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Introduction

This contribution describes the X2-based HO procedure compare to the CN-based HO procedure with MME / S-SAEGW change. The contribution focuses on the call flow difference.

In most of cases, X2 will be present in the whole PLMN, there is interest to study the X2-based HO procedure in order to re-use as much as possible the HO over X2.
This contribution presents an X2-based HO procedure with MME / S-SAEGW change.

This X2-based handover procedure with MME / S-SAEGW change is made similar to the Inter-LTE handover with bearer path establishment performed only when the UE is detected in the Target eNodeB. The similitude ensures an easy recovery procedure in case of HO failure.

It is proposed below to describe the procedure for the most complex case (both MME and S-SAEGW change), from which the simpler cases can be deducted (MME change only or S-SAEGW change only).

The CN-based handover is presented in the second part of this contribution for comparison purpose. In the signalling flow (Fig. 1 for X2-based, Fig. 2 for CN-based) the additional messages are highlighted in red (compared to yellow in same time in the other flow).
Discussion
X2-based HO

The X2-based HO procedure applies for the following cases:

· X2 connectivity exists between source eNodeB and target eNodeB 

· either there is no S1-MME connectivity between Target eNodeB and source MME or/and there is no S1-U connectivity between target eNodeB and source S-SAEGW

The following is considered for the X2based HO procedure:

· The CN-based HO procedure relies on the fact that the Source eNodeB decides to initiates a CN-based HO procedure on its own (and send HO required to MME and not to Target eNodeB) based on an internal configuration of Target eNodeB connectivity with MME/S-SAEGW. This internal configuration is difficult to keep up to date as this would mean that each eNodeB knows the connectivity of all its neighbor eNodeBs. 

· It is simper to allow the Source eNodeB to systematically request HO over the X2 interface as soon as this interface is present and to rely on the Target eNodeB itself to determine whether it has access to the MME or not.

As for CN-based procedure proposed in S2-071236:

· The HO procedure is split into a Preparation phase and an Execution phase. In the preparation phase, the HO is prepared over the radio interface and in the execution phase, the bearer path between Target eNodeB and Target S-SAEGW is really established (path switch); This is then done only the UE really arrives under the Target eNodeB in a consistent way as done in 3G procedures. This avoids backup procedures in case HO to the Target eNodeB does not succeed and the UE would need to move back to the Source eNodeB.

· Before the bearer plane is established, data forwarding takes place: Source eNodeB forwards data to Target eNodeB

· When the UE arrives at Target eNodeB, UL PDU can be sent: path switch then takes place between target eNB and the S-SAEGW, and with PDN-SAEGW in case of change of S-SAEGW. S-SAEGW does not know which RBs have really been accepted at the Target eNodeB: the Target eNodeB shall advice the MME of the HO Completion and provide it with the accepted RBs so that MME establishes the associated bearer plane with the S-SAEGW (MME control of Bearer plane between eNodeB and SAEGW)

· In order to allow early UL PDU sending as soon as the UE arrives in the target eNodeB, and to prevent fraudulent UL data sending by any eNodeB, both S-SAEGW and PDN-SAEGW need to be prepared to process uplink PDUs from Target eNodeB: Step 3 is used by the MME to advice the S-SAEGW of presence of a new eNodeB and step 5 is used by S-SAEGW to advice PDN-SAEGW of change of S-SAEGW.
The following X2-based HO flows are obtained:
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Figure 1: Intra-LTE X2 based HO with MME and S-SAEGW change

0)
The IP bearer service is established between UE and S-SAEGW1 via Source eNodeB1.
1)
The Source eNodeB decides to initiate a handover to Target eNodeB. As X2 interface is present, the Source eNodeB sends a Handover Required to target eNodeB over the X2 interface, and provides necessary UE context information.
2)
The Target eNodeB knows it cannot reach the source MME1. Target eNodeB selects a new MME and sends a Relocation request to this MME2.
3) 
The MME2 requests UE information from MME1.

