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1 Introduction

In RAN1 #92 meeting, the following agreements on the early data transmission were made [1]:
Agreement:
· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 PUSCH tables.

· The up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are FFS. FFS: How the UE obtains the up to 4 possible values.
Agreement:
Support NW enabling the use of TBS smaller than the maximum configured. FFS details.
In addition, RAN2 sent an LS reply during RAN1 #91 meeting including the following responses [2]:

RAN2 has discussed the TBS and UL grant for EDT Msg3 and made the following agreements:
· The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.

· If new UL grant format is defined, it does not need to be backwards compatible.

· Same RAR format is used for EDT UEs.

· The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.

RAN2 has discussed the padding issue of EDT Msg3. From RAN2 point of view, it would be beneficial if the UE could choose a TB size that requires minimum number of padding bits from a set of possible TBS values according to the UL grant in RAR. RAN2 has made the following agreements pending on RAN1 confirmation about the feasibility:

· The EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions, and RUs (for NB-IoT) from a set of TB sizes provided based on the UL data. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs (for NB-IoT) is provided, e.g. hardcoded in the specs.

· RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed.

For eMTC, the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary.
In this contribution, we share our views on the design of UL grant for Msg3 with early data transmission, to support the scheduling of up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS value. 
2 Design of UL grant for 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. Recall that as agreed in RAN2 [2], same RAR format is used for EDT UEs. In addition, there is no reserved state in the UL grant in RAR for eMTC. Thus, to support the early data transmission in Msg3, the reserved bit ‘R’ in the MAC RAR as shown in Figure 1 and Figure 2 [3] can be used to indicate whether the UL grant schedules early data transmission or not. The UL grant size can be kept the same as in Rel-13 eMTC, by re-interpreting certain DCI fields as elaborated below for the scheduling of early data transmission in Msg3. 
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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

As eNB has no a prior knowledge of the exact payload size the UE desires to transmit for early data transmission in Msg3, and RAN2 agreed not to use further PRACH partitioning to indicate a finer granularity of the desirable payload size due to system capacity impact, solutions to overcome the padding issues are needed. With this motivation, RAN2 agreed that UL grant for early data transmission shall allow UE to choose from a set of TBS/MCS/repetition values the appropriate one, and up to 4 possible TB sizes (i.e., blind decoding options) are allowed. In other words, multiple implicit UL grants can be used to solve the padding issues, where each grant is used to schedule one TBS value. The following is the method regarding how to interpret these multiple implicit UL grants when the UL grant schedules the early data transmission in Msg3.
· The frequency domain resources are indicated as in legacy eMTC, where 4 and 3 bits are used for PRB assignment in CE mode A and CE mode B, respectively. The same allocated PRBs are used for all the up to 4 possible TBS values for the UE to choose among. 

· As agreed, the maximum TBS is broadcasted by the system information. To determine the up to 4 possible TBS values, the largest one among these up to 4 values can be determined by the largest TBS value no more than the maximum broadcasted TBS corresponding to the allocated number of PRBs in Rel-13 PUSCH TBS table. For the other up to 3 smaller TBS values, a predefined mapping from the max TBS can be introduced. For example, denoting the TBS index for the largest TBS value among these up to 4 possible TBS by I0, the other up to three TBS indices can be obtained by ceil(I0*3/4), ceil(I0/2) and ceil(I0/4) whichever provides the TBS values larger than the minimum TBS values supported for early data transmission (which is about 320 bits as agreed in RAN2). In this case, the number of possible TBS values for UE to choose among depends on the maximum TBS broadcasted by the system information and the number of PRBs allocated by the UL grant. 
· The modulation for each possible TBS value can be determined according to the TBS index, by reading the MCS index table defined for legacy eMTC PUSCH (Table 8.6.1-2 in 36.213). 

· For the indication of repetitions, the repetition number field can be used to indicate the number of repetitions for the largest TBS among the up to 4 possible TBS values as in legacy eMTC. In cases where a smaller number of repetitions is sufficient for smaller TBS values, it is desirable to allow UE to use a smaller number of repetitions if it selects a smaller TBS value, which benefits the UE power saving. Note that MCS/TBS field is not used for indication of modulation order or TBS value for early data transmission, and thus it can be used to enable the scheduling of different number of repetitions for the smaller TBS values. For example, 1 bit in the MCS/TBS field can be used to indicate whether the number of repetitions for the smaller TBSs should be smaller than the number of repetitions indicated for the largest TBS. The smaller number of repetitions can be the largest one within the set of supported repetition numbers that is smaller than the value assigned for the largest TBS among the up to possible 4 TBS values. This indication method provides scheduling flexibility at eNB to dynamically indicate number of repetitions for different TBS values without the need of introducing additional bits. 
· The other DCI fields in UL grant in RAR are interpreted the same as in legacy eMTC systems. 
Proposal 1:
· Use reserved bit ‘R’ in MAC RAR to indicate whether the UL grant is for the scheduling of early data transmission in Msg3.
Proposal 2:
· Multiple implicit UL grants are used to schedule up to 4 possible TBS values for UE to choose among.
· The frequency resource allocation indicated by the PRB assignment field in DCI is used for all possible TBS values.
· The largest TBS among the up to 4 possible values is determined by the largest value no more than the maximum TBS broadcasted by the system information corresponding to the allocated number of PRBs.
· The other smaller TBS values are determined by a predefined mapping from the largest TBS.

· The number of repetitions for the largest TBS is indicated by the repetition number field in the UL grant as in legacy eMTC.

· MCS/TBS field can be re-interpreted to indicate whether smaller number of repetitions is used for the other possible smaller TBS values. 

3 Support of sub-PRB allocation for Msg3 with early data transmission
It has been agreed in RAN1 #90 meeting [4] that sub-PRB allocation is supported for PUSCH in efeMTC. There were proposals to support sub-PRB for early data transmission in Msg3. As elaborated in our companion contribution [5], it is not preferred to adopt further PRACH partitioning to indicate UE’s capability, which would impact the system capacity. With multiple explicit UL grants for UE to choose, RAR format changes are needed and detection performance of Msg2 may be degraded due to larger message size. On the other hand, with multiple implicit UL grants, additional blind decodings are needed at eNB. Considering that there are already up to 4 blind decodings needed to solve the padding issues in early data transmission, further increase in blind decodings and receiving complexity is not preferred. To minimize the impact on system capacity and specification changes considering the need of changes in UL grant/RAR, it is preferred to not support sub-PRB allocation for Msg3.
Proposal 3:
· 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 proposals:
Proposal 1:
· Use reserved bit ‘R’ in MAC RAR to indicate whether the UL grant is for the scheduling of early data transmission in Msg3.
Proposal 2:
· Multiple implicit UL grants are used to schedule up to 4 possible TBS values for UE to choose among.
· The frequency resource allocation indicated by the PRB assignment field in DCI is used for all possible TBS values.

· The largest TBS among the up to 4 possible values is determined by the largest value no more than the maximum TBS broadcasted by the system information corresponding to the allocated number of PRBs.
· The other smaller TBS values are determined by a predefined mapping from the largest TBS.

· The number of repetitions for the largest TBS is indicated by the repetition number field in the UL grant as in legacy eMTC.

· MCS/TBS field can be re-interpreted to indicate whether smaller number of repetitions is used for the other possible smaller TBS values. 
Proposal 3:
· The sub-PRB allocation is not supported for Msg3.
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