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1 Introduction
This contribution discusses further details on the NR mini-slot design. The focus is on scheduling and HARQ aspects whereas multiplexing of mini-slots with slot based transmissions is discussed in our companion contribution in [1]. 
Mini-slots are an integral part of the NR air interface design and numerous use cases have been identified including LTE-NR coexistence [2], transmission of small packets in wide bandwidths [3], latency reduction for MBB and URLLC [1], and time-domain multiplexing of MBB traffic in mmWave systems to account for hardware restrictions arising from analog beamforming to name a few [1]. The different use cases each have their own requirements and constraints, yet, for the timely completion of the NR work item, a unified design is desirable and beneficial. Moreover, a common design framework for both slot and mini-slot based transmissions can further reduce specification effort as well as minimize the implementation and development effort of NR devices thereby reducing time-to-market and cost-of-ownership. Hence, the NR mini-slot design must cater to both the accelerated timeline for commercial NR deployments and the diverse use cases and applications of mini-slots. In this context, we propose the following. 
2 NR mini-slot design
Whereas slots exist on a fixed nested grid (one subframe corresponds to one slot at 15kHz subcarrier spacing, two slots at 30kHz subcarrier spacing, four slots at 60kHz subcarrier spacing …) no such grid exists for mini-slots. Both starting symbol and duration of a mini-slot based transmission are basically scheduler decisions. Assuming the duration of a mini-slot is signalled in the DCI [1], two cases can be distinguished. 

For example, for the LTE/NR coexistence use case, when mini-slots are used to transmit NR signals and channels in LTE MBSFN subframes, the NR PDCCH is always transmitted on the first symbol of the MBSFN region of the MBSFN subframe which is also the first symbol of the mini-slot that is used to transmit NR signals and channels in the partial LTE subframe. In this case, the mini-slot is self-scheduled, i.e., the mini-slot contains both PDSCH and the associated PDCCH. A similar use case arises for URLLC traffic which also requires self-scheduled mini-slots in order to meet the stringent latency requirements. 
In contrast, for the case where a single PDCCH schedules several TDMed PDSCH whereby each PDSCH is based on a mini-slot that PDCCH would always occur at the beginning of a slot and the mini-slots are cross-scheduled by a slot rather than self-scheduled. This, for instance, would be a common use case of mini-slots in mmWave spectrum with analog beamformed pencil-beams. Small packets in wide bandwidths could similarly be scheduled from a slot-based PDCCH but transmitted via a mini-slot. Obviously, NR must support both all these use cases and hence, we propose that self-scheduling (mini-slot contains PDSCH and associated PDCCH) and cross-scheduling (mini-slot is scheduled from PDCCH transmitted at the beginning of a slot) of mini-slots is supported.
Proposal 1: Both self-scheduling (mini-slot contains PDSCH and associated PDCCH) and cross-scheduling (mini-slot is scheduled from PDCCH transmitted at the beginning of a slot) of mini-slots is supported.

Note that mini-slot based UL transmissions would always be cross-scheduled, regardless of whether the PDCCH is carried by a slot or mini-slot since we assume that a mini-slot can only contain a single transmission direction, i.e., no switching intervals are provisioned within a mini-slot duration. We also think that aggregation of slots with mini-slots and mini-slots with slots should always be supported, for example, in order for the gNB MAC scheduler to be able to match the NR transmissions exactly to the COT in unlicensed spectrum. 

Proposal 2: Mini-slots can only contain a single transmission direction, i.e., no switching intervals are provisioned within a mini-slot duration.
Proposal 3: Aggregation of slots with mini-slots and mini-slots with slots is always supported.
3 HARQ design for mini-slot based transmission
For the HARQ ACK/NACK feedback mechanism, we propose to use the same design as is used for the slot based transmissions. In NR, the HARQ feedback duration can be UE specific and semi-statically configured depending on various factors such as UE capability, slot length etc. If we ensure that for a given UE only one slot based or mini-slot based transmission can happen in a given slot then we can use the existing HARQ interlace as proposed for slot based transmissions as shown in Figure 1. In this figure, we show that both slot based and mini-slot based transmissions use the same HARQ interlace, e.g., two slots. The number of slots in an interlace is semi-statically configured based on a variety of parameters such as UE capability. 

Proposal 4: Both mini-slot based and slot based transmissions should use the same HARQ mechanism including things such as number of processes, feedback periodicity and interlace design.  
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Figure 1: Slot based and mini-slot based
4 Conclusion

In this contribution, we discussed further details of the scheduling and HARQ operation for URLLC. The following is proposed:

Proposal 1: Both self-scheduling (mini-slot contains PDSCH and associated PDCCH) and cross-scheduling (mini-slot is scheduled from PDCCH transmitted at the beginning of a slot) of mini-slots is supported.

Proposal 2: Mini-slots can only contain a single transmission direction, i.e., no switching intervals are provisioned within a mini-slot duration.
Proposal 3: Aggregation of slots with mini-slots and mini-slots with slots is always supported.
Proposal 4: Both mini-slot based and slot based transmissions should use the same HARQ mechanism including things such as number of processes, feedback periodicity and interlace design.  
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