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Abstract of the contribution: Assesses LIPA Solution 1 and Solution 2 and proposes a way forward.
1. Introduction
This document discusses the key aspects of LIPA solution 1 and solution 2 as currently specified in TR 23.829 and proposes a way forward in relation to these solutions. No other LIPA solutions are discussed but this should not be interpreted as other solutions are being ruled out.
2. Solution 2 Assessment

Solution 2 is characterized by the following features:

1. There are some scenarios in which solution 2 might not be able to work in practice. For example, when the address space of the PDN network overlaps with the address space of the home/enterprise network, it might be impossible for the H(e)NB to provide routing enforcement based on the destination IP address (routing enforcement could be feasible though based on port/protocol designations). Also, when the UE creates IPv6 traffic, the H(e)NB needs to perform v6-to-v6 translation, which is currently not supported in IETF.

2. Solution 2 can suffer from mobility issues. When for example the UE moves from one H(e)NB to another H(e)NB, all NAT bindings from the source H(e)NB must be transferred to the target H(e)NB or the existing sessions of the UE will be interrupted by packet dropping at the target H(e)NB. There is currently no solution specified to address these mobility issues for solution 2.

3. Solution 2 requires some DNS hacks. Indeed, since the UE is using a single PDN connection, it is configured to use the DNS server(s) associated with this PDN connection, and thus the UE sends all DNS queries to the DNS server(s) reachable over the operator’s core network. Consequently, all queries to resolve hostnames from a private home/enterprise domain (e.g. myprinter.home or www.mot.com) will fail because the DNS server(s) for the established PDN connection will not be able to resolve them. To avoid this issue, the H(e)NB can be configured to intercept DNS queries and redirect the queries to the DNS server(s) in the home/enterprise network whenever the query involves a domain that is reachable over LIPA. This requires a transparent DNS proxy functionality in the H(e)NB and some extra configuration for the H(e)NB to know which DNS queries should be forwarded to the LIPA DNS server(s).
4. Solution 2 can dramatically reduce the number of PDN connections that should be supported by the network. This is true since solution 2 shares the same PDN connection for both LIPA and non-LIPA traffic, therefore, for a given number of subscribers solution 2 requires fewer PDN connections as compared to solution 1. In a hypothetical scenario where 30% of subscribers are under H(e)NB coverage and can use LIPA services, solution 2 requires 30% fewer PDN connections/PDP contexts compared to solution 1 (if we assumed that with solution 1 all LIPA UEs always establish 2 PDN connections).
5. Solution 2 does not require the UE to support multiple simultaneous PDN connections/PDP contexts. This may not be that important for E-UTRAN UEs which are expected to support multiple simultaneous PDN connections anyway. However, this could be an advantage with some UTRAN UEs, which cannot support multiple simultaneous PDP contexts. So, solution 2 imposes fewer requirements on UEs compared to solution 1.
6. With solution 2 it is still feasibly for the UE to know when LIPA access can be attempted. Although the UE does not setup a dedicated PDN connection for LIPA, the UE can infer from the received broadcast information (e.g. from CSG id and LIPA flag, if supported) or from preconfigured data (e.g. UE knows if the user has a valid LIPA subscription under a particular CSG ID) that LIPA services are available and pass this information on to the internal applications.

7. The standards impact of solution 2 can be minimal. It has been identified so far that solution 2 requires (i) an indication from MME to HeNB to indicate when LIPA routing enforcement for a specific UE/PDN connection should be applied, and (ii) some signalling extensions over S1-MME to support HeNB-triggered paging. Since Solution-1 requires also a per-bearer indication from the MME to the HeNB to apply LIPA, then requirement (i) is not specific to solution-2. If the UE is enforced to remain in RRC connected state for as long as it stays under the H(e)NB coverage (so that paging is never required) then the signalling extensions over S1-MME may also be avoided, which means that solution 2 could be implemented with no standards changes. However, enforcing the UE to remain in RRC connected state may not be feasible in UTRAN (does the SGSN always honour an RRC Signalling Connection Release Indication from the UE?) and may have a power consumption impact that renders this approach inefficient in practice. 
3. Solution 1 Assessment

Here we are only considering the S5-variant of Solution-1, since proponents of Solution-1 have decided in favour of the S5-variant.
Solution 1 (S5-variant) is characterized by the following features:

1. Solution-1 is based on the use of multiple PDNs by the UE, with a LIPA specific PDN connection being setup by the UE for LIPA traffic. There is a logical L-GW function (equivalent to P-GW) in the home/enterprise network. There are a few impacts on the S1 interface, e.g. providing S5 DL TEID to HeNB, and is an extension of EPC design of supporting multiple-PDN connections. 

2. A method to support inter-HeNB mobility for Solution 1 has also been proposed for important scenario of enterprise deployment. 
3. The issue of paging for Solution 1 is solved by the L-GW forwarding a “dummy packet” to the SGW and the SGW sending Downlink Data Notification to the MME, triggering the MME to page the UE as per the normal procedures specified in TS 23.401.

4. Proposal

We believe that Solution 2 is feasible but does not support all possible deployment scenarios, especially enterprise scenarios where mobility is important. On the other hand, solution 2 could be deployed without requiring UEs to support multiple simultaneous PDN connections (not an issue with E-UTRAN UEs) and without requiring the network to support more PDN connections. If there are operators supporting solution 2 for LIPA, this solution could be deployed as a proprietary implementation in HeNB that does not mandate any changes to 3GPP specifications. Solution 2 may work either without standards changes or with some changes that are also required for other LIPA solutions. So, as a way forward, it is proposed to not consider any changes in Rel-10 required to support only solution 2 and to consider solution 2 as a solution that could be deployed without any specification changes.
Solution 1 has minor impacts on the EPC or the UE and is based on the existing multiple-PDN support of EPC design. It is proposed to standardize solution-1 for LIPA in Rel-10.
