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Introduction

The Mobile Terminating Roaming Forwarding (MTRF) procedure enables to deliver a Mobile Terminating (MT) call to a called UE that reselects a different MSC during the delivery of the MT call, e.g. as a result of performing Circuit-Switched Fall Back (CSFB) when the called UE is under LTE coverage and moves to a GERAN/UTRAN cell served by a different MSC than the MSC that initiated the SGs paging request (see subclause 7.5a of  3GPP TS 23.272).  

The principle of MTRF consists in extending the call from the old MSC/VLR (i.e. the MSC/VLR which serves the called UE before the delivery of the MT call / paging procedure) towards the new MSC/VLR (i.e. the MSC/VLR which serves the called UE after the paging procedure).  

As can be derived from this principle, MTRF creates an undesirable call loop between the new MSC/VLR and the old MSC/VLR where the new MSC/VLR and the GMSC of the call are the same MSC node.







Figure 1 – Call loop during an MTRF call when GMSC and new MSC/VLR are the same node
Discussion
As an example, the originating MSC/VLR performs typically the GMSC function for MS-MS calls when the calling mobile subscriber calls a subscriber pertaining to the same PLMN as the calling mobile subscriber is in. The called subscriber may be registered on a different MSC/VLR. During the paging procedure, if the UE performs an inter-VLR location update (e.g. as a paging response upon CSFB), MTRF creates a call loop between the old MSC and the new MSC if the latter is also the GMSC. 

This scenario may occur frequently e.g. in PLMNs partially deploying the SGs interface on some (G)MSCs but not all e.g. due to some legacy (G)MSCs not supporting the SGs feature. In such deployments, the UE is registered to an MSC supporting the SGs interface for the CS services when camping over LTE. When being called, the UE performs a CSFB procedure and reselects a GERAN/UTRAN cell that may be controlled by a different MSC/VLR. 

This may also occur in networks deploying the SGs interface in all their (G)MSCs for calls originated by MS served by the MSC reselected by the called MS during CSFB or non-CSFB scenarios. 
A call loop implies useless reservations and use of routing number resources (MSRNs), transport resources (e.g. IP bandwidth for a WB-AMR audio call in both directions), extra signaling between the new and old MSC/VLR and extra processing in both MSCs for the entire duration of the call, extra latency and call setup delay especially if the old and the new MSCs are in different countries, and also leads to extra CDRs generation and extra inter-operator fees when both MSCs pertain to different operators.
The new MSC/VLR could actually check, upon receipt of the MAP Provide Roaming Number message from the old MSC/VLR, whether it is also the GMSC of the called mobile subscriber, and if so it could release the call towards the old MSC/VLR and deliver the call directly to the UE, as depicted in figure 2.
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Figure 2 –MTRF optimal routing when GMSC and new MSC/VLR are the same node
1. When triggering MTRF, the old MSC/VLR includes a new MTRF Optimal Routing Supported flag in the MAP PRN (in addition to the existing Call Reference Number and GMSC address received from the HLR). 
2. If the MTRF Optimal Routing Supported IE is received in the MAP PRN from the old MSC/VLR, the new MSC/VLR checks whether the GMSC address is its own MSC address. If so, the new MSC/VLR sets the MTRF Optimal Routing Performed flag in the MAP PRN ack, send a Release message to the old MSC/VLR and delivers the call directly to the UE. The new MSC/VLR does not need to include an MSRN in the MAP PRN Ack if it indicates to the old MSC/VLR that it has accepted to perform MTRF Optimal Routing.
3. If the MTRF Optimal Routing Performed flag is received in the MAP PRN ack, the old MSC/VLR starts a timer to wait for the release of the call loop by the GMSC and does not trigger call forwarding nor release the call towards the GSMC.
The call loop between the two MSCs is removed as depicted in figure 3.


Figure 3 –MTRF optimal routing when GMSC and new MSC/VLR are the same node
This optimization works for all MTRF scenarios, during CSFB and non-CSFB scenarios (e.g. when the called UE moves to a new MSC during the MT call setup). 

Conclusion

With minimum MAP signaling enhancements (addition of one flag in the MAP PRN request and ack), it is possible to avoid a call loop between the new MSC/VLR and the old MSC/VLR where the new MSC/VLR and the GMSC of the call are the same MSC node. 

This enables to: 

· save network resource: e.g. routing number resources (e.g. MSRNs), transport resources (e.g. IP bandwidth), resources for interception for intercepted calls, CDRs generation… 
· save useless signaling between the new and old MSC/VLR and extra processing in both MSCs for the entire duration of  the call;
· avoid extra latency and call setup delay especially if the old and the new MSCs are in different countries,

· avoid inter-PLMN/international charging (i.e. extra inter-operator fees when both MSCs pertain to different operators);
· reduce the operator costs.
It is proposed to add this enhancement as an option to the MTRF procedure. 

If the principles are agreeable to CT4, Alcatel-Lucent will bring corresponding CRs at the next CT4 meeting.
GMSC / new MSC/VLR





old MSC/VLR





1. Setup





2. IAM(MSRN)





3. Paging (A/Iu/SGs)





4. Location Update





6. Setup





5. IAM(MSRN')





call loop





UE





UE








3. Paging (A/Iu/SGs)





old MSC/VLR





2. IAM(MSRN)





1. Setup





GMSC / new MSC/VLR





4. Location Update





6. Setup





5. REL








_1426587938.ppt


GMSC  &  New MSC/VLR

HLR

Old MSC/VLR

MS

SRI (B)

PRN (GMSC@, Call Reference Nb)

PRN ACK (MSRN)

SRI ACK

IAM (MSRN)

Paging

Location Update

Update Location (MTRF Supported) 

Cancel Location (MTRF Supported And Authorized)

PRN (MTRF Indicator, GMSC@, Call Ref Nb, MTRFOptimalRoutingSupported) 

Insert Subscriber Data (multiple)

Update Location Ack

PRN ACK (no MSRN, MTRFOptimalRoutingPerformed)

REL Complete 

Location Update Accept

TMSI Realloc Cmplete

Setup

Call Confirmed

Normal MT call procedure follows.

Send Identification (MTRF Supported) 

IAM (B)

REL  

Old MSC/VLR waits for release from GMSC








