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Introduction
In RAN1#86bis, methods of multiplexing of URLLC and eMBB traffics supported by the network were agreed as follows,
Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  
· Using the same sub-carrier spacing with the same CP overhead
· FFS: different CP overhead
· Using different sub-carrier spacing 
· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 

Agreements:
· Consider further the tradeoffs for meeting URLLC requirements for the following.
· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission
· Other solutions are not precluded

In RAN1#86, the basic units subframe, slot, and mini-slot of NR frame structure were agreed as follows, 
Agreements:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded

In RAN1#86bis, the definitions of subframe and slot are further specified as follows,

Agreements:
· Sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz

Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14



This paper discusses scheduling based approached for multiplexing of different duration of transmission in the NR frame structure design.   

UE Specific Slot Configuration in NR Frame Structure Design
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 fixed at 1 ms based on the reference numerology of 15kHz subcarrier spacing.
· Slot
· Slot duration  – 7 and 14 for up to 60 kHz  SCS and 14 for above 
· Mini-slot
· Should at least support transmission shorter than 7 OFDM symbols in the numerology used for transmission
· The smallest mini-slot is the smallest possible scheduling unit 

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.  The “slot” in the NR is one possible scheduling unit.   UE monitors the DL control channel on the DL transmission part of slot for potential DL or UL grant.  
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 vary in time and dynamically allocated by the network.  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 mini-slot is proposed to be 1 OFDM symbol in [6].  This would provide the scheduler the flexibility of resource allocation and multiplexing services with different latency requirements, such as eMBB and URLLC.  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.
In the design of self-contained structure, a slot could contain DL transmission part, gap period and UL transmission part.   The slot is configured based on the reference timing of the subframe, where is the reference of the DL common channels configurations.  The slot could be designed with flexible configuration for different deployment scenarios and application types.  The length of slot would be different for different applications.   The configuration of the slot length for delay sensitive applications, such as URLLC, should be short to meet the latency requirement.  The length of a slot could be configured to be extra long for coverage extension and low power type MTC application.  For eMBB applications, the length of a slot could be moderate for high data rate throughput with low latency.    If the slot is UE-specifically configured, the radio resource could be allocated dynamically for multiplexing of different traffic, such as URLLC and eMBB, as shown in Figure 1.     In Figure 1, the length of a lot for eMBB traffic is 7 OFDM symbols for both UE1 and UE2.   The slot configuration of UE1 and UE2 are different with offset to the subframe boundary being 0 and X respectively.  The GP configured for UE1/UE2 is used for the UL/DL transmission of UE2/UE1.    URLLC UE is configured with shorter slot length by paired the DL and UL transmission part to eMBB UE1/UE2 or UE2/UE1 as shown in Figure 1.    The shorter slot length for URLLC would allow fast scheduled DL/UL transmission when URLLC traffic arrived.  In the mean time, the operation of eMBB traffic with normal slot length maintained without any interruption.  The GP length for both URLLC and eMBB UEs could be adjusted dynamically based on the UE processing capability and 

Proposal 1: 	Slot is the unit for UE to monitor the DL control channel for potential DL and UL grant.  
Proposal 2:	 Mini-slot is the basic unit for the resource allocation for all applications, such as eMBB, URLLC, and mMTC.  The length of a mini-slot is one OFDM symbol.   
Proposal 3:	The length of a slot is application-specific.  The configuration of the slot should be UE-specific and dynamically configured by the network to support multiplexing of URLLC and eMBB traffic.      
 




Figure 1:UE-specific slot configuraiton for multiplexing of eMBB and URLLC traffic in NR frame structure

Conclusion
This paper analyzes the time domain structure of NR frame structure design to support multiplexing of URLLC and eMBB traffic.   We have the following proposal
· Proposal 1: Slot is the unit for UE to monitor the DL control channel for potential DL and UL grant.  
· Proposal 2: Mini-slot is the basic unit for the resource allocation for all applications, such as eMBB, URLLC, and mMTC.  The length of a mini-slot is one OFDM symbol.   
· Proposal 3:  The length of a slot is application-specific.  The configuration of the slot should be UE-specific and dynamically configured by the network to support multiplexing of URLLC and eMBB traffic
·   
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