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1 Introduction
A new WID on further NB-IoT enhancements and a new WID on ever 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 last three meetings and significant progress was achieved with agreements below for UP solution. 

	Agreements for UP solution

- For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.

- Msg4 decides whether the UE goes to RRC connected mode or RRC idle mode. The content of Msg4 for EDT is FFS.

- RAN2 assumes that resumeID and shortResumeMAC-I for UP solutions are sufficient to identify UE at the eNB. We will provide this assumption in an LS.to RAN3, SA2, SA3, CT1.
- For UP solution SRB0 is used to transmit the RRC message in Msg3.

- For UP solution, CCCH (RRC message) and DTCH (UP data) are multiplexed in MAC in Msg3.

- For UP, AS security is re sumed before transmitting Msg3, and data transmitted in Msg3 is protected by AS security.

- For UP solution, DL data can be optionally multiplexed in MAC, i.e. DCCH (RRC message(s)) and DTCH (UP data) in Msg4.
- FFS: For UP solution: case for pinned connection, i.e. CCCH (RRCConnectionResumeReq) + DCCH (NAS PDU via pinned connection)

- The UE shall have NCC prior to 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.




However, there are still many aspects that have not been discussed yet. In this document, we address RRC issues related to the UP solution. 
2 Discussion 
2.1 RRC messages and procedures for EDT
An overview of the legacy resumption procedure and of the EDT procedure is depicted below.
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Figure 1 Overview of RRC messages and procedures

Step 1: Actions related to transmission of RRCConnectionResumeRequest for EDT

Before or when transmitting UL data in MSG3, RAN2 agreed that:
- SRB0 is used to transmit the RRC message in MSG3.
- CCCH (RRC message) and DTCH (UP data) are multiplexed in MAC in MSG3.

- AS security is resumed before transmitted MSG3, and data transmitted in MSG3 are protected by AS security.

- UE restores the UE context, reactive security, and re-establish/resume all SRBs/DRBs. 

- UE is in RRC_IDLE when transmitting MSG3 for EDT, same as legacy.

This is similar to the current actions related to transmission of RRCConnectionResumeRequest message and reception of RRCConnectionResume message as specified in section 5.3.3.3a and 5.3.3.4a in TS 36.331, which generally includes:

· actions related to transmission of RRCConnectionResumeReuqest:

· set resumeID
· set resumeCause and shortResumeMAC-I
· restore the RRC configuration and security context from the stored UE AS context

· restore the PDCP state and re-establish PDCP entities for SRB1, resume SIB1

· actions related to reception of RRCConnectionResume:

· stop related timers e.g. T300
· restore the PDCP state and re-establish PDCP entities for SRB2 and all DRBs, resume SRB2 and all DRBs
· discard the stored UE AS context and resumeIdentity
· update related keys, resume ciphering and integrity protection
· enter RRC_CO/NNECTED, stop the cell-selection procedure
There is no problem to reuse the actions related to transmission of RRCConnectionResumeRequest as a baseline for EDT. For the shortResumeMAC-I issue, it is discussed it in separate paper addressing security aspects [3].

Proposal 1: At least, the current actions related to transmission of RRCConnectionResumeRequest message are reused for MSG3 transmission for EDT in UP solution.
In addition, when transmitting MSG3 in EDT, we need to consider some of the actions performed upon reception of RRCConnectionResume message in legacy. 
Proposal 2: Following actions related to reception of RRCConnectionResume message in legacy are reused for MSG3 transmission for EDT in UP solution:

· restore the PDCP state and re-establish PDCP entities for SRB2 and all DRBs, resume SRB2 and all DRBs
· update related keys, resume ciphering and integrity protection

· stops T302, T303, T305, T306, T308, T320, T322, if any one running

· consider as in RRC_CONNECTED

· stop the cell-selection procedure
Step 2: Transmission of RRCConnectionResumeRequest for EDT

Step 3a: Reception of RRCConnectionRelease
There is nothing to highlight for these steps.

Step 4a: Actions upon reception of RRCConnectionRelease for EDT

For the ROHC context, in the Rel-13 UP solution, the eNB indicates whether the UE can continue the header compression protocol context for the DRBs via the IE drb-ContinueROHC included in RRCConnectionResume. However, for EDT, there is no dedicated signalling before MSG3 between current eNB (target eNB) and UE. Here, following options can be considered:

-
The first option is to indicate drb-ContinueROHC via RRCConnectionRelease by the source eNB. If the UE performs EDT in the same cell again, the UE can continue the header compression protocol context, else it resets the header compression protocol context. 

-
The second option is to reset the header compression protocol context when performing EDT for the UP solution.

The second option is the simplest way. However, there is no possibility for the UE to continue the header compression protocol context, which may lead to high overhead. Therefore, the first option is preferred.
Proposal 3: eNB indicates drb-ContinueROHC via RRCConnectionRelease when EDT is used. If the UE performs EDT to the source cell again, the UE can continue the header compression protocol contest, else the UE resets the header compression protocol context.
Step 3b: Reception of RRCConnectionReject for EDT
For the procedure of EDT, RAN2 has also agreed that:
-
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.

