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Abstract of the contribution: 
This document describes an evaluation of a number of use cases for PS and CS HO to a GERAN Sharing Network with respect to CS/PS coordination. It also proposes alternative ways forward.
Attachment: GERAN Shared network and handover - analysis
1 Background
In an attempt to progress the GERAN NW SHARING issues during SA2#93, SA2 made an agreement in principle for working assumption for GERAN network sharing, see TDoc S2-124179. In this document, it was identified as an essential issue to specify the actual HO signaling when handover is performed to a shared GERAN NW. 
The current document investigates the CS/PS coordination problem for HO to a target GERAN shared network by analysing the actual HO signalling. The starting point is the functionality described in current 3GPP (rel-11) specification. The following connected mode mobility use cases are analyzed:
· CS handover for non-supporting UEs to a GERAN shared network
· PS handover for non-supporting UEs to a GERAN shared network
Furthermore the NW Sharing configuration is also important to consider:
· MOCH NWS target NW

· GWCN NWS target NW

Also the DTM status of the UE or the target NW must be taken into account:

· Non-DTM target NW

· DTM target NW

Eventually it is also important to consider what kind of mobility procedures that are used:

· Combined procedures

· Non-combined procedures

All in all there will be 16 use cases analyzed. Note that only the use cases for a non-supporting UE are included in this analysis. For the supporting UEs we have not seen any problems. The complete analysis is provided in the attached slide set, but a summary and a discussion is provided below.

2 PS HO Use case
For the sake of demonstrating the analysis, one use case will be penetrated in detail. The use case is:

PS HO for a non-supporting UE to a MOCN shared NW, for non-DTM and without use of combined procedures.
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Figure 1, PS HO to a MOCN shared NW
The procedure is shown in figure 1 and the following list describes the flow.
1) The UE makes a PS HO into the MOCN shared NW, at which point the source RAN selects the SGSN and the PS operator.

2) The UE sends RAU towards the PS Domain. Since the UE is a non-supporting UE it doesn’t include PLMN ID in the RAU.
3) The BSC sends the RAU towards the SGSN. The SGSN knows that the Common PLMN ID is selected. Since this is PS HO there has been preparation signalling between the source RAN and the target RAN, which ensures that the BSC selects the correct SGSN.
4) After some time the UE goes to IDLE state.
5) Only at this point the UE, being a non-DTM UE, will initiate a LAU towards the CS domain. The LAU is sent to the BSC and includes the Common PLMN ID. 
6) CS operator selection is performed by BSC together with the MSC (i.e. in the target side) using CS/PS Coordination within the MOCN redirection procedure as specified in TS 23.251, section 7.1.4.2.
7) The LAU is eventually sent towards the selected MSC, which may or may not belong to the same operator as for PS domain.
In this use case it is seen that the PS domain operator selection is done by the source system, while the CS domain operator selection is done in the target system. There is no RAU after LAU in step 7, due to that the PLMN and RA are not changed (and even so, by use of the NRI provided in the P-TMSI the same PS operator would be chosen.) Furthermore it may not be possible in all cases to synchronize the operator selection algorithms in the source CN/RAN (for selection of the PS operator) and in the target BSC (for selection of the CS operator).
Therefore, the CS/PS coordination algorithm can not guarantee that the same operator is selected for CS domain as for PS domain.
3 Use case evaluation

The complete use case evaluation has been made and is provided in the attached slide set. A summary of the evaluation is shown in the table 1. Table 1 lists all the use cases and the result of the analysis i.e. if CS/PS coordination is achieved or not, indicated by an “OK” or a “NOK”.
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	NOK
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	CS HO
	OK
	OK
	OK
	OK
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Note 1
	OK

Note 1
	OK

Note 1
	OK
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Table 1, Use case evaluation for CS/PS coordination
Note 1: OK as SGSN and MSC uses IMSI based selection in this case.
Note 2: The LAU is sent towards the selected MSC, which may or may not belong to the same operator as for PS domain.
Note 3: CS/PS coordination is not achieved since synchronization between operator selection in source CN/RAN(PS op) and target MSC or BSC may not be feasible.
4 Discussion
The use case evaluation has shown that the current specified method for CS/PS Coordination is not correct in all cases. There is required additional functionality. The working assumption requires source based operator selection. There may be certain use cases where a fall back to target based selection is acceptable and is configured in the system. Such a method could be the IMSI hashing in the target system CN nodes. A CS and PS domain synchronized IMSI hashing can always guarantee CS/PS coordination.
Other CS/PS coordination methods may be investigated, such as BSC based coordination. In some cases the BSC may chose the same operator in both CS and PS domain, but in e.g. the use case described in section 2 above the BSC can not select the same operator for CS and PS. Since the UE has already gone to IDLE in PS domain when the LAU is received, the BSC has deleted the PS domain context for the UE. However, a modification of the BSC may solve the problem. If the BSC is required to remember the operator selection in e.g. the PS domain even after the UE has returned to IDLE a BSC based selection may work. This method would require changes in the GERAN specifications. 
Yet another method for CS/PS coordination may be that the BSC polls the SGSN nodes when the UE sends LAU in PS-IDLE state. Since the UE is in PS-IDLE, it is not known by the BSC in which SGSN the UE is registered, and thus all available SGSNs may need to be polled, this method will generate extensive signalling load and also introduce delays for the MM procedures.
5 Conclusion

The current CS/PS coordination algorithm for non-supporting UEs using Redirect as specified in TS 23.251 has been evaluated for a number of use cases. It is concluded that the algorithm will not guarantee the desired result in all cases. It is needed that the WA of source based operator selection is abandon or else that some additional functionality is specified such as has been discussed in the section 4 of this document. Since the BSC based method requires changes to the GERAN specifications for BSC algorithms and also protocol updates, it is proposed to send an LS to GERAN to ask for guidance.
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