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Abstract of the contribution: This contribution introduces an architectural variant for the standalone L-GW, which supports LIPA/SIPTO mobility based on Rel-10 handover procedures and does not rely on a new H(e)NB – L-GW interface.


1. Introduction
Based on the stage 1 requirements for LIPA in TS 22.220, SA2 agreed to study an architectural variant, whereby the L-GW can be a standalone functional entity. To support this variant, a new interface (“Sxx”) between the H(e)NB and L-GW needs to be standardized, along with the necessary mobility management procedures to support inter-H(e)NB handover while maintaining the LIPA connection. 
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Figure 1: Stand-alone L-GW architecture with new interface (Variant 1)

Besides the need to standardize this new Sxx interface, this architecture variant has the following open issues:

-
New procedures need to be standardized and developed for the discovery of the L-GW S5 interface address.

- 
The discovery of the local L-GW and how to establish the tunnels between the H(e)NBs and the L-GW are established is FFS.

-
How the secure tunnel transporting the S5 interface between the L-GW and the SGW is established is FFS.

-
The procedures for the handover over the Sxx interface are FFS.

Since in this architecture variant the L-GW is completely decoupled from the Iuh/S1 path, the following two handover procedures have to be provided and executed concurrently:

· Iuh/S1 handover between the H(e)NB and operator network

· Sxx handover between the H(e)NB and L-GW.

As a consequence, this contribution proposes an alternative architectural variant, whereby the L-GW is located on Iuh/S1 path between the H(e)NB and the operator network. 

As shown in Figure 2, the concept behind this proposal is to re-use the Rel-10 L-GW functionality and the existing Rel-10 H(e)NB architecture to the maximum extent possible, by simply moving the L-GW into a standalone node. 
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Figure 2: From a co-located to a standalone L-GW architecture 

This architecture fully reuses the existing Rel-10 handover procedures defined for the inter-H(e)NB handover.

Routing of the Iu/S1 connections through the L-GW is enforced either via tunnelling approaches between the H(e)NB and the L-GW, or through local configuration.
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Figure 3: Stand-alone L-GW located on the S1 path (Variant 2) 
The advantages of variant 2 are as follows:

1.   
The L-GW provides the S5 interface address to the MME on the S1 interface (piggybacking it on the relevant S1 messages). Hence, there the problem of LGW address discovery is resolved.

2. 
No need for standardisation of new handover procedures for the standalone L-GW: since the L-GW acts as a relay/proxy on the Iuh/S1 interface, the existing handover procedures defined for inter-H(e)NB mobility via Iuh/S1 (according to TS 25.467 and TS 36.300) can be reused to enable LIPA (and SIPTO) mobility.

3.  
Low signalling load for LIPA mobility: since the L-GW is located on the Iuh/S1 path, no additional, dedicated handover signalling is needed to update the LIPA(/SIPTO) connection to the L-GW.

4. 
The H(e)NB do not need to support a new interface, i.e no requirement to support Sxx (e.g. GTP-C). The H(e)NB continue to support only S1/Iuh interface as in Rel-9/10.

Since the L-GW can potentially also act as a local mobility anchor, the signalling load stemming from frequent intra-CSG H(e)NB handovers (e.g. in case of medium-to-large Enterprise H(e)NB network) may also be handled locally.
Conclusion: For LIPA Mobility in local H(e)NB networks an architectural variant whereby the L-GW is located  on the Iuh/S1 path has several important advantages and hence should be evaluated further.

2. Discussion
A few key points of the architecture are discussed below. 
2.1 L-GW to SeGW interaction
-
The L-GW acts as a Rel-10 “H(e)NB collocated with a L-GW” to the SeGW. The L-GW fulfils all the requirements of a H(e)NB with a collocated L-GW as specified in TS 33.320. In this case, as specified in TS 33.320, Section 7.4, during the IPsec Tunnel Establishment, the SeGW may allocate a different remote (i.e. inner) IP address to the L-GW than the remote (i.e. inner) IP address allocated to the H(e)NB.
2.2 L-GW on the S1-MME path
-
The L-GW appears to the MME like a HeNB. The S1-MME interface from the HeNB is considered a direct logical interface between the HeNB and MME (i.e. there is 1-to-1 correspondence between the S1-MME instances on either side of the L-GW). 

