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1. Introduction
The study item for HSPA evolution was approved at RAN #31 and SA #31. Also in SA #31, the relationship between HSPA evolution and the ongoing work of System Architecture Evolution (SAE) was clarified.

This paper discusses the smooth migration path from pre-SAE 3GPP system towards HSPA evolution and LTE accesses and proposes a way forward for connection of pre-SAE systems, HSPA evolution and LTE to Evolved Packet Core in SAE.
2. Discussion
At SA#31 the contributions SP-060119 and SP-060165 were discussed and TSG SA noted the following in the report:

“TSG SA confirmed that the intention for SAE work was and is, to include HSPA Evolution as one of the necessary Access Systems.

…

It was also noted that the migration aspects are also included in the SAE work.  …“
In SP-060115 (added as attachment to SP-060165) the principles of HSPA evolution was discussed and specifically the importance of a backward compatible evolution story, an evolution that leverage the existing infrastructure, a cost effective way to improve performance improvements, and that HSPA Evolution have similar priority to LTE was pointed out. In order to achieve these objectives, migration and backward compatibility (e.g. co-exist with pre-SAE terminals) are important aspects to consider.
Further in SP-060115 also recognizes the evolutionary steps from today’s 3GPP Packet Core with two tunnels, “One Tunnel” solution towards a HSPA Evolution/LTE system. Migration from 3G towards SAE plays an essential role in protecting the investments already made to 2G/3G networks.

Migration was also discussed on the SAE Adhoc meeting in Paris and the contributions S2H060424 and S2H060435 also discuss a smooth migration and stepwise introduction similar to the proposal below.
The following paragraphs describe possible migration steps towards Evolved Packet Core. 

2.2 Step 1 - Current 3GPP network

Current simplified 3GPP network is composed of GERAN and UTRAN/HSPA accesses connected to “GPRS Core” via Gb and Iu interfaces respectively. 
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Figure 1: 3GPP Rel-6 Logical high level architecture
2.3 Step 2 - 3GPP Rel-7 network with One Tunnel solution
“One Tunnel” solution is introduced within this step to the GPRS Core to optimize 3G user plane handling. SA2 is currently preparing a technical report to further develop “One Tunnel” solution in Rel-7. This allows for flexible deployment of 3G networks where the GGSN can be placed closer to the access network and the SGSNs, especially if configured in pools, can be centrally located for optimized handling of operations and maintenance. This is however not mandated by the architecture and it is up to a choice of the operator to deploy such architecture.
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Figure 2: 3GPP Rel-7 One Tunnel Logical high level architecture
2.4 Step 3 – Introduction of non-3GPP accesses
Integration of 2G/3G accesses and non-3GPP accesses is performed introducing the SAE GW which contains GGSN and MIP HA functionality. This is a step towards Evolved Packet core, but the SAE GW does not include the complete UPE/IASA functionality at this point.

The 3GPP anchor role can be handled by both GGSN and the SAE GW for 2G/3G accesses, but for terminals with both 2G/3G and non-3GPP access capabilities, the 3GPP anchor and the SAE anchor is in the SAE GW. The Gn interface is used from SGSN both towards the GGSN and the SAE GW, but in case of One Tunnel solution for 3G access the Iu-UP is connected directly from RNC to GGSN or SAE GW.
This opens for a gradual migration of legacy 3GPP access traffic from GGSN to SAE GW which may be beneficial especially in the introduction phase.  As SAE GW capacity is increased, also 2G/3G-only terminals can be migrated to be served by the SAE GW. 

Non-3GPP accesses are integrated using MIPv6 and the HA included in the SAE GW corresponds to the SAE Anchor.
The SAE anchor functionality should be defined such that it should be possible to be introduced also into a Rel-7 GGSN without requiring the rest of the SAE architecture. In this way, introduction of non-3GPP access could be de-coupled from the introduction of the rest of the EPC functionality. Note that this de-coupling does not require the SAE anchor functionality to be implemented in a separate node of the architecture. On the contrary, by having the SAE anchor functionality co-located with the GGSN, we avoid the need to standardize and implement additional tunnelling and control mechanisms between the two, facilitating quicker introduction of non-3GPP accesses into the architecture

When providing enough capacity to serve all traffic from legacy terminals in addition to 2G/3G/non-3GPP capable terminals, SAE GW may act as the common cellular anchor for all legacy and 2G/3G/non-3GPP traffic. Utilizing SAE GW as the common cellular anchor for all traffic gives the possibility for less inter-connection points to the service network and less points in the network for applying policy and charging rules to user traffic.
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Figure 3: Introduction of non-3GPP accesses 
2.5 Step 4 - Introduction of HSPA Evolution, LTE access and Evolved Packet Core
Evolved Packet Core is introduced for LTE and HSPA Evolution access. 

