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1. Introduction
At the RAN1 #96bis meeting, channel access procedure for NR-U were discussed and following agreement were made [1].
	Agreement:
The following agreement from the SI is updated as shown:
Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	[bookmark: _Hlk5777585]DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms
[bookmark: _Hlk5777630]Cat4 with any channel access priority class value can be used 

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



Agreement:
For a UCI-only transmission on PUSCH in a channel occupancy initiated by the UE, Cat4 with lowest channel access priority class value can be used by the UE

Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap durations shorter than 25 microseconds, choose one of the following alternatives
· Alt 1: Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
· Alt 2: Cat 2 LBT is not indicated to the UE for gaps less than 25 microseconds
· Notes (applicable to both alternatives): 
· This means that the gNB ensures that gaps between 16 and 25 microseconds do not occur
· This doesn’t change the previous agreement for Cat 1 and Cat 2 LBT for gaps of 16 microseconds or less
· FFS: Conditions on channel occupancy after a Cat. 1 or Cat. 2 LBT after a gap of 16 microseconds or less




In this contribution, we discuss on the channel access procedure including CWS updating, LBT procedures for different situations and receiver assisted LBT mechanism for NR-U. 

2. Procedures for updating CWS in various cases
In ACK/NACK based CWS adjustment, CWS of the transmitting entity whose transmission was failed due to collision is enlarged to reduce a probability of subsequent collision. However, although this mechanism is good for distributed control system, this mechanism is reactive approach in which CWS is adjusted after the collision. Once collision is occurred at a certain node, this mechanism may cause fluctuation of channel access opportunities among coexisting nodes. This problem may also lead to the latency variation between different nodes.
Therefore, we think more efficient and fairer CWS adjustment procedure can be considered for NR-U in addition to ACK/NACK based CWS adjustment. One possible solution is that CWS is updated based on measured channel occupancy status, i.e., CWS is increased when the channel occupancy ratio is greater than threshold and CWS is decreased when the channel occupancy ratio is smaller than threshold. The channel occupancy status measured by UEs can be aggregated at gNB and the aligned updated CWS can be indicated to UEs in the serving cell. 

Proposal 1: CWS updating mechanism based on channel occupancy state is supported for NR-U in addition to CWS updating based on HARQ ACK/NACK reception in order to reduce fluctuation of channel access opportunities and latency among coexisting nodes.
· UE reporting of the channel occupancy ratio and CWS updating mechanism based on gNB’s indication are supported.

3. LBT for transmission node switching within a COT
Followings are candidate LBT procedures for different situation for transmission node switching within a COT.
· No-LBT is used for transmission entity switching with the gap less than 16 us.
· Cat 2 LBT is used for transmission entity switching with the gap more than 16 us and equal to or less than 25 us.
· If the gap goes greater than 25 us, Cat 4 LBT whose priority class is determined based on the necessary duration of next COT is used for transmission entity switching.

Additionally, there is a remaining issue on whether LBT type (Cat 1 or Cat 2) is indicated to UE for gNB’s COT sharing or not when the gap is equal to or less than 25 us. 
One possible concern for transmission node switching based on Cat 1 LBT within a COT is a collision with hidden nodes. It is because the channel occupancy state can change during a COT especially with interference from hidden nodes. If gNB can detect or estimate the presence of hidden nodes, gNB can control to enable or disable of transmission node switching within a COT or gNB can indicate Cat 2 LBT to UE for switching within a COT so that Cat 2 LBT at the switching is just failed if hidden node started its transmission. Another solution is that the hand-shake procedure is performed at every switching point depending on whether the hidden nodes are existing or not by detecting hidden nodes. 

Proposal 2: For gNB’s COT sharing with gap equal to or less than 25 us, UE is indicated the LBT type (Cat 1 or Cat 2) for scheduled transmission.

