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1 Introduction

The new SID on NR-based Access to Unlicensed Spectrum [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on both sub-6 GHz and above-6 GHz unlicensed bands. This contribution discusses the overall design considerations for the channel access mechanisms in NR unlicensed system, including the omni-directional/directional listen-before-talk (LBT) for multi-beam operation in NR unlicensed, hidden node issue and exposed node issue for NR unlicensed system using beamforming, and LBT for wide-band operations in NR unlicensed. 
2 Channel Access Framework for NR Unlicensed
To guarantee fair coexistence with the incumbent Wi-Fi system in the 5 GHz unlicensed spectrum, LTE Rel-13 and Rel-14 licensed-assisted access (LAA) and eLAA introduced energy detection based clear channel assessment protocols for both downlink and uplink operations. The LBT procedure adopted by LTE-LAA can be utilized as the baseline channel access framework of NR unlicensed. In addition, in order to support the new features of NR such as directional transmissions and receptions with much wider channel bandwidth, enhancements over the baseline LTE-LAA channel access procedure need to be studied for NR unlicensed.
To support the multi-beam operation on NR unlicensed, the directionality of LBT is an important design consideration. One option is to perform LBT omni-directionally similar to LTE-LAA and Wi-Fi operating in the 5 GHz unlicensed band. This can provide good coexistence with these incumbent systems, but it is also conservative to support the multi-beam operation since interference from every direction is sensed uniformly and the spatial reuse will be reduced. In addition, coverage of omni-directional LBT will also be limited in the above 6 GHz unlicensed bands due to the high isotropic path loss. 

Another option is a directional LBT scheme, where the LBT is performed over the intended beam direction of the transmitter. Compared to the omni-directional LBT, directional LBT scheme is more suitable for multi-beam operation and can improve the spatial reuse. However, directional LBT need enhancements to address the severer hidden node issue and exposed node issue, especially with the highly directional beams in above 6 GHz unlicensed bands. 
Proposal 1: NR unlicensed shall consider the LBT procedure of LTE-LAA and LTE-eLAA as the baseline.
Proposal 2: Evaluate the performance of omni-directional LBT and directional LBT for multi-beam operation in NR unlicensed. 
3 Hidden Node Issue for Omni-directional Transmission
In unlicensed spectrums considered in LTE-LAA (e.g. 5 GHz band), transmissions are omni-directional and there is a possibility that energy detection (ED) based LBT can suffer from hidden node issue. An example illustrating this issue is shown in Figure 1. Node A is transmitting to Node B omni-directionally, such that all nodes (e.g. Node D) within the clear channel assessment (CCA) radius (a predefined threshold in the LBT protocol) can sense strong interference from Node A and claim the channel as busy. The ED based sensing before channel access can effectively avoid collisions and coordinate the spectrum utilization. However, for hidden nodes (e.g. Node C), the interference sensed from Node A is below the predefined ED threshold, and initiation of transmission to Node B will cause collision with the ongoing transmission from Node A to Node B. 
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Figure 1. An example of hidden node issue for omni-directional transmission.
To reduce the hidden node issue for omni-directional transmissions, 802.11 introduced an optional mechanism called Request-to-Send/Clear-to-Send (RTS/CTS). RTS/CTS, as the MAC layer carrier sensing scheme, assists the CCA on PHY layer to determine the availability of channel access. The medium is considered busy if either the PHY or MAC layer carrier sensing indicates it is busy. For example, as illustrated in Figure 2, before the data transmission, Node A can send a RTS, containing both the transmitter and receiver address information, to Node B. Then, after receiving the RTS, Node B will respond to Node A with a CTS including information indicating the receiver address and transmission duration, which is also known as network allocation vector (NAV). The CTS can also be received by Node B’s other neighbor nodes, e.g. Node C and Node D. In this way, Node C and Node D can claim the channel as busy and hold their transmissions for the duration indicated by the CTS, even though Node C can pass the CCA energy detection. 
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Figure 2. An example of RTS/CTS mechanism to reduce the hidden node issue in omni-directional transmission.
4 Hidden Node Issue for Beamformed Transmission

