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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#94bis and RAN1#94, the following agreements and working assumption were made:
· The UE should only monitor one DCI size in the UE specific search space.
· Individual feedback for each HARQ process is supported. 
· FFS if HARQ bundling/multiplexing can be optionally supported.
· Working assumption: For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE
· 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 
· For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.
· Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH.
· One DCI to schedule multiple TBs for SC-MCCH is not supported
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
Transmission of multiple TBs on the DL following indication in a single DCI to a UE in normal coverage conditions can be done in two ways as illustrated in Figure 1:
· Back-to-back transmission of multiple TBs via single DCI 
· Non-continuous transmission of multiple TBs via single DCI
[image: ]
Figure 1: Examples for scheduling of multiple DL TBs with single DCI 

[bookmark: _GoBack]The overhead for DCI on NPDCCH and DL A/N on NPUSCH Format 2 is identical for the two types of multiple DL TB transmission. Bundling of DL A/N for HARQ process #0 and #1 can reduce overhead, but has the drawback that both TBs will be lost in case NPUSCH Format 2 detection fails. A 3 dB detection loss can be expected if the HARQ-ACK code words for carrying the bundled DL A/N are increased from 2 to 4 assuming 2 HARQ processes. The DL A/N on NPUSCH Format 2 is encoded into 16 bits. The NPUSCH Format 2 overhead gain possible with bundled DL A/N (i.e. 1 bit before channel coding) is at least an order of magnitude lower relative to the overhead reduction already achieved by using single DCI to schedule 2 TBs (i.e. 24 bits before channel coding). Further, it was agreed in RAN1#94bis that working assumption: For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE. There is no significant gain expected in user throughput in increasing number of HARQ processes from 2 to 4. The impact on HARQ timing implementation is likely to be significant for greater than 2 DL HARQ processes.  
Observation 1: The overhead for DCI on NPDCCH and DL A/N on NPUSCH Format 2 is identical for back-to-back or non-continuous transmission of multiple DL TBs.
Proposal 1: DL HARQ A/N bundling on NPUSCH Format 2 is not supported
Proposal 2: Confirm working assumption: For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
Proposal 3: The number of DL HARQ processes for scheduling multiple DL/UL transport blocks is 1 or 2.
The overhead for DCI UL grant and implicit UL A/N via NDI on NPDCCH is identical for the two types of multiple UL TB transmission. We have preference for setting per-HARQ process NDI for implicit UL A/N for HARQ process #0 and #1 to reduce overhead. This allows to re-transmit only the UL TBs not detected at eNB. 
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Figure 2: Examples for scheduling of multiple UL TBs with single DCI
There is no significant gain expected in user throughput in increasing number of HARQ processes from 2 to 4. In the specifications, in poor / extreme coverage an UL Compensation Gap (UCG) is typically used to allow half-duplex NB-IoT device to re-synchronize on DL (i.e. to allow transmitting in UL meeting synchronization requirements). The total maximum duration of both NPUSCH transmissions is not more than 256 ms, and any scheduling gap between the two NPUSCHs counts as part of the 256 ms when 2 HARQ processes are configured. The impact on UL transmission efficiency and impact on HARQ timing implementation is likely to be significant for greater than 2 UL HARQ processes with UCG insertion needed for NB-IoT devices more often, even for UEs experiencing better than poor or extreme coverage.
Observation 2: The overhead for DCI UL grant and implicit UL A/N via NDI on NPDCCH is identical for back-to-back or non-continuous transmission of multiple UL TBs.
Observation 3: Greater than 2 UL HARQ processes increases need to insert inefficient UL Compensation Gap of 40 ms for re-synchronization. 
Proposal 4: The number of UL HARQ processes for scheduling multiple UL transport blocks is 1 or 2.
It is preferred that back-to-back or non-continuous transmission of multiple UL TBs are supported for eNB scheduler flexibility. As discussed above, there is no gain of using one type of transmission compare to the other type in terms of  overhead.  
In poor / extreme coverage conditions, 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 back-to-back 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, 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 HARQ-ACK for each TB could be transmitted and processed timely before other TBs can be scheduled. This would require only one HARQ process and allow a more compact DCI with simplification of HARQ parameters.
Observation 4: Single HARQ process with non-continuous multiple DL/UL TBs allows more compact DCI with simplification of HARQ parameters.
Proposal 5: Back-to-back or non-continuous transmission of multiple UL TBs is supported.
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 6: 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: The overhead for DCI on NPDCCH and DL A/N on NPUSCH Format 2 is identical for back-to-back or non-continuous transmission of multiple DL TBs.
Proposal 1: DL HARQ A/N bundling on NPUSCH Format 2 is not supported
Proposal 2: Confirm working assumption: For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
Proposal 3: The number of DL HARQ processes for scheduling multiple DL/UL transport blocks is 1 or 2.
Observation 2: The overhead for DCI UL grant and implicit UL A/N via NDI on NPDCCH is identical for back-to-back or non-continuous transmission of multiple UL TBs.
Observation 3: Greater than 2 UL HARQ processes increases need to insert inefficient UL Compensation Gap of 40 ms for re-synchronization. 
Proposal 4: The number of UL HARQ processes for scheduling multiple DL/UL transport blocks is 1 or 2.
Observation 4: Single HARQ process with non-continuous multiple DL/UL TBs allows more compact DCI with simplification of HARQ parameters.
Proposal 5: Back-to-back or non-continuous transmission of multiple UL TBs is supported.
Proposal 6: 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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