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1
Introduction

A number of contributions with analysis of different alternatives for LTE/SAE Tracking Area (TA) concept have been submitted to recent SA2 and RAN3 meetings. The item has still not been closed, and only very agreements have been listed in the latest version (1.2.3) of TR 23.882.
This contribution proposes to agree on few additional principles to complete the Tracking Area concept description. Basically the proposal is to formalise the usage of the listed potential solution alternatives, i.e. letting LTE cells belong to many TAs to allow for overlapping and hierarchical structures, and allowing UE to register to both LTE/SAE TA and 2G/3G RA simultaneously, which will be the basis for minimising signalling in idle mode intersystem mobility (this topic is covered by other contributions).
2
Discussion

2.1
Current status

While the current section in TR 23.882 is very short in text, it already covers the most important principles:

· The Tracking Area (TA) is the unified LTE_IDLE mode Location Management concept in LTE/SAE system.

· TA defines a group of cells where the UE in LTE_IDLE mode registers, and where the UE is paged in case of incoming communication attempt.

This is following the design that is familiar from both 2G and 3G. Furthermore, the TR already lists the most likely candidates for future enhancements:

1. Cells in E-UTRAN could belong to many TAs (TA overlap)
2. UE could be registered to many TAs at one time (multi-registration)
It is viewed by Nokia, that both of these are useful concepts, and can be used for different purposes. The following sections provide further information about how to amend the list of principles to cater for the overall enhancement requirement of how to keep the idle Location Management signalling in optimised level.
2.1
Main principles
There are two main drivers to enhance the area concept for Location Management in LTE/SAE system:
1. Being able to define Location Management areas so that the amount of signalling can be controlled. In particular minimising the risk of creating such hard borders in the system, where excessive location management signalling will appear.
2. Minimising idle mode signalling when moving between 2G/3G and LTE/SAE systems in idle mode.
In principle both the already identified solution alternatives TA overlap and multi-registration can be utilised to alleviate these problems. In general terms, the TA overlap is network configuration based solution, while multi-registration is based on algorithm run in the terminal (the algorithm could be network guided). 

Since setting the TA structure is a network configuration matter, it is viewed that TA overlap is particularly suitable for LTE/SAE system. On the other hand, since it is difficult to change the behaviour of the already installed 2G and 3G networks, allowing multi-registration between 2G/3G network and SAE/LTE would be the best suited solution (further details of this solution in other contributions).
It is proposed that the following additional Tracking Area principles are agreed:
1. LTE cells may belong to several TAs. This allows creating overlapping and hierarchical TA structures. The number of TAs a LTE cell may belong to is FFS, but shall be limited.
2. A TA is a defined group of LTE cells, and it has a unique identity.

3. The Identities of MMEs and TAs are not connected to allow maximum flexibility for pooling of nodes (e.g. S1 flex).

4. UPE does not have any knowledge of the TAs
5. UE may be registered to one LTE/SAE TA at the time, and in addition to one 2G/3G RA at the same time.

2.2
Location Management utilising Tracking Area principles

This contribution attempts to complete the list of TA definition principles. To highlight the usage of TAs defined accordingly, this section lists some the Further Location Management mechanisms that would need to be specified in SAE/LTE standards:

· Nodes that need to store the defined tracking area structure in a SAE/LTE system:

· The MME needs to know for each TA the list of eNBs belonging to it. The MME also needs to have appropriate address information to be able to send paging message to them.

· The eNB needs to know for each of its cells which TA(s) they belong to

· Which network nodes need to memorise the tracking area of a UE:

· The UE memorizes which TA (and RA) it has registered to
· The MME memorizes which TA a UE it serves is registered to
· UE and network behaviour and protocols for TA updating

· The cell broadcast includes the unique identities of TA(s) it serves

· The UE may camp on any cell belonging to the TA (or RA) it has registered to, and should perform TA update when it enters any other a cell, or whenever the periodic update timer expires.

· In reply to the TA update, the MME informs the UE about the periodic update timer value, i.e. how often the UE is to perform a periodic update.

It will not be necessary to specify in the standards how hierarchical TA structures are developed. Depending on the needs of a particular network, the TAs definitions may span from a single non overlapping layer to a multilayer hierarchical structure.
3
Proposal

It is proposed to apply the modifications shown below with revision marks to chapter 7.3 of TR 23.882:
**** Start of changes ****

7.3
Tracking Area

7.3.1
Description of issue

In GSM, mobiles are tracked in Location Areas and Routeing Areas. In UMTS, mobiles can be tracked in UTRAN Registration Areas as well as LAs and RAs. Within this Technical Report, Tracking Area is used as a generic name for LA, RA and URA.

Within the LTE/SAE work, there has been debate about how many levels of Tracking Area there should be.

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.
-
Tracking Area is a defined group of LTE cells, and has a unique identity.
-
Tracking Area and MME identities are sufficiently independent to allow for full flexibility in pooling of nodes (e.g. S1 flex)

Note: UPE does not need to have any knowledge of the Tracking Areas
-
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 and between LTE and 2G/3G, for terminals located on a Tracking Area border, the following solutions are utilised;

a)
Allow one LTE cell to belong to multiple Tracking Areas, and allow the Tracking Areas to partially overlap each other. The number of Tracking Areas a LTE cell may belong to is FFS, but shall be limited. 
b)
UE may be registered to one LTE/SAE TA at the time, and in addition to one 2G/3G RA at the same time..

**** End of changes ****
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