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Introduction

A new study item has been approved in [1]. 
This contribution discusses and proposes way forward of the following study topic.
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Discussion
Beginning of Text Proposal
4.1
SIPTO in the dual connectivity
The SIPTO at the Local Network (SIPTO@LN) function enables an IP capable UE connected via a (H)eNB to access a defined IP network (e.g. the Internet) without the user plane traversing the mobile operator's network.

The applicability of SIPTO@LN does not depend on the CSG membership that is specific to the HeNB subsystem and the feature can be applied to any UE that has subscription for SIPTO@LN in the HSS, as long as the UE is allowed to access the cell.

E-UTRAN supports SIPTO@LN feature in Rel-12 with a collocated L-GW in the eNB or a standalone GW (with S-GW and L-GW collocated), as specified in TS 23.401. Here it should be noted that SIPTO@LN feature applies also for the HeNBs in addition to the ordinary (pico, micro and macro) eNBs.

An eNB collocated L-GW is actually an EPC node integrated in a RAN node i.e. a simplified P-GW that is controlled via the MME and S-GW by using the S5 interface.

A stand-alone L-GW residing in the local network near RAN nodes is a full blown EPC node that implements both the S-GW and the P-GW functions. It is controlled from the MME by using the S11 interface and connects to the eNBs just with the S1 user-plane interface.

From the UE and the EPC perspective a SIPTO@LN service operates by using a PDN connection via an L-GW based on the subscription data in the HSS that is configured per user and per APN to indicate to the MME if offload at the local network is allowed or not. SIPTO@LN service is intended for offloading Internet traffic only, thus the L-GW does not provide APN specific connectivity. Therefore if the subscription data in the HSS indicate that offload at the Local Network is allowed, this implies that the related APN is typically used for providing Internet connectivity. Typically this means that the default PDN connection for the default EPS bearer services by using the “Internet” APN shall be switched between a P-GW located in the EPC and a L-GW depending on the UE’s current location unless a UE has a subscription for some APN specific connectivity.

This contribution evaluates SIPTO@LN feature applicability in conjunction of Small Cell architecture and in the dual connectivity.
4.1.1
SIPTO at the Local Network with standalone GW for Dual Connectivity
The SIPTO@LN with a stand-alone GW for Dual Connectivity is applicable both in options 1A and 3C when E-UTRAN supports SIPTO@LN with stand-alone GW feature according to the Rel-12 specifications. This is simply because a standalone GW provides the S-GW functions and is exposed to the MeNB or the SeNB (in option 1A) by using the S1-u interface i.e. it looks like the ordinary S-GW from the E-UTRAN perspective.

Now in the context of dual connectivity a MeNB shall always be in the role of a serving eNB that terminates the S1-MME, so it shall signal the LHN ID (Local Home Network ID associated to a stand-alone GW) to the MME according to the Rel-12 specification. As user-plane is routed over S1-u interfaces to a standalone GWas usual a SIPTO@LN related E-RAB bearer can be configured in control of the MeNB like any other E-RAB bearer to use supported SCG Bearer, Split-Bearer or MCG Bearer for the dual connectivity capable UEs.

In case option 1A will be used the SeNBs will support direct S1-u to the S-GW when a SIPTO@LN E-RAB bearer or any other E-RAB bearer may be offloaded from the MeNB to the SeNB by configuring a SCG Bearer.

In case option 3C for dual connectivity will be used for a SIPTO@LN E-RAB then all the dual connectivity bearer services are fully transparent to the EPC nodes including the standalone Local GWs.

When considering the backhaul delay and routing issues in dual connectivity, the location of a stand-alone GW (with S-GW and L-GW collocated) becomes restricted as a UE can have just one serving S-GW at the time. Due to this limitation the initiation of a SIPTO@LN service necessitates the MME to perform the serving S-GW relocation to a stand-alone GW when all the ongoing bearer services for the UE shall be routed via the S-GW in a standalone GW.

In case it is desired to provide direct UE access to a local network near the SeNBs by using the SIPTO@LN service, one may consider  placing  a stand-alone GW (with S-GW and L-GW collocated) in the same local network with the SeNBs and to configure SIPTO@LN E-RAB as a SCG Bearer. This would be optimal for a SIPTO@LN bearer but it would be non-optimal for all other ongoing non SIPTO@LN bearers that would suffer from non-optimal routing of S1-u via the S-GW located down in a local network near the SeNBs and further up by using the S5-u to the P-GW located in the EPC.
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Figure 1. SIPTO@LN with stand-alone GW for Dual Connectivity

Also it should be noted that the SIPTO@LN service coverage area is getting more limited when an L-GW will be placed lower in the transport network hierarchy resulting to undesired and frequent SIPTO@LN PDN connection setups/releases and S-GW relocations for the moving UEs.

