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1.
Introduction
The operator-centric approach relies on sharing partners being able to coordinate NRIs across networks and through this achieve CS/PS coordination as users move between these networks. There might be certain scenarios, however, where this is not possible in practice and they are usually referred to as “operator-centric approach with non-coordinated NRIs”. For such scenarios, it has been shown in TR23.704 that CS/PS coordination is not always achieved and that a change of operator may occur as part of different mobility events, which goes against the basic principle of the operator-centric approach as outlined in TS23.251. 
In this document a solution is introduced to allow the target RAN to understand non-coordinated NRIs so that the actions related to CS/PS coordination and the handling of registration messages from the UE taken by the RAN will be the same as if the NRIs were actually coordinated. 
2. 
Basic problem for the operator-centric approach with non-coordinated NRIs in MOCN
First we need to identify exactly where non-coordinated NRIs cause problems for CS/PS coordination. In the operator centric approach, RAN always routes registration messages according to the UE-provided NRI, even if the NRIs originated in other networks than the current. When NRIs are coordinated, this leads to that registration messages are routed back to the same CN operator in the target network as serviced the UE in the source network and the serving operator is kept – and if the UE was CS/PS coordinated in the source network, it will be so also in the target network. 

When NRIs cannot be coordinated, the routing in the RAN may not always send a UE’s registration message to the “correct” CN operator. For the receiving CN operator, the old LAI/RAI and associated NRI provided by the UE in the NAS message may therefore indicate a non-partner network and CS/PS coordination will be triggered. The RAN currently uses a deterministic “IMSI hash” to perform the coordination in order to ensure that both CS and PS signalling will be sent to the same core network operator. Since the IMSI hash may not single out the same operator as the operator that served the UE in the source network, there is always the possibility that CS/PS coordination will fail or that the serving operator of the UE changes. It is thus clear that it is the CS/PS coordination procedure in the RAN that needs to be changed in order to still keep RAN in charge of registration-message routing and minimizing the level of trust needed between CN operators. 

3. 
Extending the CS/PS coordination procedure
The basic idea behind the proposal in this document is to change the CS/PS coordination procedure in RAN to allow the RNC/BSC to base the CS/PS coordination process not just on a deterministic IMSI hash, but also on the combination of the old LAI (for the CS domain), old RAI (for the PS domain) and the associated NRI. To make this possible, these parameters would have to be communicated to the RAN from a CN operator when CS/PS coordination is initiated (i.e. together with the IMSI in the Reroute Command with CS/PS coordination flag set). 

RAN would then have a local configuration to determine, from the signalled parameters referred to above which operator actually served UE in the source network before the mobility event took place. It can then route the registration message to the same CN operator as was serving the UE previously. This CN operator can then accept the user since it knows that CS/PS coordination has already been performed by the RAN. In practice, this means that the outcome for all the operator-centric non-coordinated NRI cases in TR23.704 will be the same as for the operator-centric NRI coordinated cases. 
The old LAI/old RAI and associated NRI would be added to the Redirection Indication in RANAP (Section 9.2.3.36 of TS25.413):

9.2.3.36
Redirection Indication

This IE is used by a CN to request rerouting by the RNC to another CN operator. It is only used in MOCN configuration for network sharing non-supporting UEs.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Initial NAS-PDU 
	M
	
	9.2.3.5
	The initial NAS-PDU received from UE
	YES
	ignore

	Reject Cause Value
	M
	
	ENUMERATED

(PLMN not allowed, location area not allowed, roaming not allowed in this location area, no suitable cell in location area, GPRS services not allowed in this PLMN, CS/PS coordination required,
…,

Network failure, Not authorized for this CSG)
	This IE lists cause values which meaning is defined in TS 24.008 [8] with the exception of "CS/PS coordination required" that will never be forwarded to the UE.
	YES
	ignore

