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Introduction
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 bands. There are many features of NR such as self-contained sub-frames, mini slots, flexible numerology that made NR a better candidate for operating in unlicensed band as compared to 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 and enhancements that will ensure the design of NR in unlicensed bands achieves these goals. 
Progress has been made in RAN1 92 on deployment scenarios and spectrum, and simulation setup for NR-Unlicensed. The following conclusions have been reached:
Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands.
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

Agreement:
From RAN1 design perspective, the study is not limited to a particular unlicensed band
Note: This does not have any implications on prioritizations between unlicensed bands
Note: The study does not target sub-1GHz unlicensed bands

In this document, we discuss channel access procedures that should be studied to enable NR to operate and coexist in unlicensed bands.
Channel Access Procedures

By design NR is better suited for unlicensed channel access. Flexible frame structure – mini-slots and higher subcarrier spacing allow higher granularity of access thereby increasing channel access opportunities. Layer 1 carrier aggregation can help access large channel bandwidths and beamforming can enable higher spectral reuse. 

Beam Based Access

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. 
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 will have to yield to other nodes transmitting from farther than what it can reach. That’s 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). As a result, its sensing distance would remain the same as its coverage. Transmission and reception in narrow beams allows for higher spatial reuse, increasing spectrum reuse efficiency. Contrary to popular belief, beam based access does not worsen hidden / exposed node problems. Rather it reduces these problems as it shrinks the region where these problems occur as illustrated below. It is assumed that omnidirectional access nodes transmit at full power, while beam based access nodes reduce transmit power (and correspondingly increase their ED threshold) to meet EIRP limits. Triangles represent transmitting nodes and rectangles represent receiving nodes.
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Further discussion on beam based channel access techniques can be found in [2]. Beam management is discussed in our companion paper [3].
Proposal 1: Beam based LBT should be studied for improving channel access and reuse. 

Fast Channel Access
Some NR transmission bursts are quite short. Examples include HARQ response and SS Block transmission. A 4 symbol SS Block with 120 kHz SCS takes only 36 us which is shorter than a defer period (43 us). Such transmissions may not cause much interference. Therefore, channel access without LBT could be considered. 
Proposal 2: For time-sensitive transmissions that are short in duration, channel access without LBT should be studied.

License Assisted Access
Joint operation of licensed (NR-L) and unlicensed (NR-U) carriers under a License Assisted Access (LAA) framework can be used to help avoid collisions and hidden node problems 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 among multiple Ues to avoid missed detection at the transmitter and unwanted collisions at the receiver. Further discussion on closed loop LBT can be found in [4].
Proposal 3: For LAA hand shaking mechanisms using licensed carrier should be studied.

Preamble Design

Preamble detection is used in Wi-Fi to coexist among Wi-Fi nodes. Preamble improves coexistence among Wi-Fi because it can be detected at a lower SINR than energy due to coding gain. NR could also benefit from having its own preamble. This, however, should not affect coexistence with Wi-Fi and LAA, where energy detection would be used for coexistence. A better intra-technology coexistence for NR would benefit its ecosystem. 
[bookmark: _GoBack]The preamble could be based on transmission of SS Blocks, CSI-RS or both which can either be TDM’ed or FDM’ed with symbols which are transmitted aperiodically, for example at the start of a data burst. Additional information to consider including in the preamble along with NAV is communication direction, beam pair information, etc. 
Proposal 4: Preamble should be considered to improve NR channel access without affecting coexistence with legacy technologies

Summary 

In this contribution, we discussed channel access enhancements needed for NR operation in unlicensed bands. We made the following proposals:
Proposal 1: Beam based LBT should be studied for improving channel access and reuse. 
Proposal 2: For time-sensitive transmissions that are short in duration, channel access without LBT should be studied.
Proposal 3: For LAA hand shaking mechanisms using licensed carrier should be studied.
Proposal 4: Preamble should be considered to improve NR channel access without affecting coexistence with legacy technologies
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