In the multi-beam operation system, e.g. 60 GHz unlicensed spectrum, transmitter and/or receiver antennas can be configured to be highly directional. Beamformed transmissions result to a much higher likelihood for the hidden node issue due to the more difficult sensing of interference. For example, as illustrated in Figure 3, Node A transmits to Node B using a narrow beam. This transmission is highly directional such that other nodes that are not located along the transmission direction may not be capable of sensing the transmission. Hence, Node C and Node D both pass the CCA energy detection and begin transmitting, which may cause collisions with the ongoing transmission from Node A to Node B. Therefore, a hidden node event probability in case of beamformed transmissions is much higher than for omni-directional transmissions. 
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Figure 3. An example of more severe hidden node issue in beamformed transmission.
An RTS/CTS mechanism can be considered to reduce the hidden node issue. For instance, 802.11ad, operating on 60 GHz, utilizes a modified RTS/CTS mechanism, where the CTS also contains the transmitter address. 
Proposal 3: Evaluate the hidden node issue for beamformed transmissions on unlicensed spectrum in NR and, if needed, consider mechanisms to mitigate or avoid it. 
5 Exposed Node Issue for Beamformed Transmission

Beamformed transmissions and receptions also result in a higher likelihood for the exposed node issue. Specifically, a node may unnecessarily refrain from obtaining channel access, after sensing the nearby directional transmissions that actually do not interfere with this node. For example, as illustrated in Figure 4, Node A is transmitting to Node B using a narrow beam, and Node B is receiving from Node A also using a narrow beam. Meanwhile, Node D intends to transmit to Node C, but Node D fails the LBT since it can overhear Node A, although the transmission from Node D will not collide at Node B and the transmission from Node A will not collide at Node C. 
The exposed node issue is closely related to the beam-widths and beam directions at both the transmitter and the receiver. Thus, LBT at only the transmitter side does not suffice to alleviate the exposed node issue. The LBT of NR unlicensed should also take into account the receiver side information, such as through the RTS/CTS mechanism. 
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Figure 4. An example of exposed node issue in beamformed transmission.
Proposal 4: Evaluate the exposed node issue for beamformed transmissions on unlicensed spectrum in NR and, if needed, consider mechanisms to mitigate or avoid it. 
6 LBT for Wideband Operation of NR Unlicensed
NR supports wideband operation with up to 100 MHz channel bandwidth and 400 MHz channel bandwidth per component carrier (CC) for sub-6GHz bands and above-6 GHz bands respectively. In addition, NR also supports carrier aggregation and dual connectivity with up to 16 component carriers. Compared to LTE-LAA where the channel bandwidth per CC is 20 MHz, NR unlicensed will support a much wider channel bandwidth, and thus the LBT design for wideband operations shall also be considered for NR unlicensed. 
One approach for wideband LBT of NR unlicensed is to perform a single LBT over the entire bandwidth, which is simple to implement and can fully utilize the entire wideband if LBT succeeds. However, the wideband LBT can also fail due to interfering transmissions over only certain sub-band(s), such as an LTE-LAA or Wi-Fi transmission with 20 MHz bandwidth. In this case, the entire wideband may not be utilized, which renders this approach to be inefficient in terms of spectrum utilization. In another approach, the wideband LBT can be performed over multiple sub-bands in parallel, and the transmitter can transmit over the sub-bands that succeed in LBT. Compared to performing LBT over the entire wideband, this approach can improve the spectrum utilization but the implementation complexity is increased. Therefore, wideband LBT for NR unlicensed should be designed to achieve fair spectrum utilization and implementation complexity, as well as good coexistence with the incumbent unlicensed systems. 
Proposal 5: NR unlicensed shall design wideband LBT with fair spectrum utilization and implementation complexity. 
7 Conclusions

This contribution considered the overall design considerations for channel access mechanisms in NR unlicensed spectrum and proposes the following.
Proposal 1: NR unlicensed shall consider the LBT procedure of LTE-LAA and LTE-eLAA as the baseline.
Proposal 2: Evaluate the performance of omni-directional LBT and directional LBT for multi-beam operation in NR unlicensed. 
Proposal 3: Evaluate the hidden node issue for beamformed transmissions on unlicensed spectrum in NR and, if needed, consider mechanisms to mitigate or avoid it. 
Proposal 4: Evaluate the exposed node issue for beamformed transmissions on unlicensed spectrum in NR and, if needed, consider mechanisms to mitigate or avoid it. 
Proposal 5: NR unlicensed shall design wideband LBT with fair spectrum utilization and implementation complexity. 
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