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1. 
Introduction

The motivation behind the WID for studying CS/PS coordination is that this feature is a very important building block in shared 2G and 3G networks. The broadcasted Common PLMN is used by non-supporting UEs in GERAN and UTRAN
 or by any UE in shared networks where no Multiple PLMN list is broadcasted.  Thus, we do not foresee that GERAN and UTRAN networks can be deployed without support of CS/PS coordination for many years to come.  
There are different types of users in relation to a shared network and CS/PS coordination,

1. Customers of the sharing partners themselves.

2. Visited roaming users whose home operator has a roaming agreement with only one partner in the shared network.

3. Visited roaming users whose home operator has a roaming agreement with two (or more) partners in the shared network.

The only type of users for which CS/PS coordination may cause issues is users of the third type. The other types, type 1 and type 2, will always be served by the same operator in the CS and PS domains since the other operators will reject any registration attempts in their network and initiate redirections.  
TS23.251 describes two alternative approaches for CS/PS coordination,

(i) operator centric, which adheres to the principle that the source network selects the operator in the target network when a user is subjected to a mobility event. The approach assumes that NRIs are coordinated across network boundaries over which mobility can take place, so that when used for routing in the target network, messages are routed to the correct operator. RAN treats any provided NRI (irrespectively of its origin) as valid for routing. The explicit CS/PS coordination procedure is only invoked when non-coordinated NRIs are found. 

(ii) pool centric, which allows the target shared network to select the operator for a user when the mobility event results in a change of pool area. This approach assumes that operators are not able to coordinate NRIs across networks/pools and therefore at pool change, a CS/PS coordination procedure takes place. Only NRIs within the same pool are considered valid for routing by the RAN.


These approaches basically make use of the same parameters and procedures but differ in the assumptions of when it is possible to coordinate parameters (e.g. the NRIs) and when the CS/PS coordination procedure should take place.In the contributions for SA2#102, the following mobility scenarios are considered
· CS handover (For a target GERAN we consider both network with DTM support and networks with no DTM support),

· PS handover,

· Redirection,

· Cell reselection,

· CS Fallback,

· SRVCC for SGs registered users,
· Mobility cases from EUTRAN to UTRAN/GERAN when the user is no SGs registered,

We determine what the result is after the mobility has finalized and CS/PS coordination (if initiated) is performed. The outcome and related issues will form the basis for solutions and/or optimizations in later work. 

2.
Assumptions
There are two architectures allowed for shared networks in GERAN and UTRAN,

(i) Gateway Core Network (GWCN), and 

(ii) Multi-Operator Core Network (MOCN). 

In this paper and the accompanying PCRs, we have considered MOCN with operator and pool centric approaches. In the case of an operator centric GWCN, these results generalize since CS/PS coordination is just assumed to happen internally in CN nodes and will not require the additional signalling over A/G/Iu-interfaces.  GWCN in the pool centric approach allows the target network to select serving operator also at handover, which implies different signalling flows. However, we believe that for a GWCN network in which the target network determines the serving operator at handovers, SRVCC and SGs registrations should not have any CS/PS coordination issues.
We have limited the descriptions and signalling flows to the case where there are only two partner operators in the shared network. All of the issues related to CS/PS coordination are apparent in this setup and there are no new fundamental issues related to CS/PS coordination in networks with more partners. The CS/PS coordination as such is implemented as a “deterministic IMSI hash” that results in a 50/50 distribution of users between the operators. The split can be arbitrary, but this again does not introduce any specific CS/PS coordination issues. At mobility from EUTRAN to UTRAN/GERAN there is always a change of pool in the PS domain, while for SGs registered UEs, the same mobility event may be within the same MSC pool between different MSC pools. 
In the studied mobility cases, we assume that UE has performed initial attach in a non-shared network or in a shared network in which the UE is a “supporting UE”. From this network the UE performs the mobility into a shared target network in which UE is not treated as a “supporting UE”. Hence, the mobility is between a dedicated CN-operator PLMN to a Common PLMN. These two PLMN IDs are often different, which actually makes the mobility an inter-PLMN mobility event from the UE’s perspective, even though the same CN operator serves the UE. 
Another scenario where our studied use cases may apply is when the UE has performed initial attach in the shared network which UE is not treated as a “supporting UE” and the UE performs mobility within the shared network but source and target network have different deterministic outcome at CS/PS coordination.
For operator centric we study the two cases that NRI values are coordinated between source and target network and the case that they are not coordinated. We assume that NRI values always are coordinated within the target shared network. (With a target network we mean a target RAT of a certain Common PLMN.) When source is EUTRAN then coordinated NRI implies that MMEC and NRI for the PS domains are coordinated. We observe that operator centric approach requires NRI coordination. However, we have observed a wish to not require coordinated NRIs in all networks.
3.
Summary of use cases

Here we present the outcomes of the use cases. 
3.1
CS Handover

The results taken from S2-141063.

