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In RAN1#87 meeting [1], there are the follow agreements on mini-slot:
Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot
Mini-slot was also proposed to fill the gap between end of LBT and slot boundaries in DL. However, it is not clear whether one symbol mini-slot is necessary and whether mini-slot should start at any OFDM symbol for unlicensed band operations below 6GHz. In this contribution, we analyze the usage of mini-slot in both downlink and uplink and provide SLS evaluation in DL, and then provide some observations and proposal.
Channel access in LAA/eLAA
LBT is required before transmission in unlicensed bands below 6GHz in some regions by the regulatory. In order to ensure the fairness with WiFi systems, two types of channel access procedures (LBT) are defined in LAA/eLAA. LBT CAT2 is one shot LBT with duration of 25us. LBT CAT4 is based on random backoff with slot duration of 9us. In downlink, transmission including PDCCH/EPDCCH/PDSCH should use LBT CAT4. DRS not including PDSCH should use LBT CAT2. In uplink, the LBT type before PUSCH transmission can be configured by eNB in uplink grant. Using frame structure type 3, DL data transmission could start at slot boundaries of every 0.5ms as plotted in Figure 1. Similarly, UL transmission is only scheduled from subframe boundaries of every 1ms in eLAA (the 1st DFT-OFDM symbols may be blanked in some cases). However, LBT generally ends any time instance not matching symbol/slot/subframe boundaries. Thus, the time period between the end of LBT and start of PDCCH/PUSCH transmission within MCOT can’t be used for data transmission, e.g. by transmitting reservation signals. Moreover, LBT occurs only at the 1st OFDM symbol of each 1ms subframe in uplink. If LBT fails in the 1st OFDM symbol, the whole 1ms subframe is lost. 
Slot/Mini-slot in unlicensed band
Mini-slot could provide channel access opportunity as frequently as every OFDM symbol in downlink, if mini-slot is allowed to start at any OFDM symbols. The length of mini-slot changes with its starting point (“mini slot a” in figure 2) when the mini-slot doesn’t cross the slot boundary [2]. However, the overhead of control channel and RS is high when the length of mini-slot is small, e.g. one symbol mini-slot. UE is also required to monitor DCI on each OFDM symbol if DL control signal is assumed at the beginning of each mini-slot. It does not work for uplink because gNB doesn’t have knowledge on the channel idleness state at UE side when sending uplink grant.
A tradeoff can be achieved by limiting the start point and length variation of mini-slot. As plotted in “mini-slot b” in figure 1, the mini-slot can start at every 2 OS. The time gap between the end of LBT and the next slot boundary could be filled with aggregation of multiple 2 OS mini-slots. In uplink, UE can also benefit from being scheduled with multiple consecutive mini-slots because it has more chances to access the channel. 
The finer granularity of channel access can also be achieved by slot with higher SCS. Assuming the slot of 7 OS with 60 KHz SCS, gNB can start DL transmission at every 125us as plotted in figure 1. Compared with LAA, it increases the channel access opportunities in DL by 3 times with trivial standardization efforts;  the partial slot at the end of MCOT may not be an issue considering the finer time granularity for each scaled slot. In uplink, the number of OS reserved LBT varies depending on the LBT categories, e.g. 2 OS is required for 25us LBT CAT2.  Short symbol duration of 60KHz SCS can also reduce overhead on the DL/UL switch. 

 
Figure 1: channel access mechanisms in unlicensed band
Performance evaluation in DL
In the figure 2, we analyzed the time period not used for data transmission while for reservation signals after LBT within MCOT according to theoretical calculation. It is assumed that ending of LBT conforms to uniform distribution within a slot. Both mini-slot and slot with 60KHz SCS can reduce most part of reservation signals. The additional flexibility of mini-slot starting from any symbol (mini-slot a) does not provide significant gain over the schemes of mini-slot with fixed start point and length (mini-slot b) or slot with 60KHz SCS, especially when the MCOT is large. 
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Figure 2 Reduction of reservation signal
In table 1, we provide SLS results in DL comparing the schemes plotted in figure 1. The simulation assumptions are provided in the appendix I. In the evaluation, we also take the control and RS overhead into account in appendix II. It is observed that all mini-slot schemes have similar performance. The slot scheme with 60KHz SCS has slightly better UPT than that of mini-slot schemes.
Table 1 SLS results of min-slot and slot
	Schemes
	5% UPT (Mbps)
	50% UPT (Mbps)
	95% UPT (Mbps)
	Mean (Mbps)
	Average MCOT (ms)
	Average portion of reservation signal

