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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#94, the following agreements and working assumption were made:
· For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.
· One DCI to schedule multiple TBs for SC-MCCH is not supported
· For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
· For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS
This contribution aims to discuss support of scheduling of multiple DL/UL transport blocks in NB-IoT.
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Scheduling multiple DL/UL transport blocks
the eNB knows how much data a connected UE needs to transmit (based on BSR for UL) or receive (based on size of DL data to be sent). It seems reasonable to indicate multiple DL resource or multiple UL resources via a single DCI. This allows DCI overhead reduction and reduce power consumption. 
Transmission of multiple TBs on the DL or UL following indication in a single DCI to a UE in normal coverage conditions can be done in two ways as illustrated in Figure 1:
· Non-continuous transmission of multiple TBs via single DCI
· Continuous transmission of multiple TBs via single DCI 
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Figure 1: Examples for scheduling of multiple DL or UL TBs with single DCI

In poor / extreme coverage conditions, non-continuous transmission of multiple TBs is preferred. There are many repetitions needed for the DL data or UL data. On DL, there can be up to Nrep=2048 repetitions of a TB mapped to NSF= 10 subframes as indicated in DCI Format N1. On UL, there can be up to Nrep=128 repetitions of a TB mapped to a Resource Unit of duration up to 8 ms as indicated in DCI Format N0 [2, 3]. Hence, transmission time exceeding 1 second on the DL and UL can be expected. If eNB schedules NPDSCH or NPUSCH for continuous transmission of multiple TBs to a poor-coverage UE, it may lead to less eNB scheduler flexibility with longer latency expected to schedule other UEs.  
In case of normal conditions, continuous transmission of multiple TBs or Non-continuous transmission of multiple TBs can be used. The DL or UL transmission times can be as short as 1 ms. For power consumption, it is preferable if eNB schedules NPDSCH or NPUSCH quickly and allow UE to go to DRX or move to idle or suspend RRC states. The processing delay in the UE and eNB will require configuring 2 HARQ processes and may only allow 2 multiple TBs to be scheduled by one DCI. The HARQ-ACK for each TB needs to be transmitted and processed timely before other TBs can be scheduled. With non-continuous transmission of multiple TBs, only one HARQ process could be configured assuming the UE or eNB can have sufficient time to process each TB and provide HARQ-ACK before the next TB is scheduled.
Observation 1: With non-continuous transmission of multiple TBs, one HARQ process 1 or 2 HARQ processes can be configured.
Observation 2: With non-continuous transmission of multiple TBs, there can be NTB = 1, 2, or larger number of TBs that can be scheduled via single DCI.
Observation 3: With continuous transmission of multiple TBs, > 1 HARQ processes need to be configured.
Observation 4: With continuous transmission of multiple TBs, there can be NTB = 1, 2 number of TBs that can be scheduled via single DCI. 
Proposal 1: For unicast, scheduling multiple DL/UL transport blocks continuously or non-continuous with single DCI is supported.
The number of TBs, NTB, that can be scheduled on DL or UL via a single DCI depends on several factors – e.g. NB-IoT traffic, scenarios, service type, user throughput, HARQ parameter configuration. Large packet of several 1,000 bits need to be transmitted once a day typically by a smart meter (i.e. daily or weekly gas usage report), may use NTB = 2, 4, 8. Small packet of few hundred bits transmitted every few seconds typically by a real-time sensor may use larger values NTB = 16, 32, 64. The value of NTB may be large as long as the connected UE may go to DRX to save power consumption. However, in case of increased user throughput
Proposal 2: With non-continuous transmission of multiple TBs , the number of TBs, NTB, that can be scheduled for NPDSCH or NPUSCH via a single DCI can be down selected from a range – FFS NTB = {2, 4, 8, 16, 32, 64}. 
HARQ-ACK bundling is a technique used in LTE TDD, as illustrated in Figure 2. In case of continuous transmission of multiple TBs, the gains of HARQ-ACK bundling seems limited as only two HARQ-ACK bits can be bundled. In case of UE is poor coverage, failure to receive the bundled HARQ-ACK may result in both TBs to be re-transmitted with repetitions. In case of non-continuous transmission of multiple TBs, the HARQ-ACK feedback can fail with a higher probability as failure to receive the bundled HARQ-ACK may result in all TBs to be re-transmitted with repetitions. It is unclear if introduction of HARQ-ACK bundling will provide gains, especially in poor coverage conditions. 
Proposal 3: HARQ-ACK feedback per transmitted TB in scheduling of multiple TBs via single DCI is baseline.
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Figure 2: HARQ-ACK feedback bundling with scheduling of multiple TBs

It is preferable for forward compatibility if the introduction of scheduling of multiple TBs via single DCI does not require new DCI formats N0 or N1. It is also preferable that new DCI fields or re-interpreted fields in DCI format N0 or N1 and configurations aspects to support multiple TB scheduling via single DCI will not increase blind detection complexity in the device.
Proposal 4: Design of new or re-interpreted DCI fields in DCI format N0 or N1 to support multiple TB scheduling via single DCI is FFS.
Conclusion
In this contribution, we discussed scheduling multiple DL/UL transport blocks in NB-IoT. We make the following observations and proposals.
Observation 1: With non-continuous transmission of multiple TBs, one HARQ process 1 or 2 HARQ processes can be configured.
Observation 2: With non-continuous transmission of multiple TBs, there can be NTB = 1, 2, or larger number of TBs that  can be scheduled via single DCI.
Observation 3: With continuous transmission of multiple TBs, > 1 HARQ processes need to be configured.
Observation 4: With continuous transmission of multiple TBs, there can be NTB = 1, 2 number of TBs that can be scheduled via single DCI. 
Proposal 1: For unicast, scheduling multiple DL/UL transport blocks continuously or non-continuous with single DCI is supported.
Proposal 2: With non-continuous transmission of multiple TBs , the number of TBs, NTB, that can be scheduled for NPDSCH or NPUSCH via a single DCI can be down selected from a range – FFS NTB = {2, 4, 8, 16, 32, 64}. 
Proposal 3: HARQ-ACK feedback per transmitted TB in scheduling of multiple TBs via single DCI is baseline.
Proposal 4: Design of new or re-interpreted DCI fields in DCI format N0 or N1 to support multiple TB scheduling via single DCI is FFS.
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