At SA2#52 it was clarified that S3 and S4 reference points are connected between SGSN in GPRS core and the Evolved Packet Core and that both S3 and S4 are based on Gn reference point. S3 is in this proposal only for control signaling whereas S4 carries both user plane traffic and control signaling. 
LTE access is connected to the Evolved Packet Core via S1 as previously agreed. Mobility Management Entity (MME) is utilized as control plane element for LTE access, whereas the user plane is connected to the SAE GW which in this step contain the full User Plane Entity/Inter Access System Anchor (UPE/IASA) functionality. Note that the separation or not of MME and UPE entities, and UPE and IASA entities respectively are not yet settled in SA2.
Further it is here proposed that UTRAN including HSPA Evolution is connected to SGSN in the control plane and connected to the 3GPP anchor point in the user plane according to the One Tunnel solution. In full deployment of SAE/LTE in this step, the 3GPP anchor role is moved from the GGSN to the SAE GW also for 2G/3G accesses including HSPA Evolution. With a functional allocation to MME and SAE GW similar to the functional allocation to the SGSN and GGSN in the One Tunnel solution, the same network structure can be used for both One Tunnel and SAE. Re-using network infra-structure and already installed sites also improves the migration to SAE. 
At the time of this step both GPRS Core and Evolved Packet Core can terminate legacy 3GPP access user plane traffic (pre-SAE including One tunnel traffic) and provide access to services. For terminal with LTE capabilities SAE GW always act as the anchor point. Thus it is here proposed that the Iu User Plane (UP) is going from the RNC in UTRAN to the UPE/IASA of Evolved Packet Core. Rel-7 GGSNs can (depending on operator choice) remain in the network for supporting pre-SAE terminals only.
The gradual migration of traffic from legacy 3GPP accesses described in step 3 is also applicable in this step.  As Evolved Packet Core capacity is increased, also pre-SAE terminals can be migrated to be served by the Evolved Packet Core unless migration is already performed. 
At the time when Evolved Packet Core is providing enough capacity to serve all traffic from legacy terminals in addition to SAE terminals, SAE GW will act as the common cellular anchor for all legacy and SAE traffic. Utilizing SAE GW as the common cellular anchor for all traffic gives the possibility for less inter-connection points to the service network and less points in the network for applying policy and charging rules to user traffic.
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Figure 4: SAE Logical high level architecture including LTE and HSPA Evolution 
RNC here denotes the upgraded RNC with HSPA Evolution support. The RNC is backward compatible and also supports the legacy UTRAN Node B’s. Pre-SAE terminals can still use UTRAN according to the capabilities of the terminal. This kind of backward compatibility can allow efficient cost effective deployment of HSPA Evolution. 
Active mode mobility between 2G/3G access and LTE access is handled through S3/S4 procedures similar to PS handover over Gn interface. See further contributions S2-062098/S2-062099 (IRAT HO contributions to SA2#53).
With HSPA Evolution access connecting to SGSN in the control plane using the Iu interface imply that also the NAS signalling are fairly similar to current NAS signalling in GPRS Iu mode. At the same time the requirements on SAE/LTE calls for improvements in the UE – Core Network signalling e.g. to reduce set-up times. As terminals with both LTE and HSPA Evolution access are likely and that mobility within 3GPP accesses should be optimized, conceptual compatibility of SM/MM NAS signalling for LTE and HSPA Evolution accesses is needed.
HSPA Evolution will be optimised for better performance e.g. reduced latency, higher capacity, and coverage. Even though it is proposed that HSPA Evolution is connected via the Iu interface there is still possibility to improve the efficiency of the Iu protocols between the SGSN in the core network and the RNC in the RAN. Similarly the NAS signalling between the UE and the SGSN should be optimized. Improvements proposed in SAE/LTE like combined attach and PDP context activation and simplified IP-based transportation of Iu signalling should be considered. 
The advantages of this architecture are:

· Limited changes to the current UTRAN architecture,
· Easily provide backward compatible solution

· It is in line with the current SAE architecture 

· It will allow fast standardization to meet the proposed deadline of the HSPA evolution study item

