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1 Introduction
In the last SA2/RAN2/RAN3 joint meeting the location of the functionality of DL data buffering and paging initiation for UEs that are in IDLE mode has been left out of the agreements defined in [1]. Since it has been already agreed [1] that the DL data buffering and paging initiation for IDLE mode UEs should happen “above the eNodeB”, the following options remain:

a) Serving SAE GW

b) PDN-Access SAE GW

c) MME

This contribution aims to identify which is the most appropriate node in the SAE architecture to perform this function.

2 Buffering DL data and paging initiation in the Serving SAE GW

The following signaling flows will apply if the functionality of buffering DL data and paging initiation for LTE_IDLE mode UEs is located in the Serving SAE GW.

A. ACTIVE to IDLE transition
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Figure 1
When the S-SAE GW performs the paging and DL data buffering for UEs in LTE_IDLE the eNodeB has to tear down the UP mobility tunnel when the UE switches to LTE_IDLE state. The S-SAE GW in that case will be aware of the MM state of the UE, and it will perform buffering of DL if there are incoming DL data for this UE.
B. DL data buffering and paging initiation
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Figure 2
When there are incoming DL data for this UE the S-SAE GW needs to initiate paging through the MME. The UE will perform Cell association and the eNodeB will transport the context for this particular UE from the MME, setup the RB and establish a UP tunnel. After the UP tunnel will be established the buffered DL data will be forwarded to the eNodeB and the UE.
2.1 Analysis

This option presents the following advantages:

· Simplified MME: the MME remains a CP node only and does not need to contain any UP interface.

· Easier tunnel establishment: when the UE switches from IDLE to ACTIVE (i.e. RB setup) the eNodeB needs to setup just one tunnel (i.e. compared to the MME DL data buffering that MME needs to establish an X2-like interface)
But also it has the following disadvantages:

· S-SAE GW MM awareness: The S-SAE GW will need to become aware of the UE’s MM states
3 Buffering DL data and paging initiation in the PDN-Access SAE GW

The following signaling flows will apply if the functionality of buffering DL data and paging initiation for LTE_IDLE mode UEs is located in the PDN-Access SAE GW.

A. ACTIVE to IDLE transition
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Figure 3
When the P-SAE GW performs the paging and DL data buffering for UEs in LTE_IDLE the eNodeB has to tear down the UP mobility tunnel to the S-SAE GW when the UE switches to LTE_IDLE state and the S-SAE GW the equivalent tunnel to the P-SAE GW. In that case both the P-SAE GW and the S-SAE GW will be aware of the MM state of the UE, and the P-SAE GW will perform buffering of DL if there are incoming DL data for this UE.

B. DL data buffering and paging initiation
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Figure 4
When there are incoming DL data for this UE the P-SAE GW needs to initiate paging through the MME. The UE will perform Cell association and the eNodeB will transport the context for this particular UE from the MME, setup the RB and establish a UP tunnel first to the S-SAE GW and then to the P-SAE GW. After the UP tunnel will be established the buffered DL data will be forwarded to the eNodeB and the UE.

3.1 Analysis

This option presents the following advantages:

· Simplified MME: the MME remains a CP node only and does not need to contain any UP interface.

· Easier tunnel establishment: when the UE switches from IDLE to ACTIVE (i.e. RB setup) the eNodeB needs to setup just one tunnel (i.e. compared to the MME DL data buffering that MME needs to establish an X2-like interface)

But also it has the following disadvantages:

· P-SAE GW and S-SAE GW MM awareness: Both the P and S-SAE GW will need to become aware of the UE’s MM states

· P-SAE GW not access agnostic: The main goal of separating the two instances of the SA E GW was to keep the P-SAE GW to keep a multitude of access technologies, placing paging functionality for LTE in this node makes it access specific.

· P-SAE GW in the home network during roaming: The P-SAE GW is in the home network during roaming therefore it becomes problematic to perform paging from the GW in the home network to eNodeBs in the visited network.
4 Buffering DL data and paging initiation in the MME

The following signaling flows will apply if the functionality of buffering DL data and paging initiation for LTE_IDLE mode UEs is located in MME.

A. ACTIVE to IDLE transition
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Figure 5
When the MME performs the paging and DL data buffering for UEs in LTE_IDLE the MME will have to switch the UP mobility tunnel to it, when the UE switches to LTE_IDLE state. This makes the MME to look as an eNodeB from the S-SAE GW perspective. Therefore there is no need for a separate S11 interface since its functionality is the same with S1 (Note: It may be necessary to transfer location information for the UE from the MME to the S-SAE GW in order to assist in charging). 

In that case neither the P-SAE GW nor the S-SAE GW will need to be aware of the MM state of the UE.

B. DL data buffering and paging initiation
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Figure 6
When there are incoming DL data for a UE in LTE_IDLE state the MME needs to buffer the downlink data and initiate paging. The UE will perform Cell association and the eNodeB will transport the context for this particular UE from the MME, setup the RB. 
One key issue in case the buffering and paging initiation is performed by the MME is how the buffered downlink data packets are going to be forwarded to the eNodeB. The MME needs to setup an X2-like connection to the eNodeB to forward the data which will look like a handover to the eNodeB. This means that the eNodeB would not need to implement any new interfaces, since the necessary functions like re-ordering etc. would be already needed for handover.

4.1 Analysis

This option presents the following advantages:

· Access-unaware GWs: The SAE GWs remain agnostic of the of the MM states of the UE, the MME resembles an eNodeB in terms of interfaces and signaling to the SAE GW. It doesn’t require to implement LTE-specific signaling.
· Simplification of the architecture and procedures: The signaling procedures are simplified in the eNodeB and SAE GW since it re-uses similar procedures to perform tunnel switching between the MME and the eNodeB that the UE is associated and data forwarding of the buffered packets to the associated eNodeB.

But also it has the following disadvantages:

· Extra procedures and interfaces in the eNodeB: The eNodeB requires to implement signaling procedures to switch the UP to itself when the UE turns to LTE_IDLE. It also needs to implement similar to X2 interface procedures to forward the buffered data to the eNodeB that the UE is associated.
5 Comparison

The placement of the functionality of buffering DL data and paging initiation for LTE_IDLE mode UEs in the P-SAE GW is not the preferred option since it is in the home network during roaming. 

Placing the functionality of buffering DL data and paging initiation for LTE_IDLE mode UEs in the S-SAE GW or the MME present similar impacts in the overall procedures. Nevertheless it is foreseen that in practical deployments the S-SAE GW will not be a standalone node, and will be either collocated with the MME or the P-SAE GW. Therefore in order to converge the two architecture options and achieve the maximum degree of interoperability it is proposed that the functionality of buffering DL data and paging initiation for LTE_IDLE mode UEs is placed in the MME.
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