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Abstract of the contribution: This paper proposes a new CS->LTE SRVCC solution based on alternative E by using USSD based tunnel.
1. Introduction
As shown in Figure 1 below, the role of the IWF for CS->LTE SRVCC is:
· To be a signalling tunnelling end point for receiving/sending encapsulated LTE signalling messages to/from the UE over USSD based logical channel and
· To emulate an eNB (S1-MME/S1-U) towards the MME/Serving GW. No modifications to the existing MME/Serving GW are required.
Editor Note: This paper only discusses the USSD HPLMN case, and the USSD VPLMN Case is FFS.
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Figure 1: High Level CS->LTE SR-VCC Architecture – Non-Roaming Case
Similar to the LTE->CS SRVCC case, the different CS->LTE SRVCC phases and the triggers to execute them clarified:
1. SRVCC Preparation phase

· UE makes the LTE attachment and IMS registration only if it locates in "GSM-LTE border area" AND is engaged in CS session.
2. SRVCC Domain Transfer phase

· Execution of the SR-VCC during a regular Inter RAT CS Handover to LTE.
· Operation based on buffered IMS Call Setup at IWF:

· to optimize the SR-VCC break time and 

· to avoid IMS calls unless a domain transfer truly takes place

3. SRVCC Preparation Release phase

· Releasing the IWF when a SR-VCC Domain Transfer is not imminent.
2. Proposal 
It is proposed to modify the TR 23.882 according to the Annex A of this contribution.
Annex A:
...............................................................................................................................

*** 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 proxy S3 interface between MME and SGSN

-   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 UTRAN RNS (Iu-CS interface) towards the 2G/3G MSC or GERAN BSS (A interface) towards 2G-only MSC. No modifications to the existing MSCs are required.
· To be a signalling tunnelling end point for receiving/sending encapsulated LTE signalling messages to/from the UE over USSD based logical channel and
· To emulate an eNB (S1-MME/S1-U) towards the MME/Serving GW. No modifications to the existing MME/Serving GW are required.
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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.

Voice IWF is connected to MME with the S3' reference point. S3' is a version of the S3 reference point that is enhanced to convey CS signalling messages (as specified in TS 24.008) between MME and IWF for LTE->CS SR-VCC.
For CS->LTE SR-VCC, USSD based logical channel is used to convey LTE signalling messages (as specified in TS 23.401 and TS 23.402) between UE and IWF. 
In the case of USSD HPLMN case, the USSD based logical channel may be established as follows:

UE has stored a default HPLMN USSD service code, which is dynamically allocated by HPLMN or statically configured in UE, and the UE uses the HPLMN USSD service code to establish the logical channel between UE and IWF via BSC, MSC, HLR and USSD GW, as shown in Figure 7.19.1.7-1.1 below.
Editor Note: This paper only discusses the USSD HPLMN case, and the USSD VPLMN case is FFS.
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Figure 7.19.1.7-1.1: USSD based logical channel – USSD HPLMN Case   
*** End of 1st change ***
*** Start of 2nd change ***
7.19.1.7.3
2G/3G CS voice to LTE VoIP voice continuity

7.19.1.7.3.1
Overview

[image: image5]
Figure 7.19.1.7.3-1: High Level Procedures for CS->LTE Single Radio VCC

Note: In the figure, following colour coding is used:

· BLACK ARROWS & TEXT:  Unmodified Release 7 VCC signalling

· GREEN ARROWS AND TEXT: Unmodified 2G signalling 

· BLUE ARROWS AND TEXT: Unmodified S1- MME signalling

· RED ARROWS AND TEXT: SR-VCC extensions 
In the following subsections, each of the indicated 3 phases is described in detail.
7.19.1.7.3.2 SR-VCC Preparation Phase

[image: image6]
Figure 7.19.1.7.3-2: SR-VCC Location Update Phase

SR-VCC Preparation phase is started by the SRVCC UE, when two criteria are met:

· UE is within LTE SR-VCC area (as indicated by receiving 2G & LTE NCL)
· UE is engaged in CS session 

Note: The indication of the UE being in the "LTE SR-VCC area" is given to the UE by GERAN when UE enters an area where SRVCC may happen. The indication may be done e.g. by Measurement Control signalling. For example, the UE may be indicated by receiving LTE NCL from BSC. The detailed mechanisms for this UE-GERAN interaction are to be studied in TSG GERAN WGs.
When these criteria are met, SR-VCC UE first performs an Attachment procedure with the LTE (as specified in TS 23.401 or TS 23.402) and then performs IMS registration with IMS domain. In the LTE Attachment, the UE uses a virtual Global SRVCC Traction Area.

The SR-VCC UE shall also send an Invite (VDI) towards the IMS domain. This IMS call may later proceed as the call into which the ongoing CS session will be transferred during possible domain transfer. In the SR-VCC UE, the timer for receiving the subsequent Call Control signalling back from the IMS Domain (180 Ring, 200 OK, etc.) shall be set to not expire during the existence of the IMS VoIP session.

The LTE/IMS signalling over 2G system in encapsulated in special USSD message "SRVCC Container", and USSD GW forwards these USSD SRVCC Containers to/from IWF. 
When the IWF receives a USSD SRVCC Container flagged to contain a CC_Invite, IWF stores the encapsulated IMS Call Setup message locally (and does NOT forward it to CSCF). If an IMS Call Setup is already stored for the UE within the IWF, the IWF shall replace it with the received new IMS Call Setup.
7.19.1.7.2.3
SR-VCC Domain Transfer Phase

This phase describes the actual SR-VCC Domain Transfer taking place if an inter RAT handover towards LTE occurs during ongoing CS session and when a SR-VCC is already prepared for the UE. 

