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Abstract of the contribution: This paper discusses the architecture for EPC-GPRS Core interworking, based on the requirements from SA1, and on whether interfaces such as S3 and S4 should be based on EPS bearer model or on GPRS bearer model. 
Discussion

Status from last SA2 meeting

In the outcome of the drafting session at last meeting S2-081889 [1],  the Rel-8 GPRS architecture is discussed. Controversial interfaces are shown in red color; they correspond to:

· whether there is an interface between Rel-8 GGSN and Rel-8 SGSN; however, there seems to be an agreement on the fact this interface is GTPv1-based (PDP Context procedure-based) as there is no reason to force GPRS operators to take a brand new EPC architecture just to improve their GPRS network with the support of dual stack or home nodeB requirements;

· whether there is a Direct Tunnel capability user plane interface between GGSN and UTRAN;

· whether there is a need to connect Rel-8 GGSN to Serving GW via GTPv1-based interface or not; 

· whether S3 and S4 interfaces are GTPv1-based (PDP Context procedure-based) or GTPv2-based (EPC Bearer procedure-based); this seems to be linked with the need for S-GW / GGSN connectivity: 

· if there is a need to connect SGW to GGSN via GTPv1-based interface, the Serving GW would need to see both GTPv1 and GTPv2 procedures, and it may be beneficial to concentrate the QoS and procedure interworking in the Serving GW rather than to have such GPRS-EPC procedures interworking functions distributed in many nodes.

· if there is no need to connect SGW to GGSN via GTPv1-based interface, it would make more sense to avoid MME and SGW the need to implement these GPRS-EPC procedures interworking. 
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Figure 1: Rel-8 GPRS architecture discussions, extracted from S2-081889

Requirements expressed from operators

In S2-081473 [2], some operator requirements have been expressed. In particular, 

1) to have capability to enhance their 2G and 3G networks without having to purchase network enhancements that appear to only be necessary for E-UTRAN access.
This implies:
- to have Rel-8 GGSNs close to legacy GGSNs in term of functionalities;
- to connect these Rel-8 GGSNs directly to Rel-8 SGSNs through a Gn/Gp
- that such Rel8 GGSN and enhanced Gn/Gp should just be just for 2G/3G needed features for Home NodeBs, dual stack PDP contexts, HSPA data rate enhancements, etc. (i.e. without major modifications, still keeping PDP Context based procedures such as UE-initiated PDP context activation concepts);
- to avoid to force a 2G/3G-only operator to buy SGWs to connect Rel-8 SGSNs to Rel-8 GGSNs.

2) to be able to introduce the EPC architecture in an “access agnostic” way i.e. supporting E-UTRAN, GERAN and UTRAN.
This implies: 
- to use new EPC bearers and network-initiated EPC bearers setup procedures;
- where Rel-8 SGSNs are connected to Serving GW seen as a 3GPP anchor point;
- and where services are provided through the P-GW, GGSN features being part of the P-GW for EUTRAN capable UEs when EPS is available.

Standalone Rel-8 GGSNs are not used for EUTRAN-capable UEs, this is the role of the PGW: GGSNs should be used for pre-Rel8 and Rel-8 non-EUTRAN capable 2G/3G UEs only. This does not preclude the PGW to support Rel-8 2G/3G-only capable UEs as well.

Roaming scenarios

A roaming scenario that may have impacted the EPC-GPRS architecture was mentioned in TS 22.278 [3]: roaming from a legacy HPLMN into a EUTRAN-only VPLMN. The user has a USIM and transfers it from a legacy 3GPP terminal to an EPS-capable terminal when roaming. This requirement is captured in TS 22.278 [3] section 5 " The Evolved Packet System shall provide functionality to support inbound roaming subscribers from other Evolved Packet Systems and legacy networks".
This scenario would require to connect the GGSN in the HPLMN to the Serving GW in the VPLMN through GTPv1. Serving GW would have to support both GTPv1 (PDP contexts based procedures) and GTPv2 (EPC bearers procedures) together with the interworking between them.

