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This paper analyses possible solutions for Single Radio VCC applicable to both SAE/LTE and pre-SAE systems. It summarises the RAN impact of the proposed solutions and proposes to liaise the RAN groups for opinion.
1.
Introduction

The VCC feasibility study (TS 23.806) currently includes two high-level approaches for addressing the single radio VCC case:

· Section 6.3.8 in TR 23.806 suggests that the 3G PS to 2G CS transition could be solved by going through 3G CS as an intermediary step;

· Annex E in TR 23.806 describes a “break-before-make” approach referred to as CReDT in which the remote party is “parked” while the UE is in the source radio, and is then “un-parked” once the UE moves to the target radio.

Both approaches have their advantages and drawbacks. For instance, the Combinational VCC allows for seamless VCC transitions, but may not be applicable to all scenarios (e.g. it cannot be used within HSPA-only i.e. PS-only cells). On the contrary, CReDT causes a perceptible service break, but may cover scenarios where the Combinational VCC is not applicable.
In the following text we focus mainly on Combinational VCC (C-VCC), noting that some of the conclusions may also apply to CReDT.

When C-VCC is applied in pre-SAE context, there are two cases to be considered:
· 1a) 3G PS =(VCC)=> via 3G CS =(HO)=> 2G CS, and

· 1b) 2G CS =(HO)=> via 3G CS =(VCC)=> 3G PS.

Note that the VCC procedure is triggered by the UE, whereas the HO procedure is triggered and controlled by the network. Depending on the C-VCC direction, the overall C-VCC procedure is triggered either by the UE (3G PS to 2G CS) or by the network (2G CS to 3G PS).
In theory both solutions are applicable in SAE/LTE context. Specifically for C-VCC, the intermediate step in this case is 2G PS (or 3G PS), because of the PS-only nature of LTE:
· 2a) LTE =(HO)=> via 2G/3G PS  =(VCC)=> 2G/3G CS, and

· 2b) 2G/3G CS =(VCC)=> via 2G/3G PS =(HO)=> LTE.

Depending on the C-VCC direction, the overall C-VCC procedure is again triggered either by the network (LTE to 2G/3G CS) or by the UE (2G/3G CS to LTE).

In order to make C-VCC a complete solution some the following aspects have to be considered:
· Determination of “VCC triggers” i.e. information allowing the UE to initiate a VCC procedure in the cases where the overall C-VCC procedure is triggered by the UE;
· Possible lack of support for voice bearers in both CS and PS domain in either the source or the target system;

· Minimum coordination between the VCC procedure (UE-initiated) and the HO procedure (network-initiated) in order to avoid any race conditions.

In the following section we present a possible solution that addresses each of these aspects in more details.

2.
Possible solutions
2.1.
Combinational VCC with “2G transformational cell”
C-VCC requires that either the source or the target system (depending on the direction) support voice bearers in both CS and PS domain. This may not always be possible because:
· 2G access systems are unlikely to accept VoIP bearer requests for efficiency reasons. This prohibits the use of C-VCC between LTE and 2G CS;
· 3G access systems are more and more likely to be configured as PS-only (i.e. HSDPA/HSUPA), again for efficiency reasons. Note that any configuration of a hybrid 3G cell (i.e. 3G cell providing access to both CS and PS domain) implies static partition of some resources (e.g. HSDPA codes vs non-HSDPA codes), which results in suboptimal overall resource usage. The existence of 3G PS-only cells prohibits the use of C-VCC between 3G PS-only cell (HSDPA/HSUPA) and 2G CS.
In order to address this problem it is proposed to consider here the notion of a “2G transformational cell” as follows:

· “2G transformational cell” is a GSM/GPRS cell that assists a VCC-capable UE in transforming the CS Access Leg of an ongoing VCC-anchored call into an IMS Access Leg and subsequently hands it over to a neighbouring 3G PS-only cell, or LTE cell, by utilising the PS Handover procedure. In the opposite direction, the “2G transformational cell” assists a VCC-capable UE in transforming the IMS Access Leg of an ongoing VCC-anchored call into a CS Access Leg, following a PS handover from a neighbouring 3G PS-only cell, or LTE cell.

