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Introduction
This paper provides an analysis of potential solutions for implementation of parallel signalling transport required for ICS UEs to help reach a decision on the selection of a particular transport mechanism for specification of ICS.
Discussion
Studies conducted as part of Rel-07 VCC work item have determined that a parallel signalling channel is required between the UE and IMS for enablement of ICS.
Two options for enablement of parallel signalling on ICS capable UEs along with a high level analysis are provided below:

PS signalling transport

This solution option reuses standard SIP session setup procedures defined for IMS with a difference that CS media is used for voice bearers. The solution has the following strengths:

· Reuses standard IMS session setup procedures from UE.
· Keeps the SIP session control centralized in the UE with minimum logic in the network element combining of the CS bearers with the SIP sessions. Allows for exclusive control of the services in the UE irrespective of the underlying access network.

· Domain Transfers can be achieved with a simple switch of the bearer transport without impacting the session/service control.

· When using CS access, the SIP signalling is communicated between the UE and the CSCF in the same manner as for standard IMS sessions established over PS access. This allows for dynamic service creation by simply upgrading the client without impacting network elements.

· Allows for seamless integration with other IMS services such as Presence when using CS access.

· Provides full multi-media capabilities when using CS access.

The solution has the following restrictions/limitations:

· Requires GPRS EDGE with DTM or UMTS networks. An alternate solution is required for full ICS support over GSM CS networks without the DTM capability.
· May require simultaneous handover of both CS and PS bearer 
· May result in complex procedures for handover of voice sessions from networks capable of PS transport of parallel signalling to networks capable only of CS transport of the parallel signalling.  
· Increased resource usage over the radio for setting up a full-duplex speech session; besides using standard resources for setting up a CS call, PS resources are also used in parallel.  
· Convergence with 3GPP2 is not possible because CDMA lacks such a capability.
CS signalling transport

This solution option uses standard CS signalling transport mechanisms for use with ICS parallel signalling. USSD and SMS have been suggested as two potential options to carry the ICS control signalling protocol..

USSD transport

Below are some of the strengths of the USSD transport option:
· Provides control of IMS-based bi-directional speech related services (semantics may be closely equivalent to that of SIP). 

· Allows for integration with other IMS services such as Presence when using CS access when PS access is available. 
· Allows for multi-media capabilities when using CS access depending on CS and PS access capabilities
USSD transport when compared to PS transport option

· Provides singular solution for all GSM/UMTS CS access networks with an ICS enabled UE
· The signalling bearer carrying the CS control is used also to carry the IMS control signalling, i.e., no additional bearer needed, no additional impact from handover.
USSD transport when compared to SMS

· Reuses the USSD framework for service invocation, reducing standardization and development cost, hence enabling faster time to market.

· USSD allows for a dialogue to be maintained over a period of time allowing for control of a call using a single transport layer transaction – completely aligned with the current call control signalling transport mechanisms.

· Allows for efficient payload packaging using binary encoding.

Below are some restrictions/limitations of the USSD transport option:
USSD transport when compared to PS transport option

· Requires definition of a new protocol for session control signalling. 
· Requires greater intelligence in the network element emulating the UA behaviour for control of SIP sessions towards IMS.

· Some more advanced signalling options may not be applicable due to bandwidth constraints for USSD. 
· New service creation may require enhancements to ICS specific network functions.
USSD transport when compared to SMS

· Convergence with 3GPP2 is not possible because CDMA lacks such a capability.

SMS transport

Below are some of the strengths of the SMS transport option:

· Allows for singular solution for all GSM/UMTS CS access networks with an ICS enabled UE.

· Allows for convergence with 3GPP2.
Below are some restrictions/limitations of the SMS transport option:

· A lower priority Service Access Point (SAPI), SAPI 3 is used for SMS as opposed to SAPI 0 assigned for call control signalling. Special radio resource procedures specifically defined for SAPI 0, for example, guarantee against message loss or message duplication on dedicated channel establishment for Handovers do not apply to SAPI-3. Refer to 3GPP TS 44.006 Data Link Specification, 44.018 Radio Resource Protocol & 25.413 UTRAN Iu RANAP Signalling for details on differences in handling of SAPI 0 and SAPI 3 at the Radio Resource and Data Link Layers.

· Handovers of SMS between GSM and UMTS networks are not required by TS 22.129 Handover Requirements between UTRAN and GERAN or other Radio Systems, hence not specified.

· Requires SMS enhancements for communication of real time payload as SMS uses a Store/Forward transport, not desirable for real time communication.

· Requires definition of a new protocol for session control signalling. This is shared with the USSD transport option.

· Limited payload size limits the service capabilities when using CS access – may result in disparate user service behaviour in some cases. This is shared with the USSD transport option.

· New service creation may require potential enhancements to some ICS specific network elements. This is shared with the USSD transport option.

· Requires enhancements to SMS transaction management as SMS only allows for connection-less guaranteed message delivery which restricts delivery of Application payload to one call control message per transport layer transaction – requiring a transport layer transaction open/close sequence for each call control message exchanged between the UE and the network. For example, a set of two SMS messages is required for communication of an INVITE between the UE and the network using a transport layer transaction and another set of two SMS messages is required for communication of the 200 OK sent in response to this INVITE using a different transport layer transaction. This is repeated for each call related command/response exchanged between the UE and the network. This increases complexity in management and coordination of messages associated with a single user session in addition to increasing the network signalling load.

· Binary SMS has been just recently introduced with most current CS systems supporting just the text based encoding – this poses some limitations to the payload encoding.

Conclusion 
As evident from this analysis, the PS transport option allows for maximum alignment with IMS; however, this solution is only available in UMTS networks or GSM EDGE networks with DTM capability and thus has some limitations when compared with the USSD transport option. 
SMS based CS transport mechanism is not recommended due to technical issues identified in this paper.
USSD based CS transport mechanism is a viable option, available in all access networks but has some limitations when compared with the PS transport. 
The following solution combinations are possible:
Solution Set 1: Use of PS transport and USSD as determined by service provider/network operator policy and network capabilities.
Solution Set 2: Use of PS transport for UMTS and GSM EDGE networks with DTM; use of USSD for networks which are not capable of PS transport mechanisms. 
Solution Set 3: Use of USSD in the initial release; use of PS transport as an add-on capability in a subsequent release.

Solution Set 4: Use of PS transport for UMTS and GSM EDGE networks with DTM; use of CS network enhancements for non ICS UEs as fallback.
We recommend further study of Solution Set 1 as the best way forward for transport of parallel signalling for ICS as it provides service providers/network operators with maximum flexibility in implementation and deployment of ICS.
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