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Abstract of the contribution:

In order to enable self-optimization of TA list easily, it is proposed that UE reporting list of visited TAs in TAU request should be specified in TS23.401.
1. Introduction

This contribution discusses the issue of building the list of tracking areas (TAs) to be assigned by the MME to a given UE at the time of Tracking Area Update (TAU) procedures [1]. More specifically, it discusses the benefits of knowing the trace of TAs last visited by an UE, for the purpose of reducing TAU and paging signalling load [2].
As a consequence, it is proposed that reported list of last visited TAs should be specified in TS23.401 [3].
2. Discussion

The introduction of TA lists ("Multiple TAs") gives added flexibility to operators in their tracking area management. As highlighted in [4], one challenge is to find a good balance between reducing the size of the tracking areas to limit the amount of paging and keeping signalling load and MME burden introduced by TAU procedures at a reasonable level.
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Figure 1: Example of TA list optimisation
Optimising the geographical area in which the UE has to be paged, not only reduces the downlink capacity used for carrying the paging indication messages and for paging channels in all the cells. It also affects the way other UEs in idle mode, belonging to the same paging group, will have to turn on their radio receiver so as to inspect the paging channel if they are the target of a received paging indication. Optimising the list of tracking area assigned to one user can thus help saving the battery power consumption of other mobile terminals. Indeed, it is very important from self-optimisation purposes to give a TA list to UEs that corresponds as much as possible to their actual behaviour.

Figure1 above depicts an example with 6 tracking areas (TA1 ~ TA6) and 2 UEs (UE1, UE2) configured at first with a tracking area list “TA list 1” composed of TA1 to TA4. The UE1 may be a mobile in a car driving on a road or in a train driving on a railway crossing through TA2, TA4 and continuing to TA5 and TA6. The UE2 corresponds to a pedestrian wandering around TA4 and TA5. A possible optimisation would be to configure UE1 with “TA list 3” and UE2 with “TA list 2”.
In order to archive this self-optimization of TA list, the following principles may be used:
· When performing a cell reselection to a cell belonging to a new TA that is included in its current TA list, the UE adds the newly detected TA id in a list of last visited TAs,

· When performing a TAU, an UE sends the list of last visited tracking areas, and resets the list of visited TAs.

· When performing an Attach, the UE reports no list, and resets the list of visited TAs.

Thanks to the reported list of last visited TAs, MMEs may then:

· Make a rough estimation of UE velocity (e.g. stationary/fast moving [4]), by comparing the time passed between consecutive 2 TAU procedures and the size of the reported list of last visited TAs.
· And/or update transition statistics between TAs taking into account the UEs' path history, and/or the estimated velocity. The transition statistics may take into account time of day or day of the week to take into account commuting hours for example, leading to finer predictions. It may also be collected independently for each velocity range.

· And/or determine for the UE a new TA list that fits its most probable future path, based on TA history and/or TA transition statistics and/or estimated velocity. Noticeably, the last TA in the reported list of visited TAs could be added by MME in the newly determined TA list assigned to the UE, so as to avoid ping-pong situation at the border of assigned TA lists.

The list of last visited TAs may be included in a container in the TAU request message.
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Figure 2 - How to use reported list of last visited TAs (Example)
In example above, when UE1 and UE2 arrive in reach of a cell belonging to TA5 and perform a tracking area update, UE1 reports TA2, TA4 as last visited tracking area, while UE2 reports only TA4. Indeed, from accumulated transition statistics and TA history, the MME is able to discriminate the most probable UE behaviour, and configure TA lists accordingly. The stationary or fast moving behaviour of a UE is detected by the MME thanks to the TA history and periodic TA updates. It may be noted that unlike mechanism proposed in [5], the proposal described here deals with tracking areas only, and hides cells to MME's view.
Current assumption in [3] is that UE reports the old TAI at the time of performing a TAU request. 
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Figure 3: Relationship between TA last performed TAU and last visited TA prior to TAU
However, the definition of the old TAI is rather unclear in the scope of list of registered TAs. It could either indicate the TA in which the UE last performed a TAU procedure, or the last visited TA prior to leaving the area defined by its assigned TA list, or even any other old TA information. Both information is actually relevant for the determination of the next list of assigned TAs:

· Last visited TA should be included in the new assigned TA list, so as to avoid ping-pong TAU procedures
· TA of the last TAU procedure can also be helpful for the determination of a rough estimate of UE velocity

· Intermediate visited TAs are also of interest, as it can help determine if UE is following a predictable route, and can also be used to derive mobility statistics across TAs.
Besides the problem of clarifying what is meant behind “Old TAI”, we see it beneficial that UE reports the list of TAs it visited since the last TAU procedure. It can help backwards traceability of terminals whereabouts when they are in idle mode.
3. Proposal
As the reporting of list of last visited tracking areas was shown beneficial to mobility management procedures in idle mode, and while it was also shown to bring limited added complexity, we propose to update the clause 5.3.3 Tracking Area Update Procedure of TS23.401 [3] as follows:
Start of Change

5.3.3
Tracking Area Update procedures

5.3.3.1
Tracking Area Update procedure with MME and Serving GW change
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Figure 5.3.3-1: Tracking Area Update procedure with MME and Serving GW change
1.
The UE detects a change to a new TA by discovering that its current TA is not in the list of TAs that the UE registered with the network.

2.
The UE initiates the TAU procedure by sending a TAU Request (S‑TMSI, list of old TAIs and active flag) message together with an indication of the Selected Network to the eNodeB. The S‑TMSI and the list old TAIs associated with S‑TMSI shall be included. Selected Network indicates the network that is selected. List of old TAIs indicates the history of TAs through which the UE successively passed since the last completed TAU procedure. Active flag is a request by UE to establish the user plane by the TAU procedure when the UE is in LTE-IDLE state.
Editor's note: FFS whether all or selected bearers shall be established as part of the TAU procedure when ‘active flag’ indicates that the UE wants to re-establish bearers.
End of Change
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