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1 Introduction
A new WID on further NB-IoT enhancements and a new WID on even further enhanced MTC were approved at RAN#75 and revised at RAN#76 and RAN#77[1][2]. 
One of the objective is for further latency and power consumption reduction as follows for NB-IoT and efeMTC:

A-1. Further latency and power consumption reduction

· (NB-IoT) Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 
· (efeMTC) Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case. [RAN2, RAN1, RAN3]

Early data transmission was discussed at RAN2#99 and the following was agreed:

	Agreements:

· We intend to support early UL data transmission in Msg3 for control plane and user plane CIoT EPS optimisation.

· We intend to support early DL data transmission in Msg4 for control plane and user plane CIoT EPS optimisation.

· Early data transmission feature is considered when AS security was not established for only transmitting data using CP.

· Early data transmission feature is considered when AS security was established for transmitting data using CP and/or UP.


The following email discussion was set-up to progress further on the detailed aspects of early data transmission.

[99#45][NB-IoT/MTC] Early data transmission (Qualcomm)


Detailed aspects of early data transmission


To address the following but not limited to:


RRC signalling, e.g. whether there is any RRC signalling, at which point control information is sent and how. Security aspects, indication of UE’s intention of early data, contents of Msg2, Msg3, Msg4, Msg5, how to identify a UE etc.


Intended outcome: Report to next meeting


Deadline: 2017-09-21

In this paper, we analyse the details of early data transmission for the CP and the UP solutions.
2 Discussion 
2.1 Pre-conditions for early data transmission  

As per the e-mail discussion, we think that the main power consumption gain with early data transmission comes from the non-establishment of the RRC Connection. We think this is only feasible when the transmission is for data and when there is only one TB to transmit in any of the direction. 
For MO connection, the UE can be informed by the upper layers together with the request to establish the connection that there is only one UL data packet to transmit, possibly followed by a DL application ACK, i.e. as indicated by the Release Assistance Indication included in the NAS PDU.

For MT connection, the eNB needs to know that no other data packets are expected, e.g. by receiving the UE Context Release Command from the MME or other mechanism. The feasibility may needed to be checked with SA2/CT1/RAN3

To initiate early data transmission, the UE needs to know that the feature is supported/allowed by the eNB. It also needs to know whether the data will fit in one single transmission (i.e. one TB).
As proposed in the email discussion, (N)PRACH resources/preambles could be reserved for this purpose and the maximum TB size could be signalled in system information.  
Proposal 1: A set of (N)PRACH preambles is reserved for the UE to request early data transmission.

Proposal 2: The maximum TB size that can be granted is signalled in system information.
Currently, the UL grant for MSG3 is fixed and equal to 88 bits for NB-IoT and 56 bits for eMTC which is not enough to make the feature usable. In our view, the feature would be useful for data payload in the range of 25-100 bytes.  

What TB sizes are feasible should be decided by RAN1. Depending on RAN1 feedback, it could be discussed whether more than one TB size could be made available in the cell, e.g. to avoid unnecessary padding. 
Proposal 3: Ask RAN1 which TBS are feasible for MSG3.  

Proposal 4: Wait for RAN1 reply before discussing whether multiple TBS are made available for early data transmission in the cell.

Depending on the details of the solution, eNB may need to differentiate between a request for early data transmission for the control plane solution or for the user plane solution.
Proposal 5: RAN2 to discuss whether the same PRACH resource are used to indicate a request for early data transmission in the control plane solution and in the user plane solution.

