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Hybrid PS / CS handover between E-UTRAN and GERAN
Utilizing Gs Interface 
1. Introduction

This paper describes a concept solution for performing domain transfer during handover and handover of the E-UTRAN VoIP call to GERAN CS call utilizing PS handover signaling in E-UTRAN and CS handover signaling in GERAN. The linkage between the two procedures is done through the Gs interface between SGSN and MSC.  

This type of hybrid handover is mainly applicable to a GERAN / UTRAN network where only CS handover is available as a mechanism for seamless mobility (i.e. “scenario 1”). Considering that the handover of E-UTRAN to GERAN requires domain transfer from PS to CS domain once the mobile station is in GERAN a concept solution is given to perform preparation for the domain transfer jointly with the handover preparation phase. This concept is described in this paper as well.
1.1 Background  
The current SAE architecture does not include any inter-working with CS domain, thus in case of handover of E-UTRAN VoIP call to CS voice in GERAN/UTRAN the inter-RAT handover requires at the same time PS to CS domain transfer. 
In 3GPP TSG SA2 mainly two ways to initiate domain transfer procedures are presented:

· in GERAN/UTRAN either by the UE after the handover (Combinational VCC [S2-071928]); or

· during the handover by the VMSC as given in some SR VCC alternatives in [3GPP TR23.882], [S2-072102], [S2-072282].
In the first case the VCC procedures would be used as described in [3GPP TS 24.206], [3GPP TS 23.206] but in this case PS Handover and DTM with its enhancement features are needed. 

For the second case new functionality/interfaces/nodes towards the CS domain are required in the SAE/LTE CN for supporting these procedures, likely resulting in costly solutions on LTE/SAE side, while not impacting GERAN. These additions to SAE/LTE architecture would be avoided if the handover procedures were performed through an interface on the target side between the PS domain and CS domain. 
Considering that in GERAN, the Gs interface already enables exchange of information between the PS domain (SGSN) and the CS domain (MSC), a concept solution is described for utilizing this interface for inter-RAT handover between E-UTRAN and GERAN.

Performing the domain transfer procedure during handover reduces the service gaps as the domain transfer procedure would be completed in parallel with the handover.  

In this paper both mechanisms (use of Gs interface and domain transfer during the handover) are described and a signaling example combining the two concepts is given. 

2. Hybrid PS / CS handover 
The inter-RAT handover between E-UTRAN and GERAN presented in this paper is called “hybrid” for it consists of the following two separate procedures:

· Relocation procedures through the PS domain in E-UTRAN;
· Handover procedures through the CS domain in GERAN / UTRAN.

The association between the two procedures is done over the Gs interface between the SGSN and the MSC. The Gs interface is specified in 3GPP TS29.016, 3GPP TS29.018.

The concept solution is shown in Figure 1, while the architecture is depicted in Figure 2.
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Figure 1. Concept of Hybrid PS / CS handover 
As it is depicted the signaling up to the SGSN is PS-based while the signaling up to MSC is a CS handover. The link between the two is then done through a procedure over the Gs interface.
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Figure 2. Hybrid PS / CS handover  Architecture
The E-UTRAN nodes should have the means in place to select a CS domain target cell for handover. For example target cell ID and the location area it belongs to may be needed in the E-UTRAN nodes. This information will be needed in any case for inter-RAT handover from E-UTRAN to GERAN / UTRAN CS domain. This would require standardization in  3GPP. 

The difference between this procedure and the solutions being discussed currently for PS to CS approach is that this solution does not require any changes to the SAE/LTE architecture i.e. it does not require any additional CN nodes or interfaces to inter-work with CS domain. Instead it utilizes an already existing interface as a signalling bridge between the PS domain in SAE/LTE and CS domain in GERAN / UTRAN.

This concept is also applicable in case of handover of VoIP call from GERAN/UTRAN PS domain to a GERAN/UTRAN CS domain that does not support PS handover. 
2.1 Hybrid PS / CS handover Signalling Flow Example 
In the figure below an example of the signaling flow for the hybrid PS/CS handover is given. The new signaling messages over the Gs interface are highlighted in red.
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Figure 3. Signalling Flow for the Hybrid PS / CS handover 

3. Domain Transfer Preparation Phase
The preparation for domain transfer is based on the principle that domain transfer is performed at the same time with the inter-RAT handover preparation phase, such that domain transfer is completed in parallel with the handover.

The current specified domain transfer procedure from IMS to CS is initiated as given in Figure 4. Thus the UE has to initiate a call setup towards the CS domain. 
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Figure 4: Domain transfer - IMS to CS domain [3GPP TS23.206]
Differently from this procedure in this concept the UE initiates a domain transfer preparation phase as soon as the handover to GERAN CS is initiated as depicted below in Figure 4.
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Figure 5. Preparation for domain transfer IMS to CS domain  upon RAT and domain change

As depicted:

1. The eNodeB will inform the UE on the decision of the eNodeB to perform handover to a GERAN / UTRAN CS domain target cell;

2. Upon receiving this indication the UE will initiate the domain transfer preparation phase by utilizing SIP signalling indicating to the IMS that this is the preparation phase for the domain transfer;

3. The IMS will initiate the preparation for the domain transfer with the respective nodes in the same manner as if this SIP message was received from the VMSC – MGFC (see Figure 2);

4. Upon receiving the Inter-RAT handover command the UE will send a confirmation to the IMS informing of the change of the domain; 

5. IMS will confirm the domain transfer procedures with the respective nodes;

6. UE accesses the CS domain on the allocated CS resources.

In order to facilitate for this procedure VCC application in the UE and VCC AS in IMS as well as SIP signalling will have to be updated with the capability of performing domain transfer procedures to CS domain without the UE being registered to the CS domain. 

The domain transfer will only be executed after the UE receives the inter-RAT handover Command and moves to the new cell. 

The allocated resources will be released when the relocation complete message received. In case of the inter-RAT handover failure where the UE returns to the E-UTRAN cell the domain transfer procedures from CS domain to IMS may be performed in the E-UTRAN cell as specified currently. However handling of a handover failure is FFS and out of the scope of this paper.
The difference of this procedure compared to the already specified VCC procedures is that the UE is not registered nor attached to the CS domain. However the inter-RAT handover procedures are initiated and therefore the UE’s registration and authentication to the CS domain will be performed during the handover preparation phase.  

The domain transfer preparation procedure is also applicable if PS handover is utilized in GERAN or UTRAN side and when the eNodeB will know that the GERAN or UTRAN target cell is in the CS domain. 
4. Hybrid PS / CS Handover with Domain Transfer preparation phase – Example

In figure 6 a signaling flow example is given showing the signaling for hybrid PS / CS handover and domain transfer preparation phase. New procedures are highlighted in blue for the domain transfer and in red for the Gs interface.
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Figure 6. An example of the hybrid PS/CS handover with the preparation for domain transfer IMS to CS domain upon RAT and domain change

5. Conclusions 

In this paper a solution for E-UTRAN to GERAN PS / CS handover utilizing Gs interface and domain transfer during the handover is described.  The motivation with this paper is to primarily draw attention to the already existing mechanisms that could be utilized for PS /CS handover before specifying solutions which require introducing interfaces/interworking nodes between the CS domain and E-UTRAN. 
This solution will have to be evaluated jointly with other 3GPP WGs namely: SA2, CT1, RAN2 and RAN3.
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