But the LS from SA1 (S2-081220 (S1-080338)) [4] states: " SA1 realized that the interest for a pre-Rel8 operator to allow access to E-UTRAN networks is only valid if it can be done without additional impacts or costs to neither the pre-Release 8 home network, nor the USIM, or the deployment of E-UTRAN by the visited operator, and without compromising E-UTRAN security", and "Please be advised that SA1 does not believe this interworking scenario needs to be supported, unless a solution can be found that has no impacts as described above".

This is also in line with the LS from SA3 [5] which states:

" SA3 would also like to point out that if interworking with a pre-Rel-8 HSS/HLR whilst maintaining security is determined to be too difficult to achieve, then another option is to simply not allow interworking with a pre-Rel-8 HLR/HSS in EPS."

Conclusions

Pre-Rel8 SGSNs are connected to pre-Rel8 GGSNs directly, and via GTPv1. In order to avoid a 2G/3G-only operator to invest in EPC architecture, and to preserve the operator's investments, the existence of Rel-8 GGSNs directly connected to Rel-8 SGSNs is necessary if there is a need for a 2G/3G-only network evolution in Rel8. 

Rel-8 GGSN with GTPv1 is necessarily close to pre-Rel8 GGSN in terms of functionalities and is designed to provide PDN access to 2G/3G-only capable terminals as well as to 2G/3G/EUTRAN-capable terminals if there is no EPC nodes in the network, but not when  EPC is available, where they are handled by EPC (via S4 interface). 
Finally, as the roaming scenario from a legacy HPLMN into a EUTRAN-only VPLMN is not required anymore as per SA1 advice, there is no need to have an additional connectivity of SGSNs to GGSNs through the SGW. 

This leads to the following architecture. 

Proposed architecture
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Figure 2: proposed EPC-GPRS architecture

Above architecture satisfies SA1 requirements, and preserves operator's investments:

· GGSNs can be easily upgraded to Rel-8

· GGSN provide access to operator's services for legacy UEs and possibly to non EUTRAN capable UEs

· Since Rel-8 SGSN is connected to Rel-8 GGSN through GTPv1 (i.e. PDP Contexts based procedures), there are very little impacts to SGSN procedures and TS 23.060 for a 2G/3G operator that does not wish to introduce EUTRAN and EPC. In particular, buffering for paging should remain in Rel8 SGSN to avoid introduction of buffer in Rel8 GGSN that would not be used in P-GW target EPC architecture.
This architecture also provides access to operator's services for all new UEs through P-GW (including GGSN functions) when EPC is introduced in the network, and has the following benefits:  

· It allows for GTPv2 to be the only long term target interface;

· Except for MME to interwork with pre-Rel8 SGSNs during interim phase, it confines the EPS-bearer model / GPRS-bearer model (QoS and procedures) interworking to the SGSN node. None of the EPS nodes (PGW, SGW, MME, E-UTRAN) need to know what is a GPRS bearer in the long term;

· It does not preclude the P-GW to host a GGSN function, as an implementation option.

· It supports S-GW as anchor for 3GPP mobility and common paging procedure between EUTRAN and GERAN/UTRAN.
Migration aspects

Following major migration cases are described:

1- 2G/3G only operator that does not want to introduce EPS

2- 2G/3G operator that wants to migrate to EPC but not necessarily to EUTRAN

3- 2G/3G operator that wants to migrate to EPS (EPC + EUTRAN)

2G/3G only operator without EPC

If GTPv1 evolves in Rel-8 to include small enhancements such as a new RAT type for Home NodeBs, PDP Context Dual Stack capability, HSPA data rate enhancements, etc., the following architecture is proposed, that will not force the operator to buy EPC nodes such as SGW or PGW.

This is the more natural way forward and the less costly.
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Figure 3: Rel-8 architecture for a 2G/3G only operator that does not want to introduce EPS

2G/3G operator migrating to EPC (not necessarily to EUTRAN)

This can also be an intermediate step for migrating to EPS.

The principles are the following:

· pre-Rel8 UEs are able to access legacy APNs through GGSNs;

· Rel-8 2G/3G-only UEs are able to access legacy APNs through either GGSNs or P-GWs, and Rel-8 APNs through P-GWs;

· Rel8 2G/3G/EUTRAN capable UEs access to legacy or Rel8 APNs via S-GW/P-GW only. 
Note that it does not preclude the P-GW to host a GGSN function, as an implementation option.
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Figure 4: Rel-8 architecture for a 2G/3G operator migration to EPC

2G/3G operator migrating to EPS (EPC + EUTRAN)

The migration to EPC- only as described in the previous section can be used as the first migration step. 

Another possibility, which is FFS,  for the first migration step would be to introduce EUTRAN and EPC without interactions with GPRS Core i.e. without S4 interface as shown in next figure. The principle is a combined GGSN/P-GW to ensure the mobility between EUTRAN and GERAN/UTRAN. In this step, ISR is not supported, but it is expected that the traffic during this migration step will be low.


[image: image5.emf]   

EUTRAN  

GTPv1  (interim  only)  

GTPv1  (interim  only)  

UTRAN  

GERAN  

Rel 8  SGSN  

    Combin ed    Rel 8  GGSN    -  PGW  

Access to legacy and Rel - 8 APNs  (combined  G GSN/P - GW)                

S5/S8   (GTPv2  or PMIP)  

SGi  

Operator's IP Services   (e.g. IMS, PSS, etc)  

S1 - MME  

S10  

MME  

S11  (GTPv2)  

UTRAN  

GERAN  

Pre - Rel 8  SGSN  

S - GW  

GTPv1 (with  Rel8   enhancements)  

GTPv1  

Pre - Rel8  GGSN  

EUTRAN &  2G/3G  capable UE  

2G/3G - only   UE  

Access to legacy APNs  

Gi  

Operator's IP Services   (e.g. IMS, PSS, etc)  

S1u  


Figure 5: Another alternative (FFS) for step 1 migration (combined GGSN/P-GW, no S4 interface)

The second step corresponds to the introduction of EUTRAN and EPC interacting with GPRS Core. The principles are the following:

· pre-Rel8 UEs are able to access legacy APNs through GGSNs;

· Rel-8 2G/3G-only UEs are able to access legacy APNs through either GGSNs or P-GWs, and Rel-8 APNs through P-GWs;

· as in this interim scenario there is no S4 interface (no interactions with GPRS Core), Rel8 2G/3G/EUTRAN capable UEs will access to legacy or Rel8 APNs via S-GW/P-GW when in EUTRAN and via SGSN-combined P-GW/GGSN directly when in GERAN/UTRAN.

Note that the P-GW to host a GGSN function, as an implementation option.
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Figure 6: Rel-8 architecture for a 2G/3G operator migration to EPC + EUTRAN (2nd step)
The last step is the long term target architecture, i.e. that all the APNs are accessed through the P-GW (the DNS query from SGSN results in a list of S-GW/P-GW).

There is no GGSN and no GTPv1 anymore.
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Figure 7: Rel-8 architecture for a 2G/3G operator migration to EPC + EUTRAN (long term)
Proposal

It is proposed to agree on the proposed architecture summarized in figure 2 where:

- If enhancement of 2G/3G only is needed, Rel-8 SGSN and Rel-8 GGSN are connected directly together and through GTPv1;
- Rel-8 GGSN does not provide PDN connectivity to EUTRAN capable UEs; Rel8 GGSN does not provide buffering capability as this is supported in the Rel8 SGSN.
- P-GW provides PDN connectivity to both EUTRAN capable UEs and 2G/3G non-EUTRAN capable UEs;

- It does not preclude the P-GW to host a GGSN function, as an implementation option;

- The selection of GGSN or S-GW/P-GW is performed by the SGSN depending UE capabilities (pre-Rel8 UEs, Rel-8 2G/3G-only UEs, Rel-8 EUTRAN capable UEs);

- S3 and S4 interfaces are based on GTPv2.
A companion CR is providing the necessary changes to 23.401.

Another companion CR is proposing to introduce the migration scenarios in 23.401.
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