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Abstract of the contribution: Clarifies the relationship the behaviour of ICS UE in a domain that only alternative voice mechanism such as  CS fallback or CSoPS can be used to provide voice services.

1. Introduction


In EPS as par of rel.8 EPS and due to demands for different deployment scenarios in next generation networks, different “alternative voice delivery mechanisms” have been defined and co-exist as part of the 3GPP standards. These include:

· VoIP with CSoPS: voice frames are delivered using PS transport for the delivery voice frames and CS signalling tunnelled to the CS infrastructure encapsulated in IP. 

· CS fallback: which involves steering the UE to CS access in an appropriate CS-capable legacy network (e.g. GSM,UMTS, CDMA2000 1xRTT) when a voice call is about to be made. 

As mentioned above these “alternative voice delivery mechanisms” exist on top of the “default option” which is:

· VoIP with IMS: VoIP delivered using PS access for the delivery of voice frames and IMS SIP for signalling

The combination of ICS and alternative voice delivery mechanisms such CS Fallback and CSoPS  are investigated in this document. 

At the moment there is a generic statement in the CS fallback specification TS 23.272 section 4.5 but no specific interactions have so far been defined in particular with regards to the interaction with ICS handsets and the actions that these need to take when they move in a network domain that supports CS fallback or CSoPS.

In particular the analysis of the following statement in TS 23.272 from the point of view of the ICS UEs:

In special cases when the IMS registered and EPS/IMSI attached UE can not initiate an IMS voice session or SMS (because e.g. IMS voice services are not supported by the serving IP-CAN or UE) CS fallback should be applied for voice calls and/or SMS.

2. Scenario Investigation

The scenario that is analysed is the case of an IMS and ICS capable UE that also supports CS fallback or CSoPS capabilities and roams into a network and an IP-CAN more specifically that supports CS fallback but does not provide the means to perform a VoIP session with the required QoS (e.g. no existence of PCRF roaming).

The basic underline assumptions that apply to all the alternatives are: 

· the UE becomes aware of the fact that VoIP is not possible in the VPLMN (e.g. from the radio capabilities in the particular cell that is attached to)

· it is preferable for the ICS UE to use the CS fallback mechanism in order to perform the voice calls and also it is preferable for the HPLMN to use the CS fallback mechanism to execute the service.

· the MSC or MSC-S used in the VPLMN is enhanced for CS fallback but not necessarily for ICS 

Alternative 1: The ICS UE registers with IMS using Gm indicating CS fallback network capabilities, the network uses ADS to send all incoming voice calls to CS for the UE and the UE uses MO CS fallback or CSoPS procedures for outgoing calls

In this alternative the UE indicates upon IMS registration using Gm that the VPLMN IP-CAN that has attached to is CS fallback capable. This can be for example with the use of a particular feature tag used in the SIP REGISTER request or the indication that audio is not supported in its UA Caps. The SCC AS then uses this information as an input to the ADS and always terminates all the incoming voice calls to CS.  The MSC then uses the normal CS fallback paging procedure in order to deliver the voice call over 2G/3G.
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Figure 1: MT call for alternative 1 and 2
For the MO procedures the UE uses the CS fallback MO procedures in order to perform the call, but the call is routed through the IMS as in the case of ICS UEs using CS for call establishment and a legacy MSC or MSC-S not enhanced for ICS. The MSC in this case using IN mechanisms fetches the UE’s IMRN and routes the request to the UE’s home network IMS.  
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Figure 2: MO call for alternative 1 and 2
When the ICS UE moves over to an IP-CAN that supports VoIP in the VPLMN or it can support CS by default (e.g. HSPA UTRAN) then it can re-register to the IMS indicating this time that audio is supported and/or that CS fallback is not the preferred option.

To summarise the requirements derived from this alternative are:

· The ICS UE indicates to the IMS upon IMS registration that the VPLMN supports CS fallback or CSoPS and/or CS fallback or CSoPS is the preferred option to deliver voice, when in an IP-CAN that can deliver voice with CS fallback os CSoPS but not VoIP

· The S-CSCF informs the SCC AS that the ICS UE is in a IP-CAN where CS fallback or CSoPS is supported

· The SCC AS uses ADS to terminate all voice sessions to CS media for this particular UE, using ICS procedures applicable to non-ICS UEs and legacy MSC or MSC-S

· The ICS UE always uses CS bearers and CS fallback procedures to setup the voice calls as long as it is in an IP-CAN that supports CS fallback or CSoPS

Drawbacks of the alternative:

· The UE needs to register to IMS using “default” bearer of the IP-CAN.

