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1
Introduction

In RAN4#67bis, the accuracy requirements of the relative time stamping for RRC connection establishment failure log reporting were agreed. During the discussion, it was suggested to also define the relative time stamping accuracy requirements for the Radio Link Failure (RLF) report. In this contribution, we discuss the time stamping accuracy requirements for the RLF report.
2
Accuracy of the Relative Time Stamps for Radio Link Failure report 
The radio link failure (RLF) Report contains information related to the latest connection failure experienced by the UE.  The connection failure can be Radio Link Failure or Handover Failure.  The RLF Report from the UE can be used for both coverage optimization and mobility robustness optimization. 
The UE stores the latest RLF failure related information, and indicates RLF report availability at each subsequent LTE RRC connection (re-)establishment and handover to an LTE cell until the RLF report is fetched by the network or for 48 hours after the failure is detected. The UE keeps the information during state transitions and RAT changes, and indicates RLF report availability again after it returns to the LTE RAT.
In RAN#47bis, the time accuracy requirements for RRC connection establishment failure log reporting was agreed. For the connection failure report, it includes two relative time stamps: 
· timeConnFailure: the elapsed time since reception of the last RRCConnectionReconfiguration message to the event of connection establishment failure

· timeSinceFailure: the time that elapsed since the last connection establishment failure in E-UTRA to the time of the connection establishment failure log reporting.
Similarly, RLF Report also includes two relative time stamps:
· timeConnFailure: the elapsed time since reception of the last RRCConnectionReconfiguration message to the event of radio link or handover failure
· timeSinceFailure: the time that elapsed since the last radio link or handover failure in E-UTRA to the time of the radio link failure reporting.
Apparently, both failure reports include two relative time stamps with the same names and similar definitions. The similarity may lead the impression that the time accuracy requirements for RLF Report should follow the same requirements as defined for the connection failure report. This, however, may not necessary the case, as shown in the following analysis.
The timeConnFailure of connection failure report is the relative time, which spans from the time when the UE is in the connected state, under which the last RRCConnectionReconfiguration message was received, to the time when the UE is idle state, under which the UE attempted but failed to re-establish connection with the network. Thus, the UE may not be synchronized with the network when the timeConnFailure is logged, and the accuracy of the timing stamp may depend on the time period of losing the connection, or the time period from the RRCConnectionReconfiguration message was received to the event is logged.
The timeConnFailure of RLF Report is the relative time, which spans from the time when the UE is in the connected state, under which the last RRCConnectionReconfiguration message was received, to the time when the UE just lost the connection. Since the UE is just lost the connection, the UE should still be synchronized with the network within microseconds. Because the timeSinceFailure of RLF Report is a time period between two time points, at which the UE is well synchronized with the network within microseconds, the accuracy of the relative time stamp will not depend on the timer period, and should be within the same accuracy level as the two time points.
Based on above analysis, we have following observations: 

· Observation  1: The accuracy of the relative time timeConnFailure for RLF Report does not depend on the length long of the time period.

· Observation  2: The relative time timeConnFailure for RLF Report can be obtained accurate as microseconds level, since it is calculated from two time points when the UE is synchronized with the network in microseconds-level.

The timeSinceFailure of connection failure report is the relative time, which spans from the time when the UE is in idle state, under which the UE attempted but failed to setup the connection, to the time when the UE is in the connected state when the log is reported. When the UE is in idle state, the UE may not be synchronized with the network. The accuracy of the relative timing stamp will depend on the time accuracy of the UE in idle, which depends on how long the UE lost the connection.

The timeSinceFailure of RLF Report is the relative time, which spans from the time when the UE just lost the connection, under which the UE logged the event, to the time when the UE is re-connected with the network,  when the log is reported. In another word, the relative time is derived from two time points when the UE is  synchronized with the network in micro-seconds levels. Thus, the accuracy of the relative time stamp will not depend on the timer period, and should be within the same accuracy level as the two time points. 

Based on above discussion, we have following observations: 

· Observation  3: The accuracy of the relative time timeSinceFailure for RLF Report does not depend on the length long of the time period.

· Observation  4: The relative time timeSinceFailure for RLF Report can be obtained accurate as microseconds level, since it is calculated from two time points when the UE is synchronized with the network in microseconds-level.

3
Conclusion
In this paper, we discussed the accuracy for the relative time stamp for radio link failure reporting. Based on the analysis of the paper, we have the following proposals:  

· Proposal 1: The accuracy requirements of the relative time timeConnFailure for RLF Report should not be defined as dependent on the length long of the time period. The accuracy of the RLF Report timeConnFailure should be much higher than that defined for connection failure report
· Proposal 2: The accuracy requirements of the relative time timeSinceFailure for RLF Report should not be defined as dependent on the length long of the time period. The accuracy of the RLF Report timeSinceFailure should be much higher than that defined for connection failure report
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