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Abstract: This discussion paper analyses possible solutions for Voice Call Continuity (VCC) between 2G CS domain and SAE/LTE (a.k.a. Single Radio VCC). It summarises the GERAN impacts of the proposed solutions and suggests to take advantage of this workshop for sharing feedback between the companies.
1.
Introduction

The specification of Voice Call Continuity (VCC) between the CS domain and the IMS (TS 23.206) is nearing completion within REL-7. The REL-7 VCC solution is focused on the “dual radio” case i.e. when the UE can transmit and receive in parallel over both the source and the target radio during the execution of the VCC “domain transfer” procedure. E.g. this is the case when IMS is accessed via WLAN, whereas the CS domain is accessed via 2G or 3G radio. Another example is when both the IMS and the CS domain are accessed via 3G, because the 3G radio allows for simultaneous access to both 3G PS and 3G CS.

Further study is required in order to cover the “single radio VCC” (or “SR VCC”, for short) case i.e. when the UE makes a VCC transition between 2G CS and LTE (or between 2G CS and 3G PS). Indeed, in this case it is not possible for the UE to have parallel transmission and reception on both the 2G and the LTE (or 3G) side, in order to execute the VCC domain transfer procedure.

The SAE feasibility study currently includes four high-level approaches for SR VCC (refer to clause 7.19 in TR 23.882). The present discussion paper focuses on one of those solutions, referred to as the Combinational VCC (C-VCC, see clause 7.19.1.3 in TR 23.882), and analyses the impacts to GERAN. It is our understanding that the GERAN impacts of any of the other solutions described in TR 23.882 represent a subset of the C-VCC impacts assessed in the present paper.

2.
Combinational VCC with "2G transformational cell"

Combinational VCC is a combination of radio handover (HO) and VCC domain transfer (DT; see some excerpts from TS 23.206 copied in the Annex of the present paper).

The continuity between IMS/LTE and 2G CS is enabled by going through 2G PS as an intermediate step i.e.

· LTE =(PS HO)=> via 2G PS  =(DT)=> 2G CS, and

· 2G CS =(DT)=> via 2G PS =(PS HO)=> LTE.

The same procedure is applicable for voice continuity between 2G CS and 3G PS (“3G PS” would replace “LTE” above). An example use case is when the 3G cell provides access to the PS domain only (e.g. an HSDPA/HSUPA cell).
A pre-requisite for C-VCC operation in this scenario is that the 2G cell supports both CS voice bearers and PS voice bearers. In addition, the terminal and the GERAN must support the PS handover procedure and the DTM capability.

Assuming that VoIP support in 2G may not be as efficient as CS voice, the intent of the C-VCC approach is to use the GPRS access only as a “changing room” where the voice call/session can quickly change its nature (from CS to IMS or vice versa), but without keeping the VoIP session in GPRS longer than necessary to perform this transformation. A 2G cell whose GPRS access is used in this way is referred to as a “2G transformational cell”.
The step-by-step C-VCC procedure with a “2G transformational cell” in the 2G CS to LTE (or 3G PS) direction is as follows:

1) the “2G transformational cell” should have a means for recognising that the UE is a VCC-capable UE (e.g. via an appropriate UE radio capability). This is necessary so that the BSS can instruct the UE to report cell measurements on neighbouring LTE or 3G PS-only cells;

NOTE: given that all CS calls from VCC-capable UEs are not necessarily part of a VCC-anchored call, this information may have to be provided dynamically by the UE only when it has an ongoing VCC-anchored CS call;

2) the “2G transformational cell” should have a means for informing the UE that it should trigger the VCC procedure (e.g. via appropriate message / information element of the RRC protocol specified in TS 44.018);

3) the UE should then request a VoIP-capable PS radio bearer in the same cell and should have a means for indicating to the network that this is a particular type of bearer – a “transformational PS bearer”. This may be necessary because a typical GSM/GPRS network is unlikely to grant a request for a VoIP-capable PS bearer (unless it knows that this bearer is “transformational” i.e. will not be held more than a couple of seconds);

4) the network should complete the PS bearer establishment procedure (note that by this time the initial CS bearer is still up and running, thus minimising the service interruption);

5) upon the establishment of the PS bearer the UE should request a release of the original CS bearer with no delay;

6) as soon as the CS bearer is released the 2G radio access network should trigger the PS Handover procedure in order to hand over the call to the target cell (LTE or 3G PS-only).

