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Abstract of the contribution: This paper proposes to use the same message flow in clause 5.3.4B.2 regardless of EDT session indication received or not.
1 Introduction

In SA2#127bis, S2-185713 introduced Early Data Transmission in clause 5.3.4B.2 of TS 23.401 and the change has been reflected in TS 23.401 v15.4.0.
In SA2#128, S2-187595 attempted to make clarification on the above clause and it was postponed to allow more time to discuss.
2 Discussion
2.1 Release Assistance Information from UE to MME, Early Data Transmission in S1AP to MME and End Indication in S1AP to eNB

Per TS 23.401 v15.4.0, there are following scenarios: 

Case-1 RAI indicates no more data expected,

if MME does not expect any other signaling/data with the UE, and 

if EDT session indication is received, 

MME includes End Indication with “no further data” in S1AP DL NAS TRANSPORT (Service Accept) or S1AP CONNECTION ESTABLISHMENT INDICATION;

(Not explicitly specified but assumed to be necessary) MME immediately release S1AP after either of the above is sent (after sending Release Access Bearer Request).

eNB may 
send the RRCEarlyDataComplete message on CCCH (see excerpt from TS 36.300 in Annex).
if EDT session indication is not received, 

MME sends S1AP DL NAS TRANSPORT (Service Accept) or S1AP CONNECTION ESTABLISHMENT INDICATION (without End Indication) 

MME immediately release S1AP after either of the above is sent.

if MME expects any other signaling/data with the UE,

MME ignore EDT if any 

Case-2 RAI indicates 1 DL data packet expected

If "EDT Session" indication was received, the MME may include End Indication for no further data in the S1-AP message including the Downlink data encapsulated in NAS PDU (c.f. step 11 of clause 5.3.4B.2 of TS 23.401 v15.4.0)
2.2 Observations and Proposals on clause 5.3.4B.2 of TS 23.401 v15.4.0 
Below is an excerpt of text description from clause 5.3.4B.2 of TS 23.401 v15.4.0. Observations and Proposals are inserted in different steps.
==== excerpt from TS 23.401 v15.4.0 =======

5.3.4B.2 
Mobile Originated Data Transport in Control Plane CIoT EPS Optimisation with P-GW connectivity

…
0.
The UE is ECM-IDLE.

1.
The UE establishes a RRC connection or sends the RRCEarlyDataRequest message as defined in TS 36.300 [5] and sends as part of it an integrity protected NAS PDU. The NAS PDU carries the EPS Bearer ID and encrypted Uplink Data. For IP PDN type PDN connections configured to support Header Compression, the UE shall apply header compression before encapsulating data into the NAS message. The UE may also indicate in a Release Assistance Information in the NAS PDU whether no further Uplink or Downlink Data transmissions are expected, or only a single Downlink data transmission (e.g. Acknowledgement or response to Uplink data) subsequent to this Uplink Data transmission is expected.

1b.
In the NB-IoT case, the eNB, based on configuration, may retrieve the EPS negotiated QoS profile from the MME, if not previously retrieved. The MME Code within the S-TMSI in the RRCConnectionRequest message is used to identify the MME. In the case of network sharing, the MME Codes shall be unique within the area of overlapping MME pools of the participating operators. The eNB may apply prioritisation between requests from different UEs before triggering step 2 and throughout the RRC connection. The eNB may retrieve additional parameters (e.g., UE Radio Capabilities - see TS 36.413 [36]).

2.
The NAS PDU sent in step 1 is relayed to the MME by the eNodeB using a S1-AP Initial UE message. If the RRCEarlyDataRequest message was received in step 1, the eNB includes the "EDT Session" indication in the S1-AP Initial UE message.


To assist Location Services, the eNB indicates the UE's Coverage Level to the MME.
[Observation-1] According to TS 36.300 v15.2.0 clause 7.3b.2, step 2, if the RRCEarlyDataRequest message was received, eNB may include the "EDT Session" indication in the S1-AP Initial UE message.
[Proposal-1] Add “may” to align with TS 36.300. 
3.
If there is a Service Gap timer running in the MME MM Context for the UE and the MME is not waiting for a MT paging response from the UE, the MME rejects the request by discarding the NAS data PDU and sending a Service Reject message to the UE with an appropriate cause. The MME may also provide UE with a Mobility Management Back-off timer set to the remaining value of Service Gap timer, followed by executing step 15.