4)
The MME1 sends to the MME2 the context information (included the S-SAEGW1 address).
5)
The MME2 knows eNodeB2 cannot reach S-SAEGW1. MME2 selects a new S-SAEGW2 and advices S-SAEGW2 of the new eNodeB2 in order to prepare reception of early UL data when UE will arrive under eNodeB2.
6)
S-SAEGW2 retrieves from S-SAEGW1 the PDN-SAEGW address.
7)
S-SAEGW2 advices PDN-SAEGW of S-SAEGW change in order to prepare reception of early UL data when UE will arrive under eNodeB2.
8)
S-SEAGW2 responds to MME2.
9)
MME2 request the relocation to eNodeB2 and provides eNodeB2 with S-SAEGW2 address o allow UL data sending.
10)
 Target eNodeB2 requests the handover. Source eNodeB1 issues a Handover with the UE.

11)
 Source eNodeB1 starts data forwarding with target eNodeB2 over X2. 

12)
 The UE accesses the target eNodeB and can starts sending UL data. UL PDU will be sent to S-SAEGW2 and to PDN-SAEGW.

13)  Target eNodeB acknowledges the Handover Complete to MME2.
14)  MME2 establishes the bearers with S-SAEGW2.
15-16) S-SAEGW2 establishes the bearers with the PDN-SAEGW. Any DL PDU can now be sent to S-SAEGW2.

17)
 If needed, S-SAEGW2 request on-going GTP Sequence Number to the Source S-SAEGW1. DL PDU can be forwarded down to target eNodeB2.

18)
 S-SAEGW2 confirms bearer establishment to MME2.
19) The Target confirm the Handover Complete Detect Ack to the target eNodeB.
20)
Target eNodeB requests release of resources at the source eNodeB side.
21)
Source eNodeB1 stops data forwarding.
22)
Source eNodeB1 releases its resources with the MME1.
23-24) MME1 release resources in S-SAEGW1.
25)
The IP bearer service is established between UE and eNodeB2, S-SAEGW2.
CN-based HO signalling flows

This procedure describes the CN based HO signalling flows with MME/S-SAEGW change:
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Figure 2: intra-LTE CN based HO with MME and S-SAEGW change

0)
The IP bearer service is established between UE and S-SAEGW1 via Source eNodeB1.
1)
The Source eNodeB decides to initiate a handover to Target eNodeB. The Source eNodeB sends a Handover required to the MME1, and provides UE context information.

2)
The MME1 selects MME2 to manage target eNodeB2 and forwards the relocation request to the MME2.
3)
The MME2 advice the S-SAEGW2 of the new eNodeB.
4)
S-SAEGW2 retrieves from S-SAEGW1 the address of PDN-SAEGW.
5)
S-SAEGW2 advices PDN-SAEW of change of S-SAEGW in order to prepare reception of early UL data when the UE will arrive under eNodeB2.
6)
The S-SAEGW2 confirms the notification to MME2.
7)
MME2 request the relocation to eNodeB2 and provides eNodeB1 UE context and bearer information for the UE.

8)
eNodeB2 confirms the relocation.
9)
MME2 forwards the relocation confirm to MME1.
10)
MME1 requests the handover the Source eNodeB1. Source eNodeB1 issues a Handover with the UE.

11)
Source eNodeB starts data forwarding with target eNodeB2. 

12)
The UE accesses the target eNodeB and can starts sending UL data.

13) 
Target eNodeB acknowledges the Handover Complete to MME2.

14-15) MME2 forwards relocation complete to MME1.
16)  MME2 establishes the bearers with S-SAEGW2.
17-18) S-SAEGW2 establishes the bearers with the PDN-SAEGW. Any DL PDU will be sent to S-SAEGW2.

19)
S-SAEGW2 request on-going Sequence Number to the Source S-SAEGW1. DL PDU can be forwarded down to target eNodeB2.

20)
S-SAEGW2 confirms bearer establishment to MME2.
21)
MME1 requests release of resources at the source eNodeB side.
22)
 Source eNodeB1 stops data forwarding.
23)
 Source eNodeB1 releases its resources with the MME1.
24-25) MME1 release resources in S-SAEGW1.
26)
The IP bearer service is established between UE, eNodeB2 and S-SAEGW2.
Conclusion 

The X2-based handover, from a signalling point of view is a viable alternative of the intra-LTE HO case with MME and/or S-SAEGW change, there is no real complexity difference in sense of messaging (on less for X2-based) .
We propose to include the X2-based as variant of the signalling flows into TS 36.300.
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