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Abstract of the contribution: Discusses how to support intra-eNB and X2 based inter-PLMN HO.
Paper Outline

· Discussion in SA2#76 (Cabo, Mexico) to convert X2 inter-PLMN HO to S1 HO, based on discussion of Motorola paper S2-096696
· Is intra-eNB inter-PLMN HO deployment scenario required? (See RAN3 LS R3-100566)
· Technical solution & issues for intra-ENB inter-PLMN HO

· Technical solution & issues for X2 inter-PLMN HO.
· Way forward: 

· (i) feedback on requirement for support intra-eNB inter-PLMN HO. 

· (ii) Are we OK to live with “stale HRL” at target eNB until new HRL is provided along with TAU accept to the eNB?

· If YES to both, then open Motorola CRs.

Discussion
In SA2#76 (November 2009 Cabo Mexico), Motorola had presented a discussion paper on the technical issues with supporting X2-inter PLMN HO in S2-096696. The two key issues that we had pointed to support inter-PLMN HO were:

1. The source-eNB needs to modify the “Serving PLMN” IE in the HRL to correspond to the new PLMN in target cell

2. The target-eNB when forwarding TAU request to MME, needs to create TAI IE in the S1AP Uplink NAS transfer message based on the “Serving PLMN” IE in the HRL received from the source-eNB.

3. For a short duration of time (after HO execution and receiving the new HRL from MME piggy backed with the TAU accept message), the target eNB will have a “stale HRL” from the source eNB, eg. the ePLMN list is not updated to correspond to the new PLMN in the target cell, nor any updates to restricted TAs/Las to correspond to the new PLMN (though these may not be updated by the MME).
Based on discussion in SA2#76 in sunny Cabo, SA2 decided that instead of the complexity/issues created above, we do not support X2 inter-PLMN HO, but require eNB to execute S1 HO in case PLMN changes. The CRs in S2-097515 (Rel-8) and S2-097516 (Rel-9) were approved. The CR added the following sentence to 23.401 to the X2 handover section.

If the serving PLMN changes during handover, the source eNB shall initiate an S1-based handover instead of an X2-based handover.
In Cabo, SA2 had not discussed the scenario of intra-eNB inter-PLMN HO, i.e handover between Cell-1 and Cell-2 within the same eNB with PLMN-1 in Cell-1 and PLMN-2 in Cell-2. 

RAN3 in January 2010 discussed the intra-eNB inter-PLMN HO scenario and some operators in RAN3 expressed a desire to support such a scenario. Extrapolating from SA2 CRs, requiring S1 HO instead of intra-eNB HO in case PLMN changes between two cells with the same eNB, is seen in RAN3 as not being compatible with frozen Rel-8 specification.

CONFIRMATION-1: Does SA2 determine that the scenario of intra-eNB inter-PLMN HO needs to be supported, i.e is it realistic that two cells under the same eNB can belong to different PLMNs?
Lets first look at the technical issue for supporting (a) X2 inter-PLMN HO, and then (b) intra-enb inter-PLMN HO.
X2 inter-PLMN HO
X2 Inter-PLMN HO will occur only in GWCN (one MME supports multiple PLMNs), 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 new PLMN in the target eNB in case the PLMN-in-use 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 PLMNs 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 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 ASN.1 for Rel-8.

Assume HRL-1, provided by the MME to the source-eNB is HRL-1 = [Serving-PLMN = PLMN-1, ePLMNs = {PLMN-2, PLMN-3}, …]
A.  Source eNB updates the HRL to target eNB 
The source eNB changes the  Selected PLMN IE in HRL to correspond to the new PLMN in target cell. 
HRL-1’ = [Serving-PLMN = PLMN-2, ePLMNs = {PLMN-2, PLMN-3},…]
- 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

B.  the target eNB uses the PLMN-ID (PLMN-2) in the Selected PLMN IE from the HRL to create the TAI to be sent in the UL NAS transfer message to the MME along with TAU request.

C. the MME provides to UE: GUTI based on the PLMN (PLMN-2) info in the TAI provided by target eNB and the equivalent PLMN list, if any, as part of TAU accept

D. 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.
HRL-1 = [Serving-PLMN = PLMN-2, ePLMNs = {PLMN-1, PLMN-3}, …]

E. If the MME decided that it needed to perform AKA with UE, the MME based on the fact that the PLMN-ID in TAI send by the eNB is different from the PLMN-ID of the GUTI in TAU request, will delay performing the AKA till new GUTI corresponding to updated TAU is provided to the UE.
This is extension of the Kasme solution (CR#1502) that we agreed to in SA2#77 (January 2010).

CAVEAT-A: There is a short period of time (between UE arrival in target eNB and TAU accept) when the HRL provided by source eNB is “stale” in the target eNB. 
One of the issues is that the ePLMN-list in HRL-1’ does not include the PLMN in source-eNB, hence if the target-eNB uses the HRL, it may not handback the UE back to its source TA. 
Intra-eNB inter-PLMN HO
An approximate flow for intra-eNB inter-PLMN HO is provided below.
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Figure 2: Intra-eNB handover with inter-PLMN change.
L. Since, this is intra-eNB HO, the source-eNB knows that PLMN has changed for the UE. PLMN-2 must be in the ePLMN list in the HLR provided by MME to Source eNB. The eNB provides TAI to MME correspond to PLMN-2.

M. N. O.  Same as C. D. E. for X2 inter-PLMN handover.

CAVEAT-B: There is a short period of time (between UE arrival in target cell and TAU accept) when the HRL provided in source eNB is “stale”. 

Proposal

CONFIRMATION-1: Does SA2 determine that the scenario of intra-eNB inter-PLMN HO needs to be supported, i.e is it realistic that two cells under the same eNB can belong to different PLMNs?

CONFIRMATION-2: Is SA2 OK with the HRL being “stale” in target eNB for short during of time for X2 handover (Caveat-1) and intra-eNB handover.
ASSUMPTION-1: RAN-3 LS  See question-3 (and my conversation with Motorola RAN3 delegate) gave me the impression that RAN3 supports adding function to the source eNB to modify the Serving PLMN IE of HRL in case of X2 inter-PLMN HO.

If the answers to CONFIRMATION-1 and CONFIRMATION-2 are in the positive and ASSUMPTION-1 stands, then the following Motorola-CRs should be opened. 
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