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1 Introduction

One objective of Rel-15 feNB-IoT work item (WI) is to reduce the latency via the support of early data transmission [1]: 

· 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] 
In RAN1 #89 meeting, the following agreements on the early data transmission were made [2]: 

Agreement: 

· From RAN1 perspective, it is beneficial to support early data transmission for NB-IoT UEs with any coverage.

· Include the NB-IoT agreement in the draft LS R1-1709475.

In this contribution, we share our views on the design from RAN1 aspects to support early data transmission during random access procedure, including the indication method for the support of early data transmission, and the impact on RAR, Msg3 and Msg4 design. 
2 Indication method for the support of early data transmission
It is beneficial to support early UL data transmission in Msg3 and early DL transmission in Msg4 to reduce the latency [3]. The support of such early data transmissions should depend on UE capability. However, for initial access, the UE has not reported its capability yet during the random access procedure. Therefore, the method to support the indication of UE capability and the need for early data transmission during the random access procedure should be studied. 
There have been proposed two solutions for the indication. One solution is to transmit two UL grants in Msg2, one for the scheduling of legacy Msg3 and the other for the scheduling of Msg3 with early data transmission. With this approach, UE autonomously selects which UL grant to follow and eNB needs to blindly detect whether there is early data transmission in Msg3 or not. The additional UL grants in Msg2 would result in larger DL overhead and performance degradation in the reception of Msg2 due to larger payload. In addition, more UL resources need to be reserved for the scheduling of potential early data transmission in Msg3, leading to inefficient UL resource utilization. This is not preferred considering the already insufficient UL resources for Msg3 transmissions in most cases of current systems. The other solution is to configure dedicated NPRACH resources for the UEs supporting early data transmission. The absence of this NPRACH configuration implies that the cell does not support early data transmission. This approach may impact the system capacity. However, considering its negligible impact on the performance of Msg2 reception, the more efficient UL resource utilization and limited changes in specifications, the partition of NPRACH resources is preferred to indicate the capability of UEs on the support of early data transmission.

Proposal 1:
· Consider reservation of NPRACH resources for the indication of UE capability on the support of early data transmission. 
3 Design impact for the support of early data transmission 
Recall that with existing NB-IoT design, the TBS of Msg3 is fixed to be 88 bits. The available bits for early UL data transmission in Msg3 would be quite limited if we keep the supported TBS of Msg3 as in Rel-13. It is preferred to ask for RAN2’s inputs on the desirable payload size to be carried by the early data transmission in Msg3. Based on the feedback, RAN1 can further study the need and feasibility for the extension of supported TBS for Msg3. Depending on the supported TBS values for Msg3 with early UL data transmission, there may be design impact from RAN1 side on the UL grant in RAR.
For Msg4, the maximum TBS supported by existing NB-IoT design is 680 bits as regular NPDSCH, which should be sufficient for early DL data transmission. Thus, there is no impact on the design of Msg4 from RAN1 side to support the early DL data transmission. 

Regarding the UE release procedure, as discussed in [3], there are use cases where the UE just has a single short data to transmit or receive, and thus UE is ready to go to idle model after the early data transmission in Msg3 or Msg4. To reduce the latency and UE power consumption, it is preferred to support the release of UE to idle mode after the early data transmission. RAN1 should study the design impact on RAN1 side to support such release procedure.   

Observation 1:
· There is no RAN1 impact on the design of Msg4 for the support of early DL data transmission in Msg4.
· From RAN1 perspective, it is beneficial to support the release of UE to idle mode after the early data transmission.
Proposal 2:
· RAN1 should study the need and feasibility for the extension of supported TBS values for Msg3.
· It is preferred to get RAN2’s inputs on the desirable payload sizes to be supported for Msg3 with early UL data transmission. 

· RAN1 should study the RAN1 design aspects to support the release of UE to idle mode after the early data transmission.
4 Conclusion

In this contribution, we discuss the design for the support early data transmission for feNB-IoT. Based on the discussions, we make the following observation and proposals:
Observation 1:
· There is no RAN1 impact on the design of Msg4 for the support of early DL data transmission in Msg4.
· From RAN1 perspective, it is beneficial to support the release of UE to idle mode after the early data transmission.
Proposal 1:
· Consider reservation of NPRACH resources for the indication of UE capability on the support of early data transmission. 

Proposal 2:
· RAN1 should study the need and feasibility for the extension of supported TBS values for Msg3.
· It is preferred to get RAN2’s inputs on the desirable payload sizes to be supported for Msg3 with early UL data transmission. 

· RAN1 should study the RAN1 design aspects to support the release of UE to idle mode after the early data transmission.
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