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Introduction
At the RAN1 #94 meeting, channel access procedures for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	Agreement: 
In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation,
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation



In this contribution, we discuss on the channel access procedures for beam switching in a COT, on-demand receiver assisted LBT and LBT procedures for different channels and situations for NR-U operation. 

Discussion 
Channel access procedures for beam switching in a COT
RAN1 may need to discuss whether and how to allow transmission beam switching within a COT in multi-beam operation. The possible solutions we think are followings.
· (Alt. 1) Beam switching in a COT is not supported. 
· (Alt. 2) Omni-directional LBT is performed at both a beginning of the COT and a gap in the COT when beam is to be switched after the gap.
· (Alt. 3) Directional LBT toward following transmission direction is performed at both a beginning of the COT and a gap in the COT when beam is to be switched after the gap.
· (Alt. 4) Omni-directional LBT is performed only at a beginning of the COT and no LBT performed at a gap in the COT even when beam is to be switched after the gap.

Alt. 1 is the simplest solution of this issue but it is concerned that the number of target nodes for the transmission in a COT would decrease and radio resource usage efficiency degrades. Alt. 2 as shown in figure 1- (a) is a conservative approach in which the interference possibility to other systems can keep in minimum. However, it may also degrade resource usage efficiency because the transmitting nodes may detect busy even if actually the following transmission doesn’t interfere to the detected systems thanks to beam forming. Alt. 3 as shown in figure 1- (b) seems a little bit aggressive approach to use radio resource efficiently. In this approach, NR-U systems don’t interfere to other coexisting systems critically at least when receiving entity in coexisting system does not located at the direction of NR-U transmission. We think it is the beneficial to support at least Alt. 3 in terms of resource usage efficiency. Alt. 4 as shown in figure 1- (c) is the easiest approach for beam switching in a COT but the impact to other coexisting systems should be carefully investigated. If there is no coexisting system or there are only few coexisting active nodes, Alt. 4 is the most efficient approach in which LBT overhead is minimized.
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Figure 1: Channel access procedure for COT sharing with multiple nodes

Proposal 1: Beam switching in a COT is allowed in NR-U operation.
· RAN1 needs to discuss on Channel access procedures for beam switching in a COT.


On-demand receiver assisted LBT
Although the receiver assisted channel access procedures in which receiving node informs the channel occupancy state can alleviate hidden node problem, processing and signaling overhead would increase due to message exchanging for the receiver assisted channel access. If the hidden node doesn’t exist or the expected impact from hidden node is marginal, it would be more efficient to use conventional LBT in which only the transmitting node performs listen-before-talk. Therefore, it would be beneficial that the channel access procedure can be switched according to estimated presence or absence (or probability) of hidden nodes. 
We think there are at least following three methods to detect or speculate whether many hidden nodes exist or not. 
Method 1: Record the probability in which the transmitting entity detects LBT_IDLE and transmits data but the receiving entity fails to receive the data detecting the lack of HARQ feedback.
Method 2: Record the probability in which the transmitting entity detects LBT_IDLE and transmits the transmission request message but the receiving entity doesn’t reply receiver clearness message or reply receiver unclearness message.
Method 3: Both transmitting entity and receiving entity measure/report the channel occupancy and record the probability in which transmitting entity is idle state but simultaneously the receiving entity is busy state. 
Method 1 can work when the legacy LBT is used, and on the other hand, method 2 can work when receiver assisted LBT is used. They can speculate the existence of hidden nodes but they cannot discriminate between the frame collision because of hidden node problem and the collision from accident such as due to simultaneous LBT success between two transmitting nodes that are detectable each other. Additionally, method 1 cannot discriminate between the interference from hidden nodes and PDCCH reception failure. Method 3 can work regardless of the LBT method and it can detect only the interference by hidden node. But it needs signalling which is not needed in other methods. 
In summary, it is beneficial that the receiver assisted LBT is selected when the probability/number of hidden node presence calculated by one of above methods is larger than a certain threshold, and otherwise the legacy LBT such as in LAA/eLAA is selected.

Proposal 2: NR-U should support on-demand receiver assisted LBT in which receiver assisted LBT is performed only when existence of hidden nodes is expected.
· Mechanism to detect/estimate existence of the hidden nodes should be further investigated.

LBT procedures for different channels and situations
RAN1 needs to specify LBT procedures of different physical channels in different situations for NR-U operation. Typically, there are three different situations of transmission, e.g., initial DL/UL transmission for a COT, COT sharing transmission with a gap length 16 to 25 us and COT sharing transmission with a gap less than 16 us as in LAA channel access mechanism. In terms of different physical channel transmission, a specific channel access mechanism for some important channel, e.g., only DRS transmission, should be specified like in LAA.  Additionally, in stand-alone and dual-connectivity scenarios, UE needs to send PRACH and PUCCH in unlicensed band, but LAA/eLAA channel access procedure doesn’t specify channel access mechanism for PRACH and PUCCH. Since these channels would need to be prioritized than other UL channels/signals, specific channel access mechanism for them may be necessary. 
Table 1 shows an example of LBT procedures which should be discussed for NR-U operations for different channels and situations. An appropriate LBT procedure needs to be selected depending on the situations, gap length or physical channels. 

Proposal 3: RAN1 needs to discuss what type of LBT should be specified for different situations, e.g., initial DL/UL transmission for a COT, COT sharing transmission with a gap length 16 to 25 us and COT sharing transmission with a gap less than 16 us and for different physical channels, e.g., PRACH, PUCCH and DRS.
· Adding other situations and channels is not precluded for specific channel access mechanism.
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Table 1: LBT procedures for NR-U operation
	Situations or Channels
	LBT procedure in LBE

	Initial DL/UL transmission for a COT
	Random-backoff-LBT

	COT sharing transmission with a gap less than 16 us
	[One-shot-LBT] or [No-LBT]

	COT sharing transmission with a gap length 16 to 25 us
	[One-shot-LBT]

	Only DRS transmission
	[One-shot-LBT] or [No-LBT]

	Only PRACH transmission
	[One-shot-LBT] or [No-LBT]

	Only PUCCH transmission
	[One-shot-LBT] or [No-LBT]




Conclusion 
In this contribution, we discussed on the channel access procedures for NR-U operation. Based on the discussion above, we made following proposals. 

Proposal 1: Beam switching in a COT is allowed in NR-U operation.
· RAN1 needs to discuss on Channel access procedures for beam switching in a COT.
Proposal 2: NR-U should support on-demand receiver assisted LBT in which receiver assisted LBT is performed only when existence of hidden nodes is expected.
· Mechanism to detect/estimate existence of the hidden nodes should be further investigated.
Proposal 3: RAN1 needs to discuss what type of LBT should be specified for different situations, e.g., initial DL/UL transmission for a COT, COT sharing transmission with a gap length 16 to 25 us and COT sharing transmission with a gap less than 16 us and for different physical channels, e.g., PRACH, PUCCH and DRS.
· Adding other situations and channels is not precluded for specific channel access mechanism 
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