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1. Introduction

In the RAN1 #85 meeting, numerology and frame structure for new radio (NR) was discussed and it was agreed that  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
In this contribution, we will discuss the time interval design and TTI for NR frame structure.
2. Discussion on Time Interval
In LTE, subframe is defined as the smallest schedulable unit for the frame structure in time domain with a constant duration of 1ms. For NR, in the RAN1 #85 meeting, time interval is considered as the basic time unit in time domain for NR frame structure. Different from the constant 1ms duration for subframe in LTE, the duration of time interval in NR may be variable according to service latency requirements and deployment scenarios. For instance, the duration of the time interval may be shorter for the URLLC services compared to the eMBB and mMTC services. Considering the different requirements of time interval duration with respect to different services and the motivation of introducing different numerologies (i.e. support different services), it is proposed that 
Proposa#1:     Different numerologies are allowed to have different time interval duration. 
Since variable time interval duration may exist, to support efficient multiplexing and timing, the time interval alignment is desired, i.e. the duration of the combined time intervals for each subcarrier spacing configuration should be aligned by a same basic time unit. The following examples show some intuitive advantages of time interval alignment. 
· Efficient multiplexing for carrier aggregation (CA)
In the CA case, if time alignment is supported, the transport channel over the scheduled resource blocks on different carriers (even with different numerologies) can easily have the same start time and the same end time, which is efficient and flexible for scheduling, transmission and retransmission.
· Efficient multiplexing for potential subcarrier spacing reconfiguration
When the subcarrier spacing of one sub-band is reconfigured to be same as the subcarrier spacing of the adjacent subband, if the time alignment is supported, it offers the opportunity to use a OFDM modulation over these two sub-bands without the guard band overhead. 

· Efficient timing for UE numerology switch
When the UE is scheduled from one sub-band of A numerology to another sub-band of B numerology, the time synchronization procedure over the new sub-band may be simplified if time alignment is supported, e.g. directly reference the timing parameter of the previous subband. 
Proposal#2: The time durations of the time interval combinations of each subcarrier spacing configuration are suggested to be aligned by a same basic time unit, e.g. 1ms or 0.5ms. 
In the RAN1 #85 meeting, it was also agreed that a  time interval X which can contain one or more of the following DL transmission part, Guard, UL transmission part. Three types of the time interval could be defined for frame structure of NR , e.g. DL only, UL only and Bi-directional DL and UL time interval. For different use cases, the flexible combination of the three time interval types can be considered. To  support flexible combination, the duration of the time interval containing different components (e.g. DL only, UL only, and Bi-directional DL and UL) of the specific configuration of one numerology should be the same. 
Proposal #3 : Given a subcarrier spacing, the length of different kinds of time intervals (e.g. DL only, UL only, Bi-directional (DL+GP+UL)) should be the same for flexible configuration and aggregation.
An example of  the duration  of the three types time interval satisfying Proposal 3 is shown in Fig. 1. 
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Fig. 1. Examples of time interval duration  for three types of time interval
NOTE: Proposal 2 and Proposal 3 indicate that the allowable time interval duration should be the franction of the  basic time unit, e.g. 1ms, 0.5ms, 0.25ms, 0.125ms, 0.1ms time interval durations are allowed if the basic time unit is 1ms. 
Proposal 2 and 3 gives some guidence for the time interval design. In the next part, we will analyze some potential time interval solutions  under the guidence.
Two possibilities are identified to support the various duration of the time interval: 1) keeping the number of symbols with the scaling subcarrier spacing and CP/GP; 2) changing the number of the symbols. For the first option, different numerologies are allowed to have different time interval durations. For the second option, various time intervals with different number of symbols may be designed for different service requirements.
Fig. 2 shows an example of time interval design based on option 1) with 1ms as the basic time alignment unit. In this design, the time interval contains 7 symbols. GP and CP length are both scaling with the subcarrier spacing. Option 1) provides low implementation complexity since same user/control channel design can be reused for different numerologies. With the scaling CP and GP, some numerologies may not suitable for the long delay spread channel scenario and wide coverage. In this case, we may increase the CP and GP duration and decrease the number of symbols in a time interval to let the large subcarrier spacing support wide coverage and long delay spread channel. However, more implementation complexities will be introduced since the scaling relationship for different subcarrier spacing is no longer existed.
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Fig. 2 An example of time interval design via option 1)
For option 2),  compared to option 1), it offers more time interval duration options for each numerology under the constraint of Proposal 2 and 3 since it can flexibly change the number of symbols. However, for option 2), the CP/GP overhead may become a key factor to limit the scope of time interval duration options. For example, 0.25ms time interval option can be realized for 15KHz subcarrier spacing, but it is not a good choice for 15KHz subcarrier spacing. Because there will be non-integer number of OFDM symbols in a 0.25ms time interval, which causes efficiency loss. In addition, in this case, the control overhead will be quite high due to the small number of OFDM symbols in the 0.25ms time interval. 
No matter adopting Option 1) and Option 2), it can be observed that it is not easy to let each numerology to support all NR requirements for various services like eMBB, mMTC and URLLC. Some additional complexities and overheads need to be introduced to support that. Therefore, it is proposed that:
Proposal #4: Certain NR requirements are allowed to be satisfied by some numerologies with specific time intervals, e.g. low latency requirement is allowed to be satisfied by larger subcarrier spacing with small time intervals. 
NOTE: Since NR needs to satisfy all ITU requirements, it is clear that each NR requirement would need to be supported by at least one numerology with a specific time interval.
Though it may be complex,  using option 2), it is still possible to use one subcarrier spacing with different time interval durations to support all or most NR requirements even in the small subcarrier spacing case,  e.g. for LTE enhancement, 15 kHz subcarrier spacing is also used to support low latency services via introducing  short TTI with 2 OFDM symbols. In this way, there may exist some benefits, e.g. simple deployment and better multiplexing of various services using one numerology (e.g. less need of guard tone etc). Therefore, it is also proposed that:
Proposal #5: The necessity of multiple time interval durations for one numerology should be studied.
Proposal 5 may give the possibilities that we can choose one numerology to support most typical service requirements for the easy deployment in the scenario where the types of services are monotonous, e.g. in the rural area.
3. Discussion on TTI

