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Introduction 
Operator can select the combined SGSN/MME deployment scenario to target a simplified EPS architecture. From standard point of view, the possibility to have combined MME/SGSN in the EPC architecture is assumed in several Stage 3 specifications and also some additional work (Diameter and GTPv2-C) has been already finished to support the combined node feature to optimize and enhance the network performance.
This paper analyzes the possible ISR optimization for combined SGSN/MME deployment in SA2 and proposes the way forward.
Discussion
Standard status in stage 3:

1. New Requesting-Node-Type is introduced to indicate that the requesting node is a standalone MME/SGSN or combined MME/SGSN:
· The subscription data for EUTRAN and UTRAN/GERAN can be both downloaded from HSS to the combined MME/SGSN to minimize the signaling interaction between combined MME/SGSN and HSS for the Inter-RAT mobility case.

· Retrieve authentication vectors for both E-UTRAN and UTRAN authentication in the same procedure over the S6a interface. When entering the MME/SGSN area via E-UTRAN an UMTS AV and an EPS AV is retrieved via Diameter S6a from the HLR/HSS. At a subsequent E-UTRAN to UTRAN tracking area update an UMTS AV is already available at the MME/SGSN.
· Diameter on S6a/S6d is extended to support the above optimization.

2. During context transfer between combined MME/SGSNs for the Inter-RAT mobility case, the old combo SGSN/MME may deliver both Authentication Quadruplets (EUTRAN) and Authentication Quintuplets (UTRAN) it holds to the peer combo node to optimize the procedure, the details need more clarification in CT4.
· GTPv2-C is extended to carry both the EUTRAN and UMTS AV.

What can we do for this combined node optimization in SA2?
    As we know, ISR gets deactivated in case the UE modifies the already activated bearer or activates additional bearers while camping in one RAT because the bearer contexts between MME and SGSN are not synchronous. The ISR has to be deactivated in UE in order to synchronize the latest bearer context when UE moves into the other RAT.
    In current 23.401 there also defines some situations that cause unsynchronized state information in the UE, MME and SGSN to deactivate the ISR:
· Missing periodic updates, e.g. because the coverage of a RAT is lost or the RAT is no more selected by the UE (this may result also in implicit detach by SGSN or MME),
· Change of the UE specific DRX parameters,
· Change of the UE Core Network Capabilities (UE Network Capability and the MS Network Capability): If the UE's UE Core Network Capability information changes (in either ECM-CONNECTED or in ECM-IDLE state (including cases of being in GERAN/UTRAN coverage and having ISR activated)), the UE shall perform a Tracking Area Update ('type' different to 'periodic') when it next returns to E‑UTRAN coverage.
    The all above cases cause context in the UE, MME and SGSN to become asynchronous which will be handled by ISR deactivation. The normal RAU/TAU procedures will be performed to synchronize contexts between MME and SGSN when UE moves into the other RAT and ISR will be activated again when wanted by the network. This redundant context synchronization mechanism will increase the UE complexity (handling different ISR deactivation cases based on different triggers) and obviously weaken the ISR effectiveness.
    The combined MME/SGSN can automatically synchronize the context if there is any misalignment between MME and SGSN because the combo node can share the same information storage and controlling functionality for both the EUTRAN and UTRAN/GERAN. With this feature, the complex context synchronization mechanism can be avoided and the ISR effectiveness also can be easily enhanced by not deactivating the ISR in UE for the above mentioned case.
    UE should maintain the previous handling mechanism if the context in core networks is not real-time synchronous. So if the UE is aware of whether the context between MME and SGSN can be synchronized or not, the ISR can be easily enhanced by decreasing the unnecessary interaction between UE and network:
· The NAS needs to be extended to provide the context synchronization indication to UE to indicate the context between MME and SGSN is synchronous after ISR activation.
· With such indication, UE shall keep ISR activated and maintain TIN as "RAT-related TMSI" to not  trigger the context synchronization between SGSN and MME for the below case: Modification or activation of additional bearers, Missing periodic updates, changing of the UE specific DRX parameters/UE Core Network Capability. If UE receives the context synchronization indication after ISR activation, UE shall set it TIN to "RAT-related TMSI" no matter what the Next Update is
· A simple extension for the NAS protocol (add a new information element), but can keep the ISR effectiveness as much as possible to improve the network performance.
    Combo SGSN/MME deployment provides a natural way to synchronize the context in core networks. So it is a very simple and a very small extension from technical point, but can bring considerable benefits to our system. Whether such optimization can be applied to the non-combo node case needs further study. Anyway, above is not all the exhaustive analysis for the combined node optimization. But we should control the scope not to make the combo node mandatory considering the network deployment flexibility, and also the EPS architecture should not be challenged by such optimization.
    R8 UE will ignore such indication and keep the non-optimized handling because he has no knowledge about that, so it seems no backward compatible issue for the optimization.

Conclusion and Proposal
The following conclusions and proposals are based on the above discussion. 

· The NAS needs to be extended to provide the context synchronization indication to UE to indicate the context between MME and SGSN is synchronous after ISR activation if ISR is activated by combined MME/SGSN.
· If UE receives such indication, ISR activation status is maintained and the TIN is set "RAT-related TMSI" for the below case: Modification or activation of additional bearers, Missing periodic updates, changing of the UE specific DRX parameters/UE Core Network Capability.
Contribution S2-093335 is the related CR.
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