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Introduction
In RAN1#85, the time interval X, explicit indication of HARQ-ACK timing and data transmission were agreed as follows, 
· Timing between data transmission and corresponding HARQ A/N is indicated explicitly
· FFS if implicit indication is supported in some cases
AND 
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

AND

· 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.

AND
· NR design should strive at least to enable the possibility for
· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible
· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed
· For example to provide coverage or enable TD-LTE coexistence
· Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving applicability

AND
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission

AND
· NR design should strive to enable the possibility for
· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting
· FFS: Z in the order of a few tens of or hundreds of micro sec is feasible

AND
· At least the following time domain structures should be studied/evaluated for NR
· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)
· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)
· Other structures not precluded
· Note: there is no assumption between the relationship of assignments and data in the above
· FFS: there can be guard region after the uplink transmission region.
· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms
· FFS: Metrics for study/evaluation
· Note: This does not preclude the same structure could span multiple 1 msecs

This paper analyzes the time interval of NR system design with consideration of the usages and requirements in all deployment scenarios.  

Forward Compatibility Consideration of Time Interval 
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.  The radio resource for all target applications, such as eMBB, mMTC, and URLLC, 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 time interval is significant in the NR system design to complete a single transmission with possible acknowledge of a given application type.   To complete a transmission, the application data are encoded with a scheduled radio resource in frequency and time.   The time and frequency radio resource is scheduled based on the QoS requirements of specific application type.   The length of the time interval is determined by the maximum length of the radio resource in time required to meet the latency requirements and power consumption requirements of a given services type,  For example, the time interval is short for URLLC applications in order to meet the 1 ms U-plane end-to-end latency requirements.    The time interval should be relative long for mMTC applications in order to achieve low power consumption and large coverage extension through time domain accumulation, such as repetition or low rate channel coding.  

In RAN1#85, the definition of time interval X and the explicit indication of HARQ-ACK target timing were agreed as follows,
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

AND 

· Timing between data transmission and corresponding HARQ A/N is indicated explicitly
· FFS if implicit indication is supported in some cases

Further agreements in RAN1#85 was the target time of HARQ-ACK feedback and the support of asynchronous HARQ as follows, 
· NR design should strive at least to enable the possibility for
· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible
· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed
· For example to provide coverage or enable TD-LTE coexistence
· Note: RAN1 will continue investigations about UE complexity, implementation processing time, interleaving applicability
AND
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission

AND
· NR design should strive to enable the possibility for
· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting
· FFS: Z in the order of a few tens of or hundreds of micro sec is feasible

The NR system design with forward compatibility in the consideration is to incorporate the envisioned future applications in the current system design.  Phase 1 of the NR system design focuses on the eMBB and URLLC applications.  The features envisioned for later phase in the near future are the mMTC applications, direct communications, and shared access communication.  The massive machine type communication (mMTC) in the NR system design targets to support huge number of devices deployed in a area with battery power last for 10-15 years.   The machine type communication has been implemented as the automotive recording devices, such as parking meters, utility meters, and connected car and envisioned to be used for other applications, such as internet of things (IoT), sensors network, automatic home control system, location tracking devices, wearable device, biomedical sensors, and electronic identification system.    Applications of the direct communication, such as D2D and V2V, have diverse range of QoS requirements in latency and reliability.  The shared access communications are characterized on robust interference management and access control in the time interval.  The time interval X needs to be flexibly defined in the specification to minimize the restriction of future application development.  
Proposal 1:  The time interval X needs to be flexibly defined in the specification to minimize the restriction of future application development.   
Proposal 2:  The time interval X should be application specific and UE-specific dynamically configured by the network. 
The time interval includes the DL transmission part and/or gap period and/or UL transmission part.   The DL and UL transmission parts in the time interval include the time unit of physical channel and the transmission time interval (TTI) of the transport channel.   A basic unit, such as mini-frame, is defined for the NR physical channel resource in time as the smallest interval for the scheduling transmission as in [3].   The TTI of the transport channel should be flexible based on the available radio resource in time and frequency, latency requirements, power consumption requirements, and desired encoding gain to achieve the desired coverage and/or mitigating the fading channel effect.  The channel coding scheme in the transport channel also includes the HARQ scheme which incorporate closed-loop A/N feedback.   The flexible time interval of transport channel would map to the time interval of the physical channel.  The time interval in the NR system should be flexible in order to support flexible transmission interval in transport channel and HARQ schemes for different application.   
In RAN1#85, it was agreed to strive for shorter HARQ-ACK feedback time at range of tens/hundreds of microseconds.  The short processing time and fast HARQ-ACK feedback would benefit the applications with stringent latency requirements, such as URLLC, and high speed data transmission, such as eMBB.   However, the short HARQ-ACK feedback time would not benefit the applications with low power consumption and delay insensitive applications, such as mMTC.   For TDD systems, the DL/UL configurations require interference coordination among TRPs within the area.  The timing of UL HARQ-ACK transmission of the corresponding DL data transmission needs to take into the DL/UL switching with consideration of interference management.   Figure 1 is an illustration of the dynamic indication of HARQ-ACK feedback time with the consideration of DL/UL switching.   In Figure 1, the transmission time interval is configured to multiplex UEs with resource allocations of different QoS requirements in TDD.  The TTI length is variable and the DL and UL transmission interval are dynamically allocated.     

[bookmark: _Ref450708901]Figure 1:  Explicit HARQ-ACK timing indication through DL grant in a time interval consisting of DL/GP/UL  with variable TTI

Proposal 3:  The timing of HARQ-ACK should be explicitly indicated by the control information to minimize the restriction of future applications.    
Conclusion
This paper discuss the time interval in the NR frame structure design with consideration of forward compatibility.   We have the following proposals of the time interval in the NR frame structure,
· Proposal 1: The time interval X needs to be flexibly defined in the specification to minimize the restriction of future application development 
· Proposal 2; The time interval X should be application specific and UE-specific dynamically configured by the network. 
· Proposal 3:  The timing of HARQ-ACK should be explicitly indicated by the control information to minimize the restriction of future applications.    
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