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Abstract of the contribution: Discuss the network sharing impact on the CSFB.
1 Introduction
On the CT1#77 meeting one contribution (refer to [1]) has been discussed about the network sharing impact on the CSFB, i.e. the MME needs to allocate different PLMN-IDs (common vs. multiple) for the network sharing non-supporting or supporting UE. The intention is to avoid performing unnecessary LAU when the UE falls back to the CS domain. Some additional issues besides the allocation of the LAI also need be considered. 
2 Discussion
2.1 Selected CN operator impact on the S1-MME interface
In the CSFB case the UE registered LAI needs to be sent to the eNB which is used as the guidance about which PLMN is preferred when the UE moves back to the 2G/3G network. Form earlier contribution on “CS fallback to MOCN” [1] it can be understood that the MME needs to allocate that LAI including Common-PLMN ID will be used for the non-supporting UE. However a Common-PLMN ID embedded in the allocated LAI for the non supporting UE is not enough for the eNB to select the preferred target CS PLMN in some case. This is as the PLMN-ID is the common PLMN, which can represent different operators. Thus the eNB may choose a PLMN as the target PLMN that is different from the originally registered operator. This breaks the basic principle that if the available operator is available, the network should avoid to select a different operator, refer to TS23.251, “Also the network does not move the UE to another available CN operator, e.g. by handover, as long as the selected CN operator is available to serve the UE's location.”
Use case 1: PLMN-A/PLMN-B are configured as sharing networks in the 2G network. UE1 do the combined Attach in the EPS network and registered on the PLMN-A CS network. Due to the UE1 does not support GERAN network sharing, Common PLMN-C is returned to the UE1 in the LAI. When the UE needs to move back to the 2G/3G network, a non-shared 2G/3G network may be selected. In that case it can happen that the eNB selects the PLMN-B for the target network in the Handover procedure even if the PLMN-A is also available e.g. when PLMN-A and PLMN-B are all listed as candidate target PLMN in the HRL. If that happens, an unnecessary operator change is triggered.
Use case 2: Same as above but now MME in the HRL only put one operator related PLMN. But unfortunately as PLMN-C is assigned to the UE1, the MME does not know which operator should be put into the HRL. Same problem as above can happen if the PLMN-B is put into the HRL. 
The root problem for the above unnecessary operator change is due to the common LAI does not indicate any selected CN-operator. The eNB does not know which operator is preferred if the original registered PLMN can not be selected. Similar issue also happens on the original GWCN network sharing case. To solve this issue, it has been agreed that RAN side needs to be aware of the selected CN operator, refer to TS23.251, “In case of GWCN configuration, if the selected PLMN-ID has not been indicated by the RAN (e.g. because the UE is a non-supporting UE), the MSC shall indicate the selected PLMN-ID to the BSC/RNC. The BSC/RNC shall store this information.”(Similar also on the PS side)

As such it is clear that if the UE is registered in the CS domain which is network sharing configuration, the CS serving CN operator needs to be considered by the eNB to select the target 2G/3G PLMN.   
C1: In case the CS network supports network sharing configuration, the CS CN operator registered for the UE needs to be considered when eNB select the target 2G/3G network. That CN operator is the preferred CN operator when UE moves back to the 2G/3G.
To influence the Target PLMN selection on the eNB, two methods can be considered. 

Option A) Restrict the HRL to only include the PLMN(s) associated with the selected CS CN operator, i.e. in 2G/3G RAT for the permitted PLMN besides the common-PLMN which is allocated to the UE in the LAI, only the selected CS CN operator related PLMN can be included in the HRL. When the UE moves back to the 2G/3G network, only the PLMN associated with the same operator can be chosen.
Option B) One additional parameter is added to indicate the selected CS CN operator. When the eNB selects the target PLMN it should take that parameter into account, i.e. that CN operator related PLMN should take precedence comparing to other PLMN. 
Two options are all workable. Option A) has a restriction that only one CN operator related PLMN can be selected as the target PLMN. Option B) gives more flexibility. It requires add additional parameter into the S1-MME interface. Considering the timescale of the Rel-11, it is proposed that option A) is chosen for the Rel-11. And option B) can be considered for Rel-12. 
C2: The HRL provided by the MME to the eNB should be configured such that only the PLMN-IDs which are associated with the same CN operator as the one UE registered in the CS domain are permitted when UE moves back to the 2G/3G network.
2.2 CS operator selection 

Per C2 conclusion it means that MME needs to be aware of the CS CN-operator which is UE registered with. It has been decided that the MME determines which CS-PLMN is to be used when UE registered in the CS domain.
For the supporting UE the CS CN operator will be reflected in the allocated LAI. The MME is aware of the selected the CN operator as it is determined by the MME. 

For the non supporting UE,

· In the MOCN case even if the Common PLMN is signaled within the network, the MME is still aware the selected CS CN operator. No problem for the non-supporting UE in the MOCN sharing configuration case. 
· In the GWCN case the allocated LAI is the common PLMN. It is not clear which entity determines the serving CS CN operator?
Q1: For the CSFB GWCN sharing and the non supporting UE case, whether the serving CS CN-operator should be determined by the MME (as the supporting UE case) or by the MSC (as 2G/3G) or MME/MSC separately?

