

2.  Nothing is done. 

	Company Name
	Opinion and Motivation

	MediaTek
	For pure coverage optimization, i.e. when there are no other candidate cells for a connection, maybe it is not needed to discriminate between HOF and RLF. 

For cases of mobility optimization, i.e. when there would be other cells that are good candidate(s) for connection at the failure, the most typical case of RLF is [too late HO] and the only case(s) of HOF if [too early HO] / [HO to wrong cell]. 

As the assumed MRO corrective action for such RLF and HOF is the opposite (adjust to make HO earlier vs. adjust to make HO later) it is obvious that UE need to discriminate between HOF and RLF in the failure report to the network. Support option 1

	Nokia, NSN
	Since MRO outcome is focused on adjusting incorrect mobility settings, indeed, the MRO decisive algorithm should be able to determine whether the connection failure is due to the mobility problem or coverage discontinuity. The two failure cases, RLF and HOF, are supposed to be already distinguishable based on the information RAN3 requested to have added to the RLFreport (i.e. time information and cell identities of the cell involved in the mobility). However, the possibility to differentiate RLF and HOF was rather a collateral effect of the solution, not its objective, because it is assumed the corrective action depends on the root cause of the failure, not whether it was RLF or HOF. The objective is to differentiate the root causes correctly. Thus, we don’t have a strong opinion whether an explicit and additional discrimination is needed.

	Qualcomm Incorporated
	Support option 1 for the reasons indicated in the above.

	NTT DOCOMO, INC.
	Differentiation of HOF and RLF in UE as part of UE-reported RLF Reporting message is not very essential in differentiating which of the connection failure cases that has occured (i.e., whether due to RLF, MR Transmission failure, HO Command Failure, HO RACH failure, RLF after handover).

Moreover for successful re-establishment, “HOF” and “other” cause can already be differentiated from the Reestablishment casue. For unsuccessful reestablishment, an explicit indication is not needed since there is no strong benefit for the differentiation,

	NEC
	We share the same view as NTT DOCOMO. In addition, UE measurements included in rlf Report could provide sufficient insight.

	Huawei
	For MRO, we think there is no need for distinguishing the failure type (RLF or HOF). The proposed information from RAN3 is enough to cover all MRO failure cases.

However, for the cases where the underlying cause is preventing MRO to reach a satisfactory solution, we believe MDT can be used to analyse the problematic area. And for MDT purposes, we believe that it would be important to distinguish between UL and DL problems and RACH problems in particular. Therefore, we support option 1, with the addition that the cause of the RLF shall also be reported by the UE.

	Motorola Solutions
	It is not clear whether there is really a need to discriminate between RLF and HOF.  Our understanding is that the scenario of interest is when reestablishment fails, but for HOF it can be expected that reestablishment should succeed for [Too Late HO] or [Too Early HO] since by definition the target is prepared or UE returns to source, respectively.  Therefore, for HOF, reestablishment is more likely to fail for [HO to Wrong Cell], and in this case there does not appear to be a need to distinguish between RLF and HOF.

We therefore lean toward Option 2, unless it can be shown that discriminating HOF/RLF has benefit (and in that case, an explicit indicator should only be added if the information cannot otherwise be inferred from data already in the RLF Report).

	ZTE
	We support option2. For cases of mobility optimization, when there would be other cells that are good candidate(s) for connection at the failure, the case(s) of HOF may be [too early HO] or [HO to wrong cell], the case of RLF may be [too late HO] or [too early HO] or [HO to wrong cell]. So the MRO corrective action for such RLF and HOF is unified. 
There is no need for the network to discriminate the RLF and HOF, and to have the UE explicitly indicate the differentiation of “HOF” and “RLF” in the RLF report. The RAN3 requested information of the RLF report in R2-106872 provides a consistent solution, the eNB can implicitly deduce different scenarios if all the requested information is supported. 

 

	InterDigital
	We support Option 2. We agree with Nokia, NSN that in case of HOF and RLF for either of the cases of “HO too early” or “HO to wrong cell”, the additional information requested by RAN3 (i.e. Time(1) and ECGI(2)), along with UE mobility measurements will be sufficient for the source –NB to distinguish between the two cases.


