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Introduction
[bookmark: _GoBack]At the RAN1 NR #92-bis meeting, potential physical layer procedure for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  
multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT: RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



In this contribution, we discuss on the potential physical layer procedures for NR-U operation, especially about channel access procedure. 

Discussion 
Receiver assisted LBT to reduce frame collisions
Frame collision due to hidden node problem will occur when the channel observed by transmitting entity is clear to send but the channel observed by receiving entity is not clear while the transmitter cannot know that. This problem would arise frequently when transmitting beam becomes narrower. For wireless LAN systems, an receiver assisted channel access procedure, i.e. CSMA/CA with RTS/CTS, is standardized as an optional enhancement to alleviate hidden node problem as shown in figure 1 [3]. In this procedure, the transmitting entity sends RTS (request to send) and the receiving entity sends CTS (clear to send) if the channel is clear to receive and the receiving entity doesn’t send CTS if the channel is not clear to receive. 
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Figure 1 CSMA/CA with RTS/CTS [3]

It seems beneficial to support a receiver assisted channel access procedure like Wi-Fi system to alleviate hidden node problem for NR-U. Additionally, in NR-U deployment scenarios except stand-alone scenario, message(s) like RTS and/or CTS, i.e. transmission request message and/or receiver clearness message, can be sent in licensed band to avoid exposed node problem. Therefore, we can consider following three options. 
Option 1: Transmission request message is transmitted in unlicensed band and receiver clearness message is transmitted in licensed band
Option 2: Both of transmission request message and receiver clearness message are transmitted in unlicensed band
Option 3: Both of transmission request message and receiver clearness message are transmitted in licensed band

Option 1 and 3 can work in the case where UE doesn’t support transmission in unlicensed band such as in DL only CA scenario. Only option 2 can work in stand-alone scenario. Option 1 can avoid the exposed node problem in which receiver clearness message transmission in unlicensed band causes non-essential interference to co-existing systems. 

Proposal 1: NR-U should support the receiver assisted channel access procedure such as exchanging transmission request message and receiver clearness message before sending data in unlicensed band.
· Transmission of each message in unlicensed band and licensed band should be considered.

On-demand receiver assisted LBT
Although the receiver assisted channel access procedures can alleviate hidden node problem, processing overhead increases because of message exchanging. Therefore, it seems better that the channel access procedure can be switched according to presence or absence (or probability) of hidden nodes. At the last RAN1 meeting, access procedure like that is called “on-demand receiver assisted LBT” and that is agreed to be considered in this study item.
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 clear to send state and transmits data but the receiving entity fails to receive the data.
Method 2: Record the probability in which the transmitting entity detects clear to send state 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 idol 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 alternatives 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.
· 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. Therefore, for SA and DC scenario, RAN1 should discuss on the necessity of new channel access procedure for PRACH and PUCCH. 

Proposal 3: 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: NR-U should support the receiver assisted channel access procedure such as exchanging transmission request message and receiver clearness message before sending data in unlicensed band.
· Transmission of each message in unlicensed band and licensed band should be considered.
Proposal 2: NR-U should support on-demand receiver assisted LBT.
· Detection method of the hidden nodes existence should be further investigated.
Proposal 3: 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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