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Abstract of the contribution: This discussion paper handles an issue found related to CS/PS coordination in a shared network at handover to GERAN shared network. This issues was already discussed at SA2#94 in DP S2-124548, in meantime some of the problems have been solved by specification updates but some still remains.

1 Introduction

In conventional networks, the same CN operator always serves the UE in CS and PS domains. In a shared network the same conduction is valid as for conventional networks with respect to registration with CS and PS domains and the UE shall always register with the same operator for the CS and PS domains.

After analysing a number of mobility use cases for non-supporting UE it has been found that existing specification do not handle/solve the CS/PS coordination for some of these use cases. The performed analyse has looked into the mobility use cases with different combinations of combined/non-combined registration, DTM/non-DTM, GWCN and MOCN at handover to a shared GERAN. The following use cases have been seen as potential problem areas where it can be expected faulty CS/PS coordination:

· PS Handover to GERAN, when target network is non-DTM, MOCN and no combined procedure is used.
Problem: PS domain is selected by source RAN in the PS Handover procedure. When UE goes idle, the operator in the CS domain is selected in the LAU procedure by target BSC using MOCN redirection procedure. No RAU and no CS/PS coordination will be performed after the LAU as the RAU has already been performed in the PS Handover procedure. .

· PS Handover, when target network is non-DTM, GWCN and no combined procedure is used.
Problem: PS domain is selected by source RAN in the PS Handover procedure. The PS operator is selected in the source SGSN (GWCN). When UE goes idle, the operator in the CS domain is selected in the LAU procedure by target BSC selecting the target MSC (GWCN) and the target MSC selecting the CS operator.


· PS Handover, when target network is DTM, MOCN and no combined procedure is used.
Problem: PS domain is selected by source RAN in the PS Handover procedure followed by LAU procedure where target BSC selects CS operator using MOCN redirection procedure. No RAU and no CS/PS coordination will be performed after the LAU as the RAU has already been performed in the PS Handover procedure.
· PS Handover, when target network is DTM, GWCN and no combined procedure is used.
Problem: PS domain is selected by source RAN in the PS Handover procedure. Followed by a LAU procedure where target BSC selects target MSC (GWCN) and the target MSC selects CS operator. 


Common for the above possible faulty CS/PS coordination is that the Source RAN selects target PS operator in the PS Handover procedure followed by a LAU where CS operator is selected by the Target BSS. In the GWCN case the Target BSS selects target MSC and the target MSC selects the operator. It is most probable that the source RAN node and target BSS is in different PLMNs and may also be from different vendors making it difficult to synchronize selection criteria in both nodes.  Using the Operator centric solution (see TS23.251 section 4.2.5.1) i.e. NRI coordination may solve some of this issues but not all mobility cases e.g. handover from operator outside the NRI coordinated area and into the NRI coordinated area. Another example is handover from LTE only access (VoLTE) to UTRAN/GERAN shared network.   

2 Solution alternatives

To solve the above problems, a solution is needed where the target BSS selects the same CS operator as was selected in the PS domain by the source RAN during the PS handover procedure. Some alternative solutions have been looked upon based on the assumption that the CS/PS coordination shall be handled from a node common for both the CS and PS domain. One common node is the BSS and below are two alternatives described where these nodes are used for the CS/PS coordination. (The UE would also be a possibility as a “common node” but as the issue is related to non-supporting UE then using UE is not a relevant alternative)

2.1 Alternative 1: Target BSS storage of PLMN ID

In the below figures 1 and 2 it is shown how the target BSS stores the the PLMN selected by the source RAN in the PS handover procedure. The PLMN ID is stored together with the IMSI and is kept in the BSS also in idle mode.  
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Figure 1, Procedure for MOCN deployment

The following is new functionality/signalling (see figure 1):

5b. The target BSS stores the PLMN ID for the selected operator together with the IMSI. The BSS shall keep this information also when UE is in idle mode. 

11a. When the target BSS receives the LAU Request (step 10) it needs to get to know the IMSI to be able to look up the selected PLMN ID stored in step 5b. The BSS sends an IMSI Request to an MSC and the MSC retrieves the IMSI either from old MSC or from the UE using Identity Request procedure i.e. the same principles as used in the MOCN redirection procedure.
11b. The MSC sends the retrieved IMSI to the BSS.

12a. BSS looks up selected PLMN ID using the IMSI received in step 11b.

12b. BSS selects target MSC/operator based on PLMN ID retrieved in step 12a.
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Figure 2: Procedure for GWCN deployment
The following is new functionality/signalling (see figure 2):

6b. The target BSS stores the PLMN ID for the selected operator together with the IMSI. The BSS shall keep this information also when UE is in idle mode.

13a. When the target BSS receives the LAU Request (step 12) it needs to get to know the IMSI to be able to look up the selected PLMN ID stored in step 4b. The BSS sends an IMSI Request to an MSC and the MSC retrieves the IMSI either from old MSC or from the UE using Identity Request procedure i.e. the same principles as used in the MOCN redirection procedure.

13b. The MSC sends the retrieved IMSI to the BSS.

14a. BSS looks up selected PLMN ID using the IMSI received in step 13b.

14b. BSS selects target MSC based on PLMN ID retrieved in step 13b.

