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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Some agreements were reached on the preliminary definitions about the subframe, the slot and the mini-slot in RAN1#86 [1]: 
Agreements:
· [bookmark: _Ref129681832]A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}
· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· 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 signaled
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
However, the details of slot length, mini-slot, and switching points should be further discussed. In this contribution, the details of the slot length, the mini-slot, and the switching points are discussed.
Discussion
Flexible slot structure for different  scenarios
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It was agreed in RAN1#85 that FDM and/or TDM multiplexing different numerologies could be considered for diverse scenarios. In order to efficiently support the diverse deployment scenarios, i.e. eMBB, mMTC and URLLC, different numerologies should be multiplexed in the same NR carrier [2], and also should be multiplexed in the same subframe.
One subframe time interval (1ms) could include 14 OFDM symbols for the 15kHz subcarrier spacing, 28 and 56 OFDM symbols for 30 kHz and 60 kHz subcarrier spacing, respectively. And the length of each OFDM symbol will change with different numerologies. If we define the slot length based on 7 OFDM symbols, there will be different slot length and slot number for each numerology.
The mini-slot length should be shorter than y OFDM symbols in the same numerology of the slot. For example, the smallest mini-slot may contain 2 OFDM symbols in different numerologies.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The examples supporting three FDM multiplexing numerologies are illustrated in Figure 1. Each slot containing 7 OFDM symbols in time domain and resource blocks of 12 subcarriers in frequency domain. One slot could be 0.5ms in 15kHz subcarrier spacing, and 30 kHz and 60 kHz subcarrier spacing will have one slot length of 0.25 ms and 0.125 ms, respectively.


Figure 1 Multiplexing different numerologies
It can be noted that there could be different slot lengths within mixed numerologies. And in our view, the slot lengths should be flexible to fit with every deployment scenario.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1:  As the slot length is related to the numerologies, different slot lengths should be supported in one subframe with different numerologies.

Flexible switching points
For URLLC, the target for user plane latency should be 0.5ms in both UL and DL. The user plane latency consists of eNB processing, frame alignment (for TDD), TTI duration, UE processing delay, and HARQ retransmission delay [3]. According to the analysis on user plane latency about TDD system [4], the frame alignment latency could be large if there is improper UL/DL configuration. In order to reduce the frame alignment latency, it is important to use bi-directional subframes which could be configured UL and/or DL.
However, the half-duplex constraint limits the flexible feasibility of the bi-directional subframes based on TDD system [5], that should be taken into consideration in designing switching points to support TDD operations. As shown in Figure 2, there could be 1 or 2 switching points in a subframe for 15kHz subcarrier spacing, 2 or 4 switching points for 30kHz subcarrier spacing, and 4 or 8 switching pints for 60kHz subcarrier spacing. If there are the FDM mixed numerologies, the switching points would be limited by the smallest subcarrier spacing. This will impact the certain UL/DL URLLC latency components.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Base on the analysis, according to the half-duplex constraint limit, there will be disadvantage on the FDM mixed numerologies to meet the latency requirements for URLLC. Compare to FDM, TDM multiplexing between different numerologies could be a feasible option for the systems. In order to improve the number of UL/DL switching points, as a baseline, there will be different combinations of mixed numerologies in each subframe, such as 15kHz and 30kHz FDM numerologies in one subframe, 30kHz and 60kHz FDM numerologies in another subframe, respectively. So there will be different switching points in each subframe, and eNB could configure flexible switching points in a subframe.


(a) different switching points with 15kHz subcarrier spacing


(b) different switching points with 30kHz subcarrier spacing


(c) different switching points with 60kHz subcarrier spacing
Figure 2 Switching points with different numerologies
It can be observed from above discussion that there will be flexible switching points based on different numerology combination.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 2:  Flexible switching points should be supported based on different combinations of mixed numerologies.
Conclusion
Proposal 1:  As the slot length is related to the numerologies, different slot lengths should be supported in one subframe with different numerologies.
Proposal 2:  Flexible switching points should be supported based on different combinations of mixed numerologies.
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