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Discussion and Decision
1
Introduction
RAN2 has agreed to extend the RLF Report in Release 10, with the additional information that was requested by RAN3 [1].
This paper analyzes whether the currently agreed R10 RLF Report covers all of the intended R10 use cases.  Several issues are identified, and solutions proposed.
2 Discussion
2.1 Summary of current RAN2 agreements

The RLF Report contains information related to the latest connection failure experienced by the UE.  The connection failure can be Radio Link Failure (RLF) or Handover Failure (HOF).  The UE indicates the availability of the stored RLF Report to the eNB in the RRCConnectionReestablishmentComplete, RRCConnectionSetupComplete, and RRCConnectionReconfigurationComplete messages.  The eNB then has the option to retrieve the RLF Report using the UE Information Request procedure.
Table 1 below summarizes the parameters which have been agreed to include in an R10 RLF Report, along with the conditions for inclusion (if any) according to [2] and [3]:
	Parameter name
	Description (w/ RAN3 terminology)
	Conditions for inclusion

	failedPCellId (ecgi)
	ECGI1 of last PCell that served the UE
	RLF (always), HOF (if known)

	failedPCellId (pci-arfcn)
	PCI1 and frequency info of target PCell
	HOF (if ecgi not known)

	failedReestCellId
	ECGI2 of cell where first reestablishment attempt was made but failed
	failed reestablishment attempt

	previousPCellId
	ECGI3 of source PCell of last handover
	

	timeHo2Rlf
	TIME1 elapsed since last handover initialization until HOF/RLF 
	

	locationInfo
	GNSS location coordinates, and optionally horizontal velocity
	if available, according to UE implementation

	measResultLastServCell
	Last measurement results for PCell
	

	measResultNeighCells
	Last measurement results for neighbour cells
	if available


Table 1: Summary of parameters contained in R10 RLF Report

The RLF Report is intended to aid an eNB in categorizing the root cause of a connection failure into one of the MRO use cases that have been defined by RAN3.  The MRO use cases, along with example characteristics from the RLF Report, are summarized in Table 2 below.
	Category
	General Description
	Characteristics from RLF Report

	Too Late HO
	RLF
	RLF after sufficiently “long” dwell time in Cell-A, when handover was possible to Cell-B.
	Time1 is greater than a threshold, and measurements indicate a suitable HO target.

	
	HOF
	HOF from Cell-A to Cell-B and UE attempts connection re-establishment at Cell-B.

Note: This should be a rare corner case, and connection re-establishment should succeed.
	PCI1 equals the PCI corresponding to ECGI2. 

	Too Early HO
	RLF
	RLF after “short” dwell time in Cell-B following successful HO from Cell-A, and UE attempts connection re-establishment at Cell-A.
	Time1 is less than a threshold, and ECGI2 equals ECGI3.

	
	HOF
	HOF from Cell-A to Cell-B and UE attempts connection re-establishment at Cell-A.
Note: Connection re-establishment should succeed.
	ECGI2 equals ECGI3.



	Wrong Cell HO
	RLF
	RLF after “short” dwell time in Cell-B following successful HO from Cell-A, and UE attempts connection re-establishment at Cell-C.
	Time1 is less than a threshold, and ECGI2 does not equal ECGI1 nor ECGI3.

	
	HOF
	HOF from Cell-A to Cell-B and UE attempts connection re-establishment at Cell-C.
	ECGI2 does not equal ECGI3, and PCI1 does not equal the PCI corresponding to ECGI2.

	Coverage
	
	Poor coverage.
	Measurements indicate no suitable HO target.


Table 2: Summary of R10 MRO use cases
In the following sections, the contents of the RLF Report summarized in Table 1 are reviewed, to verify whether all of the MRO use cases summarized in Table 2 are achieved for R10.
2.2 Inclusion of ECGI1 in the RLF Report
According to RAN3, ECGI1 is only present in the RLF Report if RLF occurred; otherwise PCI1 is present [1]. However, according to the handover failure procedures agreed by RAN2 in section 5.3.5.6 of [2]:

3>
set the failedPCellId to the global cell identity, if available, and otherwise to the physical cell identity and carrier frequency of the target PCell of the failed handover;

This text suggests that in some cases, ECGI1 can be present in the RLF Report even when HOF occurred, which seems incorrect and contrary to the RAN3 assumption. The UE will start system information acquisition in the target cell only after the HO is successfully completed, so if T304 expires the UE has not had an opportunity to acquire SIB1 to read ECGI1.
Issue 1:
According to current stage 3, ECGI1 can be present in the RLF Report even when HOF occurred, which seems incorrect and contrary to the RAN3 assumption.

There is a second issue, related to the presence of ECGI1 in the RLF Report when RLF occurs.  According to the radio link failure procedures agreed by RAN2 in section 5.3.11.3 of [2]:

3>
set the failedPCellId to the global cell identity of the PCell where radio link failure is detected;
The text assumes that ECGI1 is always available in case of RLF, in alignment with RAN3’s assumption. However, if the RLF happens shortly after successful handover, the UE may not have had enough time to read the system information and the ECGI1 may not always be available. There are no specific requirements for how soon the system information (SIB1 in this case) has to be read and the radio conditions may also delay the successful reception of SIB1. Hence, this will be implementation dependent and varying UE behaviour can be expected. 
Issue 2:
According to current stage 3, ECGI1 is always present in the RLF Report when RLF occurs.  However, ECGI1 may not be available to the UE when RLF occurs immediately after successful HO.
The above two issues can be corrected by making the following changes to TS 36.331:
1. For HOF, set the failedPCellID to the physical cell identity and carrier frequency of the target PCell of the failed handover; and

2. For RLF, set the failedPCellID to the global cell identity, if available, and otherwise to the physical cell identity and carrier frequency of the PCell where radio link failure is detected.

