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1	Introduction
The newly started work item on New Radio [1] states the following:
According to the outcome of the study item, the NR should specify the followings [TR38.912]:
-	Physical layer aspects including [RAN1]:
[…]
-	Physical layer channels for control and data based on associated waveform, numerologies and frame structure in line with the conclusions of the study item, including mini-slot design;
[…]

The TR38.912 [2] referred to in the above-quoted WID lists some design principles of the mini-slot
Mini-slots having the following lengths are defined.
-	At least above 6 GHz, mini-slot with length 1 symbol supported.
-	Lengths from 2 to slot length -1
-	For URLLC, at least 2 is supported
The following should be taken into account for designing slot-level channels/signals/procedures:
-	Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs.
-	At least one of DM-RS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel.
-	At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling.
-	At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback.
Note that some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions. Mini-slot can start at any OFDM symbol, at least above 6 GHz. A mini-slot contains DM-RS at position(s) relative to the start of the mini-slot.
The following targets/use-cases to design mini-slots should be taken into account.
-	Support of very low latency including URLLC for certain slot lengths
-	Target slot lengths are at least 1ms, 0.5ms.
-	Support of finer TDM granularity of scheduling for the same/different UEs within a slot, especially if TRxP uses beam-sweeping (e.g., above 6GHz).
-	NR-LTE co-existence
-	Note that this use case also exists for slot-based scheduling
-	Forward compatibility towards unlicensed spectrum operation
The following should be taken into account as starting point for designing mini-slotlevel channels/signals/procedures:
-	Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs
-	DM-RS for mini-slot-level data channel is just a re-use of that for slot-level data channel
-	DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling
-	UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback
-	Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot
-	Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot
RAN1#87 (November 2016) made the following agreement: 
Agreements:
· NR-PDCCH monitoring 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

RAN1#88bis (April 2017) made the following agreements and working assumptions: 
Agreements
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note : 1-symbol case may be restricted depending on the BW.

Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown

Working assumption:
· The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is independent from whether it is scheduled on resources that are preempting or not preempting another users data transmission.

2	Discussion
2.1	Generic principles of scheduling slots and mini-slots
During the SI phase, there were some discussions on how the mini-slot should align to slot-based transmissions and whether the mini-slot may cross slot boundaries. Considering the SI agreements related to subframes, slots and mini-slots, this discussion may not be relevant to the mini-slot design any longer.
1. The mini-slot transmissions exist independent of the slot transmissions, and should not be linked to imaginary slot transmissions of possibly different UEs
2. The scheduling intervals for different UEs may differ due to potentially different slot lengths, and slot aggregation
3. The common ‘tick’ for all UEs in a given cell is the subframe

Keeping in mind the agreements of RAN1#88bis,
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel. 
The following observations and proposal are made:
Proposal #1: Confirm the RAN1#88bis working assumption: The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is independent from whether it is scheduled on resources that are preempting or not preempting another user’s data transmission
Proposal #2: The PDCCH monitoring occasions, both in terms of slots and in terms of OFDM symbols, are defined relative to the subframe boundary
Observation: The PDCCH monitoring occasions in terms of slot can be seen to refer to slot-based scheduling, and the PDCCH monitoring occasions in terms of OFDM symbols can be seen to refer to mini-slot based scheduling

In addition, we target an L1 design that is agnostic to the used sub-carrier spacing, and specifically strive for the slot and mini-slot being flavours of the same base design as much as possible. In order to maintain generic slot/mini-slot design, also the mini-slot structure and duration should be agnostic to the starting position. Additional conditions, e.g. that a mini-slot cannot be scheduled to cross a sub-frame boundaries can be further considered, but this would be a scheduling restriction rather than mini-slot design-impacting one.
Proposal #3: The basic slot and mini-slot design, such as length location of control and length (in terms of symbols) is agnostic to sub-carrier spacing
Proposal #4: The designed mini-slot structure and possible lengths are the same regardless of the starting symbol of the mini-slot. 
Observation: The design principles above make it possible for the gNB scheduler to avoid mini-slot crossing the subframe boundaries, or slot boundaries of other UEs’ slot-based transmissions.




2.2	Mini-slot support in TDD
Link direction switching in TDD mode can be facilitated by means of bi-directional slots. Half-duplex constraint will set boundary conditions for mini-slot allocations in TDD. This means that when a regular slot is in DL phase, also mini-slot needs be in the DL phase, and when regular slot is in UL phase, mini-slot needs to be in UL phase, respectively. This principle is shown in Figure 1. Based on that, there seems to be no need for bi-directional mini-slot containing both DL and UL. This approach will also maximize the commonalities for mini-slot design between TDD and FDD. 
In addition, the duration of mini-slots would be fairly short. Supporting DL-UL switching within a mini-slot would result in additional non-negligible overhead and could lead to unreasonable DL-UL switching rate requirements for the UE.

Proposal #5: Mini-slot supports only one link direction.  
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Figure 1. Mini-slot operation following half-duplex constraint.
3	Conclusions
In this contribution we have discussed the slot and mini-slot design aspects in the new radio. Based on the discussion, we make the following proposals and observations:
Proposal #1: Confirm the RAN1#88bis working assumption: The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is independent from whether it is scheduled on resources that are preempting or not preempting another user’s data transmission
Proposal #2: The PDCCH monitoring occasions, both in terms of slots and in terms of OFDM symbols, are defined relative to the subframe boundary
Observation: The PDCCH monitoring occasions in terms of slot can be seen to refer to slot-based scheduling, and the PDCCH monitoring occasions in terms of OFDM symbols can be seen to refer to mini-slot based scheduling
Proposal #3: The basic slot and mini-slot design, such as length location of control and length (in terms of symbols) is agnostic to sub-carrier spacing
Proposal #4: The designed mini-slot structure and possible lengths are the same regardless of the starting symbol of the mini-slot. 
Observation: The design principles above make it possible for the gNB scheduler to avoid mini-slot crossing the subframe boundaries, or slot boundaries of other UEs’ slot-based transmissions.
Proposal #5: Mini-slot supports only one link direction.  
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