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Introduction

In the WI of further NB-IoT enhancement (RP-171428), the following optimization objective is prioritized:

	A-1. Further latency and power consumption reduction

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]


In the RAN2#100 meeting, RAN2 has achieved many agreements as follows:
	Agreements:

- The UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE.

- PRACH partitioning for EDT indication is configured per enhanced coverage level.

- Working assumption: Support for segmentation for this case is not prioritized.

- Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.

- FFS how to adress the padding issue in Msg3.

- UE category is not indicated in Msg1.

- For EDT indication, PRACH resources can be configured as in legacy eMTC or NB-IoT with respect to physical layer resources, preambles/subcarriers.

- PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure.

For CP solution

- None of the parameters currently provided in Msg5 are included in Msg3 for EDT.

- UE is in RRC_IDLE when transmitting Msg3 for EDT, same as legacy.

- UE shall perform access barring check before initiating EDT.

- FFS whether changes to T300 and mac-contentionResolutionTimer are needed.

- New RRC message is introduced for Msg3.

- New RRC message is introduced for Msg4 in case network sends the UE to idle mode.

- UE supporting EDT shall support both UL and DL EDT.

- Msg4, which is agreed to be introduced as the new RRC message, optionally includes a NAS PDU, extendedWaitTime, redirectedCarrierInfo and for eMTC idleModeMobilityControlInfo. No need to include extendedWaitTime-CPdata in this case.

- FFS whether releaseCause is included in the new Msg4.

- UE is in RRC_IDLE when receiving the new Msg4 and it does not transit to RRC_CONNECTED.

- When the UE receives the new Msg4, the UE forwards the DL NAS PDU, if any, to upper layers, follows the legacy behavior based on included IEs, and indicates the completion of the procedure to the upper layers.

- Legacy RRCConnectionSetup message is used when the network wants the UE to move to RRC_CONNECTED. The UE assumes that UL data transmission was succesful, i.e. up to MME.

- In EDT, it is possible for the UE to receive RRCConnectionReject message in response to the new Msg3.

- Legacy RRCConnectionSetupComplete is used when the network wants the UE to move to RRC_CONNECTED. NAS container in RRCConnectionSetupComplete message may be sent empty. FFS if this is possible from ASN.1 standpoint.

For UP solution

- UE supporting EDT shall support both UL and DL EDT.

- The UE shall have NCC prior ro indicating EDT.

- resumeID, shortResumeMAC-I, and resumeCause are included in Msg3 for EDT.

- None of the parameters currently provided in MSG5 are included in Msg3 for EDT.

- UE is in RRC_IDLE when transmitting Msg3 for EDT, same as legacy.

- UE shall perform access barring check before initiating EDT.

- UE shall restore the UE context, reactivate security, and re-establish/resume all SRBs/DRBs. The UE shall derive new keys based on the NCC provided in the previous connection. It is FFS in which message NCC is provided in the previous connection. The FFS is pending SA3 feedback.

- Legacy RRCConnectionResumeRequest message is used in Msg3.

- Legacy RRCConnectionRelease message with suspend is extended to include NCC in Msg4 when the network wants the UE to move to RRC_IDLE.


In the RAN2#101 meeting, there has few agreements related to RAN3.

In the RAN3#98 and #99 meeting, some contributions has been submitted to discuss the S1 procedure for early data transmission and no agreements are achieved. In this contribution, we will further discuss this issue and give our proposals.

Discussion

S1 procedure for CP solution

Based on RAN2 agreements, for CP solution, UE will be in RRC_IDLE when receiving the new Msg4 and it does not transit to RRC_CONNECTED. If UE receives the legacy RRCConnectionSetup message, the UE will move to RRC_CONNECTED when assume that UL data transmission was succesful, i.e. up to MME.
Since segmentation is not supported for CP solution, in most EDT cases, the UE would send only one UL NAS PDU with or without expectation for only one DL ACK for the UL data. And there may also has the case that MME has some buffered DL data to be sent. In all these cases, we think it’s better for the eNB to pend Msg4 for a while to wait the ACK for UL data or the possible buffered DL data. That means eNB can decide which Msg4 will be used, new Msg4 or legacy Msg4, according to the information in S1 procedure.
In last RAN3 meeting, the following two options for S1 procedure in EDT have been discussed and compared, but no agreements are achieved. 
CP-Option 1: MME triggered S1 UE Context Release with DL NAS PDU
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Figure 1: CP-Option 1

