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1 Introduction

RAN1 made the following agreement during the NR-U study item phase [1]:
	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.


As captured in the TR, receiver assisted channel access procedures to solve the hidden node problem fall into CLI-like interference mitigation schemes or RTS/CTS-like channel access mechanisms. The procedure can be message based (RTS/CTS-like), measurement based (CLI-like) or a combination thereof, e.g., message in DCI + measurement in UCI. The procedure can be part of the channel access mechanism, in which case the handshake must pass before the COT starts, or it can be separate. For example, a first transmission is best effort and after feedback is received during the COT, a closed loop channel access procedure is established. 
Due to the nature of unlicensed spectrum, receiver assisted channel access procedures can work across operators and even RATs. In this paper, though, we focus on CSI enhancements and license-assisted access as agreed in the WID [2]. 
2 Closed-Loop LBT for License-Assisted Access in Unlicensed Bands
As part of the LBT procedure, devices perform spectrum sensing, also known as Clear Channel Assessment (CCA) where multiple time/frequency slots are measured with respect to a configured energy detection (ED) threshold prior to transmission. While LBT performed independently at a transmitting node can be used to avoid collisions of transmissions at a target receiver, the performance may suffer from so-called “hidden node problems” if the interfering transmitting nodes are outside the sensing range of the transmitting node as shown in Figure 1.
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Figure 1. Hidden Node Problem

However, joint operation of licensed and unlicensed carriers under a License-Assisted Access (LAA) framework can be used to help overcome the challenges of hidden nodes and associated latency incurred by LBT procedures on unlicensed carriers. Closed-Loop LBT is one potential enhancement to basic LBT procedures which can enable simultaneous carrier sensing at the gNB and UE, and then, based on feedback provided to the transmitter, avoid missed LBT detection at the transmitter and unwanted transmission collisions at the receiver. In addition, the feedback may be used to adapt various transmission parameters over time such as MU-MIMO pairing to name a few.

An example of Closed-Loop LBT is shown in Figure 2 below. The gNB1 serving UE1 sends a trigger on the licensed carrier which indicates to the UE to perform sensing on the NR-U carrier. After carrier sensing is performed, UE1 provides feedback on the licensed carrier and the network can determine whether to schedule (DL/UL) transmissions on the NR-U carrier based on the feedback in conjunction with the result of the gNB’s own sensing. 
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Figure 2. Example Closed-Loop LBT Scenario

Observation 1: By utilizing the licensed carrier, the LBT procedure can become more robust with lower latency/overhead than techniques which can only utilize unlicensed spectrum.

Closed-Loop LBT can additionally be extended to enable synchronous measurement across multiple UEs. In Figure 3, the gNB1 sends triggers to both UE1 and UE2 which align their measurements. Both UEs send feedback messages on the licensed carrier providing the measurement results. This enables the gNB to determine which of the UEs should be scheduled based on whether the channel is clear on both ends of the gNB/UE links. In case multiple UEs indicate clear channel status, the gNB may schedule them simultaneously for example with (DL or UL) multi-user MIMO transmissions, increasing the spectral efficiency of the NR-U carrier.
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Figure 3. Multi-User Closed-Loop LBT Scenario

Observation 2: In case multiple UEs indicate clear channel status, the gNB may schedule them simultaneously for example with multi-user MIMO transmissions, increasing the spectral efficiency of the NR-U carrier.

In addition to achieving Closed-Loop LBT between the transmitter and receivers on the same cell, Closed-Loop LBT can be utilized to enable measurements across cells. This is beneficial when nearby cells are deployed by the same operator and spectral efficiency can be increased through spectrum reuse (e.g. reuse-1) for transmissions from the same operator with minimal backhaul coordination. Figure 4 gives an example of a multi-cell closed-loop LBT scenario. 
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Figure 4. Multi-Cell Closed-Loop LBT Scenario

Since the reuse-1 transmissions are from nodes of the same operator the interference can be managed using CSI measurements and reports and is expected to be significantly less of a factor than interference in the case of transmissions from nodes which are not part of the same network.

Observation 3: Closed-Loop LBT can be used to enable functionality for NR-U which maximizes frequency reuse, especially when operating under light load or sparse deployment.

Proposal: Specify Closed-Loop LBT techniques which utilize licensed spectrum signaling and UE sensing feedback for avoiding hidden/exposed node problems and to enable efficient spectrum utilization through multi-user MIMO and multi-cell reuse-1 transmissions.
3 Conclusion

In this contribution, we discussed receiver assisted channel access procedures focusing on CSI enhancements and license-assisted access. The following is observed and proposed. 
Observation 1: By utilizing the licensed carrier, the LBT procedure can become more robust with lower latency/overhead than techniques which can only utilize unlicensed spectrum.

Observation 2: In case multiple UEs indicate clear channel status, the gNB may schedule them simultaneously for example with multi-user MIMO transmissions, increasing the spectral efficiency of the NR-U carrier.

Observation 3: Closed-Loop LBT can be used to enable functionality for NR-U which maximizes frequency reuse, especially when operating under light load or sparse deployment.
Proposal: Specify Closed-Loop LBT techniques which utilize licensed spectrum signaling and UE sensing feedback for avoiding hidden/exposed node problems and to enable efficient spectrum utilization through multi-user MIMO and multi-cell reuse-1 transmissions.
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