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Introduction
In RAN1#86, the basic units subframe, slot, and mini-slot of NR frame structure were agreed as follows, 
Agreements:
· A subframe duration is defined by the duration of x OFDM symbols given a reference numerology 
· With the same CP overhead, a single value of x is specified irrespective of the subcarrier spacing value chosen for the reference numerology
· This does not preclude multiple data transmission opportunities in time within a subframe duration
· This does not preclude multiple control transmission opportunities in time for both DL and UL within the subframe duration
· This does not preclude one data transmission to span over multiple subframe durations
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier
· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective

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

Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}
· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain

This paper discusses NR frame structure design and its relationship to subframe, slot, and mini-slot.  

NR Frame Structure Design Target
The design targets of NR frame structure are to optimize the radio resources in meeting all the performance and service requirements in the given deployment scenarios and to have the flexibility for the future applications.  In order to optimize the radio resource for all target applications, such as eMBB, mMTC, and URLLC, the radio resources should be flexibly partitioned for different applications in time and frequency with statistical multiplexing of varied types of traffic, such as MTC data, unicast, group communication, TV broadcast, and system information.  The statistical multiplexing of different type of traffic maximizes the resource utilization and minimizes the latency.   The NR frame structure design should avoid customizing the radio resource for a physical channel or an application.  For examples in LTE system design, the dedicated resource for PDCCH limits the flexibility of resource utilization.   The MBSFN subframes would not allow the multiplexing of MBMS traffic and unicast data traffic in a same subframe.  
The NR system should support both FDD and TDD with the target of commonality in the frame structure and timing relationship.  The NR frame structure should operate in licensed and unlicensed spectrum with same efficiency.  The new frame structure should be designed to be effective for UE-to-network access link, UE-to-UE direct communication, and backhaul link.  With the addition of UE-to-UE direct communication, the NR interface is moving away from traditional client and server network central control style frame structure design.   The access links, such as downlink, uplink, and sidelink, have a lot of functions with similarity.  The frame structures should be universal to all access links.   A universal frame structure design gives the flexibility of radio resource allocation and interference management when UE-to-network communication and UE-to-UE direct communication are in the same cluster.  
Proposal 1: The NR frame structure should be universal for FDD and TDD as well as all access links (DL/UL/SL)
 NR Frame Structure in Time Domain

The basic time domain units of subframe, slot, and mini-slot in the NR frame structure were agreed in RAN1#86.  The subframe is defined as 14 OFDM symbols along with the “slot” and “mini-slot”  as follows, 
· Subframe - 
· A subframe duration is defined by the duration of 14 OFDM symbols given a reference numerology with the same CP overhead.
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission – y to be further defined is function of x=14
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· One possible scheduling unit
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

The NR frame structure consists of the smallest scheduling unit of “mini-slot”, the scheduling unit of “slot”, and the counting and timing reference unit of “subframe” for the system access.  The subframe along with the system fame number (SFN) in NR frame structure has the significance of being the reference timing and counter for the configuration of DL common signals/channels, such as synchronization channels, broadcast channels, and control channels.  UEs can set the reference system timing and demodulate the essential system information from broadcast channel after the initial detection of the synchronization channels with a given numerology.    The subframe is used to describe the resource allocation of DL common signals/channels and their association with the detected synchronization signals in a given numerology.    The allocation of dedicated channels and the scheduling unit “slot” and “mini-slot” are also use the subframe as the reference time.   Thus, the subframe along with the system frame number (SFN) is a cell-specific configuration and used as the reference of DL common channel resource allocation.

Proposal 2: The subframe along with the system frame number (SFN) is a cell-specific configuration and used as the reference of DL common channel resource allocation.
 
