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1. Introduction

The information flow for mobile terminating roaming retry call after successful retrieval of routeing information is specified in figure 4a in subclause 5.2.1  of 3GPP TS 23.018:   

It applies to a mobile terminating call while the called mobile is simultaneously moving from an old to a new MSC, if the GMSC, the HLR and the old terminating VMSC support the MT Roaming Retry procedure. 

In that case, upon receipt of:

-
an ISUP IAM message which was preceeded by a MAP Cancel Location procedure or by a  Send Identification procedure for a super-charger subscriber, or 
-
a MAP Cancel Location procedure or Send Identification procedure for a super-charger subscriber  while on-going paging,

the old VMSC shall instruct the GMSC to resume terminating call procedure by sending a MAP Resume Call Handling message. The GMSC shall then release the ISUP connection to the old VMSC, terminate any open CAP dialogue, and retry the terminating call setup towards the new MSC by sending an additional SRI to the HLR. This second SRI request leads to obtaining a roaming number from the new MSC towards which the call can then be delivered (possibly after new CAMEL interactions).
In a Super-Charged network (see 3GPP TS 23.116), if the old VMSC instructs the GMSC to resume the call during the Send Identification procedure, there is a risk that the 2nd Send Routing Information sent by the GMSC arrives at the HLR before the Update Location from the new VMSC, in which case the MT roaming retry would fail (the HLR would send the 2nd Provide Roaming Number message to the old VMSC again which would reject it with the cause "MS Purged" based on the Subscriber Data Dormant flag set to 'true' when receiving the Send Identication message from the new VMSC). 
2. Discussion

2.1
Mobile terminating roaming retry call after successful retrieval of routeing information
Triggering the Resume Call Handling (for roaming retry) in the old VMSC during the Send Identification procedure will likely result in the HLR getting the subsequent Send Routing Information from the GMSC before it gets the Update Location from the new VMSC.  The new VMSC upon receipt of the Send Identification Response needs to authenticate the UE, which may require sending a Send Authentication Info request to the HLR, before it sends the Update Location to the HLR. There can  be a significant window, especially if an authentication failure occurs, which results in sending a Send Authentication for new vectors and authenticating twice.
The MT Roaming Retry and Super-Charger features shall be able to co-exist and interwork properly. The CSFB feature relies in particular on the MT Roaming Retry feature in scenarios where the UE is redirected to a different MSC than the paging MSC.

It could be envisaged as a workaround that the old VMSC (supporting Super-Charger and MT Roaming Retry) delays the sending of the Resume Call Handling, e.g. wait 2 seconds after sending the Send Identification Response to the new VMSC. However, this would either increase unnecessarily the call setup time from few seconds in some cases or this would still imply the risk that the HLR has not been updated by the new VMSC if this delay is too short (in which case the PRN would be sent to the old VLR again and the call would fail). This would also lead in other cases to trigger unnecessarily a MT Roaming Retry even if the Update Location failed in the new VMSC.
So the following solution (composed of all the following elements) is proposed instead:  
1) 
An HLR supporting MTRR (and Super-Charger) always sends 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;
2) 
 To cover HLR implementations not supporting the sending of Cancel Location in a supercharged network (evolution 1), the old VLR starts a timer upon receipt of the MAP Send Identification message while on-going paging to delay the sending of an internal Cancel Location to the old VMSC, and consequently the sending of the MAP Resume Call Handling message by the old VMSC to the GMSC/HLR;
3) 
The triggers in the old VMSC for MT roaming retry are simplified as follows:

 
In that case, upon receipt of:

-
an ISUP IAM message which was preceeded by a MAP Cancel Location procedure or by a  Send Identification procedure for a super-charger subscriber, or 
-
a MAP Cancel Location procedure or Send Identification procedure for a super-charger subscriber  while on-going paging,
4)
Upon receipt of an incoming call after receiving a Send Identification request from the new VMSC (i.e. Subscriber Data Dormant flag is set to true) but before receiving the Cancel Location from the HLR, the old VMSC does not page the UE and triggers CFNRC if active or release the call otherwise.  In other words, MTRR is not triggered if the IAM arrives at the old VMSC in the window between the Send Identification and the Cancel Location. This allows to keep implementations simple (starting a timer at each receipt of Send Identification would waste system resources for the rare probability that the IAM arrives between Send Identification and Cancel Location. After the VLR allocates MSRN, the window is tiny before IAM(MSRN) is received).
This requires defining an additional flag in the VLR to know, when the Subscriber Data Dormant flag is set to true, whether the VLR has already received or not the Cancel Location message (since the Subscriber Data Dormant flag is set to true upon receipt of Send Identification or Cancel Location, as per existing specs, this flag does not suffice to know if Cancel Location has already been received or not).
In other words, the solution consists in always forcing the sending of a Cancel Location to the old VLR when MTRR is supported, and to only trigger a Resume Call Handling message in the old VMSC upon receipt of that Cancel Location message. 
The evolution 1) covers scenarios where MTRR and Super-Charger are supported by the HLR and the old VMSC but where the new VMSC does not support Super-Charger or MTRR. 

