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1. Introduction

The Path Switch discussion have been done lengthy including during RAN3#55bis but come to no conclusion. This paper tends to evaluate the alternatives so far have been discussed and propose to take one of the alternative in order to finalize this topic so can reach a stable stage 2 status. 

Note that the term “Path Switch” is still existing in the stage 2 spec. This paper is using this “Path Switch” for the message to the SAE-GW. The “Handover Complete” is used for the handover message to the MME.

2. Background
It has been discussed so far many of the options to inform MME or SAE-GW from the target eNB. 

The Path Switch is introduced so to have quick switching in SAE-GW from old path towards source eNB to new path towards target eNB. Compare with the solution of having Handover Complete from target eNB to MME and then MME to SAE-GW, this Path Switch from target eNB to SAE-GW has a benefit that can reduce the signalling delay from the interaction in MME so can reduce the period of time that the SAE-GW keep transferring the downlink packet to the source eNB.
It was later pointed out that the Path Switch is assumed to use S1-u protocol and may be it is not secured and not reliable. An additional possibility was to have the Handover Complete from target eNB to MME, the MME then indicate to the SAE-GW..

In terms of reliability, RAN3#55bis meeting in Malta further discussed the Acknowledge of Path Switch and Handover Complete. It was understood that the Acknowledge from MME or SAE-GW to the target eNB can ensure that the procedure has been completed so the Target eNB can initiate further process such as to initiate the resource release towards the source eNB.  For this Acknowledge, whether it should be from MME or SAE-GW, was the issue left from RAN3#55bis.
SA2#57 meeting in Beijing did not conclude the LS from RAN3 (R3-070509) however SA2 provides a feedback that it should be a clean solution meaning path switch signalling to SAE-GW should be from one entity but not two.
3. Alternatives
The alternatives so far are shown in the following figures.
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Alternative 2
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Alternative 3
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Alternative 4
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Alternative 5
	
	Alternative 1
	Alternative 2
	Alternative 3
	Alternative 4
	Alternative 5

	Fast Path Switch
	Compliance 
	Compliance
	Not compliance
	Compliance
	Compliance

	Security
	Compliance
	Compliance
	Compliance
	Compliance
	Compliance

	Reliability
	Compliance
	Little bit not compliance
	Compliance
	Little bit not compliance
	Little bit not compliance

	Buffering for UL data
	May be needed in SAE-GW
	Needed or Not needed in eNB
	Needed in eNB
	Needed or Not needed in eNB
	Needed or Not needed in eNB

	Error Handling
	No different from other alt.
	No different from other alt.
	No different from other alt.
	No different from other alt.
	No different from other alt.

	Complexity for SAE-GW
	Middle
	Middle
	Small
	Small
	Small


Fast Path Switch: Alternative 3 is the native way, which is based on the SA2 assumption that the bearer is controlled by MME. This Alternative 3 however is not compliant with the Fast Path Switch requirement. 
Security: It has been emphasized by one paper that “authenticity” is guaranteed by MME. It is analyzed that in terms of security, there should be no security issue provided that the IPsec in S1-u is applied. Nevertheless, if IPsec in S1-u is applied, all alternatives will not have difference.
Reliability: Alternative 1 and Alternative 3 are using S1-c by the mean of SCTP, which is a reliable transport protocol, are more reliable compare with the alternative 2, 4 and 5, which is using UDP.

Buffering for UL data: Buffering of UL data in eNB means to buffer the UL received from the UE in the period between the completion of the handover procedure in the air and the completion of handover procedure in S1. If IPsec is not applied in S1-u, the SAE-GW may need to have confirmation from the MME before transferring the UL data received from target eNB, so Alternative 1 need to have buffering in SAE-GW.  As for alternative 3, it is assumed that eNB sending UL data after the Ack from MME so it needs to buffer in eNB.  As for Alternative 2, 4 and 5, if the UL data can be piggy-backed in the Path Switch signalling similar to alternative 1, there is no need to buffer neither in SAE-GW nor eNB. 
Error Handling: If the Acknowledge is lost, either to re-transmit the Path Switch or Handover Complete would be required if eNB wish to do so, so there is no difference between these alternatives.

Complexity for SAE-GW: In SAE-GW, both the alternative 1 an alternative 2 will have more complexity than alternative 3, 4 and 5 in terms of receiving similar signalling from both MME and eNB.

Further analysis:
From the pure S1 point of view, the Alternative 1 seems to be the best solution compare with others. This is because it is more reliable and also compliant with the fast path switch. The Alternative 1 is assuming to have in-band path switch message which may be piggy-backed with the UL packet data. It is understood that the in-band path switch message should also be transferred alone without piggy-backing with the UL packet data because it should not assume there will always be a UL packet data from the UE soon after the handover procedure. It is also assumed that the transport protocol between MME and SAE-GW is considered to be reliable. If not, there will have no difference for all alternatives.
However, the SA2 request to have a clean solution meaning path switch signalling to SAE-GW should be from one entity instead of two, it appears that alternative 3, 4 or 5 will be appropriate. 
Considering fast path switch has higher priority we should consider and also the reliability can be covered by timer and re-transmission, alternative 4 or 5 will be remained.  As can be send from the evaluation table above, there is no much difference between alternative 4 and 5, we however consider that with the signalling between target eNB to MME, there will be much more flexible and future proof e.g. when need to update some information such as information for area restriction, security etc. it is therefore concluded in this paper that alternative 4 to be taken as the way forward.
4. Conclusion
This paper have analyzed and evaluated the alternatives of the handover procedure in S1.
Provided that:

· Security (e.g. IPsec) is done in S1-u

· Path switch is an in-band signalling that can be either piggy-back with the packet data or sent alone

We conclude that the Alternative 4 is to be taken as the way forward.
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