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GERAN – LTE interworking Framework
The 3GPP specification of the E-UTRAN / LTE is ongoing. In 3GPP Rel7 there is a requirement to provide transitions between GERAN and E-UTRAN/LTE in order to maintain seamless mobility across different technologies. Considering that LTE supports packet data only, the novelty in 3GPP introduced by the LTE/GERAN interworking is the domain change needed for voice services from PS to CS and vice versa in case of the RAT change. The inter-RAT handover procedure for the PS domain between GERAN and LTE if based on the already specified GERAN/UTRAN inter-RAT handovers is a rather straightforward solution as shown in [LGW-070018].

During the LTE GSM workshop in January 2007 it has been agreed [LGW-070038] that:

· LTE to GERAN direction is of higher priority for handover of voice services than the GERAN to LTE direction

· Single radio is assumed

Further an extensive set of GERAN deployment scenarios has been identified for mapping of the technical solutions to the scenarios in order to easily identify the GERAN features needed for supporting the interworking as well as impacts of the chosen solution on the GERAN. 

In this document an interworking framework is defined based on the principles of inter-RAT handovers and considering the domain change needed for handover of voice services. The focus is to enable better understanding of the components needed for interworking between GERAN and LTE in packet transfer mode. Further the scenarios depicted in [LGW-070038] are analyzed in terms of this framework. A scenario is selected and proposed for developing the inter-RAT handover solutions generic to GERAN-LTE/LTE-GERAN inter-RAT handovers of voice and packet data services.  
1. Interworking Framework Elements

There are several aspects related to the services provided, supported GERAN network features and associated procedures that need to be considered when discussing the interworking solutions between GERAN and LTE. These different aspects are grouped into framework elements as given below:     

· Service Level;
· GERAN Network Features;   

· Handover Mechanism;
· Domain Change Procedures; 

· Call Control Procedures;
· Data Continuity Procedures. 

1.1 Service Level

The interworking solution will have to accommodate different services. In [LGW070038] three main scenarios have been identified and agreed:

· Handover  of voice services 

· Handover of packet data services

· Handover of the voice and packet data services 

As already mentioned it was agreed that the LTE to GERAN handover of voice services has higher priority then GERAN to LTE direction.
1.1.1 Enabling Continuity of the Voice Services 
Considering that in LTE there is no CS domain the handover of the voice services from GERAN to LTE and vice versa is a challenge due to the domain change needed between CS and PS. The concept of the domain change between CS and PS for voice services is not new in 3GPP. Voice call continuity (VCC) between CS and PS is already specified for 3GPP Rel7. As described in [TR23.206] VCC is a home IMS application that provides capabilities to transfer voice calls between the CS domain and the IMS. This application enables the necessary functions for originating, terminating calls and domain transfers between the CS domain and the IMS. 

The Rel7 VCC supports handovers between WLAN VoIP and CS call. This is known as a “dual radio VCC” because it assumes that IMS and CS registrations are simultaneously active and that the UE can start the handover of a call in the other domain in parallel with the existing call in the current domain. In VCC calls are anchored in VCC Application in IMS and terminal starts handover by sending the request towards VCC Application. It has to be noted that Rel7 VCC can be used for handover between CS and PS domain within a single RAT already.
When considering that GERAN and LTE are two cellular accesses then there can only be a single radio active at a time. This is the agreement that came out from the LTE GSM workshop [LGW-070038] as well as one of the requirements given in TR23.882. This type of the VCC application is referred as a “single radio VCC (SR VCC)”. SR VCC is part of Rel8 features and focuses on the cellular VoIP and CS call handovers with the most important case between LTE VoIP call and GSM CS call. In TR23.882 several alternatives have been identified on the service continuity between IMS over SAE/LTE access and CS domain. However these alternatives are at very initial state and the actual solutions need to be done still.  One obvious conclusion is that SR VCC in case of GERAN -LTE interworking is inter-RAT handover with CS/PS domain change in case where GERAN does not support conversational services, i.e. VoIP.

1.1.2 Enabling continuity packet data services

The handover of packet data services is only possible if the PS handover is supported in GERAN. This is due to tight delay requirements for inter-RAT LTE handovers. In order to meet the delay requirements when inter-working between GERAN and LTE, PS Handover procedures shall be mandatory in the terminal as well as network. 

If there is no PS handover support then cell change order procedures can be used, but this would only be appropriate in idle mode when there is no PS service ongoing. In packet transfer mode the PS resources will have to be allocated after the establishment of the connection in the new RAT. The delays imposed by this procedure will lead to service interruptions that would be out of the desired range for delay requirements between GERAN and LTE. 

