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Introduction 

As per the current 3GPP specifications, a mobile termination call fails if the subscriber is at the same time roaming to a new MSC/VLR. [1] proposes a solution allowing the old MSC to forward the call to a third number (e.g. voice mail). This contribution completes and enhances the proposal done in [1] by defining a solution allowing to deliver the call to the called party.  
Description of the solution

Principles 

After receipt of a MAP Cancel Location procedure, the old MSC/VLR shall redirect the mobile terminated call to the new MSC/VLR by instructing the GMSC to send an additional SRI to the HLR using the Resume Call Handling procedure. This second SRI request leads to obtain a roaming number from the new MSC/VLR towards which the call can then be delivered. The message sequence chart is illustrated below.
This solution is further down referred as "2nd SRI with roaming retry" feature/capability.
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1. The GMSC supporting the "2nd SRI with roaming retry" feature includes the Call Reference Number and a new 'Roaming Retry indicator' IE in the first SRI sent to the HLR. 

2. The HLR supporting the "2nd SRI with roaming retry" feature includes the Call Reference Number, the GMSC address and the Roaming Retry indicator in the PRN sent to the MSC/VLR if received in the SRI, irrespective of the setting of other SOR IEs (i.e. even if the OR capability IE is not received in the SRI).
3. Receipt of the Roaming Retry indicator in the PRN indicates that the GMSC supports the Resume Call Handling procedure & the 2nd SRI with roaming retry feature. Upon receipt of the MAP Cancel Location message, the old MSC/VLR stops paging if paging was on-going, and it if supports the "2nd SRI with roaming retry" feature and did receive the Roaming retry indicator in the PRN, sends a RCH message to the GMSC with the Roaming Retry indicator.

4. Upon receipt of the RCH message with the roaming retry indicator, the GMSC successfully acknowledges the RCH message, releases the call towards the old MSC/VLR, and re-sends a new SRI to the HLR (still a 'basic call' interrogation type).

5. To avoid looping, the new SRI shall be sent without the Roaming Retry indicator. 
Note : No Suppress T-CSI field is set as It is proposed to restart the MT establishment from the very beginning including the handling of CAMEL interaction on T-CSI (T-CSI treatments may end up differently if old and new MSCs are not in the same PLMN or in the same geographical area, e.g; different charging rates or regional service subscription).
6. Upon receipt of a SRI request or PRN ack during an on-going Update Location procedure, the HLR sends a PRN to the new VLR, regardless of the PRN response from the old VLR. The same applies to other MT scenarios (SMS/ATI/PSI/LCS). 
During the MAP Update Location Procedure, the subscriber data are "not confirmed by HLR" in the new MSC/VLR. Receipt of MAP PRN would cause, according to 23.007, triggering of the MAP Restore Data procedure. It is proposed to require that the MSC/VLR delays the MAP Restore Data procedure till completion of the MAP Update Location, and inhibits then the MAP Restore Data procedure if the MAP Update Location ends successfully. 
7. Receipt of the MSRN' from the new MSC/VLR enables the GMSC to relay the call towards the new MSC/VLR. 
8. Upon receipt of the IAM message during the Location Update procedure, the new MSC delays the setup of the call till the completion of the Location Update procedure. 
If the Location Update is received with the "follow-on" indication and if the VMSC supports the "follow-on" indication, the incoming IAM may either be handled as a waiting call or forwarded as Busy (CFB), depending on the state of the "follow-on" call and the subscriber's subscription data.
Different collision scenarios can occur in the old MSC/VLR :  
 

1) MAP Cancel Location is received during the pre-paging.
      The old MSC/VLR stops paging and returns PRN nack with "Absent Subscriber" to HLR.
2) MAP Cancel Location has been received before the call with MSRN arrives (after MAP PRN ack). 

      The old MSC/VLR triggers RCH with “roaming retry” during Send Info for Incoming Call stage after IAM is received.
3) MAP Cancel Location has been received before paging (after Send Info for Incoming Call).

