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Abstract of the contribution: This contribution evaluates the solutions in TR23.829 that pertain to LIPA. The difference in the architecture and operation are identified and pro & cons are discussed. It helps to conclude on the current LIPA discussion, and build consensus on the way forward. 
1. Review of the LIPA solutions:
In TR23.829v0.5.1, there are four solutions claiming applicability on LIPA:
· Solution 1 (5.2);
· Solution 2 (5.3);
· Solution 3 (5.4);

· Solution 6 (5.7)
Among them, Solution 3 (5.4) covers only the UMTS aspect, and has no architectural difference from Solution 1 (5.2.3.3 with standalone L-GW). Therefore, it is not evaluated separately. 
1.1 Solution 1 Evaluation
Solution 1 is characterised by the general principles in sub-clause 5.2.2.1 and corresponding LIPA related architecture function descriptions, i.e. sub-clause 5.2.2.2.1, and 5.2.2.3.1.  The two architecture variants listed in 5.2.3 provide further illustration of the general principles with some specific assumptions. Sub-clause 5.2.5 provides a more general presentation of the variants of Sol. 1. 
The distinguishing features of Solution 1 can be summarized as:
· Separate PDN connection(s) for traffic going through the operator’s Core Network and traffic for LIPA access;

· LIPA PDN can be identified by a well-defined APN or a specific indication independent of the APN;

· Session management signalling (Bearer setup, etc.) terminates in the core network;
· For active UEs, LIPA traffic will bypass the core network SGW and SGSN;
1.1.1 Standards impacts and required changes
Following changes/additions to the current specifications are needed:
· Indication of LIPA in the UE Requested PDN Connectivity procedure. This could be a well-known APN or another indication;

· Enhanced PGW selection function at MME to choose the L-GW at residential/enterprise network. This aspects has already been addressed in 6.1; Potential change is the additional L-GW address information included in the S1AP messages;
· Function on L-GW and H(e)NB that can associate proper bearers for LIPA access to the UE’s radio bearers. Depending on the variants used, this may require additional parameters passed in Bearer Setup Request (variant 1) or no additional actions (variant 2); 
· (In case of a standalone L-GW) Functions on L-GW and H(e)NB for establishing the direct tunnel for the LIPA traffic for the UE (naturally supported in variant 2). In case of UMTS, this is already supported with the Direct Tunnel function (as specified in Solution 3).  For LTE, this requires additional parameters in Create Session Request and Bearer Setup Request.  This function would also allows mobility support between different H(e)NBs of the same enterprise network;
· (In case of Idle mode UE) Functions on L-GW to buffer and trigger paging for the LIPA connection establishment. This function is already supported in variant 2. 
1.1.2 Advantages of Solution 1

It is clear from the above list that Solution 1 requires only minimum changes to the existing 3GPP system to meet the basic LIPA service requirement:

· There is no change to the signalling sequence of the session management procedures; only limited additional parameters needs to be added to certain messages;

· There is no new entity introduced in the system; all the new functions can be supported by existing entities with minor extensions;
· Major changes/enhancements are confined to the H(e)NB sub-system, i.e. H(e)NB and L-GW, (except variant 2 may require enhancement to MME for supporting L-S11);

· Inherent support of mobility; Mobility between H(e)NB and eNB is supported with existing 3GPP mobility management procedures. Mobility between H(e)NBs is supported when the standalone L-GW architecture is supported;
· Downlink paging for LIPA is supported without any change to existing mechanism (variant 2), or minor changes at L-GW (variant 1 with L-GW buffering packets and sends dummy packets to SGW);

1.1.3 Limitation of Solution 1
With the existing variants of the Solution 1, the following limitations exist:

· UE that does not support multiple PDN connection cannot access LIPA service and Operator core network’s service at the same time.