The MME checks the integrity of the incoming NAS PDU and decrypts the data it contains. When the ROHC is configured to be used, the MME shall decompress the IP header if header compression applies to the PDN connection.


The MME performs (and the UE responds to) any EMM or ESM procedures if necessary, e.g. the security related procedures. Steps 4 to 9 can continue in parallel to this, however, steps 10 and 11 shall await completion of all the EMM and ESM procedures.

3a.
If the MME received "EDT Session" indication from the eNB in step 2, the MME sends an S1-AP message to the eNB.

-
If the Release Assistance Information was received with Uplink data and it indicated that Downlink data was not expected, and the MME does not expect any other signalling with the UE, the MME should

-
either send a NAS service accept in the S1-AP Downlink NAS message and include End Indication to indicate that no further data or signalling is expected with the UE; or,

-
alternatively, instead of a NAS service accept, the MME sends an S1-AP Connection Establishment Indication message including End Indication to indicate that no further data or signalling is expected with the UE.


In both these cases, the eNB initiates step 12b.

-
If the MME determines more data or signalling may be pending, the MME sends an S1-AP connection establishment indication message. In that case, step 12a applies.
[Observation-2] Step 3a does not consider the handling in the Core Network, i.e. in step 3a, MME sends S1AP DL NAS TRANSPORT (Service Accept) or S1AP CONNECTION ESTABLISHMENT INDICATION without considering the execution result of Modify Bearer Request. 
· If Modify Bearer Request is performed successfully, it’s not clear how the S11-U and the S1AP will be released, e.g. does MME need to send S1 UE Context Release Command immediately after MME sends S1AP DL NAS TRANSPORT (Service Accept) or S1AP CONNECTION ESTABLIHSMENT INDICATION (as specified currently in step 9)?   

· In case Modify Bearer Request message is rejected by the SGW, meaning that S11-U cannot be set up in the CN, and the MME will need to perform EPS bearer context status synchronization with the UE, however the message for the EPS bearer context status synchronization will not be able to reach the UE because RRC doesn’t exist (but S1AP logical connection still exists). Consequently, any DL packets intended to the UE will be dropped as the PDN connection is already deactivated in the CN until the UE initiates the UL service and the synchronization will result in UE re-attach or re-establishment of PDN connection .

[Observation-3] The execution time of Modify Bearer Request/Response is normally very short. Network verification indicates a few milli-seconds. Even if this time reach tens of milliseconds, the delay due to Modify Bearer Request in normal situation is negligible, meaning that the CN contribution to the RRC holding time in eNB at EDT is negligible. 
[Proposal-2] To avoid the possible issue due to failed Modify Bearer Request in [Observation-2], and considering [Observation-3], it’s proposed to move step 3a in clause 5.3.4B.2 of TS 23.401 after Modify Bearer Request/Response, meaning the description in step 3a is incorporated in step 11. 
Note: This proposal is also aligned with the message flow in TS 36.300 clause 7.3b.2 (see Annex)
[Observation-4] “the eNB initiates step 12b” does not seem aligned with TS 36.300 v15.2.0 which states that eNB can send the RRCEarlyDataComplete message.

[Proposal-3] It’s proposed to align with TS36.300 regarding the eNB. 
4a.
If the S11-U connection is not established, the MME sends a Modify Bearer Request message (MME address, MME TEID DL, Delay Downlink Packet Notification Request, RAT Type, LTE-M RAT type reporting to PGW flag, MO Exception data counter) for each PDN connection to the Serving GW. The Serving GW is now able to transmit downlink data towards the UE. The usage of the Delay Downlink Packet Notification Request Information Element is specified in clause 5.3.4.2 with reference to the UE initiated service request procedure, but it equally applies in this case. The MME shall indicate S11-U tunnelling of NAS user data and send its own S11-U IP address and MME DL TEID for DL data forwarding by the SGW. Also, regardless of whether the S11-U was already established:

-
If the PDN GW requested UE's location and/or User CSG information and the UE's location and/or User CSG information has changed, the MME shall send the Modify Bearer Request message and also includes the User Location Information IE and/or User CSG Information IE in this message.