Now we can make an observation that there is no optimal routing path for both EPS services and SIPTO@LN service with a standalone GW if it will be placed at the SeNB level in the transport network. As a reduced service quality in the EPS services is not desired, we can conclude that a standalone GW should be placed at the MeNB site or near it. This will be beneficial also from SIPTO@LN service continuation point of view as it can be served from all the SeNBs under control of the MeNB and even from the neighbouring eNBs if a standalone GW remains accessible from there.

When considering SIPTO@LN service deployment we can assume that it is easiest for an operator to arrange access from a macro network site to a defined IP network (e.g. the Internet) without the user plane traversing the mobile operator's network. It should be noted that SIPTO@LN with standalone GW may also provide access to operator provided local or cached content services near RAN.
4.1.2
SIPTO at the Local Network with co-located GW for Dual Connectivity
The SIPTO@LN with co-located GW for Dual Connectivity is applicable both in options 1A and 3C when E-UTRAN supports SIPTO@LN with co-located GW feature according to the Rel-12 specifications in a case the co-located L-GW will be placed in the serving MeNB that terminates the S1-MME i.e. the local breakout point for SIPTO@LN IP traffic is at the MeNB site.

In option 3C a MCG Bearer, a Split-Bearer or a SCG Bearer for the dual connectivity are all routed to the MeNB that can further determine based on the “SIPTO correlation id” in the E-RAB parameters whether a bearer should be routed to its co-located L-GW or to the S-GW over the S1-u. Thus we can make a conclusion that no changes are required for option 3C to support MeNB co-located GW for dual connectivity.
In option 1A for SCG Bearers, the SeNB may be directly connected with the S-GW via S1-u, so only MCG Bearers or SCG Bearers that are routed via the MeNB are applicable for SIPTO@LN service by using a MeNB co-located L-GW. As a MeNB is aware of a SIPTO@LN bearer based on the “correlation Id”, it should configure a SCG Bearer for SIPTO@LN in a SeNB to use X2-u instead of tunnelling to the S-GW. This could be utilized, so that a MeNB replaces the MME given UL F-TEID with its own UL F-TEID for X2-u and will use the SeNB given DL F-TEID for routing over the X2-u in downlink.
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Figure 2. SIPTO@LN with MeNB collocated L-GW for Dual Connectivity

This kind of a SIPTO@LN service deployment with MeNB collocated L-GWs can be considered being sufficient for most of the SIPTO@LN use cases because  it is easiest for an operator to arrange access from a macro network site to a defined IP network (e.g. the Internet) without the user plane traversing the mobile operator's network. Also a macro eNB and its associated SeNBs can together provide a large enough SIPTO@LN service area to enable mobility within a local network cluster without service breaks.

When considering the SIPTO@LN feature for a scenario where a L-GW will collocated in the SeNBs in order to access local network directly from the SeNBs, it cannot be supported according to the Rel-12 specifications where a serving (H)eNB i.e. MeNB in Dual Connectivity has always one to one mapping with its co-located L-GW meaning that it can advertise only one L-GW to the EPC. Due to this restriction multitude of SeNB collocated L-GWs cannot be supported in control of the MeNB without major changes in the Rel-12 specifications.

Also in this scenario the SIPTO@LN services are limited to operate just in conjunction of option 1A by using a SCG Bearer that breaks directly out of the SeNB.

Even the required modifications for SIPTO@LN bearer offloading via a SeNB co-located L-GW could be specified with help of the enhanced MeNB controlled X2 procedures, there is still a problem that each SeNB co-located L-GW must terminate the S5 Control-Plane interface i.e. they become exposed to the EPC (Core Network) even otherwise the S1-MME terminating in the MeNB can hide numerous SeNBs from the EPC (see Figure 3).

[image: image3.emf]MME/S-GW

MeNB

SeNB

S1-MME

/S1-U

UE

X2

Internet

L-GW

S5


Figure 3. SIPTO@LN with SeNB collocated L-GW for Dual Connectivity
The S5 terminations are unavoidable because a collocated L-GW is a Core Network controlled entity that operates independently of the SeNB even it is put inside the eNB hardware. This means that a SeNB has no access to the user context data of its co-located L-GW on the control plane and it may know only the MeNB given “correlation ID” to bind the SCG Bearer and the L-GW UE context data (is as a P-GW) together that enables to setup node internal U-plane tunnelling between the SeNB and the L-GW entities. This node internal “tunnel” emulates S1-u locally.

