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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The NR frame structure is expected to be more flexible than LTE and designed in such a way that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced. Mini-slots are expected to be one key feature which can provide flexible resource allocation with low latency for NR.   

This document provides an overview of key mini-slot design and operational requirements.

2 Mini-slot Design and Operations in NR
An important design goal for the NR frame structure therefore is the ability to support multiple types of links (e.g. DL/UL/Backhaul/Sidelink) simultaneously operating on an NR carrier. Even initial NR deployments are expected to require this capability on a dynamic basis in order to adapt to varying traffic patterns in the case of eMBB or very flexible and granular resource allocation for URLLC traffic. Mini-slots are expected to be one key feature to meet this design goal for NR by enabling more dynamic resource allocation compared to a fixed slot-based transmission.   
During RAN1#87 meeting the following agreements were reached regarding the design of mini-slots:
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 

The following sections address remaining details of the mini-slot design for NR.
2.1 Use cases for Mini-slots
Mini-slots are expected to be beneficial for at least the following use cases:

· URLLC: to support resource allocation with fine granularity and low latency
· Efficient time-domain multiplexing when large carrier bandwidth is available such as when NR is deployed on mmWave spectrum.
· IAB (integrated access and backhaul): to support efficient dynamic TDD resource allocation in the case of switching between both the backhaul directions as well as the DL and UL subframes of the access links [2]
· The mini-slot design can also be used for LTE and NR coexistence on the same carrier. One of the scheme identified for such a co-existence is based on the usage of MBSFN sub-frame. However in this case the first symbol (or multiple symbols if NR is using a subcarrier spacing > 15KHz) needs to be skipped as it contains the legacy LTE CRS. Mini-slot based transmissions can be used to send the DL control and start the transmission of the NR subframe [3].
Even though some of the above use cases may not be defined in the Phase 1 of the NR specification, it is important to understand the requirements so that the design is forward compatible. In addition, those use cases correspond to deployment scenarios above and below 6GHz. So it is important that the mini-slot design and operation should not be restricted to a certain frequency band (or numerology). 
Proposal 1: The design of mini-slots should support efficient dynamic TDD, low latency resource allocation, and flexible starting positions to support multiple use cases with a common design above and below 6GHz not restricted to a given frequency band or numerology.
2.2 Mini-slot design requirements
In order to meet the requirements of the use cases described in the previous section, it is expected that the mini-slot design will support flexibility in terms of length and starting position, while also sharing a common design with a regular slot as much as possible to enable efficient multiplexing. The following table summarizes proposals for resolving some of the key remaining details for the mini-slot design:

Proposal 2: The mini-slot design should be based on the details listed in the table below - 
	Mini-slot design parameter
	

	Numerology
	Same as supported by a slot

	Length
	1 to slot_length-1

	CP length
	Same as supported by a slot

	Starting position
	Any OFDM symbol

	Alignment
	A mini-slot is considered as a special slot with a fewer number of OFDM symbols

	DMRS design
	The baseline assumption should be the same DMRS design for slot and mini-slot


2.3 Mini-slot and Slot Multiplexing 
Multiplexing of mini-slots and regular slots (e.g. 7 or 14 symbol allocations) should be considered as a critical part of the mini-slot design. To fully utilize the benefit of mini-slot, the design should allow for full flexibility including dynamic and on-the fly preempting of on-going slot based transmission in DL and UL. This includes the ability of the mini-slot based transmission to “steal” the resource from the slot based transmission by puncturing the slot based transmission dynamically. 

For dynamically puncturing slot based PDSCH transmission (i.e. the mini slot is in the DL portion of the sub-frame) RAN1 should study both the cases whether the UE receiving the slot based transmission needs to be dynamically signaled on the fly about the mini-slot. For dynamically puncturing slot based PUSCH transmission (i.e. the min slot is in the UL portion of the sub-frame) RAN1 should study both the cases whether the UE receiving the slot based transmission needs to or does not need to be dynamically signaled on the fly about the mini-slot. 

Proposal 3: For both transmissions on PDSCH and PUSCH, RAN1 should study whether the UE receiving the slot based transmission needs to or does not need to be dynamically signaled on the fly about mini-slot puncturing.
2.4 Mini-slot scheduling interval 
Given that the variable length of mini-slots which may be significantly smaller than regular slots, it is possible that multiple mini-slots could be scheduled within the time duration of a regular slot. However considering the initial design in Phase 1, it is sufficient from a UE-perspective to support only 1 mini-slot allocation per slot (e.g. a slot corresponds to the min. scheduling interval for a given UE). This is beneficial in simplifying the design since it implies that the HARQ feedback mechanism and UCI used for the slot based transmission can also be used for mini-slot [4]. However from the NW point of view there should be no restriction on the number of mini-slots which are scheduled per slot (assuming they do not cross slot boundaries).
Proposal 4: Only 1 mini-slot allocation per slot is supported in Phase 1 from a UE-perspective, but there should be no restriction on the number of mini-slots which are scheduled per slot from a NW-perspective. 

3 Conclusion

This contribution analyzed the requirements for mini-slot design and operations in NR. The following proposals were made:

Proposal 1: The design of mini-slots should support efficient dynamic TDD, low latency resource allocation, and flexible starting positions to support multiple use cases with a common design above and below 6GHz not restricted to a given frequency band or numerology.
Proposal 2: The mini-slot design should be based on the details listed in the table below - 
	Mini-slot design parameter
	

	Numerology
	Same as supported by a slot

	Length
	1 to slot_length-1

	CP length
	Same as supported by a slot

	Starting position
	Any OFDM symbol

	Alignment
	A mini-slot is considered as a special slot with a fewer number of OFDM symbols

	DMRS design
	The baseline assumption should be the same DMRS design for slot and mini-slot


Proposal 3: For both transmissions on PDSCH and PUSCH, RAN1 should study whether the UE receiving the slot based transmission needs to or does not need to be dynamically signaled on the fly about mini-slot puncturing.

Proposal 4: Only 1 mini-slot allocation per slot is supported in Phase 1 from a UE-perspective, but there should be no restriction on the number of mini-slots which are scheduled per slot from a NW-perspective. 
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