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1
Introduction

RAN3 is working on extending the MRO solution and has reached some agreements (see [1] and [2]). RAN3 sees the need to distinguish between RLF events caused by unsuitable handover parameter settings and those caused by coverage holes.
For MDT coverage optimisation, it is also useful if additional information is included in RLF reports after fresh RRC connection setup. 

This document considers how to extend the RLF reports for R10 MRO based on the LS [2] and cover the MDT as well.
2
Discussion

2.1
RLF reports for MDT and MRO
There is no RLF related configuration in the UE for RLF reporting in R9 and there is no capability definition for RLF reporting in 36.306. It is not clear if all the R9 UEs support RLF reporting. All the R9 UEs will record RLF reports if RLF occurs.

For R10, it is not clear if all the R10 UEs will support the R10 enhancements of RLF report. 

Proposal 1: RAN2 is kindly asked to confirm if RLF report is mandatory for R9 UEs and if the enhancements of RLF reporting in R10 is mandatory for R10 UEs.
In [2], RAN3 wishes to add reporting for MRO, i.e. to provide information about handover failure.

For MRO, the RLF report data will be forwarded to the eNB where the RLF occurred. For MDT, the RLF report data will be forwarded from the eNB to the OAM entity. 
For MRO, there is no configuration for RLF reporting on the network side. For MDT, the eNB receives a configuration from OAM and we do not see any need to provide additional information to the UE to configure RLF reporting for MDT.

Proposal 2: The R10 UE provides reports for MRO and MDT without any prior configuration. 
For MDT, RAN2’s understanding is that the UE can only keep one unreported RLF report, i.e. if another RLF occurs the stored report is deleted and the UE only provides a report for the latest RLF event.
It is sufficient for the network if the R10 UE only stores one RLF report, whether for MRO or MDT, and this can help to simplify RAN2 specifications and UE implementation.
So far it is not clear if the UE provides a set of RLF information common to all RLF cases or if it provides a specific RLF report for MRO and MDT respectively. Obviously, differentiation of RLF reports between MRO and MDT on air interface would result in some complexity for RAN2 specifications and UE implementation, while most information is common to all cases and the eNB can make the distinction. 
Proposal 3: The R10 UE only stores one report, whether for MRO or MDT. A single RLF report procedure is used for both MDT and MRO.
In [2], RAN3 agreed that
In R9, according to TS 36.300, the RLF report from the UE may be provided only in case of RLF. In order to complete the solution, it would be beneficial to enable such possibility also in case of HO failure.
From MRO point of view, we also think that the measurement results in HO failure case are beneficial.  Assuming it is agreeable to RAN2 to only store one report for MDT and MRO (proposal 3), we believe the R9 rlf-InfoAvailable indicator can be used to report  that information is available in case of handover failure. 
Proposal 4: The R10 UE indicates in the R9 rlf-InfoAvailable IE at RRCConnectionReestablishment if it has information related to the last occurrence of radio link failure or handover failure. The impacts to 36.331 are shown below in yellow highlights:
	1> set the content of RRCConnectionReestablishmentComplete message as follows:

2> include the rlf-InfoAvailable and set it to true, if the UE has radio link failure information available that is related to the last occurrence of radio link failure or to the last occurrence of T304 expiry (handover failure, or mobility from E-UTRA failure);


According to RAN3 LS [2], for MRO, the RLF report available indicator can be indicated in RRCConnectionSetupComplete message. The RLF content will be as below:

1. Information defined for RLF report in R9

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

3. or PCI (1) of the cell that the HO was initialised toward; (*)

4. E-CGI (2) of the cell that the first re-establishment attempt was made at (if unsuccessful);

5. E-CGI (3) of the cell that served the UE at the last HO initialisation; (**)

6. Time (1) elapsed since the last HO initialisation (**) until connection failure;
If the RLF report available indicator is indicated in RRCConnectionReestablishmentComplete message, the RLF reports content will be as below:

1. Information defined for RLF report in R9.
2. Time (1) elapsed since the last HO initialisation until connection failure

In RAN2#71bis meeting, RAN2 agreed that The UE shall store the information for RLF failure when going to IDLE after the failure, for later reporting to the network.
If the RRC connection re-establishment is successful but the RRC connection is released before the network retrieves the RLF report, the RLF report will remain stored in the UE when the UE goes to idle according to the RAN2 agreement. In this case, the cell where the RLF report is retrieved will not be the cell where the RLF occurred. So the E-CGI of the cell where the RLF occurred should be included in RLF report even though the RRC connection re-establishment is successful. Furthermore, RAN2 has agreed the E-CGI of the cell where the RLF occurred will be always included in the RLF report in RAN2#71bis meeting.

