Page 1

3GPP TSG RAN WG1 Meeting #91

 R1-1720041
Reno, USA, November 27th – December 1st, 2017
Source:
Intel Corporation

Title:
Early data transmission for efeMTC 
Agenda item:
6.2.5.2
Document for:
Discussion/Decision

1 Introduction

In RAN1 #90bis meeting, the following agreements on the early data transmission were 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, as included in the LS from RAN2 [2], the following agreements were made in RAN2 #99bis meeting:
Agreement:

· PRACH partitioning is used to indicate the UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.

· For CP during the UL EDT procedure, if the UE receives a grant in which the data does not fit, the UE does not send the data in Msg3. For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.

· Maximum possible grant size for Msg3 is broadcast per CE. It is FFS if the UE indicates the grant size for Msg3 it needs via PRACH partitioning.
In this contribution, we share our views on the impact of RAR, Msg3 and Msg4 design for the support of early data transmission, and the design of PRACH partitioning for the indication of support for early data transmission.
2 Design of early data transmission 

As agreed in RAN1 #90bis meeting, the physical layer design will assume 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 [3], it can 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. Thus, the size of MAC RAR can also be kept the same as legacy MAC RAR in this option. 
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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.
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:
· Consider the following UL grant/RAR designs for the support of early data transmission in Msg3.
· Option 1: Same UL grant size. Use reserved bit ‘R’ in MAC RAR to indicate whether early data transmission in Msg3 is scheduled. MCS/TBS field is re-interpreted if early data transmission is scheduled. 
· Option 2: Extended UL grant size. A 1-bit indicator can be added to indicate whether early data transmission in Msg3 is scheduled, or more bits can be added to the MCS/TBS field to indicate larger TBS value(s) for early data transmission. 
3 Indication method for the support of early data transmission
As agreed in RAN2 [2], PRACH partitioning is used to indicate UE’s intention of early data transmission in Msg3. Different time/frequency resources or PRACH sequences (e.g., different root indexes or cyclic shifts) can be used for the PRACH partitioning. 
If the PRACH partitioning relies on dedicated set of PRACH sequences while the time-frequency resources are shared between UEs supporting and not supporting early data transmission, the MAC RARs for these two types of UEs may be carried in the same PDSCH. As elaborated in Section 2, to maintain backward compatibility, either the reserved bit in RAR needs be used, or the RARs for UEs supporting early data transmission need to be appended to the end of legacy RARs and the MAC header needs to include the indication of the start of MAC RARs for UEs supporting early data transmission.  

On the other hand, if dedicated time/frequency resources are configured for UEs supporting early data transmission, the MAC RARs for UEs supporting and not supporting early data transmission will be carried in different PDSCH transmissions. As discussed in Section 2, this provides a clean and simple design with backward compatibility, and thus is preferred. 

To further separate the resources for each CE level, as long as the time/frequency domain resources are different from UEs not supporting early data transmission, it is up to eNB to configure different PRACH time/frequency/sequences for UEs supporting early data transmission with different CE levels. The absence of such PRACH configurations implies that the cell does not support early data transmission. 
If multiple payload sizes need to be supported for early data transmission in Msg3, the UE needs to indicate the desirable payload size via PRACH and thus further PRACH partitioning may be needed, which would result in impact on system capacity. Therefore, it is preferred to support limited number of payload sizes for early data transmission in Msg3 in this release to minimize the impact on system capacity. 
Observation 2:
· Indication of the desirable payload size among various payload sizes that can be carried via early data transmission in Msg3 may require further PRACH partitioning, which would impact the system capacity.

Proposal 2:
· Dedicated time/frequency PRACH resources are used for UEs supporting early data transmission in Msg3.
· Further partitions in time/frequency/sequence domain for different CE levels are supported.

· Support limited number of payload sizes for early data transmission in Msg3 in this release, considering the impact on system capacity. 
4 Conclusion

In this contribution, we discuss the design for the support 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 the desirable payload size among various payload sizes that can be carried via early data transmission in Msg3 may require further PRACH partitioning, which would impact the system capacity.

Proposal 1:
· Consider the following UL grant/RAR designs for the support of early data transmission in Msg3.
· Option 1: Same UL grant size. Use reserved bit ‘R’ in MAC RAR to indicate whether early data transmission in Msg3 is scheduled. MCS/TBS field is re-interpreted if early data transmission is scheduled. 
· Option 2: Extended UL grant size. A 1-bit indicator can be added to indicate whether early data transmission in Msg3 is scheduled, or more bits can be added to the MCS/TBS field to indicate larger TBS value(s) for early data transmission. 
Proposal 2:

· Dedicated time/frequency PRACH resources are used for UEs supporting early data transmission in Msg3.

· Further partitions in time/frequency/sequence domain for different CE levels are supported.

· Support limited number of payload sizes for early data transmission in Msg3 in this release, considering the impact on system capacity. 
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