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1 Introduction

This contribution investigates the signaling sequence that should be used for switching the user plane after an intra-LTE handover. We can identify two options depending on whether the eNodeB sends the update as part of the S1-MME or it should send the message as part of the S1-UPE. This issue is tightly related to how the MME-UPE split will be realized, that is, what will be the functional distribution between the MME and the UPE. Note that according to assumption in SA2 the split MME/UPE scenario should be supported by the standard. This analysis provides a view on the preferred MME-UPE split from the mobility functions point of view. 
2 User plane switching options
We differentiate the following two options for signaling the user plane switching to the UPE after an intra-LTE handover.
a) The eNodeB sends the HO Complete message to the MME as part of the S1-MME signaling. Then the MME triggers the UP switch at the UPE.

b) The eNodeB signals to the UPE directly as part of the S1-UPE to trigger the UP switch. Then the UPE may or may not update the MME with the new location of the UE depending on the solution.

One may consider a third option as well, where the eNodeB updates both the MME and the UPE. However, as this solution would bring in more complexity e.g., inconsistency problems in MME and UPE states due to concurrent signaling, etc., without any benefit over the other two solutions, this option is not considered any further.
In what follows we analyze option a) by listing the benefits and potential drawbacks of this solution and show that the benefits, which are not available in option b), motivate why option a) should be the preferred solution.
2.1 UP switching in S1-MME
· In this option the MME always gets notified about each cell change. We argue that there are a number of benefits of keeping the MME updated with the current eNodeB the UE (in LTE_ACTIVE mode) is connected to, which are explained in more details below. 
· For MME initiated procedures, such as network initiated SAE bearer establishment, network triggered MME relocation and MME initiated idle mode transition, etc., the MME needs to know about the eNodeB where the UE is located in order to be able to initiate the procedure. This requires the MME to be updated with each cell change.
· Another benefit of keeping the MME updated with the latest UE location information is that the MME can send the NAS messages combined with the S1-MME signaling, which enables optimizations and piggy-backing. Note that otherwise, the NAS signaling would need to be sent via the UPE over the user plane. This means that it would not be possible to align and optimize the S1-MME signaling and NAS signaling, which may result in higher procedural delays, e.g., due to the sequential signaling instead of parallelism, i.e., S1-MME signaling first and NAS signaling next.
· Other reasons of keeping the MME updated with UE cell changes is that a cell change may trigger certain actions in the MME. For example, the MME may have to download updated roaming restrictions to the new eNodeB, which reflects the surrounding of the current UE location. The MME might also need to download new RRC security keys.
· This solution removes the need to define a control plane part of the tunneling protocol, since the tunnels are managed via S1-MME. This also means that the interface between the UPE and eNodeB is purely user plane, which results in a simpler S1-UPE interface. 
· Sending the user plane switching signaling as part of the S1-MME provides a more guaranteed transmission of the signaling message and thereby makes the error handling easier for the signaling protocol. The reliable signaling transport function of the S1-MME interface would be available for the user plane switching messages as well.
· This solution results in a clear split between the user plane and the control plane, where the UPE node performs pure user plane processing only, under the control of control plane network entities (e.g., the MME). This means, for instance, that the eNodeB does not have to maintain a control plane signaling connection both toward the MME and the UPE. It has to have signaling relation only with the MME, which also reduces the efforts spent on the configuration of control plane connections.
· Making a clear UP-CP split by completely separating out the control plane part into a CP entity is also better in line with the one tunnel approach in Rel.7 where the SGSN server acts as the control plane node toward the GGSN and RNC. This could have advantages in terms of a smoother inter-working between 3G and SAE/LTE due to the similarities of node functional distributions. Overall, this solution has better migration and evolution properties as also explained in [2].
· The switching of the user plane is slightly delayed compared to option b). The additional delay is equal to the message processing delay in the MME plus the transmission delay between the MME and the UPE, which are both minor delays. Moreover, the slightly delayed user plane switching is insignificant from a performance point of view, since the packets are still delivered via forwarding until the UP path is switched.
3 Conclusion

Based on the analysis above we can conclude that the MME needs to be updated with every cell change, otherwise the solution would result in a functional distribution between MME and UPE with non-optimal signaling procedures. Once the MME needs to be updated with every cell change it is a more advantageous solution to signal the handover completion directly to the MME instead of the UPE. Therefore we kindly ask SA2 to adopt option a) as the solution for switching the user plane after a handover, i.e., that the eNodeB signals to the MME after handover completion as part of the S1-MME and then, the MME triggers the user plane switch at the UPE.
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