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1. Introduction

At the last CT1 meeting #44 in Fairfax, CT1 received an LS from RAN3, asking CT1 for feedback on the two different concepts proposed for the use of Tracking Areas (TA) in LTE/SAE [1].
The present contribution discusses a number of aspects of the two concepts that are relevant for CT1 and proposes a way forward for an answer to RAN3. 

2. Description of the two concepts

The following description is mainly based on the outline of the two concepts given in [2], but in some places we have made additional assumptions about the existence and names of certain messages (like TAU Request or Initial UE). 
Furthermore we are referring to the concept of a temporary user identity S-TMSI in SAE which is similar to the P-TMSI in 2G/3G networks and is used as temporary identity for paging and for initial NAS message from the UE to the core network. According to [3], subclause 7.20.2, this S-TMSI is unique within a tracking area or within MME pool area(s).
2.1 Overlapping Tracking Areas

For the overlapping TA concept it is assumed that:

- Multiple TAs can be broadcast in a cell, i.e. tracking areas can be overlapping.
- The NodeB forwards the initial uplink NAS message (e.g. TAU Request) from the UE to the MME in a message Initial UE [TAU Request (S-TMSI, TAold)]. In the same Initial UE message, the NodeB either includes the tracking areas TA1, …, TAn broadcast in the cell where the UE is currently located -- or the NodeB includes only one of these tracking areas and the MME itself derives the full list of TAs (TA1, TA2, …, TAn) from this information (ffs in RAN3).
- The TAU Accept message received by the UE during the TA update procedure contains 1 TA = TAreg and 1 S-TMSI.
- The UE initiates a TA update procedure when it leaves the registered TA, i.e. when the list of TAs received with the system information broadcast in a cell does not contain TAreg.
- Paging is performed in all cells belonging to the tracking area TAreg where the UE is registered.
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2.2. Multi-TA Registration

For the multi-TA registration concept it is assumed that:

- A single TA is broadcast in a cell.
- The NodeB forwards the initial uplink NAS message (e.g. TAU Request) from the UE to the MME in a message INITIAL UE [TAU Request]. In the same Initial UE message, the NodeB includes the tracking area TAcurrent broadcast in the cell where the UE is currently located. 
- The TAU Accept message received by the UE during the TA update procedure contains a list of TAs = (TA1, TA2, …, TAn) and 1 S-TMSI. (Note: for a concept with more than one S-TMSI see the note at the end of section 3.2.) 
- The UE initiates a TA update procedure when it leaves the union of TA1, TA2, …, TAn and enters a new TA, i.e. when the TA received with the system information broadcast in a cell is not included in the list of TAs = (TA1, TA2, …, TAn).
- Paging is performed in all cells belonging to the union of TA1, TA2, …, TAn. 
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3. NAS layer aspects
3.1 Requirements on the UE implementation
On a high level, the requirements of both concepts on the UE implementation can be described as follows. 

Overlapping Tracking Areas:

· The UE receives a list of TAs in the system information broadcast. If the single TA stored in the UE (i.e. the TA where the S-TMSI was allocated) is not included in the list, then the UE has to perform a TA update.

· In the TAU Request message the UE includes its S-TMSI and the TA stored in the UE. From the MME the UE receives a new TA in the TA Accept message and stores it. The old TA is overridden. 

· If the MME responds with a TAU Reject message then, dependent on the reject cause, the TA stored in the UE will be kept or deleted. 
If in SAE a "forbidden tracking area" concept has to be supported, similar to the "forbidden location area" concept in 2G/3G, the following rules apply in addition: 
· When a TAU Reject message is received with an appropriate reject cause, the UE adds all TAs broadcast in the cell to a list of "forbidden TAs" stored in the UE. Dependent on the reject cause, different lists of "forbidden TAs" may be applicable. -- Open issue: is one reject cause always sufficient, or are there configurations where for a certain subscriber different reject causes need to be signalled for the different TAs broadcast in the same cell?  

