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1. Overall Description

This paper proposes the GBR bearer optimization in EPC for LIPA/SIPTO accesses. We think the solution proposed by this paper can apply to most of solutions for the LIPA/SIPTO types of communication that has been captured in current TR 23.8xy (Local IP Access and Selected IP Traffic Offload).

2. Discussions
2.1 UE is in ECM-CONNECTED mode
The following figure 1 illustrates the typical LIPA/SIPTO connection model with the connected mode UE. The LP-GW can be co-located with the (H)eNB or logically separated depending on the solution. But the common issue we can see is that the assigned S1 bearer and S5/S8 bearer are not used for traffic that is broken out at the (H)eNB. In other words, the resources allocated for the S1 bearer and S5/S8 bearer may be wasted for the LIPA/SIPTO connection. This can happen since all user traffic goes thought the local P-GW located within or close to the (H)eNB, and the EPC user plane nodes, i.e. the S-GW (and possibly P-GW depending on the solution), is not involved such LIPA/SIPTO traffic.
Conclusions 1: The S1 bearer is not used for LIPA/SIPTO connection during the ECM-CONNECTED mode.

Conclusions 2: The S5/S8 bearer is not used for LIPA/SIPTO connection during the ECM-CONNECTED mode.
In our view, this is not major issue for non-GBR bearers since there is not much resources consumed in EPC. However, for GBR bearers the inefficient use of resource would be a major issue for 3G operators.
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Figure 1: Typical LIPA/SIPTO connection model with the UE in ECM-CONNECTED mode.
2.2 UE is in ECM-IDLE mode
The following figure 2 illustrates the case where the DL packet arrives to the LP-GW while UE is in the ECM-IDLE mode.

Due to a probability of the UE location in the tracking area, the paging has to be performed to all Macro eNBs and HeNBes that are located in the same tracking area. It means that the S-GW and MME are involved for the paging procedure as the same way as usual case as specified in the TS 23.401/TS 23.060. In this logic, the S5/S8 EPC bearer IS used for paging procedure as illustrated in the Figure 2.

Conclusions 3: The S5/S8 bearer is used for LIPA/SIPTO connection during the ECM-IDLE mode.
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Figure 2: Typical paging procedure to the UE in ECM-IDLE mode.
2.3 Signaling flows

This section presents possible enhancements (indicated in RED) in the signaling flows that help overcome the deficiencies outlined above.

Two alternatives are shown that solve the EPC bearer deficiency. The first alternative in section 2.3.1 proposes that the EPC optimization takes place when the UE attaches to the EPC. Section 2.3.2 shows a solution where that the EPC optimization takes place after the requested EPC bearers have been established. In this procedure, the S1 release procedure is used and enhanced for the EPC optimization. 
Finally, section 2.3.3 shows the paging scenario and how the optimized EPC bearers are re-established.
2.3.1 S5/S8 optimisation alternative 1 (at the Initial ATTACH procedure)
This subsection describes the general signalling flows for the initial ATTCH procedure in case the LP-GW is collocated or logically very close to the eNB. For the GBR connection, the Non-GBR bearer is established over the S5/S8 interface and no bearer is established over the S1 interface. The small enhancements are listed below.
· The eNB informs the MME about LIPA/SIPTO configuration by means of the S1SETUP procedure and/or the ATTCH request /TA update procedures. Based on this information, MME can make a decision whether S1 bearer and S5/S8 bearer would be used or not.
· If MME decides that S5/S8 bearer is not used due to LIPA/SIPTO connection, MME sends the create session request to S-GW indicating that Non-GBR bearer to be established for the S5/S8 interface. In this case, MME maintains the original GBR attributes in order to make it possible to establish the original requested GBR bearer over the S5/S8 interface later.
· If MME decides that S1 bearer is not used due to LIPA/SIPTO connection, MME sends the initial context setup message to eNodeB indicating that no S1 bearer to be established.
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2.3.2 S5/S8 Optimization alternative 2 (Triggered by S1 release procedure)
This subsection describes the general signalling flows for the S1 release procedure with S5/S8 optimisation. The proposal of this alternative is that all necessary bearers are established once and relying on the S1 release procedure for the EPC optimization.
The following flow indicates the situation where eNodeB decides to initiate the S1 release procedure due to the LIPA/SIPTO connection.
The small enhancements are listed below.