1.2 GERAN Network Features   

Solution for interworking should be designed based on a specific basic set of GERAN features that would be mandated for the solution. An extensive list of the possible combinations of features grouped in scenarios has been identified in the LTE GSM workshop. These scenarios are depicted below as given in [LGW-070038].
	GERAN Features
	CS HO
	DTM
	EGPRS (EDGE)
	PS HO
	DTM Enhancements
	VoIP

	Scenario 1
	x
	
	
	
	
	

	Scenario 2
	x
	
	x
	
	
	

	Scenario 3
	x
	x
	
	
	
	

	Scenario 4
	x
	x
	x
	
	
	

	Scenario 5
	x
	
	
	x
	
	

	Scenario 6
	x
	
	x
	x
	
	

	Scenario 7
	x
	x
	
	x
	
	

	Scenario 8
	x
	x
	x
	x
	
	

	Scenario 9
	x
	x
	x
	
	X
	

	Scenario 10
	x
	x
	
	x
	X
	

	Scenario 11
	x
	x
	x
	x
	X
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	Scenario 13
	x
	
	x
	x
	
	x
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	x
	x
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	x
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1.3 Handover Mechanism

The inter-RAT handovers between GERAN and UTRAN are defined for both CS and PS domains. In case of the inter-RAT handover to LTE depending on the network features and the type of services to handover, the handover mechanism may be through the PS domain or through the CS domain. The chosen mechanism should enable handling of all types of services: voice and packet data. It has to be noted that the PS handover is the most straightforward mechanism to be used due to the fact that LTE is packet-switched only. 
1.4 Domain Change Procedure 
With respect to handover of the voice services there is a need for a domain change mechanism as well. As indicated already in TR23.882 different scenarios are possible. The domain change mechanism may have impact on the radio technology although the requirement in TR23.882 is that the impact on legacy RATs should be avoided. Domain change procedure does not fall under the responsibility of the GERAN, but it does have a broad impact on the solution and it may have impact on GERAN. From the GERAN perspective an important point to clarify is when the domain change is performed with respect to handover:

· Prior to inter-RAT handover 
If domain change is performed prior to handover, initiation is triggered by the terminal and source RAT. In LTE this would however not be possible due to the missing CS domain. If there is no DTM feature supported in GERAN, domain change prior to handover is not possible in GERAN either. 
· During the inter-RAT handover: the domain change procedure would be performed at the same time with the RAT change.
· Upon completion of the handover: applicable only to GERAN where the domain change procedures are triggered by the terminal and target GERAN when / if needed after the successful completion of the handover. This is only possible if DTM is available in GERAN when the terminal and the network can handle simultaneous CS and PS sessions.

1.5 Call Control Procedure 
One quite important part of the GERAN / LTE interworking picture that needs to be considered is the voice (VoIP and CS) call control, in particular call setup and the nodes involved. This is mainly due to the domain change where the setup of the call in the other domain may have primarily impact on the service performance and if performed during handover then on the handover performance as well. Call control procedures for IMS specified in [TS 23.228] and for GERAN specified in [TS 23.018], [TS 24.008] need to be considered when domain change procedure is decided. 
1.6 Data Continuity 

Handling of the data continuity is an important part of the interworking framework. Different mechanisms for packet data services have been already discussed in other 3GPP WGs. For voice services the challenge with data handling is the change of the CN at the time of the handover.
2. Interworking solution from GERAN perspective

Considering the above framework and its elements scenarios identified in [LGW-070038] are revisited from a different perspective in trying to identify the most suitable scenario from GERAN perspective based on which the solution should be designed.

2.1 Analysis of Scenario 1, Scenario 2 
In these scenarios the CS HO is the only mechanism available for interworking. EGPRS is supported in Scenario 2.
	Interworking Framework Elements
	Specifics

	Service Level
	Handover of voice services only.
Higher data rates in EGPRS enable better service performance for PS services in GERAN. 

	GERAN Network Features
	CS Handover

	Handover Mechanism
	No inter-RAT CS HO is possible with LTE. 
A mechanism needs to be defined through the PS domain or otherwise solutions involving CN architecture changes need to be introduced. 

	Domain Change Procedures
	Prior to Handover: not possible neither in GERAN (no DTM) nor in LTE (no CS domain) 

	
	During Handover

	
	After Handover: not possible neither in GERAN (no DTM) nor in LTE (no CS domain)

	Call Control Procedures
	Initiation depends on the chosen domain change procedure, but it has to be performed during handover.

	Data Continuity Procedures
	Domain Change of the data path for voice services


2.2 Analysis of Scenario 3, Scenario 4 

In these scenarios CS HO and DTM are available. EGPRS is supported in Scenario 4.
	Interworking Framework Elements
	Specifics 

	Service Level
	Handover of voice services.
Higher data rates in EGPRS enable better service performance for PS services in GERAN.