· Requires the definition of a mechanism (e.g. feature tag or use of P-Access-Info header) to indicate CS fallback capabilities to the IMS and as a result the SCC AS

Alternative 2: The ICS UE does not register with IMS when it moves in CS fallback or CSoPS IP-CAN, the ICS procedures for non ICS UEs are followed

In this alternative the ICS UE when it moves to an IP-CAN that supports CS fallback or CSoPS but does not support VoIP, it does not register with IMS (or if it is registered it de-registers) and follows procedures similar to the ones described in ICS TS 23.292 for non-ICS UEs. Effectively in this alternative the voice calls for this UE can still be centralised in the IMS in the HPLMN using the procedures for non-ICS UEs. The MT and MO signalling flows for this alternative are the same as the previous one (alternative1).

When the UE moves to an IP-CAN in the VPLMN that can supports VoIP or can use CS bearers by default (e.g. HSPA UTRAN) then it can re-register to the IMS indicating that audio can be supported and normal ADS procedures to be followed from there on. 

To summarise the requirements derived from this alternative are:

· The ICS UE does not register with IMS for voice services (if it is already registered it de-registers)

· The MSC or MSC-S registers to the IMS and SCC AS on behalf of the UE using I2

· The SCC AS uses ADS to terminate all voice sessions to CS media for this particular UE, using ICS procedures applicable to non-ICS UEs and legacy MSC or MSC-S

· The ICS UE always uses CS bearers and CS fallback procedures to setup the voice calls as long as it is in an IP-CAN that supports CS fallback.

Drawbacks of this alternative:

· The UE cannot use any IMS services in an IP-CAN that supports CS fallback or CSoPS but not VoIP, even though services other than voice may be supported with adequate QoS (e.g. over eUTRAN)

· It is not inline with the “spirit” of section 4.5 of TS 23.272 which indicates that IMS UEs shall primarily use voice using IMS even though they are in an IP-CAN that supports CS fallback

Alternative 3: The ICS UE registers with IMS following normal IMS registration procedures using the Gm, UE-Assisted domain selection mechanisms are used for MT and MO calls for CS fallback.

In this alternative the UE uses Gm over the IP-CAN that supports CS fallback or CSoPS and not VoIP bearers in order register with IMS following the normal registration procedures for an ICS UE. 

For the MO calls the UE always selects the CS media and in respect the CS fallback or CSoPS MO procedures even though it uses the Gm as the signalling to perform the voice calls. An example of MO call for this alternative is shown in Figure 3.
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Figure 3: MO call for alternative 3

As for MT calls the UE assisted ADS mechanisms are used and the UE when in an IP-CAN that supports CS fallback but not VoIP always selects CS media and sets up the voice call following MO procedures for CS fallback. The flow is indicated in Figure 4.
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Figure 4: MT calls for alternative 3
When the UE moves to an IP-CAN in the VPLMN that can supports VoIP or can use CS bearers by default (e.g. HSPA UTRAN) then it can re-register to the IMS indicating that audio can be supported and normal T-ADS procedures to be followed from there on. 

To summarise the requirements derived from this alternative are:

· The ICS UE registers with IMS and SCC AS for voice services using Gm as normal

· The SCC AS uses initial T-ADS to signal the incoming voice calls using Gm

· The ICS UE uses T-ADS to setup the voice call with CS media using MO CS fallback procedures

· The ICS UE always uses Gm in order to signal the outgoing voice call and uses CS media established using MO CS fallback procedures 

Drawbacks of the alternative:

· The UE needs to register to IMS using “default” bearer of the IP-CAN.

5. Conclusions

Given that in rel.9 a new alternative voice delivery mechanism might be available and this problem is applicable to both CS fallback and CSoPS we propose that a solution to this problem is provided in rel.9. 

In that respect we propose: 

· To document  the case that CS fallback or CSoPS has to be used as the CS bearer mechanism in order for the ICS UE to establish voice calls and the relevant signalling flows to be documented in the ICS TR for rel.9 23.883

· it has to be clarified how the statement in rel.8 version of TS 23.272 section 4.5 for simultaneous use of CS fallback and IMS will be qualified in rel.8 

>>>>Start Changes<<<<
X. References
[x1]
3GPP TS 23.228, “IP Multimedia Subsystem (IMS); Stage 2"
[x2]
3GPP TS 23.292, “IP Multimedia Subsystem (IMS) Centralised Services; Stage 2”
>>>>Next Change<<<<
X.X
Use of ICS with alternative voice delivery mechanisms

In EPS as par of rel.8 for different deployment scenarios in next generation networks, different “alternative voice delivery mechanisms” have been defined and co-exist as part of the 3GPP standards. These include:

· VoIP with CSoPS: voice frames are delivered using PS transport for the delivery voice frames and CS signalling tunnelled to the CS infrastructure encapsulated in IP. 

