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Introduction
A new WID on further NB IoT enhancements was approved at RAN #75 [1]. One set of objectives is for further latency and power consumption reduction as follows:
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] 
As stated in the WID, DL/UL data transmission on a dedicated resource during RACH would be evaluated and supported. Initial consideration on early data transmission in RACH procedure is provided.
Discussion on DL/UL data early transmission during the RACH


Fig. 1 RACH procedure in NB IoT
In Rel-13/14 NB IoT, the contention based RACH can be initiated as shown in Fig. 1. In some scenarios when the RACH is initiated by a UE which has uplink data to transmit, UL data can be transmitted through Msg1/Msg-3 to reduce the latency for data transmission. In some other scenarios, a UE initiates a RACH procedure due to a paging message, or the RACH is trigged by an NPDCCH order when the UE is detected by eNB to be uplink out-of-synchronization, e.g. TA timer expires or the eNB has not received HARQ-ACK of the downlink transmission for some time. In these cases, it is highly possible that there is downlink data needing to be transmitted to the UE, and latency reduction can be obtained if the downlink data can be transmitted in Msg-2/Msg-4. In the above scenarios, from power and latency reduction point of view, it should be beneficial for NB-IoT UEs to support DL or UL data early transmission before RRC connection setup is complete.
During the RACH procedure, Msg1, the NPRACH preamble, is not suitable for UL data early transmission because an all ‘1’ sequence is used as the preamble, allowing simple sequence correlation in the eNB to detect the transmission. Early data transmission in Msg1 has already been precluded in the WID [1].
Msg2 carries the random access responses to a number of UEs who transmit preambles in the same time and frequency resources. When paging is received by a UE or NPDCCH order is sent to a UE to trigger a RACH procedure, there usually exists some DL data for the UE who can benefit from the early DL data transmission though Msg2. However, if data is transmitted during Msg2 transmission, the eNB cannot know whether the target UE successfully received the early data transmission since the resource of the preamble sent by the target UE is unknown by the eNB and the preamble may even missed by eNB. To resolve this issue, the UE should be able to confirm the reception of the early DL data after contention resolution is completed. In addition, since Msg2 is common to a number of UEs, the UEs who are not interested in the early data may have to decode and buffer the early data transmission, resulting in a waste of UE power consumption. This should be carefully considered in the design. Finally, security issues should be also considered if user data is in Msg2.
Proposal 1: The following aspects should be studied/considered for early data transmission in Msg2:
· How to ensure the target UE can confirm the reception of early data transmission in Msg2 after contention resolution completes;
· The impact on the power consumption of legacy UEs and UEs who are not the target for the early data transmission;
· Security issues.

Msg3 conveys the random access procedure message e.g. RRC connection request, RRC connection resume request. In RAN#71, it was decided that the TBS of 64 bits and 80 bits are needed for RRCConnectionRequest and RRCConnectionResume respectively [2]. Thus, Msg3 TBS size is agreed at 88 bits based on the supported MCS/TBS tables for NPUSCH. In Rel-15 NB-IoT, if the UE wants to transmit data in Msg3, the current Msg3 TBS size may not be enough. If larger Msg3 TBS is introduced, then more repetitions may be needed which may result in larger delay.
Proposal 2: New sizes of Msg3 need to be studied when considering UL data transmission in Msg3.
Msg4 is used to complete the contention resolution to indicate the UE who succeeded in the RACH procedure. If a larger size Msg4 due to additional early data existence is transmitted, the UEs who failed in the contention resolution would also have to decode a larger NPDSCH, resulting in higher power consumption compared with Rel-13/14. This should be carefully considered in the design of early data transmission solutions.
Proposal 3: The impact on the power consumption of UEs who failed contention resolution needs to be studied when considering DL data transmission in Msg4.
During the RACH procedure, up to three coverage levels can be configured. In the normal coverage level, the number of repetitions for NPRACH, Msg2, Msg3 and Msg4 should be less than in other coverage levels, thus there may be not much latency gain when considering early data transmission during RACH procedure in normal coverage.
Proposal 4: The possible benefit of early data transmission during RACH procedure in normal coverage level needs to be studied.

Conclusion
In this paper, we give some initial considerations on early data transmission during the RACH procedure.
Proposal 1: The following aspects should be studied/considered for early data transmission in Msg2:
· How to ensure the target UE can confirm the reception of early data transmission in Msg2 after contention resolution completes;
· The impact on the power consumption of legacy UEs and UEs who are not the target for the early data transmission;
· Security issues.

Proposal 2: New sizes of Msg3 need to be studied when considering UL data transmission in Msg3.
Proposal 3: The impact on the power consumption of UEs who failed contention resolution needs to be studied when considering DL data transmission in Msg4.
Proposal 4: The possible benefit of early data transmission during RACH procedure in normal coverage level needs to be studied.
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