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Abstract of the contribution:

This contribution expands Alternative D (“Inter-MSC Handover”) in the TR 23.882 with use of VCC Domain Transfers and IMS Centralised Services (ICS) to provide a complete end-to-end session transfer procedure with full service control capability post handovers using concepts being defined as part of ICS.

1
Discussion

Alternative D (“Inter-MSC Handover”) is based on the inter-MSC Handover procedure. The SAE/LTE Evolved Packet Core (EPC) emulates an "anchor MSC" functionality and exhibits the “E” interface towards the neighbouring MSCs. The solution works for voice calls which have been initiated in IMS/LTE and allows for subsequent transitions from 2G CS domain back to IMS/LTE.
It is currently FFS how call control signalling is handled after handover (e.g. relay of call control signalling in BSSMAP messages) in this solution. It is also FFS whether Alternative D is applicable for continuity between 3G PS and 2G CS.
This paper proposes to extend the existing Alternative D with concepts being defined as part of IMS Centralised Services (TR 23.982). More specifically, it is proposed to use the ICCC (IMS CS Control Channel) logical channel to convey service control messages after HO to the CS domain.
Additionally, it is proposed to define a stand-alone interworking function referred to as PS-CS Handover Control Function (PCHCF) which mimics PS HO and CS HO behaviour towards the SAE/LTE Evolved Packet Core and the CS core, respectively. It also contains an adaptation function for the service control signalling between CS domain and IMS, similar to the CS Access Adaptation Function (CAAF) defined in TR 23.892. This function converts the service control signalling information received from the UE over CS access signalling and uses this information for initiation and control of SIP sessions via a SIP User Agent function towards the ICCF function in the IMS.

Last but not least, the enhanced Alternative D can also be used for calls initiated in the CS domain (which was not possible with the original Alternative D solution).
For the sake of brevity, we refer to the enhanced “Inter-MSC HandOver” solution described in the present paper as IMHO.
2
Proposal/Recommendation

It is proposed to complete Alternative D in Section 7.19.1.6.1 with the IMHO description proposed below in a separate section of TR 23.882.
Summary of changes wrt rev1 of this paper:

· Some introductory text provided;

· MME-CS renamed into PCHCF, both in the text and in the figures;

· All references to the “CAAF” and “RUA” functions associated with the MME-CS have been deleted, both in the text and in the figures;
· The ICCC channel in the figures (red line) was extended to the ICCF function in the IMS;
· Two FFSs added related to: 1) identification of voice bearers in the MME and 2) continuity of any non-voice IMS sessions;
· Impact on the baseline CN and RAN architecture added.
*** Begin new text*** 

7.19.1.7
Alternative F – Inter-MSC Handover with IMS Centralised Services
This section proposes to complement Alternative D with concepts being defined as part of IMS Centralised Services (TR 23.982). Specifically, it is proposed to use the ICCC (IMS CS Control Channel) logical channel to convey service control messages after HO to the CS domain.

Additionally, it defines a stand-alone interworking function referred to as PS-CS Handover Control Function (PCHCF) which presents PS HO and CS HO behaviour towards the SAE/LTE Evolved Packet Core and the CS core, respectively.
PCHCF contains MME function and anchor MSC server function. It also contains an adaptation function for the service control signalling between CS domain and IMS. This function converts the service control signalling information received from the UE over CS access signalling and uses this information for initiation and control of SIP sessions via a SIP User Agent function towards the ICCF function in the IMS.


Alternative F works for voice calls which have been initiated in IMS/LTE and allows for subsequent transitions from 2G CS domain back to IMS/LTE. It is FFS whether Alternative F can be used for calls initiated in the CS domain.
Being based on CS and PS handovers, this solution allows for full network control of RAT/domain selection/change. In roaming scenarios the Visited PLMN controls the RAT/domain selection/change, while signalling to the HPLMN is minimised (i.e. one SIP invite message sent across the roaming boundary).

The following principles are used in defining the architecture for enablement of SAE-CS service continuity using new CS-PS handover procedures which are a combination of PS-PS and Inter MSC Handover procedures; combined with VCC Domain Transfers for application level session transfer and IMS Centralised Services for continuity of service control post Handovers.

