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1. Introduction
The purpose of Tracking Areas is to limit the number of cells where a LTE_IDLE UE is paged, by statically partitioning cells into Tracking Areas, thus saving radio and E-UTRAN resources. If the size of Tracking Areas is kept small, while only a limited number of UEs are crossing the borders of Tracking Areas, then the use of Tracking Areas is efficient.

Hence, as already identified, UEs located at the border of 2 or more Tracking Areas might frequently reselect between cells belonging to different Tracking Areas, thus causing extra signalling load for registration procedures.
But also, while statically partitioning the cells intro Tracking Areas, certain guesses are made by a network operator to determine the sizes of Tracking Areas, and as the number of users and user’s activity change over time, with new subscribers, new services, and also unpredicted events, in order to adapt the network, it might be necessary to repeatedly re-partition cells into Tracking Areas, hence increase the cost of network operation.
For this purpose, we propose a concept of flexible Tracking Areas, which are not broadcasted by the network as opposed to static Tracking Areas, but are individually assigned to UEs, based on radio conditions experienced by these UEs (past reselections and/or measurements).
We discuss the gains achieved by this concept, its flexibility, how complex it is to use, and how it can be applied, for UEs that are stationary for some time within a small number of cells.
2. Description
2.1. Principle
The following scenario is considered:

0. a LTE_IDLE UE is performing cell reselection

1. during some time, the UE only reselects within a limited number of cells, say 3
2. the UE reports to the network the 3 cells within which it is stationary

3. the networks stores the identities of the 3 reported cells

4. the network assigns to the UE a matching Tracking Area ID (a “flexible” Tracking Area)
5. the network can now page the UE within the assigned Tracking Area assigned to the UE (3 cells only)
6. when the UE reselects a cell that does not belong to the assigned Tracking Area, it does a Tracking Area update
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Figure 1: Allocation of a TA to a stationary UE

Consider 3 UEs initially registered within a static Tracking Area. The paging areas for the 3 UEs are identical as illustrated in the figure below.
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Figure 2: UEs, static Tracking Area, paging

As the stationary UEs report this condition to the network, they are assigned small Tracking Areas, and the paging areas are modified as illustrated in the figure below.


[image: image3.emf] 

Cell  that belong to fixed a TA “X”  

Stationary UEs  

Fast moving UE  

Area where a UE is paged  


Figure 3: stationary and moving UEs, static Tracking Areas,
By applying this scheme to a whole PLMN, all stationary UEs will be allocated micro-paging areas, while only non-stationary UEs will be kept in the statically configured Tracking Areas.
2.1.1 Benefits
We see the following benefits in this scheme:

· reduced paging load in the whole static Tracking Area: 

· stationary UEs are paged within a few cells
· simplicity of network planning of Tracking Areas

· static Tracking Areas are insensitive to stationary UEs

· a few large static Tracking Areas can possibly cover a PLMN
· reduced cost of network maintenance

· static Tracking Areas can less frequently be changed as new services (especially push services) are deployed
· static Tracking Areas can less frequently be changed as there are more subscribers

2.1.2 Costs

With regards to the cost of the new scheme, we mainly see the following:

· signalling to report stationary UEs
· similar to TA update, with cell Identities

· it can be controlled by network via broadcasting the time to determine that a UE is stationary
· detection that UE is stationary
· the UE should store measurements and/or previous cells
· possibility to calculate simple criteria
· possibility to report only IDs of previously selected cells (limited number)
· network handling of assigned Tracking Areas

· the MME needs to store the list of cells that belong to the network assigned Tracking Area
· assignment of Tracking Areas need not be standardised: it depends on network implementations/deployment
· straightforward scheme: assigned Tracking Area is exactly the set of reported cells

· alternative scheme: assigned Tracking Area is an internal static Tracking Area that contains the set of reported cells
2.2. Behaviour at Tracking Area Borders
If a UE only includes a set of previously selected cells through the cell reselection process, when crossing a TA border for the first time, it will necessarily do a TA update, and become registered on a statically defined TA. Though there is no problem to report cells from different TAs, there can be a certain number of ping-pong before both cells can be included in a common paging area.
To overcome this limitation, it is possible to slightly change the UE reporting scheme as follows:

