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Abstract of the contribution: This paper is proposing to update Solution 2 especially regarding to mobility procedures.
1 Discussion

In solution 2 “DL data buffering in SGW” on Scenario A, there is an editor’s note as below.
Editor's Note: the following topic here below is for further study: buffered packets forwarding at SGW relocation
For devices applying Power Saving Function (i.e. PSM, extended DRX), the period of waiting actual data transmission will be from several minutes to several hours so the buffering period of the data in S-GW is also similar. Therefore the possibility of mobility event happens while in waiting for the UE’s activity (e.g. TAU/Mobile originated Service Request/Paging Occasion) is quite high. So, inter-MME TAU procedure such as MME relocation case and/or S-GW relocation should be considered to make more reliable solution.
At present, “Solution 2” cares the S-GW relocation case to cover “Forwarding of buffered data to new S-GW” based on old MME request. While the UE performs Tracking Area update procedure, new eNB may select new MME and the new MME may select new S-GW. Therefore the decision of forwarding of buffered data should be done by new MME. Forwarding data from the old S-GW to the new S-GW is already existing method for S1 based handover “Indirect data forwarding”. However, “Solution 2” does not capture the Tracking Area Update without S-GW change”. So this paper tries to cover MME relocation case without SGW change. Also it is corrected the SGW change case that old MME indicates whether buffered data exists, and new MME indicates “DL data forwarding required” to new SGW. 
Proposal: It is proposed to capture the following update to HLcom TR.23.709
2 Proposal
5.2
Solution 2: DL data buffering in SGW

5.2.1
Description

This solution is an optimization for Scenario A (clause 4.1).

This solution is valid e.g. to cater for congestion situations, for temporary loss of coverage, or for UE's in a power saving state in ECM-IDLE like PSM or eDRX.

For cases where the expected temporary unavailability for DL data reachability is compatible with the application layer and transport protocols delay tolerance, it may be worthwhile to buffer DL data in the SGW so that when the UE is available again, the data can be immediately delivered. 

NOTE: 
How the network decides or knows the delay tolerance of application layer and/or transport protocols is not covered in this procedure. Examples of how the network could base its decision to enable this solution are: use of a specific APN, subscription information, configuration, etc. 

The solution is based on the MME/SGSN deciding to allow packets to be buffered for up to a certain maximum amount of time T in the SGW. This maximum amount of time T may be related e.g. to an assumed delay tolerance to temporary loss of reachability (if it is not too long compared to the protocol used for triggering characteristic delay tolerance), to an extended DRX timer or to a Periodic TAU/RAU timer (e.g. for PSM when this is geared to some not too long time with no reachability, e.g. in the order of e-DRX timers or a bit longer). It is in general assumed that this time is not too long.

Editor’s note: It is FFS whether it is useful and if the MME can help the SGW to decide how many packets it makes sense to store for a UE, i.e. a recommendation of the number of DL packets a SGW should attempt to store for a UE, by sending to the SGW some additional information.

The MME/SGSN, when it receives a DDN, would check whether this optimization for HL communications is applicable. If so, it would immediately return a DDN ACK with the request to store packets for up to a DL buffering time T. The SGW then buffers the DL packet(s) and waits to be triggered at a subsequent time to establish the S1-U/S12/Iu bearers for the UE, or if time T has elapsed, the SGW may at any time discard all buffered packets. Whilst there are packets in the buffer or the timer T is running, the SGW does not issue any additional DDN upon receiving any additional DL packet for the same UE. And if more than a SGW decided amount of packets are received, the SGW also starts discarding packets. Figure 5.x.1-1 illustrates the mechanism, with an application on the network side sending a downlink packet in the user plane. 
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Figure 5.2.1‑1
0. The solution applies when the UE is in ECM-IDLE and is potentially temporarily unavailable, e.g., the UE is in PSM, or extended idle mode DRX. 

1. The S-GW receives a DL packet for the UE from the P-GW.

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

3. The MME detects the UE for which it received the DDN is in a power saving state or may be temporarily unreachable, e.g. it is in PSM or idle mode with extended DRX cycle, and decides to instruct the S-GW to temporarily buffer the DL packet. 