       The old MSC/VLR triggers the RCH instead of paging.
4) MAP Cancel Location is received during paging.

       The old MSC/VLR stops paging and triggers the RCH.
MAP impacts 
The solution therefore relies on the re-use of the Resume Call Handling procedure to reroute the call towards the new MSC/VLR. Currently, the use of the RCH procedure is linked to the support of SOR, cf [3] : 

10.3.1
Provide Roaming Number

This message is specified in 3GPP TS 23.018 [6]. The following additional information elements are required:

	Information element name
	Required
	Description

	GMSC address
	C
	E.164 address of the GMSC. Shall be present if it was received by the HLR in the Send Routeing Info, otherwise shall be absent.

	Call reference number
	C
	Call reference number used by the GMSC for this call. Shall be present if it was received by the HLR in the Send Routeing Info, otherwise shall be absent.

	OR interrogation indicator
	C
	Indicates that the HLR received the corresponding Send Routeing Info from a GMSC not in the same PLMN as the HLR. Shall be present if the HLR received the Send Routeing Info from a GMSC not in the same PLMN as the HLR, otherwise shall be absent.

	OR not supported in GMSC
	C
	Indicates that the GMSC does not support OR, and that RCH shall not be sent. Shall be present if the HLR received the Send Routeing Info from the GMSC without the OR-capability information Element, otherwise shall be absent.


Support of the 2nd SRI with roaming retry shall be completely independent from support of SOR [3]. This therefore leads to the need to slightly enhance the following MAP procedures to add a Roaming Retry Indicator IE indicating support or not of the "2nd SRI with roaming retry" capability. It is introduced to inform the MSC/VLR that the RCH procedure can be used, irrespective of the presence or not of the 'OR Not Supported in GMSC' IE in the PRN.
Table 10.1/1: MAP_SEND_ROUTING_INFORMATION parameters

	Parameter name
	Request
	Indication
	Response
	Confirm

	Invoke Id
	M
	M(=)
	M(=)
	M(=)

	Interrogation Type
	M
	M(=)
	
	

	GMSC or gsmSCF Address
	M
	M(=)
	
	

	MSISDN
	M
	M(=)
	C
	C(=)

	OR Interrogation
	C
	C(=)
	
	

	OR Capability
	C
	C(=)
	
	

	CUG Interlock
	C
	C(=)
	C
	C(=)

	CUG Outgoing Access
	C
	C(=)
	C
	C(=)

	Number of Forwarding
	C
	C(=)
	
	

	Network Signal Info
	C
	C(=)
	
	

	Supported CAMEL Phases
	C
	C(=)
	C
	C(=)

	Suppress T-CSI
	C
	C(=)
	
	

	Offered CAMEL 4 CSIs
	C
	C(=)
	
	

	Suppression of Announcement
	C
	C(=)
	
	

	Call Reference Number
	C
	C(=)
	
	

	Forwarding Reason
	C
	C(=)
	
	

	Basic Service Group
	C
	C(=)
	
	

	Basic Service Group 2
	C
	C(=)
	
	

	Alerting Pattern
	C
	C(=)
	
	

	CCBS Call
	C
	C(=)
	
	

	Supported CCBS Phase
	C
	C(=)
	
	

	Additional Signal Info
	C
	C(=)
	
	

	IST Support Indicator
	C
	C(=)
	
	

	Pre-paging supported
	C
	C(=)
	
	

	Call Diversion Treatment Indicator
	C
	C(=)
	
	

	Long FTN Supported
	C
	C(=)
	
	

	Suppress VT-CSI
	C
	C(=)
	
	

	Suppress Incoming Call Barring
	C
	C(=)
	
	

	gsmSCF Initiated Call
	C
	C(=)
	
	

	Network Signal Info 2
	C
	C(=)
	
	

	Roaming Retry Indicator

	C
	C(=)
	