	Operator Centric: CS Handover to a UTRAN or GERAN with DTM support
	There are no issues when NRIs are coordinated, but for uncoordinated NRIs, a user may not be CS/PS coordinated during the ongoing CS call and as a result of the subsequent LAU after the call has ended the serving operator may change. 

	Operator Centric: CS Handover to GERAN with no DTM support
	There are no issues when NRIs are coordinated, but for uncoordinated NRIs the subsequent LAU after the call has ended the serving operator may change.

	Pool Centric: CS Handover to UTRAN or GERAN with DTM support
	There are no issues with this use case. A change of operator as a result of CS/PS coordination is allowed in the pool centric approach. 

	Pool Centric: CS Handover to GERAN without DTM support
	There are no issues with this use case. A change of operator as a result of CS/PS coordination is allowed in the pool centric approach


3.2
PS Handover

The results are taken from S2-141064.
	Operator Centric: PS Handover to a UTRAN or GERAN with DTM support, user is SGs registered in the target network
	There are no CS/PS coordination issues with this use case.



	Operator Centric: PS Handover to a GERAN without DTM support, user is SGs registered in the target network
	There are no CS/PS coordination issues with this use case.



	Operator Centric: PS handover to UTRAN or GERAN with DTM support, user is not registered in the CS domain of the target network
	For the uncoordinated NRI case, there will be 50% uncoordinated users. These users will stay uncoordinated since NRIs from the CS and PS domains are considered coordinated in the target network.

	Operator Centric: PS Handover to GERAN with no DTM support, user is not registered in the CS domain of the target network
	For uncoordinated NRIs, there will be 50% uncoordinated users. These users will stay uncoordinated since NRIs from the CS and PS domains are considered coordinated in the target network.

	Pool Centric: PS Handover to UTRAN or GERAN with DTM support, user is SGs registered in the target network, no change of MSC pool
	There are no CS/PS coordination issues with this use case.



	Pool Centric: PS Handover to GERAN with no DTM support, user is SGs registered in the target network, no change of MSC pool
	There are no CS/PS coordination issues with this use case.



	Pool Centric: PS handover to UTRAN or GERAN with DTM support, change of MSC pool
	There will be 50% uncoordinated users. These users will stay uncoordinated until the next pool change. 


	Pool Centric: PS handover GERAN with no DTM support, change of MSC pool
	There will be 50% uncoordinated users. These users will stay uncoordinated until the next pool change.


3.3 
Cell reselection
The results are taken from S2-141065.
	Operator Centric: Cell reselection to UTRAN or GERAN, user is SGs registered in the target network
	For uncoordinated NRIs, there will be 50% uncoordinated users. These users will stay uncoordinated since NRIs from the CS and PS domains are considered coordinated in the target network.

	Operator Centric: Cell reselection to UTRAN or GERAN, user is not registered in the CS domain of the target network
	For uncoordinated NRIs, the operator may change.


	Pool Centric: Cell reselection to UTRAN or GERAN, user is SGs registered in the target network, no change of MSC pool
	There will be 50% uncoordinated users. These users will stay uncoordinated until the next pool change.

	Pool Centric: Cell reselection to UTRAN or GERAN, change of MSC pool
	There are no issues with this use case. A change of operator as a result of CS/PS coordination is allowed in the pool centric approach. 


3.4
Redirection

The results are taken from S2-141066.
	Operator Centric: Redirect to UTRAN or GERAN, user is SGs registered in the target network
	For uncoordinated NRIs, there will be 50% uncoordinated users. These users will stay uncoordinated since NRIs from the CS and PS domains are considered coordinated in the target network.

	Operator Centric: Redirect to UTRAN or GERAN, user is not registered in the CS domain of the target network
	For uncoordinated NRIs, the operator may change.


	Pool Centric: Redirect to UTRAN or GERAN, user is SGs registered in the target network, no change of MSC pool
	There will be 50% uncoordinated users. These users will stay uncoordinated until the next pool change.


	Pool Centric: Redirect to UTRAN or GERAN, change of MSC pool
	There are no issues with this use case



3.5
CS Fallback

The results are taken from S2-141067.
	Operator Centric: CS fallback using redirect, user is SGs registered in the target network
	For the uncoordinated NRI case, there will be 50% uncoordinated users. These users will stay uncoordinated since NRIs from the CS and PS domains are considered coordinated in the target network.

	Operator Centric: CS fallback using redirect, user is not SGs registered in the target network
	For the uncoordinated NRI case, 50% of the call setups will fail because these users are directed to operator B as a result of the CS/PS coordination process. All users will be CS/PS coordinated.

	Operator Centric: CS fallback using PS handover, user is SGs registered in the target network
	There are no issues with this use.

	Operator Centric: CS fallback using PS handover but not to the SGs registered network
	For the uncoordinated NRI case, 50% of the call setups will fail because the users are directed to operator B as a result of the CS/PS coordination process. These users will also be CS/PS uncoordinated due to the CS/PS coordination in the CS domain and stay uncoordinated since NRIs from the CS and PS domains are considered coordinated in the target network.