Based on the above discussion and analysis, only E-CGI (2) will not exist in the RLF report when the RLF report is provided from the UE after successful RRC connection re-establishment. For UE implementation simplicity, we propose that the same IE structure is used for RLF report no matter if the RLF report is provided from the UE after successful RRC connection re-establishment or not.
Proposal 5: The R10 UE uses the same IE for RLF report no matter if the RLF report is provided from the UE after successful RRC connection re-establishment or at fresh RRC connection establishment.
2.2
RLF configuration for MDT
The RLF event configuration for MDT from OAM will be terminated in the eNB.
For signalling based MDT, if the UE goes to idle, there will be no MDT related configuration for MDT in the eNB. So when the RLF report is reported to the eNB, the eNB will not know if the RLF report needs to be forwarded to OAM for MDT purpose and also not know which TCE is the target node.
For management based MDT, if the cell where RLF report is received is not in area scope, then the cell will also not know if the RLF report needs to be forwarded to OAM for MDT purpose and also not know which TCE is the target node.

For MRO, the RLF report will be forwarded to the eNB where the RLF occurred or the source eNB. For MDT, the eNBs in area scope will have the MDT configuration from OAM if the management based MDT is used and MDT only focuses on the RLF which occurs in the area scope. So if the MDT is management based and the RLF occurred in the area scope, the RLF reported will be forwarded to the cell where RLF occurred, then RLF report can be reported according to the TCE IP address in MDT configuration context in the eNB from OAM.
Proposal 6: RLF event for MDT is configured only in management based MDT.
2.3
Content of RLF reports
In [2], the time 1 is started when the UE received the RRCConnectionReconfiguration message. The timer will be stopped when the HO failure is detected (T304 expires) or RLF failure is detected.
In HO failure case, the time 1 value is equal to the time value of T304.In RLF case, if the time 1 is long enough then the eNB can assume that RLF was not caused by wrong HO parameters setting. It is unknown if and when the RLF will occur after HO. So the maximal value of time 1 should be defined. If the time 1 is larger than the maximal value, it means that the RLF is not related to the HO and the time 1 is no need to report to the network.

The time 1 value is not so rigorous for the network. So some discrete value can be defined as 500ms, 1000ms, 1500ms… 8000ms. So the maximal value of the time 1 is 8000ms (16bit).
Proposal 7: Include time (1) in the RLF report with maximum value of 8000ms and minimal value is 500ms with step 500ms.
Proposal 8: Timer 1 starts when the UE receives the RRCConnectionReconfiguration message. If the timer 1 is larger than the maximal value, it is not included in the RLF report.
RAN3 also sees some benefits to include time (2) in the RLF report [3]. 

RAN2 may consider importance of a second timer that can be used for estimation of the validity of the reported results, to help coordinate R9 and R10 MRO solutions or to aid detection of coverage problems:

· Time (2) elapsed between the connection failure and successful connection setup
In [4], the time from RLF to selection of suitable cell is suggested for MDT coverage optimization and it is a good indication of the magnitude and significance of a coverage hole. There are 3 options for time (2) for both MDT and MRO 
Option 1: the time is from RLF to selection of suitable cell.

Option 2: the time is from RLF to initial connection setup.
Option 3: the time is from RLF to successful connection setup.

The time difference between initial connection setup and successful connection setup can be determined if there is no RRC re-establishment failure. The time difference between selection of suitable cell and initial connection setup is very short and can be ignored and the time between occurrences of RLF to selection of suitable cell can reflect the size of the coverage hole.

If there is RRC re-establishment failure before UE gets successful connection setup, the time from selection of suitable cell to successful connection setup can be calculated but its value may not be related to the size of any coverage hole.

According 36.331, if the RLF occurs, the T311 will continue until a suitable cell is found or the limit is reached. If the T311 expires (limit reached), the UE will go to IDLE. So the maximal value of time (2) can be defined as T311 maximal value.

