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1.
Introduction

This paper presents a solution for Supplementary Service support with CS-IMS Voice Continuity Service (CIVCS). It proposes text for inclusion in sections 6.x.3 and 6.x.7 of TR 23.806.

Please refer to the companion papers (see [1], [2], [3], [4], [5]) for architectural details on CIVCS.

Note: The term “Handover” is used throughout this document to designate the domain change. This term should be replaced when a more appropriate term becomes available.
2.
Discussions

6.x.3 Registration

The UE and CIVCS subscribe to each other for the Mobility Event package (ref [6]) upon UE Registration with IMS to enable exchange of session information that is necessary to perform Inter domain Voice Call Continuity for a CS IMS user engaged in multiple sessions. 

Figure 1 below describes a sequence for UE Registration with IMS to enable Voice Call Continuity using CIVCS. 
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Figure 1: IMS Registration to enable CIVCS-UE information exchange
· The filter criteria set for the CS IMS user on Subscribe with Mobility Event directs the Subscribe for Mobility Event initiated by the UE post IMS Registration to the CIVCS AS assigned to the registered user.

· The CIVCS AS replies with a 200 OK and a Notify followed by a Subscribe for the Mobility Event toward the UE.

· The UE responds with a Notify consisting of all user identities available at the UE along with any other information that may be required by CIVCS for execution of session anchoring and enablement of Voice Call Continuity procedures.

6.x.7 Supplementary Service support


6.x.7.1 Voice Call Continuity for Multi-Session calls

CIVCS uses the Mobility Event package to communicate with the UE, session specific information that is required to perform handover of a CS-IMS user when the user is involved in multiple sessions. 

All CS calls and IMS sessions for a CS-IMS user are anchored at CIVCS via 3pcc Routing B2BUA function using static anchoring or dynamic anchoring techniques discussed in companion papers (ref [3], [4], [5]). Upon successful allocation of a B2BUA agent function for a particular user session, CIVCS assigns it a unique identifier along with and a SIP URI that is used to uniquely identify the session when requesting its handover to IMS or a unique CS Handover ID that can be used to uniquely identify the session when requesting its handover to CS. Notify’s with Mobility Event package are used to communicate this information to the UE upon session anchoring. 

In the event that the CS IMS user is not registered with IMS when making a CS call, the session identifiers cannot be communicated to the UE upon CS call anchoring at CIVCS. Connected party address is used to enable Handovers for such calls. It should be noted that CLIP Override and COLP override subscription is required to ensure that the connected party address is available at the UE to enable Handover in these conditions.

The fundamental principle of transferring the call control protocol state machine from the handing-out domain to the handing-in domain discussed for single sessions in a companion paper (ref[1]) is applied to transfer multiple session between CS and IMS to provide Voice Continuity across CS and IMS with multiple sessions.

6.x.7.1.1 Multi-Session services support with Static Anchoring 
6.x.7.1.1.1 Anchoring of IMS Held and Active sessions at CIVCS

Figures 2 & 3 below provides a walkthrough of a scenario in which CS IMS originates an IMS session to the other end A, holds the session toward other end A, and originates a session toward the other end B.
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Figure 2: IMS session toward other end – A
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Figure 3: Hold A and originate an IMS session toward other end - B 

· As part of IMS registration, CIVCS and the UE subscribe to each other for the Mobility Event package.

· Upon successful execution of a Routing B2BUA function for IMS session to the other end A at CIVCS (ref []), CIVCS assigns a unique call reference identifier to the session for identification of the session between the UE and CIVCS in subsequent dialogue. It also assigns a unique identifier which can be used for Handover of this session to CS Domain. The CS Handover identifier can be created by either assigning a unique routing number for the session or assigning a string of digits that can be appended to CIVCS DN when requesting Handover, the later is recommended due to the operational overhead associated with assignment of unique routing numbers for each active session. These new identifiers are communicated to the UE via a Notify with Mobility Event package.

· The CS IMS puts session toward the other end A on hold and originates a new session towards the other end B. 