1. All services are centralised in IMS
2. SIP session runs in the UE when using LTE access
3. When using CS access, SIP session runs in the UE with PCHCF presenting it to IMS [SIP templates embedded in CS signalling for transport b/w UE and  PCHCF]; SDP is generated by PCHCF
4. For Handovers:

[a] New transport layer PS<->CS Handover procedures utilised to switch the radio
[b] Bearer anchor moved to MGW upon Handover to CS; bearer anchoring at SAE-GW is not necessary as Application Layer transfer is required to update the other end with the new SIP session; see the following for details
[c] SIP session is relocated between the UE and the PCHCF with the PS HO procedure
[i] Application layer VCC Domain Transfer procedure is required for media transfer from one transport address to another; requires a 3pcc function in IMS to perform the transfer [not possible by simply switching the transport]
[ii] Bearer interruption incurred by the sequential nature of the two can be minimised by executing some of the procedures in parallel and employing other techniques such as downlink bi-cast as suggested later in this paper.

7.19.1.7.1
SAE/LTE => CS handovers with non optimised bearer preparation 

In this mode of bearer preparation, the bearer preparation performed prior to the RAT change is limited to setting up of bearer path between the MGW in the source SAE Core Network and the target BSS; the end-to-end uplink and downlink bearer between the UE and the other end is switched after the UE has retuned to the target radio. 

The signalling/ bearer architecture for this mode is illustrated in figure xx below.
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Figure xx: Signalling/Bearer Architecture – non optimised bearer preparation

The PCHCF provides CS interworking required for presentation of CS Inter MSC Handover procedures toward the MSC involved in the SAE-CS handovers; it uses a standard MGW for establishment and control of circuit connection toward the MSC involved in the SAE-CS handovers. The SIP User Agent function associated with the PCHCF converts the service control signalling information received from the UE over CS access signalling post handover to CS and uses this information for initiation and control of SIP sessions towards the ICCF function in the IMS. The DTF provides VCC Domain Transfer functions for relocation of SIP session between the UE and the UE upon handover, whereas, the ICCF in home IMS network provides service state synchronisation as needed for session control pre and post handover.

An example information flow for SAE to CS handover using this architecture is provided in figure xy below.
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 Figure xy: SAE to CS Handover information flow – non optimised bearer preparation

1. Target measurements and handover trigger detection at the S-eNB and the UE for initiation of handover to CS.

2. Handover Required message sent by the S-eNB to S-MME containing required information such as source to target information.

3. Standard PS-PS handover procedure at the S-MME for initiation of Forward Relocation Request toward T-PCHCF.

4. PS handover request interworked with CS Inter MSC handover request to the target MSC at PCHCF associated with the T-MME for initiation of Prepare Handover Request toward target MSC. It’s assumed that the CS Security context is available at the PCHCF; mechanisms for the discovery/retrieval of the CS security context at the PCHCF are FFS.
5. Target BSS preparation at the target MSC and the T-BSS.

6. Handover Number returned in Prepare Handover Response by the target MSC for establishment of circuit connection between the target MSC and the MGW associated with the T-PCHCF. 

7. Establishment of circuit connection between the target MSC and the MGW associated with the T-PCHCF initiated by the T-PCHCF using ISUP IAM and ACM. Completion of this step leads to the following subsequent steps:

a. PS HO of the signalling bearer to relocate the SIP session from the UE to the SIP User Agent function associated with the T-PCHCF.  Downlink signalling packets are queued at T-PCHCF, to be dispatched upon completion of Handover. 
NOTE: it is FFS how the MME can identify the VoIP bearer.
NOTE: it is FFS how to support continuity of any non-voice IMS bearers.
b. 
8. Forward Relocation Response generated toward S-MME with the required information such as target to source BSS information as indication of network bearer preparation and to instruct the UE to retune.

9. Handover Required Ack toward the S-eNB to instruct the UE to retune to the target radio.

10. Handover Command sent by the S-eNB for the UE to retune to the target radio.

11. Handover Detection at the T-BSS.

12. Handover Detect sent by the T-BSS to the MSC. Completion of this step leads to the following subsequent steps:

a. PAS Handover Detect sent to the T-PCHCF.

b. The SIP User Agent function associated with the T-PCHCF initiates a VCC Domain Transfer procedure to redirect VoIP traffic from SAE GW to MGW.

c. Standard VCC Domain Transfer procedure at the DTF for generation of Re-Invite toward the other end to perform session transfer.