	

	IMSI
	
	
	C
	C(=)

	MSRN
	
	
	C
	C(=)

	Forwarding Data
	
	
	C
	C(=)

	Forwarding Interrogation Required
	
	
	C
	C(=)

	VMSC address
	
	
	C
	C(=)

	ReleaseResourcesSupported
	
	
	C
	C(=)

	GMSC Camel Subscription Info
	
	
	C
	C(=)

	Location Information
	
	
	C
	C(=)

	Subscriber State
	
	
	C
	C(=)

	Basic Service Code
	
	
	C
	C(=)

	CUG Subscription Flag
	
	
	C
	C(=)

	North American Equal Access preferred Carrier Id
	
	
	U
	C(=)

	User error
	
	
	C
	C(=)

	SS-List
	
	
	U
	C(=)

	CCBS Target
	
	
	C
	C(=)

	Keep CCBS Call Indicator
	
	
	C
	C(=)

	IST Alert Timer
	
	
	C
	C(=)

	Number Portability Status
	
	
	U
	C(=)

	Supported CAMEL Phases in VMSC
	
	
	C
	

	Offered CAMEL 4 CSIs in VMSC
	
	
	C
	C(=)

	MSRN 2
	
	
	C
	C(=)

	Forwarding Data 2
	
	
	C
	C(=)

	SS-List 2
	
	
	C
	C(=)

	Basic Service Code 2
	
	
	C
	C(=)

	Allowed Services
	
	
	C
	C(=)

	Unavailability Cause
	
	
	C
	C(=)

	Provider error
	
	
	
	O

	GSM Bearer Capability
	
	
	
U
	C (=)


Table 10.2/1: MAP_PROVIDE_ROAMING_NUMBER parameters

	Parameter name
	Request
	Indication
	Response
	Confirm

	Invoke Id
	M
	M(=)
	M(=)
	M(=)

	IMSI
	M
	M(=)
	
	

	MSC Number
	M
	M(=)
	
	

	MSISDN
	U
	C(=)
	
	

	LMSI
	C
	C(=)
	
	

	GSM Bearer Capability
	C
	C(=)
	
	

	Network Signal Info
	C
	C(=)
	
	

	Suppression Of Announcement
	C
	C(=)
	
	

	Call Reference Number
	C
	C(=)
	
	

	GMSC Address
	C
	C(=)
	
	

	OR Interrogation
	C
	C(=)
	
	

	OR Not Supported in GMSC
	C
	C(=)
	
	

	Alerting Pattern
	C
	C(=)
	
	

	CCBS Call
	C
	C(=)
	
	

	Supported CAMEL Phases in interrogating node
	C
	C(=)
	
	

	Additional Signal Info
	C
	C(=)
	
	

	Pre-paging supported
	C
	C(=)
	
	

	Long FTN Supported
	C
	C(=)
	
	

	Suppress VT-CSI
	C
	C(=)
	
	

	Offered CAMEL 4 CSIs in interrogating node
	C
	C(=)
	
	

	Roaming Retry Indicator

	C
	C(=)
	
	

	Roaming Number
	
	
	C
	C(=)

	ReleaseResourcesSupported
	
	
	U
	C(=)

	User error
	
	
	C
	C(=)

	Provider error
	
	
	
	O


Table 10.3/1: MAP_RESUME_CALL_HANDLING parameters

	Parameter name
	Request
	Indication
	Response
	Confirm

	Invoke Id
	M
	M(=)
	M(=)
	M(=)

	Call Reference Number
	C
	C(=)
	
	

	Basic Service Group
	C
	C(=)
	
	

	Basic Service Group 2
	C
	C(=)
	
	

	IMSI
	C
	C(=)
	
	

	Forwarding Data
	C
	C(=)
	
	

	CUG Interlock
	C
	C(=)
	
	

	CUG Outgoing Access
	C
	C(=)
	
	

