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This paper studies the migration aspects when an operator wants to add LTE/EPC to its existing 2G/3G network with regards to the architecture.
1. Discussion

When an operator is introducing EPC and LTE, it is important that the migration does not require the operator to upgrade all its existing SGSN to Release 8. It has been accepted that there pre-R8 and R8 SGSNs will coexist in a PLMN. 
In this paper, we focus on roaming scenarios.

The revised report from Flow Drafting session S2-073062 [1] says: 

“Some scenarios were discussed and following assumptions are taken for these scenarios:

· for interworking with pre-Rel8 2G/3G PLMNs the PGW contains GGSN functionality and provides Gp to the SGSN

· to support RAU/TAU between pre-Rel8 SGSN and MME, the MME supports the Gn functionality (as for SGSN-SGSN Gn) as needed for such RAU/TAU mobility

· a PLMN may have Rel8 and pre-Rel8 SGSNs”

It was agreed that it does not preclude other scenarios. In particular, it may make sense to consider scenarios where PGW does not implement Gp interface, in particular when S8 is IETF oriented. It avoids implementing pre-R8 GGSN function in PGW. 
1- Solution description

A solution for this scenario could be that the pre-R8 SGSN be connected through the SGW via legacy pre-R8 Gn interface:

- to a pre-R8 GGSN, independent from PGW for pre-R8 UEs, 

- and to PGW for R8 LTE capable UEs, in the same way as for R8 SGSNs;

a) For pre-R8 UEs, the SGW acts as a “GGSN-Proxy”, in a way that is similar to the one described in TR 23.809 section 5.4 (One Tunnel) [2]: the SGSN communicates to the xGGSN as if it is the normal GGSN. The xGGSN then updates the HPLMN GGSN when necessary. The xGGSN acts as an SGSN towards the HPLMN GGSN and Gp interface is used between operators as today. The DNS is configured in order that the APN resolution provides a list of xGGSN’s instead of a list of GGSN’s. Same APN as previously is used. 

Below is the corresponding figure extracted from TR 23.809. Note that in our proposal, the user plane can be routed either directly to RNC or via SGSN. This is independent from the xGGSN concept. 
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Figure 1: Handling of roaming traffic with the GGSN Proxy One Tunnel solution 
(extracted from TR 23.809)
b) For R8 LTE capable UEs, SGW also acts as a GGSN proxy: it is seen as a legacy GGSN by the pre-R8 SGSN via legacy Gn interface, and connected to S8 interface (IETF or GTP) to the PGW. 
The support of pre-R8 UEs and R8 LTE capable UEs is depicted in the following figure. 

SGW can discriminate pre-R8 UEs from R8 UEs either via different APNs or via a specific PCO field in 24.008 messages conveyed by R8 UEs but not by pre-R8 UEs (transparent to SGSN). 
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Figure 2: support of pre-R8 UEs and R8 UEs on pre-R8 SGSNs
2- Handovers between LTE and pre-R8 RAN

As it is agreed that “a PLMN may have Rel8 and pre-Rel8 SGSNs”, handovers between LTE and pre-R8 RANs should be supported.

When pre-R8 SGSNs are connected directly to PGW via Gp interface, where PGW acts as a GGSN, there seems to be an issue at handover between pre-R8 RAN/CN and LTE/EPC in the case S8 is IETF-based. Indeed, for a handover from LTE to pre-R8 RAN, the target SGSN requires the PGW TEID. But the TEID is not carried in IETF procedures over S8 and therefore is not known from source MME.

Therefore, in the case of pre-R8 SGSNs connected to PGW via Gp, it is proposed to prevent handovers with pre-R8 VPLMNs when S8 is IETF-based. And in this case, the deployment scenarios for pre-R8 existing VPLMNs targeted to be connected via S8b (IETF-based) can be:

· either to deploy EPC/LTE with S8a (GTP-based), then to upgrade all the SGSNs/RANs to R8;

· or to upgrade all SGSNs/RANs to R8, then to deploy EPC/LTE.

With pre-R8 SGSNs connected to SGW, handovers between LTE/EPC and pre-R8 RAN are possible as the SGW is the GTP-capable anchor point. 