The step-by-step C-VCC procedure in the opposite direction (LTE or 3G PS-only towards 2G CS) is as follows:

1) the “2G transformational cell” should have a means (e.g. a new parameter in the PS Handover Request message) for recognising that the incoming PS Handover request is for a particular type of bearer – a “transformational PS bearer”. This may be necessary because a typical GSM/GPRS network is unlikely to grant a PS Handover request for a VoIP-capable PS bearer (unless it knows that this bearer is “transformational” i.e. will not be held more than a couple of seconds);

2) upon completion of the PS Handover procedure the UE should immediately trigger the VCC domain transfer procedure by establishing the CS Access Leg;

NOTE: the UE will first have to perform the IMSI-attach procedure before requesting a CS bearer;

3) upon the establishment of the CS bearer the UE should request a release of the “transformational PS bearer” with no delay. The BSS is likely to monitor the lifetime of the “transformational PS bearer” and declare a procedure failure if this bearer is not released upon timer expiry.

3.
Summary of estimated GERAN impacts
This section summarises the estimated GERAN impacts for the Combinational VCC approach with “2G transformational cell”:
· new UE “radio” capability allowing the BSS to recognise that the UE is a VCC-capable UE, and, possibly, that the UE is engaged in a VCC call. This is necessary so that the BSS can instruct the UE to report cell measurements on neighbouring LTE or 3G PS-only cells;

· new message or information element of the RRC protocol (TS 44.018) by which the BSS informs the UE that it should/may trigger the VCC procedure;

· new indication for a “transformational PS bearer” in UE’s PS bearer request allowing the BSS to accept the UE’s request for a VoIP bearer;

· new indication for a “transformational PS bearer” in the PS Handover Request message allowing the BSS to accept the incoming HO request for a VoIP bearer;
· the UE must have a DTM capability and must be able to establish and maintain one VoIP bearer and one CS voice bearer in parallel, even if only for a short period of time (e.g. a couple of seconds). This item seems to be the only significant impact.
NOTE: as mentioned in the introduction, we believe that the GERAN impacts of any of the remaining VCC solutions described in TR 23.882 are only a subset of the impacts summarised previously and are typically reflected in the first two bullets above. It should be noted though that neither of the other solutions is perfect because each one of them has one or more of the following drawbacks:

· specific deployment assumptions,

· long service break,
· significant Core Network impact,

· inability to handle voice continuity for calls initiated in the CS domain.
4.
Proposal

It is proposed 
· to review the evaluation of the GERAN impacts of the Combinational VCC approach presented in this discussion paper;
· to share feedback about how realistic it is to provide GERAN support on both network and terminal sides for each of the items identified in Section 3.
.
Annex: Excerpt from TS 23.206 on Domain Transfer procedures
6.4
Domain transfer

6.4.1
Domain transfer procedures

6.4.1.1
General

Domain Transfer procedures enable voice continuity between CS domain and IMS while maintaining an active voice session when using a VCC UE. All Domain Transfer procedures associated with a VCC subscriber call including initial and subsequent transfers are executed and controlled in the user's home IMS network by the DTF upon UE's request.

VDN and VDI are used during the execution of domain transfers. The VDN and VDI are stored in the UE. The VDN and VDI are configured into the UE during initial provisioning.

