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1 Introduction

In RAN1#86, the following agreement was made about “slot” and “mini-slot” [1]:

RAN1#86 Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 

· Subframe

· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded

· One possible scheduling unit

· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
In RAN1#86b, the following agreement and working assumption were further made about “slot” and “mini-slot” [2]: 
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
Depending on the agreements and working assumption, this contribution discusses several FFS issues for “mini-slot”. 
2 Discussion
This section discusses following issues that were considered as FFS in the working assumption given in section 1. 

· What are terminologies of mini-slot?

· What is timeline granularity for monitoring control of the mini-slot?

What is terminologies of mini-slots?
The main intention of “mini-slot” is to support data scheduling and transmission within a “slot” for special services with tight latency requirements such as URLLC. However, the current terminology “mini-slot” can be understood as the shorter version of the “slot”, which could mislead the understanding of whole frame structure. From the perspective that “mini-slot” should be understood as a part of slot, “subslot” is a preferred terminology as discussed in email reflector.  Also, if the terminology of “frame” is considered to express 10 subframes, subslot seems to be more proper than mini-slot for consistency of the terminologies for NR. 
Proposal 1: Support a terminology “subslot” rather than “mini-slot”.
From this part, we use the terminology “subslot” instead of mini-slot. Now it will be discussed what durations of subslot will be supported in NR. It was agreed that subslot is defined as a duration of the number of OFDM symbols in the numerology used for transmission and then subslot should at least support transmission shorter than a duration for slot. Considering a potential use case for subslot is for latency reduction such as URLLC, possible number of OFDM symbols for subslot can be decided depending on latency requirements for URLLC. For subcarrier spacing of higher than 60 KHz, slot duration is fixed to 14. In this case, possible value(s) of subslot duration would be equal to or less than 14. In addition, for URLLC, the target for user plane latency should be 0.5ms for UL and 0.5ms for DL as specified in [3]. Taking into account UE/gNB processing time and frame alignment, subslot duration should be less than 0.12ms in order to satisfy the latency requirement [4]. Table 1 shows durations depending on the number of OFDM symbols and subcarrier spacings and also provides possible subslot durations which is less than 0.12ms as highlighted
Table 1: A duration (usec) depending on the number of OFDM symbols and subcarrier spacings.

	# of OFDM symbols

Subcarrier spacing
	1
	2
	7
	14
	28

	15
	71
	142
	500
	1000
	2000

	30
	35
	71
	250
	500
	1000

	60
	17
	35
	125
	250
	500

	120
	8
	17
	62
	125
	250

	240
	4
	8
	31
	62
	125

	480
	2
	4
	16
	31
	62


As shown in Table 1, for subcarrier spacing of higher than 60 KHz, 7 or 14 OFDM symbols are possible candidates for subslot. On the other hand, for subcarrier spacing up to 60 KHz, 1or 2 OFDM symbols are possible candidates for subslot. Considering minimum 2 OFDM symbols are already supported in the shortened TTI of LTE, at least 2 OFDM symbols for subslot should be supported.
Observation 1: For subcarrier spacing of higher than 60 KHz, 7 or 14 OFDM symbols are possible candidates for subslot. For subcarrier spacing of up to 60 KHz, 1 or 2 OFDM symbols are possible candidates for subslot.
What is timeline granularity for monitoring control of the subslot?
If the subslot duration is determined as suggested by observation 1, the latency requirement of URLLC service can be reached. Therefore, from the latency perspective, a URLLC UE can monitor the DL control for the subslot in every subslot boundary, i.e., the first OFDM symbol of a subslot instead of performing blind decoding on every OFDM symbols which causes severe UE complexity. On the other hand, if the latency requirement is loosened, DL control monitoring occasions can be configured as already agreed in the last meeting [2]. 
Proposal 2: The minimum granularity for monitoring DL control of the subplot is subslot duration and the monitoring occasions of DL control can be configured depending on latency requirements.
3 Conclusions 

This contribution discusses several FFS issues for “mini-slot” and proposes the following depending on the discussion:
Observation 1: For subcarrier spacing of higher than 60 KHz, 7 or 14 OFDM symbols are possible candidates for subslot. For subcarrier spacing of up to 60 KHz, 1 or 2 OFDM symbols are possible candidates for subslot.
Proposal 1: Support a terminology “subslot” rather than “mini-slot”.
Proposal 2: The minimum granularity for monitoring DL control of the subplot is subslot duration and the monitoring occasions of DL control can be configured depending on latency requirements.
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