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1. Introduction
This paper discusses the S-TMSI issue and proposes a way to achieve S-TMSI interworking with legacy network.
2. Discussion

It is claimed that the S-TMSI should be expanded in [1]. And it also proposes a method for the UE to access legacy network with S-TMSI. While there is a problem in case of combined MME/SGSN, for example, if a UE moves from E-UTRAN, where the UE attached to a combined MME/SGSN, to UTRAN which is in the same pool area, the UE may not be able to access the original MME/SGSN, since the legacy RNC may select another SGSN according to NNSF (NRI field in the P-TMSI in initial DT message).
This paper proposes a method to solve the problem and does not need to modify SGSN/RNC legacy node but only need to update DNS or the configuration of SGSN.
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Figure 1

We propose S-TMSI is composed of Pool-id, MME-id, UE-id and other possible parts. Pool-id is unique within a PLMN; MME-id is unique within a Pool; and UE-id is unique within an MME, so that the S-TMSI is unique within a PLMN. 

Due to Multi-TA concept, to avoid double allocation, S-TMSI should be unique within one pool. The unique Pool-id helps further unify S-TMSI in the whole PLMN. And this S-TMSI structure also has another benefit that the UE need not carry TAI info when accessing network with S-TMSI since the S-TMSI can identity the UE or the original MME.
When the UE accesses SAE network with S-TMSI, the ENB can select the MME according to the Pool-id and MME-id info in S-TMSI in the Initial DT RRC message; and the new MME finds the old MME also according to Pool-id and MME-id info in S-TMSI carried by the UE.
While when the UE accesses UTRAN with S-TMSI, to avoid modification on legacy network, the UE can set NRI field in P-TMSI as MME-id and utilize space of LAC, RAC and other part of P-TMSI to fill other part of S-TMSI. So that the S-TMSI can at most be expanded to 56 bits. To solve the combined MME/SGSN problem, the MME-id of the combined MME/SGSN from MME point of view should be set equal to the NRI of the same node from SGSN point of view. In order for the RAN node to perform new NAS node selection, it’s better to set MME-id and NRI not repeatable in the same and neighboring pools. For example:
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Figure 2
In the above network deployment, legacy SGSN cannot see Pool-id, legacy RNC can find pure SGSN and combined MME/SGSN according to NRI when the UE accesses UTRAN. And ENB can find pure MME and Combined MME/SGSN according to Pool-id and MME-id when the UE accessed E-UTRAN with S-TMSI. If the UE accesses E-UTRAN with P-TMSI, the ENB shall firstly try to find the MME whose MME-id equals to NRI in the pool, if there is no such MME, new MME selection will be triggered.
In case the UE accesses legacy UTRAN with S-TMSI, as shown in the figure 1, the UE will set NRI field as MME-id, so that the RNC will try to select the corresponding SGSN or combined MME/SGSN not considering pool-id. If no such SGSN, new SGSN selection will be triggered. To further retrieve context from old MME, the new SGSN query the old MME address from configuration or DNS according to P-TMSI and RAI which actually is S-TMSI info. As long as the configuration or DNS is updated, old MME addressed will be queried via Pool-id and MME-id in S-TMSI. Then the new SGSN sends Context Request (P-TMSI, RAI) to the old MME, the old MME can find the corresponding UE by S-TMSI which is provided in P-TMSI/RAI and then return UE context. 
The length of S-TMSI can be flexible according to the deployment of the network. For example, for a small PLMN with few and small pool, the length of S-TMSI is 32 bits; pool-id is 4 bits; and MME-id is 4 bits; when the UE accesses 2G/3G with S-TMSI allocated by this PLMN, S-TMSI can be filled in some space of RAI and P-TMSI, the other part can be set all zero. For a big PLMN with lots of and big pool, the length of S-TMSI can even be expanded to 56 bits; pool-id is 10 bits; and MME-id is 10 bits.

With this method, MME-id is at most 10 bits, and there is no limit for pool-id. As a result, a PLMN can hold enough MME and users.
3. Conclusion
This paper proposes a method for S-TMSI to interwork with legacy network without modification on legacy nodes. Only some configuration or DNS should be updated. Using this method, the S-TMSI can at most be expanded to 56 bits. Besides, this method also solves the problem of combined SGSN/MME. Some other benefits are: there is no need to carry TAI info when UE accessing SAE with S-TMSI so that radio resource is saved; ENB can directly decide to perform new MME selection when finding no corresponding pool-id; and due to unique pool-id, MME-id can be configured without taking neighbouring pool configuration into account in a pure SAE network.
It is proposed to reflect this solution into TS 23.401.
4. Text Proposal

/***********************************Start of Change*********************************************/

5.2.2
S-TMSI

The MME shall allocate an S-Temporary Mobile Subscriber Identity (S-TMSI) to a user in order to support the subscriber identity confidentiality.

For paging and accessing, The S-TMSI identifies both the user and the serving MME. 

For NAS signalling, the S-TMSI identifies the UE. There is no need to identity the UE by combining TAI.
The S-TMSI is uniquely allocated in a PLMN. S-TMSI consists of Pool-id, MME-id and UE-id. Pool-id is unique within one PLMN; MME-id is unique within one pool; and UE-id is unique within one MME. Other component is FFS. 
The structure of the S-TMSI is specified in 3GPP TS 23.003 [9].
NOTE:
The combination of  Pool-id +MME-id provides an MME identifier that is unique within the PLMN. 
/**************************************End of Change*********************************************/
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