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1 Introduction

In the RAN1 #86 meeting, the following agreements related to slot and mini-slot were achieved [1]:
· 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 (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
In this contribution, differences between slot and mini-slot are analyzed, and several aspects are discussed including time domain position, duration, channelization issues (e.g. control/RS overhead) and applications. At last, a summary for the comparison between slot and mini-slot is given. 
2 Discussion
2.1 Time-domain position
It was agreed in the last meeting that a slot consists of y symbols. It’s observed that slot is mainly used for eMBB services, it may lead to frequent aggregation of lots of slots if the duration is too small. So it is meaningless to define such a small duration. Moreover, even for the flexibility of unlicensed band the too short duration of a slot is also not necessary. Therefore, a slot with 7 symbols (assuming normal CP) could be considered as a baseline, and the minimum time duration of a slot could be FFS. On the other hand, an integer number of slots within one subframe duration is also agreed. When the number of slots within a subframe is determined, the starting symbol position of a slot is fixed within one subframe. For example, as depicted in Figure 1, a subframe consists of 14 symbols (assuming normal CP) and 2 slots fit within the subframe, the starting symbol of a slot could be the 1st or 8th symbol in the subframe.
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Figure 1 Illustration of slot and mini-slot
A mini-slot may consist of variable number of symbols which is less than y, e.g. 2/3/4 symbols. The time-domain position of a mini-slot could be pre-configured or dynamically informed. In the pre-configured approach, possible starting positions within a subframe are predefined and fixed for a given mini-slot length. Then, it will decrease flexibility for sporadic services such as URLLC. In the dynamically informed approach, the starting position is flexible which could be any symbol within a subframe in theory. However, the flexibility of dynamic mini-slot would be restricted by the length of mini-slot, this is because in order to avoid collision with control region of a slot, mini-slot can’t be located across slot boundary so ends at a slot boundary. Moreover, the dynamic position of a mini-slot within a slot will puncture the services scheduled within a slot, the performance degradation of those services will occur.
Proposal 1: At least the length of a slot with 7 symbols (assuming normal CP) is supported for transmission; the minimum duration for a slot is FFS.
2.2 Channelization issues of slot and mini-slot
For the length of a slot, 7 symbols (assuming normal CP) could be considered as a common basic slot structure to define time-domain relations of DL/UL control/data channels and reference signals. DL control is allowed to be transmitted at the beginning of a slot, and it is expected that UE will monitor DL control at least at slot boundaries. The scheduling duration can be one slot or multiple slots.  For scheduling durations longer than 7 symbols, it could be achieved by aggregating basic slots. We should strive for a common time-domain structure with 7 symbols, whether other values of the length for a slot (e.g. 14 symbols) could be FFS.
Due to the limited resources in one mini-slot, control channel and reference signal should be carefully designed. Since total resource of a mini-slot is limited, the region for data will decrease due to additional control regions and reference signals. For example, if the DL control (i.e. PDCCH-like) and the demodulation reference signal are self-contained within each mini-slot, the control and reference signal overhead will be too large. Moreover, UE will not know whether there exists a dedicated mini-slot for it until it blindly decodes the control information in the mini-slot. Thus, it may also introduce longer decoding delay and energy consumption for a given UE. For example, UE has to keep decoding control information in every mini-slot, and has no time to take a sleep for energy saving during the whole duration of a slot. 
Observation1: Due to limited resources in a mini-slot, it has higher control/reference signal overhead.
Proposal 2: DL control channel occurs at the boundary of a slot, and the scheduling duration can be one or multiple slot. 
2.3 Applications of slot and mini-slot
Different services have different key performance indicators, such as high spectral efficiency for eMBB and low latency requirement for URLLC. According to the duration, one or multiple slots (e.g. 7 or 14 OFDM symbols in normal CP for one slot) are typical scheduling units for eMBB  services, and one slot is also applicable for URLLC services especially when a large subcarrier spacing is used, since URLLC commonly has a shorter packet length and a shorter latency requirement than eMBB services. On the other hand, although the mini-slot (e.g. less than 7 OFDM symbols) may also be a scheduling unit for URLLC services for small subcarrier spacing, the extra overhead of control/reference signal and the negative effects on eMBB services will prohibit the use of mini-slot for URLLC services. 
Due to LBT in unlicensed bands, the transmission might not start at the slot boundary for a given reference numerology. Dynamic mini-slot could improve the efficiency of channel access in the unlicensed spectrum, as plotted in Figure 2(c). It provides access granularity of one OFDM symbol (e.g. ~71us @15KHz Subs). However, UE is expected to blind detect the possible DCI on each OFDM symbol if DL ctrl is assumed at the beginning of each mini-slot, resulting in high UE power consumption. In addition, UL transmission cannot benefit from mini slot because UE receives UL grant earlier than finishing LBT. Pre-configured mini slot can alleviate the above mentioned drawbacks at cost of access opportunities as plotted in Figure 2(d), which leads to negligible benefits of introducing the concept of mini-slot. A more appropriate alternative is using short slot duration with large subcarrier spacing, such as slot duration of 125us as illustrated in Figure 2(b). It increases the channel access opportunities in DL/UL by 3 times compared with LAA/eLAA without much standardization efforts.
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Figure 2 channel access mechanisms in unlicensed band
Proposal 3: One slot is a typical scheduling unit for eMBB, and even for URLLC when large subcarrier spacing is used. More slots are also allowed for eMBB traffic scheduling.
Finally, the differences between slot and mini-slot are summarized as shown in Table 1.
Table 1 Comparison of slot and mini-slot
	Comparison aspects
	slot

	mini-slot

	Time-domain position
	Pre-configured
	Pre-configured or
dynamically indicated

	Duration
	y OFDM symbols, Duration should not be too small
	Less than y OFDM symbols

	Channelization
	Common basic slot structure
	High control and RS overhead

	Typical applications
	eMBB,
URLLC with large subcarrier spacing
	Unlicensed band access,
URLLC with small subcarrier spacing


3 Conclusion
In this contribution, differences between slot and mini-slot are analyzed, and several aspects are discussed including time domain position, duration, channelization issues (e.g. control/RS overhead) and applications. Based on the discussion, we have the following proposals:
Observation1: Due to limited resources in a mini-slot, it has higher control/reference signal overhead.
Proposal 1: At least the length of a slot with 7 symbols (assuming normal CP) is supported for transmission; the minimum duration for a slot is FFS.
Proposal 2: DL control channel occurs at the boundary of a slot, and the scheduling duration can be one or multiple slot. 
Proposal 3: One slot is a typical scheduling unit for eMBB, and even for URLLC when large subcarrier spacing is used. More slots are also allowed for eMBB traffic scheduling.
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