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Enhancements to CS/PS coordination in GERAN Shared Networks
Introduction
At GERAN#65 a new work item on RAN aspects for improvements to CS/PS coordination in GERAN Shared Networks was approved, see [1]. TSG SA2 have during their associated work item phase on Improvements to CS/PS coordination in UTRAN/GERAN Shared Networks identified scenarios when CS/PS coordination may fail resulting in MS ending up registered to different operators in the CS and PS domains. Consequently, the objective of the GERAN work item is to enhance GERAN specifications to ensure that CS/PS coordination is secured for the identified mobility scenarios into GERAN shared networks.
In this contribution, the CS/PS coordination improvements as defined by TSG SA2 in TS 23.251 [2] are discussed and appropriate modifications in concerned GERAN specifications are proposed.
Background
Network Sharing was introduced in GERAN specifications from Release-10 for "non-supporting mobile stations" while network sharing functionality to “supporting mobile stations" was introduced in the subsequent release.
Note: “Supporting mobile stations” and “non-supporting mobile stations” refers to the mobile stations ability to read and act on system information related to network sharing.

For a “non-supporting mobile station” the shared network selects an operator from the available core network (CN) operators when the MS performs an initial attach/registration. The selection in the BSS is based on the Network Resource Identifier (NRI) which is part of the temporary identity TMSI (CS domain) or P-TMSI (PS domain). If the BSS cannot determine a CN operator from the NRI (e.g. if the NRI do not match any of the configured NRI’s in the BSS or if no TMSI/P-TMSI has yet been assigned to the MS), the BSS selects a CN node by random or by IMSI analysis and then initiates the Rerouting procedure towards the selected CN node (see TS 48.008 [3] and TS 48.018 [4]). The Rerouting procedure may result in a redirection of the MS initial access to another CN operator (MSC/SGSN) until an operator is found that can serve the MS.

With this concept, the radio access network (and the CN in a GWCN configuration) can be shared between operators without this being known to the “non-supporting mobile station”. A challenge in the context of this functionality is to ensure that the registration of a given MS to the CS and PS domain is coordinated in the network, i.e. to secure that a subscriber is registered to one and the same operator in both domains. This is crucial in order to avoid unwanted side-effects as e.g. incorrect tariff information presented to the end user if the network identity displayed on the terminal is not the same as the operator serving the CS or PS domain. Examples of other potential impacts from incorrect CS/PS coordination are given in [5].

Issues with legacy CS/PS coordination solution
A common denominator for the failed CS/PS coordination scenarios at inter-RAT mobility as identified by TSG SA2 in [5] is that the source network selects the target operator for one of the domains while the target network selects the target operator for the other domain.
An example of this is when the MS performs PS handover into a shared GERAN network and the source RAN selects the operator for the target PS domain while the target BSS selects the operator for the CS domain upon receiving the Location Update Request from the MS. As the BSS selection procedure is based on NRI, there is an obvious risk that different CS and PS operators are selected if the MS performs handover from a network that does not belong to the “coordinated NRI area” of the target BSS.

Similar issues have also been identified for CS fallback, cell reselection and redirection from E-UTRAN to a shared GERAN network when non-combined update procedures are used, see [5].
Proposed solution
It has been found that change of network operator after mobility into a GERAN shared network occurs due to lack of synchronisation between the MS and the target network when the MS is only registered in the CS domain or in the PS domain in the source network. This may happen when e.g. the MS has deactivated data roaming in the source network or when the MS performs inter-RAT mobility from E-UTRAN into GERAN.
Another issue is to keep the MS serving operator in the target shared network when the MS is roaming from one of the dedicated networks of the sharing partners into the shared network, even if the NRIs used in the dedicated network and in the shared network are not coordinated.

To solve the above issues, TSG SA2 has chosen a solution in which the target GERAN shared network in a MOCN or in a GWCN configuration:
1. Selects the same CN operator for the MS as was selected in the source network if the operator can be identified by the old LAI/RAI (initially reported by the MS in the initial L3 message) and the CS/PS NRI (deduced from TMSI/P-TMSI and from internal configuration in the CN), both information elements provided by the CN in the Rerouting procedure.
This solution is further described in section 4.1 “MS is under operator coordination”.
2. Selects the same CN operator for the MS in the CS or PS domain as was selected for the MS in the opposite domain in the source network. This is achieved by introducing a new MS Registration Enquiry procedure whereby the BSS sends a request to the CN node(s) in the opposite domain, querying whether the MS is registered with any of the sharing operators.
This solution is further described in section 4.2 “MS is not under operator coordination” in the two use cases Location update (section 4.2.1) and Initial attach (section 4.2.2).

