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When the MME chooses not to buffer the DL data, then the solution provides that the MME remembers that the SCEF has DL data to send and:

· If the MME knows when the UE will wake up, then:

· The MME tells the SCEF when to retransmit the DL data
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When the MME has congested, the MME can send the DL retransmission time to the SCEF for back-off.

The procedure for managing the T6a connection at mobility (TAU) is modified to make sure the SCEF discards information from the old MME, including timers, and restarts non-IP data delivery at the new MME.
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4.5.14
Non-IP Data Delivery (NIDD)

Functions for NIDD may be used to handle mobile originated (MO) and mobile terminated (MT) communication with UEs, where the packets used for the communication are considered unstructured from the EPS standpoint (which we refer to also as Non-IP). The support of Non-IP data is part of the CIoT EPS optimizations. The Non-IP data delivery to SCS/AS is accomplished by one of two mechanisms:

-
Delivery using SCEF;

-
Delivery using a Point-to-Point (PtP) SGi tunnel.

The delivery using a Point-to-Point (PtP) SGi tunnel is further described in TS 23.401 [7].

NIDD via the SCEF is handled using a PDN connection to the SCEF. The UE may obtain a Non-IP PDN connection to the SCEF either during the Attach procedure (see TS 23.401 [7] clause 5.3.2.1) or via UE requested PDN connectivity (see TS 23.401 [7] clause 5.10.2).

NOTE 1:
The UE is not made aware that a particular Non-IP PDN connection is provided via SCEF or via PGW. However, the network informs the UE whether a particular Non-IP PDN connection uses Control plane CIoT Optimization (see TS 23.401 [7]).

An association between the SCS/AS and the SCEF needs to be established to enable transfer of non-IP data between the UE and the SCS/AS.

NOTE 2:
How and when the association between the SCS/AS and the SCEF is established is outside the scope of this specification. However, this specification does show the steps to do so but for informative purposes only.

NIDD via SCEF uses the User Identity to identify which UE a particular T6a connection belong to. The User Identity includes the user's IMSI, and/or user's MSISDN. Based on the criteria such as operator configuration, roaming agreements, SLA, SCEF configurations etc, the MME decides on which User Identity to include during T6a Connection Establishment (see clause 5.13.1). If MME decides to send the IMSI, it shall not be used on the interface between SCEF and SCS/AS. In order to perform NIDD configuration or to send or receive NIDD data, the SCS/AS shall use MSISDN or External Identifier to identify the user.
An MME may be configured to support buffering of Non-IP data for a given PDN connection to the SCEF.
NOTE 3:
The parameters associated with buffering of such Non-IP are out of the scope of 3GPP specification. 
*** START of CHANGES *** APPROACH 1***

5.13.3
Mobile Terminated NIDD procedure

Figure 5.13.3-1 illustrates the procedure using which the SCS/AS sends non-IP data to a given user as identified via External Identifier or MSISDN. This procedure assumes that procedures in clause 5.13.1 is completed. The procedure illustrates immediate delivery upon request, delayed delivery at a specified retransmit time, and delayed delivery upon notification of UE availability.
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Figure 5.13.3-1: Mobile Terminated NIDD procedure

NOTE 1:
The interactions with the SCS/AS are outside the scope of 3GPP and are shown for informative purposes only.

1.
If SCS/AS has already activated the NIDD service for a given UE, and has downlink non-IP data to send to the UE, the SCS/AS sends a NIDD Submit Request (External Identifier or MSISDN, SCS/AS Reference ID, non-IP data) message to the SCEF.

2.
If a valid SCEF EPS bearer context corresponding to the External Identifier or MSISDN included in step 1 is found, then the SCEF checks whether the SCS/AS is authorised to send NIDD requests and that the SCS has not exceeded its quota (e.g. 200 bytes in 24hrs) or rate (e.g. 10 bytes / hour) of data submission. If this check fails, the SCEF sends a NIDD Response with a cause value indicating the reason for the failure condition and the flow stops at this step. Otherwise, the flow continues with step 3.


If no valid SCEF EPS bearer context is found, then the SCEF, depending on configuration, may either:

-
send a NIDD response with appropriate error cause value. The flow stops at this step; or
-
perform device triggering towards the UE (using T4 SMS trigger, refer to clause 5.2.2) to establish a Non-IP PDN connection towards the SCEF. In this case, step 6 with an appropriate cause value is executed; or

-
accept the NIDD Submit Request, and execute step 6 with an appropriate cause value, and wait for the UE to perform a procedure (see TS 23.401 [7]) causing the establishment of a PDN connection to the SCEF (see clause 5.13.1.2).

