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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 physical layer procedures that should be revisited to enable NR to operate and coexist in unlicensed bands.
Physical Layer Enhancements

The agreement in RAN1 92 states that NR operation in unlicensed band is not limited to a particular frequency band. It can target operation in unlicensed bands in sub-6GHz as well as unlicensed bands in 60 GHz. Physical layer procedures developed or enhanced for NR operation in unlicensed bands should strive to cover when possible the various deployment scenarios for NR unlicensed as well as the different deployment frequency bands 
Proposal 1: Physical layer procedures for operation of NR in unlicensed bands should strive to accommodate various deployment scenarios

Multi Antenna Techniques

Physical layer procedures for operation of NR in unlicensed bands should take into account the advanced techniques and flexibility offered by the NR design.  Multi-antenna techniques such as MU-MIMO, massive MIMO etc. are a fundamental and essential part of the NR design. Therefore, even while co-existing with other system on the same spectrum NR unlicensed should be able to use these advanced features efficiently. 
Proposal 2: NR unlicensed should be able to make efficient use of advanced multi-antenna techniques that are a part of NR, such as MU-MIMO, multi-point transmission, etc.

Multi Beam LBT

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. Each of the LBT parameters: backoff counter, MCOT size, energy detection threshold, contention window maximum size may be configured jointly or independently for each of the multiple beams and or beam combinations or subsets thereof.
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 would have to yield to other nodes transmitting at a farther distance since the node is using receive beamforming for LBT. This is 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). 
Different sets of beams or beam combinations may have beams with different parameters, such as beamwidth, directivity, gain, etc. For example, a first set of beams may have a wide beamwidth (e.g. 60 degrees) while a second set of beams may have a narrow beamdwidth (e.g. 15 degrees). The different sets may be implemented in such a way that multiple beams of the second subset partially overlap or fully lie within the beamwidth of a beam in the first subset (e.g. 4 narrow beams per wide beam in our example). Furthermore multi-beam LBT may be performed across subsets in a hierarchical fashion. For example, LBT is first performed using wide beams and LBT is only performed using narrow beams if LBT using wide beams failed to clear for transmission. In another example, different beams may correspond to different supported transmissions. For example wide beams may correspond to the transmission of synchronization signals and common control channels, while narrow beams may correspond to the transmission of UE-specific control and data channels. Multi-beam LBT can be done at the transmitter end, the receiver end or both. This may for example correspond to the indication of one or more beam-pair-links (BPL) corresponding to a beam at the transmitter and a beam at the intended receiver. Clear channel indication may be jointly or independently determined and exchanged between the transmitter and intended receiver (e.g. request to send and clear to send messages or signals) on the basis of one or more configured BPLs in case of Multi-beam LBT operation.
Contrary to popular belief, we do not think that beam based channel access will degrade hidden node / exposed node problems. This is because of transmit EIRP limits. In fact, the regions where these problems occur become narrower due to beamforming. Therefore, we should see less hidden and exposed node problems when doing beam based access under EIRP limits.
Proposal 3: Beam based LBT should be considered for improving channel access and reuse. 
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Adaptive LBT
NR unlicensed should have features and functionality that should allow it to maximize frequency reuse especially when operating under light load or sparse deployment. When the load is low or the deployment is sparse the likelihood of collisions is low. Therefore “listen before talk” mechanism of NR unlicensed should adapt to such conditions and only be utilized when needed. We detail our proposed LBT mechanism in our companion contribution [2].
Proposal 4: “Listen before Talk” techniques in NR should be adaptive and need based. The SI should study mechanisms and define conditions by which “Listen before Talk” can be turned off and/or made adaptive.

