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1 Introduction

In RAN1#85, the following agreement was made about NR frame structure [1]: 
Agreements:
· 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

This contribution discusses time interval X and relevant aspects on multiplexing of variable time intervals.
2 Time interval X
In RAN1#85, the “time interval X” was introduced and it was agreed that the time interval X can contain one or more of DL transmission part, Guard, and UL transmission part as given in section 1. However, the definition of a time interval X is unclear. In this section, the definition of a time interval X is discussed relative to LTE where basic time units are defined for a frame structure. In LTE, a TTI (Transmission Time Interval) and a subframe are the basic time units. More specifically, a TTI is a time unit to generate transport block(s) in both UL and DL and a subframe is a basic time unit to transmit a DL or UL channel. As LTE has two different time units, it is also required to define similar time units in NR. One possible alternative to define a time interval X is to define two kinds of time intervals: a cell specific time interval X and a UE specific time interval X. NR is also considering support of various vertical services. Then, taking into account latency requirements for various services, multiple UE specific time interval values (e.g. 0.1, 0.2, 0.25, 0.5, 1ms and even larger) to transmit a transport block can be defined. On the other hand, a cell specific time interval should be common to all UEs in a cell.
Proposal 1: A time interval X in NR includes a cell specific time interval X and a UE specific time interval X.
According to the RAN1 agreement in section 1, potential frame structure types are depicted in Figure 1. Here, the time interval X can be considered as a cell specific time interval X. 
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Figure 1: Potential frame structure types according to a cell specific time interval.
In Figure 1, 6 potential frame structure types are assumed for NR. Type 1 and 6 contain respectively only DL part and only UL part similar to the DL or UL subframe in LTE. Type 3 and 4 contain DL, GP, and UL similar to the special subframe in LTE. Type 2 can be considered to accommodate switching times and propagation delay in case the next subframe starts with an UL part. Type 5 can be considered to accommodate switching time and propagation delay in case the previous subframe ends with a DL part. Type 2 and Type 5 can also be viewed as special subframes with 0 UpPTS and 0 DwPTS respectively. It is noted that a duration of GP can be configured by an eNB considering UE processing capability and a radius of the cell, etc. 
Observation 1: Frame structure types as in Figure 1 are considered within a given cell specific time interval X.

3 Multiplexing of different time intervals
Multiple UE specific time interval X values can be simultaneously supported in a NR framework in order to accommodate vertical services with various requirements. Then, NR design should strive to enable the possibility for multiplexing different UE specific time intervals as well as multiple frame structure types depending on a given cell specific time interval X as discussed in section 2.
Figure 2 shows an example of multiplexing of different UE specific time interval X’s. In Figure 2, frame structure types are configured based on a cell specific time interval X. For UE1 utilizing the UE specific time interval X1 that has a same duration as the cell specific time interval X, there is no issue for transmissions between the UE and an eNB. However, for UE2 utilizing the UE specific time interval X2 that is longer than cell specific time interval X, some part of the DL data transmission may be required to be blanked when there is a collision with an UL part of other UEs with smaller UE-specific time interval X. The blanking may be configured depending on the existence of uplink transmission from other UEs in that duration.
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Figure 2: An example of multiplexing of different UE specific time intervals.
Figure 3 shows another example of multiplexing of different UE specific time interval X’s. In Figure 3, frame structure types are operated based on a cell specific time interval X which is equal to or larger than UE specific time intervals X1 and X2. In this case, frame structure can be normally defined considering the cell-specific time interval X so that an UL part only exists in the end of this interval considering frame structure type 3 as shown in section 2. Thus, UE2 with the UE specific time interval X2 should follow this rule and then it cannot have an UL portion in the first UE specific time interval X2 as given in Figure 3. In this case, there is no resource collision issue between UE1 supporting the UE specific time interval X1 and UE2 supporting the UE specific time interval X2. However, this UE2 has to skip UL transmission in the first UE specific time interval X2 even though it needs to send something in UL. 
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Figure 3: Another example of multiplexing of different UE specific time intervals.
Proposal 2: Multiplexing of different UE specific time intervals should be supported for NR.
4 Conclusions 

This contribution discusses time interval X and relevant aspects on multiplexing of variable time intervals and proposes the following depending on the discussion:
Observation 1: Frame structure types as in Figure 1 can be considered within a given cell specific time interval X.
Proposal 1: A time interval X in NR can include a cell specific time interval X and a UE specific time interval X.

Proposal 2: Multiplexing of different UE specific time intervals should be supported for NR.
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