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1. Introduction

Registration Area and its functions are clarified in this contribution and some new functions are proposed.
2. Discussion

The discussion is based on following mobility management procedures:
Attach Procedure

The UE-initiated Attach Request message includes two parameters: S-TMSI and TA ID. And attach request can be triggered by the UE switching on , that is, the UE shall store the parameters S-TMSI and TA before the UE switching off and these two parameters should be stored in the non volatile medium, otherwise, the two parameters will be lost when the UE is powered off.

Conclusion: the UE should store its TA ID within the TA list and its S-TMSI to its non volatile medium after the TA ID and S-TMSI is successfully assigned to the UE.

In the TS23.401, when the MME sends Attach Accept message to the UE to responses to the UE-initiated Attach Request, the Attach Accept message shall include TA List. That is, a new TA list is assigned to the UE. 

Conclusion: if the attach procedure via E-UTRAN is accepted, the MME shall provide at least one entry in the tracking areas list.

S-TMSI Reallocation Procedure

In the TS23.401v1.1.0, the TA list can be reallocated in the S-TMSI Reallocation procedure when the UE is in active or in idle mode by the MME.
Conclusion: the TA list can be reallocated when the UE is in active or in idle mode by the MME.
Paging Procedure
The last bullet in the section 5.1.1.1 of TR24.801 is: the MME can initiate paging of the UE in all cells of all tracking areas the UE is registered to.
Also, the following sentences are excerpted from the section 5.1.2 of TR24.801:

The MME is responsible of allocating the S-TMSI to the UE. The S-TMSI is uniquely allocated in an MME Pool Area. The allocation of the S-TMSI can be performed during attach, tracking area updating and S-TMSI reallocation procedures. The MME uses the S-TMSI for paging purposes.
It is mentioned that the MME uses the S-TMSI for paging purposes.
According to the above two points, it is obvious that the MME should store the S-TMSI and TA list in the MME Context for the UE.

Conclusion: MME should store the S-TMSI and TA list in the UE Context for the UE

Detach Procedure
After UE is detached from the E-UTRAN access, the UE is re-attached to the EPS from the E-UTRAN, a new TA list is assigned to the UE during the attach procedure, so the old TA list is invalid after the UE is detached and UE can delete the TA list. Because the UE power off can trigger the detach procedure defined in the TS 23.401, so when the UE is powered off, the TA list is deleted or marked with invalid.

When the UE is detached from the EPS, the MME does not immediately delete the UE Context, so the TA list is still in the UE context of the MME.

Conclusion: After the detach, the TA list in the UE is invalid and can be deleted by the UE.
TA Update Procedure

The following sentences are excerpted from the section 5.1.2 of TR24.801:

A temporary user identity for E-UTRA based services, the S-Temporary Mobile Subscriber Identity (S-TMSI), is used for identification within the signalling procedures. The purpose of the S-TMSI is to provide identity confidentiality, i.e., to protect a user from being identified and located by an intruder. The structure of the S-TMSI will be specified in 3GPP TS 23.003 [7]. The S-TMSI provides for an unambiguous identity only within the tracking area list for which it was allocated. Outside the tracking area list the S-TMSI has to be combined with a Tracking Area Identity (TAI) to provide for an unambiguous identity. For this purpose the UE shall use the first TAI of the tracking area list.
It is mentioned that the UE shall use the first TAI of the TA List.

It is very simple for the UE to use the first TAI of the TA List, but this simplicity does not help the TA List reallocation during the TA Update procedure. If the UE use the last visited TAI of the TA List, the MME can allocate a better TA List during the TA update procedure. 

