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Discussion and Decision
1 Introduction

An objective of Rel-15 NB-IoT WID is to evaluate power consumption and/or latency gain for DL/UL data transmission during Random Access procedure. In this contribution, we consider early data transmission during random access procedure.

2 Early Data Transmission
A key potential advantage of early data transmission is latency reduction. To evaluate latency reduction from data transmission during random access procedure, we consider RRC resume procedure. In this procedure, the UE undergoes the following steps –
1. DL: Synchronization
2. DL: NB-MIB acquisition
3. UL: NPRACH transmission (Msg 1)
4. DL: Random access response (Msg 2)

5. UL: RRC connection resume request (Msg 3)

6. DL: RRC connection resume (Msg 4) + UL: HARQ-ACK

7. UL: RRC connection resume complete (Msg 5)

8. DL: RLC ACK + UL: HARQ-ACK

9. UL: NPUSCH

10. DL: RLC ACK + UL: HARQ-ACK

11. DL: RRC connection release + UL: HARQ-ACK

12. UL: RLC ACK

For latency reduction, uplink data can be transmitted in Msg 3 while downlink data can be transmitted in Msg 4. This will allow the UE to skip step 7-9. Note that it is already possible to send uplink data in Msg 5, but for this analysis we assume uplink transmission is sent in step 9. In addition, we will consider in-band operation mode and 164 dB MCL in our evaluate since the reduction in large coverage enhancement is expected to give the most absolute reduction. For in-band operation mode, it is seen that 256 repetitions would be needed for the NPDCCH, while 64 repetitions would be needed for uplink HARQ-ACK. The size of the RRC connection resume message is estimated to be 88 bits and will take approximately 128 ms to transmit. The size of the RRC connection resume complete message is estimated to be also 88 bits and will take approximately 256 ms to transmit. Based on this analysis, it is seen that approximately 1.5 – 4.6 secs will be used for steps 7-9 depending on the G configuration. Hence, early data transmission can reduce latency significantly at high coverage level.
At normal or small coverage levels (e.g. 144 or 154 dB MCL), the reduction in latency is also significant as a proportion of the total latency. However, as it takes less than one second to transmit uplink or downlink data using the above procedure, early data transmission does not reduce latency significantly in absolute term.

Observation 1: Early data transmission during random access procedure can reduce latency significantly for UEs requiring large coverage enhancement. 
As seen from the procedure, Msg3 is the first suitable message for uplink data transmission. It may be possible to modify Msg1 to carry some data, but this would have large specification impact and the potential payload size would be very small. In the downlink, Msg4 is the first suitable message for carrying downlink data as Msg2 is common to all UEs being addressed in the RAR. In addition, the eNB would have some RRC context information in Msg4 which may be needed for security purpose.
Observation 2: Msg3 and Msg4 are good candidates to be used for early uplink and downlink data transmission, respectively. 
However, currently the size of Msg3 is limited to 88 bits. This is insufficient to transmit both the RRC connection resume request message and the payload. For the uplink payload, typical values used in past analysis are 50 or 200 bytes. Therefore, RAN1 should study the feasibility of supporting larger Msg3 sizes and the associated signalling / specification impact that would be required for this. In addition, Msg3 is currently limited to single-tone transmission when NPRACH repetition number is configured to be 32 or more. This limits the size of Msg3 and should be considered further whether such limitation is still suitable when Msg3 can also carry uplink data.
Msg4 is scheduled using NPDCCH format N1 which is the DCI used for regular NPDSCH. The downlink payload that has been used in the past is 65 bytes. Therefore, the size of Msg4 should be sufficient. 
Observation 3: RAN1 should study the feasibility of supporting larger transport block sizes in Msg3 and of supporting multi-tone transmission in Msg3 for NPRACH repetition ≥ 32. 
3 Conclusions

In this contribution, we consider early data transmission during random access procedure and make the following observations –
Observation 1: Early data transmission during random access procedure can reduce latency significantly for UEs requiring large coverage enhancement. 
Observation 2: Msg3 and Msg4 are good candidates to be used for early uplink and downlink data transmission, respectively. 
Observation 2: RAN1 should study the feasibility of supporting larger transport block sizes in Msg3 and of supporting multi-tone transmission in Msg3 for NPRACH repetition ≥ 32. 
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