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The contribution is the update from R1-1908729.
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:

Agreement 
Legacy HARQ delay timing constraint is used, i.e. the interval between the end of the corresponding DL TB and the start of ACK/NACK transmission is >= 12ms
For next meeting

On the issue of new values for  companies are encouraged to submit detailed proposals for decision on whether to support such values in RAN1#98bis
Conclusion
In Rel-16, HARQ multiplexing for multiple TB scheduling is not supported. 
· FFS if HARQ bundling can be optionally supported.
Agreement
For unicast, for a Rel-16 UE configured with multiple TB scheduling, after receiving NPDCCH with a DL (UL) grant ending in subframe n, and if the corresponding NPDSCH(NPUSCH format 1) transmission starts from n+k, the UE is not required to monitor NPDCCH starting from subframe n+k-2 to subframe n+k-1.
· If two TBs are scheduled by the DCI, the UE is not required to monitor another NPDCCH from subframe n+1 to subframe n+k-1
Agreement
Non-continuous transmission between SC-MTCH TBs is supported
· Details FFS (including UE capability and continuous transmission)
Agreement
For unicast, for a Rel-16 UE configured with multiple TB scheduling:
· When one TB is scheduled by the DCI, the repetitions for one transport block are contiguously transmitted
· When multiple TBs are scheduled by the DCI
· The repetitions for one transport block can be either contiguously transmitted or interleaved.
· Interleaving is an eNB configured feature
· FFS: Interleaving feature is a UE optional feature

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
Cyclic repetition
Cyclic repetition is adopted in legacy UE for enabling symbol-level I/Q combining and frequency/timing offset tracking. So for scheduling multiple TBs with RV cyclic repetition, RV is changed every Z (=4) absolute subframes at least for PDSCH and NPUSCH multi-tone transmission when mod (SF, Z) =0, and multiple TBs are transmitted in predefined order (e.g., TB0, TB1) for non-interleaving transmission as shown in Figure 1. 
[image: ]
Figure 1 Cyclic repetition transmission illustration
Proposal 1: Cyclic repetition is supported and RV is changed every Z absolute subframes at least for PDSCH and NPUSCH multi-tone transmission when mod (SF, Z) =0, and multiple TBs are transmitted in predefined order for non-interleaving transmission.

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, TB transmission sequence of multiple TBs, etc. 
TBs from different HARQ process are interleaved transmission with cyclic repetition. With RV cyclic repetition, interleaving is performed every Z (=4) absolute subframe when mod (SF, Z) = 0. The RV is changed every Ntb * Z absolute subframes when mod (SF, Ntb* Z) =0, and each TB spans Z(=4) absolute subframe within each Ntb * Z absolute subframe circle as shown in Figure 2. Scrambling sequence is initialized every Ntb* Z absolute subframes.
[image: ]
Figure 2 Interleaving transmission illustration
Proposal 2: Interleaving is performed every Z absolute subframe. RV is changed every Ntb* Z absolute subframes when mod (SF, Ntb* Z) =0, and each TB spans Z absolute subframe within each Ntb* Z absolute subframe circle.
In order to make the TBs transmission fully interleaved, TB transmission order within Ntb* Z absolute subframe circle should be carefully designed. For example, the following case is assumed not a good TB transmission order design. If TB1 and TB2 follow the predefined order {TB1, TB2} and are transmitted every Z (= 4) absolute subframes in turn with same RV, TB 1 is transmitted 8 repetitions while TB 2 is only transmitted 2 repetitions in the first 20 subframes. Finally, TB1 has completed the transmission while TB2 has not. That is because valid/invalid subframe bitmap length and cyclic repetition length Z (=4) are always aligned. 
[image: ]
Figure 3 Interleaving transmission illustration
Proposal 3: TB transmission order within each Ntb* Z absolute subframe circle should be carefully designed.

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. 
Furthermore, the ACK/NACK timing for a TB is derived from timing of the end of all TB transmission plus a timing offset X. If the timing offset set can reuse the legacy ones, the peak data rate will be decreased. 

In order to guarantee the peak data rate and satisfy HARQ timing constraint (minimum 12 ms between the end of TB and the start of the HARQ-ACK transmission),  X can be .
· where  is the scheduling delay indicated by the DCI 
· 
m is the minimal value of {length of the second TB transmission, length of first HARQ-ACK transmission}, the length of the second TB can be simply calculated as NRep NSF , and the length of the first HARQ-ACK transmission can be simply calculated as .
If interleaving ACK/NACK transmission for different TBs is configured, the ACK/NACK timing should further study.


Figure 2 HARQ timeline for DL multi-TB scheduling 

Proposal 4: For non-interleaved ACK/NACK transmission, the contiguous ACK/NACK timing for scheduled TB starts from the end of all TB transmission plus a timing offset , the timing offset is indicated by the scheduling delay indicated by DCI minus minimal value of {length of the second TB transmission, length of first HARQ-ACK transmission} .
	
Conclusions
In this contribution, considerations of multiple transport block transmission with DCI are provided. The following proposals are given.
Proposal 1: Cyclic repetition is supported and RV is changed every Z absolute subframes at least for PDSCH and NPUSCH multi-tone transmission when mod (SF, Z) =0, and multiple TBs are transmitted in predefined order for non-interleaving transmission.
Proposal 2: Interleaving is performed every Z absolute subframe. RV is changed every Ntb* Z absolute subframes when mod (SF, Ntb* Z) = 0, and each TB spans Z absolute subframe within each Ntb* Z absolute subframe circle.
Proposal 3: TB transmission order within each Ntb* Z absolute subframe circle should be carefully designed.
Proposal 4: For non-interleaved ACK/NACK transmission, the contiguous ACK/NACK timing for scheduled TB starts from the end of all TB transmission plus a timing offset , the timing offset is indicated by the scheduling delay indicated by DCI minus minimal value of {length of the second TB transmission, length of first HARQ-ACK transmission} .
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