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1 Introduction

The introduction of the GUTI concept in EPS leaves some issues unresolved: 

· How to route signalling from a 2G/3G/eUTRAN UE to one and the same combined SGSN/MME serving the UE when Iu/Gb/S1-flex is used and either P-TMSI or GUTI has been provided to the UE
· How are pre-release 8 SGSNs supported

· How is the mapping compatible with ISR?

The contribution discusses these and related issues. 

2 Discussion
2.1 In case ISR is not active, should the UE have both GUTI and P-TMSI, or only one of them?

Previously, it has been assumed that even if ISR is not active, the UE may acquire both a GUTI and a P-TMSI and use the one corresponding to the current access. However, networks are assumed to contain a mixture of pre-release 8 and release-8 SGSNs, and such a behaviour may pose problems in case a UE moves to a pre-release 8 SGSN. Note that a UE does not know a priori whether it is going to be served by a release-8 or a pre-release 8 SGSN. (Usage of broadcast information is not desired for this purpose, and it is anyway not a good solution as the very same RNC or BSC may be served by a mixture of release-8 and pre-release 8 SGSNs.)

Since a pre-release 8 SGSN understands only a single identifier (P-TMSI), the UE needs to provide the last used identifier (P-TMSI or GUTI) in the P-TMSI field in order to make sure that the pre-release 8 SGSN fetches the context from the last used core network node. 
While this approach can solve the problem of having pre-release 8 SGSNs in the network, it has undesirable characteristics. When a UE is registered at both an SGSN and at an MME, and moves from EUTRAN to GERAN/UTRAN it needs to map the GUTI into the P-TMSI to allow the SGSN to fetch the context from the MME. However, this means that GERAN/UTRAN is not guaranteed to select the same SGSN as earlier, a new SGSN may be selected. The consequence of it is frequent core network signalling due to the fact that the already existing SGSN context is not re-used. Or alternatively the NAS node selection mechanism is coupled between GERAN/UTRAN, however that would limit the flexibility of deployments and impose restriction in load balancing. Also, the security context in the old SGSN cannot be re-used. Similar argumentation is valid for the other direction, from GERAN/UTRAN to EUTRAN. 
We conclude that due to the potential presence of pre-release 8 SGSNs in the network, we cannot make use of the potential gains of maintaining both an SGSN and an MME registration and having both a P-TMSI and a GUTI in the UE, in case ISR is not active. In addition, contribution S2-082366 (Discussion on double registrations and update type usage, ZTE) has revealed some problems with maintaining double registration in the HSS when ISR is not active.
Hence it is proposed to maintain only a single registration in the core network in case ISR is not active. That means that the UE has either a P-TMSI or a GUTI but not both. During access change, the UE maps the P-TMSI into a GUTI and vice versa. HSS maintains only a single registration if ISR is not active. UE behaviour is simple: whenever the MME/SGSN indicates that ISR is not active, the UE should drop the temporary id of the other access. 
In order to get optimizations for the security mechanism, it is further proposed that an MME and a release 8 SGSN can store the security context for the other access as part of the UE context. I.e., the MME can store the GERAN/UTRAN security context and the release 8 SGSN can store the EUTRAN security context. This allows the core network to avoid re-establishing security at access change between GERAN/UTRAN and EUTRAN. 

2.2 Finding a combined Gb/Iu-flex SGSN and MME using GUTI and P-TMSI
In TS 23.401 section 5.3.3.2 on E-UTRAN Tracking Area Update the two following editor’s notes are present: 

Editor's Note:
It is FFS how the S-TMSI and P-TMSI handling is performed to let RAN select the same CN node for GERAN/UTRAN access as for E-UTRAN access, this to support co-location of the MME function and the SGSN function in one node.

Editor's Note:
It is FFS whether and how an S-TMSI is derived from the P-TMSI. It is also FFS whether this facilitates the collocated MME/SGSN or whether additional information is used for this.

The basic problem is twofold: 

· For the eNodeB to select the MME co-located with the SGSN currently serving the UE when the UE moves from UTRAN/GERAN to eUTRAN access within the service area of the combined node. 

· For the BSS/RNS to select the SGSN co-located with the MME currently serving the UE when the UE moves from eUTRAN to UTRAN/GERAN access within the service area of the combined node. 

2.3 Issues from UE uncertainty of actual scenario
The UE is not in advance aware of the kind of core network node that is target of the NAS signalling
When the UE sends a NAS 2G/3G Attach Request message the UE is not aware of if the SGSN is: 
· A pre-Rel-8 SGSN or a Rel-8 SGSN
· An SGSN part of an SGSN Pool or a standalone SGSN
· An SGSN part of a co-located MME/SGSN or a standalone node
The UE therefore needs to send the Attach Request with a parameter setting that is applicable to the scenarios
When a UE sends a NAS RAU Request message to indicate a change in routing area or a RAT change, the UE is not aware of if the new routing area is handled by
· A new SGSN or if it remains handled by the same SGSN
· In case of a new SGSN, if the new SGSN is a pre-Rel-8 SGSN or a Rel-8 SGSN
· In case of a new SGSN, if the SGSN is part of an SGSN Pool or a standalone SGSN
· In case of a new SGSN, if the SGSN is part of a co-located MME/SGSN or a standalone node
In case of a new SGSN, the UE needs to provide parameters in a way which makes ISR possible with a stand-alone MME and SGSN nodes.