	NAS Sequence Number
	O
	
	9.2.3.34
	
	YES
	ignore

	Permanent NAS UE Identity
	O
	
	9.2.3.1
	
	YES
	Ignore

	Old LAI
	O
	
	x.x.x.x
	
	…
	…

	Old RAI
	O
	
	x.x.x.x
	
	…
	…

	NRI
	O
	
	x.x.x.x
	
	…
	…


The RAN uses the PLMN information of the old LAI/RAI to determine the source operator. If the source network is a shared network with only a Common PLMN or the UE is a non-supporting UE in the source network, the RAN must also take into account the NRI value to determine the source operator. Note that in this case NRIs must be aligned and “coordinated” within the source shared network otherwise that network would not operate correctly – thus it is possible for the target RAN to determine the source operator using the Common PLMN and the NRI – it just requires additional information regarding the NRI split of the source network. For other cases, the NRI would only be used to route the registration message back to the same node (if possible) so that unnecessary context transfers can be avoided. 
A RAN not supporting this extension would just perform the CS/PS coordination based on the IMSI hash as before so there are no backwards compatibility issues with an updated core network but a non-updated RAN. The core network also does not expect anything special as part of the signalling from the RAN based on this extension. In case the old LAI/RAI and associated NRI come from a network that is not part of the shared network or partner networks (as determined by the RAN using its local configuration), the CS/PS coordination process would simply revert to the deterministic IMSI hash. Any initial attach messages should be subjected to the deterministic IMSI hash in order to increase the likelihood that users are CS/PS coordinated. Since the CN node can determine whether the registration message is an initial attach message, it can just opt to not include the old LAI/RAI and NRI in the redirection indication, triggering an IMSI-hash based CS/PS coordination in the RAN or it can be left to the RAN to recognize non-partner networks. 

To summarize, the key to the success of this approach is that the core network makes information regarding the old LAI/RAI and associated NRI available to the RAN so that it can route the registration message to the appropriate core network operator in the target network. The mapping in the RAN basically turns the non-coordinated NRI case into a coordinated NRI scenario which we know from TR23.704 is a quite successful method to achieve CS/PS coordination without changing the serving operator. 

We will now consider an example of how this approach works in some of the scenarios of TR23.704. 

4.
Detailed example
To see how this approach works in practice, we will consider an example and compare the outcome with the operator-centric approach for non-coordinated NRIs from TR23.704. 
4.1
PS Handover to UTRAN/GERAN with DTM support
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Figure 4.1-1: PS handover to UTRAN/GERAN with DTM in the operator-centric approach with non-coordinated NRIs. 
1. PS handover is performed by the source network to operator A in the shared network.

2. The UE performs a Routing Area Update Request towards the network. The RAN sends the signalling message towards the SGSN of operator A since there already is an existing signalling connection towards this node.

3. The SGSN of operator A accepts the user and sends a Routing Area Update Accept message to the UE. The user is now served by operator A in the PS domain. 

4. a) The UE performs a Location Updating Request in the target network.

b) The RAN bases the routing of the message on the NRI provided by the UE. Since the NRIs are not coordinated between the source and target network, this may lead to the RAN routing the message towards the “wrong” operator, in this case operator B. 

c) The RAN sends the Location Updating Request to an MSC of operator B.
5. The MSC of operator B determines (e.g. by examining the old LAI and NRI provided by the UE) that this user shall be subjected to CS/PS coordination.

6. The MSC of operator B sends a Reroute command with a CS/PS coordination indication, including the IMSI of the user to the RAN.

7. The RAN uses a deterministic IMSI hash to determine which operator to forward the registration message towards. In this example, this IMSI hash results in that the message is forwarded back to operator B.

8. The RAN forwards the registration message to the core network operator determined in step 7.

9. The MSC from operator B can now accept the user since it knows CS/PS coordination has been performed.

10. The MSC of operator B sends a Location Updating Accept message to the UE. The UE is now served by operator B in the CS domain and has thus become CS/PS uncoordinated. Also, the serving operator may have changed in the PS domain. 
We note that if the NRIs would have been coordinated between the source and the target network, the user would have been CS/PS coordination and served by the same operator as in the source network. 

We now allow the core network node to include the old LAI and NRI in the Rerouting message (step number 6) and see what the difference will be. 
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Figure 4.1-2: PS handover to UTRAN/GERAN with DTM in the operator-centric approach with non-coordinated NRIs. The CS/PS coordination in the RAN is allowed to take old LAI and old NRI in to account.

1. PS handover is performed by the source network to operator A in the shared network.

2. The UE performs a Routing Area Update Request towards the network. The RAN sends the signalling message towards the SGSN of operator A since there already is an existing signalling connection towards this node.

3. The SGSN of operator A accepts the user and sends a Routing Area Update Accept message to the UE. The user is now served by operator A in the PS domain. 

