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1. Introduction

There are still some open issues in the high level message exchange functions in Intra LTE Mobility control. S1-U data path switching is one of such issue. It is also seen as a time-critical function that could benefit from connectionless message exchange on the TNL layer. Document R3-061521 discusses further the ways how to provide connectionless service over IP networks, proposing to use UDP/IP for connectionless transport especially in point to multipoint signaling. The same approach is considered applicable in S1-U path switching.
2. Path switching in E-UTRAN 
This chapter discusses the alternatives how to specify the signaling for updating the routing on S1-U interface in inter-eNodeB Handover.

2.1 Alternatives for path switching procedure on S1
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Currently it is FFS if, in case of intra-LTE handover, the User plane path switching in UPE is triggered by a message sent directly from the target eNodeB to UPE or if the message is first sent from the target eNodeB to MME and another message from there to UPE. The following figure illustrates these two alternatives:

Figure 1. Alternatives for S1 path switching.

Updating the path on S1 is part of the handover procedure, as the HO is complete only once the path has been successfully switched. From the point of view of seamless handover any delay in updating the path can be considered critical, potentially necessitating forwarding between the eNodeBs.
From the HO delay performance viewpoint, alternative 1 in Figure 1 has advantage over alternative 2. The direct signaling between path end points is faster than signaling through an intermediate node (Note: S1 shall support the operation with separate MME and UPE nodes). 

From the processing viewpoint, alternative 1 in Figure 1 has advantage over alternative 2. In alternative 2 the node hosting MME function is impacted by the inter-eNodeB handover in a delay critical manner. That is, the node needs to react to the path update with the least possible latency to make the overall handover delay the shortest possible. The rest of the intra-LTE mobility signaling, i.e., updating the UEs location in MME may not be considered as delay critical for MME node. For UPE each inter-eNodeB handover is delay critical in any case, irrespective of from where the path update is sent.
From the reliability viewpoint alternative 2 has an advantage over alternative 1. If the path update message was sent first from eNodeB to MME, this messaging would be carried by reliable signaling transport on S1-C, while in case of direct signaling toward UPE the path update would be carried over unreliable transport over S1-U, unless SCTP transport was introduced in S1-U. On the other hand, the need to re-transmit the path update would negatively affect the HO delay, implying that the transmission of the message should preferably be successful on the first try. Generally it is not seen reasonable nor recommendable to introduce SCTP protocol on S1-U.
From the point of view of a clean split between S1-C and S1-U, alternative 2 has an advantage over alternative 1. However, depending on the way how the path switching would be done this question can be seen as merely academic.
Based on the LS from SA WG3 in R3-061002, Answer#4 there, alternative 1 may bring some security related requirements to S1-U. However, this issue is FFS in SA3 and there has not been any SA3 meeting since the LS was sent.
2.2 Protocol for Path Switching

In the RAN3#53 the GTP was seen as the preferred candidate for the S1/X2 user plane interface. In this contribution it is assumed that GTP is indeed used as the User plane protocol on S1-U.
There is an agreement that the S1 user plane switching shall apply “late path switching” principle. Now if the S1 user plane switching would go via the MME using the SCTP based S1-C, the Target eNB is able to deliver the first UE specific application protocol message only after a signalling connection is established at the TNL layer.

If the UE Specific SCTP association will be established according to R3-061159 by Nortel, it would cause two tens of milliseconds delay in addition to the control message processing time in the MME, transport delays to a possibly separate UPE node and application message processing time in the UPE before the actual S1-U switching can happen.

Nokia has provided an alternative method for establishing a user specific S1-C signalling connection over a shared SCTP association in the R3-061218. Even if the latency for the first delivered application message to the MME ix shorter; it should be noted that the transport delay from the eNB to the MME could be still in class of 5 to10 ms and the latencies for controlling the UPE must be added into this. It is desired that the S1-U switching time should not take longer than the break in the radio interface due to hard handover in order to minimize the amount of re-sent and forwarded user data.
In order to meet the latency requirements, GTP-C is considered for S1-U data path switching, directly from the eNB to the UPE. This fits nicely into the LTE/SAE system if the GTP will be adopted also for the S1-U protocol because GTP already provides control signaling for path and tunnel management functions due to the fact that the GTP-C and the GTP-U are tightly coupled together. Thus it is seen that updating the GTP-C to support S1-U user plane switching function is in line with the use of GTP-U on S1-U.
Question on S1-U security was addressed in the LS from SA WG3 in R3-061002 and there SA WG3 indicated that the work is on progress in that area in SA3. 
Also we see that even in case the MME/UPE is co-located, the user plane switching can be faster with a connectionless message exchange using IP/UDP/GTP-C. Now the UPE function itself shall be the receiving entity that can perform user plane switching instantly i.e. the node internal MME–UPE delay can be avoided.
All in all, it is seen beneficial to consider such functional split between the MME and the UPE that UPE takes care of the S1-U path management related functionality. In case of GTP, GTP-C is the protocol for that purpose.
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Figure 2: Protocol stack for S1 user palane switching
Reliability of connectionless signaling in E-UTRAN is discussed in document R3-061521.
3. CONCLUSIONS AND Proposal
It is concluded and proposed to adopt connectionless message exchange principle for the Intra LTE mobility control on S1 for updating the user plane path between the UPE and the target eNodeB. 
In the S1 user plane we propose to adopt the GTP-C for all path and tunnel management signaling, including the switching of the path end point. This approach also supports a connectionless message exchange principle as the IP/UDP is the underlying transport protocol of GTP-C. GTP-C has been defined as the pair to GTP-U. In this way the S1 user plane switching meets the latency requirements and the specification effort in the 3GPP can be kept in minimum. Thus it is proposed to agree on the use of GTP-C for S1-U path switching procedure directly between the target eNodeB and the UPE.
It is also proposed to include sections 2.1 and 2.2 in the TR R3.018 as a further input on intra-LTE mobility topic.
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