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Discussion and decision
1 Introduction

The early data transmission topic is one of the objectives included in eFeMTC and FeNB-IoT WIs [1] [2]. In the RAN2 # 99 meeting, following agreements were made.

	Agreements
- PRACH partitioning is used to indicate UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS: details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.

- For CP during the UL EDT procedure, if the UE receives a grant in which data does not fit, the UE does not send the data in Msg3. 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.

- It is FFS if there is a need to introduce an authorization mechanism.

- Maximum possible grant size for Msg3 is broadcast per CE. It is FFS if the UE indicates the grant size it needs for Msg3 via PRACH partitioning.

- Send an LS to RAN1 with the agreements we have from this meeting and indicate that we assume that the legacy TBS table for PUSCH transmission is used for EDT.

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

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

- Send an LS to RAN3/SA2/CT1 whether any of the following parameters which are included in Msg5 in legacy procedure should be included in Msg3 for EDT: selectedPLMN-Identity, registeredMME, gummei-Type, attachWithoutPDN-Connectivity, up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, dcn-ID.

- 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. We will provide this assumption in an LS.to RAN3, SA2, SA3, CT1.

- For CP solution, NAS PDU for data is encapsulated in the RRC message sent in Msg3 and transmitted as CCCH SDU.

- 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 resumed before transmitting Msg3, and data transmitted in Msg3 is protected by AS security.

- 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, 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)


Based on RAN2#99 agreements, it is understood that there are the following cases to consider for the early data transmission in UL and/or DL: 1) Early data transmission over CP when AS security was not established, 2) Early data transmission over UP when AS security was established, 3) Early data transmission over CP when AS security was established and 4) Early data transmission over CP with pinned PDN connection and UP when AS security was established. For use case 4) when AS security is enabled, UE has short CP data to transmit via pinned PDN connection and UP data via UP C-IoT, UE may need to multiplex both CP and UP PDUs in msg3 which would require larger UL grant. To reduce the standardization/UE complexity of supporting variable payload sizes for msg3, this use case can be further discussed in future. In this document, we further discuss the details on MT DL EDT, and FFS that were not clear from the related RAN2 email discussion [99bis#55]. 
2 Discussion
2.1 DL EDT in MT case
CP solution

The MME starts the paging procedure whenever there is DL data for a UE. When the UE receives the paging message, it transmits the Msg3. Then the eNB transmits the Msg4 which can carry the DL data for the UE. When no UL CP data is sent in Msg3, the MME would not know when or where to send the DL data until the 1st UL NAS PDU gets sent by the UE (currently this is done in msg.5). Note that UE may be have moved to different cell. However, MME can decide whether or not eNB be notified to send the DL data via Msg4 (use DL EDT). Different options are described below that could help solving the issue: 
Option 1: MME transmits the DL data together with S1-AP paging message to the eNBs within the TA.
In this option, every eNB in the TA of the UE has to store the early DL packet and associated UE ID (S-TMSI). But the benefit of this approach is that there will be minimum latency between the msg3 and msg4. It is to note that CN signaling might not be major as CN paging optimizations are in place not to send S1-AP paging messages to all eNBs within a configured TA.
Option 2: MME indicates in the S1-AP paging message that it is for early DL data transmission in msg4.

Similar to UL EDT, for DL EDT also, MME has to decide if DL EDT can be used or not for the newly arrived DL NAS PDU for a UE. If DL EDT can be used, MME can send DL EDT indication to eNB while sending the S1-AP paging message. If UE also receives this indication (e.g. via RRC paging or RAR), it can follow the option 3 or option 4 described below. If the UE does not receive this indication (e.g., via RAN paging and RAR), it follows the legacy Msg3 transmission. Since, eNB receives the indication of DL EDT in S1-AP paging message, it requests MME for DL data to transmit in Msg 4 using S-TMSI provided in Msg3.
Option 3: UE transmits a 1st NAS PDU (e.g. service request) in the Msg3.

In this option, the eNB would send the 1st NAS PDU earlier which would let the MME know when/where the UE is available and ready to receive the early DL CP data transmission (which could be sent in or with msg4). In addition, this option may not be efficient as eNB has to allocate larger UL grant for msg3 if UE always transmits the service request message in msg3.

Option 4: After eNB receives msg3, eNB requests MME for any early DL CP data transmission to transmit in msg4 for the given UE.
eNB does not know the UE capability as it has no the context of the UE in idle mode. So after every msg3, the eNB has to request or check with MME for early DL CP data transmission before transmitting msg4. However, an indication bit for early data transmission capability in msg3 can be introduced so that the eNB does not have to request or check with MME for UEs not supporting the early data transmission.
The option (2) above has least impact to the standardization effort. It is because eNB can request the MME if the UE is EDT enabled UE and there is DL data for the UE after receiving msg3 only if the eNB receives the EDT indication in S1-AP paging message. This would mean the UE is not required to receive DL EDT indication in the paging message and UE follows the legacy procedure to respond the paging message.
Observation 1. eNB can request the MME for any DL data after receiving msg3 from a UE only if the eNB was notified of the EDT indication in S1-AP paging message.

