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Introduction
A new Study Item on “Study on NR-based Access to Unlicensed Spectrum” was approved in 3GPP RAN#75 meeting. The study includes the following objectives [1]:
· 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 
In RAN1#92 meeting, the following agreement was made [2].
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.

In this contribution, we will discuss challenges and design options we think RAN1 should consider for unlicensed NR with respect to physical layer procedures.

Discussion
Initial access
The study on NR in unlicensed spectrum may include several deployment scenarios, as will be discussed in this meeting in agenda item 7.6.2. Scenarios that can be studied include carrier aggregation, dual connectivity NR + NR-U, or LTE + NR-U as well as standalone operation. With a dual connectivity or carrier aggregation mode of operation, the licensed carrier is used for initial access. However, synchronization signals on the unlicensed carrier may be used for additional RRM measurement and reporting for the unlicensed access.  For standalone operation however, all functionalities and features should be fulfilled on unlicensed bands such as initial access, mobility and paging. 
The synchronization signal (SS) design can be baseline for standalone NR-U operation, whose composition could be PSS, SSS and PBCH-DMRS following the NR initial access design. However, due to some spectrum characteristics and regulatory requirements, e.g., the uncertainty of channel availability due to Listen-Before-Talk (LBT), further consideration of certain aspects might be required. 
In terms of channel access it could be useful to reduce the LBT overhead in the control signaling. One potential solution would be if the transmission of control signals for initial access, such as SS, PRACH, paging information and Msg2/3/4, could be transmitted consecutively, utilizing the allowed maximum channel occupancy time (MCOT). The composition of such combined transmissions could be further studied.
Observation 1: The NR initial access design for licensed bands may need to be revised when applied to unlicensed bands due to various channel access requirements.
We propose that RAN1 considers the design of control signaling such as SS block transmissions for NR-U taking channel contention and utilization of the channel occupancy time into account. Multiplexing the SS blocks with other transmissions such as PDSCH could be relevant for signaling bandwidth aspects and to achieve a reduced LBT overhead. Also, reducing the number of RACH steps (e.g. 2-step RACