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1. Introduction
CT4 had, several meetings ago, made a working assumption, based on valid technical reasons, that GTPv2 UP would be used for the User Plane for EPC. CT4 received an LS from SA2 on "Direct Data Forwarding for Inter 3GPP RAT Handover" (C4-081874 / S2-085134) where, once again, the discussion of the advantages of GTPv2-U over GTPv1-U and the (dis)advantages of continuing to use GTPv1 were raised.
During the discussion a number of operators expressed concerns that the decision to use GTPv2-U may require upgrading legacy UTRAN (RNCs) for interworking with EPC.
This paper attempts to illustrate the technical advantages of GTPv2-U over GTPv1-U and also show that there is no need for upgrading the legacy UTRAN.

2. Discussion
2.1 Legacy UTRAN aspect
CT4 has not received any formal requirements for GTP user plane interfaces, but several operators pointed out that it is undesirable to have the necessary cost of upgrading the legacy UTRANs to make it compatible with EPC. In order to address the issue, we need to consider respective interfaces and features.
A. Rel-8 Iu interface between Rel-8 Gn/Gp SGSN and Rel-8 UTRAN is based on GTPv1-U. CT4 is not planning to change this.
B. Rel-8 Iu interface between Rel-8 GGSN and Rel-8 UTRAN for a direct tunnel is based on GTPv1-U. CT4 is not planning to change this.

C. Rel-8 Iu interface between Rel-8 SGSN supporting S4, and Rel-8 UTRAN may be based ether on GTPv1-U, or on GTPv2-U. CT4 has not reached agreement on this yet.
D. S12 interface between SGW and Rel-8 UTRAN may be based ether on GTPv1-U, or on GTPv2-U. CT4 has not reached agreement on this yet.

E. Stage 2 does not specify an interface between EUTRAN and a Rel-8 UTRAN, which means that the direct forwarding between these two is not supported in Rel-8. Therefore, there is no need to harmonize GTP protocol flavours between Rel-8 UTRAN and EUTRAN. Besides, indirect data forwarding can be used, which can address the potential issue.
F. CT4 has not agreed on the GTP protocol flavour for S16 interface that connects two SGSNs supporting S4. This issue, however, does not have any impact on the UTRAN and therefore is excluded from the following discussion.
The only open issue in CT4 is the GTP-U protocol flavour across S12 and Rel-8 Iu interfaces that have direct implications on the UTRAN. If CT4 decides that the S12 interface and the Rel-8 Iu interface towards an SGSN supporting S4 shall be based on GTPv1-U, then the problem will be solved. That is, a legacy UTRAN can interwork with EPC. The only implication of such a decision would be adding a GTP-U protocol flavour conversion function to the SGW and the SGSN supporting S4. It should be highlighted that such a function would be rather lightweight and very simple to implement.
Listed below are all four alternatives to make the study complete.

1. Using GTPv2-U across the S1-U, S4, S5, S8, and X2 interfaces, and using GTPv1-U across the Iu towards an SGSN supporting S4, and S12 interfaces. It was illustrated above that this alternative does not have any implications on the UTRAN.
2. Using GTPv1-U across all new interfaces to EPC and also within EPC. Protocol aspect drawbacks of this proposal are addresses below.
3. Using GTPv2-U across the Iu towards an SGSN supporting S4, S1-U, S4, S5, S8, S12, and X2 interfaces. This is similar to alternative 1, but proposes to base two interfaces towards the UTRAN on GTPv2-U. The advantage of this alternative is that it provides for a clear migration path from GTPv1 to GTPv2, so that eventually in the future a common core would need to support only GTPv2.

4. Using GTPv2-U across the Iu towards an SGSN supporting S4, S1-U, S4, S5, S8, S12, and X2 interfaces. In addition, using GTPv1-U across the Iu towards an SGSN supporting S4 and S12, is also optionally possible in Release 8 in order to minimize the possible impacts to the existing RNCs.
2.2 Protocol level advantages of GTPv2-U over GTPv1-U

The following drawbacks of GTPv1 can be identified:

· Extra efforts for maintaining two GTP specs

· Lack of flexibility of the extension header mechanism.
· Limitations on developing new error handling mechanisms
Other advantages of GTPv2 are listed in Ericsson's paper in C4-081556 and are recapitulated here:
· Establishes a cleaner target architecture, with a single target GTP version in the EPS, allowing easy and necessary improvements and adaptation towards an evolving future EPS architecture.