2.2 Early data transmission for data over the control plane in the Control plane solution
The figure below illustrates early data transmission for the CP solution for both the MO and MT cases.
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Figure 1: Small data transmission without transition to RRC_CONNECTED for the CP solution
Step 1: MSG1: Early data Tx indication
NAS requests the establishment of the RRC connection for MO data or MT data and provides AS with the release assistance indication. The TB size for early data TX signalled in system information is large enough to accommodate the NAS PDU. UE selects a preamble in a PRACH resource reserved for early data Tx indication and sends MSG1.
Step 2: MSG2: UL grant for early data Tx

The eNB accepts the request for early data Tx and provides a grant according to the TBS for early data Tx in system information. An indication in the RAR may be needed to indicate that the grant is not a legacy grant, this should be decided by RAN1.
Proposal 6: Ask RAN1 whether change to the RAR format are needed to signal the new grant for MSG3.
Note: larger grant than legacy but different from the TBS signalled in system information would lead to waste of resource and power consumption as it might be too small for sending the data.
Step 3: Early data transmission in MSG3
A new RRC message is defined that includes the legacy information, S-TMSI and establishment cause, and the NAS data PDU. 
The other legacy information (multiToneSupport and multiCarrierSupport) in NB-IoT are not needed as they can be retrieved from the UE capabilities.

Proposal 7: A new RRC message (RRCConnectionLessRequest in Figure 1) using SRB0 is introduced, containing S-TMSI, establishmentCause and dedicatedNASInfo for the CP solution.
Steps 4 to 7: Signalling over the S1 connection

Upon MSG3 reception, the eNB extracts the NAS PDU and forwards it to the MME over the S1 interface in the Initial UE message. Whether additional information needs to be provided to the MME should be decided by RAN3. 
Same as per existing specification (see 24.301 sub-clause 5.6.1.4.2 and 6.6.4.2) based on the RAI field in the ESM NAS TRANSPORT message, the MME may send a ESM DATA TRANPORT message containing the downlink data, a SERVICE ACCEPT message, or no NAS message at all, and initiates the release of the connection.
Step 8: Contention resolution, downlink data and termination of the session
Although shown in a single step in Figure 1, early contention resolution (i.e. MSG4 with MAC CE ‘contention resolution’ only) can be used to give more time to perform the procedures over the S1 interface. 

The RRC message included in MSG4 will depend on the MME response, i.e. on whether the session can be terminated in one transmission or whether the RRC connection needs to be established. 
In the successful case, where the connection can be terminated immediately, a new RRC message is proposed that will include the NAS data PDU if any and will act as a ‘release command'.
Proposal 8: A new RRC message (RRCConnectionLessConfirm in Figure 1) using SRB0 is introduced, containing dedicatedNASInfo (optional) and acting as a command to go back to idle for the CP solution.
In order to hide the new procedure to the NAS layer, upon reception of the RRC message, the UE AS will 1) inform the upper layers of the successful establishment, 2) forward the NAS PDU (if any) to the upper layers and 3) inform the upper layers of the release of the connection.

Proposal 9: Upon reception of the RRC message, the UE AS will 1) inform the upper layers of the successful establishment, 2) forward the NAS PDU to the upper layers and 3) inform the upper layers of the release of the connection.
UE sends HARQ ACK before releasing the radio resources and going back to idle mode. 
Fall-back scenario
1) Fallback to legacy procedure at MSG3 

In step 2, the eNB may choose to only provide the legacy grant or a smaller grant than signalled in system information. If the whole NAS PDU cannot fit in the TB size, the UE will continue with the legacy RRC Connection Establishment procedure and sends the legacy RRCConnectionRequest message.
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Figure 2: Small data transmission with fallback at MSG3 for the CP solution
In step3 in Figure 1, we assume that the RRC message (= MAC SDU) will be padded to byte boundary only and that further padding to the TB size will be performed when the message is delivered to physical layer, same as done for the MIB.

