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Background
RAN2 discussed introducing Early Data Transmission (EDT) feature for Rel-15 eMTC and NB-IoT. This feature allows the UE to send small data (using Control and User Plane CIOT EPS Optimisation) in RRC message 3. Note that MsgX in the following refers generally to stepX in contention-based random-access procedure (e.g., Msg3 is the first scheduled UL on the grant provided by RAR). For reference, a brief description of the Random Access procedure and EDT feature under discussion in RAN2 is given in Appendix A.
The RAN2 agreements so far are communicated to SA2 with LS R2-1711978/S2-177180:

	RAN2#99 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.


RAN2 further discussed the details on the EDT feature and made following agreements in RAN2#99bis. 

	RAN2#99bis Agreements:

- The intention to use EDT is for data, i.e. not for NAS signalling.

- RAN2 assumes that S-TMSI for CP, and resumeID and shortResumeMAC-I for UP solutions are sufficient to identify UE at the MME and eNB respectively. 
- For CP solution, NAS PDU for data is encapsulated in the RRC message sent in Msg3 and transmitted as CCCH SDU.
- For CP solution, NAS PDU data in the DL can be optionally encapsulated in the RRC message sent in Msg4 and transmitted as CCCH SDU.
- For UP solution, SRB0 is used to transmit the RRC message in Msg3.

- For UP solution, AS security is resumed 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.
- Msg4 decides whether the UE goes to RRC connected mode or RRC idle mode. The content of Msg4 for EDT is FFS.
- It is FFS if there is a need to introduce an authorization mechanism.

- FFS: For UP solution: case for pinned connection, i.e. CCCH (RRCConnectionResumeReq) + DCCH (NAS PDU via pinned connection)


RAN2 would like to kindly ask the following questions to SA2: 

1) To support UL early data transmission in Msg3 during a RACH procedure initiated by a UE in RRC_IDLE, whether any of the following parameters that are optionally included in Msg5 (except selectedPLMN-Identity) in legacy procedure should be included in Msg3 for EDT? 

a. selectedPLMN-Identity, 
b. registeredMME, 
c. gummei-Type, 
d. attachWithoutPDN-Connectivity, 
e. up-CIoT-EPS-Optimisation (indication that User Plane CIoT EPS Optimisation is supported by UE), 
f. cp-CIoT-EPS-Optimisation (indication that Control Plane CIoT EPS Optimisation is supported by UE), 
g. dcn-ID,
h. ce-ModeB (indication that CE Mode B is supported by UE).  

2. 
Analysis 

While further analysis would be required in order to determine the upper layer impacts of the Early Data Transmission (EDT) feature in the architecture e.g. impacts in UE NAS, MME, possible authorization etc. This analysis looks specifically at the question asked to SA2.

Our view is that SA2 should answer that there is no need to include the following parameters in msg3 for Early Data Transfer (EDT) since the RAN2 agreements from RAN2#99bis stated that Early Data Transfer (EDT) procedure is not intended to be used for NAS signaling, such as ATTACH or TAU, therefore the following parameters are not needed:.

b. registeredMME, 
c. gummei-Type, 

d. attachWithoutPDN-Connectivity, 

e. up-CIoT-EPS-Optimisation (indication that User Plane CIoT EPS Optimisation is supported by UE),
f. cp-CIoT-EPS-Optimisation (indication that Control Plane CIoT EPS Optimisation is supported by UE), 

g. dcn-ID,
The reasons for this are:

· For Control Plane CIOT EPS Optimisation, since the UE will already be allocated with S-TMSI, eNB should be able to identify MME from S-TMSI included in msg3.

· For User Plane CIOT EPS Optimisation, eNB should be able to identify MME from the stored UE context identified by resume ID in msg3.

· In any case, legacy msg5 (RRC Connection Resume Complete) for resume procedure does not carry these parameters anyway.

