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Introduction
[bookmark: _GoBack]A study item has been approved for the feasibility study of using NR in unlicensed band in RAN#75 [1]. Following the success of LAA in unlicensed band there is a lot of interest to develop features and functionality that allow NR to operate in unlicensed band as well. In our view there are many features of NR such as self-contained sub-frames, mini slots, flexible numerology that make NR a better candidate for operating in unlicensed band than LTE. However in order to ensure that we have a robust design of NR that is not only efficient but also forward compatible, we must start by putting forth requirements that will ensure that the design of NR in unlicensed bands achieves these goals. In this document we explore NR enhancements to listen-before-talk (LBT) procedures that will allow it to operate and co-exist in unlicensed bands. 
Functional Requirements of NR Unlicensed 
Multi-Beam LBT
NR systems, especially for mmWave spectrum, will have a large number of antenna elements which could be used for analog, digital or hybrid beamforming. With Time Division Duplex (TDD) transmission, every transmit beam has a corresponding receive beam with identical characteristics. Using this property a transceiver can tell if other users are active on some beams but not on other beams. This allows the transceiver to use the inactive beams for its transmissions, thus increasing channel reuse efficiency without causing interference. Each of the LBT parameters: backoff counter, MCOT size, energy detection threshold, contention window maximum size may be configured jointly or independently for each of the multiple beams and or beam combinations or subsets thereof.
When using transmit beamforming, a node may have to reduce its transmit power to meet EIRP limits. This, however, does not mean that the node would have to yield to other nodes transmitting at a farther distance since the node is using receive beamforming for LBT. This is because under current rules the node is allowed to increase its energy detection (ED) threshold by the same amount as the reduction in the transmit power (up to 10 dB). 
Different sets of beams or beam combinations may have beams with different parameters, such as beamwidth, directivity, gain, etc. For example, a first set of beams may have a wide beamwidth (e.g. 60 degrees) while a second set of beams may have a narrow beamdwidth (e.g. 15 degrees). The different sets may be implemented in such a way that multiple beams of the second subset partially overlap or fully lie within the beamwidth of a beam in the first subset (e.g. 4 narrow beams per wide beam in our example). Furthermore multi-beam LBT may be performed across subsets in a hierarchical fashion. For example, LBT is first performed using wide beams and LBT is only performed using narrow beams if LBT using wide beams failed to clear for transmission. In another example, different beams may correspond to different supported transmissions. For example wide beams may correspond to the transmission of synchronization signals and common control channels, while narrow beams may correspond to the transmission of UE-specific control and data channels. Multi-beam LBT can be used to transmit to multiple users at the same time (Mu-MIMO). It is possible to have a wide beam LBT fail but two narrow beam LBTs pass, clearing the channel for those users.
Multi-beam LBT can be done at the transmitter end, the receiver end or both. This may for example correspond to the indication of one or more beam-pair-links (BPL) corresponding to a beam at the transmitter and a beam at the intended receiver. Clear channel indication may be determined jointly or independently and exchanged between the transmitter and intended receiver (e.g. request to send and clear to send messages or signals) on the basis of one or more configured BPLs in case of Multi-beam LBT operation.
Contrary to popular belief, we do not think that beam based channel access will degrade hidden node / exposed node problems. This is because of transmit EIRP limits. In fact, the regions where these problems occur become narrower due to beamforming. Therefore, we should see less hidden and exposed node problems when doing beam based access under EIRP limits.
Proposal 1: NR unlicensed should make efficient use of advanced multi-antenna techniques. Beam based LBT should be considered for improving channel access and reuse. 
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Adaptive LBT
NR unlicensed should have features and functionality that allow it to maximize frequency reuse especially when operating under light load or sparse deployment. When load is low or deployment is sparse the likelihood of collisions is rather low. Therefore, LBT mechanism of NR unlicensed should adapt to such conditions and only be utilized when needed.
Proposal 2: LBT techniques should be adaptive and need based. The SI should study mechanisms and define conditions by which LBT can be turned off and/or made adaptive.


Closed-Loop LBT
As part of the LBT procedure the 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. 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 (NR-L) and unlicensed (NR-U) 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 LBT feedback provided to the transmitter avoid missed LBT detection at the transmitter and unwanted transmission collisions at the receiver. In addition the LBT feedback may be used to adapt various LBT parameters over time such as sensing threshold, duration, priority, etc.
An example of Closed-Loop LBT is shown in Figure 2 below. The gNB1 serving UE1 sends a trigger on the licensed (NR-L) carrier which indicates to the UE to perform sensing on the NR-U carrier simultaneously with the gNB. After carrier sensing is performed, UE1 provides feedback of the CCA result on the NR-L carrier and the network can determine whether to schedule (DL/UL) transmissions on the NR-U carrier based on the LBT feedback in conjunction with the result of the gNB’s own sensing. 

[image: ]
Figure 2. Example Closed-Loop LBT Scenario
Observation 1: By utilizing the licensed carrier, 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 LBT across multiple UEs. In Figure 3, the gNB1 sends LBT triggers to both UE1 and UE2 which aligns their clear channel assessment (CCA) periods. When both UEs complete the sensing they send LBT feedback messages on the NR-L carrier providing the sensing result. 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 synchronizing LBT between the transmitter and receivers on the same cell, Closed Loop LBT can be utilized to achieve LBT synchronization across cells. This is beneficial when nearby cells are deployed by the same operator and in this case the overhead of LBT can be reduced or eliminated through spectrum reuse (e.g. reuse-1) for transmissions from the same operator, with minimal backhaul coordination. Figure 3 gives an example of a multi-cell closed-loop LBT scenario. 

[image: ]
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 3: The NR-U SI should study 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.



Summary
In this document we have discussed potential LBT enhancements for NR operation in unlicensed spectrum. In summary we make the following observations and proposals: 
Proposal 1: NR unlicensed should make efficient use of advanced multi-antenna techniques. Beam based LBT should be considered for improving channel access and reuse.
Proposal 2: LBT techniques should be adaptive and need based. The SI should study mechanisms and define conditions by which LBT can be turned off and/or made adaptive.
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 3: The NR-U SI should study 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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