Proposal 9: RAN2 should select either option 1 or 3. 
Based on the R10 MRO extension, the RLF report is recorded not only when RLF occurs but also in the case of HO failure. So both cases of RLF reporting should be reported to the network, e.g. RLF failure or HO failure.

Furthermore, there are three reasons to cause RLF failure, e.g. T310 expiry, RLC problem and RACH problem. It is useful to inform the network of the cause of the RLF. In many cases UE mobility measurements RSRP & RSRQ provide useful information. However, there are situations, e.g. RLF due to UL problems, where the DL mobility measurements may be misleading, e.g. in a heterogeneous network scenario where the DL of a macro cell and low power cell may be balanced at the cell edge, but due to UL interference UEs have problems making UL connections to low power cell. Thus, as UL and DL coverage can be different and there is dependency on suitable power control settings. In such cases the trigger condition for the radio link failure should be reported. We note that the DL RLF detection is when T310 expires, while for UL the UE can discriminate between two cases: RACH problem, or RLC max retransmissions reached, See TS 36.331. 
For MDT, only the measurement results in RLF case need to be forwarded to OAM, the measurement results when HO failures is not needed for MDT. So it is better to report the cause to help eNB to know if the measurement is need or not for MDT purpose.
Proposal 10: The UE shall report the triggering criteria for RLF detection: “T310 expiry”, “RLC problem”, “RACH problem” and HO failure.
2.4
Time stamps in RLF reports
The RLF report will survive in idle state and be reported when UE go to connected state. The network cannot determine the time stamp for RLF report measurement results. In TS 36.805 conclusion section, it indicates

MDT measurement time association: In order to allow (i.e. during operator post-processing) the association between MDT measurements and time when the MDT measurement was taken, time stamping for the MDT measurements is added by the UE if it cannot be determined by the network (e.g. immediate reporting). This timestamp does not need to be very accurate.
It is necessary to find a solution for time stamp in RLF report. There are 3 solutions to get the time stamp for the RLF report as below.

Option 1: use an absolute reference time configured from network and relative time in UE side which is same with idle log time stamp.

Option 2: use a timer which starts from the RLF point and stops when the RLF report is reported. Report the timer value to the network and calculate the time stamp in network.
Option 3: UE report the time when the RLF occurred and time when the RLF is reported with UE local time to the network. Network calculates the time stamp with the two UE local times and the time when the network received the RLF report in network.
For option 1, it is not a feasible solution because there is no configuration in the UE and it is unknown if the RLF will occur and when the RLF will occur. For option 2, it is not a good solution because it is unknown when the RLF report will be reported to the network and the timer will be very large. For option 3, UE just need to report the UE local time when the RLF occurs and the RLF report is reported. It is simple and easy to implement.
Proposal 11: it proposes to select option 3 for time stamp in RLF report.
3 Conclusion

Based on the discussion:
Proposal 1: RAN2 is kindly asked to confirm if RLF report is mandatory for R9 UEs and if the enhancements of RLF reporting in R10 is mandatory for R10 UEs.
Proposal 2: The R10 UE provides reports for MRO and MDT without any prior configuration. 
Proposal 3: The R10 UE only stores one report, whether for MRO or MDT. A single RLF report procedure is used for both MDT and MRO.
Proposal 4: The R10 UE indicates in the R9 rlf-InfoAvailable IE at RRCConnectionReestablishment if it has information related to the last occurrence of radio link failure or handover failure.
Proposal 5: The R10 UE uses the same IE for RLF report no matter if the RLF report is provided from the UE after successful RRC connection re-establishment or at fresh RRC connection establishment.
Proposal 6: RLF event for MDT is configured only in management based MDT.

Proposal 7: Include time (1) in the RLF report with maximum value of 8000ms and minimal value is 500ms with step 500ms.
Proposal 8: Timer 1 starts when the UE receives the RRCConnectionReconfiguration message. If the timer 1 is larger than the maximal value, it is not included in the RLF report.
Proposal 9: RAN2 should select either option 1 or 3. 
Proposal 10: The UE shall report the triggering criteria for RLF detection: “T310 expiry”, “RLC problem”, “RACH problem” and HO failure.
Proposal 11: it proposes to select option 3 for time stamp in RLF report.
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