13. Handover Complete sent by the T-BSS to the MSC. Completion of this step leads to the following subsequent steps:

a. SES Handover Complete sent to the T-PCHCF.

b. ISUP Answer message sent to the T-PCHCF to complete the bearer path between the MSC and the MGW associated with the T-PCHCF.

7.19.1.7.2
SAE/LTE => CS handovers with optimised bearer preparation 

In this mode of bearer preparation, downlink bi-cast is employed at a Media Proxy associated with the DTF to prepare downlink bearer toward the T-BSS prior to instructing the UE to retune to the target radio. The first uplink packet from the UE after the radio switch results in switching at the Media Proxy of the uplink bearer from the UE. 

The signalling/ bearer architecture for this mode is illustrated in figure yy below.
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Figure yy: Signalling/Bearer Architecture – optimised bearer preparation
The functions of the PCHCF and the ICCF are the same as in the previous option. REL-7 VCC is enhanced for this option to utilise a Media Proxy for enablement of downlink bi-cast upon handover initiation. The Media Proxy may be inserted in the bearer path of IMS sessions established over LTE access upon session anchoring at the DTF as shown in the example information flow in this paper or alternatively be inserted upon handover initiation which would be preferred for optimised resource utilisation.

An example information flow for SAE to CS handover using this architecture is provided in figure yz below.
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 Figure yz: SAE to CS Handover information flow – optimised bearer preparation

1. Target measurements and handover trigger detection at the S-eNB and the UE for initiation of handover to CS.

2. Handover Required message sent by the S-eNB to S-MME containing required information such as source to target information.

3. Standard PS-PS handover procedure at the S-eNB for initiation of Forward Relocation Request toward T-PCHCF.

4. PS handover request interworked with CS Inter MSC handover request to the target MSC at PCHCF associated with the T-MME for initiation of Prepare Handover Request toward target MSC. It’s assumed that the CS Security context is available at the PCHCF; mechanisms for the discovery/retrieval of the CS security context at the PCHCF are FFS.
5. Target BSS preparation at the target MSC and the T-BSS.

6. Handover Number returned in Prepare Handover Response by the target MSC for establishment of circuit connection between the target MSC and the MGW associated with the T-PCHCF. 

7. Establishment of circuit connection between the target MSC and the MGW associated with the T-PCHCF initiated by the T-PCHCF using ISUP IAM and ACM. Completion of this step leads to the following subsequent steps:

a. Update of Signalling Context to relocate the signalling context from the UE to the SIP User Agent associated with the T-PCHCF.  Downlink signalling packets are queued at T-PCHCF, to be dispatched upon completion of Handover. 
b. 
c. The SIP User Agent function associated with the T-PCHCF initiates an enhanced VCC Domain Transfer procedure to perform bearer preparation. This establishes a downlink bi-cast from the Media Proxy associated with the DTF toward the bearer termination at the MGW associated with the T-PCHCF. The first uplink packet from the MGW associated with the T-PCHCF results in switch of the uplink media at the Media Proxy.

8. Forward Relocation Response generated toward S-MME with the required information such as target to source BSS information as indication of network bearer preparation and to instruct the UE to retune.

9. Handover Required Ack toward the S-eNB to instruct the UE to retune to the target radio.

10. Handover Command sent by the S-eNB for the UE to retune to the target radio.

11. Handover Detection at the T-BSS.

12. Handover Complete sent by the T-BSS to the MSC. Completion of this step leads to the following subsequent steps:

a. SES Handover Complete sent to the T-PCHCF.

b. ISUP Answer message sent to the T-PCHCF to complete the bearer path between the MSC and the MGW associated with the T-PCHCF.

7.19.1.7.3
Impact on the baseline CN Architecture

This solution requires new core network functionality (PCHCF). The alternative with optimised bearer preparation requires an enhancement to REL-7 VCC allowing for insertion of Media Proxy in the bearer path of IMS sessions anchored at the DTF.
7.19.1.7.4
Impact on the baseline RAN Architecture

This solution does not require any of the following GERAN features: DTM, EGPRS (EDGE), PS handover, DTM enhancements or VoIP optimisations.
7.19.1.7.5
Impact on terminals used in the existing architecture
*** End new text***
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