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Introduction
At the RAN1 #93 meeting, channel access procedures for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.


Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.


Agreement: 
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz



In this contribution, we discuss on the channel access procedures for NR-U operation. 

Discussion 
Channel access procedure for COT sharing with multiple nodes
As shown in figure 1-(a), if the node A performs directional transmission based on LBT, a hidden node in different direction would identify that the channel is in IDLE state even during transmission of node A. Then, the hidden node can start its transmission as shown in figure 1-(b). In such case, if transmission direction and reception direction at the node A is different, transmission of hidden node would cause interference to the reception at node A. Based on COT sharing, the node A would switch from transmission to reception within a COT. In such case, radio resource used for node A reception is wasted, and it should be avoided. 
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Figure 1: Hidden node problem with COT sharing

Therefore, it can be beneficial that the node performs clear channel assessment before switching from transmission to reception within a COT e.g., at the end of its transmission. Figure 2 shows cases that the COT shared between a node-A (e.g., gNB) and node-B (e.g., UE). If there is no hidden node for node A, COT is shared efficiently even without any additional procedure as shown in figure 2-(a). However, as explained above, if there is a hidden node for node A and it causes interference to node A reception, node-B’s signal is failed to receive at node-A as shown in figure 2-(b). If node-A performs clear channel assessment and informs its channel occupancy state at the end of its transmission, node-B’s transmission can be canceled in the case node-A indicates busy state as shown in figure 2-(c). 
Channel occupancy state can be informed either in licensed band or unlicensed band in case of carrier-aggregation and dual-connectivity scenarios. Additionally, indication can be sent only when the channel is busy, only when the channel is idle, or irrespective of LBT result.
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Figure 2: Channel access procedure for COT sharing with multiple nodes

Proposal 1: When COT is shared with multiple nodes, it is beneficial to consider that the node performs clear channel assessment and indicates the channel occupancy state to another node which is going to transmit within the same COT, before switching from transmission to reception e.g., at the end of transmission.

Sharing UE COT which starts from AUL 
At the last RAN1 meeting, gNB COT sharing between DL and UL was discussed. For efficient usage of radio resource in unlicensed band, and to shorten the latency of UL HARQ-Ack process, it should be possible that COT which is acquired by an UE is shared between UL and DL as supported in FeLAA. In order to send HARQ-Ack for AUL transmission within the same COT, COT which started from AUL needs to be shared between an UL and a DL as shown in figure 3-(a). Additionally, it seems better for scheduling flexibility to support COT sharing between an AUL, a DL and a scheduled UL as shown in figure 3-(b). MCOT length can be indicated in UCI. 
[bookmark: _GoBack]If UE COT sharing shown in figure 3-(b) is supported, it is possible for gNB to schedule UL retransmission within the same COT in case of NACK for initial AUL transmission. If remaining COT does not have enough length for retransmission, UE can retransmits autonomously in another resource based on configured grant or another scheduled resource in another COT.
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Figure 3: Sharing UE COT which starts from AUL

Proposal 2: It is beneficial to support sharing COT which is acquired by an UE.


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 nodes don’t exist or the expected impact from hidden nodes 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 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.
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. 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. 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 3: NR-U should support on-demand receiver assisted LBT.
· Detection method of the hidden nodes existence should be further investigated.

Channel access procedure for PRACH and PUCCH
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. It may be no-LBT or one-shot LBT or other new LBT procedure for PRACH and PUCCH transmission in unlicensed band. 

Proposal 4: Channel access procedure to send PRACH and PUCCH in unlicensed band should be considered for stand-alone and dual-connectivity scenarios in NR-U.

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: When COT is shared with multiple nodes, it is beneficial to consider that the node performs clear channel assessment and indicates the channel occupancy state to another node which is going to transmit within the same COT, before switching from transmission to reception e.g., at the end of transmission.

Proposal 2: It is beneficial to support sharing COT which is acquired by an UE.

Proposal 3: NR-U should support on-demand receiver assisted LBT.
· Detection method of the hidden nodes existence should be further investigated.

Proposal 4: Channel access procedure to send PRACH and PUCCH in unlicensed band should be considered for stand-alone and dual-connectivity scenarios in NR-U.
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