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1 Introduction

In RAN1 NR ad-hoc meeting, the following agreements were made for mini-slot.
Agreements:
· Take into account following targets/use-cases to design mini-slots:

· 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

· FFS until phase II

· Take the following 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 DMRS 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

· Take the following into account as starting point for designing mini-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

· DMRS 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

· FFS: exact timelines

· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)
This contribution considers aspects of scheduling for URLLC.
2 Discussion
This section discusses the following design and scheduling aspects for mini-slot. 

Length of mini-slot

It was agreed that mini-slot with length 1 symbol is supported at least for above 6GHz. Other possible number of OFDM symbols for mini-slot can be decided depending on latency requirements for URLLC because a main use case of mini-slot is for latency reduction. Considering UE/gNB processing time, frame alignment aspects, it is observed that mini-slot duration should be less than 0.12ms in order to satisfy the latency requirement (i.e., the target user plan latency of URLLC is 0.5ms for both DL and UL) [2]. Table 1 provides possible mini-slot durations and various subcarrier spacing to meet the requirement which is less than 0.12ms as highlighted in yellow.
Table 1: A duration (μsec) depending on the number of OFDM symbols and subcarrier spacing.

	# 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


For subcarrier spacing higher than 60 KHz, slot duration is fixed to 14. In this case, possible mini-slot duration would be less than 14. However, as shown in Table 1, for subcarrier spacing of higher than 60 KHz, up to 7 OFDM symbols can be selected for mini-slot to satisfy latency requirement. On the other hand, for subcarrier spacing up to 60 KHz, 1 and/or 2 OFDM symbols can be selected for mini-slot. It is worth noting that for subcarrier spacing of 15KHz, only 1 symbol mini-slot can satisfy the latency requirement of URLLC in this example.

Observation 1: For subcarrier spacing of 15 KHz, only 1 symbol mini-slot can satisfy the latency requirement of URLLC if UE/gNB processing time and frame alignment are taken into account.

An additional potential use case for mini-slot is to enable data scheduling in an OFDM symbol used for DL control channel transmission or for short UL control channel transmission if the whole system BW is not occupied for transmission of control channel. In such cases, 1 symbol mini-slot duration is useful to utilize unused resources for data transmission. 
Observation 2: For a control channel transmission in an OFDM symbol, 1 symbol mini-slot is useful to utilize unused resource for data transmission if control channel is not fully occupied in the symbol.

Similar conclusions can be applicable for for LTE-NR coexistence and forward compatibility. For example, for operation on unlicensed spectrum (e.g. 5GHz), it is clearly expected that that 1 symbol length of mini-slot can minimize transmission of reservation signal and maximize channel utilization within the maximum channel occupancy time.
Proposal 1: 1 symbol mini-slot should be supported in NR phase 1 for all frequency bands.
Starting position of mini-slot
Starting position of mini-slot may be related to the decision of mini-slot duration. From UE perspective, it is desirable that the starting position is fixed depending on the mini slot duration (e.g. every 2nd OFDM symbol in case of 2 OFDM symbol duration, every 7th OFDM symbol in case of 7 OFDM symbol duration). In other words, a UE can monitor the DL control for a mini-slot in every mini-slot boundary, i.e., the first OFDM symbol of the mini-slot instead of performing blind decoding on every OFDM symbol within the mini-slot duration. However, additional latency and scheduling restrictions incurred by fixed starting position should also be carefully considered. For example, if 4 symbol length of mini-slot is supported and the starting position of the mini-slot is fixed in every 4th symbol, the latency requirement of URLLC may not be satisfied. In RAN1#86bis meeting, it was agreed that UE-specific DL control information monitoring occasions at least in time domain can be configured. Therefore, the overhead for monitoring control channel can be controlled by network to configure monitoring occasions infrequently, regardless of the starting positions of mini-slot. In other words, a UE can monitor the DL control for a mini-slot in every mini-slot boundary if configured. Thus, considering scheduling flexibility and low latency requirement, it is preferable that starting position of a mini-slot can be any symbol and the UE-specific DL control information monitoring occasions can be configured by network. 
Proposal 2: Starting position of a mini-slot can be any symbol, and the UE-specific DL control information monitoring occasions can be controlled by network.

