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1. Introduction
This contribution introduces the concept of Virtual Location Area, as a generic tool aiming at offering efficient, and yet flexible, mobility management procedures for mobile terminals in idle mode. 

2. Discussion
So far [5], several proposals have been made in relation to the design of mobility management procedures for mobile terminals in idle mode, introducing the following features :

· Overlapping tracking areas (to avoid ping-pong at edge of TA) [1]

· Hierarchical tracking areas (according to user velocity) [2], [3]

· Dynamically defined user-specific tracking areas [4]

Each of these proposals brings some benefits compared with prior systems, but also raise some concerns. As a consequence, these proposals were captured as study items in the RAN3 TR related to LTE architecture.

In addition to those concerns, it has also been several times mentioned the necessity to have tracking areas spread over cells of different systems, so as to avoid unnecessary ping-pong procedures at the edge of isolated LTE cells. Such configuration is expected at the beginning of the roll-out of future LTE networks, in areas widely covered by cells of legacy systems.

We should be cautious about changing the way the tracking areas will be defined and to the way the contents of such tracking areas will be signaled to mobile terminals. For instance, if a cell now belongs to more than one tracking area [1], the corresponding cell should probably broadcast a list of TA-Ids to which it belongs. 

However, in legacy systems such as GSM or UMTS, the cell broadcasts the identifier of only one cell, (only one URA), only one RA and only one LA. Changing the contents of the GSM or UMTS broadcast channel will affect all legacy UEs, which is not acceptable.

We thus would like to propose a new scheme for defining the contents of the tracking areas, which will 

· be compatible to scheme used by UMTS-only or GSM-only terminals, 

· let possible some optimization of the mobility management procedures

3. Proposal
Our proposal is very simple and depicted in the following figure. 
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Figure 1 - Proposed tracking area update procedure at transition across VLA
Each cell would still broadcast only one TA-Id in the broadcast channel.

At the time of Network Attach and Tracking Area Update (TAU) procedure, each LTE-enabled UE in idle mode is provided a list of identifiers of different Tracking Areas (TA). The set of all cells belonging to each TA forms a Virtual Location Area (VLA), which is used by the mobile to detect events at which TAU procedure should be triggered.

In other words, when detecting a transition event to a new best cell, the mobile terminal will read the TA-Id that is present in the broadcast channel of the cell and check if the corresponding TA-Id belongs to its VLA. The mobile terminal will trigger a TAU procedure only if the cell does not belong to the VLA.

Basically, we feel that the precise determination of VLA contents is a perfect place for differentiation across vendors, and probably needs not be standardized, as it might need some local adaptation to operator needs. What needs to be standardized is a tracking area update procedure, which allows as many implementations as possible while minimizing the impacts on the set of specifications.

4. Overlapping tracking areas
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Figure 2 -VLA determination avoiding ping-pong at VLA boundary
Since the contents of VLA are signaled individually for each terminal at the time of Network Attach and TAU, flexibility is given to MME to assign successively to a given user 2 VLA with one or several TA in common, so as to avoid ping-pong at the boundary of a given VLA.

5. Compatibility with legacy systems
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Figure 3 – VLA including TA of different systems
· Though UMTS and LTE cells may belong to different TAs, they can yet belong to the same VLA. The planning of TA is thus made easier.

· Broadcast channel of legacy systems needs not be modified. Legacy UE can still detect transitions across location areas according to legacy procedures.

· Only dual mode UEs (3G/LTE) will be signaled the content of their VLA with a list of TA-Ids. 

6. Hierarchical tracking areas
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Figure 4 -VLA determination as function of user velocity
· Assuming the TA are planned with some granularity, a VLA could be composed of a variable number of such TA so as to adapt the size of TA with the velocity of the terminal. 

· Assuming that a LTE cell can belong to multiple levels of TA, then VLA could indicate a list of TA-Id associated to different levels.

7. Dynamically defined user-specific tracking areas
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Figure 5 – VLA determination as function of user mobility (direction)
· Since the contents of VLA are signaled individually for each terminal at the time of TAU, flexibility is given to use either predefined VLA or adaptive VLA, depending on MME implementation. 

· Adaptation of VLA contents can be done according to observed mobility of UE (e.g. UE velocity and/or last visited cells), but also according to the mobility statistics of other UEs usually passing via the newly detected cell.

8. Concerns

It can be argued that in case of large VLA, the list of TA-Id that needs to be signaled to the UE might raise the level of signaling. However, this argument can be minimized with the following considerations :

· the VLA contains TA-Id rather than cell identifiers, so that the VLA list needs not contain one identifier per cell in the VLA.

· For large VLA, the frequency of tracking area update procedures is also minimized, so that the additional signaling effort can be neglected.

It can also be argued that building VLA from a set of elementary tracking areas might not yield enough optimization due to lack of cell granularity. However, in our proposal, the VLA list may contain any kind of location area identifier, including cell identifier, medium size TA or large size TA (in case HCS is used), allowing the combination of limited signaling (when large TA-Id are used) and fine details (when cell identifiers are used).

Then, it could be argued that legacy 3G UE and dual-mode 3G/LTE UE would need to deal with different mobility procedures with the proposed scheme. This is not a problem in our view, since the type of UE is identified at the time of initial RRC connection setup, and SGSN could thus apply different procedures for legacy 3G UE and for dual-mode 3G/LTE UE.

9. Conclusion
We proposed the concept of Virtual Location Area, and shown that this concept is compatible with the intentions raised by previous contributions. We would like to have this concept included in the appropriate TR.
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