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During the RAN#75 meeting, a new SID was proposed to study NR-based access to unlicensed spectrum [1]. The justification for this proposal is similar to that used to initiate the LTE-based LAA, i.e., to continue to utilize the vast amount of unlicensed spectrum available worldwide. Although now, for NR-based access, additional bands of spectrum are being considered, e.g., those found at 37 GHz and 60 GHz.
The WI description [1] highlights the following objectives: 
· “Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier;”
NR-based access to unlicensed spectrum (NR-U) SI will need to examine scenarios and solutions where it is anchored to a legacy LTE carrier by dual-connectivity (DC), similar to the non-standalone (NSA) mode of NR licensed, as well as carrier aggregation (CA) based aggregation using a 5G NR anchor. Standalone operation (SA) of NR-U will need to be examined as well. NR-U will need to accomplish this all while coexisting fairly with other technologies and adhering to regulatory requirements.
Licensed Assisted Access (LAA) was introduced in 3GPP release 13 as part of LTE Advanced Pro and operates in the 5 GHz unlicensed spectrum [2]. To enable co-existence with other LAA deployments and other RATs, LAA uses the Listen Before Talk (LBT) protocol. This means that it performs a Clear Channel Assessment (CCA) based on Energy Detection (ED) over a time duration and compares it with an Energy Threshold to determine if the channel is occupied or clear. Once gaining access to the channel, it may occupy the channel for a maximum duration called a Maximum Channel Occupancy Time (MCOT). 
NR-U will also need to use LBT to access the medium. However, the propagation characteristics of the medium at higher frequency bands (e.g., 37GHz and 60 GHz) require the use of beams at the gNB and UE to enable data transmission and reception. NR licensed transmission in higher frequency bands is beam-based with beam management and beam recovery procedures to enable the gNB and UE to identify the best beams for data transmission and recover from a beam failure. 
This contribution discusses directional LBT for NR-U needed due to beam-based transmission in higher unlicensed frequency bands if LBT is required. Note that LBT at 60 GHz is mandatory only in some jurisdictions e.g. Europe. 
LBT for higher unlicensed frequency bands
As the carrier frequency increases, NR transmission needs to be more beam based to overcome severe path loss and other distortions. As such, the transmissions become more directional and directional LBT mechanisms for beam-based transmission/reception are needed. As shown in Figure 1, omni-directional LBT may be unable to accurately sense the channel condition at the direction of the beam (due to e.g. lower sensitivity of the omni-directional LBT). As such, for a beam-based transmission the LBT mechanism is most accurate and efficient if it is based on directional sensing of the medium. 
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[bookmark: _Ref506467354]Figure 1: Omni-directional vs directional LBT

Proposal 1: NR should consider directional LBT mechanisms for beam-based transmission/reception for regulatory domains where LBT is required.

To enable directional LBT, modifications to the basic LBT mechanism may include: 
· The use of multiple LBT processes per gNB or UE where each LBT process is associated to a beam or a set of beams 
· The use of a directional reservation signal to indicate that the channel is reserved for the duration of the MCOT for a particular beam or a set of beams
· A modification of the CCA threshold to incorporate the gain of the beam

For a beam based system, the gNB or UE may enable multiple independent LBT processes for each transmit beam (or set of transmit beams). Furthermore, each LBT process may be associated to different priority levels, component carriers and/or BWPs. An additional set of reservation signals may be transmitted to and from the UE on the connecting beam-pair(s) to ensure that the channel is reserved for a desired amount of time. These signals may include information to enable other STAs that overhear them defer from accessing the medium for a specific duration. As an instance, a reservation mechanism among IEEE 802.11 devices, referred to as RTS/CTS, has been in place for a while and it is proven that when channel usage is high it is best to turn it on to avoid possible collisions due to hidden nodes etc. The use of reservation signals for sub-6GHz operation has been discussed in a companion contribution [3].   
In scenarios where there is no beam correspondence, and different beam-pairs may be used for uplink and downlink transmission, independent channel reservation processes (LBT and/or channel reservation signals) are needed for each direction. Even with beam correspondence, due to the listen-before-talk requirement, the best beam that a gNB can obtain a clear directional LBT for (to send downlink channels e.g. PDCCH or PDSCH etc.) may not be the beam that the UE can obtain a clear directional LBT for at its own side (when the UE attempts to send e.g. PUCCH/PUSCH in uplink). To increase the robustness of NR-U transmissions, multiple beam pairs may be used for transmission and reception between the gNB and the UE with independent channel reservation processes (LBT and/or channel reservation signals) needed. This is illustrated in Figure 2. The gNB performs an LBT on its transmit beams and sends a PDCCH on successful beams. On reception of the PDCCH, the UE performs an LBT using one or more LBT processes on one or more of its corresponding transmit beams and sends an uplink transmission on one or more of the beams that are successful. Note that this requires the beam management procedure to return more than one best beam/beam-pair.
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[bookmark: _Ref505907033][bookmark: _Toc506062385]Figure 2: Multibeam Transmission to/from a single TRP for robust transmission in NR-U
Proposal 2: NR should consider multiple independent LBT processes with additional reservation signaling. 
Proposal 3: A robust beam based transmission may require the use of more than one beam pair between the gNB and UE in NR-U.
NR operation in licensed spectrum allows for the switching of beams on a symbol or mini-slot granularity. Thus, for NR-U, one possible transmission scenario may be that the gNB switches beams within an MCOT. It may be necessary to perform directional LBT whenever a beam is switched. This is applicable even in a scenario where a specific beam may be transmitted on multiple times within the MCOT as the medium may be busy due to another transmission (e.g. due to presence of another RAT).
The timing of the energy measurement for the LBT process may affect when data transmission starts. Each LBT process may be initiated on receipt of the DCI indicating scheduling the UE’s data transmission. As illustrated in Figure 3, this may require a delay between the receipt of the DCI (shown in green), the LBT energy measurement (shown as an LBT process in white for each beam) and the uplink transmission (shown in red).
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[bookmark: _Ref506468633]Figure 3: Multiple LBT Processes based on DCI signaling only (b1: beam 1; b2: beam 2)