Preamble Design

Preamble detection is used in Wi-Fi to improve coexistence since the preamble can be detected at a lower SINR than energy. NR could also benefit from having a preamble. Even though having a preamble for NR would make its channel access technology specific, it could serve as an additional coexistence mechanism as in Wi-Fi which uses both preamble and energy detection to coexist with Wi-Fi and other technologies, respectively. A better intra-technology coexistence for NR would benefit its ecosystem. 
The preamble could be based on transmission of SS Blocks, CSI-RS or both with a dense and wideband pattern which can be either TDM or FDM in symbols which are aperiodically transmitted, for example at the start of a data burst. One-shot detection of the preamble should be studied as well as its applicability for channel selection/RRM measurements. Additional information to consider including in the preamble along with NAV is communication direction, beam pair information, etc. 
Proposal 5: A preamble should be considered to improve NR channel access

Beam Measurement and Reporting

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 RLM/RRM and beam management procedures, whereas using periodic SS blocks or periodic CSI-RS for DL beam measurement and reporting for example is practically very difficult. 
Relying on periodic measurements and reporting in beam management is mainly used for: 1. Extending the coverage for initial access (through SS block beam sweeping), and 2. Coarse beam selection in the absence of heavy traffic. Coverage extension, however, is not needed for operation in unlicensed bands following the EIRP restriction previously discussed. Furthermore, there is no need to maintain a coarse beam selection in unlicensed bands given that LBT is needed prior to every packet transmission.
Proposal 6: Measurements using periodic reference signals is not feasible for operation of NR in unlicensed bands
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 block or periodic CSI-RS. 
Benefiting from the flexibility of the CSI report in NR, and the agreed upon unified framework of CSI acquisition and beam management, the aperiodic CSI-RS report for beam management can simply be a beam indicator or a CSI-RS resource indicator (CRI) report of the best transmit beam to use at the base station. 
Proposal 7: Beam management in NR operation in unlicensed bands is based on aperiodic CSI-RS measurement and reporting




CA and BWP Enhancements

Unlike licensed band operation, in unlicensed bands the most efficient way to co-exist is to be able to access a clear channel as fast as possible and commence transmission. In LAA when channel is accessed reliable RRM and CSI measurements are not available. This implies that some slots are used up to achieve this. In NR unlicensed we would like to have much faster channel access mechanism using techniques, such as L1 CA, which relies on DCI based carrier activation. Many of these features have been discussed and proposed as part of NR in Rel 15 albeit they were not adopted. Similarly the current NR specification does not allow the UE to perform CSI reporting on de-activated BWPs. Therefore even though a BWP can be activated using a DCI indication, network does not have reliable CSI measurement to schedule PDSCH effectively. Therefore in NR unlicensed we would also propose to study BWP enhancements such as CSI measurements in de-activated BWPs to allow for faster and more efficient access of the channel. 
Proposal 8: NR Unlicensed should study faster channel access mechanisms, such as L1 based CA activation. NR unlicensed should also study BWP enhancements that will allow for faster and more efficient channel access. 
In addition, NR supports carriers without SS Block transmissions. This is especially attractive for unlicensed spectrum operation in order to reduce the overhead of measurement RS from a single cell as well as a network perspective. For example different neighbor cells may select different carriers for transmitting SS Blocks which helps to avoid collisions since transmission of signals/channels for carrier selection and RRM may utilize LBT procedures which enable faster channel access (e.g. similar to one-shot LBT in the case of LTE LAA DRS).
Proposal 9: NR Unlicensed should utilize carriers without SS block transmissions as well as LBT enhancements for signals/channels supporting carrier selection and RRM. 


Summary 

In this contribution, we discussed physical layer enhancements needed for NR operation in unlicensed bands. We made the following proposals:

Proposal 1: Physical layer procedures for operation of NR in unlicensed bands should strive to accommodate various deployment scenarios
Proposal 2: NR unlicensed should be able to make efficient use of advanced multi-antenna techniques that are a part of NR, such as MU-MIMO, multi-point transmission, etc.
Proposal 3: Beam based LBT should be considered for improving channel access and reuse. 
Proposal 4: “Listen before Talk” techniques in NR should be adaptive and need based. The SI should study mechanisms and define conditions by which “Listen before Talk” can be turned off and/or made adaptive.
Proposal 5: A preamble should be considered to improve NR channel access
Proposal 6: Measurements using periodic reference signals is not feasible for operation of NR in unlicensed bands
Proposal 7: Beam management in NR operation in unlicensed bands is based on aperiodic CSI-RS measurement and reporting
Proposal 8: NR Unlicensed should study faster channel access mechanisms, such as L1 based CA activation. NR unlicensed should also study BWP enhancements that will allow for faster and more efficient channel access. 
Proposal 9: NR Unlicensed should utilize carriers without SS block transmissions as well as LBT enhancements for signals/channels supporting carrier selection and RRM. 
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