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1. Introduction

This contribution discusses the alternative solutions based on PS to PS handover and PS to CS handover and introduces an enhanced SRV solution D based on DTM Handover.
2. Discussion

2.1 General:
For SRV solutions based on PS to PS handover, both VoIP data and IMS signalling are carried over GPRS. However, compared to IMS signalling, real-time service such as voice may not be feasible to be carried over 2G/3G PS. Moreover, if VoIP service is carried over non VoIP-capable 2G/3G PS, it probably falls back to CS domain, which results in a long time service interruption and bad user experience.
Compared to SRV solutions based on PS to PS handover, solution D can achieve a shorter service interruption and better user experience. However, as the IMS UE can not keep its presence in IMS due to the lack of IP-CAN (i.e. the IMS control channel is broken), this results in many problems such as IMS registration expiration, SIP session expiration, etc. Some special measures have to be taken to keep the SIP session alive, which influences both IMS and EPC. 

Based on the above discussion, Single Radio VCC (SRV) solutions based on PS to PS handover may have some problems for real-time services and maintaining good support of IMS Signalling, on the contrary to solution D. So, when studying Single Radio VCC, both real-time services (e.g. voice over IMS) and its related control channel (e.g. IMS signalling) should be considered.
2.2 The enhanced Single Radio VCC alternative solution D using DTM handover 

In EPS, IMS signalling and VoIP are probably carried over their respective bearers (e.g. default bearer and dedicated bearer respectively). 

[image: image1]
Figure 1: IMS Voice Call Originating from LTE
Based on the above discussion, an enhanced solution D is introduced which emulates the inter-BSS DTM handover from LTE to 2G/3G. The VoIP bearer is handed over to the target CS domain and the IMS signalling bearer is handed over to the target PS domain. 
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Figure 2: Handover of SRV call from LTE to 2G/3G
The enhanced architecture brings the pros as follows:

(1) Due to the availability of IMS Signalling Control channel over 2G/3G PS, the IMS UE can keep its presence in IMS, and IMS services except real-time services are able to keep alive in IMS domain, and the PCC architecture can be reused to handle the signalling after handover. 
(2) The enhanced SRV solution D has no impacts on IMS, since it is fully under the control of EPC and transparent to IMS services.
(3) Since real-time VoIP is carried over GSM-CS without going through 2G/3G PS, voice quality and user experience are much better.
2.3 The relative information flows
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 Figure 3: Voice Call Continuity from LTE to 2G/3G 
1) The UE indicates to the EPC in its capabilities whether it is SRV-capable or not during its attachment. f so, this information is stored in EPC. As the bearer establishment for voice in LTE is triggered, dependent on the UE’s SRV Capability, the EPC (e.g. MME) detects an IMS session that is a “candidate for Voice Call Continuity” to the Circuit Switched domain and passes an indication to notify the eNodeB to identify the UE for which to initiate measurements that may eventually trigger the inter-MSC Handover or inter-BSS DTM Handover or LTE to 2G/3G PS Handover. 
2-3) Once eNodeB receives the Measurement report and makes the decision that the best way to maintain the voice call is to perform an inter-BSS DTM handover to a 2G/3G cell (especially a 2G/3G cell that does not support VoIP), then the eNodeB selects the same target cell ID for both CS and PS domains and constructs a “PS to CS Handover Required” message and sends this to the MME. This “Handover Required to CS” message:
- informs the MME of the address of the target cell and/or target RAN node (e.g. BSC/RNC); 