MS is under operator coordination
Based on BSS internal configuration and new information provided by the CN during the Rerouting procedure, the BSS concludes that the “non-supporting MS” is under operator coordination. In other words, by means of new information received from the CN in the Reroute Command message (old LAI/RAI and CS/PS NRI), the BSS can identify one of the operators in the shared network and thus forward the initial L3 message to the CN node of the concerned operator.

An example of the information flow for redirection of a “non-supporting MS” in the CS domain, due to the reasons as described above, is shown in Figure 4.1.1. For readability purpose, the figure only exemplifies a shared network consisting of two MSC-nodes/operators. Only the information elements related to the CS/PS coordination enhancements are shown in the figure.
New proposed information elements are marked with red text.
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Figure 4.1.1: Redirection of a “non-supporting MS” within an operators coordinated area. 
1. The “non-supporting MS” performs a Location Update type normal in the CS domain after e.g. a cell reselection from outside the shared network.
2. The BSS cannot determine a CN operator (MSC node) from the NRI (TMSI) included in the Location Updating Request message (alternatively the MSC selection is based on an invalid NRI) hence the BSS activates the Rerouting procedure towards MSC B by including the Redirect Attempt Flag in the BSSMAP Complete Layer 3 Information message.
3. Due to no roaming agreement with the HPLMN for the MS (IMSI retrieval is not shown in the figure), the MS cannot be served by MSC B, thus the MSC returns the Reroute Command message to the BSS with the Old LAI as reported by the MS in the Location Updating Request message (the same scenario is also valid if the MS can be served by MSC B but CS/PS coordination is required).
The MSC also includes the NRI (derived from the TMSI) in the message in the CS-NRI IE. This information may be useful in the operator identification process in the BSS if e.g. the network from which the TMSI was allocated is using a different NRI length than is used within the GERAN shared network. The NRI provided by the MSC in the CS-NRI IE is either a length indicator indicating the length of the NRI or a 10 bit binary value representing the absolute value of the NRI. Both Old LAI and CS-NRI are new optional information elements in the Reroute Command message. 
4. [bookmark: _GoBack]Based on Old LAI, CS-NRI (the latter if the Old LAI alone does not uniquely identify a shared operator) and BSS internal configuration, the BSS concludes whether the MS is under operator coordination or not. In this example the Old LAI represents only one of the shared operators in the network (MSC A).
5. The BSS forwards the Initial L3 message in the Complete Layer 3 Information message to MSC A with the Selected PLMN ID IE included in the message.
Note: The Selected PLMN ID IE is already defined in TS 48.008 Release-11 in the Complete L3 Information message, thus either a new IE need to be defined or the condition for including this IE in the Complete L3 Information message can potentially be modified.
6. MSC A accepts the Location Update and by that concludes the Rerouting procedure towards the BSS.
The example as shown in Figure 4.1.1 is also valid in the PS domain when a “non-supporting MS” performs a GPRS attach or a Routing area update and the BSS cannot determine a CN operator (SGSN node) from the NRI (P-TMSI) included in the initial layer 3  message. In this case the SGSN will optionally include the old RAI and PS-NRI in the DL-UNITDATA when the Redirection Indication IE is included in the PDU (DL-UNITDATA is the equivalent BSSGP PDU [4] to the BSSMAP Reroute Command message in step 3).
MS is not under operator coordination
Based on BSS internal configuration and new information provided by the CN during the Rerouting procedure, the BSS in the example in section 4.1 concludes that the “non-supporting MS” is under operator coordination.
In a similar way the BSS may conclude that the “non-supporting MS” is not under operator coordination or alternatively, the MS is making an initial attach. Examples of such scenarios are given in the following two sections.

Location update
The scenario when a “non-supporting MS” is performing a Location Update (type normal) and the MS is roaming from outside the shared operators coordinated areas (i.e. the MS is not under operator coordination) is shown in Figure 4.2.1.1 below.

