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This discussion paper evaluates the advantages/disadvantages of the proposed LIPA/SIPTO solutions with breakout in the residential/enterprise network.

Introduction

TR 23.829 currently describes the following architectural variants for LIPA and SIPT support with breakout in the residential/enterprise network:

Solution 1 – 
Local IP Access and Selected IP Traffic Offload solution based on traffic breakout performed within H(e)NB using a local PDN connection
Solution 2 – 
Local IP Access and Selected IP Traffic Offload at H(e)NB by NAT
Solution 6 – 
Local Gateway based Architecture
In order progress the work, this contribution evaluates the pros and cons of these solution based on the stage-1 requirements defined in TS 22.220.

The relevant LIPA requirements are again listed here.

L1:
Simultaneous access from a UE to both the mobile operator’s core network and Local IP Access to a residential/enterprise IP network shall be supported.

L2:
Subject to regulatory requirements, it shall be possible for Local IP Access traffic to be routed only between the UE, H(e)NB and other entities within the residential/enterprise IP network.

L3:
Only UEs having a valid subscription with the mobile operator shall be able to use Local IP Access. 

L4:
Subject to roaming agreement between mobile operators, UEs shall be able to use LIPA in a visited network. 

L5:
Local IP Access shall not affect services running in parallel for the same UE.

L6: 
Pre-Rel. 10 UEs should be able to use Local IP Access.

L7:
It shall be possible for a UE in a residential/enterprise IP network to be contactable by another entity in the same residential/enterprise IP network via Local IP Access. 

L8: 
Local IP access shall not compromise the security of the mobile operator’s network.
The relevant SITPO requirements are again listed here:

S1:
It shall be possible to be done without traversing the mobile operator network, subject to regulatory requirements.

S2: 
The mobile operator may enable/disable Selected IP Traffic Offload on a per UE per defined IP network basis (e.g. based on tariff, subscription type etc.).

S3: 
It shall be possible for IP traffic of a UE associated with a particular defined IP network to be offloaded while IP traffic of that same UE associated with other defined IP network(s) is not offloaded. 

S4: 
Local IP access to the internet shall not compromise the security of the operator’s network.

Discussion 

Before we evaluate the different architectural options against the current LIPA/SIPTO requirements, we briefly re-cap the architectural principles and differences of these solutions.  
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Figure 1. High-level comparison of different architectural options for LIPA/SIPT with breakout in the home/residential network.

Solution 1:

· Local P-GW and/or Local GGSN functionality is placed in H(e)NB (both are required in for Femtocells with both 3G and LTE radios)
· Separate PDN Connections are required for offload traffic and non-offload traffic
· UE requires support for multiple PDN connections 

· UE requires functionality to map offload traffic to the respective LIPA/SIPT PDN connection

· Handover from H(e)NB to macro cell can be supported

Solution 2:

· H(e)NB requires functionality to breakout traffic locally using NAT 

· A single PDN Connection is used for both offload and non-offload traffic

· No special UE functionality needed ( legacy UEs are supported

· No support for dedicated PDN connections for local IP access
· Idle mode handling still unclear 

· No handover support from H(e)NB to macro cell
Solution 6:

· Same L-GW functionality is needed for HNB and HeNB

· Supports both type of operations: common and separate PDN connections – depending on configuration (e.g. common PDN connection for SIPTO and non-SIPTO traffic, and dedicated PDN connection for LIPA traffic)
· No special UE functionality needed ( legacy UEs are support in case the single PDN connection mode of operation is used

· UEs with support for multiple PDN connections can establish dedicated PDN connections for offload/non-offload traffic

· Handover from H(e)NB to macro cell is supported for both modes of operation (single and multiple PDNs)
All three solution support the basic functionality required to achieve LIPA/SIPTO breakout in the residential/enterprise network and thus fulfil the requirements L2, L4 and L7 for LIPA, and S1 for SIPTO.
Since all three solutions follow the basic principles that Session Management and Mobility Management handled in the operator network (i.e. the SGSN or MME), requirements L3 and S2 are also fulfilled by all the options.

