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Abstract of the contribution: This paper discusses the identification of the LHN in a 3GPP network and introduces a method of handover for LIPA PDN connections of a UE between H(e)NBs. The method is available for both S1/Iu and X2/Iurh handover and is compatible with the handling of legacy target node.
1
Introduction
The Local H(e)NB Network (LHN) has been introduced in SA2#84 meeting. If a UE moves out of the LHN, the LIPA PDN connection needs to be deactivated. As such, it is necessary to identify whether the H(e)NB where the UE is currently moving to belongs to the LHN where the UE was before.
We can consider two solutions to resolve this issue:
Option A: using the L-GW@CN address;
Option B: using a new LHN-ID. This option proposes to introduce a new IE, i.e. LHN-ID. See the related P-CR S2-112548 from Huawei.
This contribution focuses on option A.
2
Discussion
The Local H(e)NB Network (LHN) is defined by a set of H(e)NBs having IP connectivity for LIPA to local PDN(s) via one or several L-GWs. The H(e)NBs of a Local H(e)NB Network may belong to different CSGs, and a CSG can comprise both H(e)NBs of the Local H(e)NB Network and H(e)NBs outside the Local H(e)NB Network. It means that session continuity for LIPA with mobility of a UE between H(e)NBs only depends on the IP connectivity between the target H(e)NB and the L-GW which is also connected with the source H(e)NB and acts as an anchor of the LIPA PDN connection.
2.1 Using the L-GW@CN address to identify H(e)NBs of the same LHN

There are several ways to identify that a H(e)NB belongs to the same LHN as an other H(e)NB. One could be to use a new LHN identifier. Maintaining properly the configuration of the identifiers may be a burden on network management.
This contribution proposes to consider instead the L-GW@CN address: since all H(e)NBs of a given LHN are connected to the same L-GW(s), it is sufficient for a H(e)NB to know that an other H(e)NB is connected to one of the L-GWs it is itself connected to, to know that it belongs to the same LHN. Thus, in order to support mobility in the radio network, it is sufficient for H(e)NBs to exchange information regarding one of the L-GW it is connected to, the L-GW@CN address can fulfil this role.
2.2
Handover to a H(e)NB of the same LHN using a neighbour H(e)NB/cell relation table

For a handover of a UE with LIPA PDN connection between H(e)NBs in Rel-11, if the source H(e)NB knows whether the (candidate) target H(e)NB is able to connect to the anchor L-GW of the LIPA PDN connection, the source H(e)NB could try to select a target H(e)NB to assure the session continuity for LIPA before initiating handover, or decide whether to include the LIPA bearer in the Handover Request (Handover Required) message. This may require the H(e)NB with Rel-11 LIPA capability to keep a neighbour H(e)NB/cell relation table, and each item in the table records whether the neighbour H(e)NB/cell has the IP connectivity to the anchor L-GW of the LIPA PDN connection. Figure 2-1 shows the new added L-GW IP connectivity information in the neighbour cell relation table. 
NOTE 1:
the entries of each neighbour H(e)NB/cell may include IP connectivity information of more than one L-GW. 
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Figure 2.2 Neighbour cell relation table with L-GW IP connectivity information
Proposal 1: The neighbour H(e)NB/cell relation table including IP connectivity information between the neighbour H(e)NB/cell and the anchor L-GW of the LIPA PDN connection could help the source H(e)NB try to select a target H(e)NB and ensure session continuity for LIPA before initiating handover.

However, this mechanism requires that each H(e)NB supporting Rel-11 LIPA mobility stores a neighbour H(e)NB/cell relation table with enhanced L-GW IP connectivity information, which is more an implementation issue due to the large quantity of H(e)NB/cells. Also, it could happen that the IP connectivity of a neighbour H(e)NB/cell to a specific L-GW changes without being updated immediately (via configuration) in the neighbour H(e)NB/cell relation table. These causes the neighbour H(e)NB/cell relation table to not be always available or reliable in handover handling of UE with LIPA PDN connection.
2.3
Dynamic update of the neighbour H(e)NB/cell relation table

Considering that the target H(e)NB knows reliably its IP connectivity to a specific L-GW, the source H(e)NB may include the anchor L-GW@CN address in the Handover Request (Handover Required) message for the target side to confirm. The Handover Request (Handover Required) message also includes the LIPA bearer information. If the target H(e)NB has the IP connectivity to the anchor L-GW of the LIPA PDN connection, it can grant the resource for the LIPA bearer and feed back the LIPA bearer is successfully set up in the target H(e)NB. If the target H(e)NB has no IP connectivity to the anchor L-GW of the LIPA PDN connection, the target H(e)NB may exclude the LIPA bearer when granting the resource of other bearers. The target H(e)NB may also feed back its lack of connectivity to the L-GW to the source side. This way, the source H(e)NB can build and/or correct neighbour H(e)NB/cell relation table with proper L-GW IP connectivity information.
For a legacy target node (i.e. pre-Rel-11) which doesn't support LIPA mobility, or even doesn't support LIPA, by sending the L-GW@CN address and LIPA bearer information in the Handover Request message as new parameters, the target side will ignore the LIPA bearer and L-GW@CN address and continue the handover procedure without considering the LIPA bearer. When target side sends back the original Handover Request Acknowledge message without the result of a LIPA bearer setup or L-GW IP connectivity response information, the source H(e)NB will know the target side is a legacy node, and fill or update the neighbour H(e)NB/cell relation table accordingly.
NOTE 2:
The MME/SGSN needs to forward the Handover Request message with new L-GW IP connectivity information between the source H(e)NB and the target side in S1/Iu handover.

