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1 Introduction
NR would study NR-based access to unlicensed spectrum in 5GHz, 37GHz and 60GHz according to [1]. Listen-Before-Talk (LBT) was introduced during the discussion of LAA and eLAA. It is straightforward that LBT should be assumed as the baseline for the NR unlicensed band. But enhancements over these methods should not be precluded.
Due to the features of NR, such as new frame structure, multiple values of subcarrier spacing, mini-slot based scheduling, etc., there must be flexible and multiple starting and ending points on unlicensed band in case of NR. In this contribution, we will present our analysis on the performance of  NR on unlicensed band based on flexible and multiple starting and ending points.
2 Discussion 
2.1 Flexible  starting and ending points
According to channel access procedure for transmission including PDSCH in [2], “The eNB may transmit a transmission including PDSCH/PDCCH/EPDCCH on a carrier on which LAA Scell(s) transmission(s) are performed , after first sensing the channel to be idle during the slot durations of a defer duration 
[image: image1.wmf]d

T

; and after the counter 
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is zero in step 4. The counter 
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 is adjusted by sensing the channel for additional slot duration(s) according to the steps below……”,  the channel could be detected idle at any time of the subframe because of the random value of N and the dynamically changed channel condition. In order to reduce the complexity of transmission block preparation, the downlink data transmission starting points are limited to two candidates in each subframe in LAA, i.e., symbol#0 and symbol#7. Thus there is some waste of channel occupancy time if the channel is detected to be idle before the symbol#0 or symbol#7. The average wasted time is 3.5 symbols, i.e., 0.25ms with 15KHz subcarrier spacing, which is a considerable wasted time especially for the case of short maximum channel occupancy time.

While in NR, larger values of subcarrier spacing are introduced for both synchronization signal and data channel. For data channel, the subcarrier spacing can be 15KHz, 30KHz, 60KHz and 120KHz. The time length of a slot is 1ms for 15KHz, while that is 0.5ms, 0.25ms and 0.125ms for 30KHz, 60KHz and 120KHz respectively. If same LBT mechanism and same starting symbols of LAA are adopted in NR unlicensed band, the average wasted time is still 3.5 symbols. But the time length of 3.5 symbols will be different for different subcarrier spacing. It is 0.125ms for 30KHz subcarrier spacing, 0.0625ms for 60KHz subcarrier spacing and 0.03125ms for 120KHz subcarrier spacing. We can see that larger value of subcarrier spacing is able to reduce the wasted time of channel occupancy time. 

In addition to larger values of subcarrier spacing, in order to further reduce the latency, both slot based and mini-slot based transmission is permitted in NR. It means that the mini-slot can be 1 symbol to 13 symbols when there are 14 symbols in a slot. Based on mini-slot scheduling, the starting point in NR can be any symbol compared to the starting points, i.e., symbol#0 and symbol#7 in LAA. Thus the average wasted time because of LBT can be reduced to only a half of symbol. The time length is 0.036ms for 15KHz subcarrier spacing. While it is only 0.018ms, 0.009ms and 0.0045ms for 30KHz, 60KHz and 120KHz subcarrier spacing respectively. 
From the analysis above, the wasted time because of LBT can be largely reduced by jointly using the larger value of subcarrier spacing and mini-slot based transmission. It can be even omitted for the case of larger subcarrier spacing and one symbol mini-slot.
Since the wasted time is reduced, the throughput performance of NR network will be improved straightforwardly. But it is not sure that whether the performance of coexisted WiFi system will be degraded or not. 
2.2 The performance of NR network and coexisted WiFi system
In order to check the performance of the coexisted WiFi system, we did some evaluation and the simulation results are shown in Fig.1. In the simulation, we consider the scenario of indoor hotspot. And we evaluated the performance of different traffic load with traffic arrival rate lambda = 4, 8 and 12 respectively.
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Fig.1-1, Traffic arrival rate lambda = 4
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Fig.1-2, Traffic arrival rate lambda = 8
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Fig.1-3, Traffic arrival rate lambda = 12
Fig.1, Throughput performance of NR unlicensed band and coexisted WiFi system
From the simulation results shown in Fig. 1, we can see that the throughput performance of NR can be improved with the increased of subcarrier spacing and the number of starting points, which aligns with our analysis above. Because of the wasted time reduction, the channel occupancy time is almost fully used. Thus the traffic data can be transmitted with short latency and the average user throughput will be improved.

From the simulation results shown in Fig. 1, we also can see that the throughput performance of the coexisted WiFi is still improved with the increased of subcarrier spacing and the number of starting points. The reason is that the channel occupancy of NR can be fully used and thus the traffic data of NR can be transmitted completely by a smaller number of maximum channel occupancy time. Then the NR network will release the channel and WiFi can access to the channel by higher chance. In this case, the average latency of WiFi data will be reduced. Thus the throughput performance of the coexisted WiFi will be improved. From these simulation results, we can find that NR with larger values of subcarrier spacing and mini-slot based transmission is still a good neighbor to coexisted WiFi system.

Proposal 1: NR with larger values of subcarrier spacing and mini-slot based transmission is still a good neighbor to coexisted WiFi system.

3 Conclusions
In this contribution, we presented our analysis on performance of NR on unlicensed band with larger value of subcarrier spacing and mini-slot based transmission. And the performance improvement of its coexisted WiFi system is also verified. From our analysis and simulation results, we have the following proposal:
Proposal 1: NR with larger values of subcarrier spacing and mini-slot based transmission is still a good neighbor to coexisted WiFi system.
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Appendix 

	Simulation scenario
	Parameter

	Layout for RRU
	Indoor hotspot, 120m * 50m

Two operators deploy 4 small cells each in the single-floor building.

	Number of UEs
	10 UEs per operator, total 20

	System Bandwidth
	20MHz

	Total BS TX power
	23dBm

	Antenna gain of BBU
	5dBi

	Antenna configuration
	2T*2R

	Traffic model
	FTP3 with packet size of 0.5Mbyts, lambda = 4, 8 and 12

	Receiver type
	MRC

	Energy detection threshold
	-62dBm

	MCOT
	4ms

	Slot duration
	14 symbols
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