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Abstract of the contribution: Generalizes the solution to also support a stand-alone L-GW. In this solution Sxx has both a control plane and user plane. 
Discussion

This contribution generalizes the Variant 1 of the Solution 1 to also support a LGW separated from the HeNB, which would be the typical deployment scenario in enterprise domain.

The architecture and flows presented here are based on Sxx interface being both control-plane and user-plane based on GTP.

The highlights of the solution are:

· There is no impact on S1-U or S5.

· There is no impact on the Serving Gateway.

· There  is minor additional impact to S1-MME interface beyond those specified for collocated L-GW scenario (providing selected “L-GW name” to the MME in E-RAB Setup Request message and S1AP Initial Context setup request message).


NOTE; Source to target transparent container needs to be extended from source to target HeBN, but that is not a protocol change on S1-MME.

5.2.3
Architecture variants

5.2.3.1
Architecture variant 1 for LIPA with collocated L-GW
…..
5.2.3.2
Architecture variant 1 for LIPA with Separate L-GW

5.2.3.2.1
Architecture Diagram
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Figure 5.2.3.2.1.1: LIPA solution for HeNB using local PDN connection with a separate L-GW

The key difference of this architecture from that of collocated L-GW are:

-
a Local PDN Gateway (L-GW) function in the home network which has a new interface (Sxx) to the HeNB. The Sxx interface is a user-plane and control plane interface; The user plane uses the GTP-U protocol and the control planes uses the GTP-C protocol.

-
L-S5 is tunnelled in the different IPsec tunnel than S1-MME and S1-U;

-
IKEv2 mechanisms are used to request one IP address each for the HeNB and one for the L-GW function. 
-
The assigned L-GW address is provided to the network in one of the following methods:

-
L-GW address is provided to the HeNB via non-specified mechanism via the enterprise’s OAM system. It is then signalled to the MME via S1-MME by the HeNB as in the collocated case: candidate messages include S1 SETUP REQUEST or INITIAL UE MESSAGE, etc.;. 

-
the LGW may register its address with the operators network’s DNS during OAM. Standard DNS lookup can be then used by the MME to discover the LGW for the UE’s PDN connectivity. 

-
the SeGW may register the L-GW’s address to the operator’s  DNS system.
Editor’s Note: It is FFS which of the above schemes is selected.
-
The L-GW address for control plane corresponding to L-GW name used for Sxx interface is either configured via OAM at all HeNBs or enterprise DNS lookup is used
Depicted in Figure 5.2.3.21-2 is the equivalent LIPA architecture for HNB femto cells with S4-SGSN.
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Figure 5.2.3.2.1-2: The equivalent LIPA solution for HNB using local PDN connection with a separate L-GW
The key difference of this architecture from that of collocated L-GW for HNB are:

-
S12’ interface is GTP  user plane and control plane interface.
5.2.3.2.2 
LIPA PDN connection establishment
The following procedure 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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Figure 5.2.3.2.2-1: UE requested PDN connectivity to LIPA

The key differences of this flow from the collocated case are:

6.
A per-bearer L-GW S5 TEID and optionally L-GW name and is provided for each of the LIPA PDN bearers. The L-GW name is used by the HeNB to determine for which LGW to creates the Sxx CP connection. The S5 TEID is used in provided in subsequent step to the L-GW and used by the L-GW as a key to correlate S5 tunnel with Sxx tunnel to be established.
NOTE: In case the HeNB provides the L-GW @ to the MME via S1-MME, then the L-GW name is not needed to be provided.  Otherwise the L-GW name is needed for the HeNB to select the same L-GW as was selected by MME. The “L-GW name” is provided by the enterprise to the operator during OAM.
14.
The HeNB sends a Create Session Request to the L-GW with the HeNB address and TEID for the user plane for downlink data. The HeNB also provides the L-GW S5 TEID to the L-GW for it to correlated the Sxx tunnel with the appropriate S5 tunnel
15.
The L-GW responds with a Create Session Response to the HeNB with the LGW address and TEID for the user plane for uplink data. .
5.2.3.2.3 
Inter HeNB Mobility
The following flow considers the case of inter HeNB handover. 

In case the LIPA PDN connection cannot be supported by the target eNB/HeNB as determined by the MME (eg based on subscription check) , the MME in Step 3 will only include the non-LIPA PDN bearers in the bearers to be setup list when providing to the Target eNB/HeNB. The target eNB/HeNB will only setup the non-LIPA PDN bearers. The MME will subsequently  remove the LIPA PDN context from the Serving GW (and LGW) of the LIPA PDN bearers. This is normal S1 HO failure handling when a PDN connection is not accepted in target eNB.
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Figure 5.2.3.12.3-12: Inter-HeNB Handover

In comparison with the existing call flow for S1-based handover, the following steps are worth additional explanation:
2.
For each EPS Bearer, the source HeNB includes L-GW address and TEID for UL data over Sxx in the source to target transparent container.
3.
The MME forwards the source to target container to the target HeNB. 

