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Abstract of the contribution; A discussion of CS/PS Coordination for Network Sharing in the target network is provided.
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1. CS/PS Coordination problem for CSFB/SRVCC

After CSFB or SRVCC from LTE to UTRAN/GERAN and in some configurations, a voice and data capable UE that is a non- supporting UE in the target network (a UE not supporting network sharing according to TS 23.251), may end up using PS and CS domain service from different operators in the target UTRAN/GERAN system when the target network is a shared network. The use case is that the UE is camping from the start in LTE; it is connected to an MME, and may be in IDLE or CONNECTED mode. A CSFB or SRVCC without PSHO is triggered and in the DTM case the UE performs RAU in the target system.  It is shown in figure 1.  

There is an operator A and an operator B. For the purpose of illustrating the problem, the MME A may select MSC B to which the UE connects and receives voice service when the UE moves from LTE to UTRAN/GERAN. But the non-supporting UE may get connected to the SGSN A for data service. It may happen due to the function called “CS/PS coordination” specified to be used for non-supporting UEs when the target network is a shared network according to TS 23.251 chapter 4.2.5.
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The following sequence shows how a voice and data UE may end up receiving service from different operators in the PS and the CS domain:

1. For CSFB a target LA is selected at Attach or at TAU. (For SRVCC, the eNodeB will select a target cell and PLMN in 2G/3G and indicate the selection to the MME A when SRVCC is triggered.)

2. As described in TS 23.272, section 5.2 (see appendix below), the MME A selects a PLMN and an appropriate MSC B, which serves the selected target LA. The MME will deduce from existing UE signalling in the Attach Request whether the UE is a supporting UE or a non-supporting UE in 2G/3G, and for a non-supporting UE, the MME remembers the corresponding Common PLMN ID as well as the unique PLMN ID for the selected PLMN.

3. The MME sends Attach Accept back to the UE including a LAI, which includes the selected PLMN ID. For a non-supporting UE the PLMN ID sent to the UE is the Common PLMN ID.
4. When a CSFB call (MT or MO) is triggered, the UE is handed over (or reselects) to the target where it connects to the MSC B.

5. The UE sends Routing Area Update (RAU), the P-TMSI comprises the Network Resource identifier (NRI), which the UE has calculated based on the MME Code (MMEC). 

6. The RNC/BSC uses the NRI to select the SGSN A to which it may send the RAU Request.

7. If the UE is a Roaming user the SGSN A will not accept the RAU Request but sends the Reroute Command back to the RNC/BSC to require CS/PS Coordination after fetching the context and the IMSI from the old MME. (this is described in TS 23.251, section 7.1.4, the user is: “a subscriber with a non-supporting UE having a P-TMSI/TMSI not belonging to the pool, and no IMSI is provided by RNC/BSC”)
8. For roaming UE's with agreements with both sharing operators the BSC/RNC may then select a different SGSN belonging to another operator or it may select the same SGSN again and the UE may end up connected to different operators in CS and in PS.

Note that there is no problem if the UE is not roaming – then the correct SGSN will anyway end up serving the UE. It is neither any problem with a roaming UE to which only one operator has a roaming agreement – then the UE will finally end up at the only possible operator which also should have been selected for the CS domain.

2. Source MME informs SGSN about CS operator
In the procedure specified today, the SGSN will send the Context Req to the old MME (or SGSN Context Request in case Gn/Gp is used), to request the UE context. SGSN will receive Context Response from old node and get the IMSI of the subscriber in order to know if the UE can be accepted. However, the SGSN could get other useful information from the old MME, to help in the process of determining if the UE shall be kept or not in the SGSN. The old MME could send an indication in the Context Response if the UE is handed over to SGSN due to CSFB/SRVCC. If MME doesn’t include the CSFB/SRVCC indication, the SGSN will determine that normal CS/PS Coordination should be applied. 
In addition, the MME could inform the SGSN, about the selected operator for CS service, i.e. the MSC operator. The MME shall send the unique PLMN ID to the SGSN, not the common PLMN ID, which would not help to identify the operator chosen for CS.
Note that the unique PLMN Id mentioned here could actually be any identity or number agreed between the operators that uniquely identifies the CS operators.
These additional information elements may be added to the Context Response message and the SGSN can then use this in the CS/PS Coordination. For CSFB or SRVCC the SGSN check if the operator selected for CS is the same as the operator for this particular SGSN. In case it is this operator, the SGSN keeps the UE without doing CS/PS coordination, and the Reroute message is not sent back to the RAN. In case the CS operator is different from the operator for this particular SGSN, the SGSN will send Reroute message back to the RAN to request CS/PS coordination. When the RAN selects another SGSN, the same procedure will be repeated as in the first SGSN. In this way the UE will end up in an SGSN with the same operator as was selected for CS.
Features of the proposed solution:

1. new IEs in the GTP message Context Response/SGSN Context Response from the source MME to indicate to target SGSN that CSFB or SRVCC is performed and also the operator selected  for the CS service 

2. new procedure in the SGSN, when the UE initiates a RAU procedure in a network sharing configuration, the SGSN shall based on the above information in the Context Response from the old node decide whether or not to perform CS/PS coordination towards the RAN.

Pros

· The CS/PS coordination will work for incoming roaming non-supporting UEs in a shared network configuration.

· The solution does not imply any changes to the RAN or the UE.

· The solution is optional, meaning that if network sharing is not supported in the target, the SGSN is not affected. The new optional IEs in the GTP messages will simply be ignored by a legacy SGSN in a non-sharing environment.
Cons

· Extra information in already existing procedures.
3. Discussion

· One could argue that all 4G capable UEs shall be "Supporting UEs", but to be treated as a supporting UE requires also that the serving MOCN network supports "Supporting UEs" and that is not mandatory. In case of MOCN in GSM, we do not yet have any "Supporting UEs".

· The problem is described for the DTM-case. Also for the non-DTM case the same situation applies although it will appear with some delay.  For non-DTM, the RAU Request will be sent after the CS call is finished. Then the same problem and solution described above applies.
· Since, when either CSFB or SRVCC is performed together with the PS HO procedure, the correct SGSN is selected by the source MME and the problem described will not appear in the PS HO case.
· When the UE is a supporting UE, the CS/PS Coordination problem does not appear, since in this case the UE selects the PLMN and only one operator will be chosen.

· When Gs interface is used, it may be configured to guarantee that the same CN operator serves the subscriber in CS and PS domains. But according to TS 23.272 (CSFB), in the NMO 1, as in NMO 2 and NMO 3 configurations, the UE will still perform separate LAU and RAU and the problem described is applicable. 
· When the UE connects to the target MSC for CSFB, the MSC must not perform CS/PS Coordination.
4. Conclusion
From the above is can be concluded that there are shared network scenarios where CS/PS coordination for incoming roamers does not work properly in all cases. A solution has been proposed.

A CR to TS 23.251 is provided in TDoc S2-12xxx (was-S2-121247).
� For the discussion here it is enough to notice that the MME will be able to understand the capability of the UE from existing signaling, both for UTRAN and GERAN. If enhancements to this method are needed is the matter of another ongoing discussion, see e.g. C1-121098.
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