UP solution

Similar to CP solution, MME also needs to decide whether or not DL EDT is used for the newly arrived DL data, therefore, similar observations to that of CP solution is applicable to UP solution. In addition, UE has to consider resuming the AS security and DRB before Msg3. In this case, following options can be considered.

1. UE receives DL EDT indication in the RRC paging message and UE follows the EDT procedure by indicating EDT in Msg1 but without UL data in msg3.

2. If UE receives DL EDT indication in the RRC paging message, it resumes AS security using the stored NCC and DRBs before transmitting the RRC connection resume request message in Msg3

3. UE receives legacy RRC paging message (without EDT indication) and EDT enabled UE always resumes AS security using the stored NCC and DRBs before transmitting the legacy RRC connection resume request message in Msg3.

4. UE receives legacy RRC paging message (without EDT indication) and follows the legacy procedure.

If UE receives DL EDT indication in RRC paging message, option (2) above can be used as option (1) may waste resource by asking UL grant for EDT unnecessarily. If the UE receives paging message without EDT indication and the UE is EDT enabled UE, it is possible that it may receive RRC Connection release command and DL data in the Msg4. In option (4), UE may not be prepared to receive the DL data in DRBs in Msg4, therefore option (3) is preferred. With option (3), it is also not necessary to change the legacy RRC paging message to include the DL EDT indication.

Observation 2. EDT enabled UE always needs to resume AS security and DRBs before Msg3 to be prepared to receive DL data over DRB in Msg4.

Proposal 1. UE is not required to receive DL EDT indication in the RRC paging message and UE follows the legacy procedure to respond the paging message.

Proposal 2. An EDT enabled UE resumes AS security using the stored NCC and DRBs before transmitting the legacy RRC connection resume request message in Msg3 in response to the paging message.

2.2 Non-IP NAS PDU in UP solution
2.2.1 UL non-IP NAS PDU
When a UE is in RRC IDLE with suspend indication, UE may have a small NAS PDU to transmit via SCEF. In this case, UE can resume the SRB1 before the msg3 or follow the same procedure of transmitting user plane data in the msg3. The NAS PDU in ULInformationTransfer message in DCCH can be multiplexed with the RRC connection resume request message in CCCH for early data transmission in msg3. In this case, eNB forwards the NAS PDU in SRB1 to MME. The MME can forward the PDU to SCEF.
Proposal 3. The DCCH of the NAS PDU and the CCCH of the RRC connection resume request message are multiplexed at MAC for early data transmission in msg3 in UP solution.
2.2.2 DL non-IP NAS PDU
Similarly, there can be small non-IP DL NAS PDU arrival from SCEF for a UE in idle mode with suspend indication, then the MME needs to page the UE to transmit the DL NAS PDU. When eNB receives the RRC connection resume request message in msg3 as response to paging message from the UE, it makes sure that it has the UE context. It would know from an indication from MME that there is DL non-IP data for the UE, the eNB requests the MME for the early non-IP DL data before sending the msg4. After sending the DL non-IP data in msg4, the eNB can provide the response to MME that the DL data has been transmitted to the UE. For this purpose, the RRC message in Msg4 over SRB1 can be extended to encapsulate the DL non-IP NAS PDU.
Proposal 4. The RRC message in Msg4 is extended to optionally carry the DL non-IP NAS PDU for DL early data transmission in UP solution.
3 Conclusion

The observations captured are the following:
Observation 1.
eNB can request the MME for any DL data after receiving msg3 from a UE only if the eNB was notified of the EDT indication in S1-AP paging message.
Observation 2.
EDT enabled UE always needs to resume AS security and DRBs before Msg3 to be prepared to receive DL data over DRB in Msg4.

The proposal captured are the following:
Proposal 1.
UE is not required to receive DL EDT indication in the RRC paging message and UE follows the legacy procedure to respond the paging message.
Proposal 2.
An EDT enabled UE resumes AS security using the stored NCC and DRBs before transmitting the legacy RRC connection resume request message in Msg3 in response to the paging message.
Proposal 3.
The DCCH of the NAS PDU and the CCCH of the RRC connection resume request message are multiplexed at MAC for early data transmission in msg3 in UP solution.
Proposal 4.
The RRC message in Msg4 is extended to optionally carry the DL non-IP NAS PDU for DL early data transmission in UP solution.
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