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Introduction
Following the sessions during RAN1#86, RAN1#86b, RAN1#87 [1, 2, 3] and subsequent email discussions, we present our view on the mini-slot design. 
First, we describe the general design goals for mini-slots. Then, we review the already made agreements and analyze how far we have come to achieve these goals. Finally, we propose additional mini-slot properties to reach a generic and unified design.   
Discussion
General design goal for mini-slots
Mini- slots are assumed to be applied for different use-cases, e.g.: 
Low Latency, in particular below 6 GHz:
Mini-slots can be used to create short transmission bursts and thereby to reduce the latency. Especially for low subcarrier spacings this is an attractive option. It is beneficial for any transmissions that require a latency lower than what can be achieved by slot-based transmission, regardless of the service type. Even for eMBB, mini-slots can be used to alleviate the TCP slow start issue and improve the UE throughput, similar to short TTIs being introduced in LTE.
mmWave:
Mini-slots can be used to increase the time-granularity. Assuming that a large bandwidth is available, scheduling units to UEs could span fewer symbols than what are contained in a slot. The beamforming architecture used in the gNB needs to be taken into account in the mini-slot design. A typical characteristic for hybrid beamforming operating with limited number of RF beams in parallel is that the beams can cover only portion of the cell coverage at a time. It should be possible to facilitate efficient TDM within slot, in order to get reasonable payload sizes for DL and UL shared channels. Mini-slot can be seen as a solution to facilitate TDM within a slot in an efficient manner.
Un-licensed:
Mini-slots can be used to be able to start the transmission without having to wait for the slot boundary. When NR is applied on unlicensed band requiring contention based channel access procedure, it is beneficial that gNB or UE can swiftly occupy the channel once the channel access procedure indicates the channel to be vacant. If gNB or UE waits for too long in self-deferral to align transmissions with a slot boundary, more agile systems may occupy the channel in the meanwhile. Mini-slot presents an efficient way to reduce the time between the consecutive possible transmission starting positions. It should be noted that even if the operation in un-licensed band is de-prioritized fro phase 1, for the sake of forward compatibility, mini-slots should be able to support this use-case.

From the description above, it is seen that there is variety of uses cases with similar requirements. In our view, RAN1 should strive for one universal and configurable mini-slot design to address the needs of each use case. It is understood that it will not be required that all UEs need to support all possible configurations. The mini-slot design itself should be agnostic to the sub-carrier spacing and carrier frequency and should have maximum commonality with the slot design.
It is noted that the 1-symbol mini-slot design may be slightly different from the mini-slot design of longer durations due to the special consideration of efficiency for 1-symbol design and thus it might be difficult/in-efficient to base the generic mini-slot design on the 1-symbol case.      
Proposal 1: RAN1 should strive for a mini-slot design that is agnostic to the sub-carrier spacing (and carrier frequency), and would have maximal commonality with the slot design. 
Proposal 2: The specific mini-slot configurations shall be derived from the same generic mini-slot frame-work
· Note: The 1-symbol mini-slot may require specific optimizations. 
     
Requirements on mini-slots for certain use case
The generic mini-slot design should be able to be configured in different ways to support the needs of different use case. In this section, suggestions on some requirements for different use cases are made:
	Use case
	Mini-slot requirements

	URLLC
	· Length e.g. 2 or 4 symbols, 
· No alignment with slots required. Up to the scheduler to make restrictions
· May start on fixed positions or at any symbol
· Either 2 mini-slot lengths or mini-slot aggregation supported
· The mini-slot structures should enable the gNB scheduler to align the mini-slot boundaries with slot / 1ms boundaries 

	mmWave
	· 1 symbol length needed
· Can start at any symbol

	Un-licensed
	· Can start at any symbol
· Creation of arbitrary burst lengths beneficial (aggregation of mini-slots and/or aggregation of mini-slots with slots). Arbitrary length so that it can align with slot boundary
· 1-symbol length needed


 
Agreements already been made on mini-slots
In this section we review the agreements that already have been made in order to see how close we have come to meet the goals that have been introduced in sections 2.1 and 2.2.
Raw agreements
	Reno Meeting (RAN1#87)

	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 

	Lisbon (RAN1#86b)

	· None

	Gothenburg (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 signaled
· 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)



	Analyzing RAN1 agreements – what is clear and what needs further decisions
From the made agreements, following design properties are already decided:
	Duration
	Below 6 GHz: At least from 2 symbols up to slots length-1
Above 6 GHz: From 1 symbol to slot-length-1

	Control monitoring
	At least every 2nd symbol
Note: Granularity does not always need to be the minimum granularity. Can be configurable 

	Mini-slots starting position
	Below 6 GHz: Not defined yet
Above 6 GHz: Any symbol

	DMRS position
	Defined relatively to the start of the mini-slot position



From the made agreements, following design properties still need to be decided:
	Mini-slot length of 1 symbol supported for below 6 GHz
	Shall a one symbol mini-slot also be supported for < 6 GHz?

