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Introduction

C4-110038 proposes to define a new MT Roaming Forwarding (MTRF) procedure for CSFB to reduce the setup time of mobile terminated calls with CSFB during which the UE is redirected to a different MSC than the MSC which initiated the SGs paging, in particular when the GMSC is far away from the old and the new MSCs.

The proposal in C4-110038 has the following limitations: 

1. The first CSFB call will fail if the old MSC pages the UE with IMSI e.g. following a VLR restart since the new VMSC can not determine what is the old VMSC when receiving a Location Update with IMSI. A VLR restart will for instance cause the failure of a lot of MT calls, until all subscribers re-register to the VLR via the SGs interface, e.g. until the next periodic TAU.  
 
After a restart, VLR restores the subscriber data and then allocate MSRN. This is also the (recommended) order in 23.018 for MTRR. For CSFB, the MME name is included in the restore data. The VLR uses IMSI to page the UE via SGs.
2. The HLR, the old and the new VMSC should be able to control whether MTRF is authorized to be used for the specific call to guarantee that in all circumstances billing and roaming agreements are in place in inter-PLMN MTRF scenarios, without any dependency on whether MTFR is used for CSFB or non CSFB scenarios, or on how the eNB redirecst the UE to the CS domain during CSFB.

The call is charged at GMSC (say, T-CSI for prepaid subscribers). The old MSC and the new MSC may belong to different operators. There may be billing issue between the two operators. 

For example, for non CSFB scenarios, when a subscriber returns to its HPLMN (the new MSC) from a FPLMN (the old MSC), he does not want to pay for the international roaming when receiving an incoming MT call. In the existing MTRR procedure, the old T-CSI (with the location of the old VLR) is released and a new T-CSI (with the location of the new VLR) is created. When MTRR was standardized, CT4 discussed about location-based services; a call may be allowed in one place (the home area) but may not be allowed in another place (the remote area).

C4-110038 relies on specific eNB implementations and does not support non CSFB scenarios yet.
If the UE/new MSC is located  in a different operator domain/multiple PLMNs supported for CSFB that could normally result in different charging then it is assumed that CSFB is only permitted to the "registered PLMN ID" provided to the eNodeB (as defined in R3-103794).

Future enhancements to permit the use of MTRF for non-CSFB can be considered later.

3. MTRF is not supported for non CSFB scenarios.
4. Race conditions can occur between the transfers of "PRN parameters" and IAM. This should be avoided, i.e. the new VMSC should always receive the PRN parameters before receiving the IAM message.

5. The interaction with MTRR is not well handled. I.e. the old VLR should not wait for a MT Roaming Forwarding Notification message after receipt of Cancel Location if the new VMSC does not support MTRF, but should be able instead to immediately trigger MTRR. This would require extra provisioning in the old VMSC, on a per neighbour MSC level in an heterogeneous network or for inter-PLMN scenarios.
This contribution proposes an alternative call flow which solves the above concerns, while not adding more complexity to the solution.
Discussion

The solution should follow the following logic / sequence:
1. The old VLR is notified that the new VLR supports MTRF.
2. The old VLR sends the "PRN parameter" to the new VLR.
3. The new VLR sends MSRN after receiving the Update Location ack from the HLR.
4. The old VLR sends IAM (MSRN).

Race conditions shall be avoided.
The proposed call flow is depicted in the figure hereafter.
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The basic principle is that the new VLR sends an “MTRF supported” flag in MAP Update Location to the HLR. If the HLR authorizes MTRF between the old and the new VMSCs, the HLR sends the new VLR address in the MAP Cancel Location to the old VLR and then the old VLR sends MTRF request message (or an “MTRF request” indicator in MAP PRN message) to the new VLR. The MT call will be routed locally from the old VMSC to the new VMSC. 
When the “MTRF supported” flag is received in MAP Update Location, the HLR, based on the roaming agreements with the old MSC and the new MSC, decides whether to include the new VLR address in MAP Cancel Location.

When Cancel Location with the new VLR address is received, the old VLR may check the roaming agreements with the HLR and the new VLR for MTRF. Without the new VLR address received in Cancel Location, the old VMSC can trigger MTRR.

When MTRF Request (or the MAP PRN message with the “MTRF request” indicator) is received, the new VLR may check the roaming agreements with the HLR and the old VLR for MTRF.  If the new VLR rejects MTRF, the new VLR returns a negative response to the old VLR so that the old VLR can trigger MTRR.

If the HLR, the new VLR and the old VLR are within a PLMN, MTRF can be always triggered.
 

Between PLMNs (the HLR, the new VLR and the old VLR may belong to three different PLMNs), the roaming agreements include the billing clauses on how to charge roaming calls with MTRF. Without the roaming agreements for MTRF, MTRR applies.
For example, if the HLR and the new VLR belong to the same PLMN and the old VLR is a international VLR, the HLR shall not permit MTRF.
 

The MTRF solution proposed here does not have any dependency on MAP Send ID. It works for the location update with IMSI (due to the SGs paging with IMSI) and is backward compatible with existing MTRR.
 

If the new MSC is a legacy MSC (not supporting CSMT flag), the old MSC triggers MTRR when Cancel Location is received.
 

For prepaging, the HLR triggers MTRR. 
Advantages: 

This is a generic/complete solution with the following benefits:
1. Allows the HLR to authorize MTRF between the old and new VMSCs, thus guaranteeing in all circumstances that billing/roaming agreements are in place in inter-PLMN MTRF scenarios, and this w/o any dependency on how the eNB redirects the UE to the CS domain during CSFB
2. Consequently also allows MTRF for non CSFB scenarios.

3. Covers CSFB with IMSI paging. CSFB calls after a VLR restart won't fail.
4. Flexible & efficient co-existence between MTRR and MTRF in a network where not all MSCs would support MTRF or MTRR and between PLMNs.
5. No race conditions


6. No dependency on eNB implementations for CSFB (roaming/billing checks).
Disadvantages:
1. This solution introduce a dependency on HSS implementations from FPLMNs. This should not be a concern for the following reasons:

a) The HSS changes are minimal and the benefits significant (in terms of call setup delay), so those changes can be implemented in a very short time and HSSs upgraded in minimum time.

b) Operators deploying CSFB would likely upgrade their HSS with that solution.

c) This is not different from the existing Rel-8 MTRR solution which also requires some HSS changes.
2. An HLR supporting MTRF (and Super-Charger) shall always send a Cancel Location message to the old VLR supporting Supercharger when the HLR receives the Update Location from the new VLR, regardless of the "Inform Previous Network Entity" IE. This slightly modifies the existing behaviour of a super-charged PLMN but this is not expected to be a concern since:
a) sending a Cancel Location to the old VMSC creates some slight signalling increase in super-charged network, but this does not put back into question the strong benefits of the super-charger feature which is to avoid downloading the user's subscription (Insert Subscriber Data) every time the UE returns to the VMSC. 

b) sending a Cancel Location to the old VMSC does not have functional impacts on a VLR supporting Super-Charger: the VMSC should continue maintaining the user's subscription and the Authentication Vectors, and will continue sending an Update Location to the HLR with the age of the stored informations when the UE returns to the MSC. TS 23.116 also already requires a VLR supporting Super-Charger to support receipt of Cancel Location messages. 
Conclusion

The solution proposed in this contribution fully supports MTRF for home subscribers in all CSFB and non CSFB scenarios, ensures proper billing/roaming during inter-PLMN MTRF scenarios, does not cause call failures after VLR restart, with minimum impacts to the standards and to the HLR, old/new VMSCs. It is proposed to standardize this solution in Rel-10.  
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