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Abstract of the contribution: This contribution provides the detail operation on LIPA PDN connection handover control with the standalone L-GW architecture option 1. 
1. Introduction

A basic standalone L-GW architecture has been introduced in TR23.859v0.3.0 clause 5.2.1.1. However, the details about the operation are still missing. As stated in the clause:
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.
This contribution is intent to address the last point of the FFS list, i.e. the connect mode mobility control for LIPA PDN connections. 
Two procedures have been covered:,X2-based Handover, and  S1-based Handover. 
The main points are:

· The target HeNB@LN address and TEIDs are delivered to L-GW in Modify Bearer Request;

· MME shall perform the verification of the handover of LIPA bearers;
· Source RAN node (HeNB) shall decide if handover should be carried out for LIPA bearers;

· LIPA PDN connection handover requires the source and target have direct data forwarding path (S1 based HO)

2. Discussion:

In the following descriptions, the detailed operation for handover control is analyzed. The differences and required changes based on existing procedures are highlighted.

2.1 X2-based Handover for LIPA PDN Connections
The required changes in the X2-based handover procedure to support the management of LIPA PDN connection with standalone L-GW are highlighted in Figure 2.1 -1. 
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Figure 2.1-1 X2-Based Handover without Serving GW relocation

In the Handover preparation phase, the Source HeNB will decide based on information on the target cell if the LIPA bearer can be handed over. For example, this can be based on the information obtained via the X2 interface establishment, i.e. if the target cell belongs to the same LHN. 

In case the HeNB decides that the target cell does not support the LHN, it shall signal an Indication of Bearer Release message towards MME with a new cause code. The MME knowing that this is the LIPA PDN connection should trigger the PDN disconnection procedure as in TS23.401 clause 5.10.3. 

If the Target HeNB supports the LHN of the current LIPA PDN connection, the source HeNB shall provide the information about the L-GW towards target HeNB, e.g. the Correction ID (with L-GW@LN address, TEID, etc). Depends on local configuration, the L-GW may not accept the packets from the target HeNB at this point, e.g. due to lack of security association. Therefore, the Target HeNB may forward the uplink data via the source HeNB. It would only start the use of the direct path towards L-GW after receiving the first downlink data or after step 6. 

1.  The target HeNB provides the LHN information, e.g. LHN-ID or L-GW address/FQDN, etc, to the MME in the Path Switch Request. At the same time, it also provides its own address target HeNB@LN address and TEID to the MME, together with additional information, e.g. security associations, certificates, etc. 

2.
The MME confirm and verifies that the LIPA handover to the target HeNB is allowed based on the target HeNB provided LHN information and that stored in the PDN connection context. 

If the confirmation fails, the MME shall trigger the tear down of the LIPA bearer. 

Upon successful confirmation, the MME shall provide the target HeNB@LN address and TEID in the Modify Bearer Request message towards the S-GW. This information could be included as part of the ULI or CSG information, or as a new IE. 

3a.
The S-GW shall forward the Modify Bearer Request message towards the L-GW, including the target HeNB@LN address and TEID. For a LIPA PDN connection, this step is mandatory. It can be achieve by L-GW indicates this in the bearer creation procedures. 


The L-GW after receiving the target HeNB@LN address and TEID shall start to forward the downlink data toward the target HeNB. 

5.
The End Marker would be sent by the L-GW in case of LIPA PDN connections.


2.2 S1-based Handover for LIPA PDN Connections
The required changes in the attach procedure to support the setup of LIPA PDN connection with standalone L-GW are highlighted in Figure 2.2 -1. 
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 Figure 2.2 -1 S1-Based Handover

Following are the modifications to the steps to support the LIPA PDN Connection in the standalone L-GW architecture:

1.
If the UE has LIPA PDN connections (the Correlation ID is present in the context), the source HeNB shall also check if the target  HeNB can support the LIPA PDN connections when making decisions on S1 based handover. 


This can be achieved by checking if the target cell, e.g. ECGI, belongs to the LHN. Such information could be pre-configured on the HeNB as part of the LHN administrative procedure, or could be provided by the dynamic configuration procedure from the MME, similar to that of the Handover Restriction List. The difference is that the LHN information would be a explicit allowed list.

2.
The source HeNB provides the Correlation ID, which includes the L-GW address and TEID, etc, in the RAN Transparent Container. 

3-5. The Correlation ID information would be forwarded to the target HeNB transparently. 


The target HeNB shall verify that the L-GW is supported. 


The target HeNB shall verify that the direct data forwarding is supported. Otherwise, the LIPA PDN connection shall not be handovered. 

6, 8, 11b. These steps are not applicable to LIPA PDN connections, as LIPA handover requires the existence of the direct forwarding path between the HeNBs. Otherwise, the SA1 requirement would not be satisfied. 

13.
The target HeNB provides the supported LHN information in the Handover Notify.  The MME shall verify that the target HeNB can support the LHN for the existing LIPA PDN connections. 


If the verification fails, the MME shall initiate the tear down of the LIPA PDN connections after the handover procedure. 


The target HeNB shall also provide the target HeNB@LN address and TEID in the Handover Notify. 

15. MME shall include the target HeNB@LN address and TEID in the Modify Bearer Request.  This information could be included as part of the ULI or CSG information, or as a new IE.