NOTE 2:
The duration for which the SCEF may wait for establishment of a PDN connection to the SCEF for the given UE is implementation dependent.

3.
If a valid SCEF EPS bearer context corresponding to the External Identifier or MSISDN included in step 1 is found, then the SCEF sends a NIDD Submit Request (User Identity, EPS Bearer ID, SCEF ID, non-IP data, SCEF Wait Time) message toward the MME. 
The SCEF Wait Time indicates how long of a delivery delay the SCEF can tolerate before the should MME drop the message and indicate delivery failure to the SCEF.

If the IWK-SCEF receives a NIDD Submit Request message from the SCEF, it relays the message to the MME.

4.
If the MME can deliver the non-IP data to the UE within the SCEF Wait Time, the MME waits until the UE is available, delivers the non-IP data to the UE, and goes to step 5. 

If 
-
the MME cannot deliver the non-IP data to the UE within the SCEF Wait Time (e.g. due to an expected time when the UE will be available that is greater than the SCEF Wait Time), or 
-
the MME is not configured to store the non-IP data until the expiry of the SCEF Wait Time, or 
-
the SCEF Wait Time expires before the UE becomes available (e.g. due to PSM
), or 
-
the MME cannot deliver the non-IP data to the UE regardless of UE availability (e.g. due to congestion), 
then the MME discards the non-IP data, stores an indication that the SCEF has non-IP data pending for the UE, and skips steps 5-6.
5.
The MME sends a NIDD Submit Response (successful delivery) message toward the SCEF to indicate successful delivery of the non-IP data. 
NOTE 3:
The successful result only indicates that the UE has become available, and the non-IP data has been sent to EUTRAN within NAS signalling for delivery to the UE.
6.
The SCEF may send a NIDD Response to the SCS/AS informing of the successful delivery. The flow stops at this point.
7.
The MME sends a NIDD Submit Response (DL Retransmit Time, delivery failure) to the SCEF.  Inclusion of the DL Retransmit Time indicates the time when the UE is expected to be available. The delivery failure indication in this message indicates to the SCEF that the non-IP data has not been delivered and MME bufferes have been cleared. If the DL Retransmit Time is not included in this message e.g. when UE uses PSM, this is an indication to the SCEF that the MME will notify the SCEF when the UE is available. If the DL Retransmit Time is included in this message e.g. when UE uses eDRX, this is an indication to the SCEF that SCEF shall retransmit the DL data at that time and an indication that the MME will notify the SCEF if the UE becomes available prior to expiry of the DL Retransmit Time. 

8.
The SCEF may send a NIDD Response to the SCS/AS informing of the delayed delivery and, if the DL Retransmit Time is provided by the MME, the expected delivery time
.
9,
If the UE becomes available, the MME checks whether it has an indication that the SCEF has non-IP data pending for the UE. If such an indication exists, the MME sends a NIDD Submit Indication to the SCEF to notify the SCEF that the UE has become available, and the MME deletes the indication that the SCEF has non-IP data pending for the UE. The MME also deletes the indication if the MME has sent a DL Retransmit Time to the SCEF and that time has expired.

When the MME sends a NIDD Submit Indication message to the SCEF, the MME should take actions to keep the UE available for a long enough period (implementation dependent) to allow a subsequent NIDD Submit Request message from the SCEF to arrive at the MME.
10.
At the expiration of DL Retransmit Time or if the SCEF has received a NIDD Submit Indication from the MME, the SCEF, sends a NIDD Submit Request (User Identity, EPS Bearer ID, SCEF ID, non-IP data, SCEF Wait Time) message toward the MME to reattempt delivery of the non-IP data. 
NOTE 4:
The SCEF can restrict the number of delivery attempts of non-IP data towards the MME before discarding the buffered data.
11.
If the MME can deliver the non-IP data to the UE within the SCEF Wait Time, the MME delivers the non-IP data to the UE; otherwise, this flow is continued at step 7.

12.
The MME sends a NIDD Submit Response message toward the SCEF to indicate successful delivery of the non-IP data. 

13.
The SCEF may send a NIDD Response to the SCS/AS informing of the successful delivery. 





*** START of CHANGES *** APPROACH 2 ***

5.13.3
Mobile Terminated NIDD procedure

Figure 5.13.3-1 illustrates the procedure using which the SCS/AS sends non-IP data to a given user as identified via External Identifier or MSISDN. This procedure assumes that procedures in clause 5.13.1 is completed. 
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Figure 5.13.3-1: Mobile Terminated NIDD procedure

NOTE 1:
The interactions with the SCS/AS (e.g. steps 1 and 6) are outside the scope of 3GPP and are shown for informative purposes only.