1. For neighbour cells, network indicates if UE should report them without camping (say 1 bit yes/no)

2. UE includes these cells if quality criteria are high enough (same scheme as in 2.1)

3. The UE is assigned a small Tracking Area with cells from different TAs

4. Network pages the UE from the network element that assigned the TA (where UE was last registered)

5. UE can contact the network in the cells from a different TA without any previous update
As we can see, this scenario has similarity with the overlapping Tracking Area concept:

· a UE can be serviced on cells that belong to a different TA than the one it was last registered on

· the UE needs to indicate IDs for the network to identify serving MME/UPE (it could be P-TMSI)

However, unlike overlapping TAs, only one TA ID is broadcasted in a cell.

But we see the following advantages:
· reduced signalling for updates of TA (same as overlapping TAs)
· Stationary UEs can cross border with no signalling

· reduced paging compared to overlapping TAs:
· only stationary UEs will be paged in cells that belong to a different Tracking Area

· no increase of paging due to the overlapping Tracking Area (unlike overlapping TAs)

· reduced impact of regional roaming:

· Only stationary UEs at the border of allowed regional roaming can temporarily gain assistance from neighbour cells of non-allowed TA
· Only one TA is broadcasted in a cell, no TA overlap:
· stationary UEs that move across assigned TA loose service in forbidden TA

· non-stationary UEs loose service as they enter forbidden TA

· UEs in forbidden TA can’t get service from neighbours of allowed TA
Therefore, we have demonstrated that the concept of flexible Tracking Areas can be used to:
· reduce paging load within TAs

· solve the load problem at the border of TAs

2.3. Inter-RAT reselection

In the case there are reselections between LTE and another RAT (UTRAN, HSPA+, etc), there is a possibility that multiple-mode UEs reselect cells from a different RAT, that are handled by a network node that do not belong to the same RAT.
Though the design of inter-RAT reselection is still undetermined, we believe that a similar scheme would be possible, namely the possibility to include neighbour cells that belong to a different RAT, in the individual paging area with the same benefit.
3. Alternatives
As alternatives to the proposed scheme, the following concepts were proposed:

· paging load in a TA

· hierarchical Tracking Areas (described in [2])
· distance-based Tracking Areas (described in [6])
· registration load at TA borders

· hierarchical Tracking Areas (described in [4])
· overlapping Tracking Areas

· equivalent Tracking Areas

· distance-based Tracking Areas (described in [6])
While we recognise benefits to these schemes, we see the following limitations/costs:
· on hierarchical Tracking Areas:

· selection of TA level by UE according to velocity and position is complex, and fixed TAs may not even be accurate for stationary UEs
· use of “tiers” TAs with different borders as in [4] is difficult, it can lead to wrong decisions 

· large number of TAs in one cell is not desirable
· on distance-based Tracking Areas

· management of eNodeB positions creates additional network cost

· on equivalent Tracking Areas

· paging is extended to multiple TAs/RAs
· registration to multiple TAs/RAs
In addition, we would like to point out that:

· for a UE, the easiest condition to detect is not velocity, but being stationary within a set of cells

· using cells reported by the UEs gives finer granularity and best choice with no TA planning

· most likely, a large number of UEs will be stationary for long times (e.g. office employees)

· by including allowed neighbour cells from neighbour TAs
· UE can report paging areas across fixed TA borders
· this has less impact to regional provision of service than overlapping TAs (also for non-stationary UEs)

4. Conclusion
The dynamic assignment of Tracking Areas to UEs that reports a stationary condition within a set of cells should be considered as a method to reduce paging within fixed Tracking Areas, without any network planning or configuration.

It can help reduce the paging increase created by overlapping TAs, but it can also assign to each stationary UE a paging area that spans across non-overlapping static TAs, so that stationary UEs will not contribute to the signalling load at TA border.
We propose to capture these conclusions in TR 23.882.
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