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1 Introduction

At the last RAN1 #86 meeting, the notion of subframes, slots, and mini-slots was introduced to further progress discussions on the NR frame structure design. Some of the FFS points include the slot duration, mini-slot duration(s), number of gaps within a slot, how to multiplex numerologies and services such as URLLC, as well as the mapping of channels and signals into the frame structure. In our companion contributions in [1]

 REF _Ref462930597 \r \h 
[2]

 REF _Ref462930604 \r \h 
[3]

 REF _Ref462930611 \r \h 
[4]

 REF _Ref462930616 \r \h 
[5][6][7] we discuss some of these aspects in greater detail, such as mini-slot definition, URLLC/MBB multiplexing, alignment of slots and mini-slots across numerologies and CP families, and how to guarantee forward compatibility, e.g., for sidelink, backhaul, and NR operation in unlicensed spectrum. In this contribution, we address aspects pertaining to the slot definition whereas our discussion of mini-slots can be found in [1]. Past agreements are summarized below for reference. 
	Agreements:
· 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

· 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



2 Discussion of NR slot definition
One of the open issues regarding the definition of slot
s is their duration. Last meeting, it was agreed to down-select between 7 and 14 OFDM symbols. There is also the option to signal the slot duration. In our view, a fixed slot duration of 14 OFDM symbols is preferable. Shorter durations can be realized by using mini-slots whereas longer durations can be realized by aggregating slots or slots and mini-slots. The latter, for example, is one way in unlicensed spectrum to match the transmission duration to the MCOT after CCA in an optimal way. Aggregation of slots can also be an effective way to minimize overhead. For example, a typical slot could comprise a downlink control region for transmission of DL and UL assignments, a flexible data region accompanied by a DL/UL switching gap for data transmission in either duplexing direction, followed by an uplink control region at the of the slot. Aggregation of multiple slots could allow mapping of large transport blocks to multiple consecutive slots, or, alternatively, multiple slots could be scheduled by a single downlink control region by means of cross-slot scheduling. Either way, except for the first slot, the aggregated slots may not have a downlink control region thereby maximizing the resources available for data transmission (statistical multiplexing gain). Similarly, gaps for switching the duplexer in the transceiver circuitry could be minimized by aggregating multiple slots whereby only the first slot contains a downlink control region and only the last slot contains an uplink region. In other words, the aforementioned typical slot structure of downlink control followed by a flexible data region, followed by uplink control could be dilated in time thereby reducing the number of UL/DL switching points in a given time interval. This is particularly of interest for large subcarrier spacings where the OFDM symbol duration and thereby the slot duration is correspondingly shorter. By aggregation of multiple slots to one transmission unit, the transmission duration can be prolonged and the number of gaps within that duration minimized.
Proposal 1: Slots are defined by a fixed number of OFDM symbols regardless of the subcarrier spacing.
Proposal 2: The slot duration for normal CP is y=14 OFDM symbols.
Proposal 3: Aggregation of slots is supported.

Both semi-static and dynamic aggregation of slots should be supported. Dynamic aggregation of slots, e.g., by signaling the aggregation in the DCI, allows to harness the aforementioned statistical multiplexing gain as the eNB MAC scheduler can instantaneously adapt the frame structure to the eNB MAC buffer status, i.e., the TTI duration can be matched to the packet size of the data transmission. In addition, it should be possible to configure the aggregation of slots in a semi-static manner. For example, for large subcarrier spacings, slots could be aggregated via RRC signaling. Moreover, default RRC configurations could be defined which depend on physical layer parameters. Similarly to LTE Rel. 8 where the default RRC configuration for the transmission mode with which the PDCCH and PDSCH are received is configured via the number of PBCH antenna ports, a default RRC configuration for the aggregation of slots could be defined in relation to the numerology with which synchronization signals are received. 
Proposal 4: Both semi-static and dynamic aggregation of slots is supported.
Proposal 5: Default aggregations may be defined depending on the subcarrier spacing, e.g., for large subcarrier spacings, multiple slots may be aggregated by default.

As discussed in the above, certain slots may not contain downlink control or uplink control channel transmissions. Generally, however, it is envisioned that downlink control is transmitted at the beginning of the slot whereas uplink control is transmitted at the end of the slot. Hence, scheduling durations, viz., transmission time intervals, are defined in units of slots. Furthermore, mini-slots can be used for MBB transmissions such that all transmission durations and transmission time intervals are concatenations of these basic time units, slots and mini-slots. Mini-slots, for example, could be used to match the transmission duration to the MCOT in unlicensed spectrum or for further latency reduction.
Proposal 6: DL control can be transmitted at the beginning of a slot. Some slots may not contain any DL control.

Proposal 7: UL control can be transmitted at the end of a slot. Some slots may not contain any UL control.

Proposal 8: Scheduling units/durations are defined in “units” of slots and mini-slots.

Lastly, forward compatibility of the NR frame structure should not be limited by restricting the number of gaps per slot. Different use cases may require different number of gaps and configuring more than a single gap within a slot should be supported in NR [5].
Proposal 9: The number of gaps within a slot depends on the number of necessary DL/UL switching points as well as any other blank resources that may be present. Different use cases may require different number of gaps and configuring more than a single gap within a slot should be supported in NR.
3 Conclusion

This contribution addressed the remaining issues in the definition of slots. The following is proposed: 
Proposal 1: Slots are defined by a fixed number of OFDM symbols regardless of the subcarrier spacing.
Proposal 2: The slot duration for normal CP is y=14 OFDM symbols.
Proposal 3: Aggregation of slots is supported.
Proposal 4: Both semi-static and dynamic aggregation of slots is supported.
Proposal 5: Default aggregations may be defined depending on the subcarrier spacing, e.g., for large subcarrier spacings, multiple slots may be aggregated by default.
Proposal 6: DL control can be transmitted at the beginning of a slot. Some slots may not contain any DL control.

Proposal 7: UL control can be transmitted at the end of a slot. Some slots may not contain any UL control.

Proposal 8: Scheduling units/durations are defined in “units” of slots and mini-slots.
Proposal 9: The number of gaps within a slot depends on the number of necessary DL/UL switching points as well as any other blank resources that may be present. Different use cases may require different number of gaps and configuring more than a single gap within a slot should be supported in NR.
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