2.3.1.2 Time(1)

The time (1) is the UE dwelling time in the serving cell before the failure happens, in cases when UE has been handed into the serving cell. 
Usage of UE dwell time

It is assumed that once a UE has maintained a stable connection in a cell, it is the responsibility of the serving cell to make sure that UE is served appropriately, i.e. to handover the UE out to another cell if UE can be served better elsewhere. 

It is further assumed that if UE experiences connection problems almost immediately after incoming handover, and there exist another suitable/appropriate cell for the UE, then it shall be suspected that the incoming handover may have been premature, and is the actual source of the problem. 

Thus, short UE dwell time is used to discriminate between connection problems due to a premature incoming handover and other possible reasons, i.e. short UE dwell time is used to indicate [too early HO] and [HO to wrong cell].
Availability of UE dwell time information in the network
For cases when UE successfully delivers measurement report which triggers a Handover out of a cell, the eNB knows about the initiated handover and thus knows the UE dwelling time in the cell, regardless if the HO command reception is successful. eNB is anyway supported to keep track of UE dwelling time e.g. for inclusion in the UE history information IE at HO preparation. 
Thus, the case when serving eNB may be unaware of UE dwell time is when RLF happens and eNB cannot detect this RLF on Uu. 
Furthermore, for RLF cases when UE attempts RRC reestablishment on another LTE cell, the eNB may anyway receive RLF indication over X2 and from this indication the eNB may deduce UE dwell time.

The problem: 

If RRC re-establishment fails, possibly due to non-preparation, and when the subsequent NAS recovery succeeds, there is no way for the network to correlate the subsequent RLF report with the UE context in the previous serving cell, and there is no way to correlate the network-known UE dwell-time and network known previous serving cell with e.g. the mobility measurements in the RLF report.
Also, in case the UE cannot make the RLF report short after failure, it is assumed that the eNB context of the UE is lost, i.e. such cases could include when after failure goes to another RAT, or when the first NAS recovery attempt on LTE fails.  
Proposals that were discussed briefly at RAN2#73.  

1)  Include time (1) in UE RLF report
2)  Add support to correlate UE RLF report with a previous RRC connection in previous cell, e.g. by correlating a failed RRC re-establishment with a subsequent RRC establishment, or some other way. 
3)  Do neither of the above. 

	Company Name
	Opinion and Motivation

	MediaTek
	For the failed RRC re-establishment case it seems like correlation (solution 2) would make most sense. Otherwise how to allow UE RLF report to work together with Rel-9 network solution which is based on X2 RLF indications (which is triggered at RRC re-establishment), e.g. when RRC re-establishment fails, in order to not do double book-keeping in the source cell, i.e. count failures twice, once based on network indication, and another time based on RLF report delivered at RRC establishment from Idle. Note that not all UEs may support RLF report, for some UEs there would only be the network indication. 

If correlation is done, then the need for providing time (1) in the UE RLF report seems very very small. Support option 2.

	Nokia, NSN
	According to the MRO use cases and based on the timer value, the analysing eNB is able to differentiate [HO to Wrong Cell] or [Too early HO] from [Too late HO]. We support its inclusion, since it is important and missing parameter to differentiate between MRO root causes. There have been lengthy discussions in RAN3, before the group came up with the request and we think the group investigated desirability of each parameter sufficiently. If the RAN3 requirements are not supposed to be followed precisely, then we need to elaborate new approach to ensure that input parameters fulfil MRO needs.
Consequently, considering the alternative proposed by option (2) – we think that in order to make the correlation feasible, further insight is required with regard to the algorithm assumptions. Initially, we have identified two values that must be provided to enable correct MRO analysis, if the time information is not reported directly: 

· ECGI or PCI of the last serving cell (for both: HOF/RLF)

· UE’s identifier in the last serving cell: C-RNTI (possibly also shortMAC-I)

Otherwise, the report after RRC connection setup can not be matched with previous re-establishment request and eventually with the actual context. Then, the time elapsed from the last HO can not be verified, involved cells notified, etc. If this new content for RLF-report after idle is not supported, we doubt the solution is feasible. 

