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1. Introduction

This document proposes a merge of Solution #1 with the main concepts and ideas from Solution #4 in TR23.704 resulting in a complete solution for CS/PS coordination in a shared network. 

If sharing partners are able to coordinate NRIs (or provide mapping information as described in Solution #1), this solution makes maximum use of this information to optimize procedures and minimize signalling. The opposite domain registration checking procedure from Solution #4 is used to solve scenarios that cannot benefit from coordination between operators, namely the “PS attach after CS mobility” scenario (as described in Section 5.10) and the “no SGs registration” scenario as described in Section 5.9. This check is not used for any other scenarios, which limits the number of opposite domain checks significantly. To solve the “no SGs registration” scenario, the opposite domain checking procedure must, however, be extended to retrieve registration information also from sharing partners’ source LTE networks. 

Since aspects of Solution #4 is now incorporated in this solution, it is very easy to regain Solution #4 (viewed as a solution for the pool centric approach) by simple configuration in the network, which is also described in the document. The extension of the opposite domain checking procedure to LTE source networks will be necessary also for the pool centric solution to cover all possible scenarios (in particular mobility from LTE network with no SGs registration to a no-DTM 2G network). 
2. Proposal

The following text is proposed to be included in TR23.704.

7.x
Alternative Solution #x: Merge of Solution #1 and #4
7.x.1 Description of Solution #x

7.x.1.1
Introduction
Solution #1 in Section 7.1 removes the issue of non-coordinated NRIs but is not complete since it does not solve the “PS attach after CS mobility” scenario (as described in Section 5.10) or the “no SGs registration” scenario (as described in Section 5.9). To complete the solution, we make use of the technique presented in Solution #4 which allows the RAN to check whether a UE is registered in the non-addressed domain as part of the CS/PS coordination procedure in the addressed domain. We only describe in detail how to the two problematic scenarios are solved, so familiarity with solution #1 in Section 7.1 is assumed. 
In the solution described here the opposite domain registration checking procedure is only needed for GPRS Initial Attach in the PS domain (for the “PS attach after CS mobility” scenario) and IMSI attach in the CS domain (for the “no SGs registration” scenario). Since the network, however, cannot limit the use of this checking procedure to just specific attach events for these scenarios, the checking needs to be done at all initial attaches in the shared network. As always, whether to enable the function or not is up to the operators in the shared network.  
For the “no SGs registration” scenario, the opposite domain registration checking procedure needs to extend to the source LTE networks of the sharing partners in order to ensure that the check can take into account registrations in MMEs. It will not otherwise be possible to ensure that the serving operator (as determined by the registration by the UE in the MME in the LTE network) can be maintained during the mobility between the LTE and the legacy 2G or 3G network. This approach, however, has the possibility of simplifications, for example, if combined MME/SGSN nodes are used. 
7.x.1.2
Solving the scenario “PS attach after CS mobility”
To solve this scenario, we adopt the approach from Solution #4 that allows the RAN to check (for a GPRS Attach Request specifically) whether the UE is already registered with an operator in the CS domain. When an SGSN receives the GPRS Attach Request from the UE, it returns a Redirection Indication with CS/PS coordination required and the IMSI of the UE as well as an indication that an opposite domain registration check shall be performed. This allows the RAN to take special action, namely to initiate the checking procedure in the CS domain. If the RAN retrieves a serving operator from an MSC, it redirects the NAS message to an SGSN of this operator. If the UE is not served by any MSC (i.e. all responses from MSC are negative), RAN determines the operator to forward the NAS message using an IMSI hash.
An example signalling flow (for the case of when a serving operator can be retrieved from the CS domain) is shown in the figure below. 
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Figure 7.x.1.2-1: Solving the “PS attach after CS mobility” by allowing the 
RAN to check registration in the CS domain during the GPRS Attach Request.
1. LAU was performed and UE selected the CS operator MSC A (for example in a shared network in which UE is a "supporting UE"). 
2. UE goes to IDLE and UE moves to another pool-area (e.g., IDLE mode mobility), served by a different RAN.

3. The UE initiates an Attach Request. The RAN routes the message to the core network operator identified by the NRI provided by the UE. In this example, the message is sent to operator B in the PS domain.

4. The SGSN of operator B returns a Redirection Indication to the RAN including the IMSI and an indication that an opposite domain registration check should be triggered.
5. The RAN sends requests to all connected MSCs to inquire if the UE is served by any of the MSCs.
6. The MSCs responds accordingly:

a. MSCs not serving the UE respond negatively to the inquiry from the RAN.

b. The MSC serving the UE respond positively to the inquiry from the RAN and includes the serving PLMN id
7. The RAN selects an SGSN from the operator retrieved in the previous step.
8. The SGSN accepts the user and sends an Attach Accept to the UE.