The following figure will illustrate the benefits. In the figure 1, when the UE enters TA1, it is supposed that there is a TAU procedure and the MME will assign a TA list to the UE in the TAU procedure, the allocated TA list is supposed to be TA1~TA6. Then the UE enters the idle mode and moves forward to TA2 and TA3. When the UE enters the TA7 from the TA3, there is a TAU procedure, the MME needs to allocate a new TA list to the UE. If the UE provides the TA1 in the TAU Request message, the MME has no idea where the UE enters the TA7 and can not allocate a good TA List. If the UE provides the TA3, the last visited TA ID in the TA list, in the TAU Request message, the MME knows that the MME enters TA7 from the TA3, the MME now knows the moving direction of the UE, and the MME can allocate a new TA list that is TA3,TA7,TA8. 
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Figure 1: TA List allocation during the TA Update Procedure

Conclusion: The UE can use any TAI of the tracking area list.
3. Proposal

Based on the above discussion, it is proposed the following changes to the TR24.801
Begin of change

5.1
General

5.1.1
Registration areas in the EPS

5.1.1.1
General
Within the EPS, a registration area is defined as a set of tracking areas and each of these tracking areas consists of one or more cells that cover a geographical area. Tracking areas cannot overlap each other. Within the EPS, the concept of "registration to multiple tracking areas" applies:

- 
a tracking area is broadcast in a cell, identified by a Tracking Area Code (TAC) and a PLMN identifier. In case of a shared network, a single TAC and multiple PLMN identifiers are broadcast;

Editor's note:
The structure and coding of the TAC is FFS.

-
in order to reduce the tracking area update signalling within the EPS, the MME can assign several tracking areas to the UE; 

-
the UE considers itself registered to a list of tracking areas and does not need to trigger tracking area update other than periodic tracking area update as long as it stays in one of the tracking areas of the list of tracking areas received from the MME;
Editor's note: the maximum number of tracking areas which can be allocated per UE needs to be defined.
· the UE will consider the list of tracking areas as valid, until it receives a new list in the next normal tracking area update or periodic tracking area update or it is commanded by the network to delete the complete list of tracking areas or it is detached from the EPS. If the tracking area update request or attach procedure via E-UTRAN is accepted or the TA list is reallocated by the MME, the MME shall provide at least one entry in the tracking areas list;
· The TA list can be reallocated by the MME;
· When the UE is detached from the EPS, the TA list in the UE is invalid; except for the first TAI, the TA list can be deleted by the UE.
· the MME allocates only one temporary identity (S-TMSI) to the UE, even if the UE is registered to more than one tracking area;
· The MME stores the S-TMSI and TA list in its EMM Context for the UE.

· the MME can initiate paging of the UE in all cells of all tracking areas the UE is registered to.

End of change
Begin of change

5.1.2
S-TMSI handling

A temporary user identity for E-UTRA based services, the S-Temporary Mobile Subscriber Identity (S-TMSI), is used for identification within the signalling procedures. The purpose of the S-TMSI is to provide identity confidentiality, i.e., to protect a user from being identified and located by an intruder. The structure of the S-TMSI will be specified in 3GPP TS 23.003 [7]. The S-TMSI provides for an unambiguous identity only within the tracking area list for which it was allocated. Outside the tracking area list the S-TMSI has to be combined with a Tracking Area Identity (TAI) to provide for an unambiguous identity. For this purpose the UE shall use the first TAI of the tracking area list.
Editor’s note: It is further consideration whether the last visited TAI instead of the first TAI from the TA list is provided by the UE.
The MME is responsible of allocating the S-TMSI to the UE. The S-TMSI is uniquely allocated in an MME Pool Area. The allocation of the S-TMSI can be performed during attach, tracking area updating and S-TMSI reallocation procedures. The MME uses the S-TMSI for paging purposes.

Editor's note: For the case of MME Pool Areas overlapping the uniqueness of the allocation of the S-TMSI is FFS.

A UE supporting E-UTRA includes a valid S-TMSI, if any is available, in the attach, tracking area updating and service request messages. The MME may assign a new S-TMSI for a particular UE at successful attach, tracking area updating and S-TMSI reallocation procedures.

If a new S-TMSI is assigned by the MME, the UE and the MME handle the S-TMSI as follows:

Upon receipt of a mobility management message containing a new S-TMSI the UE considers the new S-TMSI as valid and the old S-TMSI as invalid.

The MME considers the old S-TMSI as invalid as soon as an acknowledge for an attach, tracking area updating or S-TMSI reallocation procedure is received.
Usually, the S-TMSI reallocation is performed at least at each time the UE moves to a new tracking area not included in the tracking area list assigned to the UE. However, this is left to the network operator's policies.
End of change
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