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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is the update from R1-1812790.
In the RAN#80 plenary meeting, a new work item for Rel.16 NBIoT is approved. One of the objectives is to specify the scheduling improvement of DL and UL for machine-type communications for NBIoT 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 assumptions are achieved for the design of scheduling multiple DL/UL transport blocks:
[bookmark: OLE_LINK29]Agreement
For multi-TBs scheduling
· UL: I_sc for each TB is same

Agreement
Confirm the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.

Agreement
For UL/DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· ‘consecutive resource allocation in time’ means no new scheduling gap between the end of previous TB and the start of the next TB 
FFS: Whether scheduling gaps is also supported
FFS: How to schedule repetitions within the consecutive resource allocation

Agreement
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, the relationship(s) between HARQ process and TB is/are selected from the following two candidates(multiple choices are allowed)
· Relationship 1: 1 HARQ process corresponds to 1 TB
· Relationship 2: 1 HARQ process corresponds up to 2 TBs

Agreement
Maximum UL HARQ process supported is 2.

Agreement
Maximum DL HARQ process supported is 2. 

Agreement 
The maximum number of TBs for multicast is one of [4, 8]
· FFS: Whether the TBs are back to back without gap

In this contribution, detailed considerations of scheduling improvement for uplink and downlink, especially scheduling multiple DL/UL transport blocks with DCI for unicast for are presented.

Discussion
Scheduling multiple transport blocks for NBIoT
In RAN1-95 meeting, it is agreed that maximum HARQ process is 2 for both uplink and downlink. However, the maximal scheduling TB number depends on “one HARQ process corresponds to 1 TB or 2 TB”. In eMTC, it was agreed that, for unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
For NB-IoT, if one HARQ process corresponds to more than 1 TB, the supported maximal TB is increased. The related scheduling, HARQ, soft buffer optimization and DCI design issues are more complicated. So we propose when multiple DL/UL transport blocks are assigned by a single DCI, only relationship 1) 1 HARQ process corresponds to 1 TB is supported.
Proposal 1: When multiple DL/UL transport blocks are assigned by a single DCI, only relationship 1) 1 HARQ process corresponds to 1 TB is supported.
For the optimization of DCI, if we allow full flexibility across all TBs for all fields, this would result in a significant increasing of the DCI size, which decreases the DCI reliability. So we proposal most of fields will be the same for different TBs as shown in Table 1. For initial transmission and retransmission scheduled by one DCI, the eNB schedules the TBs (re)transmission according to the channel state information, so all TBs should follow the same resource assignment, number of repetition number, etc. Furthermore, all TBs follows the same scheduling parameters, which is easier for resource alignment and scheduling interleaved transmission if supported
[bookmark: _Ref521514743]Table 1: Initial evaluation of impacted fields in DCI format N1
	DCI field
	Number of bits in legacy DCI format N1
	Interpretation when multiple transport blocks enabled via RRC

	Flag for format N0/N1
	1
	Same for all TBs

	NPDCCH order indication
	1
	Same for all TBs

	Scheduling delay
	3
	Scheduling delay for the first TB

	Resource assignment
	3
	Same for all TBs

	MCS
	4
	Same for all TBs

	Repetition number
	4
	Same for all TBs

	HARQ-ACK resource
	4
	HARQ-ACK resource for the first TB

	DCI subframe repetition number
	2
	Same for all TBs

	Number of Scheduled TBs
	1
	1 or 2

	If Number of TBs = 1
	
	

	· HARQ process number 
	1
	

	· NDI
	1
	

	If Number of TBs = 2
	
	

	· HARQ process number 
	0
	TB 0 and TB 1 transmit sequentially

	· NDI
	2
	One NDI bit for each HARQ process



Proposal 2: The number of scheduled transport blocks is indicated in DCI.
Scheduling pattern
In the last meeting, scheduling pattern of non-mixed scheduling and mixed scheduling are discussed. In order to achieve the scheduling flexibility and save NPDCCH overhead for retransmission for multiple TBs, mixed scheduling should be supported. That is, some of the TBs are for retransmission with some HARQ process while the other TBs are used for initial transmission of the other HARQ process, and scheduling of initial and retransmission TB within one DCI is supported.
Proposal 3: Scheduling of initial and retransmission TBs within one DCI is supported. 