16. The S-GW forwards the Modify Bearer Request to the L-GW, including the target HeNB@LN address and TEID. For a LIPA PDN connection, this step is mandatory. It can be achieve by L-GW indicates this in the bearer creation procedures.


The L-GW will start to forward downlink user plane data to the target HeNB after receiving the Modify Bearer Request.


Proposal
Include the following content to the corresponding sub-clause of TR23.859. 
******************** Start of 1st Change **************************

5.2.1.1.x LIPA PDN Connection management in X2-based Handover

The required changes in the X2-based handover procedure to support the management of LIPA PDN connection with standalone L-GW are highlighted in Figure 5.2.1.1.x-1. 
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Figure 5.2.1.1.x-1 X2-Based Handover without Serving GW relocation

In the Handover preparation phase, the Source HeNB will decide based on information on the target cell if the LIPA bearer can be handed over. For example, this can be based on the information obtained via the X2 interface establishment, i.e. if the target cell belongs to the same LHN. 

In case the HeNB decides that the target cell does not support the LHN, it shall signal an Indication of Bearer Release message towards MME with a new cause code. The MME knowing that this is the LIPA PDN connection should trigger the PDN disconnection procedure as in TS23.401 clause 5.10.3. 

If the Target HeNB supports the LHN of the current LIPA PDN connection, the source HeNB shall provide the information about the L-GW towards target HeNB, e.g. the Correction ID (with L-GW@LN address, TEID, etc). Depends on local configuration, the L-GW may not accept the packets from the target HeNB at this point, e.g. due to lack of security association. Therefore, the Target HeNB may forward the uplink data via the source HeNB. It would only start the use of the direct path towards L-GW after receiving the first downlink data or after step 6. 

1.  The target HeNB provides the LHN information, e.g. LHN-ID or L-GW address/FQDN, etc, to the MME in the Path Switch Request. At the same time, it also provides its own address target HeNB@LN address and TEID to the MME, together with additional information, e.g. security associations, certificates, etc. 

2.
The MME confirm and verifies that the LIPA handover to the target HeNB is allowed based on the target HeNB provided LHN information and that stored in the PDN connection context. 

If the confirmation fails, the MME shall trigger the tear down of the LIPA bearer. 

Upon successful confirmation, the MME shall provide the target HeNB@LN address and TEID in the Modify Bearer Request message towards the S-GW. This information could be included as part of the ULI or CSG information, or as a new IE. 

3a.
The S-GW shall forward the Modify Bearer Request message towards the L-GW, including the target HeNB@LN address and TEID. For a LIPA PDN connection, this step is mandatory. It can be achieve by L-GW indicates this in the bearer creation procedures. 


The L-GW after receiving the target HeNB@LN address and TEID shall start to forward the downlink data toward the target HeNB. 

5.
The End Marker would be sent by the L-GW in case of LIPA PDN connections.

  

******************** End of 1st Change **************************

******************** Start of 2nd Change **************************

5.2.1.1.y LIPA PDN Connection management in S1-based Handover

The required changes in the attach procedure to support the setup of LIPA PDN connection with standalone L-GW are highlighted in Figure 5.2.1.1.y-1. 
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Figure 5.2.1.1.y-1 S1-Based Handover

Following are the modifications to the steps to support the LIPA PDN Connection in the standalone L-GW architecture:

1.
If the UE has LIPA PDN connections (the Correlation ID is present in the context), the source HeNB shall also check if the target  HeNB can support the LIPA PDN connections when making decisions on S1 based handover. 


This can be achieved by checking if the target cell, e.g. ECGI, belongs to the LHN. Such information could be pre-configured on the HeNB as part of the LHN administrative procedure, or could be provided by the dynamic configuration procedure from the MME, similar to that of the Handover Restriction List. The difference is that the LHN information would be a explicit allowed list.

2.
The source HeNB provides the Correlation ID, which includes the L-GW address and TEID, etc, in the RAN Transparent Container. 

3-5. The Correlation ID information would be forwarded to the target HeNB transparently. 


The target HeNB shall verify that the L-GW is supported. 


The target HeNB shall verify that the direct data forwarding is supported. Otherwise, the LIPA PDN connection shall not be handovered. 
6, 8, 11b. These steps are not applicable to LIPA PDN connections, as LIPA handover requires the existence of the direct forwarding path between the HeNBs. Otherwise, the SA1 requirement would not be satisfied. 
13.
The target HeNB provides the supported LHN information in the Handover Notify.  The MME shall verify that the target HeNB can support the LHN for the existing LIPA PDN connections. 


If the verification fails, the MME shall initiate the tear down of the LIPA PDN connections after the handover procedure. 


The target HeNB shall also provide the target HeNB@LN address and TEID in the Handover Notify. 

15. MME shall include the target HeNB@LN address and TEID in the Modify Bearer Request.  This information could be included as part of the ULI or CSG information, or as a new IE.

16. The S-GW forwards the Modify Bearer Request to the L-GW, including the target HeNB@LN address and TEID. For a LIPA PDN connection, this step is mandatory. It can be achieve by L-GW indicates this in the bearer creation procedures.


The L-GW will start to forward downlink user plane data to the target HeNB after receiving the Modify Bearer Request.


******************** End of 2nd Change **************************
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