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This paper discusses discrepancies of assumptions in CT1 and SA2 on EMM and GMM state synchronization.

1.  Introduction

In the last SA2 and CT1 meeting in January, the issue of state synchronization between EMM and GMM state machines at the UE was discussed (S2-080246, C1-080306). These papers discussed the discrepancy about handling of EMM and GMM state machines in stage 2 and stage 3, especially concerning the inter-system mobility between GERAN/UTRAN and E-UTRAN.
This paper focuses on the EMM and GMM state machine interaction at the UE, and does not address that of the network side.
2.  Handling of inter-system mobility: EMM/GMM state of UE
2.1 Stage 2 agreement
The agreement in SA2 is that EMM state machine and GMM state machine in a UE work independently from each other. In other words, a UE’s EMM state is EMM-DEREGISTERED when the UE attaches to EPS via GERAN/UTRAN firstly or when the UE moves from E-UTRAN to GERAN/UTRAN without ISR activated.
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Figure 4.6.4-1: EMM state model in UE

In the figure above, TAU accept triggers a state transition from EMM-DEREGISTERED to EMM-REGISTERED as a result of the inter-system TAU procedure from GERAN/UTRAN to E-UTRAN. 

In TS 23.401 three different procedures are employed to handle inter-system mobility from GERAN/UTRAN to E-UTRAN.

· TAU

· Attach: for idle mode UE without PDP contexts activated.

· Inter-system handover

For the idle mode UE mobility, either TAU or Attach procedure is used depending whether PDP contexts already exist or not. This implies a clear dependence between EPS mobility management and GPRS session management:  In order to decide which procedure (i.e. TAU or Attach) towards E-UTRAN/EPC to use during inter-system mobility from GERAN/UTRAN to EUTRAN, the UE’s EMM layer needs to be linked to the GPRS SM layer status regarding the existence of a PDP context. 
Moreover, the UE’s EMM layer needs to evaluate if any existing PDP context can be converted to the default bearer or not: if the PDP context can be safely converted to a default bearer the EMM layer will start a TAU procedure; if not, it will start a Attach procedure.

Both these behaviors can be regarded as a protocol layer violation and make the UE’s protocol stack implementation more complicated.

For the inter-system handover from GERAN/UTRAN to E-UTRAN case, the UE’s EMM state shall transit from EMM-DEREGISTERED to EMM-REGISTERED during the handover, which is not reflected in the current stage 2 EMM state transition diagram.

2.2 Progress in CT1

In the previous CT1 meeting, state synchronization between EMM and GMM state machines was agreed as described by the following excerpt from 24.801 Section 5.1.4:
* Excerpt from section 5.1.4 in 24.801 starts. *
If we consider a model of two "linked" state machines for EMM and GMM in the UE (see fig. 5.1.4.1), the following requirements for a communication between EMM and GMM can be derived from 3GPP TS 23.401 [2] and 3GPP TS 24.008 [4]:

In a network not using idle-mode signalling reduction:

-
When either of the two entities EMM and GMM in the UE enters main state REGISTERED or DEREGISTERED, the other entity in the UE shall also enter main state REGISTERED or DEREGISTERED, respectively, regardless whether the change of state is triggered by a successful attach or detach procedure or is a result of any other EMM or GMM procedure.

* Excerpt ends. *
In other words, considering a linked state machine (which is the preferred approach based on CT1 discussion – see C1-073032), when the UE is attached to 2G/3G system, the EMM state of the UE becomes EMM-REGISTERED. 

It is clear that the present stage 2 EMM state model and this linked EMM-GMM state model are contradicting. This is because the Attach procedure should not be performed when the UE is already in the EMM-REGISTERED state, as the Attach procedure is normally used to ‘register’ a deregistered UE to the network. Note that according to the current EMM state model, the Attach procedure always transits a UE from ‘EMM-DEREGISTERED’ to ‘EMM-REGISTERED’.

On the other hand, the linked EMM/GMM state model allows using always a TAU procedure or a RAU procedure when the UE performs an idle mode inter-system change.
2.3 Outstanding issues
Based on the above analysis, there is a clear misalignment between the stage 2 EMM state model and the linked EMM/GMM state model introduced in stage 3. We think that SA2/CT1 should discuss this issue and provide answers to the following questions: 

.

· What are the impacts and relationships of the inter system mobility on the EMM state machine in a UE? The linked EMM-GMM state machine in the UE seems to provide a cleaner model to handle inter-system mobility. However this is clearly not the present understanding of SA2.
· The present stage 2 EMM state model in TS 23.401 implies a linkage between the GPRS SM layer and the EMM layer in a UE, as the EMM procedure initiated by the UE to handle idle mode inter-system change depends on the GRPS SM state in GERAN/UTRAN. This protocol layer violation makes the UE’s protocol stack implementation complicated. Is this acceptable?
· More in general, how to handle the UE’s idle mode mobility from UTRAN/GERAN to E-UTRAN without an active PDP context? SA2 agreed to use the Attach procedure, but this seems to contradict with what CT1 considers the preferred model for UE implementation (i.e. linked state machine).

4.  Proposal
We believe that the linked GMM-EMM state model solves various issues in handling inter-system mobility between GERAN/UTRAN and E-UTRAN. In order to make the stage 2 and stage 3 aligned, we propose the followings.
· Adopt the linked GMM/EMM model in the UE. Update the stage 2 EMM state description and transition model in 23.401 accordingly.
· Always use TAU or RAU for idle mode inter-system mobility between GERAN/UTRAN and E-UTRAN, regardless of existence of a PDP context.
· Different alternatives can be considered to handle inter-system idle mode mobility from GERAN/UTRAN to E-UTRAN without a PDP context or when the existing PDP context is not adequate to be used for the default bearer (e.g. a GBR bearer).

· Option 1:
1. The UE performs TAU regardless of the existence of a PDP context and regardless of non-GBR or GBR PDP contexts. In the TAU accept message, the MME indicates to the UE of the necessity of the default bearer establishment.
2. After TAU, the UE establishes a default bearer using the UE requested PDN connectivity procedure defined in section 5.10.2 of 23.401, when there is no PDP context which can be converted to the default bearer in E-UTRAN/EPS. 

3. After a successful default bearer setup, the UE may initiate necessary application level actions for IP based services.
· Option 2:
1. The UE performs TAU regardless of the existence of a PDP context and regardless of non-GBR or GBR PDP contexts. During the TAU procedure, the MME initiates establishment of a default bearer. 

2. After a successful default bearer setup, the UE may initiate necessary application level actions for IP based services.
· Option 3:
1. The UE performs TAU regardless of the existence of a PDP context and regardless of non-GBR or GBR PDP contexts. 

2. The TAU request is rejected by MME and the UE performs the attach procedure. 

3. After a successful default bearer setup, the UE may initiate necessary application level actions for IP based services.

Option 1 has minimum impacts on the existing stage 2 procedures and also goes well with the linked GMM-EMM state model.

Option 2 is simple and requires a new procedure for the combined TAU and a default bearer setup. 

Option 3 can cause unnecessary transition of the UE’s EMM states and additional interaction between MME and SGSN.
If these principles are agreed, Qualcomm is willing to provide CRs at the next meeting.

�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.   Use the format of document number specified by the � HYPERLINK "http://www.3gpp.org/About/WP.htm" ��3GPP Working Procedures�.