6.4.1.2
Enablement of domain transfer procedures

Static anchoring techniques are employed to establish a 3pcc (3rd party call control) function for VCC subscriber voice calls using a VCC UE at the DTF upon session establishment. The DTF is invoked as part of originating or terminating iFC execution at the VCC subscriber's S-CSCF or invoked by addressing its PSI from the IMRN. The DTF inserts itself in the signalling path of the VCC subscriber's voice calls made using VCC UE by employing a Routing 3pcc function. For an originating voice session, the DTF terminates an Access Leg from the user and establishes a Remote Leg toward the remote end; for a terminating voice session, the DTF terminates a Remote Leg from the remote end and establishes an Access Leg toward the user. The DTF subsequently coordinates the call control signalling exchange between the Access Leg and the Remote Leg associated with a VCC subscriber voice call.

Figure 6.4.1.2-1 shows 3pcc at the DTF when the Access Leg is established via the CS domain and IMS respectively to illustrate its use for precondition of Domain Transfer procedures. The figure is for illustration of the 3pcc at the DTF and its use for Domain Transfer procedures, hence it only shows the signalling and bearer components relevant to the enablement and execution of Domain Transfers; for example, the CSAF which may be involved in anchoring of CS originating calls in IMS or the P-CSCF involved in establishing IMS session are not shown. 
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Figure 6.4.1.2-1: 3pcc at DTF

The other Application Servers associated with the call are linked in as part of the Remote Leg of the call. These Application Servers will not be impacted by Domain Transfer procedures executed on the Access Leg.

NOTE:
Any SIP ASs linked in before in the Access Leg between the DTF and UE will be removed from the signalling path upon the Domain Transfer.

6.4.1.3
Execution of domain transfer procedures

Upon detection of conditions requiring Domain Transfer, the UE establishes an Access Leg with the DTF via the transferred-in domain to request Domain Transfer to the transferred-in domain. The DTF executes the Domain Transfer procedure by replacing the Access Leg currently communicating to the Remote Leg with the Access Leg established via the transferred-in domain. The Access Leg established via the transferred-out domain is subsequently released. When the switch of the Access leg from the transferred-out domain to the transferred-in domain is executed, the Remote Leg is also updated in order to forward the U-Plane data to the transferred-in domain.

The execution of the Domain Transfer procedure consists of the following basic steps:

1.
The UE establishes an Access Leg via the transferred-in domain after registering (per clause 6.1 or clause 6.2) with the transferred-in domain as needed.

2.
The DTF performs the Access Leg Update to switch the Access Leg communicating with the Remote Leg from transferred-out domain to transferred-in domain. If the remote party is IMS capable, the U-plane path is switched end-to-end (i.e. between UEs). And if the remote party is CS/PSTN, U-plane path is switched between VCC UE and MGW. It means MGW becomes the U-plane anchor point, even if both sides are in CS domain. The U-plane path after the domain transfer represents figure 6.4.1.3-1and figure 6.4.1.3-2. For Access Leg Update procedures, refer to clause 6.4.1.4 Access Leg Update toward the remote end. The VCC UE switches the voice traffic from the transferred-out domain to the transferred-in domain as soon as the Access Leg in the transferred-in domain is fully established.

3.
Both the VCC UE and the DTF release the source Access Leg, which is the Access Leg previously established via the transferred-out domain. For Source Access Leg Release procedures, refer to clause 6.4.1.5 Source Access Leg Release.
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Figure 6.4.1.3-1: U-plane path between VCC UE and IMS UE
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NOTE:
MGW#1 and MGW#2 may be merged.

Figure 6.4.1.3-2: U-plane path between VCC UE and CS UE / PSTN






























































































































































































































































































































































































































































































































































































































































































































































































� 	There are two C-VCC variants described in TR 23.882, depending on whether they rely on 2G PS or 3G CS as intermediate step. This paper focuses only on the former, which explains the addition of “2G transformational cell” in the section title.
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