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1 Introduction
The agreed SI: Study on Extension of Dual Connectivity in E-UTRAN includes the following objective:

The objective of this study item aims at studying solutions for SIPTO in dual connectivity and optimized inter-MeNB handover in dual connectivity and to study the need for location reporting enhancements. The need of supporting CSG and LIPA may be studied as well. The study should focus on solutions that minimize core network impacts.
The objective includes: 
· Study how SIPTO in the dual connectivity can be supported
· Study whether and how L-GW can be co-located with MeNB, SeNB or both.
· Study whether and how SIPTO at the Local Network with standalone GW for Dual Connectivity can be supported.
This contribution discusses how SIPTO in dual connectivity can be supported.
2 Summary of the benefits to support SIPTO for DC
Dual connectivity can improve user throughput over the air interface. Due to fast growing traffic and large number of small cells, the throughput in the core network will be increased greatly. More flexible traffic steering techniques is necessary for dual-connectivity. To offload operator network in dual connectivity scenario, local breakout is important as it provides the operator with the means for efficient backhaul usage and reduces the load to the core network. It is therefore necessary to support local breakout function in dual connectivity.
SIPTO at local network and LIPA are two existing mechanisms for local breakout. SIPTO can be used for both macro network and HeNB. LIPA is used for HeNB only so far. There are two architectures for SIPTO at local network i.e. standalone architecture and collocated architecture. The collocated architecture is the same as LIPA. Therefore, SIPTO can be the basis for local breakout solution for DC. Whether LIPA is needed as well can be discussed further.
3 Solution discussion
SIPTO at LN with standalone GW and SIPTO at LN with collocated LGW are used in different scenarios. In the following, the solutions how to utilize the two architectures to DC are discussed separately.
3.1 SIPTO at Local network with standalone GW for DC
There are the following architecture alternatives for different scenarios:
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Figure 1：Architectures of SIPTO at local network with standalone GW for DC

Alternative 1: standalone GW connects to both MeNB and the SeNB. 
In this alternative, SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be SCG bearer or split bearer. It is the MeNB to decide one bearer is setup in MeNB or the SeNB. In the scenario that MeNB is a macro eNB and all the small eNBs in macro coverage belong to the same local home network with the macro eNB, the existing SIPTO bearer setup procedure are enough. If SIPTO bearer is decided for the UE, the MeNB shall select the SeNB in the local network to configure the SIPTO bearer. The MeNB can know the local home network ID of the SeNB by configuration or through X2 procedure.
For SIPTO at local network with standalone architecture, it is the MME to trigger SIPTO bearer deactivation procedure after handover if the UE moves out the source local home network. In case of DC, the MeNB currently can transmit the target LHN ID to the MME in Path Switch Request message so that the MME can trigger the bearer deactivation procedure correspondingly.
This alternative is used in the scenario that MeNB and the SeNB belong to the same local home network.
Alternative 2: standalone GW connects to MeNB. 

The bearers in MeNB can be SIPTO bearer. SIPTO bearer can be split bearer since there is connectivity between MeNB and standalone GW. While SCG bearer in SeNB is not possible to be as a SIPTO bearer since no connectivity to standalone GW. For SIPOT bearer, the MeNB shall configure the resource correctly.
It is the MME to trigger bearer deactivation procedure after handover if the UE moves out the source local home network. For bearer deactivation, the MeNB currently can transmit the target LHN ID to the MME in Path Switch Request message.

This alternative is used in the scenario that MeNB is in the local home network.

Alternative 3: standalone GW connects to SeNB. 

SIPTO bearer can be configured to SeNB. For bearers in SeNB, only SCG bearer option can be configured as SIPTO bearer. 
In order to setup SIPTO bearer, MeNB shall report the LHN ID of the SeNB to the MME. If SIPTO bearer is decided for the UE, the MeNB configure the resource in SeNB for the bearer. 
It is the MME to trigger bearer deactivation procedure after handover if the UE moves out the source local home network. For bearer deactivation, the MeNB currently can transmit the target LHN ID to the MME in Path Switch Request message.
This alternative is used in the scenario that SeNB is in the local home network.

Alternative 4 MeNB and SeNB are in different local home network or MeNB can be in multiple local home network. 

The bearers in MeNB and/or SeNB can be SIPTO bearer. For bearers in SeNB, it can be used for SCG bearer or split bearer. 
For SIPTO bearer setup, MeNB may reports the LHN ID(s) of the MeNB and the SeNB to the MME. If SIPTO bearer is decided for the UE, the MeNB configure the resource in MeNB or SeNB for the bearer. If multiple LHN IDs are sent to MME, MeNB informs the MME the LHN ID where the bearer was configured. Then the MME can decide whether bearer deactivation is needed during handover procedure when the MME receives the target LHN ID.
This alternative is used in the scenario that MeNB and the SeNB belong to different local home network.

Table 1: Summary of the standalone architecture alternatives:
	
	Architecture alternative 1
	Architecture alternative 2
	Architecture alternative 3
	Architecture alternative 4

	Architecture description
	standalone GW connects to both MeNB and the SeNB
	standalone GW connects to MeNB
	standalone GW connects to SeNB
	MeNB and SeNB are in different local home network or MeNB can be in multiple local home network

	Scenarios to be used
	MeNB and the SeNB belong to the same local home network
	MeNB is in the local home network
	SeNB is in the local home network
	MeNB and the SeNB belong to different local home network

	Specification impact
	There is minimal specification impact to support this alternative.