That is to say if eNB receives the data in MSG3, legacy RRCConnectionRelease message in MSG4 will be sent when the eNB wants the UE to move to RRC_IDLE after early data transmission. However, there is also the case that the eNB wants to reject the EDT request, e.g. in case of overload. In normal cases, the eNB has received the data in MSG3 and will transmit them to the S-GW even in congestion case. Otherwise, this would be a waste of UE power consumption and radio resources. However, there could be some special cases where this is not possible, e.g. the S-GW or the MME is down, and thus the eNB should be able to reject the request from the UE. We propose that the legacy RRCConnectionReject message is used in this case and it is transmitted in SRB0 as in legacy.

Proposal 4: RRCConnectionReject message transmitted in SRB0 can be used as a response to RRCConnectionResumeRequest for EDT. It indicates that the data have not been delivered to the S-GW.

Step 4b: Actions upon reception of RRCConnectionReject for EDT
When receiving RRCConnectionReject, there may be some security issues and we discuss them in a separate paper [3]. Apart from this, we do not see any problem that the UE performs the same procedure as specified in the current specification section 5.3.3.8, TS 36.331. That means the UE will clear the data that have been transmitted in MSG3.
Proposal 5: When receiving RRCConnectionReject message in response to RRCConnectionResumeRequest for EDT, the UE follows the legacy procedure upon reception of the RRCConnectionReject.

2.2 RRC messages and procedures for fall back

An overview of the fall back procedures is depicted below.
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Figure 2 Fall back procedures from EDT
Step1: Actions related to transmission of RRCConnectionResumeRequest for EDT

Step2: Transmission of RRCConnectionResumeRequest for EDT
It has been agreed that the eNB can trigger fallback to the legacy establishment procedure by sending legacy messages in MSG4 after RRCConnectionResumeRequest for EDT. Here, two cases should be considered.
Step3a: eNB sends RRCConnectionResume message in MSG4 to trigger the fallback

In some cases, there will be some DL data that need to be sent to the UE after the UL data transmission in MSG3. Then the eNB can send RRCConnectionResume message in MSG4 to resume the RRC connection for further data transmission.

Step3b: eNB sends RRCConnectionSetup message in MSG4 to trigger the fallback

There is also the case that, even though the UE has transmitted the UL data in MSG3, the eNB (target eNB) fails to retrieve the UE context from the source eNB. Then the target eNB has to set up the RRC connection the same way as in the legacy procedure. The target eNB has to discard the un-decoded packet. 
Proposal 6: Both RRCConnectionResume message and RRCConnectionSetup message can be used to trigger the fallback to the legacy procedure.
Step4a: Actions of RRCConnectionResume reception
When UE receives RRCConnectionResume message after transmission of RRCConnectionResumeRequest for EDT, the UE should perform the same actions related to reception of RRCConnectionResume except for the actions already performed when transmitting MSG3. The security aspect will be discussed in a separate paper [3].
Proposal 7: When UE receives RRCConnectionResume message after transmission of RRCConnectionResumeRequest for EDT, the UE performs the legacy actions related to reception of RRCConnectionResume except for the actions already performed when transmitting MSG3.

Step4b: Actions of RRCConnectionSetup reception
When UE receives RRCConnectionSetup message after transmission of RRCConnectionResumeRequest for EDT, the simplest action for the UE is to release all the configuration and perform the legacy actions related to reception of RRCConnectionSetup. The UE upper layers can retain the data for a while. Then after the connection is established, the upper layers ask the AS layer to transmit the data again. Therefore, legacy actions related to reception of RRCConnectionSetup can be reused for EDT fallback.
Proposal 8: Legacy actions related to reception of RRCConnectionSetup are reused for fall back in UP solution.
3 Conclusion
In this document, we have addressed remaining issues related to the UP solution. We have made the following proposals: 
Proposal 1: At least, the current actions related to transmission of RRCConnectionResumeRequest message are reused for MSG3 transmission for EDT in UP solution.

Proposal 2: Following actions related to reception of RRCConnectionResume message in legacy are reused for MSG3 transmission for EDT in UP solution:

· restore the PDCP state and re-establish PDCP entities for SRB2 and all DRBs, resume SRB2 and all DRBs
· update related keys, resume ciphering and integrity protection

· stops T302, T303, T305, T306, T308, T320, T322, if any one running

· consider as in RRC_CONNECTED

· stop the cell-selection procedure
Proposal 3: eNB indicates drb-ContinueROHC via RRCConnectionRelease when EDT is used. If the UE performs EDT to the source cell again, the UE can continue the header compression protocol contest, else the UE resets the header compression protocol context.

Proposal 4: RRCConnectionReject message transmitted in SRB0 can be used as a response to RRCConnectionResumeRequest for EDT. It indicates that the data have not been delivered to the S-GW.

Proposal 5: When receiving RRCConnectionReject message in response to RRCConnectionResumeRequest for EDT, the UE follows the legacy procedure upon reception of the RRCConnectionReject.

Proposal 6: Both RRCConnectionResume message and RRCConnectionSetup message can be used to trigger the fallback to the legacy procedure.

Proposal 7: When UE receives RRCConnectionResume message after transmission of RRCConnectionResumeRequest for EDT, the UE performs the legacy actions related to reception of RRCConnectionResume except for the actions already performed when transmitting MSG3.

Proposal 8: Legacy actions related to reception of RRCConnectionSetup are reused for fall back in UP solution.
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