The evolution 2) covers scenarios where MTRR and Super-Charger are supported by the old VMSC but for which the HLR would not support yet the evolution 1 (e.g. subscriber roaming in a super-charged VPLMN).
The evolutions 3) and 4) ensure that the "old" VMSC supporting supercharger and MTRR does not trigger MTRR before the HLR is updated by the new VMSC (otherwise the repeated Send Routing Information received at the HLR would be routed again to the old VMSC).
It should be noted that this proposal slightly modifies the existing behaviour of a super-charged PLMN not supporting the MT Roaming Retry since it requires the HLR (supporting MTRR) to send a Cancel Location to the old VLR. Ideally whether an HLR supporting the MTRR and Super-Charger features should send or not a Cancel Location to the old VLR should only depend on whether the old VMSC supports Super-Charger and MTRR or not. 
However: 

a) there is no straight-forward solution allowing the HLR to know if the old VMSC supports MTRR (the old VMSC could indicate this during the Update Location procedure, but this does not help if e.g. the MTRR feature is activated in the old VMSC after the Update Location procedure).
b) 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. 

c) 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: 
"The cancel location procedures are normally not used within and between Super-Charged networks as part of the location update procedure, as described 3GPP TS 23.012. However, Super-Charged networks shall support the cancel location procedure to provide interworking for location update procedures with GSM & UMTS networks that do not support the Super-Charger functionality. The cancel location procedure shall also be used within a Super-Charged network as a notification when there is a need to inform the previous network entity that the connections for the subscriber can be released, due to the fact that the MS has moved to another network entity. Subscription data may still be kept in the previous network entities that support Super-Charger."

 

"A Super-Charged serving network entity shall be capable of receiving a cancel location message as described in 3GPP TS 23.012." 

For those reasons, it is deemed acceptable to force HLRs to send systematically a Cancel Location to old VLR supporting Super-Charger. If that raises concerns, it can be envisaged to have an operator configurable option in the HLR to force or not a Cancel Location towards an old VLR supporting Super-Charger. If so, an HLR supporting Super-Charger would fallback to its existing behaviour (i.e. send a Cancel Location to the old VLR supporting Supercharger if the "Inform Previous Network Entity" IE received from the new VLR supporting Supercharger) if the option to force a systematic Cancel Location is disabled.
2.2
Mobile terminating roaming retry call during retrieval of routeing information
Similar considerations also apply for MT Roaming Retry during retrieval of routeing information, see 3GPP TS 23.018 subclause 5.2.2: 

In that case, upon receipt of:

· a MAP Provide Roaming Number message which was preceded by a  Send Identification procedure for a super-charger subscriber, or 
· a MAP Cancel Location procedure or Send Identification procedure for a super-charger subscriber while on-going pre-paging,
The old VMSC/VLR shall return a PRN negative response to the HLR. If "Suppress T-CSI" was included in the SRI request, the HLR shall relay a SRI negative response with the error "absent subscriber" including the reason "mtRoamingRetry" to the GMSC. If "Suppress T-CSI" was not included in the SRI request, and the called party is roaming to a different MSC/VLR during the PRN procedure, the HLR may either return a SRI negative response with the error "absent subscriber" including the reason "mtRoamingRetry" to the GMSC, or instead delay the sending of a PRN request to the new VLR until completion of the Update Location procedure. 
If the MAP Provide Roaming Number message is preceded by a Send Identification message, or if the Send Identification message is received during the paging procedure, the old VMSC returns a negative Provide Roaming Number response with the cause Absent Subscriber to the HLR. If the HLR has not yet received the MAP Update Location from the new VMSC, the HLR is not able to return a SRI negative response including the reason "mtRoaming Retry" to the GMSC and the call will fail. To avoid this, the old VMSC should delay the sending of the negative Provide Roaming Number response until receiving the Cancel Location message from the HLR. 

The triggers in the old VMSC for MT roaming retry are thus proposed to be simplified as follows:

In that case, upon receipt of:

· a MAP Provide Roaming Number message which was preceded by a  Send Identification procedure for a super-charger subscriber, or 
· a MAP Cancel Location procedure or Send Identification procedure for a super-charger subscriber while on-going pre-paging,
3. Conclusion

It is proposed to correct the standards as per the solution proposed in this document. If the principles are agreeable to CT4, Alcatel-Lucent will submit corresponding normative changes at the next CT4 meeting.
