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1. Introduction

This contribution describes Nokia view on how to migrate from the current GPRS Core towards the Evolved Packet Core and what kind of intermediate steps can be taken within that migration.
2. Discussion

Migration from 3G towards LTE/SAE plays an essential role in protecting the investments already made to 2G/3G networks. A few steps need to be introduced in this migration path taking into account GPRS Core and 3GPP accesses already specified. 

The following paragraphs describe the steps towards Evolved Packet Core. 

Step 1 Current 3GPP network

Current 3GPP network is composed of GERAN and UTRAN/HSPA accesses connected to GPRS Core via Gb and Iu interfaces, correspondingly. “One Tunnel” solution is introduced within this step to the GPRS Core to optimize 3G user plane handling there. SA2 is currently preparing a technical report to further develop “One Tunnel” solution in Rel-7.
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Figure 1 Current 3GPP Network
Step 2 Introduction of Evolved Packet Core

Evolved Packet Core is introduced for I-WLAN access. Inter AS Anchor (IASA) of Evolved Packet Core acts as anchor for mobility between 3GPP and non-3GPP accesses. 

According to Nokia view S3 and S4 reference points enable two interworking models between existing GRPS Core and Evolved Packet Core.

· S2 provides the user plane with related control and mobility support between WLAN 3GPP IP access   or non 3GPP IP access and Inter AS Anchor.

· S3 provides user plane with related control and mobility support between SGSN function in GPRS Core and co-located GGSN and Inter AS Anchor functions in Evolved Packet Core. S3 is in this case Gn reference point.
· S4 provides user plane with related control and mobility support between GGSN in GPRS Core and Inter AS Anchor in Evolved Packet Core. S4 is in this case Gi with potential enhancements.
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Figure 2 Evolved Packet Core
S3 based interworking enables for example optimized usage of network resources. With S4 based interworking mobile IP HA can be added as standalone function and it is potentially fully transparent to existing GPRS core.

Within this step GPRS Core still terminates legacy 3GPP access user plane traffic (including 1-tunnel traffic) and provides access to services. The capacity of GPRS Core is increased to serve increasing capacity needs of HSPA access. Evolved Packet Core only terminates multi-access/I-WLAN user plane traffic and provides access to services for that traffic.  

Step 3 LTE Access Introduced

In order to meet increasing bandwidth requirements, LTE access is introduced and connected to Evolved Packet Core.  Mobility Management Entity (MME) is utilized as control plane element for LTE access. User Plane Entity (UPE) acts as a common cellular anchor for all 3GPP accesses, including LTE access. 

 S3 and S4 reference points bind GRPS Core and Evolved Packet Core together allowing them to interwork.

S1
It provides access to Evolved Ran radio resources for the transport of user plane and control plane traffic.
S2
It provides the user plane with related control and mobility support between WLAN 3GPP IP access or non 3GPP IP access and Inter AS Anchor. 

S3:
It enables user and bearer information exchange for inter 3GPP access system mobility in idle and/or active state between SGSN in GPRS core and MME/UPE in Evolved packet core. For inter 3GPP access mobility, the UPE includes also GGSN function for a multimode 2G/3G/LTE terminal when it is connected to GERAN or UTRAN.

If IASA is co-located with UPE/GGSN, then S3 enables also mobility between non-3GPP access and GERAN/UTRAN for 2G/3G/LTE/WLAN terminals.


S4:
It provides user plane with related control and mobility support between GGSN in GPRS Core and Inter AS Anchor in Evolved Packet Core. S4 is in this case Gi with potential enhancements. This interface is not needed, if S3 serves 2G/3G/LTE/WLAN multimode terminals and IASA is co-located with UPE/GGSN.
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Figure 3 Introduction of LTE access
At the time of this step both GPRS Core and Evolved Packet Core can terminate legacy 3GPP access user plane traffic (including 1-tunnel traffic) and provide access to services. 

This is beneficial especially in the introduction phase of Evolved Packet Core, when there may not be enough capacity to serve whole traffic from legacy accesses.  The decision from which Core to access services can be based e.g. on the capacity status of GPRS Core and Evolved Packet Core 

Step 4 Evolved Packet Core widely deployed

At the time of this step Evolved Packet Core is providing enough capacity to serve whole traffic from legacy accesses.  Thus, UPE acts as the common cellular anchor for all legacy and LTE traffic. Utilizing UPE as the common cellular anchor for all traffic shifts the future capacity investment needs from GPRS Core to Evolved Packet Core also including the further investments on legacy 3GPP capacity.

At this phase, only Evolved Packet Core provides access to services as all traffic from GRPS Core is routed to Evolved Packet Core. 
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Figure 4 Evolved Packet Core widely deployed
Physical Implementation Example

In the description of the steps above, the legacy Packet Core and the Evolved Packet Core have been addressed as logical entities only. That is, no matter how the corresponding physical network elements are implemented and how they evolve, it is still logically the GPRS Core that serves 2G/3G accesses while it is logically the Evolved Packet Core that is serving the LTE accesses. This is so even if there was a common physical network element capable of serving all accesses.

Figure below shows an example of how to implement connectivity to GPRS Core and Evolved Packet Core during the migration. GERAN and UTRAN Access can be connected both to pure legacy Core Network 3G products and to Evolved Packet Core network elements, which are both 3G and SAE/LTE capable. New elements originally introduced for GPRS Core to handle increasing traffic from HSPA accesses, can be software upgraded to SAE/LTE capable elements. Thus, there is a gradual shift from being part of GPRS Core to being part of Evolved Packet Core. 
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Figure 5 Physical implementation example

In the example shown in Figure 5, it is seen that irrespective of the migration of the new network elements via upgrading from 3G-only capable to 3G/SAE-capable, it is very likely that there will remain a population of network elements in the operator’s packet core network that are not or cannot be upgraded. Due to the existence of these network elements the interfaces S3, S4 will have to remain present not only as logical interfaces but also as physical interfaces to allow the interworking between legacy and evolved systems. 

Conclusion

Migration with reference point between GPRS Core and Evolved Packet Core provides the following benefits:

· Ability to gradually introduce Evolved Packet Core elements in order to increase the capacity of the existing GPRS Packet Core.

· Protecting the investments by reducing investment needs of 2G/ 3G-only Packet Core elements

.
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