Proposal 1: The following parameters currently contained in RRC msg.5: 

b. registeredMME, 
c. gummei-Type, 

d. attachWithoutPDN-Connectivity, 

e. up-CIoT-EPS-Optimisation (indication that User Plane CIoT EPS Optimisation is supported by UE),

f. cp-CIoT-EPS-Optimisation (indication that Control Plane CIoT EPS Optimisation is supported by UE), 

g. dcn-ID,

are not needed for Early Data Transmission.

selectedPLMN-Identity will be needed in order for eNB to select MME in network sharing scenario. Whether this can be avoided e.g. through configuration in eNB or whether it can be avoided if network sharing is not used is FFS. 

Proposal 2: selectedPLMN-Identity is needed for Early Data Transmission. Whether possible optimisations to avoid the need to be provided all the time are possible is FFS.
The ce-modeB indicator that is provided to MME in order to adapt the NAS timers, TS 23.401 is defined in as follows in the clauses for Control Plane CIOT EPS optimisation (e.g. from clause 5.3.4B in TS 23.401) : 

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, if applicable, the CE mode, i.e. set the NAS timers long enough according to the worst transmission delay (see TS 24.301 [46]).
It is not clear if this indicator is provided in RRC msg.3 to eNB and conveyed to MME e.g. during Attach or TAU whether MME can store it in UE context and therefore is not clear whether it is necessary to be provided at every RRC msg.3 to eNB and then to MME. This aspect needs to be checked with CT1.
Proposal 3: Check with CT1 whether UE capability for ce-ModeB can be stored in UE context in MME during Attach/TAU and is not needed to be conveyed every time to MME when the UE uses Control Plane CIOT EPS Optimisation with Early Data Transmission (EDT).

3
Proposal 

It is proposed SA2 to answer as per above: 

Proposal 1: The following parameters currently contained in RRC msg.5: 

a. selectedPLMN-Identity, 

b. registeredMME, 
c. gummei-Type, 

d. attachWithoutPDN-Connectivity, 

e. up-CIoT-EPS-Optimisation (indication that User Plane CIoT EPS Optimisation is supported by UE),

f. cp-CIoT-EPS-Optimisation (indication that Control Plane CIoT EPS Optimisation is supported by UE), 

g. dcn-ID,

are not needed for Early Data Transmission.

Proposal 2: selectedPLMN-Identity is needed for Early Data Transmission. Whether possible optimisations to avoid the need to be provided all the time are possible is FFS.
Proposal 3: Check with CT1 whether UE capability for ce-ModeB can be stored in UE context in MME during Attach/TAU and is not needed to be conveyed every time to MME when the UE uses Control Plane CIOT EPS Optimisation with Early Data Transmission (EDT).

LS response for the question asked to SA2 is provided in S2-177195.
Appendix A
A.1 Random Access Procedure

A brief overview of contention based random access procedure is given in TS 36.300.
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Figure 10.1.5.1-1 in TS 36.300: Contention based Random Access Procedure
Normal DL/UL transmission can take place after the random access procedure.
A.2 Early data transmission in Msg3 and Msg4
As indicated above, RAN2 intends to support early UL data transmission in Msg3 for control plane and user plane CIoT EPS optimisation. 

According to current procedure, the transmission of Msg3 is performed on the initial UL grant provided by RAR, therefore the size of the transport block depends on the grant. When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a grant smaller than 56 bits (or 88 bits for NB-IoT) in the Random Access Response (see TS 36.300).
Msg3 and Msg4 use HARQ. According to current specification, Msg3 conveys at least NAS UE identifier for initial access, but no NAS message. Msg3 transmission is done using a separate Msg3 buffer (which has higher priority than the UL buffer). Not only Msg3 uses HARQ but UE (MAC) can retransmit the message incase it does not receive MAC level response from eNB (e.g. UE does not receive Msg4 and this leads to contention resolution failure and UE (MAC) can re-attempt access from idle).