· Minimizes the complexity of new EPS products which would otherwise require the development, maintenance and verification of multiple protocols as well as two GTP protocol stacks in parallel. Note that the related costs are significantly higher for new products in constant development than for products that have reached maturity (like the RNC) and to which only limited features are added.

· Leverage the improvements (although they are minor for the user plane) of the new GTPv2 protocol, without creating a new Rel-8 GTPv1-U variant.

· Better implementation of extension headers.
· Dynamic header type

· "Error Indication" message sent back to originating port.

· Common header with GTPv2 Control Plane.

· Avoids conversion between GTPv2 and GTPv1 user plane in as many use cases as possible.

· Keeps a clear functional separation of the usage of GTPv1 and GTPv2 in the network entities.

· Enables a controlled phasing out of GTPv1 in the long term without affecting the target architecture and protocols in use.

· Enables, in the future, an easier maintenance towards two network based mobility protocols, GTPv2 and PMIP, thus continuing to strive towards some of the earlier goals of the SAE work (reducing CAPEX & OPEX).

Both GTPv1-C and GTPv1-U are specified in TS 29.060. The current draft of TS 29.274 basically specifies GTPv2-C and also provides a framework for GTPv2-U (e.g. common header definition, placeholders for GTPv2-U subclauses, etc.). CT4's intention is to functionally freeze TS 29.060 (GTPv1), so that no new  features would be added to the specification, and to focus on specifying new features only to TS 29.274 (GTPv2). The intension is to maintain only one, GTPv2 specification and keep the GTPv1 specification basically unchanged. Only essential changes would then be considered to TS 29.060.
With the alternative 2, CT4 may need to maintain both GTP specs, because EPS needs new user planes features (e.g. End Marker, MBMS related features, etc.).

GTPv1-U has also couple of suboptimal features (e.g. Extension Header coding, non-dynamic header type, etc.), which CT4 planned to improve.
CT4 is working on improving the error handling in general and on the Error Indication message in particular. If all GTP-U interfaces would be GTPv1-U based, then CT4 would not be able to design fundamentally different solutions, if they don't fit into the legacy protocol.
3. Conclusions

By selecting Alternative 1, two goals shall be achieved: (a) the introduction of GTPv2-U will not impact UTRAN and (b) CT4 would have a free ability to improve GTP user plane features in the GTPv2-U protocol.
By selecting Alternative 4, two service requirements can be fulfilled in Release 8. If operators see benefits remaining in GTPv1 U for existing RNCs, they can choose GTPv1-U. On the other hand, if operators see benefits having common user plane protocol toward all 3GPP RAN nodes, they can choose GTPv2-U. In this approach, GTPv1-U and GTPv2-U has functionally identical across Iu towards an SGSN supporting S4 and S12 at least in Release 8. However, it should be noted that this alternative leaves open the possibility of having two flavours of protocol version on the same interface (Iu, S12), which may cause interoperability issues in a multi-vendor environment. Additionally, a user protocol negotiation may also be required impacting the UTRAN. Configuration of the SGSN supporting S4 and S-GW provides a viable option to a standardised alternative 4. 
In addition to the above, it is relevant to highlight that with the Alternative 1, GTPv2-U will be implemented only in new network elements: eNB, SGW, PGW. GTPv2-U support will have little impact on the implementation efforts and therefore have little effect on the costs. GTPv2-U also, will not have any impact on the network element performance. That is, with the Alternative 1, merits of GTPv2-U become basically relevant only for the vendors.
4. Proposal

For the upcoming CT4 discussions, both sections of this paper on Legacy UTRAN aspects and on protocol level advantages of GTPv2-U over GTPv1-U are relevant. It is shown that the working assumption CT4 made on use of GTPv2 is still relevant and should be continued. It is CT4's decision on which protocol to finally use.
For SA2, CT4 need to get their expertise and feedback on the architectural implications of CT4's working assumption to use GTPv2 in the identified networking configurations before CT4 takes the final decision on which version to use of GTP UP.
