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1. 
Introduction

This document provides a description of the LIPA solution adopted for H(e)NBs documented in TR 23.829 and specified in TS 23.060 and TS 23.401 and the corresponding RAN3 impacts.
Local IP Access (LIPA) enables an IP capable UE connected via a H(e)NB to access other IP capable entities in the same residential/enterprise IP network without the user plane traversing the mobile operator’s network.

LIPA is enabled by using a Local GW (L-GW) equivalent to a P-GW or GGSN collocated with the H(e)NB as follows:

-
The UE requests a new PDN connection with an APN for which LIPA is permitted using the existing PDP context/PDN connectivity activation procedures; 
-
The MME/SGSN verifies the UE is allowed to use LIPA at this CSG for this APN based on the UE’s subscription information received from the HSS/HLR;

-
The MME/SGSN selects the L-GW associated with the H(e)NB for establishing the PDN connection;

NOTE:
The H(e)NB carries the L-GW IP address to the MME/SGSN in S1/Iu control messages.
-
A direct user plane path is established between the L-GW and the H(e)NB; and

-
The MME/SGSN deactivates the LIPA PDN connection when it detects that the UE has moved away from the H(e)NB where the LIPA PDN connection was established, i.e., no mobility is supported for LIPA.
2. 
Local IP Access architecture
2.1 
Architectural principles

The following relevant architectural principles have been adopted in the LIPA solution as documented in TR 23.829 in sections 5.1 and 5.2.2.1:

-
Separate PDN connections are assumed for traffic going through the mobile operator's Core Network (CN), i.e., a UE (including a pre-Rel-10 UE) that supports multiple PDN connections can simultaneously access LIPA and the mobile operator's Core Network PDN connections;

-
For LIPA traffic, the L-GW function is collocated with the H(e)NB within the residential/enterprise network;
-
For traffic going through the mobile operator's Core Network, the P-GW/GGSN is located within the core network.
-
Mobility management signalling between the UE and the network is handled in the MME/SGSN in the CN;

-
Session management signalling (bearer setup, etc.) for LIPA traffic and traffic going through the mobile operator's Core Network terminates in the MME/SGSN;

-
Before a LIPA PDN connection is established, the UE is authenticated, authorized and registered by the MME/SGSN;

-
The paging function for LIPA traffic is located in the MME/SGSN;

-
The existing procedures for PDP context/PDN connectivity activation are used to establish LIPA with minor changes to (a) determine whether LIPA is allowed for the UE for this APN for the CSG associated with the H(e)NB; (b) to perform L-GW selection at the SGSN/MME; and (c) to provide correlation information to enable the establishment of the direct user plane path between H(e)NB and L-GW;
-
The existing procedures for PDP context/PDN connectivity deactivation are used to deactivate LIPA PDP context/PDN connectivity when the UE moves away from the H(e)NB.
2.2 
Architecture reference model 
Figures 2-1, 2-2 and 2-3 illustrate the different LIPA architectures for the H(e)NB for a HeNB, HNB connected to EPC and HNB connected to Gn-based SGSN respectively.
The L-GW is the gateway towards the IP network associated with the H(e)NB. Apart from basic P-GW/GGSN functions, the L-GW has the following functions:

-
Idle mode downlink packet buffering;
-
Connected mode direct tunnelling towards the H(e)NB.

When LIPA is activated, the L-GW includes the following interface to the core network: 
-
In case of an MME or S4-SGSN, an S5 interface between the S-GW and the Local GW;
-
In case of a Gn-based SGSN, a Gn interface between the SGSN and the Local GW.
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Figure 2-1: LIPA architecture for HeNB using a local PDN connection
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 Figure 2-2: LIPA architecture for HNB subsystem connected to EPC
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Figure 2-3: LIPA architecture for HNB connected to a Gn-based SGSN
3. 
Local IP Access procedural impacts
3.1 
General 
As discussed above, LIPA is enabled as follows:

-
The UE requests a new PDN connection with an APN for which LIPA is permitted using the existing PDP context/PDN connectivity activation procedures; 
-
The MME/SGSN verifies the UE is allowed to use this APN at this CSG for LIPA based on subscription information in the HSS/HLR; 
-
Assessment: No standards impacts in RAN3 (impacts the HSS/HLR and the MME/SGSN GW selection criteria)
-
The MME/SGSN selects the L-GW associated with the H(e)NB for establishing the PDN connections;

