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This contribution presents an evaluation of the 6 alternatives in TR23.879 and proposes a way forward for CSoPS based on this evaluation.
1. Introduction

There are currently six alternatives under discussion in the CSoPS work, where some of the alternatives are variants of each other, or combinations of others.  In order to move on to the next step of CSoPS work, only a small number of alternatives – ideally just one - should be selected.  The authors of this contribution believe that the way to go is to continue a detailed study of alternative 2 – “IWF between EPS and MSC” – only.  The background and reason for this choice is given in the following discussion.
The discussions below represent extracts from TR23.879.  Each solution is presented in much more detail within the TR.

2. Discussion

In this section, the main characteristics of each of the CSoPS alternatives will be evaluated.
2.1
Evolved MSC
2.1.1
Main characteristics of the solution

In this alternative, the operator chooses to reuse the MSC Server that will control establishment of voice calls and handling of SMS under E-UTRAN coverage.

This evolution of the MSC Server is referred as the eMSC (Evolved MSC). The eMSC would use a container protocol towards the UE that encapsulates the existing CS signalling. From the EPS point of view, the eMSC is perceived as an Application Server. From the perspective of other, “standard” MSCs, the eMSC is seen as a normal MSC.

Voice bearer control is executed by the eMSC via PCC. The handover from EPS to legacy CS voice is performed by the corresponding SRVCC capability of the EPS, however, the SV interface with the MME would be terminated in the eMSC instead of the SRVCC enabled MSC. The communication between UE and IWF employs a new protocol.

2.1.2
Assessment

The 'Evolved MSC' alternative is a full solution according to the scope this study, i.e. it is fulfilling all identified overall and architectural requirements. The main design-principles of this solution are:

-
Minimization of impact on EPS entities: there is no impact on E-UTRAN, and minor impact on MME, limited to an interaction needed for seamless service continuity of a voice call at radio HO between E-UTRAN and legacy GERAN/UTRAN access.

-
Maximal re-use of CS Domain mechanisms thus securing operators' investments in legacy CS Domain and radio access equipment and services.
-
A new protocol is needed for the communication between the UE and the eMSC.  This protocol would be used as a container for existing 24.008 messages in order to seamlessly interwork with the MSC’s call control and mobility management functions.
The 'Evolved MSC' alternative allows operators to offer legacy CS domain services fully leveraging the already deployed evolved access coverage. However, it does have impact on the legacy CS system.
2.2 IWF between EPS and MSC
2.2.1
Main characteristics of the solution

In this alternative, the operator reuses the MSC Server for the control of voice calls and handling of SMS under E-UTRAN coverage. However, in contrast to Alternative 1, the necessary adaptation functions are “outsourced” into an Interworking Function (IWF).
From the EPS point of view, the IWF is perceived as an Application Function (AF). From the CS infrastructure point of view, the IWF presents itself as a RNC (Iu used towards the MSC) or a BSC (A used towards the MSC).  In that respect, the approach resembles the 3GPP GAN solution, however, access to the core network occurs via a trusted 3GPP network rather than an untrusted IP access.  Using the capabilities of EPS as a secure access network reduces the overall complexity of the solution, as the UE-IWF communication, and the required security measures, can be simplified compared wih GAN. 
Voice bearer control is executed by the IWF via PCC.  The handover from EPS to legacy CS voice is performed by the corresponding SRVCC capability of the EPS, however, the SV interface with the MME would be terminated in the IWF instead of the SRVCC enabled MSC.  The communication between UE and IWF reuses GAN concept wherever this is beneficial.
2.2.2
Assessment

The 'IWF' alternative is a full solution according to the scope this study, i.e. it is fulfilling all identified overall and architectural requirements.  The main design-principles of this solution are as follows.

-
No impact on EPS entities (beyond those required for supporting SRVCC feature); EPS operators that do not want to deploy the solution are unaffected.
-
No impact on existing CS Domain, thus securing operators' investments in legacy CS Domain and radio access equipment and services, and avoiding impacts on operators that do not want to deploy it.

-
Minimal reinvention as existing standardised functionality is reused:

-
PCC is used for voice bearer control as in IMS;

-
same user plane over the E-UTRAN radio interface as in IMS (which  is also the same user plane used in GAN over the Up reference point);

-
SRVCC capabilities of the EPS are used for the handover to legacy CS systems;

-
Application of existing GAN functionality, but with significant simplifications as the properties of the EPS as a secure access network can be leveraged.
Overall, high reuse of existing 3GPP functionality, in combination with the concentration of the new functionality in a separate entity, minimises the reinvention factor and keeps the solution rather simple.

2.3 Iu-CS based solution
2.3.1
Main characteristics of the solution

In this solution, the MME provides an Iu-CS Adaptor (ICA) in order to connect with a standard MSC.  CSoPS signalling of the UE will be directed to the ICA-enabled MME when the UE discovers that the MME has this capability.
2.3.2
Assessment

Currently, this alternative has not been analysed in detail in TR23.879.  However, the current view is that this alternative would essentially introduce the CS domain into the EPS and thereby break the EPS design principle of being a PS-only network.
2.4 Page in eUTRAN, Call in GSM/WCDMA
2.4.1
Main characteristics of the solution

In this solution voice services are realized by reuse of CS infrastructure. The terminal, connected to eUTRAN/EPC, uses 2G/3G to establish originating or receive terminating voice calls.

This means that this solution works only in dual eUTRAN-2G/3G coverage areas. In eUTRAN-only coverage areas, voice service cannot be provided with this solution.

The "Page in eUTRAN, Call in GSM/WCDMA" solution is characterised by:

-
Mobility management is integrated and/or combined with EPS mobility management.

-
Paging request for terminating voice calls are delivered to the terminal via EPS.

-
2G or 3G radio access is used for paging responses and further terminating call handling as well as for all originating calls.

2.4.2
Assessment

This solution is out of scope for future CSoPS work as it is already included in 3GPP Rel-8 (CS Fallback).
2.5 SIP based approach
2.5.1
Main characteristics of the solution

This solution is a variant of alternative 1 where the communication between the UE and the eMSC would be based on SIP.  In other words, the “container” protocol of alternative 1 would be SIP.
2.5.2
Assessment

One of the most valuable elements of the legacy CS domain is the standardised voice call services in the MSC and UE. These are provided via the DTAP protocol (TS 24.008), hence in order to leverage this value a solution needs to be found which enables the retention of the 24.008 signalling over PS bearers. Specifically a solution needs to be found which addresses the following aspects:

-
Communication of 24.008 signalling over PS RABs is not defined; a transport mechanism is required to communicate 24.008 over PS RABs. This transport mechanism will need to address not only the encapsulation of 24.008, but also the address discovery and routing.

-
Use of 24.008 call control with PS RABs will require 24.008 extensions. Currently, it is not possible to communicate SDPs (IP address/port numbers, codecs) between two end-points using 24.008.
-
Seamless interworking must be assured between the “classic” 24.008 functionality in the MSC and the “SIP encapsulated” 24.008 signalling.  The impact of this on the MSC might be significant.
Significant additional study would be needed to clarify these items. Especially the second item could be critical, as this would require a third solution for voice calls on the multi-system UE (CS voice, SIP-encapsulated CS voice, IMS). From the UE perspective, this would essentially create a “second IMS”.

2.6 Combined solution
2.6.1
Main characteristics of the solution

This solution is a combination of Alternative 1 - Evolved MSC (as described in section 5.1) enabling CS domain voice calls and SMS for an EPS attached UE, and Alternative 3 - Page in eUTRAN, Call in GSM/WCDMA (as described in section 5.3) enabling re-direction of an EPS attached UE towards 2G/3G access before establishment of a MO or MT CS voice call.
2.6.2
Assessment

Essentially, this approach proposes coexistence of the “eMSC” with the “Page in eUTRAN, Call in GSM/WCDMA” alternative.  Given that the latter is already present in Rel-8 by means of CS Fallback, and therefore out of scope for CSoPS, this combination is not a valid proposal for Release 9.  However, it should be noted that the coexistence of the “IWF” with the “Page in eUTRAN, Call in GSM/WCDMA” alternative is possible in the same way as described for this solution.
3. Conclusion

As described above, alternatives 2.4 and 2.6 are already covered by CS Fallback in 3GPP Rel-8 and therefore out of scope for CSoPS work.  Concerning the other alternatives:
· Alternative 2.1 appears like a feasible solution; however, it impacts the legacy systems.  It is also not clear from the study how the mobility management in the EPS and in the MSC could interwork.

· Alternative 2.2 is a feasible solution.  It is largely similar to alternative 1 but avoids its disadvantages and is much easier due to reuse of an existing approach for the communication towards the UE. Overall, the solution is similar to the eMSC solution in Alternative 1, but significantly less intrusive for CS and EPS while more cost-efficient and simpler at the same time.
It should be noted that alternative 2.2 is the same as alternative 2.1 when the IWF is integrated in the MSC (yielding an eMSC), and the “container” protocol is based on GAN.

· Alternative 2.3 does not fulfil the baseline requirements in regard of its impact on the overall system.

· Alternative 2.5 uses a similar approach to alternative 1, but SIP for the communication with the UE.  It has been demonstrated in section 2.5 above that this solution is much more challenging then alternatives 2.1 and especially 2.2, concerning the feasibility of SIP encapsulation of 24.008 signalling, the implementation of corresponding interworking between “classic” 24.008 and “SIP encapsulated” 24.008, and the UE impact of a third solution for voice.  In addition, this solution would essentially create a “second IMS” from the perspective of the UE.

It should be noted that alternative 2.2 is similar to 2.5 but avoids all the problems inherent in 2.5 by using an IWF with GAN as the basis for UE-to-IWF communication – changes in the MSC are avoided, and the UE has only 2 voice solutions, CS and IMS.

In conclusion, it is recommended to continue CSoPS work solely based on the simplest and least intrusive approach, alternative 2.2. In fact, alternative 2.1 is thereby also covered if the IWF is integrated in the MSC, and GAN forms the basis of 2.1’s to-be-decided 24.008 container protocol.  Due to the nature of the solution, the IWF could also be implemented in the MME, or as a standalone entity.
Details of the solution still need to be clarified as described below:

· adaptation/simplification of the GAN protocols and security mechanism as needed:
· clarify if and how to use the GAN security mechanisms;

· ensure the fulfilment of the legal requirements (emergency calls, legal intercept) with the adapted solution;

· replace UE based GAN mobility management with network-controlled handover as in SRVCC;

· removal of other non-needed functionality;

· investigate additions, if any, to SRVCC in order to reuse it for this solution;

· describe the use of PCC with this solution;

· identify if IWF/MSC relocation is needed for a given UE;

It is proposed to the conclusion that Alternative 2.2 “IWF between EPS and MSC” is the selected option that should be further developed in Rel-9 FS_CSoPS item.
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