15. Location Area Update Request including the selected PLMN ID is sent to the target MSC.

16. The target MSC selects operator based on the PLMN ID received in step 15. 
2.2 Alternative 2: Target BSS request selected operator 

In the below figure 3 it is shown an alternative where the target SGSN sends a request to the available SGSNs to find the selected operator.
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Figure 3: Target BSS request selected operator for CS/PS coordination in GERAN

The following is new functionality/signalling (see figure 3):

10a. When the target BSS receives the LAU Request (step 9) it sends an IMSI Request to an MSC and the MSC retrieves the IMSI either from old MSC or from the UE using Identity Request procedure i.e. the same principles as used in the MOCN redirection procedure.

10b. Target BSS receives the IMSI from the MSC.

11. The target BSS sends requests to all connected SGSNs to retrieve the selected operator (PLMN) in which the UE is registered. 

12. The SGSN with the having the UE registered (target SGSN in figure U) response to the target BSS with the selected operator.
In an DTM case  when the UE is in connected mode when UE sends LAU request the BSS would be able to find out the selected operator by knowing which SGSN is the serving SGSN for the UE i.e. no need to send requests for selected operator to any SGSN.

13. The target MSC selects Target MSC/operator based on the PLMN ID received in step 12b. 

a) In case of MOCN sending Location Area Update request to correct MSC (step 14) or;


b) In case of GWCN sending Location Area Update to correct GWCN MSC and providing the operator information in the Location Area Update request (step 14).
3 Proposal

In a comparison between the two alternatives described above it can be seen that the alternative 1 would have less signalling over Gb but an issue can be seen by storing context in the BSS in idle mode. Alternative 1 introduces a new functionality in the BSS to store UE context also in idle mode which does not exist in existing solution. This will also introduce an issue for idle mode mobility i.e. transfer of context from source to target BSS and how to clean up context in source BSS. Based on these issues seen for alternative 1 it is proposed to select alternative 2 to solve the described issues with CS/PS coordination. 

It is propose to discuss the problems presented in the Introduction section and the proposed solution and agree on a way forward.
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6b. Handover Request Ack  (?)


7a. Routing Area Update Request (old P-TMSI)


7b. Routing Area Update Request (old P-TMSI, CGI)


8a. Routing Area Update Accept (P-TMSI)


8b. Routing Area Update Complete


9. UE goes idle (non-DTM) or stays connected (DTM) 


10a. Location Area Update Request (TMSI)


Target MSC
GWCN


10c. Location Area Update Request (TMSI)


10b. BSS selects target MSC


12a. Location Area Update Accept (TMSI)


12b. Location Area Update Complete (?)


5. SGSN selects target operator


11. MSC selects operator


HSS


Xa. Update Location(IMSI)


Xb. Update Location Ack (IMSI)


As Source eNB selects target operator in PS and Target BSS selects target operator in CS it can be an CS/PS coordination issue


UE
Non supporting


Source eNB


Target BSS
Shared


Source MME


Target SGSN
MOCN


1. Handover Initiation
Source eNB selects operator


2. Handover Requiered (target CGI[PLMN ID, LAC, CI, RAC])


4. Forward Relocation Request (IMSI, Target Identification[PLMN ID])


3. MME selects target SGSN (Operator)


5a. Handover Request  (IMSI, Target Cell Identifier[PLMN ID])


5c. Handover Request Ack  (-)


6a. Routing Area Update Request (old P-TMSI)


6b. Routing Area Update Request (old P-TMSI, CGI)


8a. Routing Area Update Accept (P-TMSI)


8b. Routing Area Update Complete


9. UE goes idle (non-DTM) or stays connected (DTM) ??


10. Location Area Update Request (TMSI?)


Target MSC
MOCN


13. Location Area Update Request (TMSI)


12a. BSS looks up selected PLMN ID based on IMSI


14a. Location Area Update Accept (TMSI)


14b. Location Area Update Complete (?)


5b.BSS stores IMSI and PLMN ID


11a. IMSI Request (TMSI?)


11b. IMSI Response (IMSI, TMSI)


12b. BSS selects target MSC / Operator


HSS


7a. Update Location(IMSI)


7b. Update Location Ack (IMSI)


Is this the selected PLMN?


New MSC
MOCN


IMSI is retrieved either from old MSC or from the UE using Identity Request procedure.


UE
Non supporting


Source eNB


Target BSS
Shared


Source MME


Target SGSN
GWCN


1. Handover Initiation
Source eNB selects operator


2. Handover Requiered (target CGI[PLMN ID, LAC, CI, RAC])


4. Forward Relocation Request (IMSI, Target Identification)


3. MME selects target SGSN based on selection made in step 1


6a. Handover Request  (IMSI, Target Cell Identifier, selected PLMN/NRI)


6c. Handover Request Ack  (-)


7a. Routing Area Update Request (old P-TMSI)


7b. Routing Area Update Request (old P-TMSI, CGI)


10a. Routing Area Update Accept (P-TMSI)


10b. Routing Area Update Complete


11. UE goes idle (non-DTM) or stays connected (DTM) 


12. Location Area Update Request (TMSI)


Target MSC
GWCN


15. Location Area Update Request (TMSI, PLMN ID)


14b. BSS selects target MSC


17a. Location Area Update Accept (TMSI)


17b. Location Area Update Complete


5. SGSN routes to selected operator


16. MSC selects operator


6b. BSS stores IMSI and operator id


14a. BSS looks up selected PLMN ID based on IMSI


13a. IMSI Request (TMSI, LAI)


13b. IMSI Response (IMSI, TMSI)


HSS


9a. Update Location(IMSI)


9b. Update Location Ack (IMSI)


IMS is retrieved either from old MSC or from the UE using Identity Request procedure.
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