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1 Introduction

RAN3 is starting work on the new Dual Connectivity (DC) extension WI [1], providing signaling for LIPA and SIPTO for dual connectivity according to the outcome of the corresponding SI [2]. In this paper we will recall the conclusions of the TR and propose a way forward.
2 Discussion
2.1 Starting point

From the conclusions of [2], we can see that SIPTO and LIPA were seen as beneficial functionalities to be extended within the scope of DC for Rel-13.
SIPTO in the dual connectivity:

For standalone case, it is feasible to support Alternative 1.
For co-located case, the following beneficial architectures for L-GW co-located with MeNB and L-GW co-located with SeNB have been identified for future normative work:

L-GW co-located with MeNB: SIPTO bearer = MCG bearer 

L-GW co-located with MeNB: SIPTO bearer = Split bearer  (depending on the performance of X2-U between MeNB and SeNB)
L-GW co-located with SeNB: SIPTO bearer = SCG bearer
LIPA in the dual connectivity:

Use cases for LIPA are covered by use cases for SIPTO with co-located L-GW. The conclusion for SIPTO with collocated LGW can be applied to LIPA.
These conclusions were translated into objectives of the new WI:

· Support SIPTO in dual connectivity
· The following architectures should be supported:
· Stand-alone case, support of MeNB and SeNB in the same local home network
· Co-located case, LGW co-located with the MeNB
· Co-located case, LGW co-located with the the SeNB (SIPTO bearer = SCG bearer)
· Introduce functions and procedures to support above architectures in the dual connectivity
2.2 SIPTO Enhancements
In this section we will analyze the conclusions for SIPTO and propose a suitable way forward.
2.2.1 Stand-Alone GW

The TR [2] has concluded that it is feasible to support Alternative 1. In such architecture, shown in Figure 1 below, the stand-alone GW has connectivity to both MeNB and SeNB (i.e. the stand-alone GW, the MeNB and the SeNB all belong to the same LHN). SIPTO bearers can be configured to MeNB and/or SeNB.
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Figure 1 SIPTO with stand-alone GW for DC (Alternative 1 from [2]).

A SIPTO bearer in SeNB can be an SCG bearer or a split bearer. It is up to the MeNB to decide the bearer option. If a SIPTO bearer is decided to be set up for the UE and the MeNB decides to use the SCG bearer option, the MeNB selects the SeNB in the local network to configure the SIPTO bearer. The MeNB knows the LHN ID of the SeNB by configuration or through X2AP signaling; in this case, it seems appropriate to add the LHN ID to the X2 Setup and eNB Configuration Update procedures so it can be exchanged between the MeNB and SeNB.
Proposal 1: Add the LHN ID to the X2 Setup and eNB Configuration Update procedures to support SIPTO@LN with stand-alone GW with DC.
In SIPTO@LN with stand-alone GW, the MME triggers SIPTO bearer deactivation after handover if the UE moves out of the LHN: the target MeNB can signal its LHN ID to the MME in the current Path Switch Request message so that the MME can trigger the bearer deactivation procedure correspondingly. This is fully supported by current S1AP.
Observation 1: No further enhancements seem to be needed to current protocols to support SIPTO@LN with stand-alone GW with DC.
2.2.2 Co-Located L-GW

For the co-located case, the SI has concluded [2] that it is beneficial to support both cases of the L-GW co-located in the MeNB and in the SeNB; their applicability and relative gain will depend on the bearer type (MCG, SCG and split) and on backhaul performance. Both cases are shown in Figure 2 below.

Alternative 1: LGW in MeNB.

A SIPTO bearer set up in SeNB can be an SCG bearer or a split bearer. Service continuity can be assured only if MeNB is unchanged: the PDN connection is torn down by the MME once the UE moves out of the MeNB.

For SIPTO bearer setup, switch and deactivation, there seems to be no Stage 3 impact: existing procedures are sufficient.