In our notion, TTI is the smallest decoding time unit for payload scheduling and transmission. Different NR use cases, such as eMBB, URLLC, and mMTC, may favor different TTI lengths. For example, URLLC favors short TTI due to low latency requirement, and mMTC may favor longer TTI due to the data repetition for coverage enhancement. To support variable TTI length configurations, there are at least three possibilities: 

Option1: 1TTI can be aggregated by multiple time intervals with up to one DL-UL switch allowed between DL & UL (DL data & uplink control or DL control & Uplink data).  Single time interval length could be defined for each numerology.

Option2: 1TTI duration = 1 time interval duration. For one numerology, variable time interval length maybe defined according to the different TTI length configurations for different types of services, e.g., two types of time interval length can be defined for 60KHz, 0.125ms for URLLC & 1ms for eMBB.
Option3: 1TTI duration equals to a specific fraction of the time interval duration or the integer scale of the specific fraction. The specific fraction of the time interval can be seen as a short TTI unit, which should contain the integer number of symbols, and 1 TTI duration can be aggregated by multiple short TTI units. For example, if taking 2 symbols in the time interval as a short TTI unit, 1 TTI duration can be 2, 4, 6 and etc. symbols.
Option1 is a straightforward way to enable multiple TTI length, and it may only need to define one time interval for one numerology. For delay sensitive services, a TTI can be shorter than a time interval, similar to current LTE latency reduction. For eMBB services with a large packet, a TTI may span multiple time intervals. 

Option 2 is a flexible way to enable multiple TTI length. The set of the TTI length highly depends on the number of defined time intervals. The number of the defined time intervals will affect the indicator overheads and the implementation complexity.

Option 3 is similar to Option 1. The difference is that the smallest unit can be the fraction of a time interval but not the time interval itself. Using Option 3, we can allow a longer time interval definition while using short TTI to support low latency service.  It provides the possibility to define a time interval with reasonable CP/GP length while keeping the support of various services including the low latency service.
Considering the above three options, it is proposed that:
Proposal #6: The options of TTI length design as  a TTI to span over 1) multiple fraction units of time interval, 2) multiple time intervals and 3) only one time interval should be studied to determine which option should be selected. 
4. Conclusions
In this contribution, we discuss time interval design and TTI for NR frame structure, the following proposals are proposed:
Proposa#1:     Different numerologies are allowed to have different time interval duration. 
Proposal#2: The time durations of the time interval combinations of each subcarrier spacing configuration are suggested to be aligned by a same basic time unit, e.g. 1ms or 0.5ms. 
Proposal #3 : Given a subcarrier spacing, the length of different kinds of time intervals (e.g. DL only, UL only, Bi-directional (DL+GP+UL)) should be the same for flexible configuration and aggregation.
Proposal #4: Certain NR requirements are allowed to be satisfied by some  numerologies with specific time intervals,  e.g. low latency requirement is allowed to be satisfied by larger subcarrier spacing with small time intervals. 
Proposal #5: The necessity of multiple time interval durations for one numerology should be studied.
Proposal #6: The options of TTI length design as  a TTI to span over 1) multiple fraction units of time interval, 2) multiple time intervals and 3) only one time interval should be studied to determine which option should be selected. 
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