· Upon successful execution of a Routing B2BUA function for IMS session to the other end B at CIVCS, CIVCS assigns a unique call reference identifier to the session for identification of the session between the UE and CIVCS in subsequent dialogue. It also assigns a unique identifier which can be used for Handover of this session to CS Domain.  These new identifiers are communicated to the UE via a Notify with Mobility Event package.

6.x.7.1.1.2 IMS to CS Handover of IMS Held and Active sessions

Figure 4 below provides a walkthrough of Handover of IMS Held and Active sessions established as described in previous section.
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Figure 4: Handover of IMS Held and Active sessions
· Upon detection of border conditions, the UE updates CIVCS with the current session state information to be used during the Handover procedure. Session Hold, Active states are passed to CIVCS in a Notify with Mobility Event package. The UE uses the session call reference identifiers exchanged during anchoring of IMS sessions to identify individual IMS sessions to CIVCS.

It should be noted that this message exchange can be avoided if CIVCS maintains the session states for the all anchored sessions as it acts a B2BUA agent. This will also eliminate certain race conditions associated with information transfer via additional messaging.

· The UE performs handover of the held IMS leg to CS using IMS to CS Handover procedures described in a companion paper (ref [1]). CIVCS ensures that the held status is maintained at the other end A when transferring the CS IMS user from IMS to CS.

· The UE holds the CS Handover leg for A’s session at the MSC to re-establish the Handover state machine at the MSC. The UE sends a Notify to CIVCS informing it of the execution of Hold service in CS Domain so that the media for the other end A can be resumed in IMS. It should be noted that the WLAN coverage may drop anytime after invocation of Handover procedures. CIVCS ensures that the other end A’s held status is resumed after release of associated IMS leg for the handing-out user in the event of a timer expiry for the Notify indicating CS Hold.

· The UE subsequently performs handover of the Active session to the other B to CS using IMS to CS Handover procedures described in a companion paper (ref [1]). 

· The bearer path interruption caused by transfer of Held/Active sessions is the same as the bearer path interruption of transfer of a single session as the media path is affected only when transferring the Active session.

· The order of Held and Active session needs to be maintained when transitioning between domains to ensure replication of the original service state machine in the handing-in domain.

6.x.7.1.1.3
Anchoring of CS Held and Active sessions at CIVCS with active IMS Registration

Figure 5 below provides a walkthrough of a scenario in which CS IMS originates an IMS session to the other end A, holds the session toward other end A, and originates a session toward the other end B. It’s assumed that the CS-IMS user has active IMS Registration at the time it establishes the CS calls for this walkthrough.
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Figure 5: Anchoring of CS Held and Active sessions at CIVCS

· As part of IMS registration, CIVCS and the UE subscribe to each other for the Mobility Event package.

· Upon successful execution of a Routing B2BUA function for CS session to the other end A at CIVCS, CIVCS assigns a unique call reference identifier to the session for identification of the session between the UE and CIVCS in subsequent dialogue. It also assigns a SIP URI which can be used for Handover of this session to IMS. These new identifiers are communicated to the UE via a Notify with Mobility Event package.

· The CS IMS puts session toward the other end A on hold and originates a new CS session towards the other end B. 

· Upon successful execution of a Routing B2BUA function for session to the other end B at CIVCS, CIVCS assigns a unique call reference identifier to the session for identification of the session between the UE and CIVCS in subsequent dialogue. It also assigns a SIP URI which can be used for Handover of this session to CS Domain.  These new identifiers are communicated to the UE via a Notify with Mobility Event package.

6.x.7.1.1.4 CS to IMS Handover of CS Held and Active sessions; IMS active at the time of CS Anchoring

Figure 6 below provides a walkthrough of Handover of CS Held and Active sessions established as described in previous section.
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Figure 6: CS to IMS Handover of Held and Active sessions; IMS active at CS anchoring
· Upon detection of border conditions, the UE updates CIVCS with the current session state information to be used during the Handover procedure. Session Hold, Active states are passed to CIVCS in a Notify with Mobility Event package. The UE uses the session call reference identifiers exchanged during anchoring of CS sessions to identify individual CS sessions to CIVCS.

· The UE performs handover of the held CS leg to IMS using CS to IMS Handover procedures described in a companion paper (ref [1]). CIVCS ensures that the held status is maintained at the other end A when transferring the CS IMS user from IMS to CS.