-
If the Serving Network IE has changed compared to the last reported Serving Network IE then the MME shall send the Modify Bearer Request message and also includes the Serving Network IE in this message.

-
If the UE Time Zone has changed compared to the last reported UE Time Zone then the MME shall send the Modify Bearer Request message and include the UE Time Zone IE in this message.


If the RAT type currently used is NB-IOT this shall be reported as different from other E-UTRA flavours.


If the UE is using the LTE-M RAT type and the PDN GW expects the LTE-M RAT type reporting as specified in clause 5.11.5, the MME also includes the LTE-M RAT type reporting to PGW flag to indicate to the Serving GW to forward the LTE-M RAT type to the PDN GW.


The MME only includes MO Exception data counter if the RRC establishment cause is set to "MO exception data" and the UE is accessing via the NB-IoT RAT. The Serving GW indicates each use of this RRC establishment cause by the related counter on its CDR. The MME maintains the MO Exception Data Counter for Serving PLMN Rate Control purposes (see clause 4.7.7.2). The MME may immediately send the MO Exception Data Counter to the Serving GW. Alternatively, in order to reduce signalling, the MME may send the MO Exception Data Counter to the Serving GW as indicated in TS 29.274 [43].

4b
If the S11-U connection is established and the UE is accessing via the NB-IoT RAT with the RRC establishment cause set to "MO exception data", the MME should notify the Serving Gateway. The MME maintains the MO Exception Data Counter for Serving PLMN Rate Control purposes (see clause 4.7.7.2). The MME may immediately send the MO Exception Data Counter to the Serving GW. Alternatively, in order to reduce signalling, the MME may send the MO Exception Data Counter to the Serving GW as indicated in TS 29.274 [43].

5.
If the RAT Type has changed compared to the last reported RAT Type or if the UE's Location and/or Info IEs and/or UE Time Zone and Serving Network id are present in step 4, the Serving GW shall send the Modify Bearer Request message (RAT Type, MO Exception data counter) to the PDN GW. User Location Information IE and/or User CSG Information IE and/or Serving Network IE and/or UE Time Zone are also included if they are present in step 4.


If LTE-M RAT type and the LTE-M RAT type reporting to PGW flag were received at step 4a, the Serving GW shall include the LTE-M RAT type in the Modify Bearer Request message to the PGW. Otherwise the Serving GW includes RAT type WB-E-UTRAN.


If the Modify Bearer Request message is not sent because of above reasons and the PDN GW charging is paused, then the SGWS-GW shall send a Modify Bearer Request message with PDN Charging Pause Stop Indication to inform the PDN GW that the charging is no longer paused. Other IEs are not included in this message.


If the Modify Bearer Request message is not sent because of above reasons but the MME indicated MO Exception data counter, then the Serving Gateway should notify the PDN GW that this RRC establishment cause has been used by the indication of the MO Exception Data Counter (see TS 29.274 [43]). The Serving GW indicates each use of this RRC establishment cause by the related counter on its CDR.

6.
The PDN GW sends the Modify Bearer Response to the Serving GW.


The PDN GW indicates each use of the RRC establishment cause "MO Exception Data" by the related counter on its CDR.

7.
If a Modify Bearer Request message was sent at step 4 the Serving GW shall return a Modify Bearer Response (Serving GW address and TEID for uplink traffic) to the MME as a response to a Modify Bearer Request message. The Serving GW address for S11-U User Plane and Serving GW TEID are used by the MME to forward UL data to the SGW.