Anyhow, option (2) will impose several limitations as compared to the original RAN3 solution. Since we agreed to keep RLF-report in the UE for 48 hours or while UE goes to other RAT, the likelihood for late fetching of the report is increasing. Delayed report may have to be treated differently for MRO analysis. Also, the need to store some of the context information for longer time limits eNB implementation. Therefore, since there is no guarantee that there will be any context to match at network, the UE effort to maintain RLF-report becomes useless and the usability of the whole MRO solution more limited than in case of the RAN3 proposal.

Summarising the above, we support including all the parameters requested by RAN3, including time (1). If this is decided to be not possible, we propose to design a new algorithm for MRO reporting (similar to option (2)).

	Qualcomm Incorporated
	It is not clear to us how time (1) is beneficial in case of HOF. Isn’t it the same as the duration of T304? In case of RLF, time (1) alone does not seem to provide much information.

	NTT DOCOMO, INC.
	Considering that time(1) is not a parameter that can be obtained for free (there is impact to the UE), and there is still the vagueness of the actual gain from this whole mechanism, we think the feasibility of option 2 is worth to be studied further.

One possible solution to correlate UE-reported RLF-Report in NAS recovery case to the previous RRC Connection is using S-TMSI in RRCConnectionRequest.
For this to work the eNB needs to remember UE’s S-TMSI.

For cases when the UE is not previously registered, there would be no S-TMSI. In this case the RLF-report may not be able to be used for MRO purpose, but it still can be used for MDT. In most cases there would be a S-TMSI for MRO to utilise. There is no requirement saying that all the RLF-report from the UE needs to be able to be use for MRO purpose. 

	NEC
	We share the concern about UE impacts. In our opinion, RAN3 mechanism for rel-9 should be sufficient for detecting too early HO and Rel-10 UE measurements can complement the mechanism if correlation between both the events is possible. So the feasibility of option 2 should be considered further.
We are also of the opinion to explore further whether the correlation can work with or without correlating these events to a particular UE context. After all, MRO is based on a statistical approach and clear trends should be available before any parameter can be changed due to MRO. UE will report its location along with the rlf-report and that would itself provide sufficient information along with UE measurements. This should also be analysed further.
In summary, we support option 2.

	Huawei
	We prefer including the time(1) as suggested by RAN3 (option 1). 

We think solution 2 may also be acceptable, in case we can define a solution.

	Motorola Solutions
	It is our understanding that:

· Time(1) is applicable only for RLF, not HOF

· the primary purpose of Time(1) is to distinguish RLF [Too Late HO or Coverage Hole] from RLF [Too Early, or HO to Wrong Cell]

· Time(1) can be determined by the network and kept with the UE context

We agree that Time(1) is useful for MRO analysis, and a mechanism should exist such that Time(1) can be known, for at least the cases where the last serving cell still has the UE context.  So we support option 1 or option 2.

	ZTE
	We support option 1.

The Time(1) is used to determine the correlation between the connection failure and the last HO. If the Time(1) > threshold, the connection failure and the last HO is not correlative and the MRO root cause is [Too late HO], otherwise the MRO root cause is [HO to Wrong Cell] or [Too early HO]. So Time(1) is needed in the RLF report for the eNB to distinguish the root cause of MRO scenarios. It is not always feasible for the eNB to deduce the Time(1) information as the “problem” indicated by the rapporteur. In these cases it is only possible to provide Time(1) by the UE from recording. RAN3 has sufficiently discussed the need of Time(1) parameter and we do not need to research on other more complex or unreliable solutions in the limited Rel-10 time frame.

	IDCC
	We support Option 1.

For a case of HO from Cell-A to Cell-B, it is our understanding Time(1) represents the duration between the moment the UE successfully receives the handover command to the time that the RLF is declared in Cell-B after successful HO to cell-B. In this case, the exact end-time for Time(1) is only known to the UE. Since Time(1) is crucial is determining how long the UE has been “stable” at Cell-B, we support the inclusion of Time(1) in the UE RLF report.