· Access in a cell is forbidden, if each TA broadcast in the cell is stored in one of the lists of "forbidden TAs". If only some of the TAs are stored in the lists, this does not prevent the UE from performing an access.
Multi-TA Registration:
· The UE receives a single TA in the system information broadcast. If the single TA is not included in the list of TAs stored in the UE, then the UE has to perform a TA update.

· In the TAU Request message the UE includes its S-TMSI and one of the TAs stored in the UE. From the MME the UE receives a new list of TAs (which may also consist of 1 single TA) in the TA Accept message and stores it. The complete old list of TAs is overridden. 

· If the MME responds with a TAU Reject message then, dependent on the reject cause, the complete list of TAs stored in the UE will be kept or deleted.

If in SAE a "forbidden tracking area" concept has to be supported, the following rules apply in addition: 

· When a TAU Reject message is received with an appropriate reject cause, the UE adds the TA broadcast in the cell to a list of "forbidden TAs" stored in the UE. Dependent on the reject cause, different lists of "forbidden TAs" may be applicable.

· When a TAU Accept message is received with a list of registered TAs, the UE removes the registered TAs from the list(s) of "forbidden TAs", if they are stored on any.
· Access in a cell is forbidden, if the TA broadcast in the cell is stored in one of the lists of "forbidden TAs".

Conclusion: 
On the high level considered here, we do not see a significant difference between the two concepts concerning the complexity of the UE implementation. 
A combination of both concepts will result in additional complexity, as then instead of a comparison between a single TA and a list of TAs usually a comparison between two lists of TAs needs to be made.
3.2 Coordination of S-TMSI allocation

Both concepts require a coordination of S-TMSI allocation for different tracking areas, since the S-TMSI should be unique in the TA (or even in the MME pool area(s)) where the S-TMSI was assigned.
E.g. with the overlapping TA concept, if there is a cell belonging to tracking areas TA1 and TA2, a specific S‑TMSI 1 may be allocated only once within the union of TA1 and TA2. Otherwise, if the network performs paging in this cell with S-TMSI 1, more than one UE could respond to the paging. Besides, in order to uniquely identify itself a UE would need to add the identity of the TA where the S-TMSI was allocated to each initial uplink NAS message (e.g. Service Request). 
The reasoning for multi-TA registration is similar: S-TMSI 1 may be allocated only once within the union of the TA1 and TA2. Otherwise, if TA1 and TA2 are usually included together in the TAU Accept message, more than one UE could respond to the paging within one of the two TAs, and the S-TMSI alone would not be sufficient to identify the UE uniquely in the initial uplink NAS message.
There are different options to achieve such a coordination of S-TMSI allocation:

a) One possibility would be to allocate each S-TMSI only once per MME (or MME pool area(s)). It needs to be checked, whether the S-TMSI space is large enough for such an approach, as S1-flexibility needs to be supported. 

b) Another possibility would be to divide an MME service area into separate sets of TAs (= TA clusters that do not overlap) and to allocate an S-TMSI only once within a cluster. Within a cluster TAs can overlap (alternative 1) or can be included in the TAU Accept message in any combination (alternative 2). This would, however, create hard borders within an MME service area, and traversal of such a border would always trigger a TA update. 
Other solutions are of course possible, and the details should be left to implementation.

(Note: Yet another option for the multi-TA registration concept would be to avoid the need for a coordination by including one S-TMSI per TA in the TAU Accept message. However, this would increase the length of the TAU Accept message, and it would increase the complexity for the UE and network implementation of mobility/TA update handling and paging. Therefore, we will not study this option any further.)
In sum, both concepts require a coordination of S-TMSI allocation, but apparently similar solutions can be applied to both concepts; so this is no argument in favour of one or the other concept.
3.3. Knowledge about topology needed by the MME
In order to select a TA or a list of TAs for the TAU Accept message, the MME needs to have some knowledge about the topology of the E-UTRAN. Some topological knowledge is already available in the core network today (e.g. the SGSN knows which RA is served by which RNC(s)), but for the TA concepts in SAE additional information would be needed: 

