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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]


Also in last RAN1 meeting, the following was agreed and the relevant LS was sent to RAN2 [3][4].

	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 paper, we discuss options for DL/UL data transmission during random access procedure of NB-IoT. 
2. DL/UL data transmission during random access procedure
For an NB-IoT UE in RRC-IDLE or RRC-SUSPENDED state to report data to eNB, either RRC connection setup procedure or RRC connection resume procedure is required depending on the adopted EPS system enhancement. Figure 1. Shows general message flow for contention-based random access procedure. 
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Figure 1. Contention-based random access procedure
Messages for 4-step contention-based random access procedure are summarized below for each EPS system enhancement. 

· Control plane EPS optimization

1) Msg1: RA preamble transmission 

2) Msg2: RAR (TA command, msg3 scheduling)

3) Msg3: RRC connection request

4) Msg4: RRC connection setup

5) Msg5: RRC connection setup complete (NAS PDU with data)

·  User plane EPS optimization

1) Msg1: RA preamble transmission 
2) Msg2: RAR (TA command, msg3 scheduling)
3) Msg3: RRC connection resume request

4) Msg4: RRC connection resume 

5) Msg5: RRC connection resume complete 

6) NPUSCH (UL data)
Normal procedure for an NB-IoT UE to send UL data to eNB is to start transmitting data either at the RRC connection setup complete step or after RRC connection resume complete step, which takes at least 5 steps. Considering the nature of many repetitions to cope with coverage problem, transmitting data in earlier steps may be beneficial in terms of latency and power consumption reduction. In this regard, data transmission during random access procedure is being sought and currently under working agreement. Obvious objective is to transmit UL/DL data as early as possible as long as the foreseen performance degradation is negligible or agreeable. In this contribution, various options for DL/UL data transmission during random access procedure are considered.  
2.1. UL data transmission during random access initiated by UE
Relevant scenario for this approach is MAR (Mobile Autonomous Reports) exception reports [2] in which case a UE in battery efficient state initiates a random access procedure when there is an event to report to network perhaps requiring immediate action from the network. Following options for sending UL reports earlier than msg5 step can be considered.
Opt.1 UL data transmission on msg3 initiated by UE
For latency and power consumption reduction, UL transmission of small data packet on msg3 during random access procedure can be considered. 
· Random access procedure for UL data transmission on msg3 

1) Msg1: RA preamble transmission, indication of UL data transmission on msg3
2) Msg2: RAR (TA command, UL grant for L2/L3 messages, etc.), NPUSCH grant for UL data 

3) Msg3: L2/L3 messages (RRC connection request, TAU, UE id, etc.), UL data 
4) Msg4: Contention resolution messages (RRC connection setup, UE id, etc.)

Upon confirmation of successful delivery of UL data by receiving UE id in msg4, NB-IoT UE can take procedure to go back to RRC-IDLE/RRC-SUSPENDED state. If the data for UL transmission during random access is large, a small portion of a large data packet can be transmitted in one step during random access and the rest of the large data packet can be transmitted at a later step during random access procedure or after RRC connection setup. To inform eNB of additional UL data in a later step, a flag is needed for this purpose. BSR (Buffer Status Report) report can be transmitted from UE on msg3 for this purpose and eNB can transmit NPUSCH grant for additional UL data in response to it. The same mechanism can be used if UE wants to carry timing critical information on msg3 and the rest on a later step or after RRC connection setup.  
Details as listed below should be further developed to enable UL transmission on msg3 during random access procedure;

· Indication method of UL data transmission on msg3

· Details on UL grant for UL data transmission on msg3 such as determination of TBS/MCS/power/repetition/RU(single-/multi-tone) and resource allocation
· Collision avoidance in msg3

In our view, UL data transmission on msg3 initiated by UE should be the first step we should take to reduce the latency and power consumption before we have clear evidence on the necessity of further reduction of latency and power consumption. It is expected that UL data on msg3 has the minimal impact on the existing random access procedure for NB-IoT and may stay useful even after we decide to support data transmission earlier than msg3 in the future. 

