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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
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 with Rx for channel assignment)

· 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.

[image: image3.emf]eMSC

Serving/

PDN GW

2) Registration according to Location Update Procedure

UE

1) Network attachment


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 [x1].

2) The UE registers itself with the eMSC similar to the CS location update procedure (as specified in TS 23.012 [x2]). 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.
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 [x2]), and the security association is terminated.
2) The UE detaches from the network according to the Detach procedure as specified in TS 23.401 [x1].
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 [x4] (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 [x3].
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 [x1].
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 [x3].
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.
VCC (as specified in TS 23.206 [x8]) and ICS (as studied in TR 23.892 [x9]) architectures can co-exist with the here proposed architecture for CS Domain services over evolved PS access; it is not expected that any functionality can be shared or re-used.
SR VCC (as studied in TR 23.882 [x10]) 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.
5.1.5

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 [x5], TS 32.240 [x6], TS 32.299 [x7]. 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 [x3]. 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 E-UTRAN will be specified to enable IMS emergency calls, and that these procedures can be re-used for CS Domain services over PS access. In the following it is assumed that the UE is already attached in E-UTRAN.
· 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 as specified in TS 23.018 [x4].
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.
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.
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.
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