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1. Introduction

In this document various methods for assigning temporary user identity(S-TMSI) in Multi-TA Registration concept are discussed. We also analysed the effect of some MM procedures due to the different assigning methods of temporary user identity.

2. Discussion
Currently in the SA2 TR 23.882 section 7.3.2, there are two different solutions described for the intra-LTE tracking area concept. One is based on overlapping (or partially overlapping) tracking areas (“Overlapping Tracking Areas”) and the other is based on assigning multiple non-overlapping tracking areas to the same terminal (“Multi-TA Registration”). Both concepts meet the basic requirements on flexibility, and provide a hysteretic mechanism to avoid frequent tracking area updates.
In the R3-070478 document, RAN3 and CT1 have got the agreement that the Multi-TA Registration is the only solution for TA area.
So, the following analysis of the effect of some MM procedures due to the different assigning methods of temporary user identity is based on the Multi-TA Registration concepts.

2.1 The S-TMSI allocated uniquely in one tracking areas.

In this case, S-TMSI is only unique per tracking area. Because of the adoption of the Multi-TA Registration technology, the S-TMSI would not be sufficient to identify the UE in some procedures.

In the paging procedure, an UE is paged in all cells belongs to the TA List where it registered last time. Because S-TMSI is only unique in one tracking areas, more than one UE which assigned the same S-TMSI with different tracking area under the coverage of TA List may respond to the paging message. In order to avoid this kind of conflict, an additional identifier of the TA where the S-TMSI was allocated should be included in the paging message transferred from CN to RAN and from RAN to UE.

Besides, in order to uniquely identify itself a UE also needs to add the identifier of the TA where the S-TMSI was allocated in some uplink NAS message (e.g. Service Request and Detach Request).
There are several advantages if this allocating method adopted. The MME can use the S-TMSI space sufficiently to support more customers. When UE moves from SAE to UMTS network, the structure of message of RAU and Attach procedure can be kept same as before and only RA and P-TMSI replaced with TA and S-TMSI, so the SGSN in UMTS is not requested to upgrade. And this method can also allow TA List overlapping.

2.2 The S-TMSI allocated uniquely in Multi-TA List areas.

In this case, S-TMSI is unique per TA List areas.

If TA lists are not allowed to overlap with each other, the S-TMSI is sufficient to identify a UE in the paging broadcast areas during the paging procedure. So the paging message does not need to be changed. In the uplink NAS message (e.g. Service Request, Detach Request, attach Request and TA update Request), either the current TA ID which filled by the RAN or the old TA ID provide by the UE can identify a TA List. And the CN can use TA ID + S-TMSI to identify a UE in the MME.

If TA lists allows overlapping, the paging message and some uplink NAS messages (e.g. Service Request, Detach Request, attach Request and TA update Request) should include the identifier of the TA List.

In order to be compatible with legacy network, the assigned TA List Index should be recognizable to the whole network. For example, when a UE moves from SAE to pre-SAE, the assigned TA List Index should be understood by the legacy SGSN. So the format of Multi-TA List should similar with RA ID format. And the SGSN can find the route information from the TA List Index which filled in the RA ID unit included in the RA update request or attach request message.

Normally, the TA list will not be very large. With this allocation method, we can get the balance in using the S-TMSI space sufficiently and the convenience of paging (no overlapping).  By designing the TA List Index properly, we can get good compatibility with legacy network.

2.3 The S-TMSI allocated uniquely in MME or MME pool.

Because of S-TMSI is exclusive per MME or MME pool the paging and other MM procedures don’t need to be changed. It has good compatibility, but the range of coverage of MME or MME pool is bigger than TA list, so many TA list will share the capacity of S-TMSI, so this method will limit MME or MME pool capacity.

3. Conclusion and proposed Action

In this contribution we have studied some methods for assigning temporary user identity(S-TMSI) in Multi-TA Registration concept.
The table 1 displays the messages which should be changed if adopt those methods.  

Table 1
	message/ method
	Method 2.1
	Method 2.2
(TA List not overlapping)
	Method 2.2

(TA List overlapping)
	Method 2.3

	Paging 
	Add TA ID
	Not change
	Add TA List Index
	Not change

	Service Request
	Add TA ID
	Not change
	Add TA List Index
	Not change

	Detach Request
	Add TA ID
	Not change
	Add TA List Index
	Not change

	TA update Request
	Not change
	Not change
	Fill TA List Index into old TA ID field 
	Not change

	Attach Request
	Not change
	Not change
	Fill TA List Index into old TA ID field
	Not change

	Context Request
	Not change
	Not change
	Fill TA List Index into old TA ID field
	Not change


The table 2 compares the advantage and the disadvantage of all the methods.
Table 2
	Compare Item/ method
	Method 2.1
	Method 2.2

(TA List not overlapping)
	Method 2.2

(TA List overlapping)
	Method 2.3

	Using the S-TMSI space sufficiently
	Gain the biggest S-TMSI capacity.
	Gain the big S-TMSI capacity.
	Gain the big S-TMSI capacity.
	Gain the small S-TMSI capacity.

	compatibility with legacy network
	Good compatibility
	Good compatibility
	Good compatibility
	Good compatibility

	support for TA List overlapping
	Support
	Not Support
	Support
	Support

	Influence  the burden of air interface
	Add the burden of air interface slightly
	No Influence  on burden of air interface
	Add the burden of air interface slightly
	No Influence  on burden of air interface

	Complexity of system
	simple
	normal
	normal
	simple


Although the method 2.3 has good compatibility, it reduces the capacity of the MME greatly. So we think it is not very suitable in Multi-TA Registration situation.

With regard to the capacity of S-TMSI space, the good compatibility with legacy network and the support for TA List overlapping, the method 2.1 is quite good.

If the TA List does not allow overlapping with each other, the method 2.2 is better because it should not change the paging message.
It is proposed to adopt the all methods as options for assigning temporary user identity(S-TMSI) in SAE though 2.1 and 2.2 show more benefits. It is also proposed to send a LS to RAN3 to discuss the effort on RAN site of these methods.
It is proposed to add all candidate methods into TR 24.801 as follows:
Annex X (informative):
The Assignment of S-TMSI in  Multi-TA Registration Solution

X.1
Description of issue

Because of the adoption of the Multi-TA Registration technology, there are some efforts on the assignment of S-TMSI. This section presents some possible candidate methods of S-TMSI assignment.

X.2
Potential Solutions

The following solutions have been discussed:

a)
The S-TMSI allocated uniquely in one tracking areas with an additional TA identity.

b)
The S-TMSI allocated uniquely in TA List areas.

c)
The S-TMSI allocated uniquely in MME or MME pool.

X.3
Solution(s) Analysis

The method (a) provides good compatibility with legacy network if Multi-TA Registration List overlapping is supported, without downgrading the capacity of S-TMSI space, only with an additional TA IE in several messages.
If TA Lists are not allowed to be overlapped with each other, the method (b) is simple, easy to implement and good compatibility, e.g. without changing the paging message, but hardly to reduce Ping Pong. 

If TA Lists are allowed to be overlapped with each other, the method (b) provides good flexibility only with an additional IE of TA list identity in several messages.
The method (c) has good compatibility and provides best flexibility among three methods, but it reduces the capacity of the MME.
It is proposed to discuss the methods and make a decision based on these options or more possibilities for assigning temporary user identity(S-TMSI) in SAE.
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