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1 Introduction

With the proposal to move PDCP to eNB and merging most of the remaining UPE related functionality into the SAE-GW, creates a re-examination of the where the downlink idle-mode packet termination (DL-IMPT) could occur. There are two main possibilities: either at the MME or at the SAE-GW. This contribution considers the two options and argues that with DL-IMPT at the MME results in simpler core network architecture and an SAEGW that is access-agnostic and can be shared across access-technologies.
2 Simplifying MME to SAEGW interface
One of the key reasons for moving PDCP to eNB, has been to simplify the core-network architecture and other reasons that are covered in a separate contribution. 

Independently, an important consideration for a large number of operators/vendors has been to make the SAE-GW to be generic and sharable across access-technologies in-order to reduce CAPEX and OPEX. Once PDCP is moved to eNB, by moving DL-IMPT into the MME, will result in an architecture as shown below in the figure where the interface between the MME and SAE-GW+UPE is the same interface as the interface to the eNB, S1-UPE. This contribution is not considering protocols aspects of the S1/S5 interface. 

[image: image1]
Figure 1: No S11 interface if DL-IMPT is collocated with MME.
From TR 23.882, Annex H, the MME-UPE/SAE-GW (S11) signalling procedures involved the following for Option-C of the MME/UPE split:
1. Initial attach

2. State transition

3. Paging

4. Load balancing

5. Keep alive

6. RAU

7. Inter UPE handover

8. Handover 2G/3G
In this section, we consider each of these above procedures and show that with DL-IMPT in MME, none of these signalling procedures are needed on the MME-SAEGW interface. The only procedures that are required on the interface between the SAEGW and the MME are a subset of the procedures needed on the S1-UPE interface, eg tunnel movement. 
2.1 Initial Attach

The main reason for the use of S11 interface for initial attach was to provide user-plane encryption keys to the UPE. With user-plane encryption at the eNB, there is not reason for the MME to signal to the UPE via the S11 interface the UPE keys. The bearer-setup can be performed by the eNB instead. The original and the modified procedures for intial attach are shown below.
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 Note: The NAS ciphering algorithm can be negotiated during Authentication procedure, the UP ciphering algorithm can be negotiated during bearer establishment procedure. The details of the UP ciphering algorithm negotiation are FFS.

Figure 2: Alternative C [TR23.882 v1.6.1]
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Figure 3: Modification of Alternative C with no S11 signalling.
2.2 State transition

With MME doing DL-IMPT termination, the SAE-GW is not aware of the state of the UE. Hence, there is no S11 signaling between the MME and the SAEGW. 

In case the DL buffering occurs at MME, when a UE transitions from active to idle state, the MME behaves as a “pseudo-NB” and moves the tunnel from the eNB to itself. Then when the UE transitions to active at a target eNB, the target eNB moves the tunnel over to itself, for intra-LTE cases. In these cases, the UPE behaves as if mobility occurred from source eNB->MME->target eNB. That is, no additional logic for UPE to handle active/idle mode transitions is needed. To the UPE, this is a generic tunnel movement as if due to mobility.

When a UE moves to idle mode, the eNodeB informs the MME about this transition. The MME, in turn, will trigger a user plane route update to the UPE so that the user plane tunnel for this idle mode UE terminates at the MME. Though this is a new procedure for the MME, the MME appears to be a “pseudo-eNB” to the UPE and uses the standard S1-UPE interface for moving the tunnel over to itself. 
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Figure 4. LTE_ACTIVE to LTE_IDLE transition

2.3 Paging

Since DL packet is buffered in the MME, there is no need for the SAE-GW to request the MME to page the UE. 
Figure 5 shows the different steps involved in call setup when DL packet arrives at the MME for idle-mode UE. Note that in step 1, the downlink data for an idle mode UE is sent to the MME through the UPE/SAEGW. As soon as the MME sends the UE context to the eNodeB in step 7, it can also forward the buffered data to the eNodeB as shown in step 9. User plane data transmission in step 13 can occur immediately after radio bearer setup using the data forwarded by the MME.  
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Figure 5: Downlink packet arrival in idle-mode.
2.4 Load-balancing

With enabling the separation of MME and UPE and existence of MME pools and UPE pools, load balancing between UPEs in a UPE pool or MME within MME pools will not require any signaling between the MME and UPE.. 
2.5 Keep-alive

The reason for the keep-alive was for the MME to keep track of the UPE-state. The normal S1-UPE interface keep-alive mechanisms can be used between the MME and the SAE-GW.

2.6 RAU

The reson for the MME to inform the SAE-GW on routing area update (RAU) is for charging purposes (area-based charging), CDR generation etc. This functionality may still be needed since SAE-GW is responsible for generating CDRs. However, this is PCC related functionality and could use Diameter .
2.7 Inter UPE Handover

The procedure in TR 23.882 (H.8.2) shows the requirement of signaling between the MME and UPE when inter-eNB change results in a change of UPE. Figure 6 shows the alternate procedure in which there is not need for MME to UPE interface to perform inter-UPE handoff.
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Figure 6: Modified procedure with no MME/UPE interaction required.
1)
The IP bearer service is established between the UE and the SAEGW via the UPE1

2)
The eNB1 decides to initiates a handover to eNB2

3)
The eNB1 sends a Handover Required to the MME1.

