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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, beam based transmission, bandwidth part (BWP) based transmission, etc.. In this contribution, we will present our considerations on channel access procedure for NR on unlicensed band.
2 Channel access procedure for LAA
According to [2], there are two types of channel access procedure for LAA downlink. The first one is the channel access procedure for transmission including PDSCH. And the second one is the channel access procedure for transmission including DRS but not including PDSCH.

While for the first one, it is described as that “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 
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; and after the counter 
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is zero in step 4. The counter 
[image: image3.wmf]N

 is adjusted by sensing the channel for additional slot duration(s) according to the steps below……”. And 
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 equals to 16us + M*9us. With this type of channel access procedure, the maximum channel occupancy time is from 2ms to 10ms.
And for the second one, it is described as that “ An eNB may transmit a transmission including discovery signal but not including PDSCH on a carrier on which LAA Scell(s) transmission(s) are performed immediately after sensing the channel to be idle for at least a sensing interval 
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 and if the duration of the transmission is less than 1 ms. 
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 consists of a duration 
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immediately followed by one slot duration 
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 and 
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includes an idle slot duration 
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at start of 
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. The channel is considered to be idle for 
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if it is sensed to be idle during the slot durations of 
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.”  As we all know, the DRS consists of a period with a duration of 12 OFDM symbols in LAA. It means that if the channel occupancy time is 12 symbols for 15KHz subcarrier spacing, a 25us one-shot channel sensing is sufficient.
3 Channel access procedure for NR
3.1 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 min-slot based transmission is used, each mini-slot can consist of one to thirteen symbols. Assuming a 2-symbol mini-slot, the time length of mini-slot for different subcarrier spacing can be seen in Table I.

While for Synchronization signal/PBCH block (SS block), the subcarrier spacing can be 15KHz, 30KHz, 120KHz and 240KHz. And each SS block consists of four continuous OFDM symbols. The time length of one SS block for different subcarrier spacing can be seen in Table II.
Table I, Mini-slot

	Subcarrier spacing（KHz）
	The number of symbols
	Time lengths (us)

	15
	2
	143

	30
	2
	72

	60
	2
	36

	120
	2
	18


Table II, SS block

	Subcarrier spacing（KHz）
	The number of symbols
	Time lengths (us)

	15
	4
	286

	30
	4
	143

	120
	4
	36

	240
	4
	18


In order to reduce the latency of URLLC traffic, it is possible that the channel occupancy time with a two symbol mini-slot is sufficient. Similarly the channel occupancy time with four symbols is sufficient for each SS block. We can see that for NR on unlicensed band, we need to define a much shorter maximum channel occupancy time. 
Proposal 1: a much shorter maximum channel occupancy time should be considered for NR on unlicensed band.

3.2 LBT mechanism
Because of the much shorter channel occupancy time of NR system, the LBT mechanism of LAA will be not sufficient. It means that for much shorter channel occupancy time, new LBT mechanism or parameters is necessary. We consider following two LBT mechanisms:

Mechanism #1: no LBT.

If the channel occupancy time is much shorter than a threshold, it is possible that eNB can transmit PDSCH or SS block without sensing the channel. And the value of the threshold needs to be further discussed and evaluated.
Here we evaluated a simple case of no LBT. In this scenario, there are coexisted NR and WiFi points. There is only one type of traffic for WiFi system, which is FTP3 with a packet size of 0.5Mbyte. While for NR, besides the FTP3 traffic, there is another type of traffic, which is a traffic similar to SS block. The SS block is transmitted with 120KHz SCS and the transmission duration is 4 symbols with a 20ms period. Before the transmission of FTP3 in WiFi or NR, LBT is performed. But there is no LBT before the transmission of SS block in NR. From the simulation results shown in Fig. 1, we can see that NR with a traffic without LBT is not a worse neighbor to WiFi.  
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Fig.1, Throughput performance of WiFi coexisted with NR
Mechanism #2: fast LBT .