- informs the MME that this is a inter-BSS handover towards the 2G/3G domain

- etc.
4-11) Once MME receives the PS to CS Handover Required message, it triggers eNodeB to RNS/BSS DTM Handover by sending Prepare Handover Req (PS Indication IE) message and Forward Relocation Request (CS Indication IE) PDU to the MSC and the SGSN respectively. 
The target BSS/RNS, upon reception of a Prepare Handover Req message (respectively Forward Relocation Request) containing an indication of an ongoing PS handover (respectively CS handover), waits for reception of the corresponding Forward Relocation Request (respectively Prepare Handover Req message). 
12-14) MME informs Serving/PDN Gateway to prepare the User Plane for the ongoing voice, and correlate the CS bearer with the IMS voice PS bearer. On the receipt of the DTM HANDOVER COMMAND message the UE switches to the new configuration and initiates the access on the target cell using the existing CS handover access procedures. 
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Figure 4: Voice Call Continuity from LTE to 2G/3G (CONT.)
15-21) Once the main signalling link is established in the target cell, the UE sends the HANDOVER COMPLETE message to the target BSS/RNS which in turns sends both a HANDOVER COMPLETE message to the MSC and a PS HANDOVER COMPLETE PDU to the MME to indicate the completion of the handover. Thereafter, MME activates the User Plane and releases the previous LTE PS resources.
22) MME and Serving/PDN Gateway act as the C-plane and U-plane anchors for the IMS session respectively and are responsible to maintain both PS and CS bearers, and correlate them properly. When the handover of SRV call from LTE to 2G/3G is finished, VoIP service is carried over TDM from UE to MSC-S/MGW, and over IP from MSC-S/MGW to the remote UE, and IMS signalling is carried over 2G/3G PS. 
23-26) when the AF receives BYE message, it triggers the release of both PS and CS bearer.
3. Conclusion

This contribution introduces an enhanced solution D based on DTM handover from LTE to 2G/3G which hands over voice service and IMS signalling to the target CS and PS domain respectively. Herein, we suggest adding the enhanced solution D based on DTM handover, and the proposed Voice Call Continuity from LTE IMS to 2G/3G procedure into TR 23.882.
4. Text Proposal

------------------------------------------------------------ Start of change-------------------------------------------------------------
7.19.1.6
Alternative solution D - « Inter-MSC Handover » solution

7.19.1.6.1
Description

This alternative solution 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/3G domain back to IMS/LTE.

While in IMS/LTE mode, the UE indicates to EPC in its capabilities whether it is SRV-capable or not during its attachment. If so, the SRV capability is stored in EPC. As the IMS voice bearer establishment in LTE is triggered, dependent on the UE’s SRV Capability, the EPC (e.g. MME) detects an IMS session that is a “candidate for Voice Call Continuity” to the Circuit Switched domain and passes an indication to notify the eNodeB to identify the UE for which to initiate measurements that may eventually trigger the inter-MSC Handover or inter-BSS DTM Handover or LTE to 2G/3G PS Handover.
If inter-MSC handover is triggered, the end of the  handover procedure, the P-CSCF may have to register with the IMS on UE's behalf in case the UE has no DTM capability. It is FFS how call control signalling is handled after handover (e.g. relay of call control signalling in BSSMAP messages).
If LTE to 2G/3G PS Handover is triggered, both VoIP bearer and IMS signalling bearer are handed over to the target PS domain.

If inter-BSS DTM handover is triggered, the VoIP bearer is handed over to the target CS domain and the IMS signalling bearer is handed over to the target PS domain. Due to the availability of IMS Signalling Control Channel over target PS, the IMS UE can keep its presence in IMS, and IMS services except real-time services are able to be kept in IMS, and the PCC architecture can be reused to handle the signalling after handover.

[image: image5]
Figure 7.19.1.6.1-1: Handover of SRV call from LTE to 2G/3G
Similar logic may be used for subsequent transitions from 2G CS to IMS/LTE, but it requires further investigation.

The services remain anchored in the IMS after the initial and subsequent transitions to/from the CS domain.

This solution may also be applicable for continuity between 3G PS and 2G CS, but it requires further investigation.
7.19.1.6.2
Impact on the baseline CN Architecture

7.19.1.6.3
Impact on the baseline RAN Architecture

7.19.1.6.4
Impact on terminals used in the existing architecture
------------------------------------------------------------ End of change----------------------------------------------------------------
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