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Introduction
At RAN #80 meeting, a new work item (WI) on Rel-16 enhancements for NB-IoT was approved [1]. One objective of the WI is the scheduling enhancement. In particular:
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 RAN1 #96 meeting, the following agreements were made regarding scheduling of multiple DL/UL transport blocks [2]:
Agreement:
One DCI can be used to schedule both initial and retransmission of different HARQ processes.

Agreement:
For unicast, when all the TBs are scheduled by one DCI
· MCS, repetition number, resource allocation, are common across all UL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, Flag for differentiation
· MCS, repetition number, resource assignment are common across all DL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, NPDCCH order indicator, Flag for differentiation
· FFS: HARQ-ACK resource

Agreement:
For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB
· FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1
· RAN1 will make decision on the support for the FFS part in RAN1#96bis

Agreement:
For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1

Agreement:
For TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. FFS details.

Agreement: 
For SC-MTCH, the maximum number of TBs scheduled is 8.

Agreement:
For SC-MTCH, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number.

Agreement:
For SC-MTCH multiple TBs scheduling, down-select from the following options:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b)

In this contribution, we share our views on the remaining design details for the support of scheduling of multiple DL/UL transport blocks in NB-IoT deployments.

Time domain transmission pattern
Interleaved transmission was discussed in previous meetings [3], where the repetitions for one TB are interleaved with repetitions of all the other TBs. The main motivation for interleaved transmission is to obtain time diversity gain. 
Recall that it was agreed in RAN1 #95 meeting that the maximum number of UL and DL HARQ process are both 2. As discussed in Section 3.1, it is preferred to only support the relationship of one HARQ process corresponding to 1 TB. Thus, the maximum number of TBs that can be scheduled by one single DCI would be limited to 2 for UL and DL unicast transmissions. With limited number of TBs to be interleaved, the time diversity gain is quite limited. Therefore, it is proposed to not support the interleaved transmission among TBs for scheduling of multiple TBs in NB-IoT.

Proposal 1:
· The repetitions for one transport block being interleaved with repetitions of all the other transport blocks is not supported. 
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In RAN1 #96 meeting, it was agreed to support one HARQ process corresponding to one TB for unicast. It is FFS whether to additionally support one HARQ process corresponding to up to two TBs. If one HARQ process corresponds to multiple TBs, with one HARQ ACK feedback for each HARQ process, the failure of one TB would cause retransmission of all the TBs associated to the same HARQ process, resulting in inefficient UL resource utilization and increased UE power consumption. In addition, the use case of associating multiple small TBs to one HARQ process instead of using one large TB for one HARQ process is unclear. Therefore, it is proposed to not support one HARQ corresponding to up to two TBs. 

Proposal 2:
· One HARQ process corresponding to up to two TBs is not supported.

HARQ-ACK feedback
In RAN1 #94bis meeting, it was agreed that individual feedback for each HARQ process is supported, and it is FFS if HARQ-ACK bundling/multiplexing can be optionally supported. For HARQ-ACK multiplexing, new designs for NPUSCH format 2 are needed to carry more HARQ-ACK feedback bits, which requires more standardization effort. Also, the performance of the NPUSCH format 2 would be impacted, due to additional bits to be carried. For HARQ-ACK bundling, the failure in reception of one TB would result in retransmission of all TBs in the corresponding bundle, which would be quite inefficient in terms of resource utilization and UE power consumption, especially considering large number of repetitions for DL/UL transmissions in NB-IoT. Therefore, it is preferred to not support HARQ-ACK bundling and HARQ-ACK multiplexing. 
It was agreed in last meeting that for TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. It is proposed to follow the timing relationship as in Rel-13 NB-IoT, where there is a minimum 12ms gap between the end of a TB and the start of the corresponding ACK/NACK feedback to provide the UE with sufficient processing time. With this timing relationship, the first subframe to transmit the ACK/NACK feedback should be determined considering the timing gap between the end of the first TB to the start of the ACK/NACK transmission, as well as the timing gap between the end of the second TB to the start of its corresponding ACK/NACK feedback.

