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This paper discusses functional requirements arising from inter MME/UPE mobility scenarios and considers relations with similar 3G Direct tunnel (one-tunnel) scenarios.
1. Introduction

The SAE study TR describes mechanism for idle state MME/UPE change and active state MME/UPE relocation. Specifically these scenarios are of interest for inter-Pool mobility. Different regions within a PLMN may exist within a PLMN because of organisational boundaries, limited S1 connectivity or other reasons, i.e. when there is no full mesh between all eNBs and MMEs of a PLMN. Regarding S1 connectivity between eNBs and UPEs this is described in ‎[1]. It is further emphasised that as there is no region areas defined in SAE (nor in 2G or 3G), any borders between regions will in fact have to be the same as MME pool borders. 
The SAE study has so far not considered the relations with 3G Direct tunnel and mobility for intra and inter PLMN mobility related to that. This paper discusses intra and inter PLMN mobility specifically relations with similar 3G direct-tunnel scenarios. It also addresses concepts/issues raised in S2-070237 and questions the conclusion from those discussions.
2. Discussion

2.1 Introduction 
Mobility between regions is the same as mobility between Pool Areas as described above. Ericsson has described this in contributions ‎[1], ‎[2] and ‎[3]. 
The figures below show the 3G Direct tunnel (defined in rel-7) non-roaming and roaming (inter-PLMN) scenarios.
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Fig 1 Direct-Tunnel mobility for non-roamers. Note: the two UTRAN ellipses represent different SGSN pool areas.
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Fig 2 Direct Tunnel inter-PLMN mobility for roamers

The same scenarios have to be considered for SAE. The SAE GW act as GGSN to the 2G/3G systems and specifically the Direct Tunnel UP from RNC can be directly connected to the SAE GW allowing for migration from the Rel-7 direct tunnel to SAE. Note that also 2G networks and 3G networks without Direct Tunnel support can also connect to SAE GW using the S4 interface as described in ‎[8] chapter 4.2. For Direct Tunnel connection from the RNC in UTRAN directly to the SAE GW the UP part of S4 (likely to be very similar to Iu/Gn UP in Direct Tunnel) shall be used.
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Fig 3.  Mobility for non-roamers between eUTRAN and UTRAN using Direct Tunnel. 
Note: the UTRAN and eUTRAN ellipses represent different SGSN and MME pool areas. Potentially SGSN and MME pool areas may be the same, FFS
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Fig 4) Inter-PLMN Mobility for roaming between eUTRAN and UTRAN using Direct tunnel

From the inter PLMN mobility scenarios it follows that it is not reasonable that the routing goes via the vPLMN where the UE is not located when moving from one vPLMN to another. The hSAE GW in the hPLMN remains in the traffic path to maintain IP service continuity. This is the same solution as was identified in the Direct Tunnel study and was proposed to be solved (see ‎[7], chapter 6.23.3) with a change of SGSN and proxy-GGSN from the old to the new vPLMN. The home GGSN shall remain in the hPLMN for IP service continuity. The Direct Tunnel TR concluded to consider proxy GGSN scenarios in the scope of SAE (beyond Rel-7).

2.2 Discussion on Intra-PLMN mobility 

In the normal case, the user plane for a UE attached to eUTRAN traverses only the eNB and the co-located UPE/SAE GW. As described in ‎[1] there are benefits of allowing the UPE pools to be larger than the MME pools and thus reducing the signalling load introduced by UPE re-location. However, only one UPE pool covering the complete PLMN can not be assumed and therefore the UPE may have to be re-located in some cases. As the IP session continuity shall be maintained this requires the new UPE to be connected over the S5a interface. As described in ‎[1] it is also reasonable that an MME re-location is performed at the same time as UPE re-location is performed. After the UPE re-location, the user plane for a UE attached to eUTRAN will include the eNB, the UPE functionality of the local SAE GW and the SAE GW handling the IP session.
As argued above, a border between different regions will coincide with an MME pool border, possibly also a UPE pool border. Thus also mobility over Intra-PLMN regional borders will be handled by MME/UPE re-location.

For Direct tunnel the principles described for SGSN Optimisation in ‎[7] apply in the Intra-PLMN mobility case.
It would also be beneficial to coordinate the extent of 2G, 3G and LTE Pool Areas since the mobility pattern underlying Pool Area design for 2G/3G/LTE-capable mobiles are the same, and a coordination of the CN resources used for the different accesses in the same geographical area enables optimizations of inter-access mobility
2.3 Discussion on Inter-PLMN mobility
When moving between vPLMNs it also assumed that the IP service continuity shall be maintained as described in ‎[6] chapter 7.1.4.1
However, it is not reasonable that the UP passes through a vPLMN where it previously was visiting but no longer is present. Therefore procedures for changing vSAE GW may be necessary when moving between PLMNs, FFS. In order to simplify the SAE architecture, a simple procedure for changing the vSAE GW should be considered, still maintaining the IP session in the hSAE GW. The signalling procedure may be very similar to the proposed Inter-PLMN signalling procedure for Direct Tunnel proxy GGSN as described in chapter 6.23.3 in ‎[7].

2.4 Location of LI, Charging and PCEF

Functionality for LI, Charging and Policy enforcement (PCEF) is placed in the SAE GW in the non-roaming case as there is a benefit in re-using these functionalities for both 3GPP and non-3GPP accesses

In the roaming case there is a need for performing LI and charging in the vPLMN. As the charging and LI functionality is handled in the SAE GW in the non-roaming scenario, it seem most reasonable to re-use the same LI and charging functionality also in the vSAE GW in the roaming scenario. In case of moving between different pool areas or “regions” Ericsson see no strong drive a need for handling LI and Charging between regions as this still is within the control of one operator (i.e. within one PLMN).

Service level policy handling can, at least in a first stage be handled in the hPLMN, thus the PCEF should be placed in the hSAE GW as described in ‎[4]. 
3. Conclusion

Ericsson proposes that impacts from Direct Tunnel solution in Rel-7 be incorporated within SAE according to the architecture diagrams below:
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Fig. 1 Non-Roaming including Direct Tunnel 
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