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In the RAN#80 plenary meeting, a new work item for Rel.16 eMTC is approved. One of the objectives 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 the last RAN1 meeting, the following agreements and working assumption are achieved for the design of scheduling multiple DL/UL transport blocks:
Agreement
Specify scheduling of multiple transport blocks for both CE Mode A and B
Agreement
The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
Agreement
When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].
· The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs
Conclusion
When multiple TBs are scheduled by one DCI, study interleaving amongst TBs from different HARQ process in cases of repetitions
· Companies are encouraged to submit evaluation results in the next RAN1 meeting
Agreement
One DCI to schedule multiple TBs for SC-MCCH is not supported
Working assumption
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
In this contribution, detailed considerations of scheduling improvement for uplink and downlink, especially scheduling multiple DL/UL transport block with DCI for unicast for Rel.16 MTC are presented.

Discussion
Scheduling multiple transport block for MTC
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. Therefore, DCI based scheduling multiple transport blocks is more preferable for eMTC MPDCCH overhead reduction
Similar as LAA uplink multiple subframe scheduling, multiple transport blocks scheduling for uplink grant 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 blocks scheduling is preferable for UE power consumption of monitoring MPDCCH blind detection and DCI format design as shown in Figure 1.
· RRC configures maximal number of scheduled transport block (N_TB_max), N_TB_max  can be selected from a set, e.g.{1,2,4,[8]} for CE mode A, and N_TB_max determines DCI size.
· DCI includes a field of actual number of scheduled transport block N_TB, range from 1 to N_TB_max.
· 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



Figure 1 illustration of one DCI for scheduling multiple TB
Proposal 1: One DCI format supporting both single and multiple transport block scheduling is preferable for UE power consumption of monitoring MPDCCH blind detection and DCI format design.
Proposal 2: The maximum number of scheduled transport blocks with one single DCI is configured by RRC signaling from a set {1,2,4,[8]}.
For CE mode A uplink PUSCH transmission, the maximal HARQ process number is 8. RRC configures maximal number of scheduled TB N_TB_max and DCI size is determined by N_TB_max. e.g. if N_TB_max is equal to 4,  11 bit increasing for DCI format 6-0A. If the configured maximal number of scheduled transport block is large, e.g. 4 or 8, the DCI size is increasing as the increasing of the configured maximal number of scheduled transport block. So other DCI optimization solution should be considered, for example, reduce RV indication to 1 bit (RV0 or RV2) as eLAA DCI format 4B; some scheduling/indication can be predefined or moved to semi-persist scheduling instead of dynamic scheduling in DCI.
Table 2 DCI format 6-0A (omit some fields)
	Field
	Bit width
	Comments

	Flag format 6-0A/format 6-1A differentiation
	1 bit
	where value 0 indicates format 6-0A and value 1 indicates format 6-1A

	HARQ process number
	3 bits 
	3-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

	New data indicator 
	1 bit
	

	Redundancy version
	2 bit
	

	UL index
	2 bits
	this field is present only for TDD operation with uplink-downlink configuration 0,  the field can be removed if multiple TB configured

	Downlink Assignment Index (DAI)
	2 bits
	

	Number of scheduled TB
	Log2(N_TB_max)
	If N_TB_max is configured by higher layers to 2, 1-bit field applies; else if N_TB_max is 4, the 2-bit field applies, else N_TB_max is 8, the 3 bit field applies, else 0 bit

	NDI
	N_TB bits
	Each scheduled PUSCH corresponds to 1 bit. 

	RV
	2* N_TB bit
	Each scheduled PUSCH corresponds to 2 bit. 



For CE mode B uplink PUSCH transmission, the maximal HARQ process number is 2. RRC configured maximal number of scheduled TB N_TB_max to 1 or 2, so one or two additional bits are needed for DCI format 6-0B. If the scheduling TB is 2, the HARQ process number field can be removed, and TB corresponding to HARQ process number of 0 is transmitted first, and then TB corresponding to HARQ process number of 1 is transmitted.
Table 3 DCI format 6-0B (omit some fields)
	Field
	Bit width
	Comments

	Flag for format 6-0B/format 6-1B differentiation 
	1 bit
	value 0 indicates format 6-0B and value 1 indicates format 6-1B

	HARQ process number
	1 bit
	

	New data indicator
	1 bit
	

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

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



Observation 1:  The DCI size is determined by the configured maximal number of scheduled transport blocks.
Proposal 3: DCI optimization solution for scheduling multiple transport block(s) needs further study.

HARQ ACK/NACK feedback
For the single transport block, the PUCCH resource is derived via MPDCCH location in system bandwidth. For multiple transport blocks, PUCCH resource for ACK/NACK of multiple TB can be designed to derive legacy method as well, e.g., ACK/NACK resource of the first TB is the same PUCCH resource as legacy determination and consecutive subframes are for ACK/NACK resource of the remaining TB even with PUCCH repetition.  Some companies pointed out that HARQ ACK/NACK bundling is beneficial in terms of resource saving. However, for the ACK/NACK bundling mechanism, if one of the TBs in the bundle fails detection, all TBs will be retransmitted, even for the semi-persist channel in most of IoT scenarios, which is not an efficient way especially for TBs with larger repetition number. So simple ACK/NACK bundling mechanism is not a recommended solution for multiple transport blocks, especially for ACK/NACK bundling number is very big, e.g. 4 or 8.
Proposal 4: HARQ ACK/NACK resource can be implicitly derived from MPDCCH location even for scheduling multiple TB.

Interleaving transmission
When repetitions are used in PUSCH/PDSCH, interleaving transmission among TBs can introduce time diversity as shown in figure 2. If interleaving transmission among TBs from different HARQ process is adopted, some of the interleaved issues should be further studied, e.g. interleaved pattern, interleaved period, GAP period, TB transmission sequence of  multiple TBs, RV determination, scrambling initialization, etc.
[image: ]
Figure 2 Interleaving transmission illustration
Proposal 5: Some of the interleaved issues should be further studied, e.g. interleaved pattern, interleaved period, GAP period, TB transmission sequence of multiple TBs, RV determination, scrambling initialization, etc.
Conclusions
In this contribution, considerations of multiple transport block transmission with DCI are provided. The following proposals are given.
Proposal 1: One DCI format supporting both single and multiple transport block scheduling is preferable for UE power consumption of monitoring MPDCCH blind detection and DCI format design.
Proposal 2: The maximum number of scheduled transport blocks with one single DCI is configured by RRC signaling from a set {1,2,4,[8]}.
Observation 1:  The DCI size is determined by the configured maximal number of scheduled transport blocks.
Proposal 3: DCI optimization solution for scheduling multiple transport block(s) needs further study.
Proposal 4: HARQ ACK/NACK resource can be implicitly derived from MPDCCH location even for scheduling multiple TB.
Proposal 5: Some of the interleaved issues should be further studied, e.g. interleaved pattern, interleaved period, GAP period, TB transmission sequence of multiple TBs, RV determination, scrambling initialization, etc.
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