Another major problem would be in mobility because the service area of a SeNB is very small and mobility of the SIPTO@LN PDN connection is not supported i.e. every SeNB change requires releasing the SIPTO@LN PDN connection as an L-GW (like a P-GW) cannot be relocated.

Actually a P-GW (or GGSN) relocation procedure is a mission impossible in 3GPP access because a P-GW (or L-GW) is the default Router/IP Point of Attachment for a PDN-connection and there is not available the required IP mobility solution even in the IETF specifications. Now if a UE must change its SeNB/L-GW then the only way is to release the current SIPTO@LN PDN connection and its associated SCG bearer and after that to establish a new SIPTO@LN PDN connection/SCG bearer via the target SeNB/L-GW by using a new IP address assigned from the target L-GW.

As the SeNB serving area is small we can make an observation that for moving UEs the SeNB changes will be frequent and each necessitate releasing the SCG Bearer and the SIPTO@LN PDN connection that cause breaks and bad end-user experience in the service. 

Also from the services deployment point of view we can assume that most of the SeNBs will be used for the capacity enhancements in the macro network, so they will be likely installed in the operator administered sites and transport network connections. On the other hand it is questionable for the operators to install SeNBs in the private premises and local access networks that are not administered by the mobile operator. Thus we can make an observation that there is not available some sensible local access services at the SeNB sites that a mobile operator would like to implement at the numerous SeNB sites with help of SeNB co-located L-GWs.
4.1.3
Conclusions
The SIPTO@LN with a stand-alone GW for Dual Connectivity will work both in options 1A and 3C when E-UTRAN supports SIPTO@LN with stand-alone GW feature according to the Rel-12 specifications. In order to provide optimal routing/service quality both for SIPTO@LN and ordinary EPS Bearer services a standalone GW should be placed at the MeNB site or near it.

The SIPTO@LN with co-located GW for Dual Connectivity will work when E-UTRAN supports SIPTO@LN with co-located GW feature according to the Rel-12 specifications when the co-located L-GW will be placed in the serving MeNB that terminates the S1-MME i.e. the local breakout point for SIPTO@LN IP traffic is at the MeNB site in the operator domain assuming that in that location there is available a peering point to the Internet.

The SIPTO@LN service deployment with MeNB collocated L-GWs and standalone GWs can be considered being sufficient for most of the SIPTO@LN use cases because it is easiest for an operator to arrange access from a macro network site to a defined IP network (e.g. the Internet) without the user plane traversing the mobile operator's network.
The SIPTO@LN with SeNB co-located L-GWs for Dual Connectivity has severe technical restrictions with scalability and mobility without a solution and on the other hand it is missing sensible applications, user accessible content or services that a mobile operator could implement in local networks at the SeNB sites each having a very small service coverage area.
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The SIPTO@LN with a stand-alone GW for Dual Connectivity will work both in options 1A and 3C when E-UTRAN supports SIPTO@LN with stand-alone GW feature according to the Rel-12 specifications. In order to provide optimal routing/service quality both for SIPTO@LN and ordinary EPS Bearer services a standalone GW should be placed at the MeNB site or near it.
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The SIPTO@LN service deployment with MeNB collocated L-GWs and standalone GWs can be considered being sufficient for most of the SIPTO@LN use cases because it is easiest for an operator to arrange access from a macro network site to a defined IP network (e.g. the Internet) without the user plane traversing the mobile operator's network.
The SIPTO@LN with SeNB co-located L-GWs for Dual Connectivity has severe technical restrictions with scalability and mobility without a solution and on the other hand it is missing sensible applications, user accessible content or services that a mobile operator could implement in local networks at the SeNB sites each having a very small service coverage area.
Proposal 1: With option 3C it is proposed to agree on no further standardization work needed for SIPTO@LN for dual connectivity.

Proposal 2: With option 1A the MeNB should configure a SCG Bearer for SIPTO@LN service to use routing over the X2-U to the MeNB and its collocated L-GW instead of using a direct S1-U tunnel from a SeNB to the S-GW.
Proposal 3: It is proposed to agree on TP provided in section 2 for the TR.
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