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1 Introduction

In RAN1 #91 meeting, the following agreements on the early data transmission were made [1]: 

Agreements:

· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 

· Limited MCS/TBS/RU states

· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB

· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB

· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB

· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR

· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR

· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB

· From RAN1’s point of view, 

· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 

· The above applies to above Alts. 1-4

Agreements:
Send reply LS (R1-1721227) – Matthew (Huawei) indicating RAN1 will select from Rel-13 NB PUSCH TBS values. For NB-IoT, it is feasible to support at least 5 MCS/TBS/RU size combinations. 

· Ask RAN2 how many TBS values are needed. 

In this contribution, we share our views on the design of RAR, Msg3 and Msg4 for the support of early data transmission in feNB-IoT. The contents of this contribution are based on revisions to previous contribution [2].
2 Design impact for the support 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 for 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 there are some unused states in MCS indication in UL grant in RAR for Msg3 NPUSCH scheduling, as shown in Table 1. These five spare states can be used for the indication of early data transmission in Msg3. Depending on RAN2’s inputs on the desirable payload size(s) to be carried by the early data transmission in Msg3, one or multiple spare states can be used to indicate the payload size(s), and the corresponding modulation order and number of RUs. As agreed in RAN2, maximum TBS for Msg3 with early data transmission is broadcast per CE [3]. Thus, multiple MCS/TBS tables can be defined, corresponding to the supported maximum TBS that may be broadcast. 

Recall that other alternatives agreed in RAN1 #91 meeting [1] to indicate the MCS/TBS/RU include the use of spare bits in RAR or additional bits in SIB. With these alternatives, larger number of MCS/TBS/RU states can be indicated. However, RAN2 #100 meeting made the working assumption that PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE [4]. In other words, eNB would have no idea of the exact intended data size the UE has for early data transmission in Msg3. Thus, the benefit of using additional bits in RAR or SIB to indicate more possible TBSs and corresponding modulation order and RUs is not clear, without prior knowledge of the exact or a finer range of the intended data size. Therefore, it is preferred to use the five spare states without additional bits in RAR or SIB to indicate the TBS, modulation order and number of RUs, which may depend on the maximum TBS broadcast per CE.  
It is expected to have no impact on the size of UL grant and RAR format. Therefore, the backward compatibility can be ensured, even when the MAC RARs for UEs supporting early data transmission and for UEs not supporting early data transmission are carried in the same NPDSCH. 
Table 1. MCS index for Msg3 NPUSCH
	MCS Index
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	TBS

	‘000’
	pi/2 BPSK
	QPSK
	4
	88 bits

	‘001’
	pi/4 QPSK
	QPSK
	3
	88 bits

	‘010’
	pi/4 QPSK
	QPSK
	1
	88 bits

	‘011’
	reserved
	reserved
	reserved
	reserved

	‘100’
	reserved
	reserved
	reserved
	reserved

	‘101’
	reserved
	reserved
	reserved
	reserved

	‘110’
	reserved
	reserved
	reserved
	reserved

	‘111’
	reserved
	reserved
	reserved
	reserved


For Msg4, the maximum TBS supported by existing NB-IoT design is 680 bits as regular NPDSCH, which should be sufficient for early DL data transmission. Thus, there is no impact on the design of Msg4 from RAN1 side to support the early DL data transmission. 

Observation 1:
· There is no RAN1 impact on the Msg4 design for the support of early DL data transmission in Msg4.
Proposal 1:
· Keep the size of UL grant/RAR for the support of early data transmission in Msg3 the same as legacy UL grant/RAR in Rel-13 NB-IoT.
· Use spare states in MCS indication in UL grant in RAR for the scheduling of early data transmission in Msg3.
· No spare bits in RAR or additional bits in SIB are used. 

· The MCS/TBS/RU tables can depend on the maximum TBS broadcast per CE. 
3 Indication method for the support of early data transmission
As agreed in RAN2, NPRACH partitioning is used to indicate UE’s intention of early data transmission in Msg3. Different time/frequency resources can be used for the NPRACH partitioning. Configuring a dedicated NB-IoT carrier for NPRACH transmission from UEs supporting early data transmission in Msg3 may be a simple approach for the NPRACH partitioning, in the sense that the MAC RARs for UEs supporting and not supporting early data transmission in Msg3 will be carried in different NPDSCHs. However, the resource configuration for NPRACH would have limited flexibility and the early data transmission feature can be supported only when there is a dedicated NB-IoT carrier available for the NPRACH resources for UEs supporting the early data transmission, which is not preferred. Moreover, as elaborated in Section 2, there are some spare states in UL grant in RAR for NB-IoT, which can be used for the scheduling of early data transmission in Msg3. Thus, no changes in RAR format are needed. This enables the design of a single NPDSCH to carry the MAC RARs from UEs supporting and not supporting early data transmission in Msg3, while maintaining the backward compatibility. Therefore, it is preferred to have dedicated time and/or frequency resources for NPRACH of UEs supporting early data transmission, where the frequency domain partitioning can be in granularity of a subcarrier rather than an NB-IoT carrier. It is up to eNB to configure different time and/or frequency NPRACH resources for UEs supporting early data transmission with different CE levels. The absence of such NPRACH configurations implies that the cell does not support early data transmission. 

Observation 2:

· Configuring a dedicated NB-IoT carrier for NPRACH resources for UEs supporting early data transmission in Msg3 would: 

· Impact the system flexibility.

· Make the early data transmission feature usable only when there is at least one NB-IoT carrier available for the dedicated allocation of NPRACH resources for early data transmission. 

Proposal 2:

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

· Frequency partitioning can be in granularity of a subcarrier rather than an NB-IoT carrier. 

4 Conclusion

In this contribution, we discuss the design for the support of early data transmission for feNB-IoT. Based on the discussions, we make the following observations and proposals:
Observation 1:
· There is no RAN1 impact on the Msg4 design for the support of early DL data transmission in Msg4.
Observation 2:

· Configuring a dedicated NB-IoT carrier for NPRACH resources for UEs supporting early data transmission in Msg3 would: 

· Impact the system flexibility.

· Make the early data transmission feature usable only when there is at least one NB-IoT carrier available for the dedicated allocation of NPRACH resources for early data transmission. 

Proposal 1:
· Keep the size of UL grant/RAR for the support of early data transmission in Msg3 the same as legacy UL grant/RAR in Rel-13 NB-IoT.
· Use spare states in MCS indication in UL grant in RAR for the scheduling of early data transmission in Msg3.
· No spare bits in RAR or additional bits in SIB are used. 

· The MCS/TBS/RU tables can depend on the maximum TBS broadcast per CE. 
Proposal 2:

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

· Frequency partitioning can be in granularity of a subcarrier rather than an NB-IoT carrier. 
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