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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

As the packet switched radio networks capabilities evolve, they become more and more attractive media for carrying also real time speech traffic such as the traditional TS11 and TS12. In order to make the best use of such resources access from the deployed CN infrastructure and services should be possible. This will allow avoiding a major switch in the voice call control paradigm as well as retaining the currently provided functionalities such as the charging mechanisms (calling party pays), supplementary services provision and so on. As the circuit switched network will continue to be employed in the future, also handover needs to be taken into account. 

Give the proven track record of the current call control, this TR intends to investigate architectures suitable to support CS Domain Services over new types of accesses and manage the handover of calls from a traditional bearer to the new available ones. The study also aims to ensure that the user experience remains as consistent and as satisfactory as it is today.
1
Scope

The present document contains the results of the study of the architectural requirements of CS Domain Services over evolved PS access and concludes with a way forward. Considerations include overall requirements, architectural requirements, evaluation of potential architectural solutions and alternative architectures.

The objective is to describe an architecture that is capable of extending the ‘traditional’ MSC-Server based set of CS voice, supplementary and value-adding services and business principles (e.g. for roaming and interconnect) to the evolved PS access. The intention is also to give a CS handover-like user experience for voice calls when changing between evolved PS and legacy CS accesses. The architecture will however not be limited to the provision of speech services over evolved PS accesses; on the contrary, through the exploitation of the Combinational services, it will be possible to harness the capabilities of IMS to provide new, innovative services to the end user. Handover of the parallel PS session towards legacy 3GPP access will be considered as well, but may be limited by the capabilities of the legacy system and operator preferences.
Co-existence with IMS centric Single Radio VCC solutions shall be studied as well.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 23.279: "Combining Circuit Switched (CS) and IP Multimedia Subsystem (IMS) services".
[3]
3GPP TS 23.401: "GPRS enhancements for E-UTRAN access".
[4]
3GPP TS 23.012: "Location management procedures".

[5]
3GPP TS 23.203: "Policy and charging control architecture".

[6]
3GPP TS 23.018: "Basic call handling; Technical realization".
[7]
3GPP TS 32.250: "Charging management; Circuit Switched (CS) domain charging".
[8]
3GPP TS 32.240: "Charging management; Charging architecture and principles".
[9]
3GPP TS 32.299: "Charging management; Diameter charging applications".
[10] 
3GPP TS 23.206: "Voice Call Continuity (VCC) between Circuit Switched (CS) and IP Multimedia Subsystem (IMS); Stage 2".
[11] 
3GPP TR 23.892: "IP Multimedia System (IMS) centralized services".
[12] 
3GPP TR 23.882: "3GPP System Architecture Evolution".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
<ACRONYM>
<Explanation>

4
Requirements 
4.1       Overall requirements

Editor’s Note: This section will describe the overall requirements for CS Domain Services over evolved PS access.
· The set of CS domain voice, supplementary and value-adding services and business principles (e.g. for roaming and interconnect) shall be made available over the evolved PS access.

· The user experience for voice calls when changing between evolved PS and legacy CS accesses shall be comparable to that of CS handover.
· It shall be possible to combine CS and IP Multimedia Subsystem (IMS) services as specified in TS 23.279 [2] when they are both accessed over evolved PS access.
4.2       Architectural requirements

Editor’s Note: This section will describe the architectural requirements for CS Domain Services over evolved PS access. These requirements will be used as selection criteria for the solutions.
It shall be possible to access CS domain voice service over evolved PS access, i.e. EPS.

· Impact on the CS domain shall be minimized.

· Impact on GERAN, UTRAN and E-UTRAN should be avoided.

· Cost-affecting upgrades to the legacy CS radio access (e.g. DTM, PS HO, VoIP) should be avoided.

5
Architecture Alternatives

Editor’s Note: This section will describe and evaluate detailed reference architectures, including network elements, interfaces and reference points, suitable to provide CS Domain Services over evolved PS access.
5.1       Alternative 1

5.1.1

Reference architecture

5.1.1.1 Non-roaming architecture
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Figure 5.1.1-1: Non-roaming architecture 

5.1.1.2 Roaming architecture
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Figure 5.1.1.2-1: Roaming architecture with local break-out
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Figure 5.1.1.2-2: Roaming architecture with home-routed traffic

5.1.1.3 Required functionality in network elements

eMSC:
Contains full MSC-S and VLR functionality with following additions: 

· CS domain registration for UE using secure and reliable IP transport

· Call control for UE using secure and reliable IP transport (replacing use of Mc for channel assignment with Rx using PCC for bearer establishment)

· Handover preparation and execution

· Handover signalling

Note: Connections between eMSC and EPC elements will be secured with standard IP mechanisms; the eMSC needs to allow secured connectivity with many PDN GWs and MMEs, depending on operator configuration.

