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1. Introduction
This paper attempts to gather feedback from Operators on the possible roadmaps from CSI phase 1 to Multimedia Telephony (MMTel) and more specifically, whether there is a preference to invest in access networks in order to replace circuit core for voice or whether to enhance and maintain circuit core to provide the voice component of MMTel. One key input to this decision could be Operator’s requirements for 2G MMTel. 
This paper proposes to conclude TR 23.899 and to replace the feasibility study into combining CS bearers with IMS with a more general discussion around the scenarios that need to be covered by 3GPP standards and whether as a result a standardised early MMTel solution is needed.
2 Definition of terms

All-packet IMS
· The CSCF and application servers control the session establishment, manipulation and tear-down

· The media components are carried by IP all the way to the end user. 
MMTel (multimedia telephony) is an end-user service characterised by:

· A two-way, real-time voice conversation between two parties

· Enhanced session establishment (e.g. web page routing agents, presence based routing etc).

· Integrated presentation of multimedia components with the voice conversation (IM, pictures, data applications, games, ringtones, video, etc)

· Interaction of multimedia with the voice conversation (e.g. trigger a voice call from a web page link, "click-to-call" from a presence list).

· Access to the service set from many access and device types.
Currently the full MMTel service is assumed to be implemented only using an all-packet IMS. 

CSI Phase 1 can provide a limited MMTel service by using CS call control and CS voice bearers combined with IMS "mid-call" signalling.
Early MMTel is an intermediate solution or set of intermediate solutions that provide a means of migrating from CSI phase 1 to MMTel with an all-packet IMS
3.  Background and Standards Status
The current feasibility into combining CS bearers with IMS (TR 23.899) has already concluded that a terminal based mechanism to combine end to end CS calls with simultaneous end to end IMS sessions (i.e. between the same users) should be standardised. This functionality together with a mechanism for exchanging terminal capabilities is known as CSI phase 1 (TS 23.279).

CSI phase 1 simply re-uses CS legacy for voice and does not provide a means for IMS control of CS bearers. CSI phase 1 does not provide a mechanism for interworking CSI phase 1 calls to all-packet IMS MMTel sessions.

For CSI phase 2 several solutions have been studied and documented in TR 23.899 that provide IMS control of CS bearers and interworking to pure VoIP end points.

At SA2#46 S2-051018 proposed that before standardising CSI phase 2 on the IMS controlled CS bearer solutions in 23.899 “A serious discussion should commence around the analysis of which stepping-stones, if any, are required prior to the implementation of full-blown Multimedia Telephony.”

4. Proposed early MMTel Solutions
So far the following early MMTel solutions have been proposed (see S2-051018).
1. CSI Alternative A (see TR 23.899)
2. Early MMTel with PS voice

3. Early MMTel with voice on CS bearer and CS CC
4. Early MMTel with voice on CS bearer and IMS CC
Conceptually it seems that the above proposals can be broken down into 3 categories. An initial analysis of the 3 approaches can be found in Annex A 
4.1 Speech PS RAB and IMS CC (solutions 2 and 4)
This approach is essentially the all-packet IMS solution and should not be considered as an early MMTel solution.

This solution could require upgrades to the terminal, UTRAN and PS domain. 
This solution is a replacement of CS Core for voice services.
4.2 Speech CS RAB and IMS CC (solution 1)
This approach is essentially the existing CSI phase 2 
This solution has terminal requirements 
This solution requires the CS Core to be maintained for voice services.
4.3 Speech CS RAB and CS CC (solution 3)
This approach seems to enhance the MSC so that IMS can control the voice service logic. The precise mechanism by which this is achieved is still unclear as are the terminal requirements
This solution requires the CS core to be maintained and upgraded (i.e. to be able to interwork SIP to DTAP for IMS control of voice services). 
5. MMTel Roadmap
The following diagram attempts to illustrate the various paths that could be taken from CSI phase 1 to all-packet IMS MMTel. The first option is to go direct to an all-packet IMS MMTel solution. If this is path is not taken then the alternative is to take an indirect path via an Early MMTel solution which uses the Speech CS RAB. 

There are 2 approaches for Early MMTel. IMS CC uses standard SIP at the terminal as the CC protocol (replacing DTAP). CS CC uses the existing DTAP circuit control protocol at the terminal but then interworks to SIP within the circuit core.
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6. Operator input
Before judging the technical merits of the various Early MMTel solutions it would be useful to gather Operator feedback relating to investment preferences (cost, time delay and return on investments), MMTel coverage and MMTel services. 

6.1 Operator investment preferences

From the above roadmap it can be seen that there are various routes on the roadmap from CSI phase 1 to MMTel. Each step on each route requires changes to some part of the system. It would be useful to gather Operator opinion as to the viability of enhancing the different system elements. 

