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Discussion and Decision

1. Introduction
In RAN2#68bis it was agreed that UEs in idle mode would support measurement logging and deferred reporting, and further details were work on for RAN2#69.
In this contribution we examine the relationship between UE battery life and details of idle measurement logging.
2. Discussion
Many of the current principles for ensuring good UE battery life originated in UTRA release 99, and the work was further extended by the introduction of absolute priority reselection in release 8. Some of the important techniques which are used to minimise the power consumption needed to make measurements in idle mode include
1. Specification of various thresholds for the serving cell, above which neighbour measurements do not need to be performed. Examples include Sintrasearch, Sintersearch, and SsearchRAT k for UTRA and Sintrasearch and Snonintrasearch for E-UTRA
2. Cell detection requirements are allowing for much less frequent cell searches than would be required in cell_DCH/RRC_Connected state without DRX.
3. Careful consideration of required minimum measurement sample rates in RAN4 specifications TS25.133 and TS36.133
4. Not specifying exact timings at which measurement samples need to be taken (eg relative to the idle DRX cycle timing), giving freedom to UE implementations to optimise the idle processing

5. Not specifying precise measurement periods in idle mode, and instead specifying certain behavioural requirements on how quickly the UE should reselect (Tevaluate in 25.133 and 36.133)

6. Not specifying precise measurement accuracies in idle mode, and instead specifying certain behavioural requirements on what kind of differences in measurement level should trigger a reselection (linked with not specifying measurement periods)

In many of these areas, there is quite significant implementation freedom, and as such different UE implementations even with consistent behaviour, could be anticipated to have slightly different information available internally in idle mode. In contrast, cell_DCH/RRC_Connected measurement reporting is specified in much more detail, to ensure consistency of measurement reports sent to the network between different implementation.
Our view is that to ensure that MDT is practically usable in the future, it is essential that it does not cause any noticeable standby time degradation. Clearly there will be a trade-off between user experience, battery life and the MDT support. Therefore we would see it important that the UE idle measurement regime is not significantly changed by the introduction of MDT logging. The implication of this is that such differences in implementation must be accepted, even if they cause some difference in the level of idle measurement that ends up being logged and reported.
Proposal : Support of Logged MDT is defined according to the established principles for power saving of idle mode measurement UE implementation, even if this may lead to different logged information in different UE implementations, and sometimes less information about neighbour cells. 
Next we examine each of the principles listed above in more detail, and consider its implications on MDT.

3. Measurement rules

The main implication is that UE may not measure certain measurement objects such as lower priority frequency layers, or even the intra-frequency layer when the serving cell measurement is above the S-level defined in the corresponding measurement rule. While this might sound like a fairly straightforward restriction, it does create the possibility eg that certain events (on the neighbour cell might be missed), especially if the serving cell measurement is close to the measurement rule threshold level (note that no hysteresis is defined for measurement rules)
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Figure 1 : Missed neighbour measurement event

Figure 1 illustrates this point graphically, where a measurement event has been missed due to a temporary increase in serving cell measurement leading to some missing measurement samples on evaluation. It is also important to note that there could be differences in UE implementation in this aspect, depending on how the serving cell measurements are exactly sampled, filtered and processed. Indeed, it would be allowed to measure the neighbour cell during the time window when the serving cell is above the rule threshold, provided that the result was not evaluated  to trigger a reselection so there could be certain UE implementations (possibly less power efficient ones) where the neighbour measurement event is not missed at all.
4. Cell Detection

As cell search is a relatively intensive and time consuming operation(eg compared with measurement of a known cell), RAN4 has carefully specified requirements and side conditions for detection of cells in idle mode to provide good opportunity for power efficient implementation. For example, E-UTRA intra-frequency neighbour cells are required to be detected in 32s, provided that SCH Ês/Iot ( -4 dB and RSRP Ês/Iot ( -4 dB. In practical terms, this means that there may be some delay when a newly identifiable cell appears  (up to 32s in this example case) before it is detected by the UE and can start to be logged. Note that as far as using MDT idle logs to find the coverage of interfrequency neighbour layers, 32 seconds at 120km/h corresponds to a distance of approximately 1km.
Also, in this example case, compared with the RRC_Connected requirement to be able to detect cells at -6dB Ês/Iot, cells which would be detectable in RRC_Connected state is not guaranteed detectable at all in idle mode at the same signal  to noise ratio.  This difference in side conditions in which cells are required to be detectable was introduced to facilitate power savings in idle mode and means that an idle log may contain less information about cells with low signal to noise ratio (such as in the vicinity of a coverage hole)  compared to the corresponding information collected in RRC connected state.
In terms of implications for idle logging, both of these requirements mean that neighbour cells may either be included later in the log than might be expected purely from considerations of the propagation environment or fewer cells might end up being logged than expected compared with information obtained in RRC connected state.
5. Measurement sample rates