Proposal 10: The RRC message (RRCConnectionLessRequest in Figure 1) is padded to byte boundary only. Further padding to the actual TB size is performed when the message is delivered to the physical layer.
As we assume that the grant may be different at different transmission attempts, change to the handling of MSG3 buffer in the RACH procedure are needed. One option could be that two MSG3 buffers are specified in MAC and that MAC loads one or the other in the HARQ buffer depending on the grant size. Other options can also be possible.
Proposal 11: RAN2 to discuss how to handle the MSG3 buffer for early data transmission.
2) Fallback to legacy procedure at MSG4
In case of the NAS PDU being too large to be transmitted in one single transmission or of multiple NAS PDUs available at the MME or any eNB specific reason, the eNB may decide to fallback to the legacy procedure at MSG4, i.e. to establish the RRC connection before transmitting the downlink data, as illustrated below: 
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Figure 3: Small data transmission with fallback at MSG4 for the CP solution
As the NAS PDU Control Plane Service Request has already been sent in MSG3 and forwarded to the MME in the Initial UE message, there is no information to provide in MSG5 in NB-IoT and the step can be skipped. This might not be possible in eMTC as additional information are included in RRCConnectionSetupComplete. 
Proposal 12: MSG5 RRCConnectionSetupComplete is skipped in case of fallback at MSG4 in NB-IoT, FFS in eMTC.
2.3 Early data transmission for data over the user plane in the user plane solution 

The figure below illustrates early user plane data transmission for the UP solution for both the MO and MT cases.
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Figure 4: Small data transmission without transition to RRC_CONNECTED for the UP solution
Steps 1 & 2: 

Same as for the CP solution 
Step 3: Early data transmission in MSG3

A new RRC message is defined or RRCConnectionResumeRequest is extended to include an ‘Early data Tx indication’. The RRC message carries the legacy information, Resume-id, ShortMAC-I and Resume cause. 
Proposal 13: A new RRC message using SRB0 is introduced or RRCConnectionResumeRequest is extended to include an ‘Early Data Tx indication’.

UE restores the UE context, re-activates security and resumes all SRBs/DRBs. This requires that the NCC has been provided earlier. The data are sent ciphered with the UPenc key over DRB and MAC multiplexed with the RRC message over SRB0.
Proposal 14: UE resumes all SRBs/ DRBs, the data are sent ciphered with the UPenc key over DRB and MAC multiplexed with the RRC message over SRB0.
Steps 4 to 8: Signalling and data transfer over the S1 interface
Upon MSG3 reception, the eNB extracts the RRC message, fetches the UE context and verifies the short MAC-I. The eNB indicates the resumption of the connection to the MME, reactivates security and resumes all SRBs/ DRBs. The data are then processed by RLC/PDCP.

Proposal 15: Upon successful verification of the RRC message, the eNB reactivates security and resumes all SRB/DRBs. The data are then processed by RLC/PDCP as per legacy.

Step 9 to 11: Contention resolution, downlink data and termination of the session

Although shown in a single step in Figure 4, early contention resolution (i.e. MSG4 with MAC CE ‘contention resolution’ only) can be used to give more time to perform the procedures over the S1 interface. 

The RRC message included in MSG4 will depend on whether data are received on the S1-U interface, i.e. on whether the session can be terminated in one transmission or whether the RRC connection needs to be established. This can be based on a timer handled at the eNB.
In the case, where the connection can be terminated immediately, a new RRC message is proposed that will include the NCC and resume-id and will act as a ‘release command'. It needs to be checked with SA3 whether the resume-Id can be sent in clear. Alternatively, the message could be ciphered as security has already been re-established at the UE. In the latter case, RRCConnectionRelease message could be used and extended to carry the NCC.

Proposal 16: A new RRC message using SRB1 is introduced or RRCConnectionRelease message is extended to provide the NCC and Resume-Id and acts as command to go back to idle for the UP solution.
Proposal 17: Send an LS to SA3 to ask whether Resume-id can be sent unciphered.

The RRC message will be MAC multiplexed with the RLC ACK of the UL data (if RLC AM is used) and any DL data that was received from the SGW. 