4. Receiver assisted LBT for NR-U
6.1 Signals/channels as RTS/CTS
During the NR-U SI, LBT enhancement to avoid interference due to hidden node had been discussed and following is captured in the TR38.889 [2].
	Means to reduce or mitigate the impact of interference e.g. from hidden nodes with UE assistance have been studied. Possible mechanisms include at least enhancements to L1 measurement and reporting of interference observed by a UE, and handshaking procedures between transmitter and the receiver. Further consideration is required regarding the detailed solutions and their benefits for mitigation of impact of interference on NR-U when the specifications are to be developed.



In the TR, receiver assisted LBT, e.g., handshaking procedures between transmitter and the receiver to mitigate the impact of interference is mentioned and we think the mechanism should be supported for NR-U.
As we mentioned in [3], DMRS for GC-PDCCH and corresponding GC-PDCCH are transmitted at the beginning of gNB’s transmission burst. Therefore, for DL, it seems to be straightforward that GC-PDCCH is used as transmission request message, i.e. RTS (request to send) signal. 
In order to reduce overhead for the handshaking procedure, the response signal or channel from receiving entity as receiver clearness message, i.e. CTS (clear to send) signal should be transmitted as soon as possible after receiving RTS signal. SRS triggered by GC-PDCCH can be transmitted with less processing time than other channels such as PUCCH or PUSCH. 
Proposal 3: For DL transmission, it is beneficial that GC-PDCCH at the beginning of COT initiated by gNB can contain UL transmission request such as SRS request in addition to COT structure information including COT duration information.

6.2 On-demand receiver assisted channel access
Although the receiver assisted channel access procedure 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. gNB triggers SRS transmission when receiver assisted channel access needs to be used and gNB doesn’t trigger SRS transmission when receiver assisted channel access is not needed. 
In order to detect or speculate whether hidden node(s) exists or not, we think there are at least following three methods. 
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 based on the lack of HARQ feedback.
Method 2: Record the probability in which the transmitting entity detects LBT_IDLE and transmits the transmission request message (GC-PDCCH at the beginning of the COT) but the receiving entity doesn’t reply receiver clearness message (SRS which is triggered by gNB)
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 perform without additional specification. 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. In Method 3, gNB and UE measure channel occupancy state and they need to record the channel occupancy status and corresponding timing information. In addition, at least UE needs to report them to gNB. Method 3 can work regardless of the LBT method and it can detect the interference caused by hidden node. However, it needs signalling for configuration and reporting which is not needed in other two methods. 
In summary, it is beneficial that the receiver assisted LBT is used only when the probability/impact 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 used. Similar mechanisms are implemented in mass-market APs and STAs of Wi-Fi systems. Since Method 1 and Method 2 can be realized by gNB implementation, we propose to support Method 3 as a most reliable method to detect the presence of hidden nodes.
Proposal 4: A mechanism to detect a presence of hidden node(s) based on simultaneous channel occupancy measurement at gNB and UE with reporting from UE should be supported. 
· UE measures the channel occupancy state at the timing which is indicated by gNB and reports to gNB the result with timing information 

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

Proposal 1: CWS updating mechanism based on channel occupancy state is supported for NR-U in addition to CWS updating based on HARQ ACK/NACK reception in order to reduce fluctuation of channel access opportunities and latency among coexisting nodes.
· UE reporting of the channel occupancy ratio and CWS updating mechanism based on gNB’s indication are supported.

Proposal 2: For gNB’s COT sharing with gap equal to or less than 25 us, UE is indicated the LBT type (Cat 1 or Cat 2) for scheduled transmission.

Proposal 3: For DL transmission, it is beneficial that GC-PDCCH at the beginning of COT initiated by gNB can contain UL transmission request such as SRS request in addition to COT structure information including COT duration information.

Proposal 4: A mechanism to detect a presence of hidden node(s) based on simultaneous channel occupancy measurement at gNB and UE with reporting from UE should be supported. 
· [bookmark: _GoBack]UE measures the channel occupancy state at the timing which is indicated by gNB and reports to gNB the result with timing information 
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