As illustrated in Figure 4, to minimize the delay between the receipt of the DCI and the uplink transmission, the gNB may send a signal to indicate the beam and UE schedule, e.g. beams to be used in each slot and the UEs that may be scheduled, so that the UE may start the LBT energy measurement at the appropriate time and with minimal delay.
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[bookmark: _Ref506469091]Figure 4: Multiple LBT Processes based on UE knowledge of the beam schedule

The gNB should send configuration information that determines when a UE running an LBT process should actively measure the power in the channel. This assumes that the gNB controls the switching between beams. By enabling energy measurement with a time restriction e.g. on a symbol/mini-slot or slot basis for each LBT process, this allows for more accuracy in estimating the energy in the channel for a specific transmission. In the scenario that no configuration information is sent to the UE, the UE may average the energy in the medium in time durations when there is no beam directed at them resulting in a lower average energy measured and an error in the LBT energy measurement. In addition, sending the configuration at the appropriate time will reduce the delay that may arise if the UE receives a DCI indicating that uplink transmission is needed, then starts the LBT process resulting in a long delay between the receipt of the DCI, the LBT power measurement and the uplink transmission.

Proposal 4: During beam-based transmission, mechanisms to enable the accurate measurement of energy in the medium are needed. Additional mechanisms to minimize the delay between the receipt of the DCI and the data transmission when coupled with beam switching need to be studied.
LBT implies a listen/receive procedure on a receive beam and a talk/transmit procedure on a transmit beam. Ideally, for the LBT procedure to be effective, the receive and transmit beams should have identical boresights and beam widths (i.e. point in the same direction) and have identical gains. This may be achieved if there is Tx/Rx beam correspondence at the TRxP and the UE. In the case that the beams are non-reciprocal, there is a need to identify the best receive beam corresponding to a transmit beam and to compensate for the difference in their gains in the LBT threshold procedure to ensure that the LBT is effective in preventing the transmitted signal from impacting the medium negatively.
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Figure 5: LBT with non-reciprocal beams

The gNB or UE may modify the 0-dB gain CCA threshold by
1. The difference in gain between the receive and transmit beam to find the exact effect of the transmit beam in relation to the received power estimated.
2. The gain of the transmit beam to compensate for the CCA threshold that is set relative to a 0-dB gain antenna.

Proposal 5: If there is no Tx/Rx beam correspondence at the TRxP and the UE, a modification of the LBT procedure is needed to account for the differences in the transmit and receive beams.

[bookmark: _Hlk510701962]Hidden Node Issue
When using directional LBT, the issue of hidden nodes may be aggravated. When a node performs directional LBT it may only listen on the beam it will use for transmission (e.g. when there is beam correspondence). This limits a node’s ability to determine if any other entities are transmitting in a manner that would create interference on the receiver’s beam. Similarly, the exposed node issue arises when a node performing directional LBT determines that the channel is busy, purely because it detects interference on the beam it will use for transmission. When in fact, such interference would not be felt on the receiving node’s beam.
The issue may be especially relevant in the UL, when multiple UEs may share AUL resources and the use of directional LBT may not enable UEs to detect collisions. To solve this, the gNB should help the UEs in determining if a beam pair is indeed idle or busy. This can be achieved if the gNB transmits an availability signal on a beam. The trigger to transmit the availability signal can be either that no other UE is currently transmitting to the gNB on the beam, or that the gNB has not detected interference on the beam, or both. The signal can be a short beacon-like transmission such that it may require little or no LBT prior to transmission (beyond that done to determine the beam was idle) or a signal carrying information (e.g. RS) to make better use of the transmission.
Before UL transmission, a UE can be required to first detect or receive a set of N such signals during a time period, where N is determined by the backoff, prior to transmitting on the beam.
Proposal 6: Consider introduction of availability signal to enhance LBT functionality when beamforming is used.

Conclusions
In this contribution, we provided our perspectives on some modifications and additions needed to current NR licensed for directional LBT in higher frequencies. 
We proposed the following: 
Proposal 1: NR should consider directional LBT mechanisms for beam-based transmission/reception for regulatory domains where LBT is required.
Proposal 2: NR should consider multiple independent LBT processes with additional reservation signaling. 
Proposal 3: A robust beam based transmission may require the use of more than one beam pair between the gNB and UE in NR-U.
Proposal 4: During beam-based transmission, mechanisms to enable the accurate measurement of energy in the medium are needed. Additional mechanisms to minimize the delay between the receipt of the DCI and the data transmission need to be studied. 
Proposal 5: If there is no Tx/Rx beam correspondence at the TRxP and the UE, a modification of the LBT procedure is needed to account for the differences in the transmit and receive beams.
Proposal 6: Consider introduction of availability signal to enhance LBT functionality when beamforming is used.
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