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Introduction

Recently, there have been discussions in SA2 and CT1 about the synchronization between the EMM and GMM state machine.

At CT1#50, CT1 adopted the model of coordinated state machines, where a change between DEREGISTERED and REGISTERED state in the state machine for one RAT (GERAN/UTRAN or E-UTRAN) would also lead to a corresponding change in the state machine for the other RAT. I.e. after a successful GPRS attach, the UE would also be in EMM-REGISTERED and therefore, after a change to E-UTRAN, would perform a tracking area update. The case of a UE performing GPRS attach and changing to E-UTRAN before any PDP context was activated was noted by CT1 as an open issue.
Shortly afterwards, at SA2#61, SA2 decided that in this special case the UE should initiate an attach procedure instead of a tracking area update, because establishment of a default EPS bearer to was usually triggered by an attach request.
At SA2#62, Qualcomm pointed out that there was an inconsistency between stage 2 and the CT1 TR, but SA2 confirmed their decision to use an attach procedure. At the same meeting SA2 also decided not to specify any requirement for an EPS capable UE to activate a PDP context immediately after a successful GPRS attach. I.e.  the case that a UE without any activated PDP context changes to E-UTRAN is no longer an exceptional case, but is rather becoming a "normal" case.

Problem from CT1's point of view

From CT1's point of view, the main disadvantage is that normally an attach procedure will only be started in EMM-DEREGISTERED state. I.e. with the requirement from stage 2, the model of coordinated GMM and EMM state machines with synchronized states is broken. Furthermore, for an inter-system change from GMM to EMM, the target state depends not only on the GMM source state, but on the PDP context configuration, i.e. on the state of the GPRS session management layer (see figure 1). From CT1's point of view such a new inter-layer dependency is highly undesirable. 

(CT1 certainly does not want to specify in the session management chapter of TS 24.008 that "after successful completion of the PDP context activation, the UE shall enter state EMM-REGISTERED." Or when the last PDP context was deactivated: "The UE shall enter EMM-DEREGISTERED.")
We also note that even if the UE has a PDP context activated before the inter-system change, there is no guarantee that this PDP context can be converted into a default EPS bearer context afterwards. For example the PDP context might be the only PDP context towards a certain APN and might be a "guaranteed bit rate"  context. In that case, following SA2's approach, the network should probably reject the tracking area update request from the UE, e.g. with cause #10, "implicitly detached". This would cause the UE to change to EMM-DEREGISTERED and to perform an immediate re-attach. 
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Figure 1: State transitions between GMM and EMM at inter-system change
Proposal for a solution

As a possible way forward, we would like to propose that this solution for UEs with active PDP contexts is applied in all cases, i.e.: 

When the UE was GPRS attached before the inter-system change to E-UTRAN, it is also EMM-REGISTERED and will perform a tracking area update when in E-UTRAN. It is then up to the MME to decide whether the PDP contexts can be converted to an "EPS compatible" EPS bearer context configuration. If the answer is "no", the MME rejects the tracking area update request with cause #10, "implicitly detached" and thus triggers a re-attach. If no PDP contexts are active, the decision by the MME will always be "no", re-attach required.
The justification for this is that the case that a subscriber actually wants to activate a PDP context, but the UE changes to E-UTRAN before he is able to do so, should be a rare case and we should not spend much effort for optimizing the system for this. In the vast majority of cases, the network would have to deal with UEs that are configured to perform a GPRS attach, but postpone the activation of a PDP context until this is requested by an application. For these UEs, it would not make a big difference if the procedure after inter-system change would involve an additional exchange of Tracking Area Update Request/Reject. In most cases the inter-system change would not even be noticed by the subscriber. And the additional signalling would occur only at the first GERAN/UTRAN to E-UTRAN inter-system change, because once the UE performs the attach via E-UTRAN, the network assigns the EPS default bearer which will be converted back and forth to a PDP context at future inter-system changes.
On the other hand, if the subscriber has an EPS capable UE, but no subscription to use E-UTRAN, the network can transmit a Tracking Area Update Reject with cause #15, "no suitable cells in tracking area", which causes the UE to search for a suitable cell in a different tracking or location area of the same PLMN, without losing its P-TMSI or activated PDP contexts, if any. Thus, with our proposal it would even be possible to avoid unnecessary re-attach procedures for this group of subscribers.

Last but not least, the proposal would allow us to keep the GMM and EMM state machine in the UE synchronized and to avoid highly undesirable interactions between EMM and GPRS session management.

We propose that SA2 accepts the above proposal and updates the stage 2, TS 23.401, accordingly.
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