For readability purpose, the figure only exemplifies a shared network consisting of two MSC-nodes/operators and two SGSN-nodes/operators. Only the information elements related to the CS/PS coordination enhancements are shown in the figure.
New proposed messages and information elements are marked with red text.
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Figure 4.2.1.1: Redirection of a “non-supporting MS” at Location Update after querying the SGSNs for MS registration.
1 The “non-supporting MS” performs a Location Update type normal in the CS domain after e.g. completing a PS handover or a cell reselection from E-UTRAN.
2 The BSS cannot determine a CN operator (MSC node) from the NRI (TMSI) included in the Location Updating Request message (alternatively the MSC selection is based on an invalid NRI), hence the BSS activates the Rerouting procedure towards MSC B by including the Redirect Attempt Flag in the BSSMAP Complete Layer 3 Information message.
3 Due to no roaming agreement with the HPLMN for the MS (IMSI retrieval is not shown in the figure), the MS cannot be served by MSC B, thus the MSC returns the Reroute Command message to the BSS with the Old LAI as reported by the MS in the Location Updating Request message (the same scenario is also valid if the MS can be served by MSC B but CS/PS coordination is required).
The MSC also includes the NRI (derived from the TMSI) in the message in the CS-NRI IE. This information may be useful in the operator identification process in the BSS if e.g. the network from which the TMSI was allocated is using a different NRI length than is used within the GERAN shared network. The NRI provided by the MSC in the CS-NRI IE is either a length indicator indicating the length of the NRI or a 10 bit binary value representing the absolute value of the NRI. Both Old LAI and CS-NRI are new optional information elements in the Reroute Command message.
4 Based on Old LAI, CS-NRI (the latter if the Old LAI alone does not uniquely identify a shared operator) and BSS internal configuration, the BSS concludes whether the MS is under operator coordination or not. In this example the Old LAI and CS-NRI cannot be associated to any of the shared operators in the network, thus the BSS concludes the MS is roaming from outside the shared operators coordinated areas.
Based on this conclusion, the BSS queries the connected SGSNs in the new MS Registration Enquiry procedure whether the MS is served by any of the shared operators in the PS domain. The MS Registration Enquiry message therefore needs to be sent to each SGSN connected to the BSS. 
To not risk a change of serving operator when the MS performs inter-RAT mobility from E-UTRAN, the enquiry also need to be sent from the SGSN to the MMEs that may hold the context of the MS. For this reason the BSS shall also include an MME query indicator in the MS Registration Enquiry messages sent to the SGSNs.
5 In this example, SGSN A responds with an indication that the MS is served by operator A in the PS domain.
Note 1: From the point in time when the BSS receives a positive response from one of the SGSNs (i.e. when the MS is found to be registered by one of the sharing operators), the BSS do not need to wait for a response from the remaining SGSNs before proceeding with step 6.
Note 2: If the MS is not found to be registered with any of the sharing operators, then the BSS routes the request to one of the available CN operators as according to legacy behaviour (e.g. based on IMSI analysis).
6 Since the MS is served by operator A in the PS-domain, the BSS sends the Complete Layer 3 Information message to MSC A with the Selected PLMN ID included in the message.
Note 3: The Selected PLMN ID IE is already defined in TS 48.008 Release-11 in the Complete L3 Information message, thus either a new IE need to be defined or the condition for including this IE in the Complete L3 Information message can potentially be modified.
7 MSC A accepts the Location Update and by that concludes the Rerouting procedure towards the BSS.
The example as shown in Figure 4.2.1.1 is also valid in the PS domain when a “non-supporting MS” performs a Routing area update and the CN operator (SGSN node) cannot be determined from the initial L3 message sent from the MS. In this case the SGSN will optionally include the old RAI and PS-NRI in the DL-UNITDATA PDU together with the Redirection Indication IE. The MS Registration Enquiry procedure (initiated in step 4 in Figure 4.2.1.1) is triggered in the CS-domain, thereby the BSS sends the MS Registration Enquiry message to the connected MSC(s) in order to find out whether the MS is served by any of the shared operators in the CS domain.
Initial attach 
An example of the information flow for redirection of a “non-supporting MS” in the CS domain when the MS performs an IMSI attach, is shown in Figure 4.2.2.1 below. 