In other words, the GPRS access of the 2G cell is used like 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.
The step-by-step C-VCC procedure with a “2G transformational cell” in the 2G CS to 3G PS (or LTE) direction may look as follows:
· 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 VCC-anchored, this information may have to provided dynamically by the UE only when it has an ongoing VCC-anchored CS call;
· the “2G transformational cell” should have a means for informing the UE that it should trigger the VCC procedure (e.g. via an appropriate message and information elements of the RRC protocol specified in TS 44.018);
· NOTE: should is preferred to shall because the UE may not be GPRS attached and this is unknown by the BSS;
· 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 (“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;
· 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);
· upon the establishment of the PS bearer the UE should request a release of the original CS bearer with no delay;
· 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 (3G PS-only or LTE).
The step-by-step C-VCC procedure in the opposite direction (3G PS-only / LTE towards 2G CS) may look as follows:

· the “2G transformational cell” should have a means for recognising that the incoming PS Handover request is for a particular type of bearer (“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. It could be achieved by defining a new parameter in the PS Handover Request message;

· upon completion of the PS Handover procedure the UE should immediately trigger the VCC procedure by establishing the CS Access Leg;

· NOTE: the UE is likely to first perform the IMSI-attach procedure before requesting a CS bearer;
· 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.
It is obvious from the description that a pre-requisite for this solution is that the terminal supports the DTM capability on the 2G radio side.

Some additional safeguards may be necessary in order to avoid possible race conditions. For example, following a PS handover from LTE towards 2G PS, the BSS is likely to postpone any new HO decision back towards LTE as long as the UE keeps active its “transformational PS bearer”. This is an area for further study.
By analogy, a similar notion for “3G transformational cell” may be defined in which the 3G CS domain is used as a “changing room” for quick transformation. However, it should be noted that this requires support for Dedicated CHannels (DCH) in UTRAN, which is probably not in line with the future Evolved HSPA RAN. An additional problem with 3G is the continuous nature of WCDMA transmission. Namely, in order to for a UE to detect the presence of 2G neighbouring cells it has to activate the so-called Compressed Mode. However, it is the UTRAN (not the UE) that can decide whether to activate the Compressed Mode or not. Since the UE is using the PS domain only for the IMS Access Leg, the UTRAN may not be “motivated” enough to activate the Compressed Mode, and so on. This too is area for further study. If the “2G transformational cell” is deemed acceptable a solution, then there may not be a need to also define a “3G transformational cell”.
2.2.
CReDT Revisited
Although CReDT incurs an important service break (during which the remote party may receive a recorded announcement), it is worth having a second look at it to check any RAN impact.

It is clear that CReDT does not need a “2G transformational cell” and does not require DTM capability in the terminal. Nevertheless, the way CReDT is defined in TR 23.806, the UE still needs a “VCC trigger” information i.e. information based on which the UE decides to “park” the remote party before moving further with the CReDT procedure. This “VCC trigger” information could be provided in the same way as described in the context of “2G transformational cell” (i.e. a new UE “radio” capability and a new procedure in TS 44.018 inviting the UE to trigger a VCC procedure).
Another possibility would be to slightly modify CReDT, as follows:
· The UE engaged in a VCC call/session makes no action until the radio link fails;
· Upon a radio link failure, the VCC Application in the network should automatically park the remote party and start a timer;
· Upon a radio link failure the VCC Application in the UE should automatically trigger a reestablishment of a new VCC Access Leg in the target radio network.
This procedure may be referred to as “Implicit CReDT”, since the information for triggering the CReDT procedure is implicitly contained in the radio link failure message (rather than being explicitly requested by the UE, as in “ordinary” CReDT).
“Implicit CReDT” does not have any RAN impact, but it does have some Core Network impact. E.g. the VCC Application must have a means to distinguish a radio link failure from a normal call release in order to decide whether to trigger the CReDT procedure or not. This is an area for further study and can be addressed in more details if the CReDT is deemed to be an acceptable solution.
3.
Summary of estimated RAN impact
Following is the summary of estimated RAN impact for C-VCC with “2G transformational cell” (Section 2.1):
· 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 (which would otherwise be likely rejected by the network);
· 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 (which would otherwise be likely rejected by the network).
Only the first two items apply for the “ordinary” CReDT solution (i.e. the one described in TR 23.806).

No RAN impact is foreseen for the “Implicit CReDT” solution described in Section 2.2.
4.
Proposal

It is proposed to discuss the proposed solutions and decide which ones should be studied further (noting that none of them is perfect).

It is also proposed to liaise RAN2, RAN3 and GERAN groups asking their opinion on the proposed solutions and a confirmation for the estimated RAN impact.
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