In Option 1, after receiving the first S1 message INITIAL UE MESSAGE with UL NAS PDU, if MME only needs to send one or a few DL NAS PDUs to the eNB, the S1 UE CONTEXT RELEASE COMMAND message can be used for transmitting the downlink data and then releasing the S1 connection. If MME thinks there have more data to be sent, the MME can trigger the normal S1 DL NAS TRANSPORT procedure.
CP-Option 2: DL NAS TRANSPORT message (with End Indicator) + eNB triggered S1 UE context release
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Figure 2: CP-Option 2
In Option 2, MME still uses the DL NAS TRANSPORT message to transmit the downlink data. But a new End Indication is added in the DL S1 message. If MME only needs to send one or a few DL NAS PDUs to the eNB, MME will set this End Indication and it will trigger eNodeB-initiated S1 release procedure. 
For Option 1, there has comments that if DL NAS PDUs in S1 connection release message is too large to be transmitted by Msg4, it may cause additional complexity for the S1 interface. We disagree such understanding. Firstly, Msg4 can accommodate more data than Msg3. Secondly, it's the rare case that a large amount downlink data has been buffered in MME, especially for NB-IoT applications with CP solution. Even such case happens, the MME obviously can decide to use normal DL NAS TRANSPORT procedure. It’s almost impossible that MME considers the downlink data is small but such data cannot be transmitted in air interface. 
For Option 2, we think it has more impacts on the MME processes and obviously causes more S1 signalling overhead. In the current procedure for NAS PDU transmission for CP solution, if RAI indicates the next downlink packet following RAI is the last packet of the application layer data exchange, and MME is aware of no additional pending MT traffic and no S1-U bearers, the MME would send a S1 UE Context Release Command immediately after the S1 message including the DL NAS PDU to trigger eNB to release the RRC connection promptly after successfully sending data to the UE. With Option 2, MME should cancel the possible MME-initiated S1 release procedure add wait eNB-initiated S1 release procedure. That’s why we think Option 2 changes more for MME processes.
Furthermore, with the consideration on RAN2 agreements, the eNB would still be in RRC idle mode when it receives the DL S1 message with End Indication. It needs more clarification about how to trigger eNodeB-initiated S1 release procedure while the eNB is still in RRC idle mode.  
Observation 1: The CP-Option 1 (MME triggered S1 UE Context Release with DL NAS PDU) is more signaling-efficient and less complicated. 
During the discussion in previous meetings, one comment for CP-Option 1 is that the MME cannot know whether one DL NAS PDU can be transmitted completely in Msg4 by the eNB. If the eNB has to segment this DL NAS PDU, it would be unsuitable for MME to early release the S1 interface. However, we all know RAN2 have agreed segmentation is not applicable for Msg3 for CP solution. One reason is the transmission of Msg3 with NAS-PDU on CCCH, which is associated with RLC TM mode, i.e., no segmentation support. As Msg4 for EDT for CP solution is also with NAS-PDU on CCCH, we don’t think segmentation can be supported for Msg4, with the similar reason for Msg3.

In a summary we think Option 1 is a feasible and signaling-efficient option. It only needs to trigger MME-initiated S1 release procedure. When the eNB receives the S1 UE CONTEXT RELEASE COMMAND message as the response of the INITIAL UE MESSAGE, the eNB would know there have no further DL data transmissions. The eNB would send new Msg4 to indicate the UE back to RRC idle mode, and send S1 UE CONTEXT RELEASE COMPLETE to MME as a response to the release command and release the local UE context. The additional UL S1 release request message in Option 2 would be saved. When the eNB receives a normal DL S1 message, e.g., DL NAS TRANSPORT, the eNB would assume further DL data transmissions are expected and send legacy Msg4 to the UE to send it to the RRC connected mode.

Proposal 1: It’s suggested to introduce DL NAS PDU into the S1 UE Context release command message.

Proposal 1a: If the eNB receives the S1 UE Context Release Command message as the response of the INITIAL UE MESSAGE, the eNB would send Msg4 to indicate the UE back to RRC idle mode. If the eNB receives a normal DL S1 message, e.g., DL NAS Transport, the eNB would send Msg4 to indicate the UE going to RRC connected mode.
Conclusion

Based on the analysis in this paper, we have the following proposals:

For CP solution:
Observation 1: The CP-Option 1 (MME triggered S1 UE Context Release with DL NAS PDU) is more signaling-efficient and less complicated. 
Proposal 1: It’s suggested to introduce DL NAS PDU into the S1 UE Context release command message.

Proposal 1a: If the eNB receives the S1 UE Context Release Command message as the response of the INITIAL UE MESSAGE, the eNB would send Msg4 to indicate the UE back to RRC idle mode. If the eNB receives a normal DL S1 message, e.g., DL NAS Transport, the eNB would send Msg4 to indicate the UE going to RRC connected mode.

Proposal2: The corresponding stage3 CR is proposed in[1] to be approved.
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