For the transmission with higher latency requirement, such as URLLC traffic or SS block transmission, it is not reasonable that the channel sensing time is longer than the channel occupancy time. Thus for a much shorter channel occupancy time, fast LBT is necessary. And the fast LBT can be realized by reducing the sensing interval of channel sensing. For example, 
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in LAA can be further reduced to smaller values in NR. Other methods which can be used to realize a fast LBT  need to be further discussed.
Proposal 2: New LBT mechanism or parameters need to be considered for shorter channel occupancy time.

3.3 Beam based channel access

NR is studied on both below and above 6GHz. In order to improve the cell coverage especially for high frequency band, beam-based transmission is necessary for both data transmission and SS block transmission. Thus, it is straightforward to perform beamed based channel access procedure, which means that beamed based power detection needs to be performed. Also, from the aspect of channel estimation accuracy, it is better to perform beam based power detection. However, the disadvantage of beam-based channel access is that much more time for channel sensing is needed, which can be seen in Fig.2. It means that before the transmission of each beam direction, the procedure of channel sensing should be performed again completely. Thus before introducing beam based channel access procedure, it is better to evaluate the benefits considering channel sensing time, channel estimation accuracy and spectrum efficiency.
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Fig.2, Channel access procedure on multiple beams

Proposal 3: Beam based channel access procedure can be introduced if there are benefits after evaluations.
3.4 Bandwidth part based channel access

According to the BWP definition in [3], a carrier bandwidth part is a contiguous set of physical resource blocks. A UE can be configured with up to four carrier bandwidth parts in the downlink or uplink with a single downlink or uplink carrier bandwidth part being active at a given time.
Here we take DL BWP for example and 4 BWPs in a serving cell can be configured. The configuration of BWPs can be seen in Fig. 3. We assume that only BWP#2 is configured and activated for UE#1, and only UE#1 need to be scheduled at this time. We also assume that there is only a small packet for UE#1, which means BWP#2 is sufficient for the transmission of the small packet. In this case, in our opinion, it is better for the gNB to perform channel access procedure on BWP#2 only, rather than on the whole carrier bandwidth. On the other hand, if there is a large packet for UE#1, BWP#1 can be configured and activated for UE#1 instead of BWP#2. In this case, gNB can perform channel access on BWP#1 only and send DCI signaling to UE to allocate RBs within BWP#1. It is also unnecessary to perform channel access on the whole carrier bandwidth.

Thus, we propose that BWP based channel access procedure should be considered for gNB and UEs when only the channel of a BWP is needed to be occupied.

Proposal 4: BWP based channel access procedure should be considered instead of performing channel access procedure on a whole carrier bandwidth.
4 Conclusions
In this contribution, we presented our analysis on much shorter channel occupancy time of NR on unlicensed band, bandwidth part and beam based transmission in NR. Based on our analysis, we proposed some new LBT mechanism or parameters for NR on unlicensed band. Our proposals can be seen as follows:
Proposal 1: a much shorter maximum channel occupancy time should be considered for NR on unlicensed band.

Proposal 2: New LBT mechanism or parameters need to be considered for shorter channel occupancy time.

Proposal 3: Beam based channel access procedure can be introduced if there are benefits after evaluations.
Proposal 4: BWP based channel access procedure should be considered instead of performing channel access procedure on a whole carrier bandwidth.
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Fig.3, BWP for each serving cell
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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
	WiFi:FTP3 with packet size of 0.5Mbyts, lambda = 4, 8 and 12;
NR: FTP3 with packet size of 0.5Mbyts, lambda = 4, 8 and 12; and a traffic generated periodically with a period 20ms  and a transmission duration 4 symbols of 120KHz SCS. 

	Receiver type
	MRC

	Energy detection threshold
	-62dBm

	MCOT
	4ms

	Slot duration
	14 symbols
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