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1
Introduction 
Both MDT and MRO concern the issue of RLF report surviving IDLE. It is considered beneficial to report the UE measurements recorded around RLF after fresh RRC connection setup if the UE was pushed to IDLE in case of unsuccessful re-establishment attempt or of a coverage hole. The measurement report can be used by the network to detect coverage problem or inappropriate HO parameters configuration. The details of the solution are still under discussion in RAN2 for MDT and in RAN3 for MRO [3]. 
In RAN2#71bis, some agreements were made for MDT RLF enhancement:

	Agreements:

1: 
The UE shall store the information for RLF failure when going to IDLE after the failure, for later reporting to the network. 

2: 
The “rlf-InfoAvailable” IE for LTE RLF-reporting of Rel-9 will be reused to report the RLF report in MDT.

2b:
The indicator is only set if the RLF happens in LTE, in the next connection establishment in LTE. The indicator is only set in one connection establishment after RLF.


- FFS if the information would survive connection establishment in other RATs.

3: 
The last cell where UE was successfully connected before the failure event shall be identified. CGI shall be provided.


This contribution provides some considerations on the RLF enhancement for immediate MDT, as well as reusing of relevant MRO functions.
2
Discussion
2.1
Trigger of storing RLF relevant measurements
RAN2 agreed that the UE shall store the information for RLF failure when going to IDLE after the failure. It is not clear whether this is one measurement report at RLF or multiple measurement report samples around RLF. For radio link monitoring, the Qout evaluation period is 200ms when no DRX is used and multiple DRX cycles (5~20) when DRX is used, and a Layer 3 filter shall be applied to the out-of-sync indications as specified in TS36.331. Usually the T310 timer can be configured as 1s time length. So Layer 3 filtered measurements during the radio link failure evaluation phases may contain multiple samples. It is simpler to only store the last sample prior to RLF, however storing more samples may be beneficial for a more thorough and accurate coverage map. For RLF caused by AM RLC transmission failure or RACH failure, the UE may or may not detect problems through RLM procedure, it is more complex to have different triggers for storing RLF relevant measurements.  
Proposal 1: RAN2 should discuss whether RLF relevant measurement for MDT storage is one-shot report or multiple reports.

In order to store the relevant measurement information prior to RLF, at RLF and after RLF but before the UE leaving RRC_CONN, a kind of “log” is needed. In [1], a “window” or “ring buffer” is introduced for this purpose, and it is indicated that event A2 or start of the first phase of radio link failure can be used as trigger of the “window”. In addition to the above two triggers, other possible triggers can be based on CQI, the second phase of RLF, RACH failure counter, RLC retransmission failure counter etc. Time overlapping exists for above triggers according to configurations. Selection of the triggers should be tradeoff between complexity and UE battery/memory consumption, e.g. early trigger will consume more UE battery, and late trigger will loose some valuable information. Among these triggers, the start of the first phase of RLF is preferred. The first out-of-sync indication can be used as the trigger. The end of the “window” can be characterized as UE leaving RRC_CONN, e.g. expiry of T310. The “window” time length should be better defined according existing mechanisms, e.g. the start trigger combined with existing timer configuration as described above, rather than a fixed time window, e.g. “10s”. For RLF caused by RLC failure or RACH failure, if not detected by RLM procedure, only measurement at declaration of RLF needs to be stored to reduce complexity.
A time interval is also needed for storing the measurements during the “window” period, existing evaluation period for RLM, e.g. once several DRX cycles as defined in TS36.133 , can be used. Only storing measurements for each out-of-sync and/or in-sync status can also be considered. 
Proposal 2: Trigger and interval for storing RLF relevant measurements for MDT should be defined. Start of the first phase of RLF can be used as the trigger; UE leaving RRC_CONN is the end of the campaign. Existing evaluation period for RLM can be used as the interval. Measurement at RLF declaration should also be stored.
2.2
Contents of RLF relevant measurements
In [5], the ‘RLF report’ measurement corresponding to the “coverage optimization” use case is defined, including the last cell ID at which RLF took place, available location information, radio environment measurement. Details of GNSS location information are specified in [6]. In [2], it is proposed to report triggering criteria for RLF detection, as well as time duration from RLF detection to selection of suitable cell.
It is not clear yet whether available neighbouring cell measurements should be included for deferred RLF report. Neighbouring cell information is useful for coverage optimisation and has been agreed by RAN2 to be included in IDLE state logged MDT, an email discussion summary [7] was discussed in the last meeting and some agreements were made as follows:

	Agreements:

2) The reporting for neighbour cells will include:

- both RSRP and RSRQ for EUTRA, both RSCP and Ec/No for UTRA, Rxlev for GERAN

- carrier frequency (for inter-frequency/RAT)