· CS fallback: which involves steering the UE to CS access in an appropriate CS-capable legacy network (e.g. GSM,UMTS, CDMA2000 1xRTT) when a voice call is about to be made. 

As mentioned above these “alternative voice delivery mechanisms” exist on top of the “default option” which is:

· VoIP with IMS: VoIP delivered using PS access for the delivery of voice frames and IMS SIP for signalling

The combination of ICS and alternative voice delivery mechanisms such CS Fallback and CSoPS  are investigated in this section. In particular the case that an ICS UE supports one or more alternative voice delivery mechanisms and roams in a network where the VPLMN supports primarily an alternative voice delivery mechanism and not VoIP with IMS.

X.X.1
IMS registration 

There are two alternatives for a UE to perform IMS registration in network that supports an alternative voice delivery mechanism:

Alternative 1: The UE performs registration using Gm interface using the procedures defined in TS 23.228 [x1] with the addition to indicate the support of the alternative voice delivery mechanism in the VPLMN (e.g. using a specifically defined feature-tag or UE capabilities).


Requirements:

· The VPLMN shall support the necessary QoS for IMS signalling bearer 
Alternative 2: The MSC Server performs IMS registration using I2 reference point


Requirements:

· The MSC in the VPLMN has to be enhanced to support ICS

X.X.2
Session Origination that uses CS media through alternative voice delivery mechanisms
X.X.2.1
Alternative 1- Use of an MSC Server
When performing an session origination and the UE has selected the use of an alternative voice delivery mechanism it can perform a mobile originating call procedure of the relevant mechanism e.g. CS Fallback or CSoPS. This effectively uses the relevant alternative voice delivery mechanism procedures in order to send the CS signalling to the MSC and then the MSC-S has to interwork the call with the IMS network in the HPLMN.
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Fig. X.X.2.1- 1:Session Origination using an MSC Server
1. 
The UE A originates a call in the CS domain to party-B according to standard origination procedures of the alternative voice delivery mechanism e.g. CS Fallback or CSoPS.
2.
The MSC Server responds with a Call Proceeding message and begins to set up the CS Bearer Control Signalling Path.

3.
The MSC-Server fetches an IP Multimedia Routing Number (IMRN) via IN (e.g. CAMEL) and routes the call towards the user's home IMS network using the IMRN via an MGCF.

4.
The MGCF initiates an INVITE towards the I-CSCF in the home IMS of the originating ICS user.

5-8. Procedures defined in TS 23.292.
X.X.2.2 Alternative 2- Use of Gm reference point
In this case the UE will perform the call origination by using the normal procedures for session origination using Gm such as defined in TS 23.292 [x2] with the clarification of using the alternative voice delivery mechanism in order to setup the call with the MSC in the VPLMN.
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Fig. X.X.2.1- 1:Session Origination using Gm reference point
1.-5. Procedures as defined in TS 23.292 [X2].
6. The UE establishes the Mobile Originating call using the relevant procedures of the alternative voice delivery mechanism such as CS Fallback or CSoPS.

7-12. Procedures as defined in TS 23.292 [X2].

X.X.3
Session Termination that uses CS media through alternative voice delivery mechanisms

X.X.3.1
Use of UE T-ADS
In case UE T-ADS is supported then SIP INVITE request will be sent to the UE and the UE will choose to perform call in the alternative voice delivery mechanism and establish the call in the CS domain.
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Fig.X.X.3.1- 1: Session termination procedures using UE T-ADS and alternative voice delivery mechanism.
1.-7. Procedures as defined in TS 23.292 [X2].

8. The UE selects to use the alternative voice mechanism for the delivery of the call. 
9.-10. Procedures as defined in TS 23.292 [X2].

11. The UE establishes a CS voice call using the alternative voice delivery mechanisms such as CS fallback or CSoPS.

12.-16. Procedures as defined in TS 23.292 [X2].
X.X.3.2
No use of UE T-ADS
In case UE T-ADS is not supported or the SCC AS chooses not to support UE T-ADS because it knows that the UE is attached to a VPLMN that supports alternative voice delivery mechanism, then it can terminate all calls in the CS domain.
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Fig.X.X.3.2- 1: Session termination procedures using alternative voice delivery mechanism without the use of UE T-ADS.
1.-6. Procedures as defined in TS 23.292 [X2].

7. The MSC Server performs Mobile Terminating procedures of the relevant alternative voice delivery mechanism e.g. CS Fallback or CSoPS. 

8. Procedures as defined in TS 23.292 [X2].
>>>>End of Changes<<<<
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