4. a) The UE performs a Location Updating Request in the target network.

b) The RAN bases the routing of the message on the NRI provided by the UE. Since the NRIs are not coordinated between the source and target network, this may lead to the RAN routing the message towards the “wrong” operator, in this case operator B. 

c) The RAN sends the Location Updating Request to an MSC of operator B.

5. The MSC of operator B determines (e.g. by examining the old LAI and NRI provided by the UE) that this user shall be subjected to CS/PS coordination.

6. The MSC of operator B sends a Reroute command with a CS/PS coordination indication, including the IMSI, old LAI and old NRI (as provided by the UE) of the user to the RAN.

7. Instead of using the deterministic IMSI hash, the RAN maps the old LAI and old NRI into an appropriate operator to forward the Location Updating Request message towards. This mapping is done in the RAN based on local configuration. Mappings between the old NRIs and the NRIs in the target network for a specific operator can be used by the RAN to send the message to the same node (of possible). The message is forwarded to an MSC of operator A.

8. The RAN forwards the registration message to the core network operator determined in step 7.

9. The MSC from operator A can now accept the user since it knows CS/PS coordination has been performed.

10. The MSC of operator A sends a Location Updating Accept message to the UE. The UE is now served by operator A in the CS domain and is therefore CS/PS coordinated, keeping the same serving operator as in the source network.  
The outcome is CS/PS coordinated users for which the serving operator is the same as before the mobility event, just as if the NRIs had been coordinated. Depending on the environment, the complexity of the local configuration in the RAN will vary but to only determine the serving operator for a UE the configuration would be simple. We now apply the extension to the CS/PS coordination procedure above and apply it to the operator-centric scenarios with non-coordinated NRIs in TR23.704. The results are summarized in the next Section. 
4.2 
Evaluation against the operator-centric NRI non-coordinated cases in TR23.704

If we take the approach above and apply it to all operator-centric NRI non-coordinated scenarios so far listed in TR23.704, we can get an understanding of how efficient this approach would be. The results are summarized in the table blow. 

	5.1 CS Handover to UTRAN/GERAN 
	For all these scenarios we have


· UE is served by the same operator during the ongoing CS call in case of UTRAN and GERAN with DTM support

· UE is CS/PS coordinated after the end of the CS call and the serving operator has not changed.

	5.2  PS Handover to UTRAN/GERAN
	For all these cases we achieve CS/PS coordination without the change of serving operator. Since the IMSI hash is not used, the problem of the source PS domain and the target BSS selecting different operators does not exist anymore. 

	5.3 SRVCC with SGs registration
	For all these scenarios we have 
· UE is served by the same operator during the ongoing call in case of UTRAN and GERAN with DTM support.

· UE is CS/PS coordinated after the end of the CS call and the serving operator has not changed.

	5.4.1 Operator Centric: CS fallback using redirect, user is SGs registered in the target network
	For this case, the users will become CS/PS coordinated. The problem that users do not becomes CS/PS coordinated after the call has ended does not exist anymore. 

	5.4.2 Operator Centric: CS fallback using redirect, user is not SGs registered in the target network
	Users will be CS/PS coordinated. Since the LAU preceding the actual setup of the call will be routed to the correct operator, the calls will not fail. The change of MSC will be handled within the target operators network as defined in TS23.272. 

	5.4.3  Operator Centric: CS fallback using PS handover, user is SGs registered in the target network
	This scenario had no problems with non-coordinated NRIs in the operator centric approach. We note, though, that the introduction of this new CS/PS coordination approach does not change this. 

	5.4.4  Operator Centric: CS fallback using PS handover but not to the SGs registered network
	Users will be CS/PS coordination. Again, since the LAU preceding the actual call setup will be routed to the correct operator (as determined by the RAN from the old LAI), the possible change of MSC within the target network operator can be handled as usual. 

	5.7 Cell reselection and 5.8 Redirection
	Users will be CS/PS coordinated

	5.9 EUTRAN to UTRAN/GERAN mobility for non-SGs registered users
	Since these scenarios have issues for coordinated NRIs, the approach described does not solve any of these problems. The result is just that we do not any longer need to consider coordinated NRIs and non-coordinated NRIs as different scenarios. 