1.
If SCS/AS has already activated the NIDD service for a given UE, and has downlink non-IP data to send to the UE, the SCS/AS sends a NIDD Submit Request (External Identifier or MSISDN, SCS/AS Reference ID, non-IP data) message to the SCEF.

2.
If a valid SCEF EPS bearer context corresponding to the External Identifier or MSISDN included in step 1 is found, then the SCEF checks whether the SCS/AS is authorised to send NIDD requests and that the SCS has not exceeded its quota (e.g. 200 bytes in 24hrs) or rate (e.g. 10 bytes / hour) of data submission. If this check fails, the SCEF sends a NIDD Response with a cause value indicating the reason for the failure condition and the flow stops at this step. Otherwise, the flow continues with step 3.


If no valid SCEF EPS bearer context is found, then the SCEF, depending on configuration, may either:

-
send a NIDD response with appropriate error cause value. The flow stops at this step; Or

-
perform device triggering towards the UE (using T4 SMS trigger, refer to clause 5.2.2) to establish a Non-IP PDN connection towards the SCEF. In this case, step 6 with an appropriate cause value is executed; or

-
accept the NIDD Submit Request, and execute step 6 with an appropriate cause value, and wait for the UE to perform a procedure (see TS 23.401 [7]) causing the establishment of a PDN connection to the SCEF (see clause 5.13.1.2).

NOTE 2:
The duration for which the SCEF may wait for establishment of a PDN connection to the SCEF for the given UE is implementation dependent.

3.
If a valid SCEF EPS bearer context corresponding to the External Identifier or MSISDN included in step 1 is found, then the SCEF sends a NIDD Submit Request (User Identity, EPS Bearer ID, SCEF ID, non-IP data) message toward the MME. The SCEF (or IWK-SCEF if in the path) buffers the received non-IP data. The SCEF/IWK-SCEF sends a NIDD Submit Request message with a copy of the non-IP data to the MME.

If the IWK-SCEF receives a NIDD Submit Request message from the SCEF, it buffers the non-IP data and relays the message to the MME. 

4.
If the MME can immediately deliver the non-IP data to the UE, the procedure proceeds at step 8. 

If the UE is in a power saving state and the MME cannot immediately page and/or deliver the data to the UE, the MME sends a NIDD Submit Response (DL Buffering Duration Time, NIDD Retransmission Time) message to the SCEF/IWK-SCEF to indicate that data was not delivered to the UE. The DL Buffering Duration Time is set by MME to the time remaining until MME will deactivate the UE (e.g. the sum of the mobile reachability timer and the Implicit Detach timer). The NIDD Retransmission Time is optional and should be set when the UE uses eDRX to just before the next paging occasion.     
The MME stores a new value for the DL SCEF Buffer Expiration Time in the MM context for the UE based on the DL Buffering Duration Time. 
The MME may also buffer the received non-IP data for immediate delivery when data can be sent to the device.   
NOTE: 
Since the SCEF/IWK.-SCEF will not send any additional NIDD Submit Requests while the DL Data Buffer Expiration Time is running (but just add it to its buffer), the MME will in effect only buffer the first non-IP data to be delivered.   
The SCEF/IWK-SCEF that receives a DL Buffering Duration Time in a NIDD Submit Response message stores a new value for the DL Data Buffer Expiration Time based on the DL Buffering Duration Time and does not send any additional NIDD Submit Requests if subsequent NIDD Submit Requests are received in the SCEF/IWK-SCEF before the DL Data Buffer Expiration Time has expired for the UE. 

If it was the IWK-SCEF that received the NIDD Submit Response from the MME, it sends a NIDD Submit Response (DL Buffering Duration Time ) message to the SCEF indicating that data was not yet delivered to the UE and that data has been buffered and a new delivery will be attempted  when the device becomes reachable i.e. within the ‘DL Buffering Duration Time’..  

5.
The SCEF may send a NIDD Response to the SCS/AS informing of the delayed delivery and the latest time for expected delivery.

6.
When the UE signals to the MME for periodic TAU (e.g. when PSM is used), for sending MO data or other signalling event, the MME sends a NIDD Submit Indication to the SCEF/IWK-SCEF. If the MME had non-IP data buffered and has already delivered this to the UE, MME indicates what data has been delivered to the SCEF/IWK-SCEF. 
7.
The SCEF/IWK-SCEF sends the buffered data in a NIDD Submit Request message to the MME when the SCEF/IWK-SCEF receives a NIDD Submit Indication (step 6) or when the NIDD Retransmission Time expires (received in the NIDD Submit Response in step 4). If SCEF/IWK-SCEF has no more buffered data, this is indicated in the NIDD Submit Request to the MME.   

