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This paper discusses functional requirements stemming from inter MME/UPE mobility scenarios and considers relations with similar 3G one-tunnel scenarios. A reference model for TS 23.401 is proposed.

Introduction

The SAE study TR describes mechanism for idle state MME/UPE change and active state MME/UPE relocation. Specific usage scenarios are inter PLMN and inter region mobility. Different regions may have different legal obligations or different regions may exist because of limited S1 connectivity, i.e. when there is no full mesh between all NBs and MME/UPEs of a PLMN. These conditions have to be considered for MME/UPE change/relocation.
Furthermore, SAE study has so far not considered the relations with 3G one-tunnel and dependencies. 

And number of UPE functions that relate to inter MME/UPE mobility scenarios are still FFS in the SAE TR.

This paper discusses functional requirements stemming from inter MME/UPE mobility scenarios and considers relations with similar 3G one-tunnel scenarios.

Discussion

From the inter PLMN and inter region MME/UPE change and relocation scenarios it becomes obvious that not only the MME has to be changed but also the UPE including functions like inter operator charging, legal intercept and QoS/resource control. Or, in case these functions are provided by an SAE-GW instead of by the UPE the visited SAE-GW has to be changed. Otherwise these functions are not available in the visited PLMN/region as the home or initially assigned SAE GW remains in the old PLMN/region to maintain IP service continuity. So far charging, legal intercept and QoS/resource control (PCEF) are only described for the SAE GW (IASA) and FFS for the UPE.

The same problems were identified during the one-tunnel study. For inter PLMN/region mobility the SGSN has to provide user plane functions as specified for the Rel-7 approach (SGSN optimisation) and also described above for the UPE, or a proxy/relay GGSN has to be used in the visited region/PLMN as the old GGSN has to be maintained in the old region/PLMN for IP service continuity. The one-tunnel TR concluded to consider proxy/relay scenarios in the scope of SAE.
In the following the one-tunnel proxy or relay scenarios are considered as the user function issues are better visible when the SGSN has no user plane. However some of the issues are also relevant for the Rel-7 SGSN optimisation scenario. The figures below show the 3G proxy/relay one-tunnel approaches for inter region and inter PLMN scenarios.
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Fig 1 One-Tunnel inter PLMN or inter Region mobility for roamers
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Fig 2 One-Tunnel inter PLMN or inter Region mobility for non-roamers

Figures 1 and 2 show one-tunnel scenarios. From figure for roamers it can be derived that the user plane node (xGGSN) needs to be relocated to another PLMN or region to provide user plane functions in the new serving PLMN/region. The old user plane node (xGGSN) should be released to avoid unnecessary nodes on the user plane path that have to provide also functions. A similar situation exists for non-roamers. A second user plane node (xGGSN) has to be added in cases the UE moves from its home PLMN/region to a visited PLMN/region.
The same scenarios have to be considered for SAE. Because of FFS on a number of UPE functions there are alternative figures. Alternative a) the UPE contains user plane functions like inter operator charging, legal intercept, QoS/resource control and inter 3GPP anchor so that the UPE may be relocated without any need to relocate other user plane nodes. Or, alternative b) the UPE does not have these functions and therefore UPE relocation only is not sufficient as important user plane functions are not available in the changed to PLMN or region. Another user plane node (vSAE-GW) has to be relocated in addition.
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Alternative a) MME/UPE and one-tunnel inter PLMN/region change for roamers
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Alternative a) MME/UPE and one-tunnel inter PLMN/region change for non-roamers

Discussion of alternative a)

Alternative a) with its separate change of MME/UPE without vSAE-GW (i.e. change at S5a) results for roamers in user plane nodes in the old PLMN or region. I.e. there remains an additional user plane node on the LTE/SAE data and control path which is not needed. And the inter 3GPP anchor that was located in the v-SAE-GW moves back to the hSAE-GW due to 3G one-tunnel moved to new PLMN/region. In the same way it influences means for idle state signalling reduction that require a common downlink user plane termination point for paging initiation. And paging may need to be triggered by the hSAE-GW.
For LTE/SAE roamers it results in 3 user plane nodes in the data path. And all user plane nodes have different mobility functionality.

For non-roamers there are typically no additional user plane nodes in the data path. However if the local h-SAE-GW does not support all APNs and an additional SAE-GW has to be used then the roaming figure with 3 user plane nodes is also valid for such non-roamers. Furthermore alternative a) results in different data paths for 3G and LTE to the hSAE-GW after inter inter region/PLMN mobility and also in path updates for inter 3GPP RAT changes always to the hSAE-GW, i.e. the 3GPP anchor is not local in the region or not in the visited PLMN, respectively.
Also the non-roaming scenario shows different user plane nodes and different mobility functions for the various mobility cases.

The following figures show alternative b).
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Alternative b) MME/UPE and one-tunnel inter PLMN/region change for roamers
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Alternative a) MME/UPE and one-tunnel inter PLMN/region change for non-roamers

Discussion of alternative b)

Alternative b) changes MME/UPE together with vSAE-GW for roamers when PLMN or region is changed as the UPE does not contain user plane functions required in the new region/PLMN. It remains no user plane node on the LTE/SAE or 3G data and control path in the old region/PLMN. The inter 3GPP anchor is always located in the vSAE-GW, i.e. in the current region or PLMN. 

For LTE/SAE roamers the figure shows 3 user plane nodes in the data path. But this is only for comparison with alternative a) and it is assumed that MME/UPE are combined with vSAE-GW as the UPE of alternative b) has only a few user plane functions. This combination of UPE and SAE-GW simplifies also the procedures that need to change MME/UPE and vSAE-GW always together. Alternative b) needs no specific xGGSN for one-tunnel as the 3GPP anchor with the one-tunnel termination point is changed together with the UPE. The vSAE-GW acts as xGGSN.
For non-roamers the figure shows identical functionality with roaming figure for UEs changing region or PLMN. The data path and node considerations are the same as above for roamers.

Comparison

Alternative b) shows fewer variants of user plane nodes and fewer mobility scenarios compared to alternative a). For all scenarios alternative b) has the same number or fewer user plane nodes in the data path under the assumption that UPE and vSAE-GW are combined.

The comparison shows one-tunnel proxy or relay approaches as it creates additional scenarios and issues are better visible. The issues with the number of user plane nodes on path and the 3GPP anchor location exist also for Rel-7 optimisation approach and for SGSNs configurations without any one-tunnel approach. 

Conclusion

From the comparison of the alternatives it is derived that the SAE architecture should not show an isolated MME/UPE change (at S5a reference point in current SAE architecture figures). The MME/UPE should always change together with the 3GPP anchor, i.e. together with one-tunnel termination point, which results in fewer options for network node type and mobility scenarios and also in fewer user plane nodes in the data path. The corresponding functional reference point is rather S5b in the current SAE architecture figures. Functionally it is fully compatible with the S8a roaming reference point between SAE-GWs. As TS 23.401 needs not to describe different options the reference points should be named S5 and S8.
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