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Abstract of the contribution: This paper provides an analysis of the use of the IMSC for ICS UEs and recommends a way forward. 

Analysis

The IMSC may or may not apply ICS procedures toward an ICS UE. The role of the IMSC for ICS UE is analysed below:
1. IMSC acts as a standard VMSC to the ICS UE

When the IMSC applies standard VMSC procedures to the ICS UE, the following limitations apply:

· IMS Registration via CS not possible for I1-cs; ICS UE required to register in IMS as soon as it detects PS coverage.

· Bearer Control Signalling Path established via a MGCF in home IMS.

· TDM backhaul to a MGW in home IMS for the bearer.

· I1-cs incurs signalling inefficiencies due to HLR hop.

2. IMSC uses ICS functions for ICS UE

The following possibilities exist for an IMSC to apply ICS capabilities to ICS UE: 

2.1 IMSC role for I1-ps

When using the IMSC for I1-ps, the Bearer Control Signalling Path is established using SIP at the IMSC obviating the need for ISUP transit and TDM backhaul to home IMS. 

As already concluded in 7.3.1.1 Conclusion on the use of I1-ps to initiate the first ICS UE session of the TR: “To always use SIP with I1-ps in conjunction with 3GPP TS 24.008 signaling”; the ICS UE always uses the PSI DN in 24.008 Setup message (or in other words, it never uses party B’s number) to establish the Bearer Control Signaling Path when using I1-ps. 

The Bearer Control Signalling Path can be established by the IMSC using two different alternatives as analysed below:

2.1.1 Use of UE origination procedure

The IMSC uses procedures similar to the non ICS UE procedure and initiate a UE originating session addressing the PSI toward home IMS.
This alternative unnecessarily requires IMS registration and incurs associated complexities for the setup of Bearer Control Signalling Path. Furthermore, IMS Registration should only be performed for the UE leg on which it’s expected to receive services; for I1-ps, this is the leg established via the Gm interface.

2.1.2 Use of PSI termination procedure
The IMSC uses PSI termination procedure to establish a terminating session toward ICCF; this aligns with the use PSI for Bearer Control Signalling Path when using standard VMSC and obviates the need for spurious registration as associated with use of UE origination procedure.
2.2 IMSC role for I1-cs
The following applies when using the IMSC for I1-cs:

2.2.1 Bearer Control Signalling Path

· The Bearer Control Signalling Path is established using SIP at the IMSC obviating the need for ISUP transit and TDM backhaul to home IMS. 

· When the ICS UE uses B party number to establish the Bearer Control Signalling Path, CAMEL is not required at the IMSC for rerouting of sessions to IMS. 

The Bearer Control Signalling Path can be established by the IMSC using two different alternatives as analysed below:

2.2.1.1 Use of UE origination procedure

The IMSC uses procedures similar to the non ICS UE procedures to register the ICS UE in IMS and initiate a UE originating session addressing the B party number toward home IMS; the ICCF is inserted in the session path using originating iFC. 

2.2.1.2 Use of PSI termination procedure

The IMSC uses PSI termination procedure to establish a session with the ICCF; this aligns with the use PSI for Bearer Control Signalling Path when using standard VMSC but the following apply when using this approach:

· When the UE uses party B’s number to setup the call, the PSI for routing to the ICCF has to be derived at the IMSC, e.g. with use of CAMEL to request the IMRN.

· IMS Registration via CS is not required.

2.2.2 Session Control Signalling Path

The following possibilities exist for handling of I1-cs at the IMSC.
2.2.2.1 Transparent I1-cs: USSD delivery to the HLR
The IMSC behaves as a standard VMSC for USSD processing. The following limitations apply for this mode of the IMSC:

· I1-cs incurs signalling inefficiencies due to HLR hop.

2.2.2.2 Transparent I1-cs: USSD delivery to the ICCF
The IMSC delivers USSD directly to the ICCF, skipping the HLR hop. The Session Control Signalling Path, however, remains transparent to the IMSC, i.e. the IMSC does not interwork the ICCP with SIP, it simply forwards the USSD signalling to the ICCF for further processing. 
2.2.2.3 Non transparent I1-cs
The IMSC registers the ICS UE in IMS, and sets up the Session Control Path by presentation of UE behaviour toward home IMS. The I1-cs terminates at the IMSC; i.e. the IMSC processes the ICCP and interworks it with SIP for service control. 

Although this approach may seem attractive to service providers with an IMSC, it poses some issues with new service introduction in that IMSC upgrades are required every time a new service is introduced. Similar issues exist with implementation of non standardized services, specially in roaming environments; for example service provider A’s service may not be available on another service provider V’s IMSC. 


Conclusions

The following conclusions can be drawn from this analysis:

1. An IMSC significantly improves the ICS UE solution.

2. The following conclusions apply for I1-ps:

a. The IMSC provides efficiencies in setting up of Bearer Control Signalling Path. 

b. PSI termination method of Bearer Control Signalling Path provides the necessary improvement without incurring additional complexity for the handling of spurious registration as required by the UE origination method. However, the IMSC logic is greatly simplified if non ICS UE procedures are used for set up of ICS UE session as well. Either way, the home network has ultimate control over accepting IMS registration from the IMSC, and may reject a registration request if it detects any duplication or other errors.
3. The following conclusions apply for I1-cs:

a. The IMSC provides efficiencies in setting up of Bearer Control Signalling Path. 

b. When using the PSI termination method for setup of Bearer Control Signalling Path, an additional step is required to derive the ICCF PSI at the IMSC, such as CAMEL query or some other method when the UE dials the B party’s number. The UE origination method on the other hand obviates the need for ICCF PSI discovery at the IMSC and also resolves the outstanding issue of IMS Registration via CS access when using I1-cs; note that IMS registration via CS enables distinct service sets for registered and unregistered iFCs. Furthermore, the use of UE origination simplifies the IMSC logic as same procedures may be applied for ICS UE and non ICS UE sessions.
c. “Transparent I1-cs: USSD delivery to ICCF” seems most optimal for Session Control Signalling, as it provides signalling efficiencies while allowing service providers to introduce new and/or non standardized services without requiring core network upgrades and/or relying on visited network capabilities.
Proposal/Recommendation:

Add the following text in TR 23.892, Section 7.5
*** begin new text  ***
7.5
Conclusion on ICS UE receiving home IMS services via an IMSC 
When using an ICS UE, the ICCF in the home IMS network as defined in Section 6.2.2.2 of this document shall provide the ICS control function, with an IMSC providing access to the ICCF. 

The conclusions of this TR that apply to ICS UE (Sections 7.2, 7.3 and 7.4) are applicable when using an IMSC as well as when using CS network not enhanced for non ICS UE.
When using an IMSC, an MGCF in home IMS is not used for setup of the media for ICS UE sessions.
The IMSC applies the same procedures for registration of ICS UE and non ICS UE in IMS. The home IMS network may reject the registration from the IMSC if it does not support this type of registration or if it is able to detect that the ICS UE has been previously registered via PS access.
If the registration performed by the IMSC is successful, it applies the non ICS UE procedures for session setup to establish the media for the ICS UE sessions; if the registration is not successful, it applies the PSI termination procedure to establish the media for the ICS UE sessions.   
I1-cs signalling optimizations shall be possible with delivery of the USSD signalling to the ICCF by the IMSC, bypassing the HSS hop. This may be subject to operator policy and inter-operator agreements for support of roaming.
*** end new text  ***
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