	Mini-slot length and starting position
	Shall the mini-slot length be dependent on the starting position?

	Other mini-slot lengths below 6 GHz
	Other lengths than 2 (for URLLC)




The 1-symbol mini-slot:
For above 6 GHz, a 1-symbol mini-slot is already supported. Below 6 GHz, for low latency, such as URLLC it may not be strictly needed. On the other hand, for un-licensed it would be helpful to have.
This, and also the design goal to achieve a generic mini-slot design, if 1-symbol mini-slot is supported, then it is there for both above and below 6 GHz bands as RAN1 specifications are band agnostic.
Mini-slots crossing slots: 
It should be decided if a mini-slot based transmission is allowed to cross slots. Note that there is a small semantic difference between “mini-slot based transmission” crossing a slot or a “mini-slot” crossing a slot. The difference is that a continuous mini-slot based transmission might still cross a slot boundary even is the individual mini-slots do not cross the slot boundary. This is illustrated in figure 1 below.
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Figure 1 – Examples for a mini-slot based transmission and a mini-slot crossing slot boundaries

It is proposed that a consecutive mini-slot based transmission may cross slot boundaries, no matter if the mini-slot based transmission is realized by a single mini-slot or by several consecutive mini-slots. Note, that it still is possible to configure mini-slot length and starting time such that slot boundaries do not get crossed. This is up to how the gNB sets up the mini-slot transmission.
Crossing of 1ms slot/sub-frame boundaries: 
Given that the 1ms subframe is defined as a timing reference and does not bear any meaning in terms of scheduling, it is not considered necessary to impose 1ms alignment for mini-slots. However, the gNB should be enabled to be able to impose such restriction by implementation.
Mini-slot length and starting position: 
Mini-slots should have a floating starting position, i.e. they can start at any OFDM symbol, with, their lengths defined independently from the starting position. The starting position could be signaled dynamically and/or semi-statically.  
Mini-slot lengths other than 2 for low latency: 
Other transmission burst lengths than 2 OS, e.g. 4 OS is beneficial for low latency transmissions. Whether this is achieved by 2 OS mini-slot aggregation or by a separate structure depends on the best suited design, which one to use is FFS.
Mini-slot control monitoring:
Possibility for monitoring control in every symbol should be supported. It is understood that this is not the typical use case, but makes sense for special scenarios. Note that not all UE types need to support this.

Focus on FDD or FDD/TDD: 
It should be aimed for a unified mini-slot design for FDD and TDD. A bi-directional transmission in TDD could be achieved by using a combination of a DL and UL mini-slot 
Proposal 3: Mini-slots should have the following properties
· Mini-slot of length 1 is supported in general (not just for above 6 GHz)
· Mini-slots can have a floating starting position, i.e. can start at any OFDM symbol
· Mini-slot length and starting position can be defined independently from each other
· A contiguous mini-slot based transmission may cross slot boundaries.
· Note: This is regardless whether the mini-slot based transmission is built up of one or several aggregated mini-slots.
· Mini-slot based transmissions can be aligned with 1 ms sub-frame boundaries by scheduler implementation.
· Note: specification does not need to enforce this, just enable this
· At least at 2 and 4 OS mini-slot based transmission is supported
· FFS if it shall be realized by one 4 OS mini-slot or an aggregation of 2 * 2OS mini-slots 
· Other lengths FFS
· Control monitoring is possible at every symbol
· Note: This does not apply to all UEs
· For TDD, the mini-slot should be DL-only or UL-only, and not contain UL/DL switching gap, at least for shorter mini-slots lengths

Conclusion
In this contribution we make the following proposals for mini-slots:
Proposal 1: RAN1 should strive for a mini-slot design that is agnostic to the sub-carrier spacing (and carrier frequency), and would have maximal commonality with the slot design. 
Proposal 2: The specific mini-slot configurations shall be derived from the same generic mini-slot frame-work
· Note: The 1-symbol mini-slot may require specific optimizations. 
Proposal 3: Mini-slots should have the following properties
· Mini-slot of length 1 is supported in general (not just for above 6 GHz)
· Mini-slots can have a floating starting position, i.e. can start at any OFDM symbol
· Mini-slot length and starting position can be defined independently from each other
· A contiguous mini-slot based transmission may cross slot boundaries.
· Note: This is regardless whether the mini-slot based transmission is built up of one or several aggregated mini-slots.
· Mini-slot based transmissions can be aligned with 1 ms sub-frame boundaries by scheduler implementation.
· Note: specification does not need to enforce this, just enable this
· At least at 2 and 4 OS mini-slot based transmission is supported
· FFS if it shall be realized by one 4 OS mini-slot or an aggregation of 2 * 2OS mini-slots 
· Other lengths FFS
· Control monitoring is possible at every symbol
· Note: This does not apply to all UEs
· For TDD, the mini-slot should be DL-only or UL-only, and not contain UL/DL switching gap, at least for shorter mini-slots lengths
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