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Discussion and Decision
1 Introduction

An objective of Rel-15 even further enhanced MTC WID is to evaluate power consumption and/or latency gain for DL/UL data transmission during Random Access procedure. Specifically, the objective is -

· Support early data transmission 

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case.
In this contribution, we consider early data transmission during random access procedure in eMTC.

2 Early Data Transmission
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 156 dB MCL to evaluate the reduction in large coverage enhancement which is expected to give the most absolute latency reduction. At 156 dB MCL, it is seen that 16 repetitions would be needed for MPDCCH, while 16 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 32 ms to transmit. The size of the RRC connection resume complete message is estimated to be also 88 bits and will take approximately 64 ms to transmit. Based on this analysis, it is seen that approximately 0.3 – 0.4 secs will be used for steps 7-9 depending on the G configuration. In this case, the reduction in latency is significant as a proportion of the total latency (approximately 1 second). 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 considering a latency budget of 10 seconds.

At 156 dB MCL, it is seen that early data transmission does not save significant latency in absolute term. However, if we consider 164 dB MCL, close to 10 seconds would be required for uplink data transmission as shown in [2]. In this case, it may be possible to reduce the latency by a few seconds using early data transmission, which would result in a significant reduction.

Observation 1: Early data transmission during random access procedure can reduce latency for UEs requiring large coverage enhancement (e.g. 156 dB MCL and beyond). 
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. 
The maximum transport size for Msg3 is 712 bits for CE Mode A and 328 bits for CE Mode B. Since the RRC connection resume request message is about 88 bits, there is not much room for the payload, especially in CE Mode B. Typical values used in past analysis are 50 or 200 bytes of uplink payload. Therefore, RAN1 should study the feasibility of supporting larger transport block sizes in Msg3.
For Msg4, the RRC connection resume message size is approximately 152 bits while the payload used in past analysis is 65 bytes. Currently, Msg4 can accommodate up to approximately 1000 bits which is already the maximum transport block size the UE can support in idle mode.
Observation 3: RAN1 should study the feasibility of supporting larger transport block sizes in Msg3. 
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 for UEs requiring large coverage enhancement (e.g. 156 dB MCL and beyond). 
Observation 2: Msg3 and Msg4 are good candidates to be used for early uplink and downlink data transmission, respectively. 
Observation 3: RAN1 should study the feasibility of supporting larger transport block sizes in Msg3. 
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