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1.
Discussion
1.1
Background

In S2-110451, we have introduced the requirements for support of LIPA mobility.
During the discussion on LIPA in Rel-10, it was concluded in SA2#79 (Kyoto) that mobility needs to be supported via the use of a stand-alone L-GW.

TR 23.829 v1.2.0 (latest version) sports the following conclusion (§7.2.1 Conclusion on the LIPA architecture):

For the support of LIPA, solution 1 variant 1 (described in section 5.2 and more specifically section 5.2.3.1) is selected as the basis for LIPA to be included in normative specifications, supporting both a collocated and stand-alone L-GW as well as mobility.
The impacts to support the stand-alone L-GW configuration are FFS.

The collocated solution (H(e)NB+L-GW) has finally been introduced in the Rel-10 version of the specifications (TS 23.060 and TS 23.401) in SA2#80 and updated in SA2#81 and SA2#82. As described in S2-110451, this architecture is expected to continue to exist in future releases in order to support single node deployments.
The remaining of this document will thus focus on the stand-alone L-GW solution.
1.2
LIPA mobility support

When a UE requests a bearer for LIPA, 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 1: LIPA mobility with stand-alone L-GW

1.3
Stand-alone L-GW

A new stand-alone entity, the L-GW, is introduced in the local network. As the collocated Rel-10 L-GW, this stand-alone L-GW is connected to the S-GW via the S5 interface. A new interface is introduced between the L-GW and the H(e)NB, named temporarily Sxx. Whether this interface only transports the user plane data or includes also a control plane is FFS.
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Figure 2: Proposed stand-alone L-GW architecture (EPC diagram)

The realisation of the stand-alone L-GW architecture can be done mainly in two different ways:

-
A new stand-alone L-GW entity is introduced, each H(e)NB in the local IP network connects to it via the Sxx interface;

-
The Rel-10 collocated architecture is reused, and H(e)NBs connect to each others' L-GWs to support mobility. 

1.3.1
Stand-alone L-GW as a separate node

A new stand-alone L-GW is introduced, and the deployment will look as below (note that the HeNB GW is an optional entity, it is shown here for simplification):
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Figure 3: Stand-alone GW deployment as a separate entity 
Some advantages of this solution are:
-
Single S5 interface to the SGW;

-
The number of Sxx interfaces is directly proportional to the number of H(e)NBs in the local network;

-
Limited amount of configuration initially and as the number of H(e)NBs increases.
The disadvantages of this solution are:

-
A new logical separate entity is introduced in the H(e)NB subsystem (note that the entity itself already exists in Rel-10, but is always collocated with the H(e)NB);

-
The L-GW should have its own separate security tunnel to the Core Network.

1.3.2
Stand-alone L-GW as a collocated node

If the stand-alone L-GW is realised still as a collocated node, the deployment will look as below (note that the HeNB GW is an optional entity, it is shown here for simplification):
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Figure 4: Stand-alone GW deployment as a fully meshed collocated H(e)NB+L-GW network
The advantages of this solution are:

-
The concept of collocated L-GW can be reused, including the internal H(e)NB-L-GW interface before HO (but probably not the internal procedures over it described in Rel-10);

Some disadvantages of this solution are:

-
The number of interfaces grow to the square of the number of nodes (n x (n-1)), making deployment difficult as the number of H(e)NBs grows in the local network, including the management of the secure tunnels;

-
Each H(e)NB includes a L-GW, raising the cost of the H(e)NB deployed in the local network;

-
Each L-GW has its own S5 interface to the Core Network's SGW.

It is difficult to find any benefit of having one L-GW per H(e)NB. In a local network, the number of H(e)NBs with a L-GW could be reduced, e.g. by having some H(e)NBs reuse some of the other H(e)NBs' L-GW, or by providing L-GW connectivity via a multi-hop mechanism (e.g. H(e)NBs are not connected directly to all L-GWs but connect via other H(e)NBs or other L-GWs), but the architecture would quickly become difficult to maintain, and the performance is likely to be lower. Moreover, as these entities are located in the customers' premises, it would be difficult for the operator to ensure that the (complex) configuration is done properly and kept as such.
Finally, by documenting the L-GW as a separate entity only, nothing prevents an implementation to "optimise" the physical implementation by bundling the L-GW with one of the H(e)NBs and implement the Sxx interface internally for that node.
In any case, there cannot be any instant interoperability for mobility support between Rel-10 H(e)NBs+L-GW and Rel-11 H(e)NB and L-GWs: Rel-10 nodes do not support any mobility and will release the LIPA bearer as soon as a handover is being prepared. Also, such a node would not be capable of be the target of a handover with a LIPA bearer, since it cannot interact with another L-GW but its own. If a mix of Rel-10 and Rel-11 H(e)NBs are expected in a local IP network, the Rel-11 H(e)NBs must be able to exclude the Rel-10 H(e)NBs (as well as pre-Rel-10 H(e)NBs) from being handover targets for LIPA bearers even if they are in the local IP network, or otherwise the Rel-10 node software needs to be upgraded to Rel-11.
1.3.3
Open issues

During the discussion, we have raised a number of open issues that could be documented for future discussion:

-
The details of the 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.
-
How the H(e)NB and the L-GW discover each other is FFS (please look at S2-110454)
2.
Proposal

It is proposed to document the above architecture proposal and the open issues in TR 23.859.

First change

2
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Second 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: 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 5.2.1.2: Stand-alone L-GW architecture (EPC diagram)
NOTE 1:
The SeGW is optional. 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 [y]. 
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Figure 5.2.1.3: Stand-alone L-GW architecture (GPRS diagram)
NOTE 2:
The Iurh HNB-to-HNB interface can also go through the optional SeGW or through the HNB GW, see TS 25.467 [x].
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.
-
Discovery of the L-GW by the H(e)NB is FFS.
End of changes
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