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1.
Introduction
The new SI [1] on extension of DC in E-UTRAN was approved in RAN#66 held last December. One of the important issues is to consider SIPTO for dual connectivity. This paper firstly investigates the architectures, and the potential issues and solutions are followed. 
2.
Discussion
SIPTO is an efficient technology for mobile operators to offload the traffic from mobile core network by using L-GW. In Rel-12, L-GW for supporting SIPTO can be collocated with E-UTRAN and it can also be standalone from E-UTRAN, which includes Macro/Pico eNB and HeNB. The following sections will investigate the collocated case and standalone case respectively. 
2.1 Collocated Case
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Fig. 1a. L-GW locates together with SeNB.                                 Fig. 1b. L-GW locates together with MeNB
Fig. 1a. and Fig.1b shows two scenarios for the collocated case. The first one is that L-GW collocated with SeNB, in which the SeNB could be a pico eNB or HeNB with open mode. On the other hand for  Fig. 1b, the L-GW is collocated with MeNB. Depending on the needs of operators, it is really possible to allow both the cases since SIPTO is an efficient scheme to offload the traffic, especially the internet like service. The following sub-sections analyze the potential issues, which should be solved for both the scenarios, respectively. 
For the L-GW collocated with SeNB case, the following issues should be solved in order to support it: 
1) Issue1: The way how MeNB knows about the L-GW IP Address of SeNB
2) Issue2: The procedure for L-GW service setup in SeNB side

· Coordination for UE Attach procedure / new service request procedure and SeNB Addition/Modification procedure
About issue 1, there are two potential solutions, one of which can be realized by the cell specific procedure. That is, X2 setup procedure in the initial stage. The other solution could be done through the SeNB mobility procedure. It is necessary to investigate the feasibility for the solutions above. 
The second issue is about the procedure for service set up. For legacy SIPTO, the L-GW IP Address is sent to MME during the initial UE attach or new service request procedure and then the Correlation ID is received by the eNB from MME for L-GW service setup. For DC, this requires the SeNB Addition is performed directly as the correlation ID is received from MME.  The procedure should be investigated more to realize this goal. 
Based on the analysis above, the following proposal is suggested to RAN3: 

Proposal 1): For L-GW collocated with SeNB case, it is suggested to capture the issues below into TR for further study. 
1) Issue1: The way how MeNB knows about the L-GW IP Address of SeNB
2) Issue2: The procedure for L-GW service setup in SeNB side 
· Coordination for UE Attach procedure / new service request procedure and SeNB Addition /Modification procedure
For the L-GW collocated with MeNB case shown in Fig.1b, the X2-U would be used to transfer the user data instead of S1-U and S5 in the operator network. The following issues should be solved: 

1) Issue1: how to support X2-U to transmit the data traffic 
2) Issue2: The procedure for L-GW service setup in MeNB side while radio part is served by SeNB
· Coordination for UE Attach procedure / new service request procedure and SeNB Addition/modification procedure
For the first issue, it is not only a technical problem. The X2 interface should also be fast and good enough to support a big amount of data traffics to be transmitted. For architecture 3C (SeNB without PDCP layer), it is possible. But for architecture 1A (SeNB with PDCP layer), it is not easy since the X2 interface is not fast enough to support. If only architecture 3C is adopted, the existing TEIDs can be re-used for X2 traffic transmission. But if architecture 1A should also be supported, an additional set of TEIDs should be defined. From this point of view, architecture 3C should have priority for the L-GW collocated with MeNB. 
The second issue is the same as that of L-GW collocated with SeNB case. Even through L-GW is collocated with MeNB, it may require the SeNB to use radio resource to serve UE if the radio resource of MeNB is overloaded. Thus, it also requires MeNB to coordinate the Attach procedure / new service request procedure with SeNB Addition/modification procedure so that the objective above can be realized. 