8.
The MME pages the UE if necessary and delivers the non-IP data to the UE using data transfer via the MME procedure as described in clause 5.3.4B.3 of TS 23.401 [7]. Depending on operator configuration, the SCEF/IWK-SCEF may generate the necessary accounting information required for charging. 
NOTE 3:
If the UE didn’t respond to paging, the MME may repeat from step 4.
9.
The MME confirms the result towards the SCEF/IWK-SCEF. The buffer  in the SCEF/IWK-SCEF is cleared. The IWK-SCEF may perform charging procedures for the NIDD delivery.


10.
The SCEF confirms the transfer towards the SCS/AS.
NOTE 4:
If the DL Data Buffer Expiration Time expires in the SCEF/IWK-SCEF, the buffer is cleared and the SCS/AS is notified about the delivery failure.  

NOTE 5:
From MME point of view, the peer node on the T6a interface handles the buffering. That is, the SCEF in the non-roaming case and the IWK-SCEF when used in the roaming case.. 
*** END of CHANGES***

*** NEXT CHANGE***

5.13.6
Serving node relocation procedure over T6a

5.13.6.1
General

Mobility may happen with respect to a non-IP PDN connection via the SCEF as a result of a TAU procedure. The following procedures apply:

-
Successful TAU on a new MME,

-
Failed TAU.

5.13.6.2
Successful TAU procedure with T6a

The procedure in Figure 5.13.6.2-1 applies when a T6a PDN connection exists for a UE that executes a successful TAU procedure to a new MME.
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Figure 5.13.6.2-1: T6a and successful TAU procedure

1.
UE performs a successful TAU procedure (see TS 23.401 [7]) and the new MME receives subscription information for a non-IP PDN connection to an APN that is associated with an "Invoke SCEF Selection" indicator and an associated SCEF ID.

2.
If the subscription information corresponding to either the default APN for PDN type of "Non-IP" or the UE requested APN includes "Invoke SCEF Selection" indicator, then the new MME shall create a PDN connection to the SCEF or to the IWK-SCEF, using the already allocated EBI. As for the "T6a Connection Establishment Procedure", clause 5.13.1.2, the new MME does so by sending an Update Serving Node Information Request (User Identity, EPS Bearer Identity, SCEF ID, APN) message towards the SCEF.

NOTE 1:
The details of T6a interactions are left to Stage 3.
NOTE X:
Any data buffered in the old MME (see clause 5.13.3) is not transferred to the new MME.

If the IWK-SCEF receives the Update Serving Node Information Request message from the MME, it shall forward it to the SCEF.

3.
The SCEF creates an SCEF EPS Bearer Context (see clause 5.3.2) for the user identified via User Identity. The SCEF sends Update Serving Node Information Response (User Identity, EPS Bearer Identity, Cause, NIDD Charging ID) message toward the MME confirming establishment of the PDN connection to the SCEF for the UE. If the IWK-SCEF receives the Update Serving Node Information Response message from the SCEF, it shall forward it to the MME.

If the SCEF has any stored non-IP data retransmit timers from the old MME, those timers shall be deleted.

If the SCEF has any stored indications from the old MME that the MME will notify the SCEF when the UE is available, the SCEF shall delete those indications.

NOTE 2:
The details of T6a interactions are left to Stage 3.
*** END of CHANGES***

�Overload handling should be specified separately


�This is not re-entrant. What happens for example  with clashing SCEF wait times when additional data arrives. 


Result is unsynchronized timers between MME and SCEF 


�Not using IWK-SCEF for buffering has implications in roaming situations. 


Due to delays over roaming interfaces, the frequency of missed delivery attempts may go high, resulting in a bad service quality  


�The SCEF Wait time is set by SCEF. SCEF has no knowledge how long time the UE will sleeping. 


Therefore unless the wait time is set to an extremely high value, there will be unnecessary signalling for retries.





In addition there may be time intervals without any data buffered in the MME. This immediate delivery that was the intention with MME buffering is then not possible





A timer that needs to be set an extreme high value for good functioning ... that seems to imply that the solution should have been made differently 


�Overloads handling should be specified separately 


�The implication is that the SCS/AS will only know the time it will take to deliver the data if eDRX is used. 


When PSM is used the expected delivery time will  never be communicated to the SCS/AS
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