MME:
Additional to Rel-8 standard behaviour:

· Handover signalling exchange with the eMSC for preparation and execution
UE:
Additional to Rel-8 standard behaviour:

· CS domain registration and call control signalling over EPS using secure and reliable IP transport
5.1.1.4 Reference points

Z1:
Reference point between UE and eMSC.

Z2:
Reference point between MME and eMSC.

5.1.2

Procedures

5.1.2.1 Registration

After having attached to the EPS network, the UE shall register to the CS Domain to become available for CS Domain services.
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Figure 5.1.2.1-1: Registration procedure

1) The UE registers to the network according to the Attach procedure as specified in TS 23.401 [3].

2) The UE registers itself with the eMSC similar to the CS location update procedure (as specified in TS 23.012 [4]). The eMSC obtains the user profile from HSS (“insert subscriber data”), executes security procedures and establishes a security association regarding sender identification with the UE. The UE is now “CS over PS” attached, and its IP address , allocated by the EPC, is known to the eMSC.
Note: The eMSC will, according to operator policy, allow an emergency registration with an IMEI as UE identification, and subsequently not perform authentication procedure.
Editor’s Note: It is expected that the UE discovers the eMSC to which to register with similar mechanisms as a P-CSCF.

Editor’s Note: It is FFS whether the IP address needs to be registered elsewhere (e.g. dynDNS).

5.1.2.2 Deregistration

Before detaching from the EPS network, the UE shall deregister from the CS Domain to indicate unavailability for CS Domain services.
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Figure 5.1.2.2-1: Deregistration procedure

1) The UE deregisters itself from the eMSC similar to the Detach procedure (as specified in TS 23.012 [4]), and the security association is terminated.

2) The UE detaches from the network according to the Detach procedure as specified in TS 23.401 [3].
5.1.2.3 MO and MT Call Setup
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Figure 5.1.2.3-1: Call Setup procedure
1) The call setup takes place as specified in TS 23.018 [6] (with the exception of CS channel allocation that is described in step 2) and is transported over reliable IP transport. Ciphering is not required. The signalling connection may use IPsec.

Note: Before an MT call setup procedure is initiated by the eMSC it will trigger a possibly needed PS paging by sending a ‘ping’-packet to the UE.

2) The eMSC initiates the EPC bearer for the voice stream according to ‘IP-CAN Session Modification; PCRF initiated’ procedure as specified in TS 23.203 [5].

3) The eMSC registers itself at the MME as ‚Handover-serving Node’ towards 2G and 3G for this bearer. The eMSC can obtain the serving MME for the UE from the HSS. A change of serving MME will be signalled from the MME to the eMSC.

5.1.2.4 HO from E-UTRAN to GSM/UMTS CS
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Figure 5.1.2.5-1: HO from E-UTRAN to GSM/UMTS CS procedure

A measurement report from the UE triggers the eNodeB to send a HO Required to the MME. As the eMSC is marked ‚Handover-serving Node’ for this bearer the MME forwards the HO Required to the eMSC.

Note: The handover of other established bearers besides the voice bearer for which the eMSC is ‚Handover-serving Node’ is handled by the MME according to the procedures for E-UTRAN to UMTS/GPRS Inter RAT handover as specified in TS 23.401 [3].

1) – 6) Upon receiving the HO Required from the MME the eMSC initiates a legacy inter-MSC handover to the MSC serving the received target cell.

Note: If the currently serving eMSC is also serving MSC of the target cell then no inter-MSC handover is needed and steps 2) – 4) are skipped.

7) The eMSC initiates the release of the EPC bearers, which is done according to ‘IP-CAN Session Modification; PCRF initiated’ procedure as specified in TS 23.203 [5].

5.1.2.5 HO from GSM/UMTS CS to E-UTRAN
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Figure 5.1.2.6-1: HO from GSM/UMTS CS to E-UTRAN procedure

1) A measurement report from the UE triggers the BSS or RNC to send a HO Required to the MSC-S.