Also in this scenario the UE needs to send the NAS message with a parameter setting that is applicable to the scenarios
2.3.1 Constraints regarding NRI

The NRI is used by the BSC / RNC to route UE signalling to the SGSN in an SGSN Pool where the UE is registered. The NRI length is defined per SGSN Pool and is configured by the RAN and CN nodes.

The NRI is also used to select the same node in case of co-located MME/SGSN when the UE is performing a RAT change from E-UTRAN to GERAN or UTRAN. 

The use of NRI and its length is currently transparent to the UE.

Since the UE isn't aware of if SGSN Pool is used or not, the UE need to ensure that all bits reserved for NRI use in the P-TMSI are provided intact.

By signalling in Rel-8 it's possible to make the UE aware of the current NRI length. I.e., a combo SGSN-MME node can provide the NRI length to the UE in the RAU/TAU accept message. This allows the UE to mask the proper number of bits out from its P-TMSI to get its NRI. 
2.3.2 Constraints from interaction with legacy core network SGSNs

Since the UE could be signalling towards a pre-Rel-8 SGSN it needs to map the GUTI parameter into the legacy parameters P-TMSI, old RAI and P-TMSI Signature when performing a RAT change from E-UTRAN to GERAN / UTRAN.
Mapping is needed since a pre-Rel-8 SGSN does not know about MME nodes, yet it needs to be able to get the UE context from the CN node where the UE is registered in order to avoid a fall-back to an IMSI-based attach. 

2.4 Solution 1: P-TMSI compatible M-TMSIs

This solution uses a GUTI in EUTRAN which contains an M-TMSI following the rules for P-TMSIs. That means that 

· For a UE which may handover to GERAN/UTRAN (based on subscription and UE capabilities), the first two bits are set to 11. 

· In case of standalone MME, the bits corresponding to the NRI within the M-TMSI are randomized for UEs with 2G/3G capability in order to make the SGSN selection on the GERAN/UTRAN side random. 

· In case of a combined MME-SGSN node, the NRI is encoded into the M-TMSI as it would be for a P-TMSI. The same NRI is also used as the MME code within the GUTI.
· In case of a combined MME-SGSN node, the NRI length is sent as an explicit NAS parameter to the UE. 
The UE uses the following rules to provide a mapping of parameters for the case when ISR is not active. 

· The UE always has one identifier only (a GUTI or a P-TMSI), corresponding to the access where it is located. 

· In case the UE changes access, the UE performs mapping of parameters to the new access.

From EUTRAN to GERAN/UTRAN:

· M-TMSI is mapped into the P-TMSI.
· If the UE knows the NRI length, the NRI bits are masked out and supplied as IDNNS in UTRAN. Otherwise the full 10-bit long NRI is supplied. 

From GERAN/UTRAN to EUTRAN

· P-TMSI is mapped into M-TMSI. 
· If the UE knows the NRI length, the NRI bits are masked out and supplied as MME code. If the NRI length is not known, the MME code of 0 is supplied. (The eNodeB shall be required to select a new MME in case the MME code is 0.)

· The P-TMSI signature is supplied as a separate parameter.

This approach has the following properties.
· For 2G/3G capable UEs the M-TMSIs must have the first two bits set as 11 as a constraint, but this is a constraint that we have already for the number of UEs under 2G/3G, so it does not further limit the amount of UEs that can be handled in the system. 

· For a combined MME-SGSN node, the NRI bits within the M-TMSI are fixed to the NRI of the SGSN side. However this is a constraint that already exists on the SGSN side so it does not add any new restriction on the amount of 2G/3G capable UEs that can be supported. 

· The NRI length has to be supplied to the UE in Attached/TAU Accept for a combined node. 

· The NRI bits within the M-TMSI have to be randomized in a standalone MME. 

2.5 Solution 2: Supplying two identifiers to the UE for a combined MME-SGSN.

This solution lets a combined MME-SGSN provide both a GUTI and P-TMSI to the UE, both pointing to the same node. Hence no mapping needs to be done between GUTI and P-TMSI as long as both identifiers have been provided. However, in case the UE moves to a standalone MME or SGSN, only one identifier is provided to the UE, which the UE has to map to the other access in case it performs access change. 
Therefore, in case standalone MME or SGSN is used, the following rules apply. 

· For a UE which may handover to GERAN/UTRAN (based on subscription and UE capabilities), the first two bits are set to 11. 

· In case of standalone MME, the bits corresponding to the NRI within the M-TMSI are randomized for UEs with 2G/3G capability in order to make the SGSN selection on the GERAN/UTRAN side random. 

Mapping is done as follows.

