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NOTE: This is a resubmission of S2-096276 from SA2-75E Elbonia, with updates. The key difference is that we no longer require the source eNB to modify the GUMMEI on the X2 interface. The selected PLMNis informed to the target eNB by updating the “Serving PLMN” IE in the handover restriction list. This same IE is used to inform the target eNB also of new PLMN for the S1 interface.
Discussion
During email discussions in Meeting SA2-76E, it was pointed out X2 based inter-PLMN handover is possible in Rel-8. 23.251 states that GWCN network sharing is supported by LTE, and X2 based handovers can occur without MME change, but a PLMN change.

In TS 23.251 on network sharing, X2 based inter-PLMN HOs are allowed. See enclosed text below

5.2a
eNodeB functions

Network sharing information, i.e. available core network operators in the shared network, shall be transmitted in broadcast system information.

The eNodeB shall indicate the selected core network operator when transferring initial layer 3 signalling. The eNodeB uses the selected core network information (provided by the UE at RRC establishment, or, provided by the MME/source eNodeB at S1/X2 handover) to select target cells for future handovers appropriately.

In case of handover to a GWCN or a MOCN:

-
if the source eNodeB can determine a core network operator to be used in the target network based on current PLMN in use, or other information present in the eNodeB, the source eNodeB shall at handover indicate that selected core network operator to the MME as part of the TAI/RAI sent in the HO required message. The eNodeB shall also supply an indication as to whether or not it has determined the selected target core network.

-
the target eNodeB uses the selected core network information to select target cells for future handovers appropriately.

Inter-PLMN X2 HO will occur only in GWCN, since MME cannot change in X2 handovers.

In a GWCN scenario, the MME needs to provide “equivalent PLMN” to the eNB as part of the handover restriction list. This enables the eNB to select a PLMN in the target eNB in case the PLMN selected in the source cell is not supported by any target cells.

If we look at the X2 HO flows, however we realize that while the serving PLMN information may be provided by the source eNB to the target eNB during the Handover signalling, equivalent PLMN information from the MME for the new PLMN can only be provided to the UE during TAU procedure after HO. 

Please see the flows below
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Figure 5.5.1.1.2-1: X2-based handover without Serving GW relocation and inter-PLMN change.
In order for inter-PLMN X2 handover to work the following needs to happen. The objective here is not to modify Stage-3 for Rel-8.
B.  Source eNB updates the HO restriction list to target eNB 
The source eNB removes the Selected PLMN from the “equivalent PLMNs” and put in the previous serving PLMN into the “equivalent PLMNs” IE.
- path switch request/response occurs without any modification

- when UE does TAU request as UL Info transfer (TAU in active mode), the UE does not provide any PLMN information

C.  the target eNB uses the PLMN from the GUMMIE to create the TAI to be sent in the UL NAS transfer message to the MME along with TAU request.

That is done naturally if the Handover Request -> GUMMEI is used to pick the serving TAI. Then the TAI will be set correctly. The MME has to be able to use the "Source MME UE S1AP ID" to be able find the old UE context on the old PLMN.

D the MME provides to UE: GUTI based on the PLMN info in the TAI provided by target eNB and the equivalent PLMN list, if any, as part of TAU accept

E. in the DL NAS transfer message to eNB in which the TAU accept is included, the MME provides selected PLMN and equivalent PLMN list to the eNB. 
The selected PLMN and equivalent PLMN list are part of the HO restriction list IE. Since PLMN has changed the MME must update the HO restriction list with the new selected PLMN and equivalent PLMN information to the target eNB.
- now the target eNB has the selected PLMN and equivalent PLMN list IE from MME. 

CAVEAT: There is a short period of time (between handover request and TAU accept) when the selected PLMN info between what is there in the HO restriction list and what was provided as part of GUMMIE by source eNB is in conflict, in the target eNB. 

Hence, technically inter-PLMN X2 based HO can be supported without Stage-3 changes. We will need to clearly spell out a few changes in Stage-2 and Stage-3.
Proposal

SA2 discuss the above and decide if inter-PLMN X2 based HO for GWCN network sharing should be supported, keeping in mind the issues identified above. The other option would be that any PLMN change should result in an S1-based HO and not an X2 handover.
If SA2 decides to enable inter-PLMN network sharing a few updates to Stage-2  are needed. 

Stage-2 changes for supporting inter-PLMN X2 handovers are in S2-096697 for Rel-8 and S2-096698 for Rel-9 (mirror).

If SA2 decides not to support X2 inter-PLMN HO, then another set of CRs to 23.401 will be required which Motorola can update the above submitted CRs.
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C. Target eNB uses PLMN from GUMMIE (msg 1) to create TAI sent along with TAU Request.











D. MME uses PLMN from target eNB  to create GUTI and also equivalent PLMN list.
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