· The UE subsequently performs handover of the Active session to the other B to IMS using CS to IMS Handover procedures described in a companion paper (ref [1]). 

· The bearer path interruption caused by transfer of Held/Active sessions is the same as the bearer path interruption of transfer of a single session as the media path is affected only when transferring the Active session.

· The order of Held and Active session needs to be maintained when transitioning between domains to ensure replication of the original service state machine in the handing-in domain.

6.x.7.1.1.5
Anchoring of CS Held and Active sessions at CIVCS without IMS Registration

Figure 7 below provides a walkthrough of a scenario in which CS IMS originates an IMS session to the other end A, holds the session toward other end A, and originates a session toward the other end B. It’s assumed that the CS-IMS user is not registered in IMS at the time it establishes the CS calls.
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Figure 7: Anchoring of CS Held and Active sessions at CIVCS
· Since the user is not registered in IMS, exchange of session identifier is not possible with the UE. However, CIVCS assigns and maintains these session identifiers for communication to the UE upon subsequent IMS Registration.

· The rest of the procedure is similar to the procedure described for CS session anchoring with IMS Registration.

6.x.7.1.1.6 CS to IMS Handover of CS Held and Active sessions; IMS not active at the time of CS Anchoring

Figure 8 below provides a walkthrough of Handover of CS Held and Active sessions established as described in previous section.
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Figure 8: CS to IMS Handover of Held and Active sessions; IMS not active at CS anchoring
· Upon detection of border conditions, the UE performs IMS Registration and updates CIVCS with the current session state information to be used during the Handover procedure. Session Hold, Active states are passed to CIVCS in a Notify with Mobility Event package. Since the session anchor reference could not be communicated to the UE upon CS anchoring as the IMS Registration was not active at the time of anchoring of CS sessions, the UE uses the connected party addresses to identify individual CS sessions to CIVCS.

· CIVCS communicates SIP URIs to be used for Handover to IMS for individual sessions using connected address to identify individual CS sessions to the UE.

· The rest of the procedure is same as described in CS to IMS Handover of Held/Active sessions with IMS Registration.

6.x.7.2
Voice Call Continuity for MPTY service

A MPTY service can be transferred across domains to maintain Voice Call Continuity using the same principles as applied to Held/Active sessions in previous sections. The UE establishes all the sessions in the handing-in domain, followed by establishment of conference bridge in the handing-in domain, subsequently followed by release of the conference bridge and associated legs in the handing-out domain. 

The bearer path interruption for the transfer of MPTY service could be larger than the bearer path interruption caused by transferring Held/Active sessions. Therefore, it’s recommended that the UE informs the user via the MMI procedures that Handover of MPTY service is in progress. 

Loss of coverage in the handing-out domain before completion Handover procedure is not a concern as the Handover procedure in the handing-in domain continues without assistance from the Handing-out domain once the first set of Notify’s has been exchanged between the UE and CIVCS for exchange of information required to successfully perform Handover.

6.x.7.3
Supplementary Service Implementation Options in the IMS Domain

In the IMS domain, the UE may control the invocation of supplementary services directly.  Alternatively, services may be managed by a Services Application Server (AS).  The discussion of the handover procedures discussed in previous sections show the expected type of interactions needed when the UE controls services directly. When services are managed by a Services AS, the interactions are the same in principle in that the UE participates in the handover procedure.  In addition, the UE may need to inform the Services AS of the procedure.  

Conferencing is an example service that may be managed by a Services AS that controls multi-port conference bridges.  In the case of one session between the UE and the conference bridge controlled by the Services AS, the handover procedure will handover the between the CS and IMS domains.  The Services AS may not need to be informed of the handover.  

6.x.7.4
Supplementary Service Impact summary

Table 1: Supplementary Service Impact of CIVCS provides preliminary impact statements for commonly used supplementary services.

	Supplementary Service
	Impact statement

	Home Network Call Forwarding  (CFU, CFNRc-HLR detached)
	CIVCS prevents unnecessary anchoring of the call by examining user’s Call forwarding profile provided by the HSS.