If an Early MMTel solution is required in 3G areas, Do Operators prefer to invest directly in PS upgrades to make MMTel with all-packet IMS viable or to invest in an early MMTel solution that re-uses the CS bearer for voice?
Is it better to have an early MMTel solution which requires MSC enhancements that will not be needed for all-packet IMS MMTel or an early MMTel solution that requires terminal changes that might also be needed for all-packet IMS MMTel?
6.2 MMTel coverage

Both the early MMTel concepts that are covered in 4.2 and 4.3 above are also applicable to GERAN DTM. Operator’s MMTel coverage expectations are therefore another important input that needs to be considered.

Do Operators expect to offer MMTel in 2G coverage areas?
Is it reasonable to assume that this would require universal rollout of DTM or is it more realistic to assume that there will be for many years significant areas with only 2G CS coverage?

Is it required/sufficient to keep just the voice component of an active MMTel session when users move to areas with only 2G CS Coverage?

In 3G areas is CSI phase 1 sufficient until the arrival of all-packet IMS?

6.3 MMTel Service

It is possible that the different Early MMTel solutions will provide different levels of MMTel service. 

What are the most important aspects to MMTel (refer to the definition in the introduction)? 

Which ones are most likely to generate revenue, thus requiring immediate attention to define a solution?

9. Conclusion

It is proposed to conclude TR 23.899 and to replace the feasibility study into combining CS bearers with IMS with a more general discussion around the scenarios that need to be covered by 3GPP standards and whether as a result a standardised early MMTel solution is needed. This reassessment is justified in the light of the CSI phase 1 solution and the current open studies on VoIMS performance enhancements and Voice Call Continuity which where not available when TR 23.899 was started.

Annex A

This section provides an initial analysis of the proposed solutions 
A.1 Speech PS RAB and IMS CC (solutions 2 and 4)
This might be achieved by enhancing dedicated PS radio bearers (ROHC, UEP) such that they have the spectral efficiency characteristics of CS radio (2 above). In the most extreme case this could result in a PS radio bearer that ends up being the same as a CS radio bearer (4 above). 

The speech PS RAB is mapped on a RB configuration using R6 dedicated channel with at least ROHC to the most optimized RB similar to CS RB (e.g. using UEP and IP header removal). 

This approach is essentially an all-packet IMS solution, and therefore provides a full MMTel service set.
This solution requires upgrades to the terminal, UTRAN and PS domain. Some changes, but not all, are needed for all-packet IMS. ROHC is mandatory in R6 UEs supporting PS domain. Introducing UEP or IP header removal has impacts on UE and UTRAN. UEP may have also some minor impacts on CN if some information needs to be provided to UTRAN on how to split the speech packet.
This solution only provides an early MMTel solution for geographical areas with UTRAN coverage. A PS connection is needed for IMS controlled voice services.

This solution is a replacement of CS Core for voice services in UTRAN coverage areas.

A.2 Speech CS RAB and IMS CC (solution 1)
This might be achieved by a new Circuit Bearer Control Function (CBCF) in the Terminal or Network that automatically sets up a standard CS bearer between a Circuit Bearer Originating Function (CBOF) and a Circuit Bearer Terminating Function (CBTF). This is known as the CSI end to gateway solution where the CBOF could be in the terminal with CBTF in the network or vice-versa.

This solution provides the same MMTel services as with all-packet IMS.
This solution probably does not require changes to the access, CS, and PS domains since an overlay voice gateway is used. Some changes may be introduced to the network to reduce call set up times, but these are re-used in an all-packet solution.

This solution provides an early MMTel solution for geographical areas with UTRAN and/or GERAN DTM coverage, including roaming to networks beyond the operator’s control. A PS connection is needed for IMS controlled voice services.

This solution requires the CS Core to be maintained for voice services.

This solution has terminal requirements as the voice service control is moved to SIP with CS Call Control remaining in DTAP

A.3 Speech CS RAB and CS CC (solution 3)

This might be achieved by routing all calls via IMS such that IMS can control all the service logic in such a way as to override/control legacy CS supplementary services in the MSC. This could be considered as the VCC CIVCS solution enhanced so that IMS can control the voice service logic by upgrading the MSC to allow SIP control of/interworking to DTAP.  The precise mechanism by which this is achieved is still unclear as are the services available and the specific terminal requirements

This solution requires the CS core to be maintained and upgraded to be able to interwork SIP to DTAP for IMS control of voice services. 
Annex B 
This section provides some initial analysis of the need for an Early MMTel solution and the main requirements that should be considered when assessing potential solutions
B.1 Is an Early MMTel solution needed?
It can be expected that CSI phase 1 will form the basis of an Operator’s initial MMTel offering given that the only other standardised option is to go straight to an all packet IMS based solution. Although an all-packet IMS based solution will likely be deployed day one for services such as POC and gaming, the nature of MMTel and the inclusion of voice and/or video introduce several other factors which act to slow down adoption of an all-packet IMS solution in the near term.

· Spectral Efficiency. CS radio is more efficient than the existing standardized mechanisms for PS based voice bearers (i.e. R99/R4/R5 DCH etc. rather than HSxPA). It is an open question whether Operators will want to migrate large amounts of voice traffic to a less spectrally efficient implementation given the relatively high cost of the radio leg of the call, despite this being offset by the added value that fully integrating voice into IMS based multimedia telephony could bring.

· Supplementary Services. Subscribers will expect a set of voice supplementary services that includes those they use regularly with CS legacy voice. The new SA1 work item on Multimedia Telephony Capabilities for IMS and/or the Voice Call Continuity is already investigating this area. 

· Geographic Coverage. Subscribers will expect the same geographic coverage for MMTel voice that they enjoy with CS legacy voice. It could be some time before optimised PS radio capable of supporting MMTel with all-packet IMS reaches coverage levels equivalent to today’s GSM CS networks. It is assumed here that GERAN DTM is not suitable for MMTel with all-packet IMS.

· Voice Quality. Subscribers will expect the same voice quality as they enjoy with CS legacy voice. It is assumed here that Operators want to apply similar charging to MMTel voice as they do today for CS based voice. It should be noted that this is actually not the way VoIP has been introduced into wireline markets. In wireline VoIP has been successful in terms of subscriber numbers and traffic levels when the price of calls is either free or significantly below what is charged for traditional TDM based telephony. The wireline VoIP experience has taught us that subscribers are prepared to compromise voice quality for price. For wireless this principle could well extend to geographic coverage and availability of supplementary services.

· Impact on installed equipment base. Migrating voice and video to all-packet IMS would render CS based services redundant. Whilst this is seen as an advantage to some Operators, others are currently investing heavily in new R4 based implementations and would want to see a return on this investment.

It seems reasonable to conclude from the above that the take-up of mass market MMTel in many markets will be slow in the near term when considering the migration of voice from legacy CS to MMTel with all-packet IMS (i.e. PS radio). 
That said, there is clearly a demand for MMTel services. Therefore, it seems reasonable that 3GPP should study possible early MMTel solutions.

B.2 What are the main requirements for a viable Early MMTel solution?

As discussed above potential early MMTel solutions should be judged on their ability to meet the basic requirements of spectral efficiency, supplementary services, geographic coverage and voice quality. 

In addition potential early MMTel solutions need to consider impacts on existing network equipment and terminal requirements. 

· CS Core. In general, solutions that require every MSC in a network to be upgraded should be avoided given the large number deployed MSCs, the cost of MSC upgrades and the usual long delay from standardisation to deployment. This is especially true if the Early MMTel solution is just a stepping stone to MMTel with all-packet IMS which no longer requires a CS Core for voice.

· PS Core. It would be attractive to avoid PS core enhancements for many of the same reasons given for CS core. However it seems much more reasonable to enhance the PS core given that a PS core will be needed long term to support all-packet IMS. It would arguably be quicker to get from standardisation to full deployment with a PS enhancement than with a CS enhancement.

· IMS Core and Application Servers. It is preferable to enhance IMS Core and/or the AS to accommodate an Early MMTel solution ahead of any other part of the network especially if these enhancements can be re-used with all-packet IMS MMTel. Early MMTel solutions that do not require a full overlay network for MMTel voice are more attractive as they allow Operators to evolve their IMS core networks based on subscriber demand and to spread the investment over time. 

· Terminal. Probably the most critical aspect of any intermediate solution is the requirements on the terminal given that terminal availability has historically been the main barrier to the launch of new services. Early MMTel solutions which work with existing terminals or perhaps more realistically terminals which only require implementation of already standardised and successful features (CSI phase 1, VCC etc.) would appear to be much more viable. If terminal changes cannot be avoided then Early MMTel solutions that impact the higher layer software of the terminal are to be preferred over those that impact lower layers and hardware, since this provides a faster time to market for early solutions.

· GERAN. Exactly what level of MMTel is envisaged as being eventually supported over GERAN access is still not clear.  However it seems that for a meaningful MMTel service at least DTM is required. It is probably also reasonable to state that class A operation will not be available in GERAN networks anytime soon, if ever.
· UTRAN. Although it would be better if they could be avoided, UTRAN enhancements are probably preferable to either Terminal or CS Core changes. Early MMTel solutions that require enhancements that can be re-used as part of all-packet IMS MMTel would be the most viable.

It seems reasonable to conclude that, in addition to technical feasibility, the viability of early MMTel solutions should be assessed on their ability to meet the requirements of spectral efficiency, supplementary services, geographic coverage and voice quality. In addition the assessment of an Early MMTel solutions terminal and network requirements should consider the re-use of the enhancements as part of all-packet IMS.
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