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1 Introduction
During last meetings, PLMN-related abnormal conditions during HO in network sharing scenarios were discussed [1] [2]. However, how to transfer the target PLMN in S1 based inter-PLMN HO is not clear. This document tries to discuss the issue.
2 Discussion
In network sharing scenarios, PLMN-related abnormal conditions were introduction as follows [1] [2]:
If the eNB receives a HANDOVER REQUEST message which does not contain the Handover Restriction List IE, and the serving PLMN cannot be determined otherwise by the eNB, the eNB shall reject the procedure using the HANDOVER FAILURE message.

If the eNB receives a HANDOVER REQUEST message containing the Handover Restriction List IE, and the serving PLMN indicated is not supported by the target cell, the eNB shall reject the procedure using the HANDOVER FAILURE message.
Here, it is implicit that the MME or Source eNB shall deliver the target PLMN to target eNB via Handover Restriction List IE. So, we can have the work assumption:

The target eNB determines the target PLMN via Handover Restriction List included in HANDOVER REQUEST message.

However, there may be an implicit issue on how to transfer the target PLMN in some scenarios. There are three cases for inter-PLMN HO during in network sharing scenarios:

· X2 based inter-PLMN HO

· S1 based inter-PLMN HO without MME relocation (i.e. MME pool is unchanged)
· S1 based inter-PLMN HO with MME relocation

2.1
X2 based inter-PLMN HO

During RAN3#67 meeting, the solution for change the serving PLMN during X2 handover was agreed [3]. And the source eNB shall replace the Serving PLMN with the identity of the target PLMN to ensure that the Serving PLMN is delivered to target eNB via Handover Restriction List: 
The available UE area restriction information shall be propagated by the source eNB over X2 at intra E-UTRAN handover.  For the case when the X2 handover results in a change of serving PLMN (to an equivalent PLMN), the source eNB shall replace the Serving PLMN with the identity of the target PLMN and move the Serving PLMN to the equivalent PLMN list, before propagating the UE area restriction information.
Conclusion: There is no problem for X2 based inter-PLMN HO.
2.2
S1 based inter-PLMN HO without MME relocation
As shown in Fig.1, the procedure of S1 based inter-PLMN without MME relocation can be given as follows:

· Source eNB decides to handover to another PLMN and sends target TAI (the target PLMN ID) in HANDOVER REQUIRED message to Source MME;
· Target MME sends Handover Restriction List to target eNB;
· Target eNB makes admission control e.g. based on whether determines the serving PLMN.
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Fig.1. S1 handover preparation procedure without MME relocation
The problem here is how the MME updates Handover Restriction List. In this scenario, like inter-PLMN X2 handover, the MME should replace the Serving PLMN with the identity of the target PLMN and move the Serving PLMN to the equivalent PLMN list. Otherwise, the handover may be rejected in target eNB. In current TS 36.300, MME is already support the function, but the details is not specified:

The area restriction information for a UE includes the Serving PLMN, and may include a list of equivalent PLMNs, and information on which area restrictions are to be applied during ECM-CONNECTED state. It may be provided by the MME at context setup over the S1 interface, and may be updated by the MME during S1 Handover, and when sending NAS Downlink messages. 
In order to avoid IOT problem, it makes sense to specify the details.
Proposal 1: Specify the details of how to update the Handover Restriction List during the scenario of S1 based inter-PLMN handover without MME relocation.
2.3
S1-based inter PLMN handover with MME relocation

As shown in Fig.2, the procedure of S1 based inter-PLMN handover with MME relocation can be given as:
· Source eNB makes HO decision to another PLMN and sends target TAI (target PLMN+TAC) in HANDOVER REQUIRED message to Source MME;
· Source MME forwards the target PLMN to target MME as specified in Table 7.3.1-1[4];  
· Target MME forward Handover Restriction List to target eNB? The problem is how the target MME constructs the Handover Restriction List;
· Target eNB may reject the handover request since the Serving PLMN can be not determined.

[image: image2.emf]2. Measurement Reports

3.HO decision

4. Handover Required

7.

Admission Control, 

e.g. based on PLMN

8.Handover Failure

UE Source eNB

Source

MME

Target eNB

1.Measurement Control

Target 

MME

0.Handover Restriction List Provided

5. Forward Relocation 

Request

6. Handover Request

9. Forward Relocation 

Response (Reject)

10. Handover Preparation Failure

Target TAI

No  HRL/ Target PLMN

HRL?


Fig.2. S1 handover preparation procedure with MME relocation
From the Fig.2, it is shown that the problem is how the target MME constructs the Handover Restriction List. If the target MME can not include Handover Restriction List in HANDOVER REQUEST message, the target eNB shall reject the handover request using HANDOVER FAILURE because the Serving PLMN can be not determined for the UE.
The possible solutions can be given as:

Solution a: The target MME constructs the Handover Restriction List only with the target PLMN ID as Serving PLMN.
In this solution MME constructs the Handover Restriction List only with the target PLMN and forwards it to the target eNB. The Handover Restriction List will be updated in subsequent TAU procedure.
The benefit of this solution is there is no compatibility problem. And the impact on the standard is minimal.
Solution b: The target MME includes the target PLMN IE in HANDOVER REQUEST message 

In this solution a new IE target PLMN will be included in HANDOVER REQUEST message. The drawback of this is it has ASN impact on R9/R8.
Proposal 2: It seems a better solution when the target MME should construct Handover Restriction List only with the target PLMN as Serving PLMN during the scenario of S1-based inter PLMN Handover with MME relocation. However this topic is out of the scope of RAN3, we propose then to LS CT4 (copy to SA2) if necessary.
3 Conclusion and Proposal
This paper has shown the issue that how to transfer the Serving PLMN in case of S1 based inter-PLMN HO. According to the analysis above, we propose to agree the following proposals:
Proposal 1: Specify the details of how to update the Handover Restriction List during the scenario of S1-based inter PLMN Handover without MME relocation.
Proposal 2: It seems a better solution when the target MME should construct Handover Restriction List only with the target PLMN as Serving PLMN during the scenario of S1-based inter PLMN Handover with MME relocation. However this topic is out of the scope of RAN3, we propose then to LS CT4 (copy to SA2) if necessary.
and to open the related CR. 
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