Proposal 18: The DL data, if any, and the RLC ACK of the UL data if RLC AM mode are sent over DRB and MAC multiplexed with the RRC message sent over SRB1.
In order to hide the new procedure to the NAS layer, upon reception of the RRC message, the UE AS will 1) inform the upper layers of the successful establishment, and 2) inform the upper layers of the release of the connection.

Proposal 19: Upon reception of the RRC message, the UE AS will 1) inform the upper layers of the successful resumption of the connection and 2) inform the upper layers of the suspension of the connection.

UE sends HARQ ACK and RLC ACK for SRB1 and DRB (If RLC AM is used) before releasing the radio resources and going back to idle mode. 

Fall-back scenario
1) Fallback to legacy procedure at MSG3 

In step2, the eNB may only provide the legacy grant or a smaller grant than signalled in system information. If the MAC layer finds that MSG3 and the data packet cannot fit in the TB, the MAC layer will fallback to the legacy RRC connection resume procedure and sends the legacy RRCConnectionResumeRequest message. Here, RRC layer needs to prepare two MSG3, which are both buffered in the MAC layer.
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Figure 5: Small data transmission with fallback at MSG3 for the UP solution
Before step3 in Figure5, we assume that RRC prepares two RRC messages. One is the legacy RRCConnectionResumeRequest, the other is the enhanced RRCConnectionlessResumeRequest. If the UE receives the legacy grant in MSG2, the MAC layer transmits the legacy RRCConnectionResumeRequest message for fallback.

Besides, if the UE receives a grant which size is in-between the size of the legacy grant and the size signalled in system information, the UE can fallback to the legacy resume procedure instead of performing segmentation on the DRB data as there is not much gain to transmit the UL data packet in several subsequent messages in terms of latency and power saving.

Proposal 20: Segmentation is not supported for early data transmission in the UP solution.
Proposal 21: The MAC layer decides to fallback based on the grant size in MSG2 and the size of MSG3 and UL data packet.
The UL data packet can be buffered in PDCP as a PDCP SDU. In order for the MAC layer to be aware of the size of UL data packet, PDCP indicates the data volume to MAC layer.
Proposal 22: The UL data packet is buffered in PDCP as a PDCP SDU and PDCP indicates the data volume to MAC layer.
2) Fallback to legacy procedure at MSG4 

In case of DL data packets being too large to be transmitted with MSG4, the eNB may decide to fallback to the legacy connection resume procedure at MSG4. As there is no information to include in MSG5 in NB-IoT, MSG5 RRCConnectionResumeComplete can be skipped in case of fallback. This might not be possible in eMTC as additional information are included in RRCConnectionResumeComplete. 

Proposal 23: MSG5 RRCConnectionResumeComplete is skipped in case of fallback at MSG4 in NB-IoT, FFS in eMTC.
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Figure 6: Small data transmission with fallback at MSG4 for the UP solution 
Note that it is also possible that the eNB cannot fetch the UE context and decides to fallback to the legacy connection establishment procedure at MSG4. In that case, the UE will assume that the data have been discarded (as they cannot be deciphered).
2.4 Early data transmission for data over the control plane in the user plane solution 

Although not described in details here, we assume that the data will be included in the RRC message in the same way as for the CP solution. However, the resumption and suspension of the RRC connection will follow a similar approach to the UP solution.
3 Conclusion
In this document, we have discussed early data transmission for the CP and UP solutions and made the following proposals:
Proposal 1: A set of (N)PRACH preambles is reserved for the UE to request early data transmission.

Proposal 2: The maximum TB size that can be granted is signalled in system information.
Proposal 3: Ask RAN1 which TBS are feasible for MSG3.  

Proposal 4: Wait for RAN1 reply before discussing whether multiple TBS are made available for early data transmission in the cell.

Proposal 5: RAN2 to discuss whether the same PRACH resource are used to indicate a request for early data transmission in the control plane solution and in the user plane solution.