Observation 2: For SIPTO@LN with L-GW co-located with the MeNB and split bearer, no Stage 3 changes are needed.
If the SIPTO bearer is set up as an SCG bearer, the MeNB signals its uplink TEID and TNL address as Correlation ID and L-GW TNL address, respectively, over X2 towards the SeNB. It seems appropriate to add this information in the SeNB Addition Request and MeNB initiated SeNB Modification Request procedure [4].

Proposal 2:  Add the SIPTO Correlation ID and SIPTO L-GW TNL address to the SeNB Addition Request and MeNB initiated SeNB Modification procedure toward the SeNB to support SIPTO@LN with L-GW co-located with the MeNB and SCG bearer.
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Figure 2 SIPTO with L-GW co-located in the MeNB and in the SeNB [2].

Alternative 2: LGW in SeNB.

In this case, an SCG bearer can be configured as SIPTO bearer; such SIPTO bearer is deactivated at every SeNB change. For SIPTO bearer setup, the MeNB needs to report the IP address of the L-GW co-located with the SeNB (previously acquired from the SeNB or possibly preconfigured) to the MME. When setting up the SIPTO bearer for the UE, the MME signals to the MeNB the Correlation ID, which then needs to be relayed to the SeNB over X2.

The existing procedures for SIPTO trigger bearer deactivation during handover or during bearer switch are sufficient.

This alternative therefore requires the following information to be signaled:

1) Signaling the SeNB L-GW address from the MeNB to the MME;

2) Signaling the Correlation ID from the MME to the MeNB;

3) Relaying the Correlation ID from the MeNB to the SeNB;

4) Signaling the SeNB L-GW address from the SeNB to the MeNB.

For 1), there could be two options:

a. Reuse the current SIPTO L-GW Transport Layer Address IE [3];

b. Introduce a new IE (e.g. SeNB SIPTO L-GW Transport Layer Address IE) in the corresponding messages.

While the current IE seems perfectly adequate as far as encoding is concerned, we notice that the semantics says “Indicating SIPTO L-GW Transport Layer Address if the SIPTO L-GW is collocated with eNB.” [3] At first this might seem incompatible with this case, since the L-GW is not co-located with the MeNB itself but with the SeNB. However, it is worth noting that in the end the E-UTRAN and the MME are exchanging UP addresses through this IE, and it should be irrelevant to the MME implementation whether the received address is physically in the sending eNB or not. Hence, it seems that by a simple “fix” to the semantics description, the same IE can be used for SIPTO in DC. Possible wordings that could be adopted are, “... if the SIPTO L-GW is collocated with the respective E-UTRAN node” or “... if the SIPTO L-GW is collocated with an E-UTRAN node”.
Proposal 3: Reuse the current SIPTO L-GW Transport Layer Address IE to signal to the MME the SIPTO L-GW IP address for the SeNB and update the corresponding semantics description.
For 2), a similar analysis can be made: the current SIPTO Correlation ID IE [3] could carry the required information, but the existing behavior text needs to be updated to cover the new use case. Also in this case, replacing “the eNB” with “the respective E-UTRAN node” or “an E-UTRAN node” seems like an appropriate option.
Proposal 4: Reuse the current SIPTO Correlation ID IE to signal to the MeNB the SIPTO Correlation ID for the SeNB and update the corresponding behavior text.
For 3), it seems appropriate to reuse the above IE (SIPTO Correlation ID IE) to the SeNB Addition Request and MeNB-initiated SeNB Modification procedures.

