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1
Introduction
The New Study Item on extension of Dual Connectivity in EUTRAN is approved in RAN#66 meeting[1]. One objection of the SID is to 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.
In this paper we analyze the solutions to support SIPTO@LN with collocated L-GW for dual connectivity and make our proposals.
2 Discussion
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Figure 1: SIPTO@LN with L-GW collocated with the (H)eNB
SIPTO@LN with L-GW function collocated with the eNB functions are achieved using a L-GW co-located with the eNB. The direct user plane path between the eNB and the collocated L-GW is enabled with a Correlation ID parameter that is associated with the default EPS bearer on a PDN connection used for Local IP Access. The PDN GW selection function uses the L-GW address proposed by the (H)eNB in the S1-AP message, instead of DNS interrogation.
2.1 How SIPTO@LN with co-located L-GW can be supported for SCG bearer option

For SCG bearer option, the SeNB is directly connected with the S-GW via S1-U. The MeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu. 
Solution1: L-GW co-located with MeNB 
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                                              Figure2: L-GW co-located with MeNB for SCG bearer option
In case the L-GW is co-located with the MeNB, the direct user plane path of MCG will be established between the MeNB and the collocated L-GW and the direct user plane path of SCG will be established between the SeNB and the collocated L-GW. The MeNB needs to know the SeNB GTP Tunnel Endpoint information to transmit downlink data from the L-GW to the SeNB. The SeNB needs to know the L-GW GTP Tunnel Endpoint information to sending the uplink data from the SeNB to the L-GW. 
Impacts related to RAN3 Specification:

· The SeNB Addition/Modification Request message needs to include the L-GW GTP Tunnel Endpoint information for delivery of UL PDUs.

· In the current S1-AP, the SeNB GTP Tunnel Endpoint information is already included in the SeNB Addition/Modification ACK message for delivery of DL PDUs. 

Solution2: L-GW co-located with SeNB 
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                                           Figure3: L-GW co-located with SeNB for SCG bearer option
In case the L-GW is co-located with the SeNB, the direct user plane path of MCG will be established between the MeNB and the collocated L-GW and the direct user plane path of SCG will be established between the SeNB and the collocated L-GW. 
In order to select the appropriate L-GW for SIPTO@LN service, the MeNB needs to know the L-GW address of the SeNB in advance and includes it in the S1-AP message.

The SeNB will know the MeNB GTP Tunnel Endpoint information to transmit downlink data from the L-GW to the MeNB by current Service Request or UE requested PDN connectivity procedure. The MeNB will also know the L-GW GTP Tunnel Endpoint information to sending the uplink data from the MeNB to the L-GW.
At attachment to a MeNB, since the MeNB does not support the L-GW function, a macro P-GW may be allocated for the SIPTO PDN connection in the operator's network. Once the UE moves into SeNB coverage area and the MeNB detects an appropriate SeNB with L-GW function based on the measurement report received from UE, it could trigger a new S1-AP message to notify the MME. if the subscription data indicates that SIPTO is allowed the MME could deactivate the PDN connections relevant to SIPTO-allowed APN using the "reactivation requested" cause value, and the UE should then re-establish the PDN connections. During UE requested PDN connectivity procedure, the MeNB send the L-GW address of SeNB in the S1-AP message to the MME, the L-GW address will be used to select the proper L-GW.
Impacts related to RAN3 Specification:

· X2 Setup procedure/SeNB Addition ACK message needs to be enhanced to transfer the L-GW address of the SeNB.

· A new S1-AP message is introduce to notify the MME about detection of a new SeNB supporting L-GW.
Solution3: L-GW co-located with MeNB and SeNB

Since the MeNB supports the co-located GW, similarly to Solution1, the direct user plane path of MCG could be established between the MeNB and the collocated L-GW within the MeNB, the direct user plane path of SCG could be established between the SeNB and the collocated L-GW within the MeNB. The co-located L-GW within the SeNB has no impact on the dual connectivity operation.
According to the above analysis, solution2 will introduce more specification and eNB behavior impact. Additionally, since the mobility of the SIPTO@LN PDN connection is not supported in Rel-12 specification, the SIPTO@LN PDN connection has to be re-established after a SeNB Release/SeNB change is performed when the UE moves away from SeNB. Therefore, the following is proposed:
Proposal 1: It is proposed to support L-GW co-located with MeNB and capture Solution1 for SCG bearer option in the TR.

2.2 How SIPTO@LN with co-located L-GW can be supported for Split bearer option

For Split bearer option, the S1-U connection to the S-GW is terminated in the MeNB. There is no S1-U termination in the SeNB. PDCP PDU data is transferred between the MeNB and the SeNB via X2-U.

Solution1: L-GW co-located with MeNB 
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Figure4: L-GW co-located with MeNB for Split bearer option
In case the L-GW is co-located with the MeNB, the direct user plane path will be established between the MeNB and the collocated L-GW. After receiving the downlink use data from L-GW, the MeNB transfers the PDCP PDU to the SeNB using the X2-U. 
Impacts related to RAN3 Specification:

This solution can be supported by current specification.
Solution2: L-GW co-located with SeNB 
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Figure5: L-GW co-located with SeNB for Split bearer option
In case the L-GW is co-located with the SeNB, since there is no S1-U between the SeNB and the EPC, the user plane path will be established between the MeNB and the collocated L-GW. The MeNB sends the MeNB PDCP PDU to the SeNB using the X2-U.
In order to establish a SIPTO@LN PDN connection, similar to L-GW co-located in SeNB for SCG option, the MeNB needs to know the L-GW address of the SeNB in advance and includes it in the S1-AP message for proper L-GW selection. A new S1-AP message is needed to notify the MME about detection of a new SeNB supporting L-GW.
Impacts related to RAN3 Specification:

The specification impact of this solution is similar to that of L-GW co-located in SeNB for SCG option.
· X2 Setup procedure/SeNB Addition ACK message needs to be enhanced to transfer the L-GW address of the SeNB.

· A new S1-AP message is introduce to notify the MME about detection of a new SeNB supporting L-GW.
Solution3: L-GW co-located with MeNB and SeNB

Since the MeNB supports the co-located GW, similarly to Solution1, the direct user plane path will be established between the MeNB and the collocated L-GW. After receiving the downlink use data from L-GW, the MeNB transfers the PDCP PDU to the SeNB using the X2-U. The co-located L-GW within the SeNB has no impact on the dual connectivity operation.
According to the above analysis, for solution2, the traffic offloaded to the SeNB is routed back and forth between the SeNB (L-GW) and the MeNB which will increase the X2 backhaul burden. On the other hand, the SIPTO@LN PDN connection has to be re-established after a SeNB Release/SeNB change is performed when the UE moves away from SeNB. Therefore, the following is proposed:

Proposal 2: It is proposed to support L-GW co-located with MeNB and capture Solution1 for Split bearer option in the TR.

3
Conclusion

In this contribution, we discuss how to support SIPTO@LN with collocated L-GW for dual connectivity and propose that:
Proposal 1: It is proposed to support L-GW co-located with MeNB and capture Solution1 for SCG bearer option in the TR.
Proposal 2: It is proposed to support L-GW co-located with MeNB and capture Solution1 for Split bearer option in the TR.
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