	LAA
	25.88
	48.41
	69.02
	48.83
	7.5305
	6.35%

	Mini-slot a
	27.24
	50.12
	71.31
	50.29
	7.4921
	0.51%

	Mini-slot b
	26.11
	49.31
	70.55
	49.46
	7.4945
	1.05%

	Slot with 60KHz 
	28.54
	52.08
	77.26
	53.29
	7.3221
	0.97%


Observation 1: The DL UPT in unlicensed bands is increased with increasing channel access opportunity within a certain unit time. Either slot with higher SCS or mini-slot achieves nontrivial performance gain compared with LAA in DL unlicensed band.
Observation 2: The performance gain from mini-slot starting any symbol is marginal when compared with mini slot in case of fixed starting symbol and slot with 60 KHz.
Therefore, Mini-slot starting any symbol is not attractive considering its higher UE complexity and standard efforts.
Based on above observation and discussion, we have the follow proposal:
Proposal 1: NR should study the schemes to increase channel access opportunities in unlicensed band, such as.
	Slot with higher SCS, e.g. 60KHz
	Mini slot starting at predefined position
[bookmark: _Ref129681832]Conclusions
In this contribution, we discuss the usage of mini-slot and slot with large SCS in unlicensed band below 6GHz, and have the following observations and proposal:
Observation 1: The DL UPT in unlicensed bands is increased with increasing channel access opportunity within a certain unit time. Either slot with higher SCS or mini-slot achieves nontrivial performance gain compared with LAA in DL unlicensed band.
Observation 2: The performance gain from mini-slot starting any symbol is marginal when compared with mini slot in case of fixed starting symbol and slot with 60 KHz.
Proposal 1: NR should study the schemes to increase channel access opportunities in unlicensed band, such as.
	Slot with higher SCS, e.g. 60KHz
	Mini slot starting at predefined position
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Appendix I: System level simulation assumptions 
	Simulation scenario
	Parameter

	Macro Layout
	Hexagonal grid, 3 sectors per site, 7 Macro sites

	Macro ISD
	500m

	Number of cluster per macro cell
	1

	Radius for small cell dropping in a cluster
	70m

	Radius for UE dropping in a cluster
	50m

	Number of LAA small cell per cluster
	4

	Number of UEs per cluster
	10

	System Bandwidth
	20Mhz

	Carrier frequency 
	5.0GHz

	Total BS TX power
	18dBm

	LAA small cell Antenna Height
	10m

	UE Antenna Height
	1.5m

	UE dropping for each network
	100% outdoor

	Channel type
	SCM-3D-UMI

	UE speed
	3km/h

	Antenna configuration
	2T*2R

	Transmission schemes
	TM2

	Scheduling
	PF

	Receiver type
	MMSE

	Energy detection threshold
	-62dBm


Appendix II: RS/Control overhead calculation
For 1 OS and 2 OS mini-slot with 15 KHz SCS, RS/control overhead is obtained based on RS pattern 2 in [3], as shown in figure A.1 (a) and (b) respectively. And for the slot with more than 2 OS, RS/control is assumed occupying the first symbol in every PRB. 


Figure A.1 RS pattern
Assuming that bandwidth is 20MHz, aggregation level is 2, and one UE uses a CCE of 3PRB (36 REs), so total RS/control overhead for 1 OS mini-slot should be:

and the total RS/control overhead for 2 OS mini-slot should be:

Table A.1 shows different RS/control overhead of four cases.
Table A.1 RS/control overhead analysis
	Slot length and SCS
	1  OS 15 KHz
	2OS 15 KHz
	7OS 15 KHz
	7OS 60 KHz

	Total REs per PRB
	12
	24
	84
	84

	RS/control overhead
	29.5%
	26.5%
	14.3%
	14.3%
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