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1. Introduction
The New SI Study on Extension of Dual Connectivity in EUTRAN in RP-142257 [1] was agreed in RAN#66 meeting. The text proposal for LIPA/SIPTO support in dual connectivity based on [2][3] is provided in this paper.
2. Discussion
The following text is provided based on the draft TR skeleton for Extension of Dual Connectivity in EUTRAN.
3.3
Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

CSG
Closed Subscriber Group
LHN
Local Home Network

LHN ID
Local Home Network ID
LIPA
Local IP Access
SIPTO
Selected IP Traffic Offload
4
Description of the requirements and functionality for dual connectivity extension
4.1
SIPTO in the dual connectivity 
4.1.1
SIPTO at the Local Network with stand-alone GW for Dual Connectivity
There are the following architecture alternatives for different scenarios:
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Figure 4.1.1-1：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. 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 can transmit the target LHN ID to the MME with the current 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. Whether split bearer can be setup to SeNB needs to be discussed. From one aspect, it is not allowed considering SeNB is not in the local home network. From another hand, there is no reason to block it since there is connectivity between MeNB and SGW/LGW. SCG bearer in SeNB is not possible. The MeNB shall configure SIPTO bearer in MeNB or split bearer in SeNB.

It is the MME to trigger bearer deactivation procedure after handover if the UE moves out the source local home network. To support bearer deactivation, the MeNB needs to inform the MME the target local home network during handover procedure.

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

Table 4.1.1-1: Summary of the standalone architecture alternatives:

	
	Architecture alternative 1
	Architecture alternative 2

	Architecture description
	standalone GW connects to both MeNB and SeNB

	standalone GW connects to MeNB

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

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


	There is minimal specification impact to support architecture 3C.




4.1.2
SIPTO at the Local Network with collocated L-GW for Dual Connectivity
There are the following architecture alternatives for different scenarios:
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Figure 4.1.2-1：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 procedure, 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 sets the uplink TEID and TNL address as Correlation ID and TNL address of the LGW in X2AP message and transmits to 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 bearer should be deactivated.

For SIPTO bearer setup, the MeNB reports the LGW IP in SeNB to the MME. The MME transmits the Correlation ID to MeNB when MME decides to setup SIPTO bearer for the UE. In order to configure the local tunnel in SeNB, Correlation ID needs to be transmitted to SeNB over X2.

The existing procedure is enough for SIPTO trigger bearer deactivation during handover or during bearer switch.

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 needs 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 or during bearer switch.

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

Table 4.1.2-1: 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
SIPTO bearer has to be deactivated after inter-MeNB handover.
	SeNB has collocated LGW function
SIPTO bearer has to be deactivated during SeNB change procedure.
	both MeNB and SeNB have its collocated LGW function
If SIPTO bearer is in SeNB, it has to be deactived during SeNB change procedure.

	Specification impact
	If SIPTO bearer is configured to SeNB as SCG bearer, MeNB transmits Correlation ID and TNL address of the collocated L-GW to SeNB for local tunnel setup in SeNB
	The meaning of LGW IP in Initial UE Message and Uplink  NAS Transfer (ASN.1 can already support it);

SIPTO bearer is configured to SeNB as SCG bearer, MeNB transmits Correlation ID and TNL address of the collocated L-GW 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 transmits Correlation ID and TNL address of the collocated L-GW to SeNB for local tunnel setup in SeNB.


4.1.3 Support of SIPTO for dual connectivity

4.1.3.1 MeNB and SeNB in the same local home network
SIPTO@LN is supported using a stand-alone gateway (with co-located S-GW and L-GW) deployed in the local network. Both MeNB and SeNB connect to the stand-alone gateway. SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be SCG bearer or split bearer. The MME may decide to trigger S-GW relocation without UE mobility, as specified in TS 23.401. Mobility for the SIPTO@LN PDN connection is not supported in this release: the SIPTO@LN PDN connection shall be released after inter-MeNB handover or SeNB change procedure, unless the source and target MeNBs/SeNBs are in the same LHN (i.e. they have the same LHN ID).

