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Abstract of the contribution:

Many operators are targeting a simplified EPS architecture with combined core network entities, that will include a control node, with the functionality of MME and SGSN, and a gateway, working as PDN Gateway, Serving Gateway and GGSN. This paper motivates this choice and investigates whether further work should be done in 3GPP to optimize network operation with combined nodes.
1. Discussion
The Rel-8 Evolved Packet System (EPS) architecture is purely functional, which means that operators and vendors will have the freedom to implement it in many different ways. In spite of that, several operators are actually targeting a simplified EPS architecture with combined core network nodes (see Figure 1), that will include:
· a control node, with the functionality of MME and SGSN, and

· a gateway, working as PDN Gateway (P-GW), Serving Gateway (S-GW) and GGSN.

It is foreseen that this architecture will be deployed in conjunction with Direct Tunnel (DT) over UTRAN, so that the combined MME/SGSN will mostly be a control node. The user plane support on the combined MME/SGSN will be needed only for routing the traffic coming from GERAN accesses, that, within the timeframe of the EPS, is expected to be a very small, and rapidly decreasing, portion of the overall PS domain traffic.
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Figure 1 - Architecture with combined core network nodes

The primary reason for colocating MME and SGSN is that the control part of the SGSN is much similar to an MME. Therefore, operators expect that vendors will support the upgrade of their legacy Rel-7 SGSNs, turning them into combined MME/SGSN nodes. The same consideration also applies to the legacy Rel-7 GGSNs, that are likely to evolve incorporating the functionality of P-GW and S-GW.
In addition to the smooth upgrade of legacy SGSNs and GGSNs, operators are also expecting that new platforms optimized for the EPS will become available over time. These will include new gateways, with higher throughput, and new control nodes, with the capacity to handle a larger number of connected eNodeBs. Nonetheless, even with the advent of those new platforms, the deployment of combined core network entities will continue to be a very likely choice. It is clear, in fact, that having a single gateway working as P-GW, S-GW and GGSN allows to optimize the user plane in non roaming scenarios, and the GGSN functionality colocated with the P-GW will be needed in any case to support roaming with non-EPS operators. Moreover, since the MME is much similar to the control part of an SGSN, it is expected that most of the MMEs will also support the SGSN functionality. Therefore, the deployment of those new platforms as combined MME/SGSN nodes will be the most natural choice to increase the control layer capacity on both UTRAN and E-UTRAN, which will be useful for the deployment of Home NodeBs and/or the migration to a flat HSPA architecture in some carefully selected areas.
Based on these considerations, it is the opinion of the authors that the instantiation of the EPS architecture with combined MME/SGSN and P-GW/S-GW/GGSN should be optimized as much as possible. But at the moment there are no on-going 3GPP activities explicitly addressing that objective.

The opportunity for optimizations seems to be there especially for the combined MME/SGSN. With this respect some ideas to be further investigated are described here below: 
1) In order to minimize the signalling load on the HSS, it would be useful to enable a single interface between the combined SGSN/MME and the HSS. Such an interface should be a combination of S6a and S6d and hence would be based on Diameter.
2) With a combined MME/SGSN there would be the chance to define the concept of equivalent TAs/RAs. Equivalent TAs/RAs would be handled by the same combined node and advertised to the UE in TAU/RAU answers. Doing so, an idle mode UE would be able to move between UTRAN/GERAN and E-UTRAN accesses managed by the same combined MME/SGSN with zero signalling over the air, similarly to what we can to today with 2G+3G SGSNs. Whether this is just an alternative to ISR, or a complementary solution to be used together with ISR in some scenarios, should be carefully evaluated, together with its impacts on the UE.
3) Possible ISR optimizations enabled by the combined MMS/SGSN could be investigated. In particular, relying on the presence of MME/SGSN nodes in the network, there would be the chance to fix some of the scenarios where ISR gets deactivated in Rel-8, thus increasing ISR effectiveness:
· ISR gets deactivated in case the UE modifies or activates additional bearers while camping in one RAT, since the bearer contexts on SGSN and MME go out of synch. This could be easily fixed with a combined node, by introducing the option that colocated MMEs and SGSNs automatically synchronize their bearer contexts when ISR is active.
· ISR gets deactivated in case the UE changes MME (or SGSN), otherwise the target core network node would have to undertake a context transfer with two source nodes (i.e. the source MME and the source SGSN). Nonetheless, with combined MME/SGSN nodes, if the UE moves from a source combined node to a target combined node context transfer might be done with a single procedure, since with this deployment option the source MME and SGSN are colocated and their bearer contexts can be assumed to be always synchronized, as described above. 
4) A combined node could have a single/combined Gs/SGs interface towards the MSC for combined RA/LA and TA/LA updating. This might increase the effectiveness of CS fallback with ISR activated, solving most of the issues with operation of CS fallback in combination with ISR (since the MSC would be in touch with a single MME/SGSN via a single combined interface). The same optimization would be feasible using equivalent TAs/RAs (see point 2 above) in place of ISR.
This is surely not an exhaustive analysis. Moreover, it is definitely not easy to evaluate which of the possible optimizations listed above are really worth doing, since it is not such a trivial exercise to estimate the exact amount of signalling that could be saved implementing them. Nonetheless, given the relevance of the deployment scenario with combined core network nodes, it is the opinion of the authors that SA2 should carefully evaluate whether further work needs to be done in this area.
2. Proposal
It is proposed that SA2 discusses the issues described in the previous section and decides whether further work needs to be done to optimize the operation of an EPS architecture with combined MME/SGSN and P-GW/S-GW/GGSN nodes.
If SA2 concludes that further work needs to be done in this area, a proposal for new Study Item, or eventually a new Work Item, addressing this issues should be finalized as soon as possible.
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