	O-CSI
	C
	C(=)
	
	

	D-CSI
	C
	C(=)
	
	

	CCBS Target
	C
	C(=)
	
	

	UU Data
	C
	C(=)
	
	

	UUS CF Interaction
	C
	C(=)
	
	

	All Information Sent
	C
	C(=)
	
	

	MSISDN
	C
	C(=)
	
	

	Roaming Retry Indicator

	C
	C(=)
	
	

	User error
	
	
	C
	C(=)

	Provider error
	
	
	
	O


To use the MAP RCH procedure, the GMSC shall  also include the GMSC address IE and Call Reference Number IE in the 1st SRI, even when neither CAMEL nor SOR is supported. Then VMSC can reflect back the call reference number and GMSC can find the original call. To avoid the looping, the 2nd SRI shall not include the Roaming Retry Indicator. 
Notes : 
· there is also probably a need for a new IE in the SRI in order for the HLR to know that this is an SRI following an RCH reception in the GMSC. The HLR, when this new IE is recognized, and according to an optional subscriber mark, can send back the T-CSI to the GMSC in order to force the release of the previous dialog with SCP and the opening of a new dialogue using the updated information received in the SRI-ack. 
· when used for the roaming retry feature, only the following fields of the RCH should be required to be sent : Call Reference Number, Roaming Retry indicator, All Information sent. Other IEs, if received, should be ignored. The GMSC will get CF and O-CSI/D-CSI informations from the HLR during its second SRI request (basic call interrogation) if the HLR is not able to return a MSRN.
Fallback behaviour w/o support of the solution by one of the network node 
If the GMSC or the HLR does not support the 2nd SRI with Roaming Retry feature, the old MSC/VLR does not receive the Roaming Retry indicator and can perform call forwarding (CFNRc) as proposed in [1]. 

If the old VMSC/VLR does not support the 2nd SRI with Roaming Retry feature, it will ignore the Roaming Retry indicator, if received. The call may again be forwarded (CFNRc) as proposed in [1].

Note that the 2nd SRI with Roaming Retry feature is independent of whether the proposal [1] is endorsed or not by 3GPP CT4.
Interactions with other features 
- with SOR : the 2nd SRI with Roaming Retry feature shall be completely independent of the SOR feature. Upon receipt of a RCH feature w/o the Roaming Retry indicator, the GMSC applies the standard SOR treatments. Upon receipt of RCH with the Roaming Retry feature, the GSMC behaves as described in this contribution.
Note that the triggers in VMSC to send the RCH are different between SOR and the 2nd SRI with Roaming Retry feature : RCH for SOR is triggered due to CF, whereas RCH for the 2nd SRI with Roaming Retry feature is triggered due to Cancel Location (or the absence of subscriber data).

- with Super-charger : The old MSC/VLR marks the subscriber data “detached” upon receipt of MAP Send Identification. When IAM (MSRN) is received, the old MSC/VLR triggers the RCH. When the 2nd SRI is received, if HLR has not received MAP Update Location, HLR sends PRN to the old MSC/VLR. In this case, the old MSC/VLR returns PRN nack (purged MS or absent subscriber).
- If the location update is via Gs interface with SGSN, the (new) MSC/VLR shall initiate paging after the location update has been completed. 

- VT-CSI control by SCP to the old MSC, if existing, shall be released since the network will try to reach the subscriber via the new VMSC. 
- After the VLR restarts, the subscriber data may be lost. Upon the receipt of the IAM with MSRN, the VMSC may send a RCH to GMSC with the roaming retry indicator. Upon receipt of the 2nd MAP SRI from GMSC, the HLR sends PRN to the same VLR. VLR performs the MAP Restore Data procedure.
Conclusion 

Alcatel proposes to specify the solution described in this contribution in 3GPP Rel-7. If the proposal is agreeable by CT4, Alcatel will submit the corresponding CRs at the next CT4 meeting.
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