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Abstract of the contribution:

This paper provides a solution to support a stand-alone L-GW with Sxx interface based on modified GTP protocol.
1. Introduction

A stand-alone L-GW architecture was approved in SA2#83 meeting to support LIPA mobility. But the details of the new Sxx interface between the H(e)NB and L-GW are still FFS. 

In this paper, we provide a Sxx solution based on modified GTP protocol as one of the candidate solutions. 
2. Discussion

A possible architecture variant of solution 1 is when there is control plane signalling over the Sxx interface to enable the control of the path between the H(e)NB and the LGW. As the functions required for the path management are similar to the S5 interface, the assumption is that a GTP-C based solution is used. 
This architecture can work with core network (DNS) based and RAN based LGW selection. The basic idea is that during LIPA connection establishment the H(e)NB receives the local address of the LGW (or an identifier that can be used to derive that address ) from the MME/SGSN. During handovers the target H(e)NB receives the local address of the LGW (or an identifier that can be used to derive that address ) from the source side.
The Sxx control plane signalling is dedicated to the setup of a direct data path (Sxx data path) between H(e)NB and LGW for LIPA bearers only. This Sxx data path is in addition to the normal S1/S5 data path established during LIPA PDN connection establishment or re-establishment. The normal S1/S5 data path and its associated signalling are protected by end-to-end IPsec as currently employed by the Core Network. The Sxx control plane signalling and Sxx data path are for local domain use and possible to be protected with whatever local security deems appropriate.
One advantage of this approach is that it requires minimal changes in the current procedures, and a solution without S-GW impacts can be developed. This solution also have a positive impact in the handover performance as the user-plane tunnel switch from the source H(e)NB to the target H(e)NB would be faster as it does not require core network interactions. Note that a delay in the user-plane path switch would result either buffering (delay) of the user-plane packets and/or a packet forwarding over a non-optimal path. The direct control plane connection between the H(e)NB and the LGW would also make possible a faster recovery in case of error situations.
3. Proposal
We suggest adding the following changes in TR 23.859:
******* Start of Changes *********
5.2.1.1.X
Architecture solution 1 variant X: control plane Sxx

5.2.1.1.X.1
Overview
In this variant of the architecture there is control plane signalling over the Sxx interface to enable the control of the path between the H(e)NB and the LGW. As the functions required for the path management are similar to the S5/Gn interface, the assumption is that a GTP-based solution can be used. Therefore in the rest of the section GTP messages are used to illustrate how this architecture works.

The Sxx control plane signalling is dedicated to the setup of a direct data path (Sxx data path) between H(e)NB and LGW for LIPA bearers only. This Sxx data path is in addition to the normal S1/S5/Gn data path established during LIPA PDN connection establishment or re-establishment. The normal S1/S5/Gn data path and its associated signalling are protected by end-to-end IPsec as currently employed by the Core Network. The Sxx control plane signalling and Sxx data path are for local domain use and possible to be protected with whatever local security deems appropriate.

This architecture can work with core network (DNS) based and RAN based LGW selection, thus this part of the flows (how the H(e)NB learns the IP address of the selected LGW) is not described. The basic idea is that during LIPA connection establishment the H(e)NB receives the local address of the LGW (or an identifier that can be used to derive that address ) from the MME/SGSN. During handovers the target H(e)NB receives the local address of the LGW (or an identifier that can be used to derive that address ) from the source side.

Annex X illustrates the basic procedures of this architecture variant.
******* Next Change *********
Annex X
Evaluation of mobility procedure impacts for Architecture#1, 

X1.
Sxx control plan and user plane
Editor's note: details of the procedure for the support of UMTS are FFS.
Figure X.1-1 illustrates the setup of LIPA PDN connection via the UE requested PDN connectivity request procedure. Similar changes would also apply to setup of LIPA PDN connection in the attach procedure.
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5.2.1.1.X.2-1: UE requested PDN connectivity for LIPA
The key differences of this flow from the collocated case are:

6. The L-GW@LN/CN address of control plane is sent to the HeNB in Bearer Setup Request message as the content of Correlation ID for establishing the direct data path between the HeNB and the L-GW. The L-GW@LN/CN FQDN also can be provided to the HeNB instead of L-GW@LN address of control plane for DNS query to find appropriate L-GW. In order to correlate the Sxx tunnel with the S5 tunnel for the same UE, the L-GW@CN address of user plane and L-GW S5 TEID should be contained in the Correlation ID.

14. HeNB sends Create LIPA Session Request message to the L-GW with the HeNB@LN address and the TEID of the user plane. It also provides the L-GW S5 TEID and L-GW@CN address of user plane to the L-GW for correlating the Sxx tunnel with the appropriate S5 tunnel.

15. L-GW responds with a Create LIPA Session Response to the HeNB with the L-GW TEID of the user plane for uplink data.
Figure X.1-2 illustrates the S1 release procedure. Note that similar changes would also apply to the LIPA PDN connection release procedures.
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5.2.1.1.X.2-2: S1 release procedure with a LIPA PDN connection
In comparison with the existing call flow for S1 Release procedure, the following steps are worth additional explanation:

7.
The HeNB sends a Delete LIPA Session Request to the L-GW to request the L-GW to release all HeNB related information (HeNB@LN address and TEIDs) for the LIPA PDN connection of the UE. Note that this message does not release any S5 related resources in the LGW.
8. 
The L-GW releases the HeNB address and TEIDs from the UE’s context for the LIPA PDN connection. The Sxx GTP-U tunnel is now released. The L-GW starts buffering downlink packets received. On receiving the first DL packet for idle mode UE, the PGW forwards the first packet to the S-GW which will trigger the MME to page the UE.
Figure X.1-3 illustrates the LIPA PDN connection handover procedures within X2-based handover procedure.
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5.2.1.1.X.2-3: LIPA PDN connection handover procedures within X2-based handover
In comparison with the existing call flow for X2-based handover, the following steps are worth additional explanation:
2.
For each LIPA bearers, the source HeNB includes L-GW@LN address and TEIDs for UL data over Sxx. 
10. The target HeNB sends the Modify LIPA Bearer Request message to the L-GW including the target HeNB@LN address and TEID for DL traffic over Sxx. Note that step 10 can happen any time after step 5, there is no need to wait for step 9.
11.
The L-GW responds with the Modify LIPA Bearer Response message which contains the L-GW@LN and TEIDs for UL data traffic.
Figure X.1-4 illustrates the LIPA PDN connection handover procedures within S1-based handover procedure without MME and SGW change.
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5.2.1.1.X.2-4: LIPA PDN connection handover procedures within S1-based handover
In comparison with the existing call flow for S1-based handover, the following steps are worth additional explanation:
2.
For each LIPA Bearer, the source HeNB includes L-GW@LN address and TEID for UL data over Sxx in the source to target transparent container. Alternatively, MME could send Correlation ID with L-GW@LN and S5-TEID in step 3. Other options are also possible.

3.
The MME forwards the source to target container to the target HeNB. 

11. The target HeNB sends the Modify LIPA Bearer Request message to the L-GW including the target HeNB@LN address and TEID for DL traffic over Sxx. 
12.
The L-GW responds with the Modify LIPA Bearer Response message which contains the L-GW@ and TEIDs for UL data traffic.
******* End of changes *********
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