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1 Introduction
Significant progress was made in R2#99bis on UL Early Data transmission (EDT). This document is the outcome of an email discussion and describes agreed procedure aspects of UL EDT to allow to identify impacts to RAN3 protocols and NAS, if any.
UL Early Data transmission can be performed for MO data for UEs that support either CIOT CP optimization or CIOT UP optimization, and is applicable to both LTE (MTC) and NB-IoT. 

It has been agreed to also support DL early data transmission, but RAN2 progress is not yet sufficient to describe the additional functionality that may need to be supported for this case. 
Network signalling and NAS related details provided in this document shall be regarded as RAN2 assumptions rather than RAN2 agreements. 

In the below, CIOT CP optimization = [CP], CIOT UP Optimization = [UP]. 
2 Legacy Data Transmission procedure

Figure 1. Small UL Data with optional DL reply, Legacy Rel-14
Explanations
Step 2: “MSG1” PRACH and “MSG2” Random Access Response (RAR) in the RACH procedure.

Step 3: “MSG3”: [CP] RRC Connection Request (S-TMSI), [UP] RRC Connection Resume Request (with Resume ID)
Step 4.1: [CP] Acquire UE capabilities 
Step 4.2: [UP] Acquire UE context by context fetch, if needed. 
Step 5: With CIOT optimizations, the Uu part of the UE context is established or re-established at this point. 

Step 6: “MSG4” [CP] RRC Connection Setup, [UP] RRC Connection Resume (received over SRB1) 
Step 7: [CP] SRB (1bis/1) is setup, [UP] SRB2 and DRBs are resumed. UE enters RRC_CONNECTED Mode. 
Step 8: Also called “MSG5” [CP] RRC Connection Setup Complete with a NAS PDU that contains UL Data, [UP] RRC Connection Resume Complete. UL Data on DRB can be MAC multiplexed with the RRC message, or sent later. 
Step 9.1: [CP] Initial UE Message with a NAS PDU that contains a CONTROL PLANE SERVICE REQUEST including an ESM DATA TRANSPORT carrying the UL Data. A Release Assistance Information may be included in the NAS PDU to indicate that there is no further Uplink or Downlink Data transmissions are expected.
Step 9.2.1: [UP] UE context resume request + response, Resumes the network part of the UE context. 
Step 9.2.2: [UP] UL data is transmitted to Serving GW
Step 10.1: [CP] Optionally there can be DL data or a DL NAS message in response to the previously transmitted UL data or UL NAS message.
Step 10.2: [UP] Optionally there can be DL data in response to the previously transmitted UL data.

Step 11: [CP] The optional DL data or DL NAS message is transmitted to the UE over SRB encapsulated in an RRC message that carries a NAS PDU, or [UP] the optional DL data is transmitted to the UE over a DRB. 

Step 12: UE Transition to Idle is decided by eNB or MME, and RRC release / suspend signalling is performed. 
Step 13: RRC Connection Release message with or without suspend release cause.
3 Successful Early Data Transmission (EDT) procedure 

Figure 2. Small UL Data with optional DL reply, Early Data Transmission
Explanations

It is FFS whether to use existing RRC messages or to introduce new RRC messages for EDT. Generic names are used here in analogy with Figure 1. 
Step 1: The UL Early Data transmission is only applicable to MO Data. 

Step 2: In MSG1 (N)PRACH, the UE indicates to the network the intention to use Early Data Transmission. This impacts e.g. the scheduling of the next UL transmission in Step 3.2
Step 3.1: [UP] The UE resumes DRBs and SRBs from the stored UE configuration. Except for SRB0, and SRB1 for reception of RRC Connection Resume message, this was previously done after the UE receives RRC Connection Resume message and moves to RRC Connected mode. The exact AS State modelling is FFS. 
Step 3.2: MSG3: [CP] RRC request (with S-TMSI) with a NAS PDU that contains UL Data. [UP] RRC Command for connection request (with Resume ID) that is MAC multiplexed with a DRB PDU that contains UL Data. Transmission of NAS PDU and UL Data was previously done at earliest at the time of the RRC Connection Complete message, a.k.a. MSG5. 

Steps 4 – 6: During this period of time it is assumed that by eNB or MME trigger, there will be a decision to send the UE either back to idle mode or to RRC connected. Depending on this decision some of the steps in this period may not be needed. The existence, content, and order of steps are up to RAN3, SA2, CT1. A possible reason for moving the UE to RRC connected mode could be e.g. that more data is expected in the UL or DL. 
Step 4.1.1: [CP] Initial UE Message with a NAS PDU that contains UL Data. 
Step 4.1.2: [CP] Acquire UE capabilities. This is needed if the UE is to continue in Connected mode.
Step 4.2.1: [UP] Acquire UE context by context fetch, if needed. 

Step 4.2.2: [UP] UE context resume request + response. 

Step 4.2.3: [UP] UL data is transmitted to Serving GW

Step 5.1: [CP] Optionally there can be DL data or a DL NAS message in response to the previously transmitted UL data or UL NAS message.

Step 5.2: [UP] Optionally there can be DL data in response to the previously transmitted UL data.

Step 6: UE Transition to Idle may be triggered by eNB or MME. 

Step 7.1: This is MSG4, here called RRC Command message. For EDT it can configure the UE to stay in RRC connected mode similar to messages [CP] RRC Connection Setup and [UP] RRC Connection Resume, or it can configure the UE to go back to RRC idle mode or RRC idle mode with suspended state. [CP] The message can optionally carry a NAS PDU that contains DL Data or a DL NAS message, or [UP] optionally be MAC multiplexed with a DRB PDU that contains DL Data. 
4 Identified Potential Issues in RAN3, CT1 or SA2 domain
1: Before step 7.1, it is not clear whether the eNB needs to be informed by the MME whether the MME prefers/requires the UE to stay connected afterwards. 
2: If it is confirmed that the MME needs to indicate preference/requirement as in 1, then it is not clear whether MME needs to be aware that the UE is using EDT, e.g. to use this information to expedite response to eNB.
3: RAN2 hasn’t agreed any details on how the decision is taken in the UE to use or attempt to use EDT. RAN2 agreed the following: “The intention to use EDT is for data, i.e. not for NAS signalling.” 
4: RAN2 hasn’t discussed details of AS/NAS interaction for EDT. RAN2 would appreciate input from CT1 on to what extent legacy AS/NAS interaction can be applied or whether a need for new interaction or indications is identified.
5: In order to define the correct timing between msg3 and msg4 as well as to meet the timing requirements defined for an RRC connection, RAN2 asks for input on the expected delay of steps 4, 5 and 6 in figure 2.
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14: RRC Idle Mode 
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