Based on the analysis above, the following proposal is suggested to RAN3:
Proposal 2): For L-GW collocated with MeNB case, it is suggested to capture the issues below into TR for further study. 
1) Issue1: how to support X2-U to transmit the data traffic
2) Issue2: The procedure for L-GW service setup in MeNB side while radio part is served by SeNB
· Coordination for UE Attach procedure / new service request procedure and SeNB Addition /Modification procedure
2.2 Standalone Case
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Fig. 2a. Standalone case: DC 3C based architecture.               Fig. 2b. Standalone case: DC 1A based architecture
Fig. 2a. and Fig.2b shows two scenarios for the standalone case. The first one is based on architecture 3C of Rel-12 dual connectivity, in which there is no direct connection between SeNB and L-GW as it has no connection to the generic mobile core network. It can be seen that this scenario just merges the two architectures for standalone SIPTO and dual connectivity, in which all the data packets have to bypass MeNB. In this case, there is nothing related to LHN ID from the SeNB side. Therefore, it can be supported by the current procedures without any change. 
Observation):  For DC 3C based standalone SIPTO as shown in Fig. 2a, it can be supported without impacts. 
The second standalone SIPTO is based on architecture 1A of Rel-12 dual connectivity as shown in Fig. 2b, in which SeNB has direct connection to L-GW as it does to the generic mobile core network. There are several issues to solve for supporting this architecture as listed below: 
1) Issue 1: to support successful SeNB mobility within the same L-GW (MeNB and SeNB) 
·  Avoidance of MME triggered PDN connection deactivation
2) Issue 2: to support MME triggered S-GW relocation procedure: the case that a UE currently served by SeNB requests a L-GW-based new service 
For issue 1, it is based on the agreement that mobility is not supported for standalone SIPTO. If MeNB and SeNB are not connected to the same L-GW, then PDN connection deactivation is triggered during the SeNB Addition procedure. That is not good for user experience. In practice, we can not guarantee that all of the SeNBs around a MeNB are connected to the same L-GW. Therefore MeNB needs the LHN ID information of SeNB before it makes a decision to trigger the SeNB Addition procedure. There are several solutions to solve this problem. One could be the cell specific procedure like X2 Setup request /response message. The other solution is UE specific procedure such as SeNB Addition procedure, in which MeNB may tell SeNB its LHN ID and then SeNB compare it with its LHN ID. If they are not the same or SeNB does not support L-GW, SeNB may reject the SeNB Addition directly. It needs more study to decide which solution to go.  
The second issue is based on the agreement that only one S-GW can be used by one UE, for that the MME triggered S-GW relocation procedure was adopted in Rel-12 for standalone SIPTO.  In the scenario of Fig.2b, a case exists. That is a DC UE receiving generic mobile operator service from SeNB currently has a new service request for using L-GW. Thus the serving gateway relocation has to be performed for the existing generic mobile operator service so that a single S-GW is used for two services. The MME triggered S-GW relocation procedure has to be extended so that SeNB to know the transport information (transport layer address, UL GTP TEID)
Based on the analysis above, the following proposal is suggested to RAN3: 

Proposal 3): For DC 1A based standalone SIPTO architecture, it is suggested to capture the issues below into TR for further study. 
1) Issue 1: to support successful SeNB mobility within the same L-GW (MeNB and SeNB) 

·  Avoidance of MME triggered PDN connection deactivation

2) Issue 2: to support MME triggered S-GW relocation procedure: the case that a UE currently served by SeNB requests a L-GW-based new service 

3. Conclusions
This paper investigated the architectures, and the potential issues and solutions for SIPTO for DC. The following proposals are suggested to RAN3: 
Proposal 1): For L-GW collocated with SeNB case, it is suggested to capture the issues below into TR for further study. 
1) Issue1: The way how MeNB knows about the L-GW IP Address of SeNB
2) Issue2: The procedure for L-GW service setup in SeNB side 
· Coordination for UE Attach procedure / new service request procedure and SeNB Addition /Modification procedure
Proposal 2): For L-GW collocated with MeNB case, it is suggested to capture the issues below into TR for further study. 
1) Issue1: how to support X2-U to transmit the data traffic
2) Issue2: The procedure for L-GW service setup in MeNB side while radio part is served by SeNB

· Coordination for UE Attach procedure / new service request procedure and SeNB Addition /Modification procedure
Proposal 3): For DC 1A based standalone SIPTO architecture, it is suggested to capture the issues below into TR for further study. 
1) Issue 1: to support successful SeNB mobility within the same L-GW (MeNB and SeNB) 

·  Avoidance of MME triggered PDN connection deactivation

2) Issue 2: to support MME triggered S-GW relocation procedure: the case that a UE currently served by SeNB requests a L-GW-based new service 
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