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Abstract of the contribution: This paper discusses the E-PLMN List usage to include the registered PLMN ID for CSFB, so that the eNodeB is able to select the registered CS PLMN preferably during CSFB PS HO/NACC/RRC Redirect procedure when multiple PLMNs are available for the fallback. And it is preferred to define a new IE to delivery the registered PLMN ID for CS domain.
1. Background

During the past SA2#80 meeting, it is agreed that the MME needs to provide the registered PLMN ID for CS domain to the eNodeB if multiple PLMNs are available for the fallback to CS domain, so that the eNodeB is able to select the registered PLMN preferably as the target PLMN during CS Fallback procedure (refer to S2-104355). It is also agreed an appropriate handling needs to be specified in Rel-9. The solution in S2-104355 by reusing the Equivalent PLMN List to include the registered PLMN ID for CSFB was discussed as the basis, but was postponed to SA2#81 due to comments about a need for more clarification for the usage of the E-PLMN List in this scenario.
This paper analyzes the possibility of identifying the registered PLMN ID for CSFB in the E-PLMN List, and concludes that such solution is efficient and has minimal impact on the existing node functionality.

2. Discussion

Equivalent PLMN List is a parameter of “Handover Restriction List” IE, which can be included in messages to eNodeBs as follows:

· S1-AP Initial Context Setup Request message; 
· S1-AP Handover Request message; 
· S1-AP Downlink NAS Transport message; 
· X2-AP Handover Request message.

When we assume a network configuration scenario where multiple PLMNs are available for providing CS domain services, we can also assume that these PLMNs for CSFB are already part of the E-PLMN list that is sent to the UE. For the eNodeB this is equivalent to network sharing where the eNodeB needs to select from multiple available target PLMNs according to the Handover Restriction information it gets from the MME. So we may assume the eNodeB supports this selection function like for network sharing and the selection is controlled by the Handover Restriction list, specifically by the Equivalent PLMN List that is included in the Handover Restriction list according to existing specifications. Thereby the registered PLMN ID for CS domain, which is selected by the MME during combined Attach and combined TA/LA update procedure, is already signalled to the eNodeBs in all the messages listed above. 
So we can use existing functionality designed for network sharing to signal the PLMN ID registered for CSFB like all other equivalent PLMNs to the eNodeB. The only problem is that the other equivalent PLMN may also provide CS services and the specifications don’t differentiate between multiple listed PLMN IDs.
Q1: How does the eNodeB know which PLMN ID in the Equivalent PLMN List is the registered one for CS domain?

As a simple solution it is proposed that the MME orders the PLMNs in the ePLMN list according to their priority for handover target selection. And the registered PLMN ID for CS domain is the first PLMN in that list that supports CS. During a CS Fallback procedure the eNodeB selects the registered PLMN ID for CS domain preferably as a target cell/PLMN as it follows the prioritised order of the ePLMN list and prefers the first listed PLMN providing a RAT that supports CS.
It is not necessarily the first PLMN of the ePLMN list as another LTE PLMN might have higher priority, but it does not support CS.

Q2: Does the eNodeB need to distinguish pure PS HO and CSFB PS HO?

It is assumed that the first priority of the eNodeB is to keep the UE in the current PLMN. And then the selection priority follows the order of PLMNs in the ePLMN list. And if it is a HO for CSFB the selected target needs to support CS. These selection criteria the eNodeB might then apply to any HO.
Selecting the PLMN registered for CS also preferably during normal PS handover is useful because the UE may later start a CS service. Further, if the handover with only PS bearers changes the PLMN registered for CS services the UE performs a LAU and the CS registration changes between different PLMN, which may cause quite some overhead signalling. So preferably the eNodeB does not distinguish and applies the same selection according to prioritised ePLMN list in all cases, which simplifies also the eNodeB. The selection process described here can apply in general to handover. The CSFB just puts an additional criterion to the prioritised selection: the target cell/PLMN has to support CS, which is known from the RAT type.
If the operator’s 2G and 3G network have different PLMN ID, the operator may reuse either 2G or 3G PLMN ID for LTE network, and select either 2G or 3G MSC/VLR independently with LTE PLMN ID for CSFB as shown in the figure below. 
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Figure-1: Deployment scenario where the operators LTE, 3G and 2G networks have different PLMN-IDs. However the operator has the same PLMN-IDs for 2G and LTE. PLMN-A and PLMN-B are equivalent PLMNs.