This solution is not applicable to any GWCN scenarios since they do not make use of the redirect functionality. By implementing the same local configuration for determining the correct serving operator based on old LAI/old RAI and NRIs in the core nodes in a GWCN, there are no issues for these cases either with non-coordinated NRIs. 

For Gs-enabled networks, the approach works the same. The same local configuration needs to be in the target network since it cannot be guaranteed that UEs always use combined procedures. If combined procedures are used, the approach works for the initial routing of the message for the PS domain. 

Thus, we can see that the described approach solves basically all of the operator-centric scenarios with non-coordinated NRIs except those of Section 5.9, with which the operator-centric approach has problems with in general. 
5.
Proposal 

We proposed to include the follow solution in Section 7 of TR23.704.

>>>>>>>>>>>>>> Start of change <<<<<<<<<<<<<<<<<<<
7. 
Solutions

7.x 
Alternative solution #x: CS/PS coordination in the RAN based on old LAI/RAI/NRI for the operator-centric approach
7.x.1
Description 

The CS/PS coordination procedure in RAN is extended to allow the RNC/BSC to base the CS/PS coordination process not only on a deterministic IMSI hash, but also on the combination of the old LAI (for the CS domain), old RAI (for the PS domain) and the associated NRI. To make this possible, these parameters would have to be communicated to the RAN from a CN operator when CS/PS coordination is initiated (i.e. together with the IMSI in the Reroute Command with CS/PS coordination flag set). 

RAN would have a local configuration to determine, from the signalled parameters referred to above which operator actually served in source network before the mobility event took place. It can then route the registration message to the same CN operator as was serving the UE previously. This CN operator can then accept the user since it knows that CS/PS coordination has already been performed by the RAN. In practice, this means that the outcome for all the operator-centric uncoordinated NRI cases in TR23.704 will be the same as if for the operator-centric NRI coordinated cases. 

The old LAI/old RAI and associated NRI would be added to the Redirection Indication in RANAP (Section 9.2.3.36 of TS25.413):

9.2.3.36
Redirection Indication

This IE is used by a CN to request rerouting by the RNC to another CN operator. It is only used in MOCN configuration for network sharing non-supporting UEs.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Initial NAS-PDU 
	M
	
	9.2.3.5
	The initial NAS-PDU received from UE
	YES
	ignore

	Reject Cause Value
	M
	
	ENUMERATED

(PLMN not allowed, location area not allowed, roaming not allowed in this location area, no suitable cell in location area, GPRS services not allowed in this PLMN, CS/PS coordination required,
…,

Network failure, Not authorized for this CSG)
	This IE lists cause values which meaning is defined in TS 24.008 [8] with the exception of "CS/PS coordination required" that will never be forwarded to the UE.
	YES
	ignore

	NAS Sequence Number
	O
	
	9.2.3.34
	
	YES
	ignore

	Permanent NAS UE Identity
	O
	
	9.2.3.1
	
	YES
	Ignore

	Old LAI
	O
	
	x.x.x.x
	
	…
	…

	Old RAI
	O
	
	x.x.x.x
	
	…
	…

	NRI
	O
	
	x.x.x.x
	
	…
	…


The RAN uses the PLMN information of the old LAI/RAI to determine the source operator. If the source network is a shared network with only a Common PLMN or the UE is a non-supporting UE in the source network, the RAN must also take into account the NRI value to determine the source operator. Note that in this case NRIs must be aligned and “coordinated” within the source shared network otherwise that network would not operate correctly – thus it is possible for the target RAN to determine the source operator using the Common PLMN and the NRI – it just requires additional information regarding the NRI split of the source network. For other cases, the NRI would only be used to route the registration message back to the same node (if possible) so that unnecessary context transfers can be avoided. 

A RAN not supporting this extension would just perform the CS/PS coordination based on the IMSI hash as before so there are no backwards compatibility issues with an updated core network but a non-updated RAN. The core network also does not expect anything special as part of the signalling from the RAN based on this extension. In case the old LAI/RAI and associated NRI come from a network that is not part of the shared network or partner networks (as determined by the RAN using its local configuration), the CS/PS coordination process would simply revert to the deterministic IMSI hash. Any initial attach messages should be subjected to the deterministic IMSI hash in order to increase the likelihood that users are CS/PS coordinated. Since the CN node can determine whether the registration message is an initial attach message, it can just opt to not include the old LAI/RAI and NRI in the redirection indication, triggering an IMSI-hash based CS/PS coordination in the RAN or it can be left to the RAN to recognize non-partner networks. 

