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1. Introduction

The optimisation of tracking areas consists in finding a trade-off between paging load and Tracking Area Update procedures number. As mentioned in previous contributions [2]
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[3], this trade-off optimisation may be achieved by modifying the Tracking Area sizes and also by selecting an appropriate TA list.
The aim of this contribution is to compare the two approaches for a given use case.
2. Discussion

2.1. Use case leading to possible TAU storms  
Let's assume the following use case: A train at peak hours moving on its line. If we take the TGV Eurostar as an example, the train is 393 m long, moves at speed reaching 300 km/h and may carry 784 passengers. The Shinkansen in Japan has similar characteristics (480 m long, 300 km/h, 1300 passengers).

The vast majority of people inside the train are supposed to have a cell phone, so this train represents a dense set of UEs moving together. At one point of the journey, the train crosses a TA border. This kind of issues has been raised by SA1 in Work Item RED (Registration in Densely-populated area). 
Case 1) TA list is mainly used only to avoid ping-pong, i.e. all UEs in a given TA are configured with the same TA list. At every TA border, all UEs will tend to run a TAU procedure in a short period of time, leading to a TAU storm at MME and eNB sides (Figure 1). Taking the Eurostar example described above, the amount of TAU will correspond to 1 request every 6 ms when the train crosses a TA border (4.4 ms for the Shinkansen example).
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Figure 1: Example of TAU storm at TA borders
Case 2) TA lists are allocated on a per-UE basis, and the MME can allocate a different list to different sets of users [1]. Indeed, only a reduced number of users will ask for a TAU procedure at each TA border, thus spreading the signalling load in time. The peak signalling load is decreased both at ENB and MME levels, leading to a better and fairer quality of service. Figure 2 gives an example where UEs in the train are split in 2 groups.
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Figure 2: Example of TA list use to avoid TAU storm
2.2. Issues with TA border modification
A TA border modification typically requests the following sequences:

1) Routing table associating one TA id and the list of eNBs belonging to the TA is updated

2) eNBs are requested to modify the TA id they are broadcasting

3) UEs observing a modification in the TA of the cell they are camping in perform a TAU procedure. MME updates its table keeping track of UE mobility, and allocate to UEs a new TA list.

Depending on the relative timings of the sequences described above, some paging may be missed:

· Because of possible desynchronisation between steps 1) and 2), the MME may send a paging request to an eNB including a TA id the eNB doesn't know 

· Until UEs involved with the border modification have performed a TAU procedure, some paging may be missed since MME tracking table will be out of date (i.e. between steps 2) and 3))

Moreover, step 3) may lead to a TAU storm since the time at which a UE will request a TAU procedure depends mainly on cell reselection parameters, which are global in a radio cell.

Indeed, it seems better to perform TA border modifications at time where network load is low, minimising the probability of paging loss and TAU storm.

3. Conclusion

TA size and TA list optimisations are seen as complementary. TA list are more flexible since they may apply on a per-UE basis, and they mitigate a possible TAU storm that can happen in some use cases and also when a TA border is modified.
We would like to know if the below statements can be shared by the group.

· Optimisation through TA size is used as a semi-static process, and is typically done by O&M during low-traffic periods of time. In case TA optimisation is required as a SON case, it will impact MME configuration.
· Optimisation through TA list is used as a dynamic response of the network to traffic variability. It is radio agnostic and needs not to be defined as a SON use case. 
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