-
Assessment: MME/SGSN uses the L-GW IP address sent by the H(e)NB in the S1/Iu control messages when performing L-GW selection. See clause 3.2 for details.
-
A direct user plane path is established between the L-GW and the H(e)NB;

-
Assessment: MME/SGSN provides the H(e)NB with a Correlation ID in the corresponding S1/Iu message when a new PDN connection/PDP context is created. See clause 3.3 for details.
-
The MME/SGSN deactivates the LIPA PDN connection when it detects that the UE has moved away from the H(e)NB where the LIPA PDN connection was established, i.e., no mobility is supported for LIPA.
-
Assessment: No standards impacts in RAN3 (reuses the existing PDP context/PDN connectivity deactivation procedures and the MME/SGSN already knows the cell where the UE does a HO or transitions to connected mode from idle mode)

3.2 
Selecting the L-GW associated with the H(e)NB
As stated in TS 23.401 and TS 23.060, the H(e)NB carries the L-GW IP address to the MME/SGSN in S1 and Iu control messages respectively. The MME/SGSN uses the L-GW IP address provided by the H(e)NB instead of the DNS procedures for L-GW selection if the UE requests a LIPA as part of the Initial Attach, PDP Context activation or UE requested PDN connectivity procedures.
The H(e)NB provides the L-GW IP address in the following instances:

-
For a UE that establishes a connection at the H(e)NB, the H(e)NB includes the L-GW IP address in the Initial UE message. 
- 
For a UE that performs a handover to a target HeNB, the target HeNB includes the L-GW IP address in the Path Switch Request message if X2 HO is performed or in the Handover Notify message if S1 HO is performed.
- 
For a UE that performs a handover to a target HNB, the target HNB includes the L-GW IP address in the Relocation Complete message.
NOTE:
The target H(e)NB provides the LGW IP address to the MME/SGSN during the HO procedure because the UE may request LIPA at some point at the target H(e)NB.
NOTE:
The H(e)NB does not provide the LGW IP address to the MME/SGSN during the S1/Iu setup procedures due to the presence of the H(e)NB GW.
NOTE:
The H(e)NB provides the MME/SGSN with the L-GW IP address by including a new IE in the corresponding S1/Iu messages. When the IP address used for S1/Iu transport layer and the L-GW IP address are different, two IPSec tunnels between the HeNB and the security GW are needed.
3.3 
Enabling a direct user plane path between the L-GW and the H(e)NB 
Figure 3.3-1 shows the EPS bearers established between the L-GW and SGW (blue) and the SGW and the HeNB (red) when the LIPA PDN connection is established. 
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Figure 3.3-1: EPS bearers established for the LIPA PDN connection
In order to enable a direct user plane path between the L-GW and the H(e)NB in the HeNB LIPA architecture and the S4-SGSN LIPA architecture. i.e., where an S5 interface manages the L-GW via the S-GW, the L-GW needs to know the mapping between the EPC bearer associated with the blue tunnel between the L-GW and the S-GW and the corresponding radio bearer associated with red tunnel between the S-GW and the H(e)NB.
The method to do this is to include a Correlation ID in the corresponding S1/Iu message when a new PDN connection/PDP context is created. The Correlation ID is an identifier for the blue EPS bearer that is sent in the S1/Iu message during the establishment of the red EPS bearer to uniquely identify the maping between the blue and red bearers in the SGW.
- 
For S1 this corresponds to including the Correlation ID in the Initial Context Setup Request for a LIPA PDN connection created during the Attach procedure as defined in clause 5.3.2.1 of TS 23.401 or in the Bearer Setup Request for UE requested PDN connectivity as defined in clause 5.10.2 of TS 23.401
-
For Iu this corresponds to including the Correlation ID in the RAB Assignment Request for a LIPA PDP context as defined in clause 12.7.4.1of TS 23.060

NOTE 1: 
In this release of the 3GPP specification the Correlation ID is set equal to the user plane PDN GW TEID (GTP-based S5) or GRE key (PMIP-based S5) that the S4-SGSN/MME has received from the S-GW in the Create Session Response message during the Attach or UE requested PDN connectivity procedures. 

NOTE 2:
When using Gn-SGSN, the direct user plane path between the HNB and the L-GW is enabled with the direct path functionality described in clause 15.6 of TS 23.060.
4. 
Conclusion
The following S1/Iu changes are identified to support LIPA:

-
Adding the transmission of the L-GW IP address in the Initial UE message, Path Switch Request message, Handover Notify message and Relocation Complete message.
-
Adding the Correlation ID in the Initial Context Setup Request and the RAB Assignment Request message
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