In the overlapping TA concept the MME needs to know which TAs are broadcast by the NodeB in the respective cell where the UE is currently located. In principle this information can be provided by the NodeB each time with the INITIAL UE message, but if the S-TMSI allocation has to be coordinated by the MME, then the information which TAs are overlapping somewhere in the MME service area needs to be stored in the MME anyway. Additionally, if the E-UTRAN is using hierarchical TA structures, the MME needs to know at least which TA belongs to which level in the hierarchy (i.e. which TA is an 'overlay TA' for other TAs).
In the multi-TA concept the MME needs some information about the neighbourhood of the TA where the UE wants to register. If the S-TMSI allocation has to be coordinated by the MME, then this information will be available in the MME anyway (e.g. by defining TA clusters). Information about relative TA size does not need to be stored, since the size of the area in which the UE can move without performing a new TA update is controlled via the length of the list of TAs.
In sum, if an overlapping TA concept with hierarchical TA structures is used, this will require to store some additional information in the MME (e.g. by storing the TAs in a 'tree structure').

3.4. Flexibility of use and adaptation to changing requirements
In the overlapping TA concept only one TA can be included in the TAU Accept message, but if a hierarchical TA structure is used, the MME can select between TAs of different size. This allows for some flexibility of use (also dependent on the number of levels of hierarchy).

Each area that is intended to be used as a "registration area" needs to be configured as an individual TA. In that way the number of TAs that need to be configured can grow quite rapidly: E.g. in an area of 4x4 squares ('small' TAs) there are already 24 combinations of 2 adjacent squares, 52 combinations of 3 adjacent squares and 65 combinations of 4 adjacent squares ('bigger' TAs). Even if in a real network only a fraction of these combinations will actually be used, the size of the TA data base in the MME could become an issue.
	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Later adjustments, e.g. when the mobility pattern of the subscribers changes, are only possible by changing the TAs. This requires reconfiguration of the E-UTRAN and as a rule also updating the corresponding topology information in the MME.
In the multi-TA registration concept the MME can include one or several TAs in the TAU Accept message (up to a certain limit to be specified by CT1). The length of the list of TAs can be a static or dynamic parameter. This allows for some flexibility of use, and later adjustments are possible by making changes in the MME only.
Conclusion: Both concepts allow for a similar flexibility by assigning larger or smaller TAs (alternative 1) or longer or shorter lists of TAs (alternative 2). 
With regard to the ability to adapt to changing requirements (e.g. changing mobility patterns of the subscribers) the multi-TA registration concept seems to be more flexible, since adaptations can be limited to the MME, whereas with the overlapping TA concept changes to the E-UTRAN and MME are necessary. 
4. Conclusion and proposed Action
In this contribution we have studied some NAS layer aspects of the two different tracking area concepts. 

With regard to the complexity of UE implementation and the coordination of S-TMSI allocation we did not find a significant difference between the two concepts. A combination of both concepts, however, will result in additional complexity both on the UE and the network side; therefore we recommend to select only one of them.

If an overlapping TA concept with hierarchical TA structures is used, this will require to store some additional information in the MME, and when it comes to the ability to adapt to changing requirements (e.g. changing mobility patterns of the subscribers) we see advantages for the multi-TA registration concept, as with this concept it may be possible to restrict the necessary reconfigurations to the MME database.

It is proposed to send a summary of these findings with an LS to RAN3 and to express a preference for the multi-TA registration concept.
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Note: according to TS 23.882, v 1.6.1, 

It is agreed that UE registers to both the SAE network and the UMTS network separately. After that, whether the MME and the SGSN should be both registered to HSS is FFS. It is also agreed that the UE gets separate RAI and TAI for 2G/3G or LTE/SAE mobility management, allocated respectively by SGSN or MME/UPE.
The consequences of these separate registrations for the NAS signalling between UE and MME are ffs and are not considered in this contribution. 
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