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Abstract of the contribution:

Discusses how a target GERAN shared network is informed about the UE support for PLMN selection in a shared GERAN network and thereby selecting the proper target network PLMN.

Background
With the introduction of the FULL-Multi-Operator Core Network (FULL-MOCN) and Gateway Core Network (Full_MOCN-GERAN-GWCN) feature a common GERAN radio access network will be shared by multiple MSCs/SGSNs whereby each MSC/SGSN can be associated with a different Public Land Mobile Network (PLMN) identified using a unique PLMN ID value.
From TS 23.251 section 3.1 “Definitions”:
“…

Common PLMN: The PLMN-id indicated in the system broadcast information as defined for conventional networks, which non-supporting UEs understand as the serving operator.
…
Non-supporting UE: A UE that does not support network sharing in the sense that it ignores the additional broadcast system information that is specific for network sharing for 3GPP UTRAN and GERAN. In other specifications, the term "network sharing non-supporting UE" may be used.

Supporting UE: A UE that supports network sharing in the sense that it is able to select a core network operator as the serving operator within a shared network. In other specifications, the term "network sharing supporting UE" may be used.
“
Idle mode registration in CS and  PS:
When a UE enters a MOCN/GWCN GERAN:
1) a UE supporting  GERAN shared network selects one of the broadcast PLMNs and presents its selected PLMN to GERAN.
GERAN uses the indicated value when selecting the SGSN.
2) a UE not supporting  GERAN shared network identifies the broadcast Common PLMN but does not indicate the Common PLMN as the selected PLMN to GERAN.
GERAN uses the Common PLMN as the selected PLMN.
GERAN uses MOCN redirection when selecting SGSN, see TS23.251 clause 7.1.4.2.
3GPP TS 23.122 specifies that the PLMN selection by the UE is to ensure that the registered PLMN is the selected PLMN.
Conclusion 1:
The core network must provide a UE with a registered PLMN that matches the UE’s level of support for PLMN selection, i.e. provide a non-supporting UE with the Common PLMN and a supporting UE with an operator specific PLMN.
Identified Issues
· If the serving PLMN provided by the target core network to the UE during handover is not matching the PLMN that the UE will select in idle will trigger the UE to perform an unnecessary additional RAU execution after a concluded PS handover (the PS handover will in itself contain a RAU at an RA change or an SGSN change). 

· In the GWCN case resource usage in the target BSC for a non-supporting UE cannot be associated with a specific operator from the sharing operators, such as performing O&M separation per operator.

Solution details
CS Handover into a GERAN shared network
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Figure 1   Handover scenario when target is a GERAN shared network. All existing handover signalling in not shown in the figure only the steps related to this proposal. The source can be either GERAN or UTRAN.
CS handover scenario for a UE that does not support GERAN Shared Network
Note: The full description from TS 23.009 is not included; only details relevant for the discussion.

For a UE that does not support GERAN shared network, the serving PLMN in a shared GERAN network is the Common PLMN.

A-HO- REQUIRED (Step 1) to A-HO-REQUEST (Step 3) 
Source BSC (BSS-A) indicates a need for handover by message A-HO- REQUIRED to source MSC (MSC-A). 
First proposed change:

Target MSC (MSC-B) shall always include the dedicated PLMN ID in the A-HO-REQUEST message. 
Target MSC (MSC-B) sends the A-HO-REQUEST to Target BSC (BSS-B)
Reservation of Radio resources in the target BSS (Step 4):

No changes

Target BSS creates the Target to source transparent container (Step 5):
Second proposed change:
The target BSC (BSS-B) matches PLMN ID of the selected target core network, received in A-HO-REQUEST, with the PLMN IDs that is broadcasted in the Multiple PLMN ID list and set the PLMN Index. 
The PLMN Index is included in the Target to Source transparent information.

A-HO-REQUES-ACK (step 6) up to A-HO-COMMAND (step 8):

No changes. The Target to Source transparent info is transferred from target BSC to Source BSC.
RR Handover Command (Step 9) to Handover Complete (Step 10):

No changes and CS handover is concluded. 
LAU triggered when call is finished (not shown in figure 1):
When the UE then enters STANDBY, it identifies the broadcast information in the target cell. A non-supporting UE will ignore the PLMN index received on the source side and thus the Skip indicator (within the L3 message) is indicated without a selected PLMN in the LAU Request message. 
The target BSC (BSS-B) derives the PLMN-id chosen by the UE and selects the corresponding CN operator and informs the target MSC (MSC-B) of the chosen PLMN-id. 

Third proposed change:
The MSC identifies the UE as a non-supporting UE (based on the received information from BSC) and constructs the registered LAI in the LAU Accept NAS response accordingly i.e. including a common PLMN.
CS handover scenario for a UE that supports GERAN shared network
The same behavior and proposed changes for a non-supporting UE applies also to CS handover of a supporting UE except:

RR Handover Command (Step 9) to Handover Complete (Step 10):

The UE reads the PLMN Index sent in the Target to Source Transparent Information.

LAU triggered when call is finished (not shown in figure 1):
Fourth proposed change:

If DTM, the UE uses the PLMN index (received during handover on the source side) and uses the Skip indicator (within the L3 message) to indicate this PLMN index if it is a supporting UE, and includes this into the LAU message
The target BSC (BSS-B) derives the PLMN-id chosen by the UE and selects the corresponding CN operator and informs the target MSC (MSC-B) of the chosen PLMN-id. 

The MSC identifies the UE as a supporting UE (based on the received information from BSC) and constructs the registered LAI in the LAU Accept NAS response accordingly i.e. a PLMN indicating a CN operator.

