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1. Introduction
At the RAN#82 meeting, the new WI on NR-based access to unlicensed spectrum (NR-U) was approved [1]. The objectives of the WI include following RAN1 works regarding Physical layer procedures.
	-	Physical layer procedure(s) including [RAN1, RAN2]:
-	For LBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). Specification work to be performed by RAN1.
-	For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.
- 	Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)
- 	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1 
-	Scheduling request: specify required NR modifications due to LBT failure in line with agreements during the study phase. (RAN1/RAN2)
- 	RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
- 	Configured Grant operation: NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase (NR-U TR section 7.2.1.3.4). (RAN1)
-	CSI: NR Rel-15 CSI feedback mechanism is the baseline for NR-U operation. Enhancements can be considered in line with agreements from the NR-U study item (e.g., TR 38.889, Section 7.2.1.3.1). (RAN1)
- 	Data multiplexing aspects (for both UL and DL) considering LBT and channel access priorities. (RAN1/RAN2)



In this contribution, we discuss on the receiver assisted LBT for NR-U. 
2. Receiver assisted LBT for NR-U
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. 
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. 
We think there are at least following three methods to detect or speculate whether hidden node(s) exists 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 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 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. 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 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. Similar mechanisms are implemented in mass-market APs and STAs of Wi-Fi systems.
Proposal: NR-U supports on-demand receiver assisted LBT in which receiver assisted LBT is performed only when existence of hidden nodes is expected.

3. Conclusion
[bookmark: _GoBack]In this contribution, we discussed on the channel access procedure for NR-U. Based on the discussion, we made following proposal.
Proposal: NR-U supports on-demand receiver assisted LBT in which receiver assisted LBT is performed only when existence of hidden nodes is expected.

References
[1] 3GPP, RP-182878, Qualcomm, “New WID on NR-based Access to Unlicensed Spectrum,” Dec. 2018.
[2] 3GPP, TR38.889 v1.0.0, Dec. 2018. 
- 3/3 -
