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1         Decision/action requested

Agree to introduce the proposed changes to TS32.421 and TS 32.441 according to the pseudo CRs 
in [8] and [9]
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3 Introduction

The topic of reduction of MDT data via using selection and filtering criteria has been on the agenda of previous SA5 meetings. Various solutions have been proposed including the introduction of min/max criteria on the number of UEs selected for MDT [4], criteria on the maximum number of samples collected per area [3] or selection criteria based on UE speed [1].

At the last SA5#81 meeting, requirements [5] have been added on the minimum and maximum amount of MDT data, as well as, on the minimum and maximum number of unique UEs that shall be configurable in area based MDT. It is, however, unclear how such selection criteria should be interpreted and how it could be implemented at all.

First of all, it is important to clarify the motivation and the requirements for why reduction of MDT data is necessary and then derive the appropriate technical solution for it. Therefore, in this contribution, first we discuss possible motivations for reduction of MDT data, derive the requirements based upon these and then propose solutions accordingly. We also show that the requirements as introduced in [5] need to be further specified in order to be useful and possible to implement.

4 Discussion
We may identify the following two main reasons for reducing and controlling the amount of collected MDT data:

· to reduce the load and traffic associated with reporting and processing of MDT data, where load on the radio interface or in the RAN, as well as, the load on the OAM system may be of concern, or

· to pre-select and collect only the data that is relevant for the particular analysis point of view.

In what follows we discuss possible mechanisms to reduce the MDT related load for the above listed scenarios.

Before discussing different solutions for MDT data reduction, first of all, it is worth to investigate whether the amount of data due to MDT would actually be that significant to require the support of sophisticated filtering and control. When considering immediate MDT and connected mode UEs, what we can see from typical networks today is that the number of active UEs in a cell at any given point in time is in the order of a few tens of UEs at most. This means that the situation seems to be rather the opposite, i.e., that it is more the small amount of MDT data that might be the problem, instead of high amount of MDT data, at least in case of immediate MDT. If this number of eligible UEs is further decreased by the lack of user consent, the problem of small amount of MDT data may be even more significant.

In case of logged MDT, the number of reporting UEs may be significantly higher than in immediate MDT, in which case some simple reduction technique may be needed. 

Network evaluated selection criteria
In this case the amount of MDT data is reduced by the network selecting only a reduced set of UEs for MDT data collection. The selection condition has to be simple enough such that it can be evaluated prior to the initiation of an MDT session. Selection conditions that can be evaluated only after the data has been actually collected would be unsuitable to effectively reduce the load related to MDT data collection.

This is exactly one of the problems with specifying the minimum number of samples or unique number of UEs as selection criteria, as proposed by the requirements in [5], since such a condition is impossible to evaluate at the start of an MDT trace session. This condition can be evaluated only at the end of the specified time period, but by that time the MDT measurements have been already reported and may be transferred to TCE. Therefore, such a selection criteria is unable to fulfil the intended requirement to control the amount of collected data. The situation is similar to the requirement on the maximum number of samples or maximum number of unique UEs selection criteria, as it can be evaluated only at the end of the time period during which MDT data have been probably already transferred to TCE.

Moreover, this same effect of post-evaluation of selection criteria can be achieved with current standard capabilities by simply observing the received trace data and deactivating the MDT trace session when sufficient amount of data has been collected.

Therefore, selection conditions employed for reduction of collected data should primarily include simple criteria that can be evaluated prior to the selection and can effectively reduce the amount of collected data.

Proposal 1: Using network evaluated UE selection criteria for MDT can be an effective way to reduce MDT related load on the RAN, as well as, on the OAM. The selection criteria has to be such that it can be evaluated prior to the initiation of the measurement collection.

UE evaluated selection criteria
In case of solutions of filtering executed by the UE, e.g., the UE is not reporting MDT data when the network given conditions are not satisfied (e.g., UE speed as being considered in [1]), new functionality would be required both in MDT measurement configuration, as well as, in UE implementation. This would require signalling of selection conditions to the UE in RRC MDT configuration and execution of filtering in the UE. Therefore it is not recommended to deploy selection criteria in the UE, especially those requiring complex evaluation by the UE.

Proposal 2: Since no need can be seen currently to deploy any MDT selection function in the UE, it is proposed not to specify solutions for this option.

Network based post-filtering
In this case, the filtering of MDT data is done after the MDT measurements have already been reported to the RAN but before they are forwarded to TCE. Therefore, these solutions are not suitable for reducing the load on the radio interface and on the RAN but they can reduce the load and amount of data sent to the TCE.

Since at the moment no use case can be seen for network based filtering of MDT data, we do not see the need for introducing network side filtering. Note also that if mechanisms are introduced for supporting selection criteria, e.g., the ones discussed above, it can already effectively reduce the amount of MDT data transferred to the TCE and therefore no further filtering mechanisms would be needed for the same problem. Moreover there are mechanisms available already in today’s MDT solution to reduce the load on the TCE, e.g., by activating MDT collection in a smaller number of cells at the same time.