8.
The MME sends Uplink data to the P-GW via the S-GW.
9.
If no Downlink Data are expected based on the Release Assistance Information from the UE in step 1, this means that all application layer data exchanges have completed with the UL data transfer, and therefore, unless the MME is aware of pending MT traffic and unless S1-U bearers are established, the MME immediately releases the connection and therefore step 14 is executed.


Otherwise, Downlink data may arrive at the P-GW and the P-GW sends them to the MME via the S-GW. If no data is received steps10-12 are skipped and the eNB may trigger step 14 after step 13 detects no activity. While the RRC connection is active, the UE may still send Uplink data and may receive Downlink data in NAS PDUs that are carried in a S1AP Uplink or (respectively) Downlink messages (not shown in the figure). At any time the UE has no user plane bearers established it may provide Release Assistance Information with the Uplink data. . In this case, to assist Location Services, the eNB may indicate, if needed, the UE's Coverage Level to the MME.
[Observation-5] Step 9 is intended to describe the scenario that downlink data is received but not the scenario that the MME decides no downlink data is expected in the highlighted text.  
[Proposal-4] It’s proposed to describe the scenario “MME decides no downlink data” to step 11, and in step 9, just give an introductory text. 
10.
If Downlink data are received in step 9, the MME encrypts and integrity protects the Downlink data.

11.
If step 10 is executed then Downlink data are encapsulated in a NAS PDU and sent to the eNB in a S1-AP Downlink Message. If the configuration in the MME indicates that the eNodeB supports acknowledgements of downlink NAS data PDUs and if acknowledgements of downlink NAS data PDUs are enabled in the subscription information for the UE, the MME indicates in the Downlink S1-AP message that acknowledgment is requested from the eNodeB. For IP PDN type PDN connections configured to support Header Compression, the MME shall apply header compression before encapsulating data into the NAS message. If step 10 is not executed, or NAS Service Accept message is not to be sent, the MME sends Connection Establishment Indication message to the eNB to complete the establishment of the UE-associated logical S1-connection. The UE Radio Capability may be provided from the MME to the eNB in the DL NAS Transport message or Connection Establishment Indication message, and the eNB shall store the received UE Radio Capability information as specified in TS 36.300 [5].


If the Release Assistance Information was received with Uplink data and it indicated that Downlink data was expected, it means that the next downlink packet following the sending of the Release Assistance Information is the last packet of the application layer data exchange, then for this case, unless the MME is aware of additional pending MT traffic and unless S1-U bearers are established, the MME sends a S1 UE Context Release Command immediately after the S1-AP message including the Downlink data encapsulated in NAS PDU as an indication that the eNodeB shall release the RRC connection promptly after successfully sending data to the UE. Alternatively, if "EDT Session" indication was received in step 2, the MME may include End Indication for no further data in the S1-AP message including the Downlink data encapsulated in NAS PDU.

If the UE is accessing via an NB-IoT cell, or if it is accessing via an WB-E-UTRAN cell and is capable of CE mode B, to determine the NAS PDU retransmission strategy the MME should take into account the transmission delay of the NAS PDU and the CE mode B Restricted parameter stored in the MME's MM context and, if applicable, the CE mode, i.e. set the NAS timers long enough according to the worst transmission delay (see TS 24.301 [46]).
[Proposal-5] Related to [Proposal-4] in step 9, i.e. to add the scenario “MME decides no downlink data” in step 11.
[Proposal-6] Related to [Proposal-2] in step 3a, i.e. incorporate EDT behavior into step 11.
12a.
The eNB sends a RRC Downlink data message including the Downlink data encapsulated in NAS PDU. If in step 11 the S1-AP message with the NAS DATA PDU was followed by an S1 UE Context Release Command, step 15 is completed promptly after the Downlink Data transmission of the NAS PDU to the UE and the acknowledgement to MME in step 13 have been completed at the eNB, and the eNB does not need to enter step 14. If header compression was applied to the PDN, the UE would perform header decompression to rebuild the IP header.