Proposal 1: If benefits on DL/UL data transmission during random access are agreed, UL data transmission on msg3 during random access procedure initiated by UE can be considered.
Opt.2 UL data transmission on msg1 initiated by UE
For use cases such as timing critical mobile exception reports, more aggressive approach to transmit UL data taking fewer steps from battery efficient state can be considered. The earliest possible opportunity to transmit UL data during random access procedure is of course on msg1. 
· Random access procedure for UL data transmission on msg1
1) Msg1: RA preamble transmission, UL data transmission

2) Msg2: RAR (TA command, UL grant for L2/L3 messages, etc.), UL HARQ-ACK

If UE receives ACK from eNB in msg2, UE go back to battery efficient state. But, in our view, it is premature to draw any conclusion on this option before we study further on the topics such as; 
· Asynchronous reception performance of UL data on msg1 
· Indication method of UL data transmission on msg1
2.2. UL data transmission during random access initiated by eNB
Application server for controlling NB-IoT devices can send network command to urge UEs to take immediate actions such as turning on/off lights, report measured or recorded data, and so on. To reach an NB-IoT UE in battery efficient state, eNB can send a paging message to the target UE to indicate eNB wants the target UE to immediately report the data collected from the target UE or has some DL data for the target UE. Options for triggering UL reports during random access from eNB or sending DL data during random access procedure can be considered.
Opt.3 UL data transmission on msg3 initiated by eNB
eNB can initiate UL data transmission during random access procedure by PDCCH order. NPDCCH order is used to order random access procedure to UE for UL synchronization. Naturally, UL data transmission on msg3 during random access can be triggered by PDCCH order. When a network orders UL data transmission on msg3 during random access, UE/eNB takes following random access procedure.
· Random access procedure initiated by PDCCH order for UL data transmission on msg3
0) eNB triggers UL data transmission on msg3 by PDCCH order

1) Msg1: RA preamble transmission

2) Msg2: RAR (TA command, UL grant for L2/L3 messages, etc.), NPUSCH grant for UL data

3) Msg3: L2/L3 messages (RRC connection request, TAU, UE id, etc.), UL data

4) Msg4: Contention resolution messages (RRC connection setup, UE id, etc.), UL HARQ-ACK

Method of informing UE of the UL data transmission on msg1 during random access procedure should be further developed. As a few examples, indication method such as discrimination by RNTI, using a reserved bit in the DCI for PDCCH order, or assigning particular NPRACH resource or RA preamble resource can be considered.

UL data transmission triggered by paging from eNB can also be considered. In this case, a network paging UE in RRC-IDLE/RRC-SUSPENDED can also indicate UL data transmission on msg3. Random access procedure afterwards are the same as the random access procedure initiated by PDCCH order.
Proposal 2: Besides the UL data transmission on msg3 initiated by UE, UL data transmission on msg3 initiated by eNB can also be considered.
Opt.4 UL data transmission on msg1 initiated by eNB
UL data transmission on msg1 can be initiated by eNB. The random access after eNB initiation takes the same procedure as that of opt.2. Initiation by eNB can be realized either by paging or by PDCCH order.
2.3. DL data transmission during random access
DL data transmission during random access initiated by eNB can also be considered. Consider following options;

· DL data transmission on msg2 during random access procedure initiated by eNB (either by paging or by PDCCH order)
· DL data transmission with paging messages

· DL data transmission with PDCCH order
In our view, it is premature to make any firm decision on the support of DL data transmission during random access procedure before we further discuss relevant scenarios that we may expect clear benefits in terms of latency or power consumption reduction.
Proposal 3: Discuss further on the benefit of DL data transmission during random access procedure.
3. Conclusion
In this contribution, we discussed options for DL/UL data transmission during random access procedure for Rel-15 NB-IoT. Proposals in this contribution are summarized as follows.
Proposal 1: If benefits on DL/UL data transmission during random access are agreed, UL data transmission on msg3 during random access procedure initiated by UE can be considered.
Proposal 2: Besides the UL data transmission on msg3 initiated by UE, UL data transmission on msg3 initiated by eNB can also be considered.
Proposal 3: Discuss further on the benefit of DL data transmission during random access procedure.
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