2.3 L-GW on the S1-U path

-
The L-GW appears to the S-GW like a HeNB. The S1-U interface from the HeNB is considered a direct logical U-Plane connection between HeNB and S-GW. For LIPA bearers, the S1-U is terminated by the L-GW. 
2.4 H(e)NB to H(e)MS interactions

-
These remain essentially unchanged from TS 33.320. The H(e)MS may be available on the public internet, in which case the same procedures as in TS 33.320 are used between the H(e)NB and the H(e)MS. The L-GW is not in the path of this interaction. In case the H(e)MS is in the operator’s network, the H(e)NB creates an IPsec tunnel to the SeGW. It then gets the appropriate configuration data from the H(e)MS as specified in TS 33.320.  After having downloaded the configuration data from H(e)MS, the H(e)NB disconnects from the operators network. It then creates the S1 connection via the L-GW in the enterprise.
2.4 L-GW interactions with H(e)NB GW

-
The L-GW appears to the H(e)NB GW as a H(e)NB. The Iuh/S1 interface from the H(e)NB is considered a direct logical connection between H(e)NB and H(e)NB GW. The existing Iuh/S1 procedures are re-used.

3. Proposal

1st Change

5.2
Support of LIPA mobility

5.2.1
Key issue #L1: Architecture for LIPA mobility
5.2.1.1
Architecture solution 1: Stand-alone logical L-GW
When a UE requests a LIPA bearer, a PDN connection is established and terminates in the L-GW, where it is assigned an IP address (belonging to the local IP network). As the UE moves around between the H(e)NBs in the local network, it needs to maintain its connectivity to the L-GW in order to keep its IP address and the ongoing services (note that this is also valid in idle mode, since incoming packets may arrive at this L-GW which will buffer them and trigger paging to the S-GW, as already described in Rel-10).

The L-GW is thus the obvious anchor point of the LIPA connectivity to the local IP network.
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Figure 5.2.1.1-1: LIPA mobility with stand-alone L-GW

The L-GW is a new stand-alone logical entity in the local network. It is connected to the S-GW or SGSN via the S5 interface (resp. Gn interface) and to the Home eNodeB (resp. Home NodeB) via a new interface Sxx.
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Figure 5.2.1.1.1-1: Stand-alone L-GW architecture (EPS diagram for HeNB subsystem)
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Figure 5.2.1.1.1-2: Stand-alone L-GW architecture (EPS diagram for HNB subsystem)
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Figure 5.2.1.1.1-3: Stand-alone L-GW architecture (UMTS diagram)
NOTE 1:
The SeGW is optional. For the HeNB subsystem, the HeNB GW is optional. When the HeNB GW is present, the S1-U from the HeNB can terminate at the HeNB GW or directly at the SGW, see TS 36.300 [5].

NOTE 2:
The Iurh HNB-to-HNB interface can also go through the optional SeGW or through the HNB GW, see TS 25.467 [4].
In Rel-11, the L-GW is a separate logical node from the H(e)NB. The procedures defined in Rel-10 over the internal interface between the H(e)NB and the L-GW are not intended to be necessarily reused.

The following issues are FFS:

-
The details of the new Sxx interface between the H(e)NB and the L-GW are FFS. Whether this interface only transports the user plane data or includes also a control plane is also FFS;
-
How the tunnels between the H(e)NBs and the L-GW are established is FFS.

-
How the secure tunnel transporting the S5 interface between the L-GW and the SGW is established is FFS.

-
The procedures for the handover over the Sxx interface are FFS.

