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1. Introduction
This contribution raises a discussion point for a Hierarchical Tracking Area in LTE/SAE and proposes Mitsubishi’s Tracking Area concept for an advanced mobility management in LTE-IDLE state.

2. Discussion
2.1. Hierarchical tracking area principles
It is necessary to introduce advanced intra-access mobility management for LTE-IDLE state, because AIPN mobility mechanism(s) shall scale with the number of terminals and size of the AIPN ‎[1].

Current mobility management systems rely on predetermined, fixed and non-overlapping tracking areas. Therefore the size of location area can not be adapted to the velocity of each individual UE. Usually large tracking areas are commonly used, so as to minimize the number of tracking area update procedures for high speed UE. However this results in transmitting paging indications in all cells for all UE, even if UE is static. Such fixed sized tracking areas yield useless signaling traffic.

Figure 1 shows a Hierarchical Tracking Area concept, where the tracking area size depends on the velocity of UE and/or the estimated frequency of incoming calls.  The cells are thus no longer uniquely attached to one unique tracking area, and MME optimally selects the tracking area of a given UE camped in a given cell according to the UE movement characteristics.
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Figure 1: Hierarchical Tracking Area
We believe that introducing the Hierarchical Tracking Area concept LTE-IDLE state management can reduce the volume of signaling traffic related to Tracking Area update.

2.2. Area registration of a hierarchical tracking area

The figure 2 shows, for example, an area registration procedure of a Hierarchical Tracking Area. 
When a UE detect a change in its moving velocity, it sends an area registration message with moving velocity class to a MME. The moving velocity class is one of information elements, and corresponds to a given range of absolute velocities. 
A MME which has received the area registration message assigns a new hierarchical tracking area class corresponding to moving velocity class, and then it sends a confirm registration message with new Hierarchical Tracking Area class. When a UE has received the confirm registration message, it stores the assigned Hierarchical Tracking Area class.
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Figure 2: Updating of a hierarchical tracking area

2.3. Paging to a hierarchical tracking area

The figure 3 shows, for example, the distribution of paging request message to a hierarchical tracking area. In this figure, there are three Tracking Areas corresponding to 3 moving velocity classes A, B, C.
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Figure 3: Paging for Hierarchical Tracking Areas

When a MME receives a notification of incoming downlink packet from a UPE, it sends a paging request message with hop information to E-Node B in the Tracking Area. 
The hop information is introduced to tell the E-Node B to transfer or not the message to adjacent E-Node Bs. 
· For example, in case of velocity class A, the hop information is set to zero, therefore an E-Node which has received the paging request message directly from a MME doesn’t need to transfer the message to adjacent E-Node Bs. 
· In case of velocity class B, the E-Node B needs to transfer adjacent E-Node Bs using reference points between E-Node Bs ‎[2], ‎[3]. Similarly to the handling of the Hop Limit in IPv6 forwarding procedure, ENB decrements the number in the hop information at the time to transfer the paging request. 

· In case of velocity class C, the next E-Node B also needs to transfer the message to adjacent E-Node Bs and the each adjacent E-Node B transfers the message too.
Thus, the paging procedure is kept same for MME, regardless of the actual contents and size of the tracking area that is adapted to the UE velocity class. Also, the introduction of variable size location areas is simplified, since the velocity class fully defines the actual contents of the tracking area.

3. Conclusion
We propose a Hierarchical Tracking Area concept that it is considered as one of main issues to clarify the mobility management in LTE_IDLE state. We suggest adding "Support of Hierarchical Tracking Area" to clause 7.3.2 "Agreements on Tracking Area Issues" in SA2 technical report ‎[4].

4. Proposed Modifications for Text provided in TR23.882

<< New text in TR23.882 v0.10.0>>
~~~~~~ FIRST PROPOSED CHANGE ~~~~~~
7.3.2
Agreements on Tracking Area Issues

It is agreed that:

-
There is only one common Tracking Area concept defined for RAN and CN in LTE/SAE.

-
The location of a UE in LTE_IDLE is known by the network on a Tracking Area granularity.

-
A UE in LTE_IDLE is paged in all cells of the Tracking Area in which it is currently registered.
-
In order to avoid excessive Tracking Area update signalling within LTE, for terminals located on a Tracking Area border, the following solutions should be considered (detailed solutions are FFS);

a)
Allow one LTE cell to belong to multiple Tracking Areas, and allow the Tracking Areas to partially overlap each other

b)
Support the allocation of multiple Tracking Areas to the same terminal. 

-
Any given cell location can be associated to different Tracking Areas classes in support of Hierarchical Tracking Areas

~~~~~~ SECOND PROPOSED CHANGE ~~~~~~
7.7.2.3. Area Registration of Hierarchical Tracking Area
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Figure 7.X.X: Area Registration of a hierarchical tracking area

1)
The UE in idle state detects a change in moving velocity.

2)
The crossing of a Hierarchical Tracking Area boundary or a change in moving velocity triggers a tracking area registration. The UE sends its temporary identity and its moving velocity class to a MME.
3)
The MME assigns a new hierarchical tracking class corresponding to moving velocity class.

4)
Then, the MME sends a confirm registration message with new Hierarchical Tracking Area class.

5)
The UE stores the assigned Hierarchical Tracking Area class.

7.7.2.4. 
Intra LTE-Access-System change in idle state with user context transfer 

The information flow below depicts inter-MME/UPE mobility with context transfer between MME/UPE entities. MME and UPE entities on the old and the new side are shown together for simplicity reasons assuming a 1:1 relation between MME and UPE entities. This does not preclude a separation, which would however require the definition of an interface between both entities.
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