· When MME receives the S1 UE context release message from the eNB, MME can make a decision, based on the information available and operator policy, whether S5/S8 to be optimized or not.

· If MME decides that S5/S8 bearer is be optimized due to LIPA/SIPTO connection, MME sends the modify bearer request to S-GW indicating that Non-GBR bearer to be established for the S5/S8 interface. In this case, MME maintains the original GBR attributes in order to make it possible to establish the original requested GBR bearer over the S5/S8 interface later.
· When eNodeB receives the S1 UE context release command message from the MME, eNodeB does not release the radio bearer since the eNodeB knows that this S1 UE context release procedure is initiated because of the LIPA/SIPTO connection.
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2.3.3 Paging procedure (Page response comes from Macro eNodeB))
This subsection describes the paging procedure after the S5/S8 optimisation has taken place.

The following flow indicates the situation where UE responses to page from the Non-LIPA/SIPTO macro eNodeB. In this case, S5/S8 bearer needs to be set up as originally requested.

The small enhancements are listed below.

· Since LP-GW knows that UE is not in ECM-CONNECTED mode, DL packet from the external network is routed to the S-GW using the Non-GBR bearer. Then, the normal paging procedure takes place.

· If MME receives the service request (Page response) from the Non-LIPA/SIPTO macro eNodeB and the corresponding radio access bearer and radio bearer are established successfully, then MME sends the modify bearer request to the S-GW indicating that original GBR bearer to be established for the S5/S8 interface.
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3. Conclusions
Based on the conclusions in section 2, we think that the following small enhancements can bring a lot of benefits to 3G operators. The proposed enhancements optimize resource allocation in the EPC and thus help operators to minimize their network costs.

· The S1/Iu bearer resources can be removed/reduced for LIPA/SIPTO traffic. This is possible since all LIPA/SIPTO traffic that is broken out locally does not traverse the S1/Iu bearer and therefore do not need any bearer resources.

· When a GBR bearer is used for the LIPA/SIPTO connections, it shall be possible to also optimize the S5/S8 or Gn/Gp bearer by downgrading it to a Non-GBR bearer. The GBR bearer over the S5/S8 or Gn/Gp reference points shall be re-establish once UE needs to establish the Non-LIPA/SIPTO connections. For example, due to idle mode mobility to the Non-LIPA/SIPTO macro eNodeB. Note that the S5/S8 or Gn/Gp bearer cannot be deleted as the same way as the S1/Iu bearer since they may be used for a DL packet arrival while UE is in ECM-IDLE mode.
4. Proposal
NEC would like to propose to capture this small enhancement in the TR 23.8xy (Local IP Access and Selected IP Traffic Offload).
See the proposals from next page.
Start of change

4.3
Architectural requirements
The solutions for local IP access and selected IP traffic offload for Home (e)NodeB Subsystem  shall fulfil the service requirements described in TS 22.220 [3].
The solutions for selected IP traffic offload for the macro network shall fulfil the service requirements described in TS 22.101 [2].

The solutions for Selected IP Traffic Offload for macro (3G and LTE) shall fulfil the following architectural requirements:

· It shall be possible to perform traffic offload without user interaction.
· For UTRAN, the traffic offload shall be performed on or above the RNC node.

· The impact on the existing network entities and procedures by introducing traffic offload shall be minimized.
The H(e)NBs supporting LIPA shall be able to provide Intranet type access to the home based network.

NOTE:
If the home based network provides a route to other private networks or to the public internet, then these networks may be accessible via LIPA.
Resource allocations in the EPC for LIPA/SIPTO traffic shall be minimized :

· It shall be possible not to establish the S1/Iu bearer for the LIPA/SIPTO traffic broken out locally in the macro or home (e)NB.
· If a GBR bearer is used for the LIPA/SIPTO connections, it shall be possible to optimize the S5/S8 or Gn/Gp bearer by reducing the allocated resources or downgrading it to a Non-GBR bearer. The full GBR bearer resources over the S5/S8 or Gn/Gp reference points shall be re-establish once the LIPA/SIPTO traffic is not broken out locally anymore. For example, in case of idle mode mobility to a macro cell.
End of change
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