2.3.1.3 Time(1) & ECGI (3)
It was discussed at Ran2#73 that the time(1) and ECGI(3) are related. Different opinions were expressed.
Proposal at Ran2#73: 

1) If time(1) is not introduced for the RLF case in RLF report, then remove also ECGI (3) for RLF case.

	Company Name
	Opinion and Motivation

	MediaTek
	For the RLF case, the time(1) is the UE dwell time before RLF, to determine if the previous handover may be regarded to be the source of the problem or not, and in this case the ECGI (3) identifies the source cell of that handover. In case e.g. it is decided to have a correlation solution for time(1), then the ECGI (3) known in the network can be used, and do not need to be provided by the UE. 
ECGI (3) and time (1) are clearly related, Support proposal 1. 

	Nokia, NSN
	In general, we agree that the content of RLF-report should be consistent as whole and with the MRO requirements in mind. If some of the RAN3 requirements are not to be respected, it is logical to put in question the usefulness of the agreeable content. If Time_(1) is not included, new content for RLF-report should be worked out and further studies on input parameters required to MRO need to be done.


	Qualcomm Incorporated
	Support proposal 1. Share MediaTek’s view.

	NTT DOCOMO, INC.
	Agree with MediaTek.

	NEC
	We agree with Mediatek for the relation between Time (1) and ECGI (3) and there is no need to report ECGI 3 if time(1) is not reported.


	Huawei
	We agree with MediaTek for proposal 1.

	Motorola Solutions
	We also agree with the comments from MediaTek, and therefore support Option 1.

	ZTE
	Agree with Nokia, NSN.

	IDCC
	Agree with Nokia, NSN. If Time(1) is not added per RAN3 request, further work would be required to work out new content for RLF report.


2.3.1.4 ECGI(2)
The ECGI(2) is intended to help discriminate between the cases of [too early HO] and [HO to wrong cell]. The two cases are similar in the sense that a failure occurs in target cell, either in access procedure or almost immediately after the handover. The main difference between those two cases is that for [too early HO], the UE after failure simply goes back to its previous serving cell, and for [HO to wrong cell] the UE after failure selects a third cell instead of re-attempting same cell or going back to previous serving cell. 

Thus for [too early HO] CellA=>CellB, the UE after failure in CellB goes back to CellA, where it was previously served before HO. Thus in such Case, ECGI(2) = CellA = ECGI(3). 

Thus for [HO to wrong cell] CellA=>CellB=>CellC, the UE after failure in CellB goes to CellC. Thus in such case ECGI(2) = CellC, i.e. a cell where UE was not previously served (i.e. neither = ECGI(3) nor = ECGI(1)). 
We note that in cases of failed RRC re-establishment, the cell where RRC re-establishment fails may generate a X2 RLF indication towards the previous serving cell (the CellB), thus the ECGI(2) can be assumed known already. This information could be used to generate a X2 HO Report towards an earlier connected cell. 

Proposals that were discussed briefly at RAN2#73 and RAN2#72bis: 

1.  ECGI (2) need to be provided in RLF report.

2.  ECGI (2) do not need to be provided in RLF report.
	Company Name
	Opinion and Motivation

	MediaTek
	We think ECGI (2) will anyway be well known from current procedures. The re-establishment cell may anyway generate a X2 RLF indication, i.e. from the cell with ECGI (2) to the previously connected cell. Furthermore UE will most probably NOT do a second cell selection and will thus always do immediate NAS recovery in the same cell as the re-establishment, and RLF report will also be sent over X2 from this cell. 
Also, in most situations, it should be clear from radio measurements in the RLF report which cell the UE selects for RRC re-establishment.
We support option 2. ECGI (2) is not needed in RLF report. 

	Nokia, NSN
	Considering that sending the RLF INDICATION after the re-establishment attempt is not mandated and that the details of the cell selection procedure are left up to the UE implementation, we think that retrieving ECGI (2) information from the current procedures may not reliable and the MRO root cause analysis may be misleading. Explicit reporting of the ECGI(2) may provide additional robustness to the MRO algorithm.

