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1. Introduction 
This contribution discusses numerology and alignment of slots and mini-slots. Definitions and details of subframe, slot and mini-slot were agreed as follows in RAN1#86:

· 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
· 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.
According to the above agreement, subframe becomes a timing reference for slots in NR.  Slot and mini-slot are like containers which accommodate DL/UL transmission structures. In the following, we discuss and propose further details on numerology and alignment of slots and mini-slots. 
2. Slot numerology and alignment
We propose the following details about the numerology and alignment principle for slots. We suppose that the proposed designs are somewhat straightforward and would help make meaningful progresses on the related frame structure and physical layer design topics. 
Proposal 1 (slot numerology and alignment)
· Within a subframe, all slots have the same subcarrier spacing and fully fit into the subframe from a UE perspective.
· Aggregation of the slots is aligned at the subframe boundaries.

· Slots can have a CP type different from the reference numerology.

The first bullet refers to the exemplary slot configuration shown in Figure 1. The reference numerology is assumed as 15 kHz for the discussion purpose and the slots are configured with 30 kHz subcarrier spacing (SCS). From a UE perspective, if a slot is configured within a subframe, the UE can assume that the other slots for the UE have the same numerology (subcarrier spacing, CP type, etc.) within the subframe. This can simplify the overall signalling and multiplexing/alignment structure. In this regard, we propose to preclude support of multiplexing slots with different numerologies within the subframe from a UE perspective. For instance, the example configuration (mixture of 60 kHz and 30 kHz) illustrated in Figure 2 are precluded from a UE perspective. However, from a network perspective, the mixed configuration in Figure 2 can be beneficial to resource utilization, and can be supported by scheduling different UEs to the respective slots, which are configured with the corresponding subcarrier spacing. It is noted that supporting mixture of eMBB and URLLC traffic with different numerologies for the same UE is discussed in the next section and can be supported by utilizing mini-slots. 
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Figure 1. Slot numerology and alignment for reference SCS = 15 kHz.
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Figure 2. Precluded from a UE perspective – multiplexing of slots with different numerologies within a subframe.
The second bullet, “aggregation of the slots is aligned at the subframe boundaries”, is a consequence of the first bullet and the symbol alignment, and always supported.
We also prefer to support that the slots can employ a CP type different from the reference numerology (third bullet in the proposal list). If subframe boundary alignment is satisfied, this can be supported without an issue, considering that the symbol alignment applies only for the cases of the same CP type. This enables to utilize an extended CP type in case of a very large subcarrier spacing, which results in very short symbol duration.

3. Mini-slot numerology and alignment
We propose the followings about the numerology and alignment principle for mini-slots.  
Proposal 2 (mini-slot numerology and alignment)
· A mini-slot can have a different subcarrier spacing from slots.

· A mini-slot is confined within a slot and cannot span beyond a slot boundary.

· Aggregation of mini-slots can span beyond a slot boundary.

· The start and end of a mini-slot are aligned at symbol boundaries within a slot. 
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Figure 3. Slot with 15 kHz, mini-slot with 60 kHz.

The first bullet, “a mini-slot can have a different subcarrier spacing from slots”, enables to support multiplexing of different types of traffic within the same subframe. Referring to Figure 3, the slots are configured with 15 kHz SCS and the mini slot uses 60 kHz SCS. As an example, the slot can mainly be used in eMBB communications and the mini-slot can be configured when URLLC traffic has to be scheduled with very low latency requirement. As this URLLC traffic uses 60 kHz SCS which is not the reference numerology, the URLLC symbols have to be aligned at the symbol boundaries of the slot. 
In order to simplify signalling design and multiplexing options, we propose that a mini-slot is confined within a slot and cannot span beyond a slot boundary. As a consequence, any short transmission utilizing a mini-slot should be confined within a slot. For cases that long transmission is required, aggregation of mini-slots can be applied and mini-slot aggregation can span beyond a slot boundary, as proposed in the third bullet.  An example is illustrated in Figure 4 below. Two mini-slots are aggregated and mini-slot symbols of 60 kHz SCS are aligned at the symbol boundaries of 30 kHz SCS slots.
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Figure 4. Mini-slot aggregation and spanning beyond a slot boundary.
The last bullet, “the start and end of a mini-slot are aligned at symbol boundaries within a slot”, is in order to avoid the fragmented use of a slot symbol duration and to always guarantee the symbol boundary alignment in cases a larger subcarrier spacing is used for the mini-slot. More specifically using an example, if only two symbols are used in a mini-slot in Figure 3, the mini-slot cannot fully fit into the slot symbol and the alignment is not met at one of the two symbol boundaries. The proposal enables to avoid this fragmented use of the slot symbol duration.    
4. Conclusion 

In this contribution, we have discussed numerology and alignment of slots and mini-slots, and proposed further design details to facilitate progresses in RAN1. Based on the observations presented in the contribution, we propose the followings:
Proposal 1 (slot numerology and alignment)
· Within a subframe, all slots have the same subcarrier spacing and fully fit into the subframe from a UE perspective.
· Aggregation of the slots is aligned at the subframe boundaries.

· Slots can have a CP type different from the reference numerology.
Proposal 2 (mini-slot numerology and alignment)
· A mini-slot can have a different subcarrier spacing from slots.

· A mini-slot is confined within a slot and cannot span beyond a slot boundary.

· Aggregation of mini-slots can span beyond a slot boundary.

· The start and end of a mini-slot are aligned at symbol boundaries within a slot. 
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