Proposal 3: Since no need can be seen currently to deploy post-filtering of MDT data in the network, it is proposed not to specify solutions for this option. The required reduction of MDT data can be achieved by specifying selection conditions.
Collecting only “relevant” data
The desire to collect only “relevant” data can be achieved by specifying appropriate selection criteria and initiate the MDT measurement collection only for selected set of UEs satisfying the selection criteria. The selection criteria should, however, include only conditions that can be evaluated at the time of activation of MDT measurements, as discussed above.

It is also important to note that specifying in advance what data is “relevant” may be difficult in a number of use cases, especially when no particular network problem is known beforehand. It is often the case that the problem becomes visible only when collecting and analysing all available data, otherwise it may occur that just the data that would reveal an unknown network problem are filtered out. 

Proposal 4: When specific use cases can be identified for “relevant” MDT data, the corresponding conditions for data to be collected shall be possible to add as further network based selection criteria, i.e., no separate mechanism should be needed to support these types of use cases.
5 Proposed selection mechanism

A simple network based selection condition that could effectively reduce the amount of MDT data is the uniform probabilistic selection of UEs for MDT measurements. The uniform sampling can effectively reduce the amount of collected data without distorting the statistical properties of the data. This means that each UE is selected for MDT measurements with a certain probability p. For example, if this selection parameter is set p=0.5, it means that on average every second UE will be selected for MDT. Such a simple selection criteria can effectively reduce the load without introducing distortion in the statistics of collected data.

This condition can be easily evaluated by the RAN for each eligible UE prior to the initiation of the MDT measurements toward the UE. The selection condition can be controlled with one simple parameter p, which is straightforward to interpret and to implement.

We note that the above selection mechanism may be enhanced with an additional criteria on the minimum and maximum number of UEs taking part in immediate MDT data collection in parallel. That is, the selection condition would be as follows:

· Select each UE with probability p
· IF the number of UEs selected for MDT < minNumUEs THEN select more UEs until minNumUEs is reached

· IF the number of UEs selected for MDT = maxNumUEs THEN suspend the selection of more UEs

With such a combination of selection conditions, it is possible to specify minimum and maximum absolute boundaries for the probability based selection. For example, if the number of UEs selected via the probability criteria would be too few, the minimum condition would ensure that it is increased up to the minimum level. Likewise, if the number of selected UEs via the probability criteria would exceed an upper limit, the selection of further UEs would be suspended until the number of UEs in MDT collection falls below the maximum limit. Note that the maximum and minimum criteria would be applicable only for immediate MDT. Note also that the proposed minimum and maximum numbers have a different meaning from those proposed in [5]. In [5] the min/max numbers apply for a time period, while in our case it means the number of parallel ongoing UE collections at any given point in time.

Proposal 1: In order to reduce the load due to MDT reporting, it is proposed to support configuration of the fraction of UEs that should take part in MDT data collection. This solution is applicable both for logged and immediate MDT.
If it is found necessary, the selection condition for the fraction of UEs may be extended with an optional condition on the minimum and maximum number of parallel UEs taking part in immediate MDT data collection. 

6 Requirements on selection criteria
The requirement that have been introduced in [5] on the possibility to configure minimum and maximum required amount of MDT data and unique number of UEs would have a number of difficulties in realisation, i.e., to provide an implementations that satisfy these requirements.

· The criteria for the minimum and maximum number of MDT data and UEs for a given time period can be evaluated only at the end of that time period, i.e., after the MDT measurements have been already reported and probably sent to TCE. 

· Note that buffering and storing the MDT reports within the network (i.e., RAN) until the end of the time period for evaluation of the condition would not be possible and it would not even be according to trace reporting specifications. Trace and MDT data should be sent to TCE as they are collected.

· A further difficulty with the proposed selection condition in [5] is that the RAN is unable to uniquely identify UEs due to no unique UE identity is available in the RAN. This means that the condition on the unique number of UEs is not possible to be evaluated by the RAN.

· Interpreting and satisfying the requirements on minimum and maximum numbers would be even more difficult for logged MDT collection, where the network has no knowledge on how many UEs are still collecting MDT data in idle mode and in which cell they are located in. Therefore it would be impossible for the network to enforce how many samples or UEs will eventually report logged MDT data, as it does not even know in which cell the results will be reported. 

Proposal 5: Since it would not be possible to fulfil the requirements in [5] with existing trace functionality, it is proposed to modify the requirements according to the CR in [8] and [9].
7 Proposal

In accordance with the discussion above it is suggested to agree on the proposals and implement the changes in TS 32.421 and TS 32.441 according to the CR in [8] and [9]. 
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