- physical cell identity of the logged cell

i.e. nothing is configurable in this respect


It is considered beneficial to also report these neighbouring cell measurements for MDT RLF enhancement, as already identified in Rel-10 MRO enhancement for RLF reporting.
Proposal 3: RLF relevant information for the serving cell as already defined in [5], as well as available neighbouring cell measurements can be included for deferred RLF report.
2.3
Configuration of MDT RLF enhancement
RAN2 has ever agreed that “If we would introduce logged MDT for connected, it would be a separate log configuration, handled independently from the IDLE MDT configuration/reporting”. And in RAN2#71, it was concluded that “For Rel-10 (i.e. coverage mapping) LTE we will not have Logged MDT in connected. FFS if whether for LTE, we will see additional enhancements (i.e. in addition to positioning info already agreed) for RLF reporting (e.g. IDLE survival, separate small buffer) as part of immediate MDT”. 
Even though IDLE survival of RLF reporting seems to be a kind of “log MDT”, a separate configuration is not suggested to avoid complexity. Configuration of RLF enhancement for immediate MDT can follow the means of immediate MDT configuration or logged MDT configuration. RLF relevant measurements are collected before the UE enters into IDLE, it is more an immediate MDT so that reusing existing RRM measurement configuration is preferred. Only UEs configured with immediate MDT need to optionally configure MDT RLF log. It is also possible for RLF deferred reporting transmitted with logged MDT reporting, independently or simultaneously. The relevant context transfer at handover will comply with the agreements for immediate MDT from the last RAN2 meeting, i.e. MDT configurations received from signalling based trace function rather than from management based trace function will be propagated during handover.
Proposal 4: MDT RLF enhancement is part of immediate MDT configuration; Deferred RLF reporting can be transmitted separately or together with logged MDT reporting.
2.4
Maintenance of MDT RLF log
MDT RLF log takes place during RRC_CONN state around RLF according to the “window” definition. A separate small buffer can be configured for MDT RLF Log and managed independently from IDLE MDT log. A minimum / maximum log size also needs to be configured; the campaign should be suspended before the maximum size is exceeded, or continued but some old records be overridden. If RLF recovers before the UE leaving RRC_CONN, the log can be cleared. Some principles can be defined for MDT RLF log, e.g.:
· The information would survive connection establishment in other RATs.
· A validity timer after the campaign need to be defined, fixed as 48 hours or configurable.
· MDT RLF log can be retrieved independently by the network. (Some UE configured with MDT RLF may not be configured with IDLE MDT).
Proposal 5: Independent MDT RLF log management should be supported.

2.5
Cooperation of RLF enhancements for MDT and MRO
Deferred RLF reporting is also studied in MRO. It is identified that too early/too late/to wrong cell intra-RAT/inter-RAT HO may be caused by coverage hole or inappropriate configurations. RLF may occur during these procedures, reporting of relevant UE measurements after UE re-enters RRC_CONN is useful for the network to detect related problems and optimise for MRO [3,4]. 
For the MDT study, the requirements regarding relationship with SON MRO are:

“The collected field measurements may be used for a wide scope of other SON use cases;”
“MDT shall be able to work independently from SON support in the network;”
“Relation between measurements/solution for MDT and UE side SON functions shall be established in a way that re-use of functions is achieved where possible”
So how to re-use the related functions for both features and maintain independence for each other should be studied for stage-2 and stage-3 works of MDT and MRO. 
For MRO, RLF-Report-r9 includes RSRP and RSRQ measurement result at RLF, and further RLF enhancements are under study, location and time information is not yet involved. UE can report the information in RRC connection re-establishment complete and RRC connection setup complete messages. RAN2 has agreed to reuse Rel-9 “rlf-InfoAvailable” IE for LTE RLF-reporting. In Rel-9, RLF-Report-r9 is sent in “UEInformationResponse” IE via SRB1. In email agreed baseline 36.331 CR [9], logged MDT information is reported in this “UEInformationResponse” IE, and SRB2 is added to the signalling radio bearer. The “UEInformationResponse” IE can be considered for deferred MDT RLF reporting. For RLF reporting for MRO, the Rel-10 extended location information can be re-used if it is needed to be enhanced for MRO. RLF-Report-r9 information can be shared by MDT and MRO purpose, but it does not necessarily mean MRO reporting and MDT reporting are transmitted simultaneously. The same information may be sent in different timing according to different reporting trigger for MDT and MRO.
Proposal 6: RAN2 should consider the solutions of sharing common information of RLF deferred report for MDT and MRO. 
3
Conclusion 
In this contribution, we have discussed the RLF surviving IDLE issue for immediate MDT. The following are proposed:
Proposal 1: RAN2 should discuss whether RLF relevant measurement for MDT storage is one-shot report or multiple reports.

Proposal 2: Trigger and interval for storing RLF relevant measurements for MDT should be defined. Start of the first phase of RLF can be used as the trigger; UE leaving RRC_CONN is the end of the campaign. Existing evaluation period for RLM can be used as the interval. Measurement at RLF declaration should also be stored.
Proposal 3: RLF relevant information for the serving cell as already defined in [5], as well as available neighbouring cell measurements can be included for deferred RLF report.

Proposal 4: MDT RLF enhancement is part of immediate MDT configuration; Deferred RLF reporting can be transmitted separately or together with logged MDT reporting.

Proposal 5: Independent MDT RLF log management should be supported.

Proposal 6: RAN2 should consider the solutions of sharing common information of RLF deferred report for MDT and MRO. 
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