In case of SIPTO@LN support with stand-alone gateway for dual connectivity, the eNB supports the following additional functions:
-
Support for LHN ID exchange between MeNB and SeNB.
-
The MeNB signal LHN ID to the MME in the INITIAL UE MESSAGE, UPLINK NAS TRANSPORT, HANDOVER NOTIFY, PATH SWITCH REQUEST and E-RAB MODIFICATION INDICATION messages;

-
Support for MME-triggered S-GW relocation without UE mobility through the E-RAB MODIFY REQUEST message.
In case of SIPTO@LN support with stand-alone gateway for dual connectivity, the MME supports the following additional functions:

-
SIPTO@LN PDN activation for the requested APN based on subscription data and received LHN ID;

-
S-GW relocation without UE mobility.
4.1.3.2 The LGW being co-located with the MeNB
SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be SCG bearer or split bearer. For a SIPTO@LN PDN connection, the MeNB sets up and maintains an S5 connection to the EPC.

The mobility of the SIPTO@LN PDN connection is not supported in this release of the specification. The SIPTO@LN PDN connection is released after inter-MeNB handover is performed, and the collocated L-GW in the source MeNB triggers the release over the S5 interface.

In case of SIPTO@LN with collocated L-GW support for dual connectivity, the eNB supports the following additional functions:

-
transfer of the collocated L-GW IP address of the MeNB over S1-MME to the EPC at every idle-active transition;

-
transfer of the collocated L-GW IP address of the MeNB over S1-MME to the EPC within every Uplink NAS Transport procedure;

-
support of basic P-GW functions in the collocated L-GW such as support of the SGi interface corresponding to SIPTO@LN;

-
additional support of first packet sending, buffering of subsequent packets, internal direct L-GW-MeNB user path management and in sequence packet delivery to the UE;

-
support of the necessary restricted set of S5 procedures corresponding to the support of SIPTO@LN function;

-
notification to the EPC of the collocated L-GW uplink TEID(s) or GRE key(s) for the SIPTO@LN bearer(s) over S5 interface within the restricted set of procedures to be forwarded over S1-MME and further used by the MeNB as "SIPTO correlation id" for correlation purposes between the collocated L-GW and the eNB;
-
triggering SIPTO@LN PDN connection release by the collocated L-GW after inter-MeNB handover is performed.
-    If SIPTO bearer is configured to SeNB as SCG bearer, the MeNB sets the uplink TEID and TNL address as Correlation ID and TNL address of the collocated L-GW in X2AP message and transmits to the SeNB.
In case of SIPTO@LN with collocated L-GW support, the MME supports the following additional functions:

-
SIPTO@LN activation for the requested APN based on SIPTO permissions in the subscription data and received collocated L-GW IP address;

-
transfer of the "SIPTO correlation id" to the MeNB via the initial context setup procedure and E-RAB setup procedure;

-
release of the SIPTO@LN PDN connection of an idle-mode UE when the UE moves away from the coverage area of the MeNB.
4.1.3.3 The LGW being co-located with the SeNB
SIPTO bearers can be configured to SeNB. For SIPTO bearer in SeNB, it can be SCG bearer. For a SIPTO@LN PDN connection, the SeNB sets up and maintains an S5 connection to the EPC.

The mobility of the SIPTO@LN PDN connection is not supported in this release of the specification. The SIPTO@LN PDN connection is released after SeNB change is performed, and the collocated L-GW in the source SeNB triggers the release over the S5 interface.

In case of SIPTO@LN with collocated L-GW support for dual connectivity, the eNB supports the following additional functions:
      -    transfer of the collocated L-GW IP address of the SeNB over X2 to the MeNB

-
MeNB transfers the collocated L-GW IP address of the SeNB over S1-MME to the EPC at every idle-active transition;

-
MeNB transfers the collocated L-GW IP address of the SeNB over S1-MME to the EPC within every Uplink NAS Transport procedure;
-
support of basic P-GW functions in the collocated L-GW such as support of the SGi interface corresponding to SIPTO@LN;

-
additional support of first packet sending, buffering of subsequent packets, internal direct L-GW-SeNB user path management and in sequence packet delivery to the UE;

-
support of the necessary restricted set of S5 procedures corresponding to the support of SIPTO@LN function;

-
notification to the EPC of the collocated L-GW uplink TEID(s) or GRE key(s) for the SIPTO@LN bearer(s) over S5 interface within the restricted set of procedures to be forwarded over S1-MME and further used by the MeNB as "SIPTO correlation id" for correlation purposes between the collocated L-GW and the SeNB;
-
triggering SIPTO@LN PDN connection release by the collocated L-GW after SeNB change procedure is performed.
-    The MeNB sets the uplink TEID and TNL address as Correlation ID and TNL address of the collocated L-GW in X2AP message and transmits to the SeNB.
In case of SIPTO@LN with collocated L-GW support, the MME supports the following additional functions:

-
SIPTO@LN activation for the requested APN based on SIPTO permissions in the subscription data and received collocated L-GW IP address;

-
transfer of the "SIPTO correlation id" to the MeNB via the initial context setup procedure and E-RAB setup procedure;

-
release of the SIPTO@LN PDN connection of an idle-mode UE when the UE moves away from the coverage area of the SeNB.
4.5.2
LIPA
According to TS22.220, 3GPP also had requirements on Local IP Access to the home. Due to the fact that 3GPP radio access technologies enable data transfer at higher data rates, the 3GPP operator community shows strong interest to offload selected IP traffic for the Home (e)NodeB Subsystem which saves transmission costs. LIPA@LN is another kind of local breakout technology. The usage of LIPA is to offload part of the traffic from the core network and send it directly to the local network, which can be used for enterprise or home deployment. LIPA LGW can be co-located in a HeNB, while SIPTO LGW can be co-located in a HeNB or eNB. Therefore, in DC, LIPA L-GW can be co-located in a HeNB when HeNB acts as SeNB. 
In the case of the collocated L-GW is co-located in SeNB, if UE can served by SeNB, it’s unreasonable that the user can not enjoy the LIPA@LN service because of dual connectivity. On the other hand, big data service is deemed essential to optimize network usage which will also provide added value to the operator.
On the other hand, If SIPTO at local network with collocated L-GW in SeNB become feasible, LIPA can be naturally supported, especially for open mode HeNB. 
The analysis is similar as SIPTO at the Local Network with collocated L-GW, except for the difference that the SIPTO@LN PDN connection is released after a handover is performed, and the collocated L-GW in the source eNB triggers the release over the S5 interface, while LIPA@LN PDN connection is released before a handover, which may have impact on the SeNB change procedure.
4.5.2.1
LIPA at the Local Network with collocated L-GW for Dual Connectivity
Alternative: LGW in SeNB.
Support of LIPA for dual connectivity
LIPA bearers can be configured to SeNB. Only SCG bearer option can be configured as LIPA bearer. For a LIPA PDN connection, the SeNB sets up and maintains an S5 connection to the EPC.

The mobility of the LIPA PDN connection is not supported in this release of the specification. The LIPA connection is always released when SeNB change procedure is triggered. The L-GW function in the SeNB triggers this release over the S5 interface.

In case of LIPA support, the eNB supports the following additional functions:
-    transfer of the collocated L-GW IP address of the SeNB over X2 to the MeNB

-
MeNB transfers the collocated L-GW IP address of the SeNB over S1-MME to the EPC at every idle-active transition;

-
MeNB transfers the collocated L-GW IP address of the SeNB over S1-MME to the EPC within every Uplink NAS Transport procedure;
-
support of basic P-GW functions in the collocated L-GW function such as support of the SGi interface corresponding to LIPA;
-
additional support of first packet sending, buffering of subsequent packets, internal direct L-GW - SeNB user path management and in sequence packet delivery to the UE;
-
support of the necessary restricted set of S5 procedures corresponding to the strict support of LIPA function;
-
notification to the EPC of the collocated L-GW uplink TEID(s) or GRE key(s) for the LIPA bearer(s) over S5 interface within the restricted set of procedures to be forwarded over S1-MME and further used by the SeNB as "correlation id" for correlation purposes between the collocated L-GW function and the SeNB;
-
in case of SeNB change triggering the L-GW function to release the LIPA PDN connection.
-    The MeNB sets the uplink TEID and TNL address as Correlation ID and TNL address of the collocated L-GW in X2AP message and transmits to the SeNB.
In case of LIPA support, the MME may support the following additional functions:

-
verification of UE authorization to request LIPA activation for the requested APN at this CSG and transfer of the received collocated L-GW IP address;
-
transfer of the "correlation id" i.e. collocated L-GW uplink TEID or GRE key to the MeNB within the UE context setup procedure and E-RAB setup procedure;
-
deactivation of the LIPA PDN connection of an idle-mode UE if it detects that the UE has moved out of the coverage area of the SeNB collocated with L-GW function.
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