1.2 Evaluation of Solution 2

Solution 2 as illustrated in subclause 5.3 can be summarized with the following characteristics:

· The same PDN connection is used for LIPA traffic and operator’s core network access traffic;

· H(e)NB subsystem filters the traffic within the PDN connection, and locally route the LIPA traffic to/from local IP network;

· A NAT is used in the H(e)NB subsystem to translate the UE address for accessing the LIPA services;

1.2.1 Standards impacts and required changes
In order for the Solution 2 to support LIPA services, the following changes to the current specifications are needed:
· A new interface between H(e)NB subsystem and the operator’s core network for filter policy configuration; This could be done via the OAM interface for H(e)NB;
· An indication in the S1AP Bearer Setup Request to indicate if LIPA is allowed for a particular UE;

· NAT function in the H(e)NB subsystem towards the local IP network;

1.2.2 Advantages of Solution 2  
Solution 2 has the following advantages:
· It supports simultaneous access to LIPA and operator’s core network for single PDN capable UE;

· Majority of the new functions are within the H(e)NB subsystem and its related OAM interfaces; the LIPA indication from MME/SGSN to the H(e)NB subsystem may be trivial and covered by Solution 1;
1.2.3 Limitation of Solution 2

Solution 2 specified in sub-clause 5.3 has the following limitations:
· NAT traversal mechanism is needed for LIPA services; this may result in some limitation on the services that can be provided over LIPA access;

· When the operator core network services use the same private IPv4 address spaces as the LIPA services, the solution in the current form cannot work properly;

· IPv6 address translation is not addressed by the solution yet;

· Downlink paging support for LIPA requires special mechanism that may not work, e.g. tunnel traffic over Internet to PGW/GGSN

1.3 Solution 6 Evaluation

Solution 6 as illustrated in sub-clause 5.7 has the following characteristics:
· Different PDN connection(s) is used for operator’s core network access traffic than that for the LIPA traffic;

· LIPA connection management is processed through a PGW in the operator’s core network;
· A L-GW in the H(e)NB subsystem provides local break out point for the LIPA traffic;

· Special interface between PGW and L-GW for managing the extension tunnels, which is used for LIPA traffic when UE is in IDLE mode or not under the H(e)NB subsystem; this interface also provides necessary information for L-GW and H(e)NB to bind the LIPA traffic to corresponding UE bearers. 
From architecture point of view, there are quite some similarity between Solution 6 and Solution 1. The major difference is the interface between the L-GW and the operator’s core network. Solution 1 is reusing existing S5 or S11 (with minor extensions). Solution 6 is using a new extension tunnel management interface.  
1.3.1 Standards impacts and required changes

Following changes to the existing specifications are needed for Solution 6:
· A indication in UE requested PDN Connectivity procedure that indicates the PDN is for LIPA access; this could be a well known APN or another indication; It is similar to that of Solution 1;
· An enhanced PGW selection function at MME; L-GW information will be used in the selection of the P-GW;
· Additional information in Create Session Request to inform the P-GW of L-GW address;
· New Extension Tunnel management signalling for tunnel setup & address management between P-GW and L-GW; It may also need to include additional information for L-GW to decide if LIPA traffic should be routed to H(e)NB directly or via the extension tunnel; 
· New function at L-GW that manages the extension tunnel and decides on the routing of the LIPA traffic;
1.3.2 Advantages of Solution 6
Solution 6 has the following advantages:


· In case of a single APN used for LIPA and operator’s core network access, this solution can keep the current assumption that the same PGW is used;

1.3.3 Limitation of Solution 6

Solution 6 has the following limitations:

· a new interface is defined between PGW and L-GW instead of reusing existing interfaces; this requires further investigation of the functionalities to be supported and relationship with other interfaces;
· unclear definition of the extension tunnel and its corresponding requirements; as it is a new interface, the protocol stack to be used, and corresponding securities analysis requires further investigation;

· significant new functions need to be introduced to operator core network entities, i.e. the PGW. This may limit the deployment choices;

2 Comparison of the solutions and way forward

2.1 comparison summary of the solutions

The following table summarized the above discussed different aspects of the solutions:

	
	Std impacts 
	advantages
	Limitations

	Solution 1
	Signalling enhancement:
· (optional) PDN Connectivity Request with LIPA indication;
· S1AP Setup to include L-GW information;

· (Only for variant 1) Bearer Setup Request to include bearer mapping information