5.2.1.X 
Architecture solution 2: Standalone L-GW on the S1/Iuh path

The L-GW is a new stand-alone logical entity in the local network. It is connected to the S-GW (or SGSN) via the S5 interface (resp. Gn interface) and is configured to be on the S1 (resp. Iuh) path between the H(e)NB and the operator core network.
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Figure 5.2.1.1.2-1: Stand-alone L-GW on the S1 path 
(EPS diagram for HeNB subsystem)
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Figure 5.2.1.1.2-2: Stand-alone L-GW on the Iuh path 
(EPS diagram for HNB subsystem)
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Figure 5.2.1.1.2-3: Stand-alone L-GW on the Iuh path (UMTS diagram)
NOTE 1: 
This architectural variant assumes a single L-GW per LHN; every HeNB of the LHN is associated with the responsible L-GW of the LHN through configuration. 
NOTE 2:
The SeGW is optional. For the HeNB subsystem, the HeNB GW is optional. When the HeNB GW is present, the S1-U from the HeNB can terminate at the HeNB GW or directly at the S-GW, see TS 36.300 [5].

Editor’s Note: It is FFS whether the Iurh HNB-to-HNB interface can also go through the L-GW.

Since the L-GW is configured to be on the S1/Iuh path between the H(e)NB and the operator’s core network, mobility for LIPA PDN connections is supported based on the existing Rel-10 handover procedures for S1/Iuh.
5.2.1.X.2 
Architectural details for the LTE architecture
-
The HeNBs of the LHN are associated with the L-GW responsible for this LHN through configuration.

NOTE 1: This architectural variant assumes only a single L-GW per LHN.

· At start-up time, the L-GW is authenticated by the SeGW and configured reusing the existing Rel-10 procedures defined for ‘HeNBs with co-located L-GW’. 

NOTE 2: IKEv2 mechanisms are used by the L-GW to request an IP address for the S1 and S5 termination points at the L-GW. 
NOTE 3: A single IPsec tunnel can be used between the L-GW and the SeGW for all S1-MME/S1-U sessions.

· The L-GW includes a subset of the functions of the P-GW. The functionality to handle LIPA PDN connections is identical to the L-GW functions defined for the collocated L-GW case in Rel-10.

· The H(e)NB tunnels all UE-associated signalling on S1-MME and user plane messages on S1-U through the L-GW.

NOTE 4: The IP address of the L-GW is a matter of local configuration in the LHN.

NOTE 5: Encryption and integrity protection of the traffic between the L-GW and the operator network is based on the IPsec tunnel between the L-GW and the SeGW.
NOTE 6: Encryption and integrity protection of the traffic between the HeNBs and the L-GW in the residential or enterprise network is a matter of local configuration in the LHN.
-
On the S1-U path and the S1-MME path, the L-GW provides the following functions:

-
it serves as an proxy function for the S1-MME signalling (i.e. there exists a 1:1 mapping between the S1-MME instances on both sides of the L-GW);

-
it serves as an proxy function for the S1-U for non-LIPA PDN bearers (i.e. there exists a 1:1 mapping between the S1-U instances on both sides of the L-GW); and

-
it terminates the S1-U interface between the HeNB and the S-GW for LIPA PDN connections.

-
The assigned S5 address is signalled to the MME by the L-GW in UE-associated signalling messages on S1-MME. The MME uses the information from the L-GW to override the normal P-GW selection algorithm, etc.

-
The Correlation-ID provided by the MME to the HeNB on S1-MME is used by the L-GW to determine which S1-U and S5 bearers to be offloaded at the L-GW.
· At start-up time, the HeNBs of the LHN are authenticated and configured by the operator network based on the existing Rel-10 procedures.
NOTE 7: The L-GW is not required to be involved in these procedures.
The following issues are FFS:

-
How the HeNB tunnels the traffic through the L-GW.

- 
Details of the mobility procedures.
- 
Details of the architecture for UMTS HNBs.

- 
Detail on non-UE related procedures over the S1/Iuh interface.

- 
Whether the limitation to have only a single L-GW per LHN is an actual problem for LHN deployments.
-
Whether the fact that all traffic from the H(e)NBs of a LHN is tunneled  through the L-GW is an actual problem for LHN deployments. 
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