As an example how the approach works, we consider the PSHO procedure with non-coordinated NRIs.
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Figure 2.1-1: PS handover to UTRAN/GERAN with DTM in the operator-centric approach with non-coordinated NRIs. The CS/PS coordination in the RAN is allowed to take old LAI and old NRI in to account.

1. PS handover is performed by the source network to operator A in the shared network.

2. The UE performs a Routing Area Update Request towards the network. The RAN sends the signalling message towards the SGSN of operator A since there already is an existing signalling connection towards this node.

3. The SGSN of operator A accepts the user and sends a Routing Area Update Accept message to the UE. The user is now served by operator A in the PS domain. 

4. a) The UE performs a Location Updating Request in the target network.

b) The RAN bases the routing of the message on the NRI provided by the UE. Since the NRIs are not coordinated between the source and target network, this may lead to the RAN routing the message towards the “wrong” operator, in this case operator B. 

c) The RAN sends the Location Updating Request to an MSC of operator B.

5. The MSC of operator B determines (e.g. by examining the old LAI and NRI provided by the UE) that this user shall be subjected to CS/PS coordination.

6. The MSC of operator B sends a Reroute command with a CS/PS coordination indication, including the IMSI, old LAI and old NRI (as provided by the UE) of the user to the RAN.

7. Instead of using the deterministic IMSI hash, the RAN maps the old LAI and old NRI into an appropriate operator to forward the Location Updating Request message towards. This mapping is done in the RAN based on local configuration. Mappings between the old NRIs and the NRIs in the target network for a specific operator can be used by the RAN to send the message to the same node (of possible). The message is forwarded to an MSC of operator A.

8. The RAN forwards the registration message to the core network operator determined in step 7.

9. The MSC from operator A can now accept the user since it knows CS/PS coordination has been performed.

10. The MSC of operator A sends a Location Updating Accept message to the UE. The UE is now served by operator A in the CS domain and is therefore CS/PS coordinated, keeping the same serving operator as in the source network.  

Thus, with a very small change to the signalling, we remove the problem of non-coordinated NRIs since the target network can handle this case just like the coordinated NRI case. The local configuration needed in the RAN to just determine the operator that served the user in the source network is limited, in fact, if the source network is non-shared only an analysis of the PLMN-id of the old LAI/RAI would be needed (and thus no configuration needed at all). This would, however, no enable the RAN to route the registration message back to the same core node and thereby reduce the number of context transfers – if this is desirable a mapping between NRIs in the target and the source network is needed as well. Strictly speaking, for this scenario, it could be viewed as an optimization, CS/PS coordination would be achieved anyway. If the source network uses a Common PLMN-id only or the UE was a non-supporting UE in the source network, an analysis of the PLMN-id in the old LAI/RAI is not sufficient and the NRI mapping is needed in order to determine the serving operator in the source network. 

7.x.2
Evaluation
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The described approach addresses many but not all of the operator-centric scenarios with non-coordinated NRIs in the sense that the outcome of the CS/PS coordination process will be the same as if the NRIs were coordinated in the scenarios. The limitation of the operator-centric approach to handle cases in which users are not CS/PS coordinated in the source network are not removed by this solution, including the case when the UE is registered in one domain only, since in these scenarios there will be CS/PS uncoordinated users even if operators can coordinate NRIs. The general assumption for all operator-centric approaches; the limitation that the source network at handover must select a target operator with a result that is equal to an operator selection performed by the target shared network is not removed by this solution.
This solution is not applicable to any GWCN scenarios since they do not make use of the redirect functionality. By implementing the same local configuration for determining the correct serving operator based on old LAI/old RAI and NRIs in the core nodes in a GWCN, there are no issues for these cases either with non-coordinated NRIs. 
This solution is not applicable to any of the pool centric scenarios.
For Gs-enabled networks, the approach works the same. The same local configuration needs to be in the target network since it cannot be guaranteed that UEs always use combined procedures. If combined procedures are used, the approach works for the initial routing of the message for the PS domain. 

>>>>>>>>>>>>>> End of change <<<<<<<<<<<<<<<<<<<
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