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Introduction
This paper provides a high level analysis of the various architecture solutions documented in TR 23.892 and recommends a necessary subset for further consideration. 
Analysis
TR 23.892 currently documents quite a few architecture solutions as different alternatives, but not all of them completely address all the service requirements identified in SA1 discussions. An analysis of all the architecture alternatives against the service requirements is provided here to help eliminate redundancies and to focus on further development of solutions which are deemed necessary for the fulfilment of the service requirements.

The following figure provides a high level view of the various ICS architecture alternatives currently documented in the TR.
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1 Solutions for ICS UEs
Although it may be possible to enable IMS services for non ICS UEs when using CS access through CS core network enhancements, it has been established by the studies conducted under this work item that UE enhancements are required to satisfy the requirements of Service Consistency and Service Continuity for UEs capable of receiving services via PS and CS access as highlighted below:

1. Service Consistency: UE enhancements are required to enable services which are not otherwise possible due to CS network or UE restrictions. For example, it is not possible to support more than two voice sessions simultaneously; or to support calls to/from non IMS SIP devices, specifically the ones addressable only using SIP address; or to support conferencing of more than 6 parties, when using the CS access without UE enhancements, although these services are available to the UE using the PS access.
2. Service Continuity: UE enhancements are required to enable continuity of multiple sessions; it is not possible to support this function without UE enhancements.

Several architecture alternatives have been documented for ICS UEs as summarized below.
1.1 ICS UE solution alternative categorization based on ICCC transport 
ICS UE solutions are categorized based on the transport used for ICCC as summarized below. Standardization of both of these alternatives is required to satisfy the SA1 requirement for support of Scenario B and Scenario C.

1. I1-cs (Scenario B)

USSD is used as transport mechanism for ICCC in this solution alternative. Session control signalling, either in the form of functional or stimulus signalling, is encapsulated in USSD for communication between the ICS UE and ICCF.

2. I1-ps (Scenario C)

SIP over PS bearers is used as transport mechanism for ICCC in this solution alternative. Standard IMS procedures are used for establishment of IMS sessions with an exception that CS bearers are used as voice media. The CS bearer is established using a standard CS call established between the ICS UE and the ICCF. The ICCF, inserted in the IMS session path thru iFC execution, combines the IMS session with the CS bearer.
1.2 ICS UE solution alternative categorization based on physical implementation 
Two different physical implementations models have been suggested for the ICS UE solutions. It is expected that only one of these alternatives will be recommended for standardization as suggested by the conclusion of the ICS TR.
1. SIP Application Server

In this alternative, the ICCF is implemented on a SIP Application Server with ISC interface to the CSCF. Registration, originations and termination procedures are executed on the ISC interface for calls established using CS access. The SIP AS alternative supports the I1-cs (Scenario B) and the I1-ps (Scenario C).
2. IMS Adaptor with an Mw and ISC interface

IMS Adaptor was originally introduced as a solution for enabling IMS Registrations via CS access using a P-CSCF emulation; an ISC was added later to allow for reuse of PSI routing for establishment of Bearer Signalling Session. Procedures for registration, originations, terminations are executed on an Mw-like reference point.

Note that it has not been established how Mw and ISC can be provided by the same network element; this alternative seems to require definition of a new IMS entity which is a combination of a P-CSCF and a SIP AS.  

The IMS Adaptor alternative supports I1-cs (Scenario B) but it does not support the I1-ps (Scenario C).
1.3 ICS UE solution alternative categorization based on use of call control  
ICS UE solutions can also be categorized based on the type of call control used for IMS sessions established using CS voice bearers. Both of these alternatives apply to the alternatives provided under the two categorizations discussed above. 

It is expected that either one or both of these alternatives will be recommended for standardization as suggested by the conclusion of the ICS TR.

1. Use of ICCC for call control

For IMS sessions established with CS voice bearers, the ICCC is used for communication of session control signalling and enablement of SIP UA behaviour at the RUA for all user sessions. The CS call control is used only to set up the CS call leg needed to setup the voice bearer between the ICS UE and IMS. Use of ICCC for control of all user sessions enables exclusive service control in IMS.
2. Use of CS call control for initial session; use of ICCC for mid call services and subsequent sessions

For IMS sessions established with CS voice bearers, standard CS call control is used to establish the first user session with the use of CAMEL triggers to redirect CS calls to IMS.  ICCC is used for control of mid call services on the first session and for establishment of subsequent user sessions. Use of standard CS procedures for first user session provides signalling efficiencies especially for sessions which do not involve mid-call services.

Since CS call control is used for set up of the first session, this alternative is limited in its service capabilities in that some supplementary services are to be provided by CS domain or with assistance from the CS domain; this alternative requires some IMS and CS network enhancements for service data synchronization between IMS and CS domain due to this reason.

Note: Further studies are required to establish support of this alternative by the IMS Adaptor alternative as the ICCF based on the IMS Adaptor cannot be inserted in the path of sessions established via PS access, a requirement for service continuity, as the SIP/SDP is maintained by the ICCF in this alternative. 
2 Solutions for non ICS UE
The following alternatives have been suggested to enable ICS for non ICS UE. 

1. CAMEL approach

Standard CS call control is used to establish the user session with the use of CAMEL triggers to redirect CS calls to IMS.

Since CS call control is used for call set up, this alternative is limited in its service capabilities in that some supplementary services are to be provided by CS domain or with assistance from the CS domain..

2. L-CAAF-n approach

An L-CAAF-n associated with the VMSC provides the interworking required to enable the IMS service set for non ICS UEs as restricted by the UE capabilities. 

Service consistency across CS and PS access for services restricted due to the UE limitations is not possible. Service continuity with multiple sessions is not possible.
Conclusions
The following conclusions can be drawn from this analysis:

The following consensus conclusions can be drawn from this analysis:

 

1. Different solution architectures are required to enable ICS for ICS UE and non-ICS UE.

2. For an ICS UE solution, IMS Adaptor supports Il-cs Scenario B.

3. For an ICS UE solution, SIP AS supports both Scenario B and Scenario C.
4. A conclusion on the use of “Use of ICCC for call control” or “Use of CS call control for initial session; use of ICCC for mid call services and subsequent sessions” is FFS.

5. For non-ICS UE solution, further study is required to assess and compare the infrastructure impact against the supported capabilities for the identified alternatives.
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