[image: image7]
Figure 7.19.1.7.3-3. SR-VCC Domain Transfer Phase.
1. 
Based on general inter system handover criteria, BSC decides when to trigger an Inter RAT HO preparation towards a LTE system.

2.
To start inter RAT handover, BSC sends HO REQUIRED to MSC. 

3.
MSC generates HO REQUEST and sends it towards the IWF-BSC.

4-7.
If IWF receives the HO REQUEST from MSC via A/Iu-CS, then IWF forwards the locally stored IMS Call Invite (VDI) to the CSCF to trigger the Domain Transfer procedure. Note that if the 200 OK message is not delivered to UE through USSD logical channel, then it will be re-delivered by CSCFs to UE via LTE upon the completion of 2G->LTE HO.
8.
The Domain Transfer procedure triggers the dedicated voice bearer establishment and the IWF acts as virtual eNB for the UE camping on 2G.
9.
IWF checks whether there is a PS indication IE in the received HO Request as described for DTM HO in TS 43.055.If no PS indication IE is available at HO Request, IWF triggers the inter-eNB HO towards MME. If a PS indication IE is available at HO Request and since IWF is in the MME-SGSN signalling Path, IWF waits for the PS HO Request from SGSN in order to synchronize the HO Request and PS HO Request by reconstructing uniformed inter-eNB HO Required Message towards MME.
On the other hand, if IWF may receive PS HO Request from SGSN prior to receiving HO Request from MSC. At that time, if an IMS Call Invite (VDI) is available at the IWF for the UE, then IWF forwards the locally stored IMS Call Invite (VDI) to the CSCF.
Also, if a CS indication IE is available at PS HO Request, IWF waits for the HO Request from MSC in order to synchronize the HO Request and PS HO Request by reconstructing uniformed inter-eNB HO Required Message towards MME. 
10.
DTF proceeds with the domain transfer and sets up the access leg for the IMS call. During this Domain Transfer process the original CS media path is disconnected, unless DT inserts a MRF into the media path.

11.
In parallel with the Call handling at IMS core, IWF receives S1-MME RELOCATION COMMAND from MME when the relocation preparation at target LTE system has completed. 
If DTM HO procedure occurs, then IWF may reconstruct the A/Iu-CS HO RESPONSE and S3 RELOCATION RESPONSE by dividing S1-MME RELOCATION COMMAND and send them to MSC and SGSN respectively.
(The DTM case is not shown in figure)
12.
After completion of the relocation preparation at target system IWF reconstructs the A/Iu-CS HO RESPONSE to correspond to the originally received CS HO triggered by the MSC. IWF forwards the reconstructed HO REPONSE to the MSC.

13. MSC sends HANDOVER COMMAND to BSC. 

14. BSC sends an inter RAT HO Command to UE

15. UE performs inter RAT HO by tuning away from 2G to the LTE radio system. Target access system indicates to the MSC the detection of the UE at target System.

16. MSC forwards the CS Call CONNECT (as specified in TS 24.008) to UE, unless it was already delivered to the UE via the IWF.

As depicted above, when UE locates in "GSM-LTE border area" and is engaged in CS session, the UE first makes the LTE attachment and IMS registration on USSD logical channel and then sends Invite (VDI) towards IMS domain which is buffered by WF until the 2G->LTE HO occurs.
In other words, after the LTE attachment, the UE will register in IMS using IP address allocated by PDN GW i.e. the IMS signalling is transported over USSD between UE and IWF, and over EPS bearer between IWF-eNB and PDN-GW, and over IP between PDN GW and P-CSCF. So, the IWF just acts as a kind of proxy function to forward related IMS signalling (i.e. so-called USSD SR-VCC container is similar to NAS SR-VCC container).
Also, based on the above depiction, we can see that much preparation work on USSD can be performed in SR-VCC Preparation Phase, and in SR-VCC Domain Transfer Phase IWF just forwards buffered invite(VDI) towards CSCFs to trigger the DT procedure. If the 200 OK for the invite(VDI) is also delivered to UE via LTE rather than CS domain’s USSD container, then there could be no SIP messages between UE and IWF on CS domain’s USSD during SR-VCC Domain Transfer Phase.
Due to USSD’s low bitrate, 2G->LTE HO may occur prior to the completion of the SR-VCC preparation phase. For this exceptional case, we can just delay the SR-VCC Domain Transfer phase until the SR-VCC preparation phase is finished since 2G/3G is covered almost everywhere and the voice service can still be maintained on CS domain without service interruption.
So, although USSD is low bitrate and low capacity transport, USSD based CS->LTE SR-VCC could still work with a accepted performance.
Also, to minimize the break time in the voice path the forwarding of the IMS call setup by the IWF (step 4) should be triggered by the Inter RAT Relocation procedure (step 3).

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. Other methods are FFS.
7.19.1.7.2.4
SR-VCC Preparation Release Phase

This phase is triggered by the SR-VCC UE when the following criteria's are met:

· UE has completed the SRVCC Preparation phase, 
· no SR-VCC Domain transfer has happened AND 
· either of the following happens:

· The CS Session is terminated OR
· The UE leaves the "SR-VCC Area" as indicated by BSC

[image: image8]
Figure 7.19.1.7-6. SR-VCC Preparation Release Phase
If no Domain Transfer occurred during the duration of the CS session and the CS session is terminated or the UE leaves the "SRVCC area" as indicated by BSC, the UE shall send a Cancel message towards the IMS domain. 
When IWF receives a USSD SR-VCC Container flagged to contain CC_ CANCEL, IWF shall locally delete the stored IMS CALL INVITE message for the UE and release the IWF state for the UE. IWF does NOT forward the CC: CANCEL to the CSCF.
*** End of 2nd change ***
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