Proposal 1:
Correct the HOF and RLF procedures for including ECGI1 in the RLF Report.

2.3 Forwarding of RLF Report

According to RAN3, when an eNB retrieves an RLF Report following RRC connection establishment, it should be able to forward the RLF Report to the eNB which controls the cell where the UE was last served, so that the last serving cell can perform root cause analysis of the connection failure.  The last serving cell is either failedPCellId (ECGI1) for the RLF case, or previousPCellId (ECGI3) for the HOF case [1].

How does the eNB know whether the last serving cell was ECGI1 or ECGI3?  According to RAN3, ECGI1 is only present in the RLF Report if RLF occurred; otherwise PCI1 is present [1].  In other words, the presence or absence of ECGI1 is an implicit indicator whether RLF or HOF occurred.  Therefore, if ECGI1 is present, the last serving cell is ECGI1; otherwise, it is ECGI3.
However, as discussed in section 2.2, ECGI1 is not always present when RLF occurs. Therefore, an alternative mechanism is needed to distinguish between RLF and HOF, since it is no longer implicitly known based on the presence of ECGI1. Two potential options for distinguishing RLF and HOF are as follows:
Option 1: The eNB uses a parameter other than ECGI1 as an implicit RLF indication.  There is currently no parameter in the RLF Report that qualifies as an implicit RLF indicator.  However, one possible candidate would be TIME1, if RAN2 were to decide to include it only for RLF.  TIME1 does not seem relevant for HOF since it would always equal the value of timer T304.  Therefore, if TIME1 was conditionally included only for RLF, then the rule could be that if TIME1 is present, the last serving cell is ECGI1; otherwise, it is ECGI3.
Option 2: Add an explicit RLF indicator to the RLF Report.  This is of course always a possibility, if no other options are acceptable.

Proposal 2:
Discuss how to determine if RLF or HOF occurred from the RLF Report. An explicit RLF indicator should only be added if there is no suitable implicit indicator (e.g. the presence of TIME1).
2.4 Root Cause Analysis using RLF Report

From Table 2, it can easily be seen that ECGI2 is important to distinguish between “Too Early HO” and “HO to Wrong Cell”.  However, according to the agreed stage 3 procedures, ECGI2 is present in the RLF Report only if connection re-establishment is attempted and fails [3].  This is in alignment with the RAN3 request to RAN2 [1].
The likely reason why RAN3 did not require ECGI2 when connection re-establishment succeeds is that in this case, the R10 RLF Report can typically be included in the UE RLF Report Container IE of the X2 RLF INDICATION that is triggered by the connection re-establishment attempt (i.e. Rel-9 MRO).  In this case, the X2 RLF INDICATION also includes the Re-establishment cell ECGI IE, so also including ECGI2 in the RLF Report would be redundant.
However, RAN2 has made the further assumption that the RLF Report may be collected by OAM using Trace functionality, e.g. to be used as part of MDT [4].  Therefore, it should be possible for an entity outside the RAN to perform root cause analysis of the connection failure, which is a scenario that was not considered by RAN3.
Observation:
Since ECGI2 is only included in the RLF Report if connection re-establishment fails, then there are limitations to performing root cause analysis of connection failures by OAM / MDT.

Regarding the use case for using RLF Reports by OAM / MDT, there can be multiple views:

View 1: RLF Reporting is part of SON MRO, but also reused by MDT to help satisfy the coverage optimization requirements in R10.  MDT stage 2 should mention this reuse of RLF Reports (primarily the measurements and location information).

View 2: RLF Reporting is part of SON MRO, but also reused by MDT to satisfy all of the MRO use cases, in addition to coverage optimization.  This is a natural consequence of defining a “standalone” RLF Report.  MDT stage 2 should mention this reuse of RLF Reports.
Our view is that the primary use case for using RLF Reports by OAM / MDT is coverage hole detection.  However, it should not necessarily be precluded that MDT performs root cause analysis for additional MRO use cases as well, particularly since the necessary change to enable this (i.e. including ECGI2 whenever connection re-establishment is attempted) is quite simple.
Proposal 3:
Discuss which MRO use cases should be supported when RLF Reports are used by MDT, e.g. coverage hole detection only, or all of the MRO use cases.

Proposal 4:
If RAN2 decides that MDT should support all MRO use cases (i.e. “standalone RLF Report”), then include ECGI2 in the RLF Report whenever connection re-establishment is attempted, regardless of success/failure.
3
Conclusions
In this contribution, we have described some potential issues with the R10 RLF Reporting mechanism.
Proposal 1:
Correct the HOF and RLF procedures for including ECGI1 in the RLF Report.

Proposal 2:
Discuss how to determine if RLF or HOF occurred from the RLF Report. An explicit RLF indicator should only be added if there is no suitable implicit indicator (e.g. the presence of TIME1).
Proposal 3:
Discuss which MRO use cases should be supported when RLF Reports are used by MDT, e.g. coverage hole detection only, or all of the MRO use cases.

Proposal 4:
If RAN2 decides that MDT should support all MRO use cases (i.e. “standalone RLF Report”), then include ECGI2 in the RLF Report whenever connection re-establishment is attempted, regardless of success/failure.
CRs to TS 36.331 are provided in [5] (for Proposal 1) and [6] (for Proposal 4, which also replaces the failedReestCellId part of the agreed in principle R2-112586) capturing the necessary changes to RAN2 specifications.
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