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1. Introduction
Relative time stamp accuracy for logged MDT has been discussed in previous RAN4 meetings.

[1, 2] proposes to specify the relative time stamp accuracy of ±5 s per hour. However, during the discussion it is not clear whether RAN4 is trying to specify the time drift (inaccuracy) requirement of the relative time stamp relative to the absolute time stamp received from the network, or to specify the logging inaccuracy requirement due to time lag for the filtering/ averaging implementation.
This document discusses and clarifies the two issues above and proposes a way forward.
2. Discussion
Issue1: Time drift of the relative time stamp compare to the absolute time stamp

In logged MDT, the UE is given information of absolute time stamp from the network, and for each MDT log, it will include a relative time stamp which indicates the point in time when periodic logging timer expires, as indicated in stage 2 TS 37.320.
In the log, the time stamp indicates the point in time when periodic logging timer expires. The time stamp is counted in seconds from the moment the MDT configuration is received at the UE, relative to the absolute time stamp received within the configuration.
Time drift (inaccuracy) of the relative time stamp indicates how far different  (how accurate) the value shown by the relative time stamp to the actual value of the reference time, i.e. in this case the reference for absolute time stamp. This time drift will largely depend on the inaccuracy of the UE’s internal reference clock applied for logged MDT.
According to [1], the UE may use a high-power high-accuracy clock during RRC_CONNECTED and a low-power low-accuracy clock during RRC_IDLE or the UE may use external clock for relative time stamping for Logged MDT purpose. However, it is believed in general that the UE’s internal reference clock could have certain accuracy much better than ±1 s per hour apart from MDT purpose. Therefore, we think that inaccuracy of the UE’s internal reference clock applied for Logged MDT purpose, which would contribute to the time drift between relative time stamp and the reference time for absolute time stamp, does not need to be taken into account when the relative time stamp accuracy requirements are specified. 
Proposal 1:
The inaccuracy UE’s internal reference clock applied for Logged MDT (which contributes to the time drift of the relative time stamp) does not need to be taken into account.
Issue 2: Logging time inaccuracy (lag) due to measurement filtering implementation
The document in [2] discusses how the value stored as MDT log may not depict the actual measured signal change at the UE antenna connector at a given time, due to time lag for averaging/ filtering of the measurement.  The document in [2] took an example that Tevaluation reselection requirements is met after 3 samples of filter of neighbour cell measurements, which implies a lag of several MDT logging period (e.g. 2.56 s if the quantity is measured and logged every 1.28 s) before the measured signal change is captured in MDT log.
As indicated in MDT stage 2 TS 37.320 [3], since MDT  does not require new measurement to be taken and only uses the measurement that are available in the UE for RRM purpose, we think that  issues of logging time lag in [2] is a direct implication from this constraint.
UE measurements
The UE measurement logging mechanism is an optional feature. In order to limit the impact on UE power consumption and processing, the UE measurement logging should as much as possible rely on the measurements that are available in the UE according to radio resource management enforced by the access network.

With this constraint, the network would be aware that when a log shows a quantity of measurement indicating that the UE experiences e.g. RLF at time t1, in the actual environment  this occurrence was happening in time (t1 - δ), where δ is the time lag due to measurement averaging/ filtering. Therefore, we are doubtful whether this time lag implication should be used as a justification for specifying time drift of the relative time stamp (compared to the absolute time stamp) as discussed in issue 1.

As guidance for implementing Logged MDT functions in the UE, instead of specifiying inaccuracy (time drift) of the relative time stamp, specifying how the filtered measurement should be stored in the MDT log should be more useful. 
The following behaviour is stated in stage 2 TS 37.320: 
For any logged cell (serving or neighbour), latest available measurement made for cell reselection purposes is included in the log only once, while measurements are performed in accordance with requirements defined in TS 25.133 [2] and TS 36.133 [3].

Figure 1 shows an implementation of logged MDT, where the logging interval is 1.28 s, the quantity is measured every 1.28 s and the linear average of two measurement samples is stored. 
The logging should be performed as the following:

· The latest available measurement used for RRM is understood as the one after averaging/ filtering is performed. 
· This measurement should be logged in the nearest MDT logging timing. 
· The relative time stamp that should be included in each point of logging timing is calculated relatively to the absolute time stamp received during configuration, and runs independently from the measurements.
Taking example of figure 1, the Meas A should be logged in logging timing point l with a relative time stamp Δtn+1, the Meas B in logging timing point m with a relative time stamp Δtn+2, and so on. Of course if the MDT logging interval is 2.56 s, then the (latest) measurement Meas B should be logged in logging timing point m with a relative time stamp Δtn+2 and the (latest measurement) Meas D in logging timing point o with a relative time stampΔtn+4. 
It should be noted that for measurements such as the ones obtained by the higher layer search, where the UE would only measure one time in every (60*Nlayer) seconds, only the last measurement is expected to be logged in the nearest point of logging timing. The same measurement result does not need to be included in the next logging timing.
With the above understanding of logging behaviour, the drift time (inaccuracy) of the relative time stamp Δtn+α in each point of logging timing does not need to be related with the time lag necessary for measurement averaging/ filtering. 
Therefore, we propose that the behaviour of logging the last filtered/ averaged measurement result in the nearest point of logging timing according to the configured logging interval is clarified in RAN4 specification.
Proposal 2:
The last filtered/ averaged measurement result should be logged in the nearest point of logging timing according to the configured logging interval.
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Figure 1: Example of how the measurement is logged in Logged MDT
3. Summary and proposal

The two issues of time drift (inaccuracy) requirement for relative time stamp in logged MDT and how the logging inaccuracy due to time lag of the measurement filtering implementation were discussed.
The following are proposed to define the relative time stamp accuracy requirements:

Proposal 1:
The inaccuracy UE’s internal reference clock applied for Logged MDT (which contributes to the time drift of the relative time stamp) does not need to be taken into account.
Proposal 2:
The last filtered/ averaged measurement result should be logged in the nearest point of logging timing according to the configured logging interval.
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