	Pool Centric: CS fallback using redirect to the SGs registered MSC pool
	There will be 50% uncoordinated users. These users will stay uncoordinated until the next pool change.

	Pool Centric: CS fallback using redirect with change of MSC pool
	50% of the call setups will fail because these users are directed to operator B as a result of the CS/PS coordination process. All users will be CS/PS coordinated.

	Pool Centric: CS fallback using PS handover, no change of MSC pool
	There are no issues with this use case.

	Pool Centric: CS fallback using PS handover, change of MSC pool
	50% of the call setups will fail because the users are directed to operator B as a result of the CS/PS coordination process. These users will be CS/PS uncoordinated and stay uncoordinated until the next pool change.


3.6
SRVCC, user is SGs registered
The results are taken from S2-141068.
	Operator Centric: SRVCC, user is not SGs registered in the target network
	For non-coordinated NRIs the following issues exist. 

For a target UTRAN/GERAN with DTM support, 50% of the users will be CS/PS uncoordinated during the ongoing CS call. After the call, they become coordinated.

For GERAN without DTM support, the PS domain in suspended during the ongoing call and the users become CS/PS coordinated after the call. The operator may change. 



	Operator Centric: SRVCC, user is SGs registered in the target network
	For non-coordinated NRIs, 50% of the users will be CS/PS uncoordinated. These users will stay uncoordinated since NRIs from the CS and PS domains are considered coordinated in the target network.   

	Pool Centric: SRVCC with change of MSC pool
	For UTRAN or GERAN with DTM support, 50% of the users are CS/PS uncoordinated during the ongoing call. After the call they become CS/PS coordinated. 


	Pool Centric: SRVCC, no change of MSC pool
	There will be 50% uncoordinated users. These users will stay uncoordinated until the next pool change.


3.7
EUTRAN to UTRAN/GERAN mobility for non-SGs registered users
The results are taken from S2-141069.
	Operator Centric: SRVCC, user is not SGs registered
	For coordinated NRIs, the registration in the CS domain of the target network leads to users becoming CS/PS uncoordinated. They will stay uncoordinated since NRIs are assumed to be coordinated in the target network. For uncoordinated NRIs, 50% of the users become CS/PS uncoordinated during the call, but coordinated after the call ends. The serving operator may change. 

	Operator Centric: PS handover to UTRAN or GERAN with DTM support, user is not SGs registered
	For both coordinated NRIs and for uncoordinated NRIs, 50% of the users will become CS/PS uncoordinated.  They will stay uncoordinated since NRIs are assumed to be coordinated in the target network.

	Operator Centric: PS handover to GERAN with no DTM support, user is not SGs registered
	For both coordinated NRIs and for uncoordinated NRIs, 50% of the users will become CS/PS uncoordinated. They will stay uncoordinated since NRIs are assumed to be coordinated in the target network.

	Operator Centric: Redirect and Cell reselection, user is not SGs registered
	For coordinated NRIs, 50% of the users will be CS/PS uncoordinated. They will stay uncoordinated since NRIs are assumed to be coordinated in the target network. For uncoordinated NRIs, there is a CS/PS coordination procedure in both domains so all users will be CS/PS coordinated. There may be a change of serving operator. 

	Pool Centric: SRVCC, user is not SGs registered
	There are no issues with this scenario. 

	Pool Centric: PS handover to UTRAN or GERAN with DTM support, user is not SGs registered
	There will be 50% uncoordinated users. These users will stay uncoordinated until the next pool change.

	Pool Centric: PS handover to GERAN with no DTM support, user is not SGs registered
	There will be 50% uncoordinated users. These users will stay uncoordinated until the next pool change.

	Pool Centric: Redirect or Cell reselection, user is not SGs registered
	There are no issues with this use case. 


4.
Conclusions

For the operator centric approach with coordinated NRIs, the only use cases with issues are the ones in Section 3.7. The lack of SGs registration means that there are no CS-domain NRI to coordinate between the source and target networks in these cases. 
For the operator centric approach with non-coordinated NRIs, users can become CS/PS uncoordinated in the target network and they will not become CS/PS coordinated until leaving the shared network since the network assumes a UE is always CS/PS coordinated. It is also not possible to keep the same serving operator (since CS/PS coordination procedures takes place) and this is not in line with the operator centric approach. 
For the pool centric approach, users can also become CS/PS uncoordinated in a number of use cases but they will become coordinated at the next change of pool in the shared network (in idle mode). If the uncoordinated users do not change pool, however, they can remain CS/PS uncoordinated for long times. Thus, relying solely on pool changes is not a good enough solution even for the pool centric approach. 
� In UTRAN, all UEs are “supporting UE”s from Rel-6 and onwards according to 3GPP specifications, while in GERAN, the support is optional in the UE.
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