	GERAN Network Features   
	CS Handover, DTM

	Handover Mechanism 
	Inter-RAT CS HO not possible with LTE. 

A mechanism needs to be defined through the PS domain or otherwise solutions involving CN architecture changes need to be introduced.

	Domain Change Procedures 
	Prior to Handover: not possible in LTE (no CS domain) when LTE is the source RAT

	
	During Handover 

	
	After Handover: Not possible in LTE (no CS domain) when LTE is the target RAT

	Call Control Procedures
	Initiation depends on the chosen domain change procedure  

	Data Continuity Procedures
	Domain Change of the data path for the voice services


2.3 Analysis of Scenario 5, Scenario 6 

In these scenarios GERAN mechanisms available for interworking are: CS HO and PS HO. In Scenario 6 EGPRS is supported.
	Interworking Framework Elements
	Specifics

	Service Level
	Handover of voice services or handover of data services. 
Higher data rates in EGPRS enable better service performance for PS services in GERAN.

	GERAN Network Features   
	CS Handover, PS Handover 

	Handover Mechanism 
	Inter – RAT PS HO possible with LTE (to be specified based on inter-RAT PS HO with UTRAN). 

Only one session can continue.

	Domain Change Procedures 
	Prior to Handover: PS to CS not possible in LTE (no CS domain) when LTE is the source RAT. Not possible in GERAN (no DTM).

	
	During Handover 

	
	After Handover: Not possible in GERAN (no DTM) nor LTE (no CS domain)

	Call Control Procedures
	Initiation depends on the chosen domain change procedure  

	Data Continuity Procedures
	Domain Change is needed for the data path of the voice services. 


2.4 Analysis of Scenario 7, Scenario 8 

In these scenarios GERAN mechanisms available for interworking are: CS HO, PS HO and DTM. In scenario 8 EGPRS is supported.
	Interworking Framework Elements
	Specifics

	Service Level
	All three handover scenarios are possible: voice services, packet data and their combination. 

Higher data rates in EGPRS enable better service performance for PS services in GERAN.

	GERAN Network Features   
	CS Handover, PS Handover, DTM 

	Handover Mechanism 
	Inter-RAT PS HO possible with LTE (to be specified based on inter-RAT PS HO with UTRAN). 

Voice and data sessions can continue. 

	Domain Change Procedures 
	Prior to Handover: PS to CS not possible in LTE (no CS domain) when LTE is the source RAT

	
	During Handover 

	
	After Handover: not possible in LTE (no CS domain)

	Call Control Procedures
	Initiation depends on the chosen domain change procedure  

	Data Continuity Procedures
	Domain change of the data path for the voice services. 


2.5 Analysis of Scenario 9
In this scenario GERAN mechanisms available for interworking are: CS HO, DTM and DTM Enhancements. EGPRS is supported.
	Interworking Framework Elements
	Specifics

	Service Level
	Handover of voice services only 

	GERAN Network Features   
	CS Handover, DTM, DTM Enhancements 
Higher data rates in EGPRS enable better service performance for PS services in GERAN.

	Handover Mechanism 
	No inter-RAT CS HO possible with LTE. 

A mechanism needs to be defined through the PS domain or a complete new architecture element needs to be introduced.

DTM enhancements (in addition to the advantages brought by maintenance of PS resources when CS connection is released and requesting for CS connection while in packet transfer mode) facilitate better performance during domain change.

	Domain Change Procedures 
	Prior to Handover: PS to CS not possible in LTE (no CS domain) when LTE is the source RAT.

	
	During Handover 

	
	After Handover: not possible in LTE (no CS domain)

	Call Control Procedures
	Initiation depends on the chosen domain change procedure  

	Data Continuity Procedures
	Domain change of the data path for the voice services. 


2.6 Analysis of Scenario 10, Scenario 11

In these scenarios GERAN mechanisms available for interworking are: CS HO, PS HO, DTM, and DTM Enhancements. In Scenario 11 EGPRS is supported.

	Interworking Framework Elements
	Specifics

	Service Level
	All three handover scenarios are possible: voice services, packet data and their combination 

When EGPRS available the higher data rates enable better performance for PS services

	GERAN Network Features   
	CS Handover, PS Handover, DTM, DTM Enhancements 

	Handover Mechanism 
	Inter-RAT PS HO possible with LTE (to be specified based on inter-RAT PS HO with UTRAN). 

Voice and data sessions can continue. 

DTM enhancements enabling: maintenance of PS resources when CS connection is released and request for CS connection while in packet transfer mode facilitate better performance during domain change. 

	Domain Change Procedures 
	Prior to Handover: PS to CS not possible in LTE when LTE is the source RAT

	
	During Handover 

	
	After Handover: possible in GERAN only

	Call Control Procedures
	Initiation depends on the chosen domain change procedure  

	Data Continuity Procedures
	Domain change of the data path for the voice services. 


