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Introduction
Motivations and usage of mini-slots for NR have been discussed at the past two RAN1 meetings. In a nutshell, a mini-slot provides scheduling flexibility for several operational use cases including, but not limited to, multiplexing of eMBB and URLLC and support of multi-beam operation for hybrid array architectures. This contribution discusses several mini-slot specific aspects of the NR downlink control channel. 
Discussion
The basic agreements on the NR DL control channel relevant to the discussion on mini-slot scheduling are summarized below:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 
· At least for single-stage DCI design, NR supports the following minimum granularity of the DCI monitoring occasion:
· For slots: once per slot
· When  mini-slots are used: FFS if every symbol or every second symbol
· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)
· Note: slot/mini-slot alignment is not assumed here 
· Note: This may not apply in all cases
· A UE monitors for downlink control information in one or more control resource sets
In [1] we discussed the overall NR DL control channel structure, which is applicable to scheduling on a minimum granularity of one slot. With respect to mini-slot-based data transmission, Figure 1 depicts two examples of (a) slot-based scheduling and (b) mini-slot based scheduling. In Figure 1(a) an NR-PDCCH may either schedule a DL transmission over the entire slot or in different mini-slots within a slot interval. This scheduling strategy is suitable in scenarios where the gNB knows a priori what packets need to be scheduled. For example, in TDM-based hybrid beamforming deployments, a UE may be scheduled with a DL assignment on a subset of symbols where the TRP transmits a configured DL beam. However, this future mini-slot scheduling strategy may not work for randomly arriving URLLC packets whose latency constraints require scheduling within one or two symbols of arrival, i.e. it cannot wait until the next slot boundary. Furthermore, in some hybrid beamforming scenarios, when the DL control and data beams are quasi-collocated, it may be better to transmit both data and control in the same set of symbols. Therefore, the time-frequency resources containing control channel candidates may be distributed throughout a slot as shown in Figure 1(b). 
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Figure 1 Scheduling of mini-slot data based on (a) slot-based and (b) mini-slot-based control channel candidates

A design question is how different should the structure be for slot-based and mini-slot based control channels? Given the agreement that a UE can be configured with additional search spaces, one solution is that each mini-slot can be configured with a separate control resource set as shown in Figure 1(b). This implies that the control resource set configuration includes the number of PRBs in both time and frequency domains (similarly to LTE PDCCH) and also the mini-slot (or more precisely, the control resource set) position with respect to the slot boundary. Alternatively, a control resource set position may be defined as an offset with respect to a subframe boundary.

 A different solution may be considered to reduce the signaling overhead in configuring mini-slot-based control resource sets. We note that a mini-slot by definition is a subset of symbols contained in a slot. Therefore, once a control resource set is configured for a UE, the UE may assume that if its configured control channel candidates are distributed over the slot – and not just at the beginning – the same control resource set is applicable. A pictorial description of this scheme is shown in Figure 2, where compared to Figure 1(b), the control resource set is replicated in each 2-symbol mini-slot.
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Figure 2 Control resource set configuration is same for slot and mini-slot
One drawback of this scheme can also be observed in Figure 2; the NR-PDCCH scheduling an NR-PDSCH in a mini-slot should indicate whether control resources are re-used for data. 

Proposal: consider one of two options for slot-based control channels
· A control resource set may be configured in a mini-slot and schedules data in the same mini-slot
· A control resource set is slot-specific but control channel candidates may be distributed across the slot

For UL transmission, some restrictions may be needed on the mapping within the slot for a NR-PDCCH conveying an UL grant. For example, in Figure 2 an UL grant scheduled for the next slot should be transmitted earlier rather than later in the slot to allow sufficient processing time at the UE of both the grant and the UL data. 

An unresolved question is whether the minimum periodicity for control channel monitoring is 1 or 2 symbols. In our view as long as a 1-symbol mini-slot is supported, the control channel could also be monitored in every symbol. The underlying questions are really about reducing control signaling overhead and UE power consumption.

A UE may be configured with a duty cycle for monitoring the DL control channel that is not necessarily equal to the mini-slot granularity. This is illustrated in Figure 3, where the UE is configured with only three monitoring occasions within a slot whereas the data duration can be only a single symbol. In essence, multiple mini-slot and cross-mini-slot scheduling can be supported. 
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Figure 3 Configurable monitoring instances for 1-symbol based mini-slot

Proposal: 
· The number of control channel monitoring instances can be a subset of the number of mini-slots within a slot or subframe interval
· A control channel candidate mapped to a mini-slot can schedule data in the same mini-slot, a future mini-slot or on multiple mini-slots 

It may also be worth restricting the total number of control channel candidates that is monitored by a UE within a fixed time interval, e.g. a slot. Specifically, the total number of control channel candidates can be distributed across all monitoring instances in a slot. An added advantage of this approach is that it avoids the need for prioritization between monitoring slot-based and mini-slot based candidates.

Proposal: Consider restrictions on the maximum number of control channel candidates a UE is required to monitor within a specified time interval e.g. a slot based on 15 KHz SCS.

Conclusion
In this contribution we discussed DL control channel monitoring for mini-slot based data transmissions. Several proposals for RAN1 consideration include
· Consider one of two options for slot-based control channels
· A control resource set may be configured in a mini-slot and schedules data in the same mini-slot
· A control resource set is slot-specific but control channel candidates may be distributed across the slot
· The number of control channel monitoring instances can be a subset of the number of mini-slots within a slot or subframe interval
· A control channel candidate mapped to a mini-slot can schedule data in the same mini-slot, a future mini-slot or on multiple mini-slots. 
· Consider restrictions on the maximum number of control channel candidates a UE is required to monitor within a specified time interval e.g. a slot based on 15 KHz SCS.
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