Proposal 6: Ask RAN1 whether change to the RAR format are needed to signal the new grant for MSG3.
Proposal 7: A new RRC message (RRCConnectionLessRequest in figure 1) using SRB0 is introduced, containing S-TMSI, establishmentCause and dedicatedNASInfo for the CP solution.
Proposal 8: A new RRC message (RRCConnectionLessConfirm in Figure 1) using SRB0 is introduced, containing dedicatedNASInfo (optional) and acting as a command to go back to idle for the CP solution.
Proposal 9: Upon reception of the RRC message, the UE AS will 1) inform the upper layers of the successful establishment, 2) forward the NAS PDU to the upper layers and 3) inform the upper layers of the release of the connection.

Poposal 10: The RRC message (RRCConnectionLessRequest in Figure 1) is padded to byte boundary only. Further padding to the actual TB size is performed when the message is delivered to the physical layer.

Proposal 11: RAN2 to discuss how to handle the MSG3 buffer for early data transmission.

Proposal 12: MSG5 RRCConnectionSetupComplete is skipped in case of fallback at MSG4 in NB-IoT, FFS in eMTC.

Proposal 13: A new RRC message using SRB0 is introduced or RRCConnectionResumeRequest is extended to include an ‘Early Data Tx indication’.

Proposal 14: UE resumes all SRBs/ DRBs, the data are sent ciphered with the UPenc key over DRB and MAC multiplexed with the RRC message over SRB0.

Proposal 15: Upon successful verification of the RRC message, the eNB reactivates security and resumes all SRB/DRBs. The data are then processed by RLC/PDCP as per legacy.

Proposal 16: A new RRC message using SRB1 is introduced or RRCConnectionRelease message is extended to provide the NCC and Resume-Id and acts as command to go back to idle for the UP solution.

Proposal 17: send a LS to SA3 to ask whether Resume-id can be sent unciphered.

Proposal 18: The DL data, if any, and the RLC ACK of the UL data if RLC AM mode are sent over DRB and MAC multiplexed with the RRC message sent over SRB1.

Proposal 19: Upon reception of the RRC message, the UE AS will 1) inform the upper layers of the successful resumption of the connection and 2) inform the upper layers of the suspension of the connection.
Proposal 20: Segmentation is not supported for early data transmission in the UP solution.
Proposal 21: The MAC layer decides to fall back based on the grant size in MSG2 and the size of MSG3 and UL data packet.
Proposal 22: The UL data packet is buffered in PDCP as a PDCP SDU and PDCP indicates the data volume to MAC layer.
Proposal 23: MSG5 RRCConnectionResumeComplete is skipped in case of fallback at MSG4 in NB-IoT, FFS in eMTC.
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Continue as per legacy procedure
As the UL NAS PDU has already been sent, MSG5 can be skipped



UE
1. Msg1 (PRACH preamble)
eNB
2. Msg2 (RAR with uplink grant)
3. Msg3: (RRCConnectionResumeRequest (Resume-id, shortMAC-I, Cause))
4. Msg4: MAC CE (contention resolution) +
 (RRCConnectionResume)
MME
SGW
Select PRACH resource for early data Tx
6. S1-AP: UE Context Resume Request
7. Modify Bearers
9. Uplink Data
10. Downlink Data
6-a. S1-AP: UE Context ResumeResponse
SRBs and DRBs resumed
 AS security re-established
 UE enters RRC Connected state.
Based on indication from upper layer and the TBS for early data Tx signallled in SIB, UE selects a PRACH resource reserved for early data Tx indication
UE in RRC_IDLE
UE in RRC_IDLE
8. Uplink Data
eNB provides a legacy grant
NAS requests the establishment of a RRC Connection for data, and indicates that a single UL/DL packet is expected
S1 Suspension
UE Determines to fall back to legacy resume procedure
5. Msg5: (RRCConnectionResumeComplete)
11. Downlink Data
RRC Release