The UE may be CS registered either in 3G or 2G. 

The problem to solve is how to ensure that when eNB does a PS handover or RRC-release-with-redirection, the eNB directs the UE to the CS registered PLMN of the UE.

The eNB only hands-over the UE to either the RPLMN of the UE or one of the equivalent PLMNs of the UE. 

In this scenario, the operator can configure the preferred RAT type for CS domain in eNodeB, so that the eNodeB can select the target cell/PLMN that supports the preferred RAT type for CS domain. Accordingly, the criterion to the prioritised for CSFB in eNodeB is updated as: the target cell/PLMN has to support CS and the preferred RAT type for CS domain. However, the current PLMN still has the first priority if it satisfies the criterion that it supports CS and the preferred RAT type for CS domain, otherwise, the eNodeB will select the target cell/PLMN from the ePLMN List secondly.
Rather than doing this modifications on the use of EPLMN list which has been used for a long time now, It is simpler to transfer the registered PLMN for CS domain as a dedicated S1-AP IE (e.g. CSFB PLMN ID or LAI including the CSFB PLMN ID) for the target cell/PLMN selection during CS service procedure (e.g. MO/MT call), i.e. UE Initial Context Setup and UE Context Modification with CSFB indication. However, the S1 interface needs to be updated, so it is not proposed in this paper.
Q3: Does the eNodeB need to distinguish normal CSFB and CSFB with multiple CS PLMNs available?

It is rather that CSFB in a scenario with a single CS PLMN can use eNodeBs that don’t support differentiation of target PLMNs, i.e. eNodeBs that don’t provide functionality introduced for network sharing. A single target PLMN is configured for PS HO/CSFB. CSFB with multiple CS PLMNs bases on eNodeBs that support network sharing with some enhancements for target cell/PLMN selection.
Q4: Could there be any conflict between the E-PLMN list and Subscriber Profile ID for RAT/Frequency Priority (SPID)?

The concept of Subscriber Profile ID for RAT/Frequency Priority (SPID) as defined in TS 36.300 and TS 23.401 may or may not include information relevant for PLMN selection. If this optional concept is employed, an SPID allows to select among several sets of RAT/frequency selection profiles which are configured in the eNodeB. 

If the configuration identified by SPID does not include information relevant for PLMN selection, a conflict with the EPLMN list cannot occur. However, if the configuration identified by SPID does include information relevant for PLMN selection, the information from the E-PLMN List should be used with preference for target cell selection and take precedence over any preconfigured information identified by the SPID.
Conclusion:

With considering the answers for those questions described above, it can be concluded that it is possible to reuse the E-PLMN List to steer a CSFB to the registered PLMN ID for CS domain by a prioritised order of PLMN IDs in the E-PLMN list. In this case, there is no modification for the S1 interface, and only minimal impact on MME/eNodeB behaviour as follows:
MME behaviour update:
· Ordering the PLMNs in the E-PLMN list according to the priority for handover selection with including the registered PLMN ID for CS domain as the first PLMN that supports CS in the E-PLMN list. The list is sent to the eNodeBs like for network sharing.

eNodeB behaviour update:
· Update the eNodeB’s target cell/PLMN selection function that the PLMN which supports CS and the preferred RAT for CS domain is selected preferably during CSFB procedure. The current PLMN is the first priority, and E-PLMN List is secondly by prioritising the selection of PLMNs according to the order of PLMNs in the E-PLMN List. This update aligns with the existing PLMN selection principle, e.g. for eNodeBs that support network sharing, i.e. already support handling of multiple target PLMNs.
After offline discussion, it is preferred to move forward on with a cleaner solution, i.e. define a new IE with trying to avoid the potential risk by reusing E-PLMN List and defining modified use of it which may cause further problems. For the new IE, it also preferred to transfer the LAI which includes the registered PLMN ID for CS domain. Using the LAI rather than only CSFB PLMN ID enables the eNodeB to select the target cell which belongs to the LAC of the UE’s CS domain PLMN in addition to meet with the requirement of selecting the registered PLMN for CS domain as the target PLMN by eNodeB.
The related CRs are updated accordingly.
3. Proposal

It is proposed to agree the conclusion in this paper, and agree the corresponding R9/R10 CRs S2-104614/ S2-104615 as well.
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