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1. Introduction

In RAN #75 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1]. The scope of work item includes support for DL/UL data transmission on a dedicated resource during the Random Access procedure to further reduce latency and power consumption.

	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]


In RAN2#99 meeting, it was agreed to introduce early data transmission in MTC/NB-IoT via Msg3 for UL and Msg4 for DL as follows.

	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.


In this paper, we discuss RAN1 aspects related to the early data transmission, especially focusing on the indication of early data transmission by UE. 
2. Consideration points on early data transmission by UE
2.1. Indication of early data transmission by UE
For the early data transmission via Msg3 initiated by UE, only way to inform the eNB of the necessity of a UE’s early data transmission is to use Msg1, that is, NPRACH. The other way around may be eNB to blindly decode predefined multiple sizes of TBs for Msg3. However, this approach costs the eNB much complexity while it is uncertain how often the actual early data transmission will occur. Also, unnecessarily large UL resource for Msg3 should be allocated for every random access trial since eNB doesn’t know if a UE wants to transmit early data or not.

Proposal 1: For the early data transmission via Msg3 initiated by UE, UE indicates request for early data transmission by Msg1.

We discuss several potential methods for the indication of early data transmission by Msg1 as follows.

1) NPRACH time/frequency resource

NPRACH resources can be segmented to differentiate early data transmission case and normal case. If NPRACH resources for early data transmission are defined in addition to the legacy NPRACH resources, eNB’s UL scheduling for the legacy UEs should be restricted to avoid the newly defined NPRACH resources. Otherwise, eNB may configure and use the contention-free NPRACH resources already defined in Rel-13/14 NB-IoT since the contention-free NPRACH resources are not actually used for Rel-13/14 NB-IoT UEs. 
2) Scrambling or OCC on NPRACH

While using same time/frequency resources configured for legacy NPRACH, NPRACH for early data transmission can be identified by applying scrambling or OCC over NPRACH symbols or symbol groups. This approach may deteriorate the overall NPRACH performance since more NPRACH transmissions are multiplexed in a same time/frequency resource compared to the normal NPRACH operation. Also, the same method may have to be used for other purposes such as NPRACH false alarm enhancement in another NB-IoT enhancement item.

3) NPRACH resource in a specific non-anchor carrier

Separate non-anchor carrier(s) may be configured as a NPRACH carrier for early data transmission. This method can be beneficial in the perspective that no legacy UE’s transmissions will be affected by the Msg1 transmission for early data transmission. On the other hand, this method always needs additional NB-IoT non-anchor carriers and new method is necessary for the non-anchor carrier allocation for NPRACH transmission on top of the legacy method. 
Considering the pros and cons discussed above, we prefer time/frequency resource separation for its simplicity. 

Proposal 2: NPRACH resources for early data transmission are separated by time/frequency resources from the normal NPRACH resources in a NB-IoT carrier.

2.2. Other aspects
While UE’s early data transmission on Msg3 is being discussed in RAN2, it is unclear whether/how to support eNB’s triggering of a UE’s early data transmission on Msg3 via NPDCCH order. If early data transmission triggered by NPDCCH order is to be supported, contents of NPDCCH order should be modified.

Proposal 3: Ask RAN2 whether/how to support eNB’s triggering of a UE’s early data transmission on Msg3 via NPDCCH order.

Even if a UE requests early data transmission by relevant Msg1 transmission to eNB, eNB may not want to allow the UE’s data transmission in Msg3 if there is not enough UL resources for the data scheduling on Msg3. Therefore, it is natural to enable a mechanism for eNB to reject the UE’s request via Msg2.
Proposal 4: Inform RAN2 that it is necessary to support mechanism for eNB to reject the early data transmission request from UE in RAN1 perspective.

3. Conclusion
In this contribution, we discussed RAN1 aspects related to the early data transmission, especially focusing on the indication of early data transmission by UE. Proposals in this contribution are summarized as follows.
Proposal 1: For the early data transmission via Msg3 initiated by UE, UE indicates request for early data transmission by Msg1.

Proposal 2: NPRACH resources for early data transmission are separated by time/frequency resources from the normal NPRACH resources in a NB-IoT carrier.

Proposal 3: Ask RAN2 whether/how to support eNB’s triggering of a UE’s early data transmission on Msg3 via NPDCCH order.

Proposal 4: Inform RAN2 that it is necessary to support mechanism for eNB to reject the early data transmission request from UE in RAN1 perspective.
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