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1 Introduction

In RAN1#87, the following agreements were made about a “mini-slot” [1]:

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
Agreements:
· 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 

This contribution discusses design aspects for “mini-slot” including several FFS aspects from the above agreements. 
2 Discussion
This section discusses the following design aspects for mini-slot. 

· Length
· Starting position/DL control monitoring
· RS/Data scheduling and HARQ feedback
Length
It was agreed that mini-slot with length 1 symbol is supported for at least 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 for mini-slot is for latency reduction. For subcarrier spacing higher than 60 KHz, slot duration is fixed to 14. In this case, possible value(s) of mini-slot duration would be less than 14. In addition, for URLLC, the target for user plane latency is 0.5ms for UL and 0.5ms for DL as specified in [2]. Taking into account UE/gNB processing time and frame alignment, mini-slot duration should be less than 0.12ms in order to satisfy the latency requirement [3]. Table 1 shows durations depending on the number of OFDM symbols and subcarrier spacings and also provides possible mini-slot durations which is less than 0.12ms as highlighted in yellow
Table 1: A duration (μsec) 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, 1, 2 or 7 OFDM symbols can be selected for mini-slot. On the other hand, for subcarrier spacing up to 60 KHz, 1 or 2 OFDM symbols can be selected for mini-slot. 
An additional potential use case for mini-slot is to enable scheduling in an OFDM symbol used for DL control channel transmission or for short UL control channel transmission where the whole system BW, such as for example 80-100 MHz, is not occupied for transmission of control signaling or to facilitate LTE-NR coexistence. In such cases, a 1 symbol or 2 symbol mini-slot durations are useful. Similar conclusions apply under consideration for forward compatibility, for example for operation on unlicensed spectrum or shared spectrum, where a mini-slot duration can be from 1 symbol up to the slot length minus one.

Proposal 1: For subcarrier spacing of higher than 60 KHz, 1, 2 or 7 OFDM symbols are supported for mini-slot in phase 1 of NR. For subcarrier spacing of up to 60 KHz, 1 or 2 OFDM symbols are supported for mini-slot in phase 1 of NR.
Starting position/DL control monitoring
Starting position for mini-slot may be related to the mini-slot duration. The latency requirement of URLLC service can be reached if the mini-slot duration is determined as suggested by proposal 1. Therefore, it is preferred from the latency perspective that 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). Essentially, as for slot operation, the starting position and the highest rate for DL control monitoring occasions for mini-slot scheduling are determined by the length of the mini-slot.
In this regard, a URLLC UE can monitor the DL control for the mini-slot in every mini-slot boundary, i.e., the first OFDM symbol of a mini-slot instead of performing blind decoding on every OFDM symbol within a mini-slot duration. As not all URLLC services (or eMBB services) require the minimum latency and according to the following agreement, a UE can in general be configured to monitor DL control signaling at a multiple of the slot/mini-slot duration in order to facilitate power savings. 
	RAN1#86bis Agreements:
•
UE-specific DL control information monitoring occasions at least in time domain can be configured.


Proposal 2: Starting position for a mini-slot is fixed depending on the mini-slot duration. 
Proposal 3: The minimum granularity for monitoring DL control is the mini-slot duration and the monitoring occasions of DL control can be configured by the network.
RS/Data scheduling and HARQ feedback
The following agreement was made for NR RS [4]:
	RAN1#86bis Agreements:
· At least the following RSs are supported for NR downlink

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement 

· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: channel state information estimation and interference estimation

· FFS: beam management

· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not

· FFS whether new RS or RS for other functionalities can be used
· Reference signal for time/freq. tracking
· FFS whether new RS or RS for other functionalities can be used
· Reference signal for Radio link monitoring

· FFS whether new RS or RS for other functionalities can be used

· RS for RRM measurement

· FFS whether new RS or RS for other functionalities can be used
· At least the following RSs are supported for NR uplink

· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: beam management

· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not

· FFS whether new RS or RS for other functionalities can be used

· FFS: Reference signal for RRM measurement
· FFS whether new RS or RS for other functionalities can be used



In general, the above RS design principles can apply to mini-slot based transmission as well as for slot based transmission. Therefore, a starting point for RS design for mini-slot scheduling can follow the same principle as for slot scheduling. It should be further discussed which RSs are necessary for mini-slot transmission and which RSs should be further optimized for mini-slot scheduling compared to slot scheduling. This is fundamentally the same issue as for optimizing the RS design for multi-slot scheduling compared to slot scheduling.
Proposal 4: RS design in mini-slot scheduling follows the same principles as for slot scheduling and the RS resources can be scaled for overhead reduction. 
	RAN1#85 Agreements:
· At least the following is supported for NR frame structure 

· Following timing relationships are indicated to a UE dynamically and/or semi-statically

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated

· Timing relationship between DL assignment and corresponding DL data reception

· For above two sub-bullets

· Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc.

· Default value, if any, for each timing relationship is FFS.





Regarding data scheduling and HARQ feedback, there is no difference between slot and mini-slot based transmission because in the above agreement, indication based timing relationship was agreed for both DL/UL scheduling and HARQ feedback. Therefore, as for RS designs, starting point for data scheduling and HARQ feedback design for mini-slot can follow the designs for slot.
Proposal 5: Data scheduling and HARQ feedback for mini-slot scheduling follow designs for slot scheduling.
3 Conclusions 

This contribution discusses design aspects for “mini-slot” including several FFS aspects form last agreements and proposes the following depending on the discussion:
Proposal 1: For subcarrier spacing of higher than 60 KHz, 1, 2 or 7 OFDM symbols are supported for mini-slot in phase 1 of NR. For subcarrier spacing of up to 60 KHz, 1 or 2 OFDM symbols are supported for mini-slot in phase 1 of NR.
Proposal 2: Starting position for a mini-slot is fixed depending on the mini-slot duration.
Proposal 3: The minimum granularity for monitoring DL control is mini-slot duration and the monitoring occasions of DL control can be configured by network.
Proposal 4: RS design in mini-slot scheduling follows the same principles as for slot scheduling and the RS resources can be scaled for overhead reduction.

Proposal 5: Data scheduling and HARQ feedback for mini-slot scheduling follow designs for slot scheduling.
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