The “slot” in the NR is one possible scheduling unit.   In the design of self-contained structure, a slot could contain DL transmission part, gap period and UL transmission part.   UE monitors the DL control channel on the DL transmission part of the slot for potential DL or UL grant.   The slot is configured based on the reference timing of the subframe, where is the reference of the DL common channels configurations.  If the slot is UE-specifically configured, the radio resource could be allocated dynamically with minimization of system GP overhead as shown in Figure 1.  
The slot could also be designed with flexible configuration for different deployment scenarios and application types.  The configuration of the slot length for delay sensitive applications, such as URLLC, could be short to meet the latency requirement.  The length of a slot could be configured to be long for coverage extension and low power type MTC application.   Thus, the slot length could be application specific.  The configuration of the slot should be UE-specific and dynamically configured by the network.   
Proposal 3:  Slot is the unit for UE to monitor the DL control channel for potential DL and UL grant.  NR should support more than one length of a slot.  The length of a slot is application-specific.  The configuration of the slot should be UE-specific and dynamically configured by the network.   


[bookmark: _Ref450708901]Figure 1:UE-specific slot in relation to the reference of the cell-specific subframe timing in NR frame structure

The “mini-slot” is defined as the smallest unit in time for scheduling.  A slot could contain DL transmission part, gap period, and UL transmission part in time.   The number of symbols of DL transmission part, gap period and UL transmission part could be dynamically allocated based on dynamic TDD DL/UL configuration of each slot.  If slot is used as the unit for the resource allocation, the available resource in time for scheduler to allocate for DL or UL might be different at each slot.   The scheduler might not be able to schedule a DL or UL retransmission at the next slot due to insufficient DL or UL radio resource at the next slot in dynamic TDD configuration.    Instead of slot as the reference unit for the resource allocation, the mini-slot could be used as the basic scheduling unit within the slot.  The scheduler could partition the radio resource in both frequency and time domain when the unit of resource allocation is the mini-slot.  The basic unit of mini-slot should be small enough in order to satisfy the latency requirements of some services and the dynamic TDD DL/GP/UL configuration within a slot.   When a transport block requires large number of radio resource, the scheduler could allocate the radio resource of one or more mini-slots within the slot or cross slots as shown in Figure 2.  This would provide the scheduler the flexibility of resource allocation and the potential reduction of DL control channel overhead.   We propose to define the “mini-slot” is as the reference unit for the resource allocation.   The properties of the mini-slot are as follows,  
· The mini-slot is the basic unit in time domain for the resource allocation and transmission.  
· The mini-slot is the resource grid for the mapping of the physical channel in the time domain.  
· The transport channel maps to one or multiple mini-slot resource grids in time, which is defined as the transmission time interval (TTI).  

The length of mini-slot should be specified based on the following considerations,
· The length of mini-slot should be integer multiple of OFDM symbol with smallest subcarrier spacing and much shorter than 0.5 ms in length in order to meet the 1 ms end-to-end latency service requirements of URLLC.
· The mini-slot length should be sub-multiple of 10 ms for the use of system frame counter (SFN).
· The length of mini-slot should be sub-multiple of 1 ms for adjacent channel interference management with LTE.   
· The length of mini-slot should support the scalability in the time interval.  The number of mini-slot should be able to scale with power of 2 for a TTI.  

It is clear from aforementioned that the mini-slot should be defined as one OFDM symbol.   To minimize the control overhead, variable TTI with multiple mini-slot resource allocation should be supported.  
Proposal 4:  The length of mini-slot is proposed to be 1 OFDM symbol.   Mini-slot is used as the unit of resource allocation for both DL and UL.   To minimize the control overhead, variable TTI with multiple mini-slot resource allocation should be supported.  


Figure 2:Mini- slot as a basic scheduling unit within a slot in NR frame structure

Conclusion
This paper discusses the time domain structure of NR frame structure design.   We have the following proposals of subframe, slot, and mini-slot specifications for the NR frame structure,
· Proposal 1: The NR frame structure should be universal for FDD and TDD as well as all access links (DL/UL/SL)
· Proposal 2: The subframe along with the system frame number (SFN) is a cell-specific configuration and used as the reference of DL common channel resource allocation. 
· Proposal 3:  Slot is the unit for UE to monitor the DL control channel for potential DL and UL grant.  NR should support more than one length of a slot.  The length of a slot is application-specific.  The configuration of the slot should be UE-specific and dynamically configured by the network.   
· Proposal 4: The length of mini-slot is proposed to be 1 OFDM symbol.   Mini-slot is used as the unit of resource allocation for both DL and UL.   To minimize the control overhead, variable TTI with multiple mini-slot resource allocation should be supported.     
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