Fifth proposed change:

If DTM, a RAU triggered in connected mode also use the PLMN index received on the source side.
PS Handover into a GERAN shared network
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Figure 2   PS handover scenario when target is a GERAN shared network. All existing handover signalling in not shown in the figure only the steps related to this proposal.  The source can be GERAN, UTRAN or E-UTRAN.
PS handover scenario for a UE that does not support GERAN shared network
PS Handover Required (Step 1) and Forward Relocation Request(step 2):

No change, Source RAN indicates a need for handover by message PS Handover Required to source SGSN. 

PS Handover Request (step 3):

First proposed change:
The target SGSN shall always include the dedicated PLMN ID in the PS Handover Request message.
Reservation of Radio resources in the target BSS (Step 4):

No changes

Target BSS creates the Target to source transparent container (step 5):

Second proposed change:
The target BSC matches PLMN ID of the selected target core network, received in the PS Handover Request, with the PLMN IDs that is broadcasted in the Multiple PLMN ID list and set the PLMN Index. 
The PLMN Index is included in the Target to Source transparent container.

PS Handover Request Ack (step 6) up to PS Handover Required Ack (step 8):

No changes. The Target to Source Transparent container is transferred from target side to source side.
PS Handover Command (step 9):
As the UE is not supporting GERAN shared network it will ignore the new information element “PLMN Index” in the Handover Command and continues with legacy behavior.
PS Handover Access (step 10) up to PS Handover Complete (step 13):

The handover procedure continues and the UE appears in the target cell without providing a PLMN Index. A non-supporting UE ignores the new information provided from the source RAN and will not indicate a selected PLMN when it arrives in the target cell.
Third proposed change:

As a result the target GERAN does not indicate a selected PLMN as part of the UE-related signaling to the target SGSN and the target GERAN internally associates the Common PLMN as the selected PLMN for the non-supporting UE.
By absence of a PLMN Index from the UE, the target GERAN BSC becomes aware of the resulting selected PLMN ID. This enables the target BSC to immediately select target cells matching the selected PLMN in case of a succeeding handover or directed idle mode mobility.
RAU is triggered as part of Handover procedure:
By absence of an indicated selected PLMN, the target SGSN identifies the UE as a non-supporting UE and uses the Common PLMN to construct the registered RAI in the RAU Accept NAS response.
When the UE returns to idle it identifies the broadcast Common PLMN in the target cell as identical to the PLMN of the registered RAI. As a consequence the UE does not trigger an additional execution of the RAU procedure which is the wanted behavior.
PS handover scenario for a UE that supports GERAN shared network
The same behavior and proposed changes for a non-supporting UE applies also to PS handover of a supporting UE except:
PS Handover Access (step 10) up to PS Handover Complete (step 13):
The supporting UE appears in the target cell providing a PLMN Index to the target BSC. 
As a result the target GERAN indicates a selected PLMN as part of the UE-related signaling to the target SGSN and the target GERAN internally associates the operator-specific-PLMN as the selected PLMN for the supporting UE.
Fourth proposed change:
By presence of a PLMN Index the target GERAN BSC becomes aware of the resulting selected PLMN ID. This enables the target BSC to immediately select target cells matching the selected PLMN in case of a succeeding handover or directed idle mode mobility.
RAU is triggered as part of Handover procedure:

By presence of an indicated selected PLMN the new SGSN identifies the UE as a supporting UE and uses the operator-specific-PLMN to construct the registered RAI in the RAU Accept NAS response.

A UE that supports FULL-MOCN GERAN recognizes the broadcast operator-specific-PLMN in the target cell as identical to the PLMN of the registered RAI. As a consequence the UE does not trigger an additional execution of the RAU procedure which is the wanted behavior.
Fifth proposed change:
If DTM, a LAU triggered in connected mode also use the PLMN index received on the source side.
Summary for CS and PS handover
As part of handover to a GERAN shared network, the target SGSN/MSC always indicates the selected target core network operator to the target BSC. The selected target core network operator corresponds to a broadcast PLMN on the target side and the matching PLMN Index is set in the target BSC. 
As part of PS handover or CS handover, a target GERAN provides the source RAN, and in turn the UE, with a PLMN Index that corresponds to the selected target core network operator. This is accomplished by including the PLMN Index, sent transparently from the target access via the source access to the UE. A supporting UE understand this PLMN-index where a non-supporting UE does not. A supporting UE uses the PLMN index when entering the target side when sending LAU/RAU in Connected mode.
As part of PS handover and CS handover, a target GERAN always determines the selected target PLMN ID from UE signaling when the UE appears in the target access.
Benefits from the proposal
· Target core network always provides the target FULL-MOCN GERAN with an indication of selected operator during handover preparation. That enables the target BSC to perform a separate usage of resources per operator.
· The target BSS determines a selected target PLMN ID based on the GERAN shared network capability of the UE. That prevents the UE to perform an unnecessary additional RAU execution after a concluded PS handover.
· The solution is impacting the target access only

· There is no need for the UE to explicitly signal its UE GERAN shared network capability

· Source RAN is unaffected with this solution, i.e. making it backward compatible
· Source CN is unaffected with this solution, i.e. making it backward compatible

· For PS handover, the serving PLMN is known by the target BSC already at UE arrival at the target BSC which enables the BSC to immediately start to prepare for consecutive handover attempts or directed idle mode mobility.
Proposal

The proposal is, as part of handover to a FULL-MOCN GERAN:

· Make the new (target) core node always include an indication of the selected target core network operator to the target BSC.

· Provide the source RAN, and in turn the UE, with a PLMN Index that matches the selected target core network operator. 
· Make target BSC to always determine the selected target PLMN ID from UE signaling when the UE appears in the target access. 
The CR S2-124278 “Indicating selected PLMN to target BSC during handover” is related to this DP covering 23.251.
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