2.7 Analysis of Scenario 12 

In this scenario GERAN mechanisms available for interworking are: CS HO, PS HO, DTM, DTM Enhancements and support for conversational services (VoIP).
	Interworking Framework Elements
	Specifics

	Service Level
	All three handover scenarios are possible: voice services, packet data and their combination 

	GERAN Network Features   
	CS Handover, PS Handover, DTM, DTM Enhancements, VoIP

	Handover Mechanism 
	Inter-RAT PS HO possible with LTE (to be specified based on inter-RAT PS HO with UTRAN). 

Voice and data sessions can continue. 

	Domain Change Procedures 
	When conversational services are enabled in GERAN there is no need for domain change as a VoIP call would continue in GERAN as well as LTE

	Call Control Procedures
	Call control for voice over IMS apply for the VoIP calls.

	Data Continuity Procedures
	Mechanisms for enabling packet data continuity only.


2.8 Analysis of Scenario 13 

In this scenario GERAN mechanisms available for interworking are: CS HO, PS HO and support for conversational services (VoIP). EGPRS is available.
	Interworking Framework Elements
	Specifics

	Service Level
	Handover of voice services or handover of data services will be possible 

Higher data rates in EGPRS enable better service performance for PS services

	GERAN Network Features   
	CS Handover, PS Handover, VoIP

	Handover Mechanism 
	Inter – RAT PS HO possible with LTE (to be specified based on inter-RAT PS HO with UTRAN). 

Only one session can continue.

	Domain Change Procedures 
	When conversational services are enabled in GERAN there is no need for domain change as a VoIP call would continue in GERAN as well as LTE.

	Call Control Procedures
	Call control for voice over IMS apply 

	Data Continuity Procedures
	Mechanisms for enabling packet data continuity only.


2.9 Analysis of Scenario 14 

In this scenario GERAN mechanisms available for interworking are: CS HO, PS HO, DTM, DTM Enhancements and support for conversational services (VoIP). EGPRS is available. 
	Interworking Framework Elements
	Specifics

	Service Level
	All three handover scenarios are possible: voice services, packet data and their combination 

Higher data rates in EGPRS enable better service performance for PS services

	GERAN Network Features   
	CS Handover, PS Handover, DTM, DTM Enhancements, VoIP

	Handover Mechanism 
	Inter-RAT PS HO possible with LTE (to be specified based on inter-RAT PS HO with UTRAN). 

Voice and data sessions can continue. 

	Domain Change Procedures 
	When PS conversational services are enabled in GERAN there is no need for domain change as a VoIP call would continue in GERAN as well as in LTE. 

	Call Control Procedures
	Call control for voice over IMS apply for VoIP 

	Data Continuity Procedures
	Mechanisms for enabling packet data continuity only


3. Preferred Combination of GERAN Standardization Features for GERAN – LTE Interworking Solution 

Based on the above analysis it can be concluded that the most interesting scenarios for designing the interworking solution applicable to a variety of services and generic to both directions with the least impacts on GERAN are: 

· Scenario 11 supporting CS HO, PS HO, DTM, DTM Enhancements and EGPRS
· Scenario 14 supporting in addition to CS HO, PS HO, DTM, DTM Enhancements and EGPRS, conversational services (VoIP) as well. 

Support for PS conversational services in GERAN i.e. Scenario 14 would take the Scenario 11 further where VoIP services would continue in GERAN and LTE. In this case the domain change procedures would not be required. 

4. Conclusions
In this document a framework for interworking between GERAN and LTE is defined. An analysis of Scenarios 1 to Scenario 14 identified in [LGW-070038] is done based on its elements.  The most interesting scenarios for designing the interworking solution are Scenario 11 and Scenario 14, the difference between them being the support for PS conversational services (VoIP) in GERAN and subsequently the need for domain change. 

The impacts on GERAN of the domain change procedures needed in Scenario 11 would have to be evaluated in terms of GERAN impacts once the solutions are available.   

In conclusion the proposal is that in the standards the interworking solution utilizes the following GERAN features: PS handover, DTM and DTM Enhancements (i.e. Scenario 11) and in addition preferably the support for PS conversational services (VoIP). This combination of features is generic to all handover scenarios, facilitates both handover directions and it is the most straightforward in terms of specifications. When evaluated in terms of deployment this combination of features would most probably be less costly and more beneficial compared to a solution that would require changes (new signaling procedures and/or new network nodes) in the network architecture. It is therefore recommended that this proposal is endorsed in TSG GERAN and communicated in 3GPP related groups as a preference of GERAN features for developing the interworking solution. 
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