	Qualcomm Incorporated
	With the current definition of ECGI (2), it also gets reported in case of too late HO. We do not understand what the use is in this case.
It is not clear to us why too-early HO needs to be addressed in the release-10 enhancement. Too-early HO is detected by the fact that the UE attempts re-establishment at the handover source cell, thus the re-establishment procedure should be successful in most cases. Thus distinction between too early HO and HO to wrong cell does not seems to be essential.

	NTT DOCOMO, INC.
	We also think that ECGI (2) should be known from the measurement stored when failure is detected.

The re-establishment would be most likely performed to the strongest cell in the reported measurement. This is one of the usage and meaning of storing measurement when connection failure is detected. There is no need to redundantly reporting information that is already available.

Therefore we support option 2.

	NEC
	We support option 2.

	Huawei
	We are concerned that if we need to combine the RLF indications from RRC re-establishment and establishment (in case option 1 in the discussion for time(1) is selected), it is important to know whether there has already been an RLF indication generated (if an RRC re-establishment was attempted but rejected) from the failure event when receiving the RLF indication from the RRC establishment. Therefore, we believe that it is important to include the ECGI(2) in case a re-establishment attempt was made (option 1).

	Motorola Solutions
	Current procedures seem sufficient for the last serving cell to determine ECGI(2) in most cases, but we have some doubts about whether measurements in the RLF Report can always be used to accurately infer ECGI(2).  We do not have a strong opinion, but have a slight preference for Option 1.

	ZTE
	We support Option 1, without the ECGI(2) in RLF report, the network cannot differentiate the root cause of the connection failure exactly. 

For Rel-10, the discriminate of HO scenarios should rather rely on UE RLF report than X2 RLF indication. For the case of RRC Re-establishment failure, the time elapsed between eNB receives the final RLF report and X2 RLF indication may be long enough, which will made it impossible or difficult for the eNB to correlate the information.

For [too early HO], only with the information of ECGI(2)，the eNB can know that ECGI(2) = CellA = ECGI(3).

For [HO to wrong cell], CellA=>CellB=>CellC, UE may establish RRC connection long time after RLF, the information received by RLF indication may have been removed, in this case, ECGI(2) is also needed.

For [too late HO]，ECGI(2) is needed to determine the target cell which performs HO too late.



	IDCC
	We support Option 1.


3 Conclusions
The table below is an attempt to map companies opinions. Note that fine-grained comments are not reflected in the table. 
	
	YES
	NO
	Maybe

	Discriminate between HOF and RLF. 
	MediaTek, Qualcomm,  Huawei, [3]
	DoCoMo, NEC, MotS, ZTE, Interdigital? [5]
	Nokia, NSN

	time (1) in RLF report
	Huawei, MotS, Nokia, NSN, ZTE, Interdigital [6]
	MediaTek, Qualcomm, DoCoMo, NEC [4]
	

	Correlation of RLF report after RRC est with old network context. 
	MediaTek, DoCoMo, NEC, MotS [4]
	ZTE [1]
	Nokia, NSN, Huawei

	Remove ECGI (3) for RLF, if time(1) is not introduced.
	MediaTek, Qualcomm, DoCoMo, NEC, Huawei, MotS [6]
	[0]
	Nokia, NSN, ZTE, Interdigital, 

	ECGI (2) in RLF report
	Nokia, NSN, ZTE Huawei, MotS, InterDigital [6]
	MediaTek, Qualcomm, DoCoMo, NEC [4]
	


In general it is difficult to make any conclusions based on such divergent status.  
Several companies that expressed opinions, simply expressed the opinion to follow the R3 suggestion because the R3 solution covers everything, i.e. there was limited willingness to try to decompose the solution into smaller individually useful parts, and discuss each part individually.  

Maybe the following can be agreed.

Proposal: Remove ECGI (3) for RLF, if time(1) is not introduced.
Proposal: Regarding Correlation of RLF report with old network context after fresh RRC connection. Feasibility of solution should be investigated. 
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