For readability purpose, the figure only exemplifies a shared network consisting of two MSC-nodes/operators and two SGSN-nodes/operators. Only the information elements related to the CS/PS coordination enhancements are shown in the figure.
New proposed messages and information elements are marked with red text.
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Figure 4.2.2.1: Redirection of a “non-supporting MS” at IMSI attach after querying the SGSNs for MS registration.
1 The “non-supporting MS” performs an IMSI attach in the CS domain after e.g. completing a PS handover or a cell reselection from E-UTRAN. 
2 The BSS cannot determine a CN operator (MSC node) from the Mobile Identity included in the Location Updating Request message, hence the BSS activates the Rerouting procedure towards MSC B by including the Redirect Attempt Flag in the BSSMAP Complete Layer 3 Information message.
3 Due to no roaming agreement with the HPLMN for the MS (potential IMSI retrieval is not shown in the figure), the MS cannot be served by MSC B, thus the MSC returns the Reroute Command message to the BSS with an indication that the MS is performing an attach (this is a new proposed information element in the Reroute Command message). The same scenario is also valid if the MS can be served by MSC B but CS/PS coordination is required.
4 Based on the Attach Indication IE in the Reroute Command message, the BSS queries the connected SGSNs in the new MS Registration Enquiry procedure whether the MS is served by any of the shared operators in the PS domain. The MS Registration Enquiry message therefore needs to be sent to each SGSN connected to the BSS.
To not risk a change of serving operator when the MS performs inter-RAT mobility from E-UTRAN, the enquiry also need to be sent from the SGSN to the MMEs that may hold the context of the MS. For this reason the BSS shall also include an MME query indicator in the MS Registration Enquiry messages sent to the SGSNs.
5 In this example, SGSN A responds with an indication that the MS is served by operator A in the PS domain.
Note 1: From the point in time when the BSS receives a positive response from one of the SGSNs (i.e. when the MS is found to be registered by one of the sharing operators), the BSS do not need to wait for a response from the remaining SGSNs before proceeding with step 6.
Note 2: If the MS is not found to be registered with any of the sharing operators, then the BSS routes the request to one of the available CN operators as according to legacy behaviour (e.g. based on IMSI analysis).
6 Since the MS is served by operator A in the PS-domain, the BSS sends the Complete Layer 3 Information message to MSC A with the Selected PLMN ID included in the message.
Note 3: The Selected PLMN ID IE is already defined in TS 48.008 Release-11 in the Complete L3 Information message, thus either a new IE need to be defined or the condition for including this IE in the Complete L3 Information message can potentially be modified.
7 MSC A accepts the initial attach from the MS and by that concludes the Rerouting procedure towards the BSS.

The example as shown in Figure 4.2.2.1 is also valid in the PS domain when a “non-supporting MS” performs a GPRS attach and the CN operator (SGSN node) cannot be determined from the initial L3 message sent from the MS. In this case the SGSN will include the Attach Indication IE in the DL-UNITDATA PDU together with the Redirection Indication IE. The MS Registration Enquiry procedure (initiated in step 4 in Figure 4.2.2.1) is triggered in the CS-domain, thereby the BSS sends the MS Registration Enquiry message to the connected MSC(s) in order to find out whether the MS is served by any of the shared operators in the CS domain.

Conclusion
To be able to support the CS/PS coordination enhancements in a MOCN and GWCN configuration for GERAN Shared Networks, as defined in stage 2 TS 23.251 [2], the following changes to TS 48.008 and TS 48.018 are anticipated.
· Introduction of a new MS Registration Enquiry procedure whereby the BSS queries one or more CN nodes (MSC or SGSN) whether a given MS (IMSI) is registered with any of the sharing operators. New request and response messages on the A and Gb interfaces need to be defined.
· New information elements Old LAI, CS-NRI and Attach Indication in the Reroute Command message. 
· New information elements Old RAI, PS-NRI and Attach Indication in the DL-UNITDATA when the Redirection Indication IE is included in the PDU.
· New information element Selected PLMN ID_new in the BSSMAP Complete L3 Information message and in the UL-UNITDATA PDU (alternatively modified condition when to include the already defined Selected PLMN ID IE in Complete L3 Information message and in the UL-UNITDATA PDU).
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