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1
Introduction
WID RP-091423 [1] mandates that new measurement configurations and functionalities, including non-real time reporting, should be identified and specified for the prioritised MDT use cases.
Some scenarios for applying MDT principles demand that measurement reporting is performed as soon as possible after collection.  However there are other scenarios where the measurements are delay tolerant.  Here we examine how this fact can be exploited to minimise the impact of MDT measurements on network capacity, life of the UE battery, etc.  Some potential triggers for measurement reporting are discussed.
2
Discussion
Some uses for MDT measurements will require that transmission of collected measurements to the network as soon as possible after collection.  One such example is the identification of cells that have experienced some sort of failure but have not triggered any alarms.  For instance, an eNB may develop a fault such that it appears to be functioning normally to the network manager but is unable to sustain the active sessions, to accept new sessions, or capacity is degraded, etc.  This “sleeping cell” phenomenon could arise through hardware or software issues in the eNB for example.  The detection of such phenomena demands that there should be a facility for MDT measurements to be reported to the network as soon as practically possible after collection.

In contrast to this class of use cases are the non-real-time use cases.  For example, the operator may wish to perform a survey of the geographical distribution of coverage level.  The survey data would typically be used to tune antennas or select locations for new sites in order to enhance coverage, satisfying the coverage optimisation use case prioritised in the WID.  The idea would be to collect data for a prolonged period of time to identify areas where coverage is poor in order to guide the focus for the remedial actions.

Other measurements cannot be transmitted in real-time by definition.  Some measurement triggers from the SI report [2] fall into this category.  For example RLF and random access failure are both stated triggers.  There cannot be network service immediately after these measurement triggers, so the measurements will necessarily be stale to some degree once reported.

We can see that there are cases where the value of measurements is not reduced by delaying their transmission from the UE to the network and other cases where the transmissions have to be delayed due to the definition of the measurement trigger.  Rather than permitting these measurements to be reported always as soon as possible, there can be value in subjecting the transmission to triggering criteria in some circumstances.

2.1
Candidate triggers

A number of triggers for measurement reporting can be envisaged.  These triggers describe the criterion or criteria that must be satisfied before the UE is permitted to transmit to the network the measurements it has performed.  This is in contrast to the triggers for the actual measurements to be made.  Potential reporting triggers are described and discussed in this section. 
2.1.1
Uplink coverage
If measurements are reported when the uplink coverage is poor, more bandwidth will be consumed and more interference introduced than if the measurements were reported when the uplink coverage were good.  Setting a triggering threshold on the uplink coverage would permit more efficient use of resources for MDT measurement reporting.

The UE does not know the level of uplink coverage directly.  To address this, downlink RSRQ could be used as a surrogate measurement for example.  Alternatively the trigger may be based on the uplink modulation and coding scheme currently achieved.

2.1.2
Available uplink bandwidth

As the reporting of measurements will consume network bandwidth, there is a case for avoiding the transmission at times when the available uplink bandwidth is below a threshold.  The UE does not know the available bandwidth.  This could be overcome by introducing a facility for the cell to broadcast a measure of the current UL congestion level to UEs.  UEs would then report their measurements should the congestion indicator fall below this indicator of current congestion.
2.1.3
Available battery charge

The WID [1] mandates that end-user implications need to be kept acceptable.  Specifically the case for keeping UE power consumption at reasonable levels is mandated.  This can be realised by arranging for reporting of measurements to be deferred when the battery charge is below a threshold.
2.1.4
Active state
A further way to reduce the end-user implications is to have a UE activity threshold for reporting of measurements.  A threshold on the UL PDCP throughput for example would allow the reporting to be deferred in cases where the UE owner is using bandwidth intensive applications.  Without this, the application traffic may compete with MDT measurements data and the user satisfaction may suffer.

The activity state may also be used as a trigger in a way that creation of an RRC context purely for reporting is avoided.
2.1.5
Time elapsed since measurements collected
If measurements remain in the UE for excessive durations without being reported, the data risks being lost, owing to buffer overflow, device reset, etc.  Even in operator use cases that are tolerant to delay in reporting of measurements, the data will have a “shelf life” after which its value is impaired or lost.  Arranging for measurements to be reported after some period of time would avoid this loss.  Typically, this threshold would be combined with other reporting triggers using a logical “OR” operator.
This measurement trigger envisages that measurements must be transmitted as soon as possible after a time interval has elapsed.  Another variant of this is for measurements to be deleted by the UE if reporting triggers have not been satisfied, and hence the measurements not transmitted, within a configurable period of time after the UE has collected the measurements.  This is appropriate for “sampling” type measurements where each measurement has lower intrinsic value alone but the value comes from multiple samples from different UEs and locations.
2.1.6
Available memory

MDT measurements may also be lost if the memory available for these measurements is exhausted.  Therefore, measurement loss can be minimised or avoided if a reporting threshold based on the available memory is introduced.  Where the available memory falls below the threshold, reporting would be triggered.  As in the previous reporting trigger, this threshold would typically be combined with other reporting triggers using a logical “OR” operator.
2.2
Triggering logic

It is possible that multiple reporting triggers and thresholds could be combined together using  logical operators to yield composite triggers.  The exact combination of triggers would depend on the type, timeliness and value of the measurements.

For instance, consider the case where the operator is interested in collecting as much information as possible about radio link failures (RLF) for later offline analysis and call failure cause determination.  The value of each measurement is high but it is not critical that the measurements be reported urgently.  In this case the UE could be directed to report measurements on RLF only when the available uplink bandwidth is high UNLESS the memory is low and UNLESS the measurements have aged by more than 12 hours without transmission by the UE.  This would reduce the chance that important measurements were lost but would avoid significantly impacting the network by reporting them earlier than necessary.

Conversely, consider the case where the operator is trying to identify cells that are not accepting connections, for instance because of a hardware or software fault which has not yet triggered any alarms in the network management system.  The measurement trigger “random access failure” from [2] would be useful in this case.  The value of each individual measurement here is lower than in the RLF case but the timeliness is very important.  This is because, to detect quickly the fact that a cell has a problem, it is necessary only to know that there is a significant increase in the connection failures.  However this does not demand knowledge of all such connection failures so it is not essential that all of these measurements be transmitted.  In this case the UE might be directed to report measurements on random access failure only when the available uplink coverage is at least moderate UNLESS the measurements have aged by more than 30 minutes without transmission by the UE, in which case they should expire and be deleted without transmission.  In this way, only those UEs who can transmit the measurements efficiently will do so, and if the measurements have aged to the point that their value is limited, resources are not wasted by transmitting them.
3
Conclusions
We propose the following

· That mechanisms be defined for deferring the reporting of MDT measurements until certain triggering criteria are met.

· That mechanisms be defined for allowing MDT measurements to expire and be deleted if they have not met certain reporting criteria within some configurable period of time.
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