4. The MME sends a DDN Ack with new message cause "DL buffering Requested ", a “DL Buffering duration T”, and "Additional parameters" which may assist the SGW to handle buffering of DL packets more accurately .  The "DL Buffering duration T" which is stored in the MM context should be set as follows:

a. In case of extended DRX, it is a value no shorter than the extended DRX cycle.

b. In case of PSM, it is a value no shorter than the time remaining for the next expected periodic TAU from the UE.

Editor's Note: the need of the "additional parameters" is FFS

5. The S-GW then attempt to store up to a certain amount of DL packets, and starts timer T for this device. 

Editor's Note: the need for the MME to control the amount of packets to buffer in the SGW is FFS

6. 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, the MME pages the UE, and when the UE replies to paging by initiating service request procedure (potentially after some prolonged time), the bearers are established following normal procedures as described in TS 23.401clause 5.3.4. 

b.
In the case of PSM, when the UE initiates periodic TAU (TS 23.401 clause 5.3.3), or service request due to MO data (TS 23.401 clause 5.3.4). The MME establishes the E-RABs if the UE initiates a TAU procedure after passing the new message cause " DL buffering Requested", "in step 4 to the SGW. 

In both cases, the UE may initiate TAU procedure with S-GW relocation. That case is covered is Figure 5.x.1-2.

7. When the S-GW receives the modify bearer request from the MME (during either service request procedure or TAU procedure), if time T is still running,  it stops the timer T, and delivers the buffered DL packet(s).

8. Bi-directional data communication is possible. 

The value T may be selected based on subscriber requirements or vertical application requirements. Subscriber requirements or vertical application requirements may also drive the PSM state duration or the eDRX duration. If neither PSM nor eDRX were used, then the value T may be linked to a delay tolerance by applications only (e.g. due to temporary loss of coverage).

Editor's Note: the following topic here below is for further study: buffered packets forwarding at SGW relocation

Upon TAU/RAU, a MME/SGSN change and/or a SGW change could happen. It is to be studied how to old MME indicates to new MME the existence of buffered data in S-GW and also, whether the packets buffered in the old SGW should be forwarded to the new SGW if SGW relocation is required.

The inter-MME TAU procedure with S-GW change is depicted in Figure 5.2.1-2, whereby: 
-
the old MME/SGSN indicates to the new MME/SGSN whether DL buffered data exists in SGW (Step 5); 
-
if the new MME/SGSN determines to relocate the SGW, the new MME/SGSN requests the new SGW to assign a temporary IP address and TEID for data forwarding (step 7) if possible. Also, the new MME/SGSN should remember the need of user plane setup procedure should be activated in conjunction with the TAU Accept message; 

-
this addressing information for DL data forwarding is then provided to the new MME/SGSN and to the old SGW through the old MME/SGSN (steps 10, 11, 18). Correspondingly, sending Context Acknowledge message is deferred by the new MME/SGSN until receiving Create Session Request message with new SGW addressing information from the new SGW; 

-
the new MME/SGSN performs user plane setup procedure in conjunction with the TAU Accept message (step 20).
-
the old SGW forwards the buffered DL packets and then send End Marker packets to indicate no more data will be forwarded (Step 22).
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Figure 5.2.1‑2
Also, the inter-MME TAU procedure without SGW relocation is depicted in Figure 5.2.1-x, whereby: 
-
the old MME/SGSN indicates to the new MME/SGSN whether DL buffered data exists in SGW (Step 5);
-
if no SGW relocation is required, the new MME/SGSN should remember the need of user plane setup procedure should be activated in conjunction with the TAU Accept message (step 7);
-
the new MME/SGSN performs user plane setup procedure in conjunction with the TAU Accept message (step 20).
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Figure 5.2.1‑x
5.2.2 
Impacts on existing nodes and functionality

Impact is on the:

MME/SGSN:

· Decide to instruct S-GW to buffer DL data based on detecting the UE is in a power saving state or may be temporarily unreachable  and that buffering applies.

· Signalling impact in DDN Ack. 

· Establish E-RABs if UE performs TAU if message cause "DL buffered Data" was received from old MME/SGSN.

SGW: 

· Handle buffering based on MME/SGSN control.
· Support DL forwarding procedure (e.g. allocating IP address and TEID)
· Signalling impact in DDN Ack.  

Editor’s note: The list of impacts may not yet be complete.

5.2.3
Evaluation
3GPP
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