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Abstract of the contribution: This document discusses scenarios and impacts on service requirements for UEs that are simultaneously registered in multiple PLMNs over 3GPP and WLAN accesses. 
1. Introduction
A UE that is capable to be simultaneously connected to a 3GPP access and WLAN access may be simultaneously connected to different PLMNs over different access types. In this contribution we describe scenarios where this is possible and identify service requirements impacts on operator controlled steering of access and operator controlled IP Flow Mobility and WLAN offload.  
2. Scenario – Multiple PLMN Registrations
In this section we describe a scenario whereby a UE is simultaneously connected to multiple PLMNs. This scenario will be used as a basis for discussion on service requirements impacts in section 3. Figure 1 describes such scenario.
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The UE is at a location where there is WLAN coverage from PLMN1 and PLMN2 and 3GPP coverage from PLMN2 (i.e. at this specific location there is no 3GPP coverage from PLMN1). The UE is capable to connect simultaneously to different access technology types. According to [1] when the UE performs PLMN selection procedures for 3GPP accesses, the UE checks the PLMN list stored in the SIM/USIM to identify priorities of different PLMNs. Let’s assume that for 3GPP accesses PLMN1 has priority over PLMN2. At this particular location there is no coverage from PLMN1, so the UE connects to PLMN2 over the 3GPP access. PLMN2 then becomes the registered PLMN for 3GPP access. According to [3], when the UE performs PLMN selection procedures for I-WLAN, the UE checks the PLMN priority list for I-WLAN access. Let’s assume that for I-WLAN, PLMN1 has priority over PLMN2. At his particular location there is coverage from both PLMN1 and PLMN2, therefore the UE selects the access network that provides connectivity to PLMN1 as it has the highest priority. PLMN1 becomes the Registered PLMN for I-WLAN access. In this scenario, the UE is simultaneously connected to multiple PLMNs. Having multi-interface UEs registered in multiple PLMNs is a consequence of a) having independent PLMN selection procedures for 3GPP and non-3GPP accesses and b) the heterogeneous coverage of wireless networks for different access types. 

3. Impacts on Service and Service Requirements
Here we describe some of the service impacts related to steering of access and IFOM.  
Impacts on Operator Controlled Steering of Access
For operator controlled Steering of Access the following requirements apply (section 7.1.6 TS 22.278)

“When a UE is accessing the Evolved Packet Core via E-UTRA, the operator of the PLMN that provides the access (registered PLMN or RPLMN for short) may request the UE to use - any or a specific - non-3GPP RAT.”
“The UE shall only perform access technology selection within the RPLMN.”

“In case the UE is connected to the PLMN via a non-3GPP access, then the PLMN reselection procedures specified for that access technology may be executed.”

“The HPLMN may also provide the UE with a list of preferred access technologies in priority order for use in the RPLMN. Only one list of preferred access technologies can be active at a time and the list provided by the RPLMN takes precedence over the list provided by the HPLMN.” 

“The list of preferred access technologies received from the VPLMN is specific to that VPLMN and PLMNs equivalent to it.”
In reference to the scenario described above, we identified two use cases where we illustrate the impact on operator controlled steering of access:
Use case 1. Let’s assume the UE is connected to the 3GPP access and it has its WLAN interface powered down. The RPLMN for 3GPP access is PLMN2 according to scenario described in section 2. Let’s assume that the policies sent by PLMN2 (RPLMN) to the UE indicate that the preferred access type is WLAN. The UE then powers up the WLAN interface and performs PLMN selection procedures for I-WLAN. PLMN1 has the highest priority in the I-WLAN PLMN selection list, thus the UE selects PLMN1 for I-WLAN access. However, according to TS 22.278, “The list of preferred access technologies received from the VPLMN is specific to that VPLMN and PLMNs equivalent to it” the UE cannot apply the steering of access policy from the RPLMN as the selected PLMN for WLAN is different from the selected PLMN for 3GPP. Then, steering of access by PLMN2 operator is not possible in this case and the UE will remain connected to the 3GPP access. In the scenario described in section 2, PLMN2 provides I-WLAN and 3GPP coverage at that particular location.
Use case 2. Let’s assume the UE is connected to the WLAN access. Let’s assume the UE previously disconnected from the 3GPP because it lost coverage. According to the scenario described in section 2 the UE selects PLMN1 for I-WLAN access. The policies from the PLMN1 indicate that the preferred access is 3GPP. When the UE detects there is 3GPP coverage tries to connect to the 3GPP access.  If the UE were to connect to 3GPP, the UE would have to select PLMN2 over the 3GPP access as there is no coverage from PLMN1 at that location. As the operator providing 3GPP access is different from the RPLMN, operator controlled steering of access is not possible and the UE will remain connected to WLAN eventhough there is 3GPP coverage at the location it is at. 

In these two use cases, if the UE had selected PLMN2 for I-WLAN access, instead of PLMN1 (which was higher in the priority list) steering of access from 3GPP to I-WLAN and vice-versa would have been possible. 
Impacts on IFOM Service Requirements
When the UE is simultaneously connected to multiple PLMNs, requirements for IFOM [4] become unclear. 
For example, for the following requirement: 

“It shall be possible for the operator to enable and control via policies the simultaneous usage of multiple accesses”
it is not clear which operator can control the usage of simultaneous access. Can one operator’s policies redirect the traffic to another operator’s network?
- If yes, which operator shall be able to control the simultaneous usage of multiple accesses? Shall it be PLMN1, which provides WLAN access, or PLMN2, which provides 3GPP access? If PLMN1 is the HPLMN and PLMN2 is the VPLMN, shall it be the HPLMN or the VPLMN the one that controls the use of accesses?
- If no, shall an IFOM capable UE try to connect to the same PLMN over different access network types? Otherwise, IFOM based on operator policies may not be possible in a large number of scenarios.

4. Proposal  
To efficiently support operator controlled steering of access from 3GPP to WLAN (and vice-versa) and operator controlled IFOM, there is a need for 

a) harmonizing PLMN selection procedures between 3GPP access and WLAN accesses as much as possible. 

b) clarification on service requirements to remove ambiguities on what operators policies are to be applied in case of multiple PLMN registrations. 

S1-100175 is a companion CR addressing issue a). 
Discussion and agreement on high level principles are needed to address issue b).
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