2.5 Physical Implementation
In the description of the steps above, the legacy Packet Core and the Evolved Packet Core have been addressed as separate logical entities. Regardless of the choice of how to standardize the logical architecture, there exist different alternatives for a product implementation.
Either, the product implementation is done exactly in accordance with the logical entities specified in the 3GPP architecture. Alternatively, functionality of the GPRS Core and Evolved Packet Core network entities can be combined in one or more physical nodes, or functionality can be split and distributed over several nodes, e g one node serving 2G, another node serving 3G and a third serving LTE access. The preferred solution can be expected to vary between operators and deployments scenarios.
As network entities of GPRS Core will co-exist with SAE Evolved Packet Core network entities for a long time, the S3 and S4 interfaces will have to remain present in the standards. 
3. Conclusion

This paper discussed architectural possible migration steps from current 3GPP Rel-6 systems to an SAE Evolved Packet Core system for LTE access, HSPA Evolution, non-3GPP accesses and legacy 2G/3G accesses. The proposed migration gives the possibility for less inter-connection points to the service network and less points in the network for applying policy and charging rules to user traffic. 
We propose that UTRAN including HSPA Evolution is connected to the SGSN in the control plane and to the SAE GW in the user plane, assuming the One Tunnel Solution is used for connecting UTRAN to the core network. GGSN can remain in the networks as 3GPP anchor for pre-SAE terminals, whereas SAE GW is the 3GPP anchor for SAE terminals supporting both LTE, HSPA Evolution, non-3GPP access and legacy 2G/3G accesses.  
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5.Proposal
It is proposed to include a new Key Issue – Migration as chapter 7.x in chapter 7.
**** Start of 1st set of changes ****

7.x
Key Issue Migration
7.x.1
Description of Key Issue Migration

The importance of an evolution story, an evolution that leverage the existing infrastructure, a cost effective way to improve performance improvements, and that HSPA Evolution have similar priority to LTE is being of importance for SAE. In order to achieve these objectives, migration and backward compatibility (e.g. co-exist with pre-SAE terminals) are important aspects to consider.

Below different alternatives are described and a solution is selected.
7.x 2
Solution for key issue – Alternative A

7.x.2.1
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 respectively. 
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Figure 7.x.2.1: 3GPP Rel-6 Logical high level architecture
7.x.2.2 Step 2 - 3GPP Rel-7 network with One Tunnel solution

“One Tunnel” solution is introduced within this step to the GPRS Core to optimize 3G user plane handling. SA2 is currently preparing a technical report to further develop “One Tunnel” solution in Rel-7. This allows for flexible deployment of 3G networks where the GGSN can be placed closer to the access network and the SGSNs, especially if configured in pools, can be centrally located for optimized handling of operations and maintenance. This is however not mandated by the architecture and is a deployment choice of the operator.
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Figure 7.x.2.2: 3GPP Rel-7 One Tunnel Logical high level architecture
7.x.2.3 Step 3 - Introduction of non-3GPP accesses
Integration of 2G/3G accesses and non-3GPP accesses is performed introducing the SAE GW which contains GGSN and MIP HA functionality. This is a step towards Evolved Packet core, but the SAE GW does not include the complete UPE/IASA functionality at this point.

The 3GPP anchor role can be handled by both GGSN and the SAE GW for 2G/3G accesses, but for terminals with both 2G/3G and non-3GPP access capabilities, the 3GPP anchor and the SAE anchor is in the SAE GW. The Gn interface is used from SGSN both towards the GGSN and the SAE GW, but in case of One Tunnel solution for 3G access the Iu-UP is connected directly from RNC to GGSN or SAE GW.
This opens for a gradual migration of legacy 3GPP access traffic from GGSN to SAE GW which may be beneficial especially in the introduction phase.  As SAE GW capacity is increased, also 2G/3G-only terminals can be migrated to be served by the SAE GW. 

Non-3GPP accesses are integrated using MIPv6 and the HA included in the SAE GW corresponds to the SAE Anchor.
The SAE anchor functionality should be defined such that it should be possible to be introduced also into a Rel-7 GGSN without requiring the rest of the SAE architecture. In this way, introduction of non-3GPP access could be de-coupled from the introduction of the rest of the EPC functionality. Note that this de-coupling does not require the SAE anchor functionality to be implemented in a separate node of the architecture. On the contrary, by having the SAE anchor functionality co-located with the GGSN, we avoid the need to standardize and implement additional tunnelling and control mechanisms between the two, facilitating quicker introduction of non-3GPP accesses into the architecture

When providing enough capacity to serve all traffic from legacy terminals in addition to 2G/3G/non-3GPP capable terminals, SAE GW may act as the common cellular anchor for all legacy and 2G/3G/non-3GPP traffic. Utilizing SAE GW as the common cellular anchor for all traffic gives the possibility for less inter-connection points to the service network and less points in the network for applying policy and charging rules to user traffic.
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Figure 7.x.2.3: Introduction of non-3GPP accesses 
7.x.2.4 Step 4 - Introduction of HSPA Evolution, LTE access and Evolved Packet Core
Evolved Packet Core is introduced for LTE and HSPA Evolution access. 

