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1. Introduction
In the reply LS on EPC update at inter eNodeB mobility which comes from SA2 after SA2#57 meeting, it sates that:
· SA2 has agreed that a clean solution is required meaning path switch is signalled to the Serving GW from only one entity and not from two.

· Such a clean solution can be using a path switch to the Serving GW only from the target eNodeB or only from the MME.

This contribution analyses the two solutions and proposes to adopt the one that SAE GW is updated by MME via S11 interface.

2. Discussion
2.1. General

In R3-070509, two alternatives of basic inter eNodeB mobility scheme has been informed to SA2, and asked SA2 to provide the feedback of the alternative choice. 

Alt 1: 

· the SAE GW is updated by a GTP-u message from the target NB (signalled in UP to provide a fast user plane switch)

· For reliability reasons, the SAE GW acknowledges the initial GTP-u path switch message with another GTP-u message in the S1 user plane.

Alt 2:

· the SAE GW is updated by a GTP-u message from the target NB (signalled in UP to provide a fast user plane switch)

· For reliability reasons, the MME also updates the SAE GW via the S11 interface.

After the discussion in SA2, it decided that a clean solution should be studied by RAN3, i.e. the path switch is signalled to the Serving GW only from MME or only from eNB. Therefore, two options for basic inter eNB mobility path switch could be discussed in this contribution:
Option 1: The Serving GW is updated by a GTP-u message from the target eNB (signalled in UP to provide a fast user plane switch).

Option 2: The Serving GW is updated by MME via the S11 interface.

2.2. CP and UP separation

For the SAE/LTE architecture, the CP and UP separation has been proposed as the trend for the future network. The interface between eNB and Serving GW is a user plane interface which provides the user data transfer. Functionality of management on S1-u can be performed by GTP-u message. In the pre-SAE system, the control signalling of GTP such like Forward Relocation Request is transferred by GTP-C message which is the control plane of Gn/Gp interface.
In LTE/SAE, the proposed protocol on S1-u is GTP-u and control function of S1 interface is put into S1-MME interface. If the Option 1 of path switch scheme is adopted, more control plane functions should be introduced for S1-u interface and therefore the extension of GTP-u should be done. The CP and UP separation is not very clear due to this kind of extension.

If Option 2 is used, the signalling includes the target eNB’s TEID is informed to Serving GW via the interface between MME and Serving GW. It is natural procedure on S11 interface to inform the request of path switch.
2.3. Reliability

GTP-u is carried by UDP, which is an unreliability protocol compared with SCTP. The GTP-u message is possibly lost due to unreliability transport. The path switch procedure should be guaranteed by another GTP-u message in Option 1.

SCTP is a more reliability transport protocol to carry S1-MME message, most of the re-transmission due to packet lost can be avoided.

As we all know, the user plane data is scheduled based on the QoS profile of the bearer and other conditions, user plane data can be dropped or delayed because of scheduling (for example high load in the target eNB), this will introduce additional unknown latency for the GTP-U path switch messages.

2.4. Latency
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Figure 1: GTP-U Path switch during the handover procedure
Figure 1 a) shows a signalling flow for Serving GW updating. Target eNB initiates the path switch to Serving GW directly by GTP-u message, the Serving GW acknowledges the path switch by another GTP-u message. After that, two ways can be used to inform MME about the state of path switch and the changing of TNL information. One way is that Serving GW sends the Path Switch Complete to MME. The other way is Target eNB sends Path Switch Complete to MME after receiving Path Switch ACK.

Figure 1 b) shows the supposed signalling flow of Serving GW update via MME. When the MME receives HANDOVER COMPLETE, it knows the S1-MME would be updated due to HO performed. After receiving HANDOVER COMPLETE ACK, the S1-MME can be updated towards Target eNB.

It could be seen that the MME should be informed before or after path switch, to be aware of S1-MME connection updating.

There is possibility that the Serving GW re-allocates a new TEID for the tunnel towards Target eNB. The MME should be informed the changed TEID for the UP. In Option 1, the re-allocated Serving-GW TEID can be transferred to the MME after path switch procedure. In Option 2, the re-allocated Serving-GW TEID can be transferred to the MME during path switch procedure.
Comparing the two options, the DL path in the Option 1 is just switched after only one GTP-U message while in the Option 2 is after two messages, and the UL path in the Option 1 is switched after two GTP-U messages while in the Option 2 is switched after four messages, so the Option 1 has minor less latency than the Option 2, but the addition latency in Option 2 is introduced just because of two additional control plane messages and it can be ignored. So the latency of Option 1 and 2 is almost in the same level.

2.5. Complexity
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Figure 2: Multiple GTP-U Path switch during the handover procedure
If there are multiple GTP-U paths should be switched during handover procedure, the advantage of option 2 is obvious.

Figure 2 a) shows the signalling flow for Serving GW updating with multiple GTP-u tunnels switched. The target eNB must send a path switch message for each bearer of its GTP-U path, then the number of path switch message is equal to the number of  UE‘s bearers or GTP-U paths. The target ENB can not send path switch message, for example in the GTP-U tunnel A for the GTP-U path B.  Now, the path switch procedure is so complicated and how the ENB or S-GW informs the MME that GTP-U path switch are finished is also complicated. It may be ENB or S-GW informs the MME in multiple messages or just in one message. If the reliability of GTP-U message is not guaranteed, the scenario will become unacceptable.
Figure 2 b) shows the signalling flow for Serving GW updating. The ENB sends HANDOVER COMPLETE message to the MME, which includes the DL ENB TEID List for all the GTP-U paths. The MME forwards the message to the S-GW, the S-GW responds this message including the UL S-GW TEID List for all the GTP-U paths, and the MME forwards this message to the ENB. There are just four messages and they are un-related with the number of UE’s bearer/GTP-U path.
3. Comparison
The pros of Option 1:

· a bit faster switch of user plane tunnel
Maybe not for the multiple GTP-U path switch or user plane scheduling (e.g. high load in the target ENB).
The cons of Option 1:

· Mixed the UP and CP functionality

· Reliability problem

· More complexity for the multiple GTP-U path switch
The pros of Option 2:

· Clear separation of control plane and user plane

· Good reliability
· Simple for the multiple GTP-U path switch
The cons of Option 2:

· A bit slower switch of user plane tunnel
It maybe not for the multiple GTP-U path switch or user plane scheduling (e.g. high load in the target ENB)
4. Proposal

It is proposed to adopt Option 2 as the Path Switch scheme for the basic inter eNB mobility.
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