3- The advantages of this scenario are:

· In the S8 IETF option, the PGW in the HPLMN does not require to handle pre-R8 GGSN function and Gp interface to connect legacy SGSNs in EPC VPLMNs. 
· Charging an Lawful Interception in the VPLMN are ensured in the S-GW in all the cases. It may be quite important to avoid relocation of Lawful Interception; Charging relocation may also be complicated as otherwise charging coordination and alignment must be ensured between pre-R8 SGSNs and SGW. 
· The fact that SGSN is pre-R8 or R8 is hidden to the HPLMN.
· UE moves between LTE/MME, R8-SGSN, pre-R8 SGSN are hidden to HPLMN and saves HPLMN signaling. It could be extended to non-3GPP technologies such as WIMAX and 3GPP2 as well when the anchor point for mobility is SGW. 

· The architecture is the same whatever the SGSN is R8 or pre-R8.
· Handovers between LTE/EPC and pre-R8 RANs are possible.

2. Proposed text in TS 23.401

Start first addition to 23.401
Annex Y (Normative):  Interoperation with SGSNs of earlier 3GPP standards releases
Y.1
Interoperation Scenarios
In the interworking scenario of this annex the 3GPP 2G or 3G SGSN conforms to an earlier 3GPP standards release, i.e. this SGSN provides no functionality that is introduced specifically for the EPS. UEs of an EPS operator may roam in vPLMNs that conform to earlier 3GPP 2G or 3G standards releases. 

Two scenarios can be deployed:

1- Scenario where PGW provides GTP interface
Such roaming is enabled by Gp functionality that is provided by PDN GWs of the hPLMN. In addition the HSS provides Gr functionality.

Mobility between 3GPP 2G or 3G SGSNs and an MME is enabled by Gn functionality that is provided by the MME.

All Gp and Gn functionality bases on GTP version 1.

The functionality provided for this roaming scenario allows also for configuring intra PLMN mobility and interoperation.
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Figure a. Roaming Architecture for interoperation with earlier 3GPP standards releases: scenario where PGW provides GTP interface
2- Scenario where PGW does not provide GTP interface
The pre-R8 SGSN is connected through the SGW via legacy pre-R8 Gn interface:

- to a pre-R8 GGSN, independent from PGW for pre-R8 UEs, 

- and to PGW for R8 LTE capable UEs, in the same way as for R8 SGSNs;

a) For pre-R8 UEs, the SGW acts as a “GGSN-Proxy”, in a way that is similar to the one described in [x]: the SGSN communicates to the xGGSN as if it is the normal GGSN. The xGGSN then updates the HPLMN GGSN when necessary. The xGGSN acts as an SGSN towards the HPLMN GGSN and Gp interface is used between operators as today. The DNS is configured in order that the APN resolution provides a list of xGGSN’s instead of a list of GGSN’s. Same APN as previously is used. 

b) For R8 LTE capable UEs, SGW also acts as a GGSN proxy: it is seen as a legacy GGSN by the pre-R8 SGSN via legacy Gn interface, and connected to S8 interface (IETF or GTP) to the PGW. 

The support of pre-R8 UEs and R8 LTE capable UEs is depicted in the following figure. 

SGW can discriminate pre-R8 UEs from R8 UEs either via different APNs or via a specific PCO field in 24.008 messages conveyed by R8 UEs but not by pre-R8 UEs (transparent to SGSN). 
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Figure 2: support of pre-R8 UEs and R8 UEs on pre-R8 SGSNs
The advantages of this scenario are:

· In the S8 IETF option, the PGW in the HPLMN does not require to handle pre-R8 GGSN function and Gp interface to connect legacy SGSNs in EPC VPLMNs. 

· Charging an Lawful Interception in the VPLMN are ensured in the S-GW in all the cases. It may be quite important to avoid relocation of Lawful Interception; Charging relocation may also be complicated as otherwise charging coordination and alignment must be ensured between pre-R8 SGSNs and SGW. 

· The fact that SGSN is pre-R8 or R8 is hidden to the HPLMN.

· UE moves between LTE/MME, R8-SGSN, pre-R8 SGSN are hidden to HPLMN and saves HPLMN signaling. It could be extended to non-3GPP technologies such as WIMAX and 3GPP2 as well when the anchor point for mobility is SGW. 

· The architecture is the same whatever the SGSN is R8 or pre-R8.

· Handovers between LTE/EPC and pre-R8 RANs are possible.

3. Proposal
It is proposed to discuss the need for such scenario with operators. If a significant number of operators are interested, it is proposed to add this scenario in TS 23.401 via the above proposed text, and to design S8a/S8b interface in a way that allows such scenario. Otherwise, if the only agreed scenario is to connect pre-R8 SGSNs via Gp interface, it is proposed to agree that handovers between pre-R8 RAN/CN and LTE/EPC are not supported in the case of S8b interface. 
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