A.2.1 CP CIoT EPS Optimisation

An example call flow allowing data transmission in Msg3 (UL) and Msg4 (DL) as NAS PDU is shown in Figure 1. Note that paging steps (for MT case) are not shown. It is assumed that this procedure is not applicable for UE that needs to perform NAS procedures that require more than one packet to transmit in UL.
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Figure 1 Example call flow of CP CIoT EPS Opt data transmission in Msg3 and Msg4

The steps are briefly described below:

A. Resource determination: eNB decides to allow early transmission of small data packet sizes without establishing full RRC connection. It allocates PRACH resources for this purpose.

0. eNB announces the resources via system information broadcast (SIB).
B. The UE selects a PRACH resource based on the announced resources and the amount of data to transmit. The selection may be based on random selection from the corresponding PRACH pool. 
Note: If no PRACH resource is broadcasted for data in Msg3 procedure, or UE intends to perform NAS signaling procedure or UE intends to send/receive more data than possible in one MAC block then UE uses legacy RRC connection establishment/resumption procedure.
1. UE transmits the PRACH preamble (Msg1).

2. The UE receives RAR. In current LTE, RAR may contain uplink grant, and TA (in addition to Temporary C-RNTI etc.). To enable Msg3+data, RAR may be updated to include power control information (this needs to be discussed in RAN1). Otherwise, the UE may use open-loop power control (i.e., UE decides on transmit power itself).

3. UE transmits Msg3 with UEID (discussed later) + NAS PDU using the UL grant indicated in RAR. UE takes into account the power control information from RAR, if included. UE starts a contention resolution timer after this step.
4. eNB selects the MME based on the UEID and forwards the NAS PDU to the MME. eNB may indicate to MME that UE has initiated early data transfer procedure. If DL data is available for the UE, the SGW provides the downlink data to the MME, which forwards it as NAS PDU to the eNB to be delivered to UE. If the eNB has indicated that UE initiated early data transfer, in response the MME should close the S1-AP connection after forwarding any downlink NAS PDU. This indication may also be used by MME to prioritize processing of the UL data and expedite step 6.

7. Network responds with Msg4 which confirms reception of Msg3, completes contention resolution and includes NAS PDU (if necessary). If NAS PDU is included then NAS will be able to confirm if it is communicating with a valid network. 

Note: Current NAS specification does not mandate MME to respond with anything to confirm reception of NAS PDU hence the reason why NAS PDU is optional.  

A.2.2 UP CIoT EPS Optimisation
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Figure 2 Example call flow of UP CIoT EPS Opt data transmission in Msg3 and Msg4

Key difference with resume compared to CP RRC connection is that:

· UE needs to apply security to data PDU carried by Msg3. Integrity could be applied to entire Msg3 but only data IE can be ciphered.

· UE needs to have the security keys to use for integrity and (optionally) ciphering. This requires UE to be provided with NextHopChainingCount as well as resumeID during suspension. This needs to be confirmed with SA3.
Procedures for step 0, 1 and 2 are similar as for CP.

At step 3, UE uses security parameters based on the NextHopChainingCount provided during last suspension. UE ciphers (if required) data PDU with UPenc key, and computes integrity key (over entire RRC Connectionless Resume Request message). In this case the KeNB, KRRCint and KRRCenc security parameters are used for MAC calculation and optional ciphering. 

Note: resumeID, resumeCause and shortResumeMAC-I are not ciphered.
3. UE transmits connectionless resume message. The eNB decodes the RRC message, fetches UE context and verifies integrity. If successful, then it deciphers data (if required).

4-6. eNB triggers MME to resume connection. MME configures/resumes bearers and confirms to eNB.
7. The eNB forwards data PDU to the SGW. 
8. The eNB sends the contention resolution message with UE ID (Msg4), NextHopChainingCount and resumeID to UE. This message is integrity protected.

Note: steps 7 and 8 may happen in any order.
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