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1 Introduction
In RAN #75 meeting, new WID RP-170852 on Further NB-IoT enhancements was agreed as working agreement [1]. One of the objective is further latency and power consumption reduction.
Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

· 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] 

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

· Support for physical layer SR [RAN1, RAN2]

· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]

In this contribution, we discuss the issue of data transmission during random access procedure for NB-IoT.
2 Discussion
In Rel-14 NB-IoT , effort was made to ensure mainly two aspects of IoT deployment. First, low cost, low complexity and low power consumption terminal. Second , coverage extension to facilitate the use-case of IoT deployment. Initial deployment data and simulation/emulation result show that for IoT deployment , many transmission sessions are brief and the main part of the power consumption is on connection setup and release. 

One enhancement direction is to look into the possibility of data transmission during random access procedure, just to avoid lengthy RRC connection setup and release.

Currently, contention based random access procedure involves four steps, shown in the figure 1.

• Step 1: Preamble transmission;

• Step 2: Random access response;

• Step 3: Layer 2 / Layer 3 (L2/L3) message;

• Step 4: Contention resolution message.
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Figure 1
Msg3 is the first scheduled uplink transmission on the PUSCH and makes use of HARQ. It conveys the actual random access procedure message, such as an RRC connection request.  It is addressed to the temporary C-RNTI allocated in the RAR at Step 2 and carries either the C-RNTI if the UE already has one (RRC_CONNECTED UEs) or an initial UE identity. In case of a preamble collision having occurred at Step 1, the colliding UEs will receive the same temporary C-RNTI through the RAR and will also collide in the same uplink time-frequency resources when transmitting their L2/L3 message. This may result in such interference that no colliding UE can be decoded, and in this case the UEs restart the random access procedure after reaching the maximum number of HARQ retransmissions. However, if one UE is successfully decoded, the contention remains unresolved for the other UEs.  
Msg4 is addressed to the C-RNTI (if indicated in the L2/L3 message) or to the temporary C-RNTI, and, in the latter case, echoes the UE identity contained in the L2/L3 message. In case of a collision followed by successful decoding of the L2/L3 message, the HARQ feedback is transmitted only by the UE which detects its own UE identity (or C-RNTI). 

To use the RACH procedure for data transmission, several issues must be resolved. First of all, what is the TBS size supported for such use-case. Currently , Msg3 supports up to 88 bits at physical layer. It may be needed to increase this limit and support larger packet size. A few factors has impacts on the Msg3 size, e.g. coverage level, operational mode, tone-spacing etc. 
Note in previous RAN1 meeting , it was agreed that for at least one number of repetitions of NB-PRACH, multi-tone Msg3 transmission is not allowed by the specifications. Since multi-tone Msg3 will provide larger TBS size, we propose to remove this limitation. In anyway, the maximum TBS size needs further study.
For the eNB to differentiate the legacy random access procedure from the new procedure with data transmission, some mechanism is needed to inform the eNB. One possible solution is for UE to indicate data transmission in Msg1. However, it is not recommend to transmit any early date via Msg 1, since the NPRACH resource is already limited in NB-IoT.

Proposal 1:  FFS maximum TBS supported for data transmission during random access procedure.
Proposal 2:  Support multi-tone Msg3 for all repetition number of NPRACH.
Proposal 3:  FFS mechanism to indicate data transmission in random access procedure.
Proposal 4:  Early data transmission via Msg 1 is not supported.
3 Conclusions
In this contribution, we have discussed the issue of early data transmission for NB-IoT. We make the following proposals:
Proposal 1:  FFS maximum TBS supported for data transmission during random access procedure.
Proposal 2:  Support multi-tone Msg3 for all repetition number of NPRACH.

Proposal 3:  FFS mechanism to indicate data transmission in random access procedure.

Proposal 4:  Early data transmission via Msg 1 is not supported.
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