11. The target HeNB sends the Modify Bearer Request message to the L-GW including the  target HeNB IP address and TEID for DL traffic over Sxx. The HeNB also provides the L-GW S5 TEID to the L-GW for it to correlated the Sxx tunnel with the appropriate S5 tunnel.
12.
The L-GW responds with the Bearer Response message which contains the  L-GW@ and TEIDs for UL data traffic.

5.2.3.2.4
S1 Release Procedure
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Figure 5.2.3.4-1: S1 Release Procedure when LIPA PDN connection for UE exists

In comparison with the existing call flow for S1 Release procedure, the following steps are worth additional explanation:

7.
The HeNB sends a Modify Bearer Request to the L-GW to request the L-GW to release all  HeNode related information (HeNB @ and TEIDs) for the UE. The HeNB also provides the L-GW S5 TEID to the L-GW for it to correlated the Sxx tunnel with the appropriate S5 tunnel
8. 
The L-GW releases the eNode address and TEIDs from the UE’s bearers to the LIPA PDN. 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 a dummy packet (e.g. an ICMP Ping message or an ARP message to UE’s address) to the S-GW which will trigger the MME to page the UE. The procedure for L-GW triggered service request procedure is captured in Section 5.2.3.2.5 

5.2.3.2.5 
UE Triggered Service Request Procedure

Figure 5.2.3.2.5-1 shows the service request procedure when there is LIPA PDN connection has been set up for the UE.
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Figure 5.2.3.2.5-1 UE Triggered Service request procedure if LIPA PDN connection existed 

In comparison with the existing call flow for UE triggered Service request procedure in TS 23.401, the following steps are worth additional explanation:

2.
A per-bearer L-GW S5 TEID and optionally L-GW name and is provided for each of the LIPA PDN bearers. The L-GW name is used by the HeNB to determine for which LGW to creates the Sxx CP connection. The S5 TEID is used in provided in subsequent step to the L-GW and used by the L-GW as a key to correlate S5 tunnel with Sxx tunnel to be established.
11. The HeNB sends the Modify Bearer Request message to the L-GW including the  HeNB IP address and TEID for DL traffic over Sxx. The HeNB also provides the L-GW S5 TEID to the L-GW for it to correlated the Sxx tunnel with the appropriate S5 tunnel
12.
The L-GW responds with the Bearer Response message which contains the  L-GW@ and TEIDs for UL data traffic.

5.2.3.2.6 
L-GW Triggered Service Request Procedure

Figure 5.2.3.2.6-1 shows the L-GW triggered service request procedure when there is LIPA PDN connection has been set up for the UE.
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Figure 5.2.3.2.6-1 L-GW Triggered Service request procedure if LIPA PDN connection existed 
The flow is the same as that for the collocated L-GW case. 
In comparison with the existing call flow for Network triggered Service request procedure in TS 23.401, the following steps are worth additional explanation
1.
Downlink packet arrives at the L-GW.

2.
Since Sxx tunnel does not exist at the L-GW, the L-GW creates a dummy GTP-U packet (e.g. an ICMP Ping message or an ARP message to UE’s address) for the UE and send this on the L-S5 tunnel to the Serving GW.

6.
UE triggered Service Request Procedure with LIPA PDN connection, specified in the previous section is executed.

5.2.3.2.7 
Summary of protocol impacts in addition to that for collocated HeNB,LGW case
Changes to the S1-AP protocol (36.413):

· E-RAB SETUP REQUEST message and INITIAL CONTEXT SETUP REQUEST message : L-GW name  ( in addition to L-GW S5 TEID) for each E-RAB in the E-RAB to be Setup List;

· HANDOVER REQUIRED and HANDOVER REQUEST message:  Source to target container also includes L-GW  IP address & TEID for UL data for Sxx tunnel for each LIPA PDN E-RAB. (not a direct impact to S1-MME)
Changes to the S11 and S5 protocol (29.274):

-
None

Impacts on the Serving Gateway behaviour:

-
None
Additional Configuration
· Common L-GW logical name is used in operator’s network and in the enterprise.

· The L-GW address for control plane corresponding to L-GW name used for Sxx interface is either configured via OAM at all HeNBs or enterprise DNS lookup is used
There is no impact on S1-U or S5.

New interface Sxx

-
Extensions to GTP-C protocol to provide S5 TEID to the L-GW to correlated Sxx tunnel with the S5 tunnels in in Create Session Request, Modify Bearer Request messages.

-
No impact to GTP-U for user plane.
There is no impact on the Serving Gateway.
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6. UE Triggered Service Request Procedure with LIPA PDN Connection
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