Assuming that measurement rules do not inhibit measurements, another question is at what rate different carriers will be measured. This is specified in TS25.133/36.133 and RAN4 has carefully avoided explicitly stating a particular measurement rate. For example, a UE implementation which does not sample neighbour measurements linearly in time is allowed. RAN4 does specify minimum measurement rates in TS36.133 and TS25.133.
In practice this leads to the following conclusions about implementations configured for example to 1.28s DRX cycle even if measurement rules are not inhibiting measurements, and the cells are detected by the UE
· Intra frequency measurement are perfomed at least every 1.28s

· Inter frequency measurements of equal or lower priority layers are performed every every Kcarrier *1.28s

· Higher priority layers are searched every Thigher_priority_search = (60 * Nlayers) and there will be a few measurements on anything that is detected until the UE either reselects or determines that no reselection is triggered

· UTRA measurements of lower priority layers are performed every (NUTRA_carrier) * 7.68s
Especially minimum measurement of higher priority layers occurs rather sparsely with a few samples coming at intervals of a minute, or multiple minutes. 
6. Measurement timing, measurement period and accuracy
As mentioned in section 2, measurement timing, measurement period and accuracy are not directly specified by RAN4, and instead more behavioural requirements are placed on how quickly reselections should occur when the reselection criteria is met by a certain measurement margin.
Although the behavioural requirements in RAN4 do map to requiring a certain quality of idle mode measurement implementation, the intention of RAN4 was not to overly specify how idle mode measurement processing is performed. For example, different UE implementation may have different measurement filter implementations such that the logged measurement data is somewhat different, even if both UEs have experienced the same conditions. Prior to MDT, the idle mode measurements have been UE internal and as such should be treated more cautiously than RRC connected / cell_DCH measurements in terms of their consistency.

7. Observations

Based on the discussion in the previous chapters, we provide a number of observations about the logged idle mode measurements under the assumption that no changes are made to the established principles for power saving of idle mode measurement UE implementation specifically to support MDT.

· Only continuous measurement of the serving cell can be virtually guaranteed, and for other neighbour cells (intrafrequency, interfrequency, interRAT) for the reasons described in the previous sections there can be many instances when cells are not detected, or measurements are not performed for power saving purposes

· Not much information can be inferred from the absence of any particular neighbour measurement in an idle MDT log. There is no way to differentiate between a cell that was not detectable due to radio environment, and a cell that was not measured due to power savings.  The impact of missing neighbour measurements in idle MDT logs could be further evaluated with respect to the use cases. 
· Methods for adapting periodical MDT measurement to the DRX cycle of the UE might need further investigation, since the MDT measurement period and the UE DRX cycle may not be aligned.

· This may also cause some MDT events not to be triggered, which would otherwise be expected to be triggered.
· It would seem beneficial to define the logging and reporting (eg periodic logging) in such a way that missing measurement samples can be efficiently represented. This can minimise memory usage as well as reduce the signalling load of MDT.
· It would seem beneficial to consider low rates of MDT event trigger evaluation or slow periodic logging in idle mode, perhaps even as low as once per several minutes considering events that are being evaluated on higher priority frequencies or RATs
· Even when periodic measurements or events of neighbour cells are logged, the location where the event occurred needs to be treated with caution (even if the UE location stamp itself is highly accurate). There could be be as much as a 1km uncertainty (distance covered in 25 DRX cycles)  in where a 120km/h UE first detects a cell.

· Related to these uncertainties in the position of detected cells, necessary accuracy of location information in UE logs could be discussed.
· Additional care should be taken in inferring conclusions from MDT idle logged information, compared with information collected in cell_DCH/RRC connected state, due to the additional differences which may exist between different UE idle power saving implementations.
· As the UE may remain in idle mode for a very long time, memory consumption from idle MDT logs should also be carefully considered and means to mitigate the effect of very large idle MDT logs may need to be considerd.
3
Conclusions
This contribution has summarised the main features of 3GPP specifications for UTRA and EUTRA which were included to facilitate power efficient UE implementation in idle mode. Considering the requirement for MDT not to have negative impact to the end user, we believe that the basic idle mode power saving operations should not be modified as a result of the introduction of MDT and make one proposal
Proposal : Support of Logged MDT is defined according to the established principles for power saving of idle mode measurement UE implementation, even if this may lead to different logged information in different UE implementations, and sometimes less information about neighbour cells.
We have also attempted to examine the implications of this proposal and note especially that little can be inferred from the absence of any idle logged periodic neighbour cell measurements or events in an MDT UE. Serving cell measurements and events are likely to be more constantly available.

The purpose of this contribution is to confirm the principle (also discussed during the MDT study item phase) that additional measurement activities are not performed, especially in idle mode explicitly to support MDT and that MDT is a mechanism for logging and reporting of information that is already internally available in the UE. While idle logging MDT is an already agreed feature in RAN2 it is important to be aware of the various limitations of the data collected from idle logs which arise due to the need to allow power efficient UE implementations, in order to ensure that the logging and reporting is well designed, and any restrictions in its usage are commonly understood.
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