From EUTRAN to GERAN/UTRAN:

· M-TMSI is mapped into the P-TMSI.

· If the UE masks out the 10-bit NRI and supplies it as IDNNS in UTRAN. 

From GERAN/UTRAN to EUTRAN

· P-TMSI is mapped into M-TMSI. 

· MME code is set to zero. 

· The P-TMSI signature is supplied as a separate parameter.

This approach has the following properties.

· For a combined MME-SGSN node, we do not have constraints on the GUTI, but the combined node can still support only as many UEs as set by the P-TMSI constraints. For standalone MME and SGSN nodes, for a 2G/3G capable UE the M-TMSIs must have the first two bits set as 11 as a constraint, but this is a constraint that we have already for the number of UEs under 2G/3G. 

· The NRI length does not have to be supplied to the UE in Attached/TAU Accept for a combined node. 

· The NRI bits within the M-TMSI have to be randomized in a standalone MME. 

2.6 Evaluation of solutions for combo MME/SGSN
Two approaches have been presented for mapping parameters between GERAN/UTRAN and EUTRAN, and for supporting a combined SGSN-MME node. The properties of both approaches have been discussed. It is proposed to adopt solution 1, P-TMSI compatible M-TMSIs, since the added complexity of two identifiers is not justified by extra gains. 
2.7 Indication of NRI length
As noted above, it is advantageous to send the NRI length value from the combo SGSN/MME to the UE. It is also seen advantageous to send the NRI length value even from a standalone release-8 SGSN to the UE, and let the UE indicate the NRI length value to the MME in the TAU request. This allows the MME to derive the identity of the old SGSN without a priori knowledge of the NRI length. 

2.8 Indication of combined node 
If the UE is registered in a combo SGSN/MME, the UE is made aware of the value of the NRI, and in this way the when changing access from GERAN/UTRAN to EUTRAN the NRI value can be masked out and used as the MME Code, allowing EUTRAN to route the NAS message to the MME part of the combined node. On the other hand, if the UE is registered in a standalone SGSN, the NRI value should not be used as the MME code, since that could lead to an illegal MME code value on the EUTRAN side, or a legal MME code but with uneven probability distribution among the MMEs in the pool. For this reason, it is seen better if for a standalone SGSN and MME, the UE uses a reserved MME code of 0 during access change from GERAN/UTRAN to EUTRAN, which forces EUTRAN to select a new MME using the load balancing criteria. 
Based on the above reasoning, we conclude that it is beneficial for the UE to know whether it is registered at a combo node or not, because during access change from GERAN/UTRAN to EUTRAN the MME code would be derived from the NRI in case of combo node, but an MME code of 0 should be used for standalone MME and SGSNs. 

In S2-082248 (Access to a combo SGSN/MME, ZTE) an issue has been highlighted: if ISR is active and the UE is assigned both a GUTI and a P-TMSI from different nodes, and one of the node is a combo node, the UE might not be directed to the same combo node during access change. 
We conclude that an indication should be sent to the UE as part of RAU/TAU accept indicating whether it has been registered at a combined SGSN/MME or not. 

3 Conclusions

Based on the discussion above, it is proposed to agree on the following principles. 

1. In case ISR is not active, only a single temporary identifier (either GUTI or P-TMSI) is maintained in the UE. 

2. In case ISR is not active, mapping is performed between GUTI and P-TMSI to get the new temporary identifier in the new access. 

3. In case ISR is not active, the HSS maintains only a single registration. 

4. The MME and the SGSN maintain the security context of the other access as part of the UE context in order to avoid the need to re-establish security after access change. 

5. For a UE that may handover to GERAN/UTRAN, the M-TMSI assigned to the UE will have the first two bits as 11. 

6. For a UE that may handover to GERAN/UTRAN, a combined SGSN/MME applies the following additional constraints to assign a GUTI: the NRI bits are included in the M-TMSI (as they would in a P-TMSI); the MME code has the same value as the NRI. The NRI length is not more than 8 bits. 
7. For a UE that may handover to GERAN/UTRAN, a standalone MME randomizes the NRI bit positions within the M-TMSI when assigning the GUTI. 

8. A combined SGSN/MME sends an indication to the UE in the TAU/RAU accept to tell the UE that it is registered at a combined node. 

9. A release 8 SGSN indicates the value of the NRI length to the UE. The UE uses the NRI length to mask out the NRI from the M-TMSI to get the IDNNS supplied over RRC in UTRAN.
10. When known, the UE indicates the NRI length in the TAU/RAU request to the MME or SGSN, allowing the core network node to find the old core network node more easily. 

11. The value of MME code 0 is reserved. When an eNodeB receives the MME code value of 0, new MME is selected according to the load balancing criteria. 

12. During access change between GERAN/UTRAN and EUTRAN without ISR, a one-to-one mapping is used between P-TMSI and M-TMSI. The UE uses the NRI value as the MME code in case the UE was registered at a combined SGSN/MME; the UE uses the MME code of 0 in case the UE was registered at a standalone SGSN. 
A CR in S2-083236 is provided to implement the principles. 
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