12b.
If Early Data transmission was used in step 1, the eNB send the RRCEarlyDataComplete message with any NAS payload received from step 3a or step 11 (either NAS data PDU or NAS service accept) as defined in TS 36.300 [5]. Step 14 is skipped in this case.
[Proposal-7] It’s proposed to change “If Early Data transmission was used in step 1” to “if eNB received End Indication indicating no further data in S1AP message”. 

[Proposal-8] It’s proposed to change “eNB send” to “eNB may send”.
[Proposal-9] Remove “step 3a” based on [Proposal-2].
13.
The eNodeB sends a NAS Delivery indication to the MME if requested. If the eNodeB reports an unsuccessful delivery with an S1-AP NAS Non Delivery Indication, the MME should wait for some time until the UE has potentially changed cell and re-established contact with the MME, by which MME should resend the Downlink S1-AP message to the eNodeB, otherwise the MME reports an unsuccessful delivery to the SCEF in case of T6a procedure (see TS 23.682 [74], clause 5.13.3). If the eNodeB reports a successful delivery with an S1-AP NAS Delivery Indication and if the Downlink data was received over the T6a interface, the MME should respond to the SCEF (see TS 23.682 [74], clause 5.13.3). If the eNodeB does not support S1-AP NAS delivery indications, the MME indicates a cause code 'Success Unacknowledged Delivery' to the SCEF otherwise 'Success Acknowledged Delivery', for the SCEF to know if reliable delivery was possible or not.

14.
If no NAS PDU activity exists for a while, the eNB starts an S1 release in step 15.

15.
An S1 release procedure according to clause 5.3.5 triggered by the eNodeB or MME. Alternatively, if the MME in step 11 sent S1 UE Context Release Command then the procedure starts with step 5 in clause 5.3.5, or Connection Suspend Procedure defined in clause 5.3.4A. The UE and the MME shall store the ROHC configuration and context for the uplink/downlink data transmission when entering ECM_CONNECTED state next time.

3 Proposal
See S2-187792.
Annex: Excerpt from clause 7.3b.2 of TS 36.300 v15.2.0
7.3b.2
EDT for Control Plane CIoT EPS optimizations

EDT for Control Plane CIoT EPS optimizations, as defined in TS 24.301 [20], is characterized as below:

-
Uplink user data are transmitted in a NAS message concatenated in UL RRCEarlyDataRequest message on CCCH;

-
Downlink user data are optionally transmitted in a NAS message concatenated in DL RRCEarlyDataComplete message on CCCH;

-
There is no transition to RRC CONNECTED.

The EDT procedure for Control Plane CIoT EPS optimizations is illustrated in Figure 7.3b-1.
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Figure 7.3b-1: EDT for Control Plane CIoT EPS Optimizations

0.
Upon connection establishment request for Mobile Originated data from the upper layers, the UE initiates the early data transmission procedure and selects a random access preamble configured for EDT.

1.
UE sends RRCEarlyDataRequest message concatenating the user data on CCCH.

2.
The eNB initiates the S1-AP Initial UE message procedure to forward the NAS message and establish the S1 connection. The eNB may indicate in this procedure that this connection is triggered for EDT.
3.
The MME requests the S-GW to re-activate the EPS bearers for the UE.

4.
The MME sends the uplink data to the S-GW.

5.
If downlink data are available, the S-GW sends the downlink data to the MME.

6.
If downlink data are received from the S-GW, the MME forwards the data to the eNB via DL NAS Transport procedure and may also indicate whether further data are expected. Otherwise, the MME may trigger Connection Establishment Indication procedure and also indicate whether further data are expected.

7.
If no further data are expected, the eNB can send the RRCEarlyDataComplete message on CCCH to keep the UE in RRC_IDLE. If downlink data were received in step 6, they are concatenated in RRCEarlyDataComplete message.

8.
The S1 connection is released and the EPS bearers are deactivated.

NOTE:
If the MME or the eNB decides to move the UE in RRC_CONNECTED mode, RRCConnectionSetup message is sent in step 7 to fall back to the legacy RRC Connection establishment procedure; the eNB will discard the zero-length NAS PDU received in msg5.

� “can” is used in TS 36.300 clause 7.3b.2, step 7.
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