In fact, this solution works exactly the same for the case of a late CS attach, with the roles of the MSCs and SGSNs interchanged. The opposite domain registration check needs to be performed for all the initial attaches in the shared network since there is no way for the network to single out that the attach is a part of the scenario “PS attach after CS mobility”. 
7.x.1.3
Solving the scenario “no SGs registration”

To solve this Scenario, an opposite domain registration check is triggered due to the initial attach performed by the UE in the CS domain of the target network. The RAN checks the registration status of the UE in the PS domain through the connected SGSNs. The opposite domain registration check by then RAN will fail (since the UE is registered in an MME) and the operator in the CS domain is selected using an IMSI hash leading to CS/PS uncoordinated users. The opposite domain registration check, therefore, needs to be extended to also cover source LTE networks of the sharing partners which have mobility enabled with the shared network. Since there are no interfaces between 2G/3G RAN nodes and MMEs, it must be an SGSN responsibility to retrieve this information. So as not to flood the network with signalling, a single SGSN within a pool could be designated to check with MMEs regarding the UE registration. A possible optimization in case of deployments with combined MME/SGSN node is that the SGSN could reply to RAN that the user is registered although the user is actually registered in “the MME part of the combined node”. 

For operators still relying on SGs registrations (and thus CSFB for any CS service like voice or SMS or …) this extended opposite domain registration check is not necessary and need not be configured. 

7.x.1.4 
Full merged solution

With the additions described in the two previous Subsections, we can now present a complete solution for CS/PS coordination in which the serving operator is kept in all mobility scenarios presented in this TR. Familiarity with solution #1 is assumed.  
The following steps describe the full merged solution:

1. The UE performs a NAS registration procedure towards the network. The RAN routes the message based on the NRI provided by the UE.
2. The receiving core network node checks whether it is already serving the UE (e.g. the update is a periodic update, or the mobility is within a pool). If so, the core network node accepts the user and sends a redirection complete message to the RAN. No more steps need to be performed. It should also be possible to configure classes of users (e.g. home subscribers) for which the core network should be able to accept users without engaging the RAN (also for initial attaches, see below) to minimize unnecessary signalling. 
3. If the NAS registration message is an initial attach, the core network returns a redirection indication with CS/PS coordination required, the IMSI of the user, and an indication that an opposite domain registration check shall be triggered by the RAN. The RAN checks the UE’s registration status in the opposite domain (including the source networks of shared network partners if the non-SGs registration scenario is supported). If the check retrieves a serving operator, the RAN forwards the NAS registration message to a core node belonging to this operator. If no serving operator is retrieved, the RAN forwards the NAS registration message to an operator determined by an IMSI hash. No more steps need to be performed. 
4. The RAN returns a redirection indication with CS/PS coordination required, the IMSI of the user, and the old LAI/CS-NRI (if the addressed domain is the CS domain) or the old RAI/PS-NRI (if the addressed domain is the PS domain, as provided by the UE. The RAN analyses the old LAI/RAI/NRI to determine (either by explicit NRI matching on Iu/A/Gb interfaces or by mapping of the old LAI/RAI/NRI to an operator) an operator in the shared network and forwards the NAS registration message to a core node in the addressed domain belonging to the identified operator. This could be the same operator as the message was initially routed towards. By including the IMSI in the message, the RAN indicates to the core network that CS/PS coordination has been performed and the user can now be accepted by the core network node. No more steps needs to be performed. 

If the analysis of the old LAI/RAI/NRI does not result in finding an operator in the shared network, then the message shall be forwarded to an operator determined by an IMSI hash. 
7.x.1.5
Pool centric approach
In case NRIs cannot be coordinated between the shared network partners, or the mapping of old LAI/RAI/NRI to an operator in RAN is not possible (e.g. for administrative reasons), the solution also caters for a pool centric approach very easily. 
Step 1, 2, 3 are still performed as described in the previous Section. Step 4 is unnecessary since it will not lead to anything useful since identities cannot be mapped. So, instead of signalling old LAI/RAI/NRI to the RAN, LAUs and RAUs that cannot be handled in step 1 are handled exactly as if they were initial attach messages and triggers an opposite domain registration check. If the check fails to find a serving operator, the operator is chosen by the IMS hash. The pool centric approach is thus regained by triggering the opposite domain check in RAN for more than attach messages, namely also LAUs and RAUs from outside of the current pool. 
7.x.2
Evaluation of Solution #x

The merge of Solution #1 with techniques from Solution #4 solves the remaining scenarios not considered by Solution #1. The use of opposite domain registration checks by the RAN will increase signalling in the network but in this solution it is limited to initial attaches only and not performed at LAUs or RAUs and therefore the signalling load should not be as heavy as in Solution #4.
The extension of the opposite domain registration check to also cover source LTE networks leads to increased signalling but can be minimized by, for example, designating only a single SGSN in the pool to query MMEs. Optimizations for combined MME/SGSN nodes (which is a common deployment in modern networks) are also possible. 
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. To be applicable in GWCN networks (just as in Solution #4), the GWCN needs to be able to request the RAN to check whether the UE is registered in the opposite domain or not. 
For a Gs-enabled network, it must be possible to request the RAN to check whether the UE is registered in the opposite domain or not if a non-combined attach message is received by a core network node. For combined attach messages, the opposite domain registration check is not necessary.

For the case of the pool centric approach, the solution is just Solution #4 and the evaluation of that solution is equally valid here. 
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