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1 Introduction
In the RAN#80 plenary meeting, a new work item for Rel.16 NBIoT is approved. One of the objective is to specify the scheduling improvement of DL and UL for machine-type communications for BL/CE UEs.
· Scheduling enhancement
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast[RAN1, RAN2]
· Enhancement of SPS can be discussed.
In this contribution, detailed considerations of scheduling improvement for uplink and downlink, especially scheduling multiple DL/UL transport block with DCI for SC-PTM and unicast for Rel.16 NBIoT are presented.
2 Discussion
2.1 Multiple UL transport block scheduling in Rel.14 eLAA

In Rel-14 eLAA, one DCI scheduling multiple transport blocks (subframes) is introduced. A single UL grant can schedule multiple consecutive subframes for PUSCH transmission in LAA SCell. DCI format 0B/4B is designed to support multiple PUSCH scheduling with TM1/2 for LAA SCell separately.
For LAA uplink, DCI 0B and DCI 4B can schedule PUSCH transmission up to maximum N_sf subframes with TM1 and TM2, where N_sf is configurable by UE-specific RRC signaling. DCI payload sizes of DCI 0B and DCI 4B are determined by configured N_sf value as shown in Table 1. RRC signaling can enable or disable DCI 0B and DCI 4B independently.
· RRC configures the maximal number of subframes scheduled by single UL grant and DCI indicates the actual number of subframe 
· The field of HARQ process number indicates process number of the first scheduled subframe, other HARQ process numbers are easily derived from HARQ process number of the first scheduled subframe.

· NDI and RV fields indicate NDI and RV for each scheduled PUSCH process
Table 1 DCI format 4B for multiple subframe scheduling (omit other fields)
	Field
	Bit width
	Comments

	Number of scheduled subframes
	1 or 2
	If N_sf is configured by higher layers to 2, 1-bit field applies; otherwise, the 2-bit field applies.

	HARQ process number
	4 
	4-bit applies to the first scheduled subframe, and HARQ process numbers for the other scheduled subframes are consecutive with the indicated HARQ IDs, modulo max number of HARQ processes.

	NDI 
	N_sf
	Each scheduled PUSCH corresponds to 1 bit.

	RV
	N_sf
	Each scheduled PUSCH corresponds to 1 bit


Proposal 1: Rel-1 eLAA uplink multiple subframe scheduling design mechanism should be the starting point for multiple transport block scheduling for Rel.16 NBIoT.
2.2 Scheduling multiple transport blocks for NBIoT
The traffic model of MTC/IoT is burst block transmission sometimes, eNB can’t predict the arrival of the uplink data and downlink data, so SPS-like transmission is not suitable for the burst-based transmission due to resource waste. So DCI based scheduling multiple transport blocks is more preferable for NBIoT MPDCCH overhead reduction.
Similar as Rel-14 eLAA uplink multiple subframe scheduling, multiple transport block scheduling for uplink and downlink scheduling can use the same mechanism. Different from eLAA with two DCI formats for single subframe scheduling and multiple subframe scheduling, one DCI format supporting both single and multiple transport block scheduling is preferable for UE power consumption of monitoring MPDCCH blind detection as shown in Figure 1.
· RRC configures maximal number of scheduled transport blocks (N_TB_max) and N_TB_max determines DCI payload size.
· The field of HARQ process number indicates HARQ process number of the first scheduled transport block, other HARQ process number can be easily derived from the HARQ process number of the first scheduled transport block.

· NDI and RV fields indicate NDI and RV for each scheduled PUSCH process
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Figure 1 illustration of one DCI for scheduling multiple TB
For NBIoT uplink (only take uplink grant as an example), the maximal HARQ process number is 2 if configured. RRC configured maximal number of scheduled TB N_TB_max as 1 or 2, 1~3 additional bits are needed for DCI format N0. Even though, so other DCI optimization solution should be considered, for example, 1 bit for RV indication (RV0 or RV2) can be removed; some scheduling/indication can be predefined or moved to semi-persist scheduling instead of dynamic scheduling in DCI.
Table 2 DCI format N0 (omit some fields)
	Field
	Bit width
	Comments

	Flag for format N0/format N1 differentiation
	1 bit
	value 0 indicates format N0 and value 1 indicates format N1

	Scheduling delay
	2 bits
	Scheduling delay for the first TB

	HARQ process number
	1 bit
	This field can only be present if 2 HARQ processes are configured

	Number of scheduled TB
	1
	If HARQ process number is configured by higher layers to 2, 1-bit field applies; otherwise, the 0-bit field applies.

	NDI
	1 or 2 bit
	Each scheduled PUSCH corresponds to 1 bit. 

	RV
	1 or 2 bit
	Each scheduled PUSCH corresponds to 2 bit. 


Proposal 2: DCI optimization solution for scheduling multiple transport block(s) needs further study.
3 Conclusions
In this contribution, considerations of multiple transport block transmission with DCI are provided. The following proposals are given.
Proposal 1: Rel-14 eLAA uplink multiple subframe scheduling design mechanism should be the starting for multiple transport block scheduling for Rel.16 NBIoT.
Proposal 2: DCI optimization solution for scheduling multiple transport block(s) needs further study.
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