	There is minimal specification impact to support this alternative.


	MeNB report the LHN ID of the SeNB to MME;

	MeNB may reports the LHN ID(s) of the MeNB and the SeNB to the MME;
MeNB informs the MME the LHN ID where the bearer was configured.


3.2 SIPTO at Local network with collocated L-GW for DC
There are the following architecture alternatives for different scenarios:
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Figure 2：Architectures of SIPTO at local network with collocated LGW for DC

Alternative 1: LGW in MeNB. 

SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be SCG bearer or split bearer. Service continuity can be assured if MeNB is unchanged. Only S1 backhaul can be saved for SCG bearer.

For SIPTO bearer setup, switch and bearer deactivation, the existing procedure is enough. There is no stage 3 (at least ASN.1) impact. If SIPTO bearer is configured to SeNB as SCG bearer, the MeNB set the uplink TEID and TNL address as Correlation ID and TNL address of the LGW in X2AP message to enable the user plane path between the LGW in the MeNB and the SeNB.
This alternative is used in the scenario that MeNB has collocated LGW function.

Alternative 2: LGW in SeNB. 

The bearers in SeNB can be offloaded. Only SCG bearer option can be configured as SIPTO bearer. Once there is SeNB change, the SIPTO bearer should be deactivated. 
For SIPTO bearer setup, the MeNB report the LGW IP in SeNB to the MME. The MME transmits the Correlation ID to MeNB when MME decide to setup SIPTO bearer for the UE. To configure the local tunnel in SeNB, Correlation ID needs to be transmitted to the SeNB over X2. 
The existing procedure is enough for SIPTO trigger bearer deactivation during handover.

This alternative is used in the scenario that SeNB has collocated LGW function.

Alternative 3: both MeNB and SeNB have its collocated LGW. 

Both MeNB and SeNB have its collocated LGW. For architecture 3C, the split bearer is still offloaded from MeNB. For architecture 1A, the data in SeNB can via its own LGW.
For SIPTO bearer setup, MeNB reports its own LGW IP to MME. MeNB can also report the LGW IP of SeNB to MeNB. MME need to inform MeNB to which LGW the SIPTO bearer is setup, so that MeNB knows whether the bearer is configured in MeNB or SeNB
The existing procedure is enough for SIPTO trigger bearer deactivation during handover.

This alternative is used in the scenario that both MeNB and SeNB have its collocated LGW function.

Table 1: Summary of the collocated architecture alternatives:

	
	Architecture alternative 1
	Architecture alternative 2
	Architecture alternative 3

	Architecture description
	LGW in MeNB
	LGW in SeNB
	both MeNB and SeNB have its collocated LGW

	Scenarios to be used
	MeNB has collocated LGW function
	SeNB has collocated LGW function
	both MeNB and SeNB have its collocated LGW function

	Specification impact
	No stage 3 impact
	The meaning of LGW IP in IUM and UNT (ASN.1 can already support it);

MeNB transmit Correlation ID to SeNB for local tunnel setup in SeNB
	MeNB may report the LGW IP of the MeNB and the SeNB to MME;

MME need to inform MeNB to which LGW the SIPTO bearer is setup;

MeNB transmit Correlation ID to SeNB for local tunnel setup in SeNB.


3.3 Observations

SIPTO at the local network with standalone architecture and collocated architecture can be used in different scenarios. That’s why both are standardized in Rel-12 network. In case of utilization for DC, both should be considered as effective solutions to offload operator network and leave operator flexibility for free selection.

For SIPTO at local network with standalone architecture, service continuity can be assured if the UE mobility/bearer switch is the same local home network. It is beneficial from this perspective. Architecture alternative 1 is the most natural option to be supported. SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be SCG bearer or split bearer. From specification impact point of view, architecture alternative 2 is the same as alternative 1. If architecture alternative 1 is supported, it will come for free. SIPTO bearer can be configured if MeNB is in the local home network. Therefore it is better to not exclude it out. Architecture alternative 3 is used in case SeNB is in local home network. It may be popular that small eNB will be in local home network while MeNB not. Considering the popularity, it is worth to be looked at further. Compare with architecture alternative 1 and alternative 2, the only additional specification impact is that the LHN ID transmitted over S1 is LHN of the SeNB. 
Proposal 1: It is proposed to support architecture alternative 1, alternative 2 and alternative 3 of SIPTO standalone architecture for DC.

For SIPTO at local network with collocated architecture, at least architecture alternative 1 should be supported since it can be used for both SCG bearer and split bearer and has no stage 3 impact. Whether architecture alternative 2 and 3 will be considered as well can be left to WI phase.

Proposal 2: It is proposed to support architecture alternative 1 of SIPTO collocated architecture for DC. Other options may be considered in future.
4 Conclusion and Proposal
This contribution analyzed the solutions to support SIPTO with standalone architecture and collocated architecture for DC. There are four architecture alternatives to support SITPO with standalone architecture and 3 architecture alternatives for collocated architecture alternative. The scenarios to be used and specification impact were summarized in the table as well. It is proposed to capture the solutions in section 3.1 and 3.2 in the TR36.xxx. The TP can be found in [2]. Regarding the solution selection, we propose to agree standardize some basic options and leave other options for further discussion in the WI phase.
Proposal 1: It is proposed to support architecture alternative 1, alternative 2 and alternative 3 of SIPTO standalone architecture for DC.

Proposal 2: It is proposed to support architecture alternative 1 of SIPTO collocated architecture for DC. Other options may be considered in future.
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