Proposal 3:
· Neither HARQ-ACK bundling nor HARQ-ACK multiplexing are supported. 
· The Rel-13 NB-IoT timing relationship between a TB and its corresponding ACK/NACK feedback is kept, i.e. a minimum 12ms gap is supported between the end of a TB and the start of its corresponding ACK/NACK feedback. 
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Once UE configured with scheduling of multiple DL/UL TBs for data transmission, it monitors corresponding DCI in the USS. Scheduling of multiple DL/UL TBs requires additional transmission parameters, and thus a new DCI format of a larger size seems to be needed.
It was agreed in RAN1#94 that ‘for unicast, the number of TBs scheduled should be dynamically indicated in the DCI’. Therefore, it’s proposed to include the number of scheduled TBs in the DCI. In addition, as agreed in last RAN1 meeting, one DCI can be used to schedule both initial and retransmission of different HARQ processes. Thus, an NDI bitmap of the length equal to the max number of scheduled TBs (i.e., 1 bit per TB) is needed in the new DCI. In the UL grant, this NDI bitmap can be also used for implicit HARQ ACK/NAK indication. 
As agreed in last meeting, the MCS, repetition number and resource assignment are common across all TBs. To minimize the DCI size, it is proposed to have RV common across all UL TBs as well. The HARQ Process ID (PID) field is reinterpreted as the HARQ PID for the first subframe, and the subsequent TBs have consecutive HARQ PIDs similar as in multi-subframe scheduling concept from LAA. For the HARQ-ACK resource indication in the DCI scheduling DL TBs, the frequency resource indication follows Rel-13 NB-IoT, which is common for all the HARQ-ACK feedback associated to the TBs scheduled by the DCI. For the timing resource indication, recalling that the ACK/NACK resources are back-to-back for TBs scheduled by the DCI that are contiguous, the indicated delay can be applied to all the ACK/NACK transmission by deferring the whole back-to-back ACK/NACK transmission according to the indicated delay. 

Proposal 4:
· Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

Proposal 5:
· The number of scheduled TBs is indicated by the new DCI.
· An NDI bitmap is included in the new DCI.
· The size of NDI bitmap is equal to the max number of scheduled TBs by the DCI.
· In the design of the new DCI scheduling multiple TBs, reuse the rest of parameters from the legacy DCI.
· RV is common across all scheduled UL TBs.
· The HARQ Process ID (PID) field is reinterpreted as the PID for the first scheduled TB, while subsequent TBs have consecutive HARQ PIDs. 
· The HARQ-ACK frequency resource indicated by the DL DCI is common across the HARQ-ACK feedback for all the DL TBs scheduled by the DCI.
· The HARQ-ACK delay indicated by the DL DCI applies to the HARQ-ACK feedback for all the DL TBs scheduled by the DCI, by deferring the whole back-to-back HARQ-ACK transmission according to the indicated delay.

SC-PTM
As agreed in last RAN1 meeting, for SC-MTCH multiple TB scheduling, it is to be down selected among the following options:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b).
With option a), a new DCI needs to be introduced. In cases where there are both Rel-16 UEs and UEs in pre-release, two DCIs need to be transmitted, with the legacy DCI for scheduling of UEs in pre-release and the new DCI for scheduling of Rel-16 UEs. This increases the DL overhead, making the feature of multiple TB scheduling for SC-MTCH less attractive. In addition, considering the required specification effort, it is preferred to support only option b).

Proposal 6:
· For SC-MTCH multiple TB scheduling, reuse Rel-15 DCI and use SC-MCCH to indicate TB number.

Conclusion
In this contribution, we discuss the design for the support of scheduling of multiple UL/DL TBs for NB-IoT. Based on the discussions, we make the following proposals:
Proposal 1:
· The repetitions for one transport block being interleaved with repetitions of all the other transport blocks is not supported. 

Proposal 2:
· One HARQ process corresponding to up to two TBs is not supported.

Proposal 3:
· Neither HARQ-ACK bundling nor HARQ-ACK multiplexing are supported. 
· The Rel-13 NB-IoT timing relationship between a TB and its corresponding ACK/NACK feedback is kept, i.e. a minimum 12ms gap is supported between the end of a TB and the start of its corresponding ACK/NACK feedback. 

Proposal 4:
· Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

Proposal 5:
· The number of scheduled TBs is indicated by the new DCI.
· An NDI bitmap is included in the new DCI.
· The size of NDI bitmap is equal to the max number of scheduled TBs by the DCI.
· In the design of the new DCI scheduling multiple TBs, reuse the rest of parameters from the legacy DCI.
· RV is common across all scheduled UL TBs.
· The HARQ Process ID (PID) field is reinterpreted as the PID for the first scheduled TB, while subsequent TBs have consecutive HARQ PIDs. 
· The HARQ-ACK frequency resource indicated by the DL DCI is common across the HARQ-ACK feedback for all the DL TBs scheduled by the DCI.
· The HARQ-ACK delay indicated by the DL DCI applies to the HARQ-ACK feedback for all the DL TBs scheduled by the DCI, by deferring the whole back-to-back HARQ-ACK transmission according to the indicated delay.

Proposal 6:
· For SC-MTCH multiple TB scheduling, reuse Rel-15 DCI and use SC-MCCH to indicate TB number.
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