	Visited Network Call Forwarding (CFB, CFNRy, CFNRc-VLR detached)
	Call forwarding leg may be unnecessarily anchored as CIVCS is unaware of user’s availability.

	Incoming Call Barring 
	No impact. 

	Outgoing Call Barring
	Handover cannot be executed if certain flavours of outgoing call barring are enabled for the users.

	Calling Line ID Presentation (CLIP)
	CIVCS ensures delivery of the originating party’s CLIP information to the CS-IMS user when CS incoming calls are anchored via CIVCS. CLIP presentation for target leg to be blocked by CIVCS with appropriate use of screening indicators. Interactions with CLIP Override are for further study.

	Connected Line Identity Presentation (COLP)
	CIVCS ensures delivery of the actual connected party’s COLP information to the CS-IMS user when CS originating calls are anchored via CIVCS. COLP presentation to the user is required to be blocked for the target leg, preferably at UE.

	Closed User Group
	CIVCS PSI is required to be included in subscriber's Closed User Group profile.

	Call Hold/Retrieve
	No impact.

	Call Wait
	No impact.

	Multi-party
	Transfer of Multi-party service is possible as long as the handing-in domain supports it. For example, it will not be possible to transfer an ad hoc IMS conference to CS with more than 6 parties.

	Explicit Call Transfer
	No impact.

	Optimal Routing
	Optimal routing for basic mobile to mobile calls to be disabled for CS-IMS users.


Table 1: Supplementary Service Impact of CIVCS

6.x.7.4.1
TISPAN’s recommendation for Mandatory, Recommended, and Optional Supplementary Services in the IMS Domain
TISPAN has recommended a set of basic PSTN/ISDN simulation services for Release 1 being defined in DTS TISPAN-01002-NGN. TISPAN has grouped the recommended services into three categories.

· Mandatory (regulatory requirements involved)

· Strictly recommended (should be provided)

· Optional 
TISPAN has defined the following set of features as mandatory:

· Orig ID Presentation
· Orig ID Restriction

· Term ID Presentation

· Term ID Restriction

· Malicious Call ID

· Anonymous Call Rejection
Handover has no impact upon the operation of the mandatory features in IMS.  Originating ID Restriction applies between users and does not apply between the UE and the CIVCS AS.  

TISPAN has defined the following set of features as recommended:

· Communication Diversion
· Communication Waiting

· Communication Hold

· Communication Barring

· Completion of Communications to Busy Subscriber

· Follow Me

· Message Waiting Indicator
Of the recommended features, handover impacts Communications Diversion, Communication Waiting, Communication Hold, and Communications Barring as indicated in the previous table as Call Forwarding, Call Waiting, Call Hold, and Outgoing Call Barring, respectively.

The following features are considered as optional by TISPAN:

· Conference
· AoC

· CUG

· Fixed Destination Communication

· Inhibition of Incoming Forwarded Communications

· DDI

· ECT

· Trunk Hunting
Of the optional features, handover impacts Conference, Closed User Group, and Explicit Call Transfer as indicated in the previous table.  Fixed Destination Communication will be impacted in the same way as Closed User Group is impacted in that the CIVCS PSI must be an allowed Fixed Destination.

3.
Benefits and drawbacks

The benefits of this proposal include:

· Approach consistent with the basic principle used for CIVCS that releases the call control PSM in handing-out domain and establishes a new PSM in handing-in domain.

· The transfer is seamless to the user as the user can continue to control the supplementary services after the Handover.

· Converged services that are supported by both the CS domain and the IMS domain are supported during the handover procedures.  Converged services are those that are available for GSM/UMTS and are recommended by TISPAN for operation in the IMS domain for Release 1.

The drawbacks of this proposal include:

· Handover setup time is proportionate to the number of sessions being transferred as the transfer happens serially. However, it should be noted that speech interruption is caused only during transfer of the Active session(s); and the Handover procedure continues successfully even if coverage is lost in Handing-out domain during the Handover execution.

4.
Conclusion and Proposal

Agree for inclusion of the proposed text in Section 6.x of this document in the appropriate section of the baseline TR 23.806.
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