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1 Introduction

In RAN1 #90bis meeting, the following agreement on the early data transmission was made [1]:
Agreement:

· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from a BL/CE UE using some TBS value(s) from the TBS range specified for BL/CE UEs in Rel-13 with a maximum total TBS of 1000 bits.

· Note: For Msg3 for Rel-13 BL/CE UEs, the maximum total TBS is 712 bits in CE mode A and 328 bits in CE mode B.

· FFS if and how there will also be a larger supported maximum total TBS (than 1000 bits)

· The detailed value(s) should consider the payload size of early data packets from RAN2.

· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant corresponding to Rel-13 Msg3 TBS instead.

In addition, RAN1 #91 meeting made the agreement below [2]:
Agreement:
· Maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3
· Ask RAN2 whether one reserved bit in MAC RAR can be used for EDT feature
Send reply LS (R1-1721242) –indicating RAN1 will select from Rel-13 PUSCH TBS values. Ask RAN2 how many TBS values are needed. Final LS is agreed in R1-1721255 
In this contribution, we share our views on the impact of RAR, Msg3 and Msg4 design for the support of early data transmission. The contents of this contribution are based on revisions to previous contribution [3].
2 Design of early data transmission 

As agreed in RAN1 #90bis meeting, the physical layer design will assume that eNB is not required to always provide a grant of a larger TBS for Msg3. In other words, for UEs supporting early data transmission in Msg3, the UL grant/RAR design should enable both the scheduling of Msg3 with early data transmission and the scheduling of Msg3 without early data transmission. As there is no reserved state in the UL grant in RAR for eMTC, changes in UL grant or RAR are expected. There are two design options for UL grant/RAR to support the early data transmission in Msg3, as follows.

· Option 1: Observing that there is a reserved bit ‘R’ in the MAC RAR as shown in Figure 1 and Figure 2 [4], it may be used to indicate whether the UL grant schedules early data transmission or not. In this case, the UL grant size may be kept the same as in Rel-13 eMTC, by re-interpreting the MCS/TBS field for larger TBS when the reserved bit ‘R’ indicates the scheduling of early data transmission. New TBS tables can be defined, depending on RAN2’s inputs on the supported TBS values for early data transmission. With this option, the size of MAC RAR can also be kept the same as legacy MAC RAR. 
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Figure 1: MAC RAR for PRACH enhanced coverage level 0 or 1
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Figure 2: MAC RAR for PRACH enhanced coverage level 2 or 3

· Option 2: Depending on RAN2’s inputs on the desirable payload size(s) to be carried by the early data transmission in Msg3, more bits can be added to the UL grant. A 1-bit indicator can be added, serving the similar functionality as the ‘R’ bit in the above option, to indicate whether early data transmission in Msg3 is scheduled. Alternatively, the MCS/TBS field can be extended to indicate larger TBS value(s) for early data transmission. 
With this option, the size of MAC RAR will be changed. If the time-frequency resources for PRACH are shared among UEs supporting and not supporting early data transmission, then the MAC RARs for these two types of UEs may be carried in a single PDSCH. In this case, to maintain backward compatibility, the MAC RARs for UEs supporting early data transmission need to be appended to the end of legacy MAC RARs. In addition, the MAC header of the MAC PDU for RAR may need changes to indicate the start of new MAC RARs for early data transmission. On the other hand, if dedicated time/frequency resources are allocated for PRACH for UEs supporting early data transmission, the corresponding Msg2 would carry MAC RARs only for the UEs supporting early data transmission, and thus there would be no backward compatibility issue.
Based on the above discussions, to minimize the spec change and simplify the design, it is preferred to adopt option 1 if RAN2 confirms the feasibility of using the reserved bit “R”. 

For Msg4, the maximum TBS supported by existing eMTC design is 1000 bits, which should be sufficient for early DL data transmission in Msg4. Thus, there is no impact on the design of Msg4 from RAN1 side to support the early DL data transmission in Msg4.
Observation 1:
· There is no RAN1 impact on the design of Msg4 for the support of early DL data transmission in Msg4.
Proposal 1:
· It is preferred to keep the UL grant size the same as in Rel-13 eMTC, for the support of early data transmission in Msg3. 
· If RAN2 confirms the feasibility to use reserved bit ‘R’ in MAC RAR, MCS/TBS field is re-interpreted when the reserved bit ‘R’ indicates the scheduling of early data transmission in Msg3.
3 Indication method for the support of early data transmission
As agreed in RAN2 [5], PRACH partitioning is used to indicate UE’s intention of early data transmission in Msg3, where different time/frequency resources or PRACH sequences can be used. Moreover, further PRACH partitioning is needed for different CE levels. If other enhancements need additional PRACH partitioning, the impact on system capacity due to the PRACH partitioning needs to be carefully considered. 

It has been agreed in RAN1 #90 meeting [6] that sub-PRB allocation is supported for PUSCH in efeMTC. There were some proposals to support sub-PRB for early data transmission in Msg3. As elaborated in our companion contribution [7], support of sub-PRB allocation for Msg3 may need further PRACH partitioning to indicate UE’s capability, which would impact the system capacity. Furthermore, changes in UL grant/RAR are needed to support the scheduling of sub-PRB allocation for Msg3. To minimize the impact on system capacity and specification changes, it is preferred to not support sub-PRB allocation for Msg3.
Observation 2:
· Indication of UE capability to support sub-PRB Msg3 via PRACH partitioning would impact the system capacity. 

Proposal 2:
· The sub-PRB allocation is not supported for Msg3.
4 Conclusion

In this contribution, we discuss the design for the support of early data transmission for efeMTC. Based on the discussions, we make the following observations and proposals:
Observation 1:
· There is no RAN1 impact on the design of Msg4 for the support of early DL data transmission in Msg4.
Observation 2:
· Indication of UE capability to support sub-PRB Msg3 via PRACH partitioning would impact the system capacity. 

Proposal 1:
· It is preferred to keep the UL grant size the same as in Rel-13 eMTC, for the support of early data transmission in Msg3. 
· If RAN2 confirms the feasibility to use reserved bit ‘R’ in MAC RAR, MCS/TBS field is re-interpreted when the reserved bit ‘R’ indicates the scheduling of early data transmission in Msg3.
Proposal 2:

· The sub-PRB allocation is not supported for Msg3.
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