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Introduction
In RAN1#86bis the following agreements in relation to numerology and frame structure were achieved [1]:-
Agreements:
· Sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz
Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14
Working assumptions:
· The NR frame structure should support both slots and mini-slots
· FFS: Timeline granularity for monitoring control of the mini-slot
· FFS: Terminologies of mini-slot
Agreements:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots
Agreements:
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot

This document discusses some issues related to slots and “mini-slots”, with a focus on FDD.

Discussion
Firstly we would like to suggest new terminology for “mini-slot” and propose the term “subslot”. This is more consistent with the purpose of defining a time unit with finer granularity that one slot, but with different properties. Thus a UE configured with both a slots and a subslots. 
Proposal 1: The term “subslot” is used instead of “mini-slot” 
The above agreements in section 1 suggest the following:
· DL control signalling would typically be transmitted once per slot or once per subslot
· A slot duration as short as 125 µs is of interest for 60kHz sub-carrier spacing (SCS) and NCP. 
· A slot duration shorter than 125 µs is not of interest for SCS above 60kHz. 
· DL control signalling does not need to be transmitted more frequently than once every 125 µs
· Subslots shorter 125 µs are not required for NR
Considering the above, for 15kHz SCS and NCP, it could be of interest to define subslots as short as 2 symbols (~142.9 µs). However, an intermediate value could also be useful (e.g. 4 symbols). For 30kHz SCS, a 4 symbol subslot would also have a duration of ~142.9 µs. Probably subslots would not be required for SCS above 30kHz, since the slot is already short enough. These considerations lead to the durations shown in Table 1. Additional durations could be defined, but this would lead to more complexity.
Table 1: Proposed subslot durations (with agreed slot durations for reference)
	Sub-carrier spacing
	Nominal symbol duration (including NCP) (µs)
	Nominal NCP duration (Note 1) (µs)
	Duration of 1 slot of 14 symbols (µs)
	Duration of 1 slot of 7 symbols (µs)
	Duration of subslot of 4 symbols (µs)
	Duration of subslot of 2 symbols (µs)

	15kHz
	71.43
	4.76
	1000
	500
	285.7
	142.9

	30kHz
	35.71
	2.38
	500
	250
	142.9
	N/A

	60kHz
	17.86
	1.19
	250
	125
	N/A
	N/A

	120kHz
	8.93
	0.60
	125
	N/A
	N/A
	N/A

	240kHz
	4.46
	0.30
	62.5
	N/A
	N/A
	N/A

	480kHz
	2.23
	0.15
	31.25
	N/A
	N/A
	N/A


Note 1: The CP length stated here assumes equal CPs for all symbols in a slot/subframe (which a simplification for illustrative purposes only).
Proposal 2: For NCP, subslots can have durations of 4 symbols (15kHz and 30kHz SCS NCP) or 2 symbols (15kHz SCS NCP)
It seems reasonable that for a given SCS a UE should first be configured with slots and then with subslots, if needed in addition.
Proposal 3: For a given SCS and CP length, a UE is configured with a slot duration, and may additionally be configured with a subslot duration
Clearly, with subslots of 2 or 4 symbols, if subslots are defined to be contiguous in the time domain, then subslot boundaries would not necessarily align with slot boundaries. However, some point of alignment could be defined (e.g. radio frame boundaries, if defined for NR)  In any case symbol boundaries within subslots and overlapping slots of the same numerology can be aligned, even where the symbol duration varies in the time domain.
Proposal 4: Subslots (when configured for a UE) are of equal duration, contiguous in the time domain and have a defined time alignment
Proposal 5: Subslot boundaries align with symbol boundaries of slots configured for the UE with the same SCS and CP length. 
Longer scheduling durations than 1 slot can also be supported by aggregation of slots, and this may be the approach taken for higher SCS (e.g. 240kHz or 480kHz) to avoid very short intervals between scheduling instants. 
The same considerations can be applied for extended CP families, and an example of possible subslot durations in this case is given in the Annex.

Conclusions
Based on the above discussion we propose the following at least for FDD. Other cases could be FFS.:-
Proposal 1: The term “subslot” is used instead of “mini-slot” 
Proposal 2: For NCP, subslots can have durations of 4 symbols (15kHz and 30kHz SCS) or 2 symbols (15kHz SCS)
Proposal 3: For a given SCS and CP length, a UE is configured with a slot duration, and may additionally be configured with a subslot duration
Proposal 4: Subslots (when configured for a UE) are of equal duration, contiguous in the time domain and have a defined time alignment
Proposal 5: Subslot boundaries align with symbol boundaries of slots configured for the UE with the same SCS and CP length. 
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Annex
Possible slot and subslot durations for Extended CP are shown in the following table.
	Sub-carrier spacing
	Nominal symbol duration (including ECP) (µs)
	Nominal ECP duration (µs)
	Duration of 1 slot of 12 symbols (µs)
	Duration of 1 slot of 6 symbols (µs)
	Duration of 1 subslot of 3 symbols (µs)
	Duration of 1 subslot of 2 symbols (µs)

	15kHz
	83.33
	16.67
	1000
	500
	250
	166.67

	30kHz
	41.67
	8.33
	500
	250
	125
	N/A

	60kHz
	20.83
	4.17
	250
	125
	N/A
	N/A

	120kHz
	10.42
	2.08
	125
	N/A
	N/A
	N/A

	240kHz
	5.21
	1.04
	62.5
	N/A
	N/A
	N/A

	480kHz
	2.60
	0.52
	31.25
	N/A
	N/A
	N/A
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