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1
Introduction

This document introduces the two baseline Tracking Area proposals that have been identified to be the most likely candidates for LTE/SAE Tracking Area definition.
2
Discussion

2.1
Current status

TR 23.882 outlines the following principles:

· There is only one common Tracking Area concept defined for RAN and CN in LTE/SAE.
· 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-TA registration)
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 of the already identified solution alternatives can be utilised to alleviate these problems. 

2.1 Alternative 1, “Overlapping Tracking Areas”
The first alternative, here named as overlapping TA alternative, is characterised as follows:

-
There is only one common Tracking Area concept defined for E-UTRAN and Evolved Packet Core 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. 


This principle allows the creating overlapping and hierarchical TA structures.
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.
2.2 Alternative 2, “multi-TA Registration”
The second alternative, here named  multi-TA Registration, is characterised as follows:

-
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 may be paged in all cells of the Tracking Area(s) in which it is currently registered.

-
Each cell belongs to one Tracking Area only. 

Note:
In case of Shared Networks (details are yet FFS), a list of PLMN Id’s is broadcasted in addition from which a UE, once the PLMN selection was performed successfully, can construct the actual TAI from the broadcasted TAC and the selected PLMN Id.

· In order to avoid excessive Tracking Area update signalling within LTE, for UEs located on a Tracking Area border, the UE may be registered to multiple Tracking Areas. Regardless whether the UE is registered to one ore multiple Tracking Areas, only one Temporary UE identifier is allocated.

· At Tracking Area Update the UE indicates one of the Tracking Areas it is currently registered and the corresponding Temporary UE Identifier, for shared network support the UE indicates the selected PLMN. The RAN indicates the Tracking Area the cell from which the UE has triggered the Update procedure belongs to.

· Apart from periodic updating, the UE does not need to trigger Tracking Area Update as long as it roams in one of the Tracking Areas it is registered. 

2.3 Comparison of the alternatives by their characteristics
The following table summarises the commonalities and differences between the two proposals

	
	“Overlapping TAs”
	“multi-TA registration”

	Concept description
	
	

	System Info Broadcast
	multiple TAs broadcasted per cell
	single TA broadcasted per cell

	Trigger for the update of the UE’s registration (apart from periodic update)
	- always UE triggered

- when the UE leaves the TA where it is registered
	- always UE triggered

- when the UE is no longer in any of the TAs where it is registered

	Registration of UEs during update procedure
	to one TA only
	- to a list of TAs

- which may be different per UE

- max. number of TAs per UE to be defined by CT1

	Indication of “current TA” by the RAN in the course of the TA Update Request procedure (see Note 1)
	List of TAs broadcasted in the cell where the TAU criteria was met.

(see Note 2)
	The TA broadcasted in the cell where the TAU criteria was met.

	Mobility State applicable for TA Update
	IDLE – similar to RAU and LAU in 2/3G

ACTIVE – similar to the “RAU during SGSN change” procedure with the difference that a TAU is performed with the same trigger conditions as in IDLE state (See note 4) (in order to update roaming restrictions).

	Allocation of Temporary Subscriber Id (“TMSI”)
	as in 2G/3G where a new TMSI/P-TMSI is allocated (at least) at LA/RA change  (however necessary for only one domain in SAE)
(see Note 3)
	one TMSI, applicable for all TAs a UE is being registered (see Note 3)

	Support of Shared Networks
	Broadcast of a List of Multiple PLMN Ids on BCH.

The “current TAI” is constructed from the chosen PLMN and the TAC received on the BCH (see also section 4.4.1 in [3]). In the update procedure the UE indicates the chosen PLMN whereas the RAN indicates the TAC of the cell where the update procedure is started.

	Paging
	In all cells of the TA the UE is registered.
	In all cells of all TAs the UE is registered. 

Implementation specific optimisations possible


Note 1: 
In 2G/3G it is the radio network which adds the "current" LAI/RAC to the INITIAL UE message. The LAI/RAI provided by the UE in the Location Update Request/Routing Area Update Request is the "old" LAI/RAI belonging to the area where the TMSI was allocated. This principle should be kept for SAE/LTE as well

Note 2:
For the “overlapping” concept, an alternative solution could be to report just one of the TAs and rely on topological knowledge in the CN. It is expected that the CN is anyhow the node that performs the final TA assignment. In ACTIVE mode, the TA assignment is not crucial. However, in IDLE mode, if optimisation of mobility signalling is envisaged, it is the CN that could act on certain mobility statistics and allocate the proper TA, which would require topological knowledge in the CN. Topological knowledge on an eNodeB granularity is assumed to be available in the CN for paging distribution in any case.

Note 3:
Co-ordination of TMSI allocation among TAs is necessary for both concepts. This can be regarded as an implementation matter, but is suggested to request CT1 for comments on that. This is further elaborated in section 2.1

Note 4:
These cases are when the UE has entered a new TA, or when the MS has to indicate new access capabilities to the network, but not when the periodic TA update timer has expired,
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