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1 Introduction
At the last RAN1 #90 meeting, the following was agreed:
	Agreements:
· NR supports some combinations of following:

· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH

· Following is informed to the UE:

· One-slot case:

· Starting symbol and ending symbol in the slot.

· Which slot it applies to

· Multi-slot case:

· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to

· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to

· The starting symbol and ending symbol are applied to all the aggregated slots

· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot

· Non-slot (i.e., mini-slot) case:

· Starting symbol and ending symbol

· FFS: starting symbol is:

· Opt.1: Starting symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included

· FFS: ending symbol is:

· Opt.1: Ending symbol of a slot

· UE is also informed of which slot it applies to

· Opt.2: Symbol number from the starting symbol

· Scheduling DCI with and without time domain field is supported

· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH

· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

· FFS: which are valid combinations

· FFS: handling of semi-static UL/DL and SFI assignment




In this contribution, we address some of the FFS parts and also highlight the use cases that need to be supported despite any down-selection of valid combinations or options. Whereby here, we focus on scheduling aspects of mini-slots, additional details on the HARQ management for mini-slots can be found in a companion contribution in [1].
2 Resource sharing between PDCCH and PDSCH
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. 
At the last RAN1 #90 meeting, RAN1 agreed some important use cases that mini-slots must address [2]:

· Support of PDSCH durations that align with SS block transmissions with the same or different numerology in order to allow FDM of SS block transmissions and PDSCH transmissions , especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH

· This use case includes FDM across CC in case of intra-band CA where the same RF hardware is used for more than one CC 

· Support of finer TDM granularity of scheduling for the same/different UEs within a slot, especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH (e.g., for RMSI)

· Support of very low latency 

· Support of NR transmissions scheduled in LTE non-MBSFN subframes 

· PDSCH can be scheduled on OFDM symbols not carrying CRS

· Support of forward compatibility, e.g., multiplexing of Rel. 15 waveforms with future services, e.g., integrated access and backhaul
For these use cases, keeping in mind that the duration and starting symbol of a mini-slot are signalled in the DCI, two cases can be distinguished. 

1.     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. This is illustrated in the top part of Figure 1.

2.     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 and is illustrated in the bottom part of Figure 1.

Small packets in wide bandwidths could similarly be scheduled from a slot-based PDCCH but transmitted via a mini-slot. Obviously, NR must support 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 from a specification perspective. At the same time, self-scheduling could be very demanding on the UE’s power consumption and processing capabilities. For example, if a self-scheduling PDCCH is transmitted every N≥1 symbols, the UE has to guarantee that in can finish decoding the PDCCH within the duration of N symbols for stability reasons. Hence, self-scheduled mini-slots may be an optional feature that is only supported for NR UEs supporting ultra-low latency. At the same time, all NR UEs of Release 15 should support cross-scheduled mini-slots of at least lengths 2 and 4 to guarantee a minimum degree of forward compatibility, coexistence with LTE in normal DL subframes, and reception of RMSI and unicast that is transmitted on the same RF beam and with the same duration as SS block transmissions.
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.

· All UEs regardless of capability at least support cross-scheduled mini-slots to address the following use cases:

· Support of PDSCH durations that align with SS block transmissions with the same or different numerology in order to allow FDM of SS block transmissions and PDSCH transmissions , especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH

· This use case includes FDM across CC in case of intra-band CA where the same RF hardware is used for more than one CC 

· Support of NR transmissions scheduled in LTE non-MBSFN subframes 

· PDSCH can be scheduled on OFDM symbols not carrying CRS

· Support of forward compatibility, e.g., multiplexing of Rel. 15 waveforms with future services, e.g., integrated access and backhaul
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. 

Proposal 2: Mini-slots can only contain a single transmission direction, i.e., no switching intervals are provisioned within a mini-slot duration.
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Figure 1: Self-scheduled (top) and cross-scheduled (bottom) mini-slots
It was agreed at RAN1 #86bis that the PDCCH monitoring occasions are RRC configured. For example, for URLLC a UE may be configured to monitor for a PDCCH transmission every M OFDM symbols in a given numerology and for some values of M the PDCCH monitoring occasion will float relative to the slot boundary. For example, for ​M=4 the PDCCH starting symbol is either OFDM symbol #0 and #2 depending on whether the slot index is even or odd. 
Note that such a configuration—“every M OFDM symbols”—cannot address the use case of LTE-NR coexistence since the number of symbols per slot in LTE is a prime number and the CRS pattern is irregular, i.e., every M-th OFDM symbol may or may not contain CRS. In this case, patterns of a given periodicity are needed. For example, when LTE and NR are deployed in overlapping spectrum, NR DL transmissions may occur in either TDD UL, normal DL or MBSFN subframes. In TDD UL subframes the NR PDCCH can be transmitted on the first symbol of the slot whereas in MBSFN and normal DL subframes NR must protect the legacy control region. Hence, a subframe dependent PDCCH monitoring occasion needs to be configured and the UE monitors on the 1st or 2nd/3rd OFDM symbol for downlink control information depending on whether the slot corresponds to a TDD UL or MBSFN DL subframe.

Proposal 3: A subframe dependent PDCCH monitoring occasion can be configured. 
3 Conclusion

In this contribution, we addressed some of the FFS parts and also highlight the use cases that need to be supported despite any down-selection of valid combinations or options. 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.

· All UEs regardless of capability at least support cross-scheduled mini-slots to address the following use cases:

· Support of PDSCH durations that align with SS block transmissions with the same or different numerology in order to allow FDM of SS block transmissions and PDSCH transmissions , especially if TxRP uses beam-sweeping (e.g., above 6GHz)

· This use case includes unicast and broadcast PDSCH

· This use case includes FDM across CC in case of intra-band CA where the same RF hardware is used for more than one CC 

· Support of NR transmissions scheduled in LTE non-MBSFN subframes 

· PDSCH can be scheduled on OFDM symbols not carrying CRS

· Support of forward compatibility, e.g., multiplexing of Rel. 15 waveforms with future services, e.g., integrated access and backhaul
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: A subframe dependent PDCCH monitoring occasion can be configured.
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