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1. Introduction

It has been agreed in SA WG2 that inter-PLMN handover shall be supported in LTE/SAE. It is assumed that in such handover case it is required to simultaneously relocate both MME and UPE functionality in the Evolved Packet Core as well as the eNodeB in the E-UTRAN. 
This document proposes a simultaneous eNB, MME and UPE relocation procedure that could be applied e.g. in case of PLMN change with hard borders between the source and target PLMN.
2. Evolved node B, MME and UPE relocation in LTE_ACTIVE

The simultaneous eNB, MME and UPE relocation in LTE_ACTIVE is illustrated in the following figure 1. The proposed signaling flow is analogous with the Intra 3GPP Iinter-RAT handover cases in order to avoid too many procedures in the system.
It is assumed that the 3GPP Anchor point shall remain the same during the relocation procedure. It is also assumed that the MME and the UPE are in separate nodes, but an integrated MME/UPE case can also be drawn from the presented signalling. In this contribution, the separated case is shown as an example. Also this signaling flow is designed so that there will not be needed any control plane interface between the UPEs. The procedure applies hard switching method for relocating PDCP endpoint from source UPE to target UPE. The procedure avoids having a control interface between source and target UPE, with MME performing the switching between UPEs. Short interruption times can be achieved depending on the exact mechanism to minimise data loss.
1) The simultaneous eNB, MME and UPE relocation procedure is triggered by the Source eNB like it is in the normal Intra LTE handover case.

2) The Source eNB detects that the X2 interface is not available (source eNB cannot directly contact target eNB) and sends the Relocation Request message containing the Target eNB Id and UE RAN Context to the MME (instead of sending a Handover Request directly to the Target eNB).

3) The MME detects that MME relocation will be needed as the current MME cannot contact the target eNB, finds out the Target MME address and in case of separated MME and UPE sends the UPE Relocation Request message to the Source UPE in order to retrieve the UE’s UPE context including the PDCP Information.
4) In case of separated MME and UPE, the Source UPE responds with a UPE Relocation Response message containing e.g. the latest PDCP State.

5) The Source MME Sends the Forward Relocation Request message to the Target MME containing User Context data (including also PDCP state information from source UPE), Target eNB Id and UE RAN Context.

6) In case of separated MME and UPE the Target MME detects that UPE relocation will be needed, selects the Target UPE and send the UPE Relocation Request message to the Target UPE containing the UPE Context.
7) In case of separated MME and UPE, the Target UPE responds with a UPE Relocation Response message containing the Target UPE TEID.

8) The Target MME sends the Relocation Request message to the Target eNB containing the UE RAN Context and Target UPE TEID.

9) The Target eNB reserves radio resources from the indicated Target Cell in the UE RAN Context data and responds with the Relocation Request Acknowledge message containing the radio resource related information for the UE in the target cell and the Target eNB TEID.
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Figure 1: eNB, MME and UPE Relocation in LTE_ACTIVE

10) The Target MME sends the Forward Relocation Response message to the Source MME containing the radio resource related information for the UE in the target cell.

11) The Source MME sends the Relocation Command message to the Source eNB containing the radio resource related information for the UE in the target cell.
12) The Source eNB sends the Handover Command message to the UE containing the Target Cell and the reserved radio releated recources there. Now the UE shall detach from the Source eNB and perform radio handover to the Target Cell.

13) While the radio handover is in execution the network nodes may perform the required mechanisms to avoid loss of user data.

14) The UE attempts to connect to the Target Cell and sends the Handover Completed message to the Target eNB. From now on the UE has radiolink connectivity to deliver user uplink data and the Target eNB is able to send also in downlink immediately after it receives user DL packets.
15) The Target eNB sends the Relocation Complete message to the Target MME indicating that the UE has moved successfully to the Target Cell/eNB.

16) In case of separated MME and UPE, the Target MME sends the Update Context Request message to the Target UPE containing the Target eNB TEID and the 3GPP Anchor Information. This signaling is also indication to the Target UPE that it can initiate PDCP functionality. It is also the indication to target UPE that it shall update the user data path towards the 3GPP anchor.
17) The Target UPE relays the Update Context Request message to the 3GPP anchor, first stripping the Target eNB TEID information away from the message.

18)  The 3GPP Anchor switches the S5 datapath to the Target UPE and responds with the Update Context Response message to the Target UPE. From Now on the user DL data starts flowing to the Target UPE from the 3GPP anchor.

19)  In case of separated MME and UPE, the Target UPE relays the Update Context Response message to the Target MME.

20) The Target MME sends the Forward Relocation Complete message to the Source MME.

21) The Source MME sends the S1 Release Command to the Source eNB.

22) The Source eNB releases the user related resources and responds with a S1 Release Complete message to the Source MME.

23)  The Source MME sends the Forward Relocation Complete Acknowledge message to the Target MME indicating that the eNB, MME and UPE relocation is fully completed.
24) In case of separated MME and UPE, the Source MME sends the UPE Relocation Complete message to the Source UPE indicating that it can release the UE related resources.

25) In case of separated MME and UPE, the Source UPE responds with the UPE Relocation Complete Acknowledge message that finalizes the procedure.

3. CONCLUSION AND PROPOSAL
The presented signaling flow for a simultaneous eNB, MME and UPE relocation is a solution e.g., for Inter-PLMN handovers. This contribution does not address the MME/UPE separation question, but both separated and integrated elements are possible and also integrated option can be drawn from the same signalling. The separated case is shown earlier as an example.
This proposal is justified by the desire to keep LTE/SAE interfaces and node implementations simple, while still enabling adequate performance in simultaneous eNB, MME and UPE relocation. 
It is proposed to agree on the points raised the agenda as follows:

a. E-UTRAN identities (selected PLMN, target RAN-ID):

The target eNB is found based on target eNB id given originally by the source eNB. The new MME or new MME/UPE is also discovered based on target eNB id. 

b. Registered identities (RA/TA, TMSI):

This contribution shows only the active mode mobility signalling that is time critical, so the non-time critical registration to the new MME including allocation of the identities mentioned (RA/TA, TMSI) is not included in this contribution but it takes place immediately after the signalling flow presented by this contribution. 

However, the permanent identity of the UE will be delivered to the new MME or new MME/UPE as part of the user context in Forward Relocation Request message.
c. Data forwarding vs bicasting (separate for inter MME/UPE and Inter-RAT):

This contribution does not directly address the mechanism to be used to minimise data loss/ achieve seamless HO, but both methods can be applied to the presented signalling flow.
d. Security context transfer:

It is presented how in a prepared handover the eNB (RAN) context of the UE is delivered from the source eNB to the target eNB, and as there are hard borders in the network, the delivery happens via the CN nodes.
The CN security context is delivered from the old MME or old MME/UPE to the new MME or new MME/UPE.
e. Need for UPE TMSI:
A UPE TMSI would be such an identifier that is between the UE and the UPE. This contribution presents a prepared handover that does not require/ need/ benefit from any UPE TMSI.
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