At SA2#52 it was clarified that S3 and S4 reference points are connected between SGSN in GPRS core and the Evolved Packet Core and that both S3 and S4 are based on Gn reference point. S3 is in this proposal only for control signaling whereas S4 carries both user plane traffic and control signaling. 

LTE access is connected to the Evolved Packet Core via S1 as previously agreed. Mobility Management Entity (MME) is utilized as control plane element for LTE access, whereas the user plane is connected to the SAE GW which in this step contain the full User Plane Entity/Inter Access System Anchor (UPE/IASA) functionality. Note that the separation or not of MME and UPE entities, and UPE and IASA entities respectively are not yet settled in SA2.

Further it is here proposed that UTRAN including HSPA Evolution is connected to SGSN in the control plane and connected to the 3GPP anchor point in the user plane according to the One Tunnel solution. In full deployment of SAE/LTE in this step, the 3GPP anchor role is moved from the GGSN to the SAE GW also for 2G/3G accesses including HSPA Evolution. With a functional allocation to MME and SAE GW similar to the functional allocation to the SGSN and GGSN in the One Tunnel solution, the same network structure can be used for both One Tunnel and SAE. Re-using network infra-structure and already installed sites also improves the migration to SAE. 

At the time of this step both GPRS Core and Evolved Packet Core can terminate legacy 3GPP access user plane traffic (pre-SAE including One tunnel traffic) and provide access to services. For terminal with LTE capabilities SAE GW always act as the anchor point. Thus it is here proposed that the Iu User Plane (UP) is going from the RNC in UTRAN to the UPE/IASA of Evolved Packet Core. Rel-7 GGSNs can (depending on operator choice) remain in the network for supporting pre-SAE terminals only.
The gradual migration of traffic from legacy 3GPP accesses described in step 3 is also applicable in this step.  As Evolved Packet Core capacity is increased, also pre-SAE terminals can be migrated to be served by the Evolved Packet Core unless migration is already performed. 

At the time when Evolved Packet Core is providing enough capacity to serve all traffic from legacy terminals in addition to SAE terminals, SAE GW will act as the common cellular anchor for all legacy and SAE traffic. Utilizing SAE GW as the common cellular anchor for all traffic gives the possibility for less inter-connection points to the service network and less points in the network for applying policy and charging rules to user traffic.
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Figure 7.x.2.4: SAE Logical high level architecture including LTE and HSPA Evolution 
RNC here denotes the upgraded RNC with HSPA Evolution support. The RNC is backward compatible and also supports the legacy UTRAN Node B’s. Pre-SAE terminals can still use UTRAN according to the capabilities of the terminal. This kind of backward compatibility can allow efficient cost effective deployment of HSPA Evolution. 
Active mode mobility between 2G/3G access and LTE access is handled through S3/S4 procedures similar to PS handover over Gn interface. 

With HSPA Evolution access connecting to SGSN in the control plane using the Iu interface imply that also the NAS signalling are fairly similar to current NAS signalling in GPRS Iu mode. At the same time the requirements on SAE/LTE calls for improvements in the UE – Core Network signalling e.g. to reduce set-up times. As terminals with both LTE and HSPA Evolution access are likely and that mobility within 3GPP accesses should be optimized, conceptual compatibility of SM/MM NAS signalling for LTE and HSPA Evolution accesses is needed.

HSPA Evolution will be optimised for better performance e.g. reduced latency, higher capacity, and coverage. Even though it is proposed that HSPA Evolution is connected via the Iu interface there is still possibility to improve the efficiency of the Iu protocols between the SGSN in the core network and the RNC in the RAN. Similarly the NAS signalling between the UE and the SGSN should be optimized. Improvements proposed in SAE/LTE like combined attach and PDP context activation and simplified IP-based transportation of Iu signalling should be considered. 
7.x 3
Solution for key issue – Alternative B
…

**** End of 1st set of changes ****
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