UE
1. Msg1 (PRACH preamble)
eNB
2. Msg2 (RAR with uplink grant)
3. Msg3: (RRCConnectionlessResumeRequest (Resume-id, shortMAC-I, Cause)) + UL PDU
8. Msg4: MAC CE (contention resolution) +
 (RRCConnectionResume)
MME
SGW
Select PRACH resource for early data Tx
4. S1-AP: UE Context Resume Request
5. Modify Bearers
6. Uplink Data
7. Downlink Data
4-a. S1-AP: UE Context ResumeResponse
SRBs and DRBs resumed
 AS security resumed
Based on indication from upper layer and the TBS for early data Tx signallled in SIB, UE selects a PRACH resource reserved for early data Tx indication
UE in RRC_IDLE
UE in RRC_IDLE
eNB Decides fall back
NAS requests the establishment of a RRC Connection for data, and indicates that a single UL/DL packet is expected
S1 Suspension
9. Downlink Data
RRC Release
AS security re-established
 UE enters RRC Connected state.



UE
1. Msg1 (PRACH preamble)
eNB
2. Msg2 (RAR with uplink grant)
3. Msg3: (RRCConnectionlessResumeRequest (Resume-id, shortMAC-I, Cause)) + data
9. Msg4: MAC CE (contention resolution) +
 (RRCConnectionlessResumeConfirm(NCC, ResumeId) + (opt) RLC ACK + Data
MME
SGW
Select PRACH resource for early data Tx
4. S1-AP: UE Context Resume Request
5. Modify Bearers
7. Uplink Data
8. Downlink Data
6-a. S1-AP: UE Context ResumeResponse
AS indicates to the upper layer successful resumption  of the connection,
And then successful suspension
Based on indication from upper layer and the TBS for early data Tx signallled in SIB, UE selects a PRACH resource reserved for early data Tx indication
UE in RRC_IDLE
UE in RRC_IDLE
10. HARQ
eNB provides a grant for UL data Tx
NAS requests the establishment of a RRC Connection for data, and indicates that a single UL/DL packet is expected
S1 Suspension
UE restores the UE context, re-activates security and resumes all SRB and DRB.
RRCConnectionlessResumeRequest is sent over CCCH . 
The data are sent over DTCH multiplexed at MAC level with the MAC CCCH SDU
11. RLC ACK
eNB sees no activity for some time in the user plane
If all received data can fit in one TB, eNB sends RRCConnectionlessResumeConfirm over SRB1  and the data over DTCH
eNB decodes  RRCConnectionlessResumeRequest, fetches the context and  verifies the short MAC-I. 
eNB re-activates security and resumes all SRB/DRBs. the data are then handled as per legacy by the RLC/PDCP



UE
1. Msg1 (PRACH preamble)
eNB
2. Msg2 (RAR with uplink grant)
3. Msg3: (RRCConnectionlessRequest((S-TMSI, Cause, NAS PDU))
8  Msg4: MAC CE (contention resolution) + (RRC Connectionless Confirm(NAS PDU optional))
MME
SGW
Select PRACH resource for early data Tx
4. S1-AP: Initial UE Message
(NAS PDU, FFS other indication)
5. Modify Bearers
Uplink Data
Downlink Data
6-a. S1-AP: Downlink NAS TRANSPORT 
(NAS PDU)
AS indicates to the upper layer successful  establishment of the connection,
Forwards the  downlink NAS PDU (if any) , and indicates the Release of the RRC connection with cause (other).
Based on indiication from upper layer and theTBS for early data Tx signallled in SIB, UE selects a PRACH resource reserved for early data Tx indication
UE in RRC_IDLE
UE in RRC_IDLE
9. HARQ
eNB provides a grant for UL data Tx
NAS requests the establishment of a RRC Connection for data, and provides the RAI indication to AS
7-S1 -AP: UE Context Release Command
6-b. S1-AP: Connection establishment Indication
S1 Release