Before that, no matter how the selection mechanism is chosen finally the selected CS CN-operator assumed by the MME and the MSC should be same. Otherwise it means the eNB may select a different target operator comparing to the one the UE has registered on the CS domain. 
C3: No matter which selection mechanism is chosen finally the selected CN-operator aware by the MME and the MSC should be same. 
It is clear the three possibility mentioned in the Q1 can be splitted into two categories.

2.2.1 SGs interface no impact 

If we do not want to introduce the impact on the SGs interface, Per C3 conclusion the same CN-operator selection mechanism should be adopted on the MME and MSC side. However this possibility seems to have some difficulties for being realized. 

In the MME side it has been mentioned that CS-PLMN selection is “If multiple PLMNs are available for the CS domain, the MME performs selection of the PLMN for CS domain based on selected PLMN information received from the eNodeB, current TAI, old LAI and operator selection policies on preferred RAT for CS domain.” 
For the GWCN case the MME still apply the same mechanism as above to select the CN operator. 

If a similar selection algorithm is wanted to be adopted on the MSC side, it means all the related parameters also need to be given to the MSC. However some parameters are not available on the SGs interface or may require the MSC to manage a complex table per TAI/LAI/PLMN and always synchronize it with the MME if the EPS operator changes the selection policy. 
Per above consideration we see quite some complexity to maintain the same selection mechanisms in the MME and the MSC. It is proposed to not adopt such an approach. 

If this mechanism is not adopted, then it means that we only choose the one entity doing the CS CN-operator selection and notify it to the peer side. This has some impact on the SGs interface.
2.2.2 SGs interface impact 

Option A) The MSC determines the CN-operator for the non-supporting UE and sends the selected CN-operator to the MME. The MME sets the HRL per that information. 
Option B) The MME determines the CN-operator for the non-supporting UE and notifies to the MSC. The MSC determines the serving CN operator per that information. 

One opinion is that whether it is more suitable to let the MSC do the selection as it can select the serving operator per operator roaming agreement and IMSI. However this seems not necessary. As for the supporting UE the selected CN-operator which is embedded in the LAI is always determined by the MME. And that selected PLMN is decided by the MME not indicated by the UE even the UE is supporting UE. If there are some problems for the non-supporting UE, same apply for the supporting UE. As such we do not see any problem to let MME do the CN-operator selection and also CS-PS coordination thereby. Otherwise it means even for the MOCN case we may need to reevaluate PLMN selection mechanism. So this means option B) is workable. 
Comparing the option A) and option B), our understanding is that option B) is more suitable. The reason is 
1) Same consideration as motioned above, e.g. parameter on the SGs and table need maintained on the MSC. 
2) The handling for the supporting and non-supporting UE behavior on the MME side is aligned.  
3) MOCN and GWCN decision logic are similar for the MME.  

Per above consideration we do not see any need to change the current design principle that the MME determine the target CS CN PLMN to be registered. This applies for both MOCN/GWCN configurations. 

As the LAI sent by the MME to the VLR for the non-supporting UE only include the Common PLMN-ID, an additional IE to identify the selected multiple-PLMN-ID shall also be sent to the VLR. To simply the MME implementation and not need differentiate the MOCN or GWCN two cases, it is proposed that two IEs need be conveyed on the SGs interface in all network sharing case. And the detail meaning is as below,  
1) LAI: For Supporting UE, it includes the selected multiple PLMN-ID. For non-supporting UE, it includes the common PLMN-ID;

2) Selected CN-operator PLMN-ID, this always used to indicate which CS operator PLMN are selected to serve this UE. For the supporting UE it is same as the PLMN-ID indicated in the LAI. For the non-supporting UE it is the PLMN ID of the selected CS core network operator for the UE, which may different to the PLMN-ID indicated in the LAI. 

On the MSC side when it is configured as GWCN configuration, it shall always use the selected CN operator PLMN-ID to determine which CN operator serves this UE.
C4: The MME need send the two IE (LAI/selected CN operator PLMN-ID) to the MSC in the SGs interface. The MSC decide the selected CN operator per the selected CN operator PLMN-ID IE sent by the MME.
2.3 CS/PS coordination

Some concern on whether this mechanism introduces an additional CS/PS coordination problem. From our view no additional problem is introduced.
The indeed CN-operator associated PLMN information which is reflected on the HRL (per C2 conclusion) is only used to restrict which PLMN UE can be selected on the target 2G/3G network. The registered LAI send to the eNB for the non-supporting UE is still the Common-PLMN, so the existing handover procedures are still applied. As such we do not see any new problem on the CS/PS coordination introduced by this proposal. 

C5: No extra CS/PS coordination problem is introduced by this proposal.  

3 Conclusion
The related CRs to reflect above conclusion are also provided. We propose SA2 to discuss this issue and make a decision.  
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