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1 Introduction

In this contribution we discuss the details of the path switch procedure executed after an X2-based intra-LTE handover, focusing especially on the possibility to change the UL tunnel endpoint including the possibility of changing the serving GW after an X2 handover. The SA2 group has identified as a desired feature in SAE/LTE to support serving GW only relocation (i.e., relocating the serving GW without relocating the MME). The main motivation for supporting GW-only relocation is to allow the operators to deploy GWs closer to the eNBs and switch to the closest available GW as the UE moves. In such a deployment the service area of a GW will be typically smaller than the service area of MME pools, which means that the serving GW may need to be changed without changing the MME.
The simplest way to realize this function is to allow the change of the UL tunnel termination point after an X2 handover. This imposes the lowest complexity both in E-UTRAN and in the EPC as it has been also shown in [1].
2 Serving GW Relocation Options

We can identify basically two ways to support GW-only relocation:
· GW relocation is triggered from E-UTRAN: In this solution the source eNB needs to realize when the current serving GW will not be available from the target eNB and trigger an S1 based handover with serving GW only relocation. The main drawback of this solution is complexity as it would require configuring also GW pool areas in the RAN beside the MME pool areas, where the two pooling areas would be different. Moreover, a new S1 based handover procedure supporting serving GW change without MME change would need to be defined as well.
· GW relocation is triggered from the MME after an X2 HO: In this solution the MME can decide whether the current serving GW can be used to serve the target eNB or the serving GW needs to be changed when it receives the HO Complete notification from the target eNB after an X2 handover. If the serving GW needs to be changed the MME can select a new GW, establish the new tunnel endpoint at the new GW and send the HO Complete Ack response to the target eNB with the new tunnel endpoint identifiers at the new GW.
This solution would allow with only small additions to the X2 handover procedure to change the serving GW within an MME pool as part of the regular X2 based handover procedure. On MME pool borders the available S1 relocation procedure would be used to relocate both the MME and the serving GW as before.
As a summary we can conclude that allowing the serving GW change as part of the regular X2 handover execution is the simplest solution also from a RAN3 point of view as it removes the burden from E-UTRAN to trigger these GW relocations and has no impact on the current pooling concept and S1 handover procedure either.
3 Path Switch with UL Tunnel Change
In what follows we illustrate how the serving GW relocation would work using the current X2 based handover message sequence. The execution of a serving GW relocation combined with an X2 handover is shown in Figure 1 (taken from [1]), focusing on the handover completion part. 
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Figure 1: Serving GW relocation combined with X2 handover

1. Upon the UE arrival in the target cell the target eNB sends the Path Switch Request message to the MME. Note that this message is the same as the previously used Handover Complete message. Here, we propose a name change only in order to better reflect the purpose of the message, which is to change the DL and optionally also the UL tunnel endpoints.

2. Based on the knowledge of the target eNB and the current serving GW, the MME determines whether a serving GW change is needed and triggers the change by contacting the target serving GW for the allocation of UL TEIDs for the SAE bearers of the UE and to request the target serving GW to execute the switch toward PDN GW as well.

3. The target serving GW triggers the switch from the source serving GW to the target serving GW towards the PDN GW.

4. The target serving GW responds back to the MME and includes the serving GW address and TEIDs in the message to be used to deliver UL data.

4b-c: The MME request the path switch in the Source Serving GW
5. The MME sends the Path Switch Request message response back to the target eNB including the new serving GW address and UL TEIDs. From that point on the target eNB should use the new UL tunnel endpoints to deliver UL packets.
We note that during the path switch there is a time interval during which the target eNB delivers UL packets to the source serving GW (between step 1 and 5). This, however, should not cause any problems, since we can assume that transport layer connectivity still exists between the target eNB and the source serving GW as the target eNB belongs to the same MME pooling area as the source eNodeB. Recall that it comes from the pooling area definition, that the same set of MME and GW nodes should be reachable for all eNodeBs within the same MME pooling area. That is, if the source serving GW was reachable for the source eNB then it should be reachable also for the target eNB after an X2 handover. Should the source and target eNBs have been located in different MME pooling areas then an S1 handover would have been performed, during which the MME and optionally also the serving GW would have been relocated.
4 Conclusion

We propose for RAN3 to agree on the possibility of switching the UL tunnel endpoint after an X2 handover as part of the normal X2 handover signaling sequence. Such a solution would be the simplest and most convenient solution to support GW only relocations within a pool area as it minimizes the impact on E-UTRAN and on the S1 procedures. Only a minor addition is required in the S1 procedure used to signal the path switch request to the MME. This solution does not require to define and configure GW pools separate from the MME pools in the E-UTRAN and does not require to introduce new S1 handover procedure for GW only relocations. 
In [2] we provide text proposal to 36.413 for a Path Switch Request procedure that supports the switching of the UL tunnel endpoints.
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