Proposal 5: Reuse the SIPTO Correlation ID IE in the SeNB Addition Request and MeNB-initiated SeNB Modification procedures.
For 4) we need to introduce the SIPTO L-GW Transport Layer Address IE at least in the SeNB MODIFICATION REQUIRED message to make the MeNB aware that the SeNB has a co-located L-GW. We could also consider whether to add the IE to the SeNB ADDITION REQUEST ACKNOWLEDGE and SeNB MODIFICATION REQUEST ACKNOWLEDGE messages, but this seems like a non-essential optimization to assist the MeNB in setting up subsequent E-RABs.
Proposal 6: Introduce the SIPTO L-GW Transport Layer Address IE in the SeNB MODIFICATION REQUIRED message. 
2.3 LIPA Enhancements

According to [2], use cases for LIPA are covered by the use cases for SIPTO with co-located L-GW, and the corresponding conclusions can be applied. Therefore, the analysis in Sec. 2.1.2 also holds true for LIPA.
Observation 3: For LIPA with L-GW co-located with the MeNB and split bearer, no Stage 3 changes are needed.
Proposal 7:  Add the Correlation ID and L-GW TNL address to the SeNB Addition Request and MeNB-initiated SeNB Modification procedures toward the SeNB to support LIPA with L-GW co-located with the MeNB and SCG bearer.
Proposal 8: Reuse the current L-GW Transport Layer Address IE to signal to the MME the L-GW IP address for the SeNB and update the corresponding semantics description.
Proposal 9: Reuse the current Correlation ID IE to signal to the MeNB the Correlation ID for the SeNB and update the corresponding behavior text.

Proposal 10: Reuse the Correlation ID IE in the SeNB Addition Request and MeNB-initiated SeNB Modification procedures.
Proposal 11: Introduce the L-GW Transport Layer Address IE in the SeNB MODIFICATION REQUIRED message.
3 Conclusions and Proposals
Starting from the conclusions of the DC Enhancements SI, we have provided a first analysis of possible Stage 3 impacts for SIPTO and LIPA with DC. Our observations and proposals are summarized below.
Proposal 1: Add the LHN ID to the X2 Setup and eNB Configuration Update procedures to support SIPTO@LN with stand-alone GW with DC.
Observation 1: No further enhancements seem to be needed to current protocols to support SIPTO@LN with stand-alone GW with DC.
Observation 2: For SIPTO@LN with L-GW co-located with the MeNB and split bearer, no Stage 3 changes are needed.
Proposal 2:  Add the SIPTO Correlation ID and SIPTO L-GW TNL address to the SeNB Addition Request and MeNB initiated SeNB Modification procedure toward the SeNB to support SIPTO@LN with L-GW co-located with the MeNB and SCG bearer.
Proposal 3: Reuse the current SIPTO L-GW Transport Layer Address IE to signal to the MME the SIPTO L-GW IP address for the SeNB and update the corresponding semantics description.
Proposal 4: Reuse the current SIPTO Correlation ID IE to signal to the MeNB the SIPTO Correlation ID for the SeNB and update the corresponding behavior text.
Proposal 5: Reuse the SIPTO Correlation ID IE in the SeNB Addition Request and MeNB-initiated SeNB Modification procedures.
Proposal 6: Introduce the SIPTO L-GW Transport Layer Address IE in the SeNB MODIFICATION REQUIRED message. 
Observation 3: For LIPA with L-GW co-located with the MeNB and split bearer, no Stage 3 changes are needed.
Proposal 7:  Add the Correlation ID and L-GW TNL address to the SeNB Addition Request and SeNB Modification procedures toward the SeNB to support LIPA with L-GW co-located with the MeNB and SCG bearer.

Proposal 8: Reuse the current L-GW Transport Layer Address IE to signal to the MME the L-GW IP address for the SeNB and update the corresponding semantics description.
Proposal 9: Reuse the current Correlation ID IE to signal to the MeNB the Correlation ID for the SeNB and update the corresponding behavior text.

Proposal 10: Reuse the Correlation ID IE in the SeNB Addition Request and MeNB-initiated SeNB Modification procedures.
Proposal 11: Introduce the L-GW Transport Layer Address IE in the SeNB MODIFICATION REQUIRED message.
Proposal 12: Discuss and agree the corresponding S1AP and X2AP CRs [5]
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Alternative 1: LGW in MeNB


Alternative 2: LGW in SeNB
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