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1 Introduction

NR based access to unlicensed spectrum (NR-U) was first introduced in Rel. 16 [1], however, the original scope of the work item could not be completed in a single release [2]. Moreover, NR-U in Rel. 16 only supports frequencies up to 7,125 MHz, also known as frequency range one (FR1). Frequencies above 52.6 GHz have been studied by RAN in [3] and [4]. Operation in unlicensed bands at such high frequencies requires provisioning of new features that facilitate efficient operation of NR-U in mmWave systems when the spectrum is shared. 
To this end a new study item was agreed during RAN #86 aimed at enabling NR based access in frequencies between 52.6 and 71 GHz [5]. Among the objectives are enhancements to NR channel access mechanisms considering the beam based operation prevalent in these frequencies:  

	· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].

· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   


This document discusses enhancements fundamental to the operation of NR in unlicensed spectrum beyond 52.6 GHz. 

2 Channel access mechanisms for NR from 52.6-71GHz
Unlicensed operation in FR2 and any bands beyond 52.6 GHz represents a new frontier for 3GPP. In this section, we point out areas that RAN1 needs to investigate to facilitate operation of NR in unlicensed bands beyond 52.6 GHz.  

2.1 Support of directional LBT

Directional LBT can increase spatial reuse and also alleviate the hidden node problem if designed properly. Since Rel. 16 only specifies omni-directional LBT, detailed analysis and simulation is required to quantify and analyze the impact of directional LBT on overall system performance. Furthermore, it is not clear how directional LBT is best realized both from a specification and hardware perspective. In FR2, but even more so beyond 52.6 GHz, a purely digital implementation is prohibitive both in terms of cost and power consumption. Hence, a hybrid architecture with RF beamforming that only exposes a small number of antenna ports can be expected as the predominant implementation. In this case, only a limited number of spatial directions can be sampled at any given time giving rise to what’s been called beam sweeping in Rel. 14 NR, e.g., for the SSB design. Similarly, LBT can be performed in different spatial directions in a dime division manner. Due to the half-duplex constraint,  however, once a given spatial direction has been determined as idle, the transmitter cannot commence a transmission in said spatial direction while also continuing to sense other spatial beams. The optimal sensing and transmission scheme should be studied by 3GPP as there are several procedures that can be envisioned to address this issue. The transmitter could cease sensing in other directions and commence a COT once an idle direction has been determined. Alternatively, a complete beam sweep with Cat. 4 LBT could be followed by Cat. 2 LBT before actually transmitting on any spatial direction deemed idle during the complete beam sweep. Further enhancements can be envisioned if the transmitter is equipped with multiple panels that enjoy good spatial separation. This would allow full duplex operation where one panel could sense one spatial direction during an on-going transmission using another panel. These and other procedures should be studied and standardized in Rel. 17.
2.2 Further enhancements to receiver assisted LBT

Receiver assisted LBT has been studied and proposed for frequencies up to 7,125 MHz in Rel. 16, see Section 3. Further enhancements can be envisioned for spectrum beyond 52.6 GHz. For example, receiver assisted channel access procedures such as closed-loop LBT may be the most promising means to solve the hidden node problem when directional LBT is used. Solutions seem to fall into CLI-like interference mitigation schemes with full frequency reuse or RTS/CTS-like channel access mechanisms [6]. One focus area should also be the feasibility of such schemes when gNBs belong to different operators as is the case in unlicensed spectrum. Procedures could be message based (RTS/CTS-like), measurement based (CLI-like) or a combination thereof, e.g., a message in the DCI followed by a measurement in the UCI. Moreover, procedures could be part of the channel access mechanism as is the case for handshake mechanisms that must pass before a COT can starts or they can be a separate procedure. For example, a first transmission can be best effort whereas when feedback is received during the COT the transmitter and/or receiver can take appropriate actions to mitigate interference and improve link and system performance. As mentioned before, any standardized procedures ideally work within one PLMN and across different operators. Furthermore, additional enhancements are possible with license-assisted access where the licensed carrier can be leveraged to improve link and systems performance and efficiency. 
2.3 Spatial reuse and other enhancements

As mentioned before, directional LBT has numerous benefits for NR based access to frequencies beyond 52.6 GHz. Directional LBT can further be incentivized by allowing for soft listening with variable LBT thresholds. The feasibility and applicability of such schemes should be another work area of Rel. 17 enhancements for NR-U based access to spectrum above 52.6 GHz. 
In addition to the above, other enhancements that could be considered include enhanced operation absent most periodic signals. Channel access opportunities in unlicensed bands are not certain, subject to channel availability. This uncertainty of transmit opportunities makes relying on periodic measurements and reports infeasible. This is particularly evident in beam management procedures where using periodic SS blocks or periodic CSI-RS for DL beam measurement and reporting, for example, is practically very difficult. 

Periodic measurements and reporting in beam management is mainly used for: 

1.
Extending the coverage for initial access (through SS block beam sweeping)

2.
Coarse beam selection in the absence of heavy traffic

Coverage extension, however, is not needed for operation in unlicensed bands because of the EIRP restriction. Furthermore, there is no need to maintain a coarse beam selection in unlicensed bands given that LBT is needed prior to every packet transmission. Hence, for the beam management procedure, beam measurement and reporting can be based on aperiodic CSI-RS to overcome the problem of relying on periodic measurements using SS blocks or periodic CSI-RS. 

Secondly, FBE may be an attractive mode of operation for NR based access to unlicensed spectrum in mmWave frequencies given the short frame duration at large subcarrier spacings and full frequency reuse with spatial isolation. RAN should investigate further enhancements to FBE operation, e.g., an optimized CLI framework, to make NR-U more robust when deployed with full frequency reuse in an uncoordinated network comprising a plurality of operators and RATs.
3 Closed-loop LBT for license-assisted access
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 nodes are outside the sensing range of the transmitting node as shown in Figure 1.
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Figure 1: Hidden node problem
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
Closed-Loop LBT can additionally be extended to enable synchronous measurements 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
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.
4 Conclusion

This document discussed enhancements fundamental to the operation of NR in unlicensed spectrum beyond 52.6 GHz.
For NR based access to unlicensed spectrum above 52.6 GHz, the following work areas are proposed:
· Support of directional LBT

· Further enhancements to receiver assisted LBT

· Spatial reuse and other enhancements
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