Interleaving transmission
When repetitions are used in NPUSCH/NPDSCH, 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 interleaving issues should be further studied, e.g. interleaving pattern, interleaving period, GAP period, TB transmission sequence of multiple TBs, etc.
Proposal 4: Some of the interleaving issues should be further studied, e.g. interleaving pattern, interleaving period, GAP period, TB transmission sequence of multiple TBs, etc.

Cyclic repetition
Cyclic repetition is adopted in legacy UE for enabling symbol-level I/Q combining and frequency/timing offset tracking. So for the scheduling multiple TB, even with interleaving transmission, the interleaving operation should be based upon 4 (FDD) absolute subframes where the same RV is adopted as shown in Figure 1.
[image: ]
Figure 1 cyclic repetition transmission illustration
Proposal 5: Cyclic repetition is supported even for TB interleaving transmission.

Transmission gap
For both UL and DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. Some companies proposed to introduce additional gap (for discontinuous transmission) among the transmission for time diversity gain. However, adding gap may cause some potential issues as: 1) resource fragments 2) transmission delay and transmission rate reduction 3) additional control overhead for gap configuration. 4) Non-continuous DMRS for channel estimation. 5) Limited time diversity gain if interleaving transmission applied. Therefore, it is preferred that the allocated resources of different TBs are consecutive in time domain and it is not necessary to introduce additional gap for scheduling multiple TB transmission.
Proposal 6: For unicast transmission, additional gap between two TBs in time domain should not supported for multiple TBs scheduling.

HARQ ACK/NACK feedback
For the single transport block, the ACK/NACK resource is indicated by DCI grant scheduling NPUSCH. For multiple transport blocks, ACK/NACK resource for multiple TB can be indicated by legacy method as well. For example, the ACK/NACK resource for the first TB is indicated by DCI grant as legacy indication and ACK/NACK resources for the other TBs are derived from the already determined ACK/NACK resource for the first TB even with repetition, e.g., the contiguous available subframes.
ACK/NACK resources collision can be avoided by eNB scheduling. Furthermore, the ACK/NACK timing offset of multiple TB to the corresponding PDSCH should be further studied, e.g. minimal timing offset to PDSCH of 8ms should be guaranteed.
[image: ]
Figure 2 HARQ ACK/NACK feedback illustration
In the last RAN1 meeting, 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 decoding, all the TBs will be retransmitted, regardless whether other TBs are correctly decoded or not, even for the semi-persist channel in most of IoT scenarios, it is not an efficient way especially for TBs with larger repetition number. So simple ACK/NACK bundling mechanism is not a suitable solution for multiple transport blocks unless obvious gain is observed.
Proposal 7: HARQ ACK/NACK resource for multiple TB can be indicated by DCI grant scheduling NPUSCH.
Proposal 8: For independent ACK/NACK feedback, ACK/NACK timing offset of multiple TB to the corresponding PDSCH should be further studied.

Conclusions
In this contribution, considerations of multiple transport block transmission with DCI are provided. The following proposals are given.
Proposal 1: When multiple DL/UL transport blocks are assigned by a single DCI, only relationship 1) 1 HARQ process corresponds to 1 TB is supported.
Proposal 2: The number of scheduled transport blocks is indicated in DCI.
Proposal 3: Scheduling of initial and retransmission TBs within one DCI is supported. 
Proposal 4: Some of the interleaving issues should be further studied, e.g. interleaving pattern, interleaving period, GAP period, TB transmission sequence of multiple TBs, etc.
Proposal 5: Cyclic repetition is supported even for TB interleaving transmission.
Proposal 6: For unicast transmission, continuous time domain resource allocation should be supported for multiple TBs scheduling.
Proposal 7: HARQ ACK/NACK resource for multiple TB can be indicated by DCI grant scheduling NPUSCH.
[bookmark: _GoBack]Proposal 8: For independent ACK/NACK feedback, ACK/NACK timing offset of multiple TB to the corresponding PDSCH should be further studied.
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