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Abstract of the contribution: this contribution provides clarifications and small enhancements to the PS->CS handover procedure for the Alternative E SR-VCC.
1. Introduction

This contribution proposes clarifications and small enhancements to the PS->CS procedure in Alternative E SR-VCC. It is proposed that:

· "Voice IWF" is renamed to "IWF" as it's role is to provide interworking with the legacy CS and LTE access systems during inter system handover

· The S3-CS reference point is renamed to S10' to better reflect the fact that the IWF emulates MME towards EPS MMEs

· The burden of coordinating simultaneous CS and PS handover is moved from MME to the IWF

· The steps for performing the domain transfer and the media switch are clarified

· Terminology is aligned with current  EPS terminology

2. Proposal 

It is proposed to modify the Alternative E in TR 23.822 as follows:

*** Start of 1st change ***
7.19.1.7
Alternative E - IMS Anchored Voice Continuity
7.19.1.7.1
Description

This solution aims to use IMS and VCC Rel-7 framework for controlling the voice call continuity between CS domain and LTE/SAE access. Re-use and enhancement of Release 7 VCC, where applicable, will also be considered.
In order to utilize the IMS and VCC Rel-7 architecture, the following high level architecture introduces a gateway called "Interworking Function (IWF)". The role of the IWF is:

-
To emulate an S10 interface towards the LTE/SAE MME,

-
To be a signalling tunnelling end point towards the LTE/SAE MME for receiving/sending encapsulated GSM/UMTS CS signalling messages to/from the UE and 

-
To emulate a GERAN BSS (A interface) or UTRAN RNS (Iu interface) towards the 2G/3G MSC. No modifications to the existing MSCs are expected.
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Figure 7.19.1.7-1: High Level SR-VCC Architecture

Per VCC Rel-7, for all VCC-capable UE's, the call is always anchored at the VCC AS.  

The Role of the IWF is to enable a single radio UE to communicate in parallel both with the source system and target system. Instead of using separate radios as in Rel-7 VCC, the signalling communication with the target system is carried over the source system radio access.

IWF is connected to MME with the S10' reference point. S10’
 is a version of the S10 reference point that is enhanced to convey CS signalling messages (as specified in TS 24.008) between MME and IWF.
7.19.1.7.2
LTE  VoIP to 2G/3G CS voice continuity
7.19.1.7.2.1
Overview

The procedure for a single-radio UE performing VCC from LTE VoIP to 2G/3G CS will then follow the high level steps as defined in Figure 7.19.1.7-2. 
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Figure 7.19.1.7-2: High Level Procedures for Single Radio VCC

7.19.1.7.2.2
Step 1: CS call setup

The UE performs Location Area update as needed prior to the radio handover procedures and sets up a call in the CS domain (CS signalling tunnelled over LTE and IWF) to an MSC in local PLMN. Similarly to Rel 7 VCC, this CS call setup is started before the media is switched from VoIP to CS. The trigger to initiate this CS call setup should come from E-UTRAN so that the timing can be coordinated with the radio handover procedures.

The communication between the UE and the IWF is based on TS 24.008. 

-
Between UE and MME the required TS 24.008 signalling is encapsulated in EPS NAS signalling. The EPS NAS message(s) to be used for this purpose is FFS. 

-
Between MME and IWF the required 24.008 signalling is encapsulated in the S10' protocol. The message to be used for the S10' is FFS.

During the CS call setup procedure, the IWF & MSC perform RANAP or BSSAP signalling on the A/Iu interface to complete CS RAB assignment, including allocation of the A/Iu interface U-plane connection to the IWF.

The CS call setup procedure will trigger the VCC domain transfer procedure that without changes to the VCC application will cause an interruption in the voice path to the UE since a CS voice path does not extend through the E-UTRAN.  

To minimize the break time in the voice path the CS call setup procedure should be carefully coordinated with the radio handover procedure.  Alternatively, the VCC application may be enhanced to introduce a MGW to the media path to maintain both voice media to the VoIP leg towards E-UTRAN and the CS leg towards MSC until the radio handover is confirmed.  During this period, the MGW may use bi-casting, conferencing or other means to assure voice continuity.

The exact mechanism to use for media switching is FFS.