· (Only for variant 1) Bearer Setup Request and Create Session Request to include L-GW and H(e)NB information for direct tunnel 

Node function enhancement:
· MME function on PGW selection;

· New H(e)NB & L-GW function on bearer mapping (for LIPA traffic from L-GW to UE radio bearer);


	· Minimum change of existing signalling sequence;
· No new entity introduced;

· Majority of the new functions are in H(e)NB subsystem;

· Inherent support of mobility;
· Inherent support of downlink LIPA paging;
	· Single PDN UE cannot access LIPA and EPC at the same time;

	Solution 2
	Signalling enhancement:

· H(e)NB OAM must support transport of LIPA filtering policies;

· S1AP Bearer Setup Request to indicate if LIPA is allowed;

Node function enhancement:

· NAT function in H(e)NB subsystem;

	· Supports simultaneous access to LIPA and EPC for single PDN only UE;
· Little or no impacts to standards specifications for EPC; (changes are confined in H(e)NB subsystem)
	· Results in general NAT issue for the LIPA traffic;
· IPv4 address conflict may cause problem;

· IPv6 support is unclear;

· Downlink paging support for LIPA relies on external conditions;

	Solution 6
	Singling enhancement:
· (Optional) PDN Connectivity Request to include a LIPA indication;

· Create Session Request to include address information of L-GW;

· New extension tunnel management signalling between PGW and L-GW (for address management, bearer mapping management, and LIPA traffic routing management)

Node function enhancement:

· MME function on PGW selection;
· PGW function on extension tunnel management;

· New L-GW function with extension tunnel;
	· Can keep the same PGW for LIPA and EPC access if a single APN is used for both;
	· New interface introduced, requires further investigation of impacts;
· New extension tunnel introduced, requires further investigation of impacts;

· Requires new functions on several EPC entities;


2.2 Conclusions and way forward

 Conclusion for Solution 1 and way forward:
Solution 1 requires only limited changes to the existing 3GPP system to support the basic LIPA service requirements. The main changes are on the signalling enhancements, i.e. adding additional information elements in the signalling messages. Changes to the EPC entities are minor and compliant with existing functions. Major enhancements are limited to only H(e)NB subsystem, e.g. H(e)NB and L-GW, which are release 10 entities. Therefore, it is possible to deploy LIPA with the rel-8 core network (or with minor upgraded MME and SGW). 
Solution 1 also provides good baseline for the mobility support and standalone L-GW support. 

Therefore, it is proposed to use Solution 1 as the basis for the LIPA architecture development.  

Conclusion for Solution 2 and way forward:

Solution 2 provides a simply solution for single PDN only UE without much involvement of the EPC. Based on the standardization impacts, majority of the changes are limited to H(e)NB subsystem specifications. 
However due to the use of NAT function in the H(e)NB subsystem, Solution 2 has a list of unresolved issues and limitations, e.g. IPv4 address conflict, IPv6 support, paging support, etc. When solution 2 resolved all the open issues, it may be reviewed again as an alternative for the operators. 

From the standardization point of view, there is no major conflict identified between Solution 1 and Solution 2 required changes. Therefore, choose of Solution 1 does not prevent interested parties to progress Solution 2, and future co-existence may be possible.
Conclusion for Solution 6 and way forward:

Solution 6 introduced a new extension tunnel interface between the PGW in core network and the L-GW in the H(e)NB subsystem. This requires new protocol stacks on both entities, and also impacts on the signalling through the MME. Therefore, the standardization impacts is much bigger comparison to other solutions.

The only advantage observed is preserving the principle of using the same PGW for PDN connections of the same APN (if LIPA and core network access use the same APN). However, this is not a mandatory requirement based on the existing specifications. 
Therefore, for Rel-10, it is preferred to adopt the LIPA architecture based on Solution 1 instead Solution 6. In case the future release requirements justify the new tunnel of Solution 6, these new bits can be merged into Solution 1 then, as certain variants.   

Proposal
It is proposed here to:
· Agree on the conclusion and way forward as listed in section 2.2;

· Adding contents of section 2 (2.1 & 2.2) into section 6 of TR23.829v0.5.1 as section 6.x;
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