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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;”
Licensed Assisted Access (LAA) was introduced in 3GPP release 13 as part of LTE Advanced Pro and operates in the 5 GHz unlicensed spectrum. 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 some modifications to the LAA LBT procedure needed due to beam-based transmission in higher unlicensed frequency bands. 
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 is based on directional sensing of the medium. 
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[bookmark: _Ref506467354]Figure 1: Omni-directional vs Directional LBT

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

Proposal 1: Directional LBT mechanisms for beam-based transmission/reception are needed

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 upon the receipt of the DCI indicating scheduling the UE’s data transmission. As illustrated in Figure 2, 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).

[image: ]
[bookmark: _Ref506468633]Figure 2: Multiple LBT Processes based on DCI signaling only (b1: beam 1; b2: beam 2)

We believe there is a need to have mechanisms for gNB and UE in order to minimize the delay between the receipt of the DCI and the uplink transmission.
Proposal 2:  For beam-based transmission, additional mechanisms to minimize the delay between the receipt of the DCI and the data transmission 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 about the same gains. This may be achieved if the beams are reciprocal. 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.
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: Directional LBT mechanisms for beam-based transmission/reception are needed
Proposal 2: For beam-based transmission, additional mechanisms to minimize the delay between the receipt of the DCI and the data transmission need to be studied.
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