At the end of step 1:

-
a CS call leg exists between the UE and the VCC AS, but the CS voice is terminated at the IWF and not carried over E-UTRAN 
-
VCC domain transfer procedures will complete.  The VCC application may insert a MGW in the media path to maintain the voice path in both domains until the radio handover is complete
-
the original SIP session and the VoIP bearer(s) via E-UTRAN remain unchanged and the UE continues to send and receive media via the original VoIP bearer(s) if supported by the VCC application
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Figure 7.19.1.7-3.  Step 1: CS Call Establishment Procedures

7.19.1.7.2.3
Inter RAT Handover

An inter RAT handover is initiated by E-UTRAN. 


The VoIP service is handed to the target CS system via the IWF. In the process MME relocates the PS services towards the IWF over S10' reference point. IWF triggers relocation towards the target system and splits the Voice service subject for SR-VCC into a relocation towards an MSC while the other PS services (if any) are started to be relocated towards the SGSN. Target SGSN sees the IWF as the source BSS/RNS.
Towards the serving MSC the IWF plays the role of source BSS/RNS. The serving MSC executes a regular inter BSS/RNS handover preparation (or an inter-MSC handover from the serving (anchor) MSC to the target MSC if the selected target BSS/RNS belongs to a different target MSC).
If the SGSN supports PS handover/relocation, the IWF makes the coordination between the CS and PS handover preparation phases as a BSS/RNS does.
At reception of the "Inter RAT Handover Command", the UE stops sending/receiving the original VoIP media over E-UTRAN, tunes to and accesses the target system and starts to send/receive voice media associated with the CS call leg via the target BSS/RAN.

Voice media now resumes via the CS call leg if VCC domain transfer signalling is complete.  If the VCC application inserted a MGW in the media path in CS call setup phase it may be removed e.g. once media flow is detected on the CS leg or handover completion is otherwise confirmed.




The following example shows the signalling flow for the LTE to 2G CS inter RAT handover. LTE to 3G CS inter RAT handover is very similar; the term "HO" in messages 4-7, 13 and 15 is replaced by a term "Relocation" 
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Figure 7.19.1.7-4.  LTE VoIP to 2G CS inter RAT Handover. 
The establishment of CS call between UE and VCC AS via IWF and MSC may overlap to some extent with this signalling sequence as long as step 4 is not significantly delayed.

1.
E.g. based on the measurements and additional information, the source system decides to initiate the handover.

2.
The source eNode B sends a Relocation Required message to the source MME.  This message contains the target cell Identification and an E-UTRAN Transparent Container.  The container includes the same information that the target system would expect to receive in a hard handover/ SRNS relocation.

3.
The source MME sends a Forward Relocation Request message to the target IWF. Note MME and IWF could collocate. 
4.
The IWF waits for CS RAB assignment messaging associated with CS call setup to complete, if necessary.  Then the IWF converts the Forward Relocation Request message into a HO Required message as expected by MSC from a source BSS during inter BSC handover of a voice call.  For the other non voice PS services that may exist, the IWF may initiate a parallel inter RAT PS handover towards the Target SGSN as described in TS 23.401.
5.
The MSC sends a HO Request message to the target BSS. Note, that if the target BSS is under a different MSC that the one selected in step1, the MSC communicates to the target BSS via target MSC (over E interface). (This inter MSC signaling is not shown)
6.
The target BSS sends a HO Request ACK message to the MSC.

7.
The MSC sends a HO Command message to the IWF emulating the source BSS.

8.
The IWF sends a Forward Relocation Response message to the source MME.  In case a parallel inter RAT PS to PS handover was triggered at step 4, the IWF should wait for the completion of the Relocation preparation with Target SGSN before proceeding with step 8.
9.
The source MME sends a Relocation Response message back to the eNodeB. 
10.
The source eNodeB sends a HO Command message to the UE to begin HO procedure to the source BSS.

11.
The UE performs an access procedure and is detected on the target system.

12.
The target BSS forwards physical information to the UE for the target system. 

13.
The target BSS indicates detection of the UE to the MSC.

14.
The UE sends a Handover Completed message to the target BSS.

15.
The target BSS sends a HO Complete message to the MSC.

16.
The MSC informs the IWF emulating a source BSS, that the handover is complete by sending a Release message.

17.
The IWF sends a Forward Relocation Complete Acknowledge message to the source MME.

18.
IWF informs MSC that it has released the resources

19.
MME acknowledges the Relocation completion to IWF

20.
The source MME sends an "SGW Release" message to the Serving/PDN GW. (Collocated Serving and PDN GW assumed in this flow)
21.
The Serving GW sends a Tunnel Release message to the source eNodeB.
*** End of 1st change ***
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