Proposal 2: the source H(e)NB may include the anchor L-GW@CN address in the Handover Request (Handover Required) message to the target side. The target side can decide whether to grant resource for the LIPA bearer according to its IP connectivity to the anchor L-GW of the LIPA PDN connection.
NOTE 3:
For the idle mode mobility procedures, the Rel-10 mechanism still works. The H(e)NB supporting Rel-11 LIPA function includes the L-GW@CN address of the L-GW which the H(e)NB could connect with, to the MME/SGSN in every INITIAL UE MESSAGE and every UPLINK NAS TRANSPORT control messages for the MME/SGSN to judge whether the LIPA PDN connect needs to be deactivated. It is FFS whether the L-GW@CN addresses of the multiple L-GWs need to be simplified in the messages if the H(e)NB has capability of connecting to multiple L-GWs.
Proposed changes to TR 23.859
5.2.x
Key issue #Lx: Identification of LHN (Local H(e)NB Network)
5.2.x.1 
Option 1: using the L-GW@CN address for Architecture solution 1 (Stand-alone logical L-GW)
5.2.x.1.1
General

In Rel-10 LIPA architecture, the L-GW is collocated with H(e)NB and mobility of the LIPA PDN connection is not supported, and therefore, the H(e)NB will inform the L-GW to deactivate the LIPA bearer before initiating handover. However, in Rel-11, when LIPA mobility is supported, the source H(e)NB need first to try and select a target H(e)NB to ensure session continuity for LIPA, or decide whether to include the LIPA bearer in the Handover Request (Handover Required) message, if the source H(e)NB can have information regarding the IP connectivity between the (candidate) target side(s) and the anchor L-GW of the LIPA PDN connection. When the source H(e)NB does not know accurately about IP connectivity between the (candidate) target side(s) and the anchor L-GW, it may directly include the LIPA bearer in the Handover Request (Handover Required) message. The LIPA bearer, therefore, needs to be handled properly in the network according to whether the target side could connect to the anchor L-GW.

For the idle mode mobility procedures, the Rel-10 mechanism still works. The H(e)NB supporting Rel-11 LIPA function includes the L-GW@CN address of the L-GW which the H(e)NB could connect with to the MME/SGSN in every INITIAL UE MESSAGE and every UPLINK NAS TRANSPORT control messages for the MME/SGSN to decide whether the LIPA PDN connection needs to be deactivated. It is FFS how to indicate the L-GW@CN addresses of multiple L-GWs if the Local H(e)NB Network includes multiple L-GWs.
5.2.x.1.2
Handover decision
The H(e)NB with Rel-11 LIPA capability may keep information regarding whether the neighbour H(e)NB/cell belongs to the same Local H(e)NB Network as itself . The source H(e)NB tries to select a target H(e)NB ensuring session continuity for LIPA before initiating handover. 

When information of IP connectivity to the L-GW for the neighbour H(e)NB/cell is not available or reliable and the UE has LIPA PDN connection, the source H(e)NB may always directly perform a handover with LIPA for the UE. Considering the target H(e)NB knows reliably about its own IP connectivity to a specific L-GW, the source H(e)NB includes the anchor L-GW@CN address in the Handover Request (Handover Required) message for the target side to confirm. The Handover Request (Handover Required) message also includes the LIPA bearer information.
5.2.x.2.3
LIPA bearer handling
If the target H(e)NB has IP connectivity to the anchor L-GW of the LIPA PDN connection, it can grant the resource for the LIPA bearer and feed back that the LIPA bearer is successfully set up in the target H(e)NB. If the target H(e)NB has no IP connectivity to the anchor L-GW of the LIPA PDN connection, the target H(e)NB may exclude the LIPA bearer when granting the resource for the other bearers. The target H(e)NB may also feed back its lack of connectivity to the L-GW to the source side. This way, the source H(e)NB can build and/or correct its neighbour H(e)NB/cell relation table with proper L-GW IP connectivity information.
NOTE 1:
The dynamic update of the neighbour H(e)NB/cell relation table can be complementary to a static configuration or used exclusively.
For a legacy target node (i.e. pre-Rel-11) not supporting LIPA mobility or LIPA, by sending the L-GW@CN address and LIPA bearer information in Handover Request message as new parameters, the target side will ignore the LIPA bearer and L-GW@CN address and continue handover procedure without considering the LIPA bearer. When the target side sends back an original Handover Request Acknowledge message without LIPA bearer setup or L-GW IP connectivity information, the source H(e)NB will know the target side is a legacy node.

NOTE 2: The MME/SGSN needs to forward the Handover Request message with new L-GW IP connectivity information between the source H(e)NB and the target side in S1/Iu handover. It is FFS how the LIPA bearer is handled in the core network in handover, which is related to whether the Sxx has both CP and UP or UP only.
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