4)
The MME1 selects a MME2 serving the eNB2 the UE is going to use and sends it a Handover Preparation Request, including the UE context information.

5)
The MME2 creates a UE context and sends Handover Preparation Request to eNB2 including the address of  UPE2. The eNB2 sends a Handover Preparation Confirm to the MME2. 

6)
The MME2 sends a Handover Preparation Confirm to the MME1. 

7)
The MME1 sends a Handover Command to the UE.

8)
The UE is detected at the eNB2 and the radio bearer is setup.

9) The eNB2 does route update to UPE2. It also provides UPE2 with the address of UPE1 for doing inter-UPE context transfer.

11)
The UPE2 does a route update with the SAEGW.

12) UPE2 request context from UPE1.

13)
eNB2 sends a Handover Complete to the MME2. MME2 sends Handover Complete to MME1.
14)
The resource in the source system is released.
15) IP Bearer service is now established between the UE and the IASA via UPE2.

2.8 Handover from 2G/3G

The procedure for handoff from 2G/3G to LTE is shown below (adapted from Annex H.5) for handoff from 2G/3G to LTE. Due to the presence of the S3 interface from the SGSN and the S4 interface between SAEGW and SGSN, there is no need for signaling between the MME and SAEGW.
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Figure 7: Modified procedure with no MME/UPE interaction required for handover from 2G/3G to LTE.

3 Other Considerations
In the previous section we have shown that with user-plane encryption at the eNB and DL-IMPT in the MME, the number of interfaces for LTE architecture can be reduced – no S11 interface required. In this section, we provide an overview of some other considerations for the decision of placing DL-IMPT in MME or in the SAE-GW. The two key considerations to be taken into account are:

1. Idle-mode buffer sizing

2. Idle-active latency
3. Re-usability of SAEGW across access-networks

3.1 Idle-mode Buffer Sizing

If DL-IMPT is at the MME, the MME would require buffer for all idle-mode. However, the buffering is only for idle-mode during which very few packets arrive. Once, the UE has been paged, the tunnel moves to the eNB at which the UE responds.  No issue with sizing buffers: expected amount of buffering is very small compared to memory available at MME platform blades (order of several GB per blade).
If DL-IMPT is at the UPE/GW, All buffering at SAEGW would have to be done at the control blades in the chassis. Typically only a few control blades, most blades are bearer-processing blades. So buffer sizing might be an issue (but maybe not severe).

On this topic the difference between having DL-IMPT at the MME or the SAEGW is minor.

3.2 Idle-active latency

If DL-IMPT is at the MME, then when UE responds to page, the user-plane tunnel will need to be moved from the MME to the eNB at which the UE responds. But buffered packets at the MME can be transported to the eNB in the “Radio bearer request setup message”. If the DL-IMPT is at the SAEGW, the user-plane tunnel is setup directly between the eNB and UPE and packets are forwarded to the eNB.  

The difference in latency between these two cases is again minor.

3.3 Re-usability of SAEGW across access networks

The key functionality of SAEGW is to do user-plane functionality such as packet-switching and tunneling/de-tunneling. Idle-mode management and DL_IMPT is not functionality that is found in non-cellular technologies. Also within cellular technologies 3GPP and 3GPP2, the details of the context states to be transferred from the SAEGW to MME and the paging-request/response messages are access-specific. By moving DL-IMPT to the MME, the SAEGW can be kept as a generic IP Router box and not require to keep track of UE’s idle/active state. However if DL-IMPT is at the SAEGW, then to keep the SAE-GW to be assess-independent becomes more complicated.
4 Does having DL-IMPT in MME make MME a user-plane node?

One major objection that is brought up about performing DL-IMPT in the MME is that doing so makes the MME having to support user-plane functionality. If one considers the functionality that the MME has to support if DL-IMPT is at the MME are:
1. Tunnel movement from eNB to itself when UE goes from active-to-idle or idle-to-active: support tunnel movement part of S1-U interface and UE context transfer from eNB to itself (subset of X2 interface). Also support tunnel movement on the interface to the SAEGW.
2. Packet buffering when DL packets arrive for idle-mode UE.

Neither of these functions are core user-plane functionality that require the MME to support anything more than transaction/signaling support which is key function of MME. In particular the MME does not need to support high-speed packet-per-second switching capability that is a key part of the SAEGW. Also, typical router-platforms on which the SAEGW is based on do not perform packet buffering functionality and off-loading this function from the SAEGW would reduce cost of SAEGW.

5 Conclusions

In this contribution, we show that in addition with moving PDCP down to eNB, with downlink idle-mode packet termination in MME, has the potential of simplifying the interfaces between the MME and SAE-GW in LTE. This would also significantly reduce the specification time for LTE and also make the SAEGW access-agnostic.
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