PDCCH monitoring occasion for mini-slot
For URLLC, if NR-PDCCH monitoring occasion can be configured for any symbol, it is desirable for a UE that unnecessary NR-PDCCH monitoring in each occasion should be minimized as much as possible while satisfying the latency requirements. For example, candidate PDCCH decoding for DL assignment and/or UL grant of URLLC can be limited (e.g. the UE can be configured to monitor only one NR-PDCCH with a fixed aggregation level) so that latency and/or UE power consumption for PDCCH monitoring can be minimized for URLLC. Note that the blocking probability among UEs can be controlled by gNB to configure different control resource set. LTE PDCCH candidate reduction/adjustment schemes introduced for eCA/eLAA can be considered as a baseline.

Additional approach to minimize NR-PDCCH decoding is to support a mini-slot aggregation for URLLC. For example, if the UE is scheduled to receive one or multiple PDSCHs for N consecutive mini-slots, the UE may be configured to skip NR-PDCCH monitoring for some of DL and/or UL grant at the occasions within the scheduled mini-slots. Note that skipping NR-PDCCH monitoring should be carefully considered because it may cause the additional delay for receiving PDSCH/PUSCH for another URLLC transmission.

Proposal 3: NR should be able to minimize UE NR-PDCCH monitoring burden to minimize latency and/or UE power consumption

Different link direction in a mini-slot
In the last meeting, it was agreed that most of design aspects for slot will be re-used for mini-slot as much as possible. However, it is required to further study whether a mini-slot can contain symbols for different link directions. For a slot, it can contain symbols for different link direction to enable self-contained operation and/or dynamic TDD operation. However, the use case of mini-slot with different link direction is not clear and its feasibility is also doubted especially for a mini-slot with less than 7 symbols. In addition, it is expected that overhead for switching direction (i.e. guard symbol) in the mini-slot is significant compared to that for the slot. Furthermore, if link direction and the number of symbols for each direction in the mini-slot can be dynamically changed, gNB/UE complexity can be significantly increased. Therefore, it is desirable that a mini-slot should not contain symbols for different link directions.

Proposal 4: A mini-slot should not contain symbols for different link directions

Scheduling timing for mini-slot
In NR, there are three timings to be considered; 1) timing between DL assignment and DL data transmission, 2) timing between UL assignment and UL data transmission, and 3) timing between DL data reception and its HARQ-ACK feedback. In Rel-8 LTE, the above three kinds of timings are fixed as n+4 for FDD or determined by semi-static UL/DL configuration for TDD in unit of subframe. For a mini-slot, the above three timings can be defined as a unit of either a reference length (e.g. slot or a specific mini-slot on a given numerology) or a unit of configured mini-slot. Because a UE may have different capability of minimum processing time according to subcarrier spacing, TTI length, etc, it is desirable that scheduling timing should be defined based on numerology. In addition, further studies are required whether the flexible timing is necessary for URLLC. Based on the minimum processing timing, a default timing may be considered to reduce the amount of information carried by NR-PDCCH.
Proposal 5: Scheduling timing should be defined based on numerology
3 Conclusions 

This contribution discusses design aspects for “mini-slot” and proposes the following based on the discussion:
Proposal 1: 1 symbol mini-slot should be supported in NR phase 1 for all frequency bands.
Proposal 2: Starting position of a mini-slot can be any symbol, and the UE-specific DL control information monitoring occasions can be controlled by network.

Proposal 3: A mini-slot should not contain symbols for different link directions
Proposal 4: A mini-slot should not contain symbols for different link directions

Proposal 5: Scheduling timing should be defined based on numerology
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