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Abstract of the contribution: Proposes a potential solution for temporarily storing mobile terminated data in the S-GW when a UE in idle mode is not immediately reachable.  
*** First Change ***
5.x
Solution x: Buffering downlink data in S-GW for UEs not immediately reachable
This solution relates to Scenario x “Downlink packet transmission to UE applying power saving function” in clause 4.x.

5.x.1
Description

As described in the scenario, it is observed that the current system has the following behavior:

· When downlink data is sent to a UE that is in ECM-IDLE mode, at least one IP packet is buffered in the SGW and the UE is paged. When the UE responds to the paging, the buffered IP packets are transmitted to the UE.

With power saving techniques for MTC being either already standardized (PSM) and/or under study in Rel-13 (extended DRX), the current S-GW behavior would increase the number of S-GW packets dropped in the core network. 

There are two scenarios to consider for devices applying power saving techniques:  

Scenario 1: Power Saving Mode, the MME regards the UE as unreachable and does not page the device. 

· With current behavior. The MME rejects the DDN request from the S-GW, and the S-GW discards the downlink packet immediately.

· The MME also knows approximately the maximum time before the UE becomes reachable again, since it knows the last periodic TAU timer value and the last transmission from ECM-CONNECTED to ECM-IDLE.

NOTE: The UE may become reachable before this maximum time, due to e.g. UE having MO data.

Scenario 2: The UE is reachable and paged by MME, but paging + service request procedure takes a long time. This is the case of extended idle mode DRX and potentially for low cost devices in bad coverage.

· With current behavior, if paging + service request procedure takes a long time, the timer in the S-GW will expire and the downlink packet will be dropped. For the case of extended idle mode DRX, the probability of dropped packets in the S-GW increases with increasing length of the idle mode DRX cycle.
This solution proposes that:

· When S-GW receives a DL packet for a UE in ECM-IDLE mode and sends DDN to MME, the MME replies to S-GW that the UE may be unreachable for up to a certain amount time. The MME also provides an expected maximum time before the UE becomes available.
· The S-GW then buffers the DL packet based on the MME indication, and up to the maximum amount of time provided by the MME. If the UE transitions to ECM-CONNECTED and bearers are established, the S-GW delivers the DL packet. If the timer expires in the S-GW, then the S-GW discards the packet.
The behavior is slightly different in the MME for the scenario 1 and 2:
· For scenario 1: 
1. When the UE is in PSM and the MME receives a DDN, then the MME can provide the S-GW with an expected maximum time before UE becomes available that is equal or larger than the time remaining before the next periodic TAU from the UE is due. 
2. The MME then needs to remember to set up the E-RABs at the next periodic TAU. 
· For scenario 2: 
1. When the S-GW sends the DDN to the MME, the MME can start paging procedure, but needs to indicate to S-GW that the service request procedure may take some time. For the case of eDRX, the MME can provide the S-GW with a value slightly larger than the idle mode DRX cycle. 
2. When the UE responds to paging with service request procedure, the UE transitions to ECM-CONNECTED and the bearers are established. 
It is to be noted that the S-GW behavior is the same whether the UE is applying PSM or extended idle mode DRX. 
Given that the MME and S-GW are impacted, and particularly given the increased amount of storage capacity in the S-GW, this solution may be used with dedicated Core Network elements that are dimensioned for the use case of devices that may not be immediately reachable. 

NOTE: One possible deployment option is to use this feature in conjunction with DÉCOR.

Figure 5.x-1 shows the call flow for both scenarios: 
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1. The UE negotiates via NAS with the MME a power saving solution like PSM or eDRX.
2. The UE enters ECM-IDLE mode. 

3. The S-GW receives a DL packet for the UE form the P-GW

4. The S-GW sends DDN to MME and starts local timer, as per current Rel-12 specifications.

5. The MME detects the UE for which it received the DDN is in PSM or idle mode with extended DRX cycle. 

6. The ME sends a DDN response with a maximum storage time. The maximum storage time provided by the MME should be:

a. In case of extended DRX, a (slightly) larger value than the extended DRX cycle.

b. In case of PSM, a (slightly) larger value than the time remaining for the next expected periodic TAU from the UE.

The S-GW then stores the DL packet, and starts a maximum storage timer for this device. 

Editor’s note: It is FFS whether the DDN response is a new message, or the DDN reject with new cause and values.

7. The MME establishes the E-RABs by performing Initial context setup procedure the next time the UE initiates a NAS procedure, e.g.: 

a. In the case of extended DRX, when the UE replies to paging by initiating service request procedure.  
b. In the case of PSM, when the UE initiates periodic TAU, or service request due to MO data.

8. Once E-RABs are established between UE and eNB, the MME performs Modify bearer procedure towards S-GW. 

9. When the S-GW receives the modify bearer request from the MME, it stops the timer, and delivers the DL packet.
If the maximum storage timer expires in the S-GW, the S-GW discards the DL packet.
5.x.2 
Impacts on existing nodes and functionality

S-GW:

-
Support of new DDN response.

-
Store a DL packet for a certain period of time based on MME DDN response.

Editor’s note: This list may still not be complete.

MME:

-
Support of new DDN response.

-
Compute maximum storage time to be provided to S-GW.

-
In case of PSM, remember to set-up E-RABs at next TAU.

Editor’s note: This list may still not be complete.

5.x.3
Evaluation

*** End of Changes ***
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