Furthermore, all three options satisfy the basic security requirement given in L8 and S4.
However, the following two LIPA and SIPTO requirements are satisfy to a different extend by the three solutions:

L1:
Simultaneous access from a UE to both the mobile operator’s core network and Local IP Access to a residential/enterprise IP network shall be supported.

L5:
Local IP Access shall not affect services running in parallel for the same UE.
L6: 
Pre-Rel 10 UEs should be able to use Local IP Access.
S3: 
It shall be possible for IP traffic of a UE associated with a particular defined IP network to be offloaded while IP traffic of that same UE associated with other defined IP network(s) is not offloaded. 
Solution 1 supports L1 and L5, but it requires support for multiple PDP contexts/PDN connections. Unfortunately, since many legacy UEs are not able to support multiple PDP contexts/PDN connections, requirements L1/L5 in conjunction with L6 is not supported by solution 1. Due to the same limitation, solution 1 does not support S3 for legacy UEs.

On the contrary, Solution 2 and Solution 6 both support single PDP context/PDN connection mode of operation and as such allow UEs – including legacy UEs – to breakout / offload traffic in a way that requirements L1+L5+L6+S3 are satisfied.

Conclusion 1: Solution 1 relies on the UE capability to support multiple PDP contexts/PDP connections concurrently – for breakout and non-breakout traffic. Since many legacy UEs lack support of this capability, Solution 1 is not recommended as sole solution for LIPA and SIPTO.

While Solution 1 relies on support of multiple PDP context/PDP connection for breakout and non-breakout traffic, Solution 2 is limited to support only a single PDP context/PDN connection. This has the disadvantage that this solution does not allow the use of a dedicated APN for LIPA traffic. This is disadvantageous, as access control to the home/enterprise network can be easily controlled based on the APN and establishment of dedicated PDP context/PDN connection for LIPA traffic.

Furthermore, Solution 2 has the disadvantage that traffic breakout / offload can only take place at the H(e)NB itself. This means Solution 2 does not support a configuration with a standalone L-GW, which implies for Enterprise deployments that no service continuity can be achieved upon intra-Enterprise handover among Enterprise H(e)NBs.

Finally, Solution 2 also lacks service continuity support for handover from H(e)NB to the macro network.

Conclusion 2: Solution 2 lacks support for dedicated APN for LIPA traffic and a standalone L-GW. This means that Solution 2 does not support APN based access control for LIPA and service continuity upon intra-Enterprise handover. Solution 2 is thus not recommended as sole solution for LIPA and SIPTO.

Solution 6 combines the advantages of both Solution 1 and Solution 2. On the one hand, it supports both modes of operation: single and multiple APNs. This has the advantage that depending on the UE support and the operator configuration, either a common or dedicated PDP context/PDN connection can be used for traffic offload/breakout. This also allows mixed use cases, for example to use single PDP context/PDN connection for both SIPTO and non-SIPTO traffic, but a dedicated PDP context/PDN connection for LIPA traffic. 
On the other hand, Solution 6 supports the deployment option with a standalone L-GW, which enables service continuity for inter-H(e)NB handovers within an Enterprise network, and service continuity for handover from H(e)NB to the macro network.

Finally, Solution 6 also has the advantage that it requires only a single L-GW function in the H(e)NB for both 3G (i.e. GPRS) and LTE (EPS) architectures.

Conclusion 3: Solution 6 is a hybrid of Solution 1 and Solution 2. It provides most deployment flexibility, as it allows both single and multiple APN modes of operation and best usage of the different modes depending on UE capabilities and operator configuration. It further supports service continuity for inter-H(e)NB and hand-out scenarios. 

Proposal 

As a consequence of this evaluation, it is recommended to standardize a LIPA/SIPTO solution with breakout in the residential/enterprise network that is based on a hybrid of Solution 1 and Solution 2 – as proposed by Solution 6.
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