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1. Introduction
This contribution discusses the opportunity of providing means for collecting statistics information about mobility across LTE/SAE networks. It also proposes a way forward for enhancing current possibilities for collecting such mobility statistics.

2. Discussion

To each UE being covered in a given cell, one can associate a transition probability of moving to another neighbour cell. Knowing some accurate values of such transition probabilities can greatly help the design and optimisation of LTE/SAE networks, as shown in the following points :

Self-Optimisation : Determination of Neighbour cell lists

Neighbour cell lists are usually designed so as to guide UE in making measurement on most probable surrounding cells. Thus, UE can skip monitoring cells which are irrelevant to its present mobility situation. As a result, effective measurement can be achieved more quickly, and can trigger mobility (e.g. cell reselection, handover) more efficiently, leading to better grade of service. In addition, UE battery can be saved as it can focus its monitoring efforts only to the most probable cells.

Such neighbour cell lists can easily be determined from transition probabilities, e.g. by selecting for a given cell, the right neighbour cells, for which the probabilities of transition from the given cell to the neighbour cell are the highest.

Self-configuration : Determination of needed X2 associations

As EUTRAN is composed of ENBs, which are interconnected for the support of inter-ENB handover and RRM coordination, and as interconnections have to be limited to ENB controlling neighbour cells, one shall determine for each ENB being setup the set of ENBs it should be connected to. 

Obviously, ENBs controlling cells, which are reported as neighbours in neighbour cell lists, should be interconnected together. The number of useful X2 associations can thus also be optimised if these associations are determined from neighbour cell lists, themselves being determined from transition probabilities.

Self-configuration : Design of tracking areas

The shape and content of tracking areas can also be designed and optimised from the probabilities of transition between cells. Knowing the probability to move between each pair of cells within the network, one can optimise the design of the tracking areas in the system, which minimises the overall signalling traffic in terms of number of tracking area update and paging procedures.

It should be noted that the above-mentioned actions are to be realised/updated, in an easy way, for each ENB, at the time that ENB is added to EUTRAN. These actions might also be performed as the part of radio planning of the LTE/SAE network, for each ENB in the network, each time an additional ENB has to be added to the network or each time an ENB is removed from the network.

Operators willing to plan their network with cost effectiveness can already do so from mobility probabilities, according to the above considerations, provided that they can get accurate and up-to-date values of such transition probabilities. Here are given few examples how such probabilities can be built today :

a) Collect transition information of UEs in active mode, at the time of handover

By incrementing a counter of handovers each time one handover is triggered (or completed) between each given pair of cells in the system, it is then possible to derive an estimation of the probability of transition between those cells, by comparison of counters of each pairs of cells.

· Estimated probabilities strongly depend on effectiveness of handover. Desirable handover might not be realised for various reasons, one severe reason being that measurements were made on a wrong set of neighbour cells. Thus, consequent estimates might be inappropriate for handover optimisation. Indeed, it is very unclear how much bias is introduced by monitoring handover events for the purpose of optimising.

· Estimated probabilities rely on mobility events, which affect only the mobile terminals in active mode, thus a limited subset (~5% for users having 50 mErl traffic) of the total population of mobile terminals. It might take some time before transition probabilities are estimated with a good accuracy.

· In addition, the typical mobility statistics might differ between active and idle mode, thus building the estimation only from mobility events in active mode potentially introduces an estimation bias if the mobility statistics have to be used for optimisation of mobility in idle mode.

b) Collect superposed levels of multiple cells, at the time of radio measurements reported to ENB by UE

Thus, the collected information is not depending on the X2 topology, but cell levels which are reported still strongly depends on the contents of the predetermined neighbour cell lists. As such, it is difficult to apply this technique for optimising the determination of neighbour cells list.

· In some 3G radio planning tools, similar data resulting from ray tracing tools or from measurement campaigns, are used to estimate the contents of active sets geographically, the so-called soft handover areas, which are then analysed for neighbour cell list optimisation.

· Anyway, if to be used for self-optimisation, the analysis of numerous superposed levels would require some significant processing at ENB level to determine the probability of transitions between cells. It might also require the transmission of verbose information from UE to ENB.

· Finally, as for the handover statistics, the radio measurements are emitted only by mobile terminals in active mode, and same arguments exposed in a) apply as far as estimation bias and accuracy are concerned.

c) Collect transition information of UEs in idle mode, at the time of TAU procedure

By incrementing a counter of TAU procedures each time a TAU procedure is completed in a given cell by a mobile terminal coming from a previous tracking area, it is possible to derive an estimation of transition probabilities between that cell and each cell of the previous tracking area, by comparison of counters of each cells and each tracking area.

· The tracking area update procedures are triggered only by mobile terminals in idle mode. The span of this population of mobile terminals is much higher compared with the population of mobile terminals in active mode, so that one might expect a better accuracy of the estimation compared with procedure exposed in a).

· However, as the tracking area is typically built out of many cells, the geographical resolution of the transition probabilities is less accurate, than if transitions were directly detected between cells. Information might be accurate only for cells which are located at the edges of a tracking area. 

· The number of tracking area update procedures would typically be much less than those of handover procedures, reducing the effective number of mobility events used to derive the transition probability.

· Finally, due to the lesser resolution of mobility statistics, it becomes difficult to optimise the contents of the tracking areas, from mobility events which are a function of the initial contents of the tracking areas.

As seen in above analysis, we are missing a solution to derive efficient transition statistics, which could be applied to the decentralised determination of neighbour cell lists, X2 associations, and tracking areas.

3. Proposal
As we would like to build accurate estimates of transition probabilities between cells, to be used for optimisation and configuration of EUTRANs (X2 associations, neighbour list, tracking areas), following points are required :

· a sufficiently large number of mobile terminals should provide inputs to the estimation

· mobile terminals should report history of mobility events with the granularity of cells
· reported mobility events must be agnostic of the result of prior optimisation and configuration of EUTRANs
This can be achieved with the following proposal : 

· Each mobile terminal in idle mode, when performing cell reselection, stores the newly selected cell in a list of past selected cells.

· When performing a TAU procedure, the mobile terminal sends the list to the MME, this list being composed of all cells which were selected since the last TAU procedure. 

· Observing the history of transitions between cells, MME can then update some estimation of transition probabilities, e.g. by incrementing transitions counters for each observed pair of consecutive cells in the reported list.

· This solution potentially affects all mobile terminals in idle mode. Numerous mobility events between cells are clustered in the TAU message, resulting in good resolution and accuracy of the estimation with a minimum number of signalling messages.

· As neighbour cell lists are not used by the mobile terminals in the process of cell reselection, the observed mobility events are agnostic of the result of the optimisation of handover procedure. They are also independent of the X2 topology of EUTRAN.

· The contents of consecutive reported lists are independent from the TA contents, which only affects the time for reporting such lists. This solution builds estimates of transition probabilities which can also be used for optimising the TA contents.

· Having a detailed view of past mobility events within the tracking area at network level, might also be useful for other purpose, such as more accurate analysis of individual mobility for worried parents and/or police/intelligence services.

Note : it is FFS if the reporting scheme would always be activated by all UE in idle mode within the PLMN, or if the reporting could be triggered during a limited period of time, or a limited area, or a limited population of UEs. 

Note bis : it is FFS if MME should build these estimates alone, or if it should forward the reported lists to OMC for optimisation purpose, or to ENBs for self-optimisation and self-configuration via S1 or logical O&M.

4. Conclusion
We have proposed that, at the time it sends a tracking area update message, UE reports to LTE/SAE network the list of past visited cells since it performed the last tracking area update procedure. We believe this is an efficient technique to enable precise accurate transition probability data, which are useful for the purpose of self-optimisation and self-configuration of LTE/SAE networks.

We propose that we discuss the benefits of above principles and agree to include the above proposal in our internal RAN3 TR.
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