As the target cell is an E-UTRAN cell, the MSC-S initiates an inter-MSC handover to the eMSC. This is shown in steps 2) - 7).
Note: If the currently serving MSC-S is also serving eMSC of the target cell then no inter-MSC handover is needed and steps 2), 4) and 5) are skipped.
2) The following preparations in the EPC are done:
· assignment of an IP address to the UE

· establishment of an EPC bearer for the voice stream
· optional establishment of default connectivity (this may happen after call release as well)
Editor’s Note: It is expected that procedures for PS handover from legacy RAT to LTE and for SR VCC PS->CS can be re-used/modified to accomplish the above. One way of solving the issues around IP address assignment and the establishment of default connectivity is to enable simultaneous PS attach in the 2G/3G access when the UE attaches to 2G/3G CS without being EPS attached.
3) -7) Completion of the inter-MSC handover to the eMSC.

5.1.3

Co-existence with IMS based services


It is expected that there will be UEs supporting both, CS domain services over PS access as well as IMS based services.

Operators may offer voice services over CS domain as well as over IMS in their network. For one specific user voice services can be provided in the CS Domain or in IMS, or in both. This would be part of the user’s subscription information in the HSS, and operator controlled configured in the UE.

Concurrent access to CS Domain voice services and IMS non-voice services is possible. It is possible to combine CS and IP Multimedia Subsystem (IMS) services as specified in TS 23.279 [2] when they are both accessed over EPS. The UE decides based on the operator controlled configuration in the UE about the preferred domain for voice services when adding a voice call to an ongoing IMS session.

VCC (as specified in TS 23.206 [10]) and ICS (as studied in TR 23.892 [11]) architectures and the here proposed architecture for CS Domain services over evolved PS access are mutually exclusive but can co-exist in operators’ networks; it is not expected that any functionality can be shared or re-used.

SR VCC (as studied in TR 23.882 [12]) may have overlapping functionality, depending on the selected architecture. The currently identified possible overlapping functionality is identifying and marking of voice bearers in EPS so that a later radio handover triggers an inter-MSC HO.

Editor’s Note: It is FFS if this functionality will be specified in a way so that it can be shared between SR VCC and CS Domain services over evolved PS access.

5.1.4

Roaming aspects


5.1.4.1 Roaming architecture with local break-out

This is the preferred roaming architecture for CS Domain services over evolved PS access. It allows full re-use of CS domain roaming agreements and existing inter-operator accounting mechanisms (TAP records exchange) for CS Domain voice services over evolved PS access. In case of a handover between E-UTRAN and GSM/UMTS CS the user experience will be comparable to the one in non-roaming case as the handover is performed solely in the VPLMN, which optimizes the user plane routing.

This architecture assumes support of CS domain services over PS access in the VPLMN.
5.1.4.2 Roaming architecture with home-routed traffic
If the VPLMN does not support CS domain services over PS access, a roaming ‘CS domain services over PS access’ user can get access to his CS domain services by attaching to the visited E-UTRAN accessing home services, i.e. a PDN GW in the HPLMN. With this the user gets full voice service mobility within E-UTRAN coverage, and VoIP capable UTRAN and GERAN coverage. A voice call handover between E-UTRAN and GSM/UMTS CS is only possible if the VPLMN supports Z2 (it is FSS if SR VCC functionality can be re-used, not requiring CS domain services over PS access specific functionality in the VPLMN) and inter-operator CS handover.

Editor’s Note: even if the VPLMN supports Z2 it is FFS if and how HO can be supported.

In this case emergency calls would not be provided by the HPLMN via CS domain services over PS access, but could be made possible by using IMS emergency architecture in the VPLMN. Details are FFS.

5.1.5

Security aspects

The EPS provides IP connectivity with integrity protection and ciphering, and an authenticated sender IP address.

At time of registration most operators will require that the eMSC performs an Authentication Procedure to authenticate the (T)IMSI and create a secure binding with the sender IP address by verifying that it matches the IP address currently allocated to the user. A security association is established between UE and eMSC, to allow the UE to verify the sender identification of the eMSC.

The user-plane traffic shall be secured by standard IP security mechanisms.

5.1.6

Charging aspects


Charging shall be done in the MSC-S part of the eMSC, using the standardized CS Domain interfaces and functions as specified in TS 32.250 [7], TS 32.240 [8], TS 32.299 [9]. In case of loss of transmission on the allocated EPC bearer for the voice stream the eMSC will be triggered by the PCEF via Rx, and according to operator preference either stop charging, or terminate the call.

Charging in the EPS is done with the PCC architecture as specified in TS 23.203 [5]. It is expected that operators would zero-rate all signalling traffic to the eMSC, as well as the EPC bearers transporting the voice traffic.

A radio handover triggering a domain change has no impact on charging performed in the eMSC for an ongoing speech call, i.e. the Anchor MSC continues charging.
5.1.7

Legal requirements aspects


5.1.7.1 Emergency calls

It can be expected that the emergency call attachment procedures for EPS (including the SIM-less case) will be specified to enable IMS emergency calls, and that these procedures can be re-used for CS Domain services over PS access for attachment to the EPS. In the following it is assumed that the UE is already attached in EPS.

· For the non-roaming and roaming architecture with local break-out the UE performs an emergency call setup towards the eMSC as described in the ‘MO and MT Call Setup’ procedure, with the emergency call specifics, including the SIM-less case, as specified in TS 23.018 [6]. The eMSC will, according to operator policy, allow an emergency registration with an IMEI as UE identification, and subsequently not perform authentication procedure.
Editor’s Note: It is FSS how the UE discovers the eMSC.
Editor’s Note: It is FSS how the eMSC gets the CellID for routing of the emergency call.
A radio handover triggering a domain change has no impact on an ongoing emergency call.
· For the roaming architecture with home-routed traffic (see Figure 5.1.1.2-2) emergency calls will not be provided by the HPLMN using CS domain services over evolved PS access architecture. Instead the UE would use IMS emergency services provided in the VPLMN.
5.1.7.2 Lawful interception

· For the non-roaming and roaming architecture with local break-out the lawful interception architecture and mechanisms specified for the CS domain are sufficient.

A radio handover triggering a domain change has no impact on lawful interception of an ongoing call.
· For the roaming architecture with home-routed traffic (see Figure 5.1.1.2-2) lawful interception needs further investigations, but would be done similar to IMS voice services with home-routed traffic.
5.1.8

Assessment

Editor’s Note:
This section will discuss the impact on the baseline RAN, CN and terminal architecture and the pros and cons of this alternative.
5.2       Alternative 2 - Iu-CS based solution
5.2.1 Reference architecture
Editor’s Note:  This section will describe the reference architecture, including network elements and reference points, suitable to provide CS Domain Services over evolved PS access and handover to legacy CS access with this alternative.
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Figure 5.2.1-1: Non-Roaming Architecture for “Iu-CS based solution”
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Figure 5.2.1-2: Roaming Architecture for “Iu-CS based solution”
S1-MME: Refer to 23.401

S1-U: Refer to 23.401

Iu-CS’ (C): Reference point for control plane protocol between MME and MSC. Only s subset of Iu-CS(C) procedure is needed.

Iu-CS (U): Reference point for user plane protocol between S-GW and MSC.

ICA (Iu-CS Adaptor): This functional entity behaves like RNC toward the CS domain and handles the interworking with MME for CS domain services over evolved PS access.

Editor’s note: it is FFS on how to handle EPS bearer for CS domain services (e.g., voice).
5.2.2
Procedures

Editor’s Note:  This section will describe the procedures suitable to provide CS Domain Services over evolved PS access and handover to legacy CS access with this alternative.
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Figure 5.2.2-1: CS registration flow
In the EPS attach procedure, UE is told that if MME/S-GW can connect with MSC by Iu-CS interface. If the corresponding capability is also supported by the UE, the UE will initiate the CS registration after the EPS attach.

1. UE sends Location Updating Request message to MME, and the type may be normal location updating or IMSI attach.

2. MME receives this message from S1-MME interface, encapsulates it into the corresponding Iu-CS RANAP message, and sends it to MSC/VLR on Iu-CS interface.

3. MSC/VLR sends Update Location message to HSS/HLR, in order to get the subscriber’s data.

4. HSS/HLR sends Insert Subscriber Data message to MSC/VLR.

5. MSC/VLR sends Insert Subscriber Data Ack message to HSS/HLR.

6. HSS/HLR sends Update Location Ack message to MSC/VLR.

7. MSC/VLR sends Location Updating Accept message to MME. LAI and the allocated new TMSI are included in this message.

8. MME receives this message from Iu-CS interface, transforms it into the corresponding S1-AP message and sends it to eNodeB on S1-MME interface. Then eNodeB sends this NAS message to UE.

9. If a new TMSI is allocated by MSC/VLR, UE would send TMSI Reallocation Complete message to MME.

10. MME sends TMSI Reallocation Complete message to MSC/VLR.
5.2.3
Co-existence with IMS based services

Editor’s Note:  This section will describe the co-existence with IMS based services, including SR VCC and ICS, when providing CS Domain Services over evolved PS access and handover to legacy CS access with this alternative.

5.2.4
Roaming aspects

Editor’s Note:  This section will describe the roaming aspects that need to be considered when providing CS Domain Services over evolved PS access and handover to legacy CS access with this alternative.

5.2.5
Security aspects

Editor’s Note:  This section will describe the security aspects that may need to be considered when providing CS Domain Services over evolved PS access and handover to legacy CS access with this alternative.

5.2.6
Charging aspects

Editor’s Note:  This section will describe the charging aspects that may need to be considered when providing CS Domain Services over evolved PS access and handover to legacy CS access with this alternative.

5.2.7
Legal requirements aspects

Editor’s Note:  This section will describe aspects of legal requirements e.g. legal intercept and emergency calls that need to be considered when providing CS Domain Services over evolved PS access and handover to legacy CS access with this alternative.

5.2.8
Assessment

Editor’s Note:  This section will discuss the impact on the baseline RAN, CN and terminal architecture and the pros and cons of this alternative.
5.3       Alternative 3 - Page in eUTRAN, Call in GSM/WCDMA
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 this solution is intended only in dual eUTRAN-2G/3G coverage areas. In eUTRAN-only coverage areas, voice service is provided with e.g. MTSI..
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.

5.3.1
Reference architecture

The “Page in eUTRAN, Call in GSM/WCDMA” proposal reuses the concepts from 2G/3G of the Gs interface between the MSC Server and the SGSN. Thus for the Location Update procedure and for Paging messages a “Gs like” interface between the MME and the MSC server is used:


[image: image13]
5.3.2
Procedures

Editor’s note: Procedure related to CS authentication and ciphering is FFS.
Editor’s note: Procedure related to how eMSC server is chosen during CS location update is FFS.
5.3.2.1
Mobility Management
The “Page in eUTRAN, Call in GSM/WCDMA” proposal utilizes EPS mobility management. This is outlined in  figure 3 below with the example of the network attachment of a UE.
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Figure 5.3.2.1-1: UE network attachment to for initial registration
UE is provided with identifiers needed to establish CS voice calls.

Note: CS attachment is embedded, the CS Location Update procedure can either be triggered by the UE (e.g. with LA structure visible in broadcast) or by the MME (based on mapping from the TA structure of LTE/SAE).

When the UE is roaming same concept is used. The TA update procedure will include the CS Location Update procedure.
5.3.2.2
Basic Call

Before initiating an originating CS call, the UE is moved to 2G/3G prior to the call establishment signalling. All subsequent signalling is identical to a 2G/3G originating call and eUTRAN and EPC are not involved.

The terminating call handling when eUTRAN is active is visualised in figure 4 below, where the UE is moved to 2G/3G prior to the call establishment signalling. All subsequent signalling is identical to a 2G/3G terminating call and eUTRAN and EPC are not involved.
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Figure 5.3.2.2-1: Terminating voice call
5.3.3

Co-existence with IMS based services

The “Page in eUTRAN, Call in GSM/WCDMA” solution can co-exist with IMS features as MTSI, ICS, SR VCC. A UE can in principle support both MTSI and “Page in eUTRAN, Call in GSM/WCDMA” simultaneously but it is expected that an MTSI capable UE would use MTSI fo voice calls in a MTSI enabled network. 
5.3.4

Roaming aspects

To support “Page in eUTRAN, Call in GSM/WCDMA” at roaming the visited NW and the UE need to support the feature.
5.3.5

Security aspects

No security impacts are foreseen.
5.3.6

Charging aspects

No charging impacts are foreseen.
5.3.7

Legal requirements aspects

The page in “Page in eUTRAN, Call in GSM/WCDMA” solution relies on 2G/3G coverage to provide emergency services. No impacts on Legal intercept are foreseen.
5.3.8

Assessment

The “Page in eUTRAN, Call in GSM/WCDMA” solution leverages on existing 2G/3G mechanisms.Tthe level of impact on the 2G/3G CN is minor, i.e. no new protocol is required. 

“Page in eUTRAN, Call in GSM/WCDMA” should be understood as a cost efficient “gap filler” to provide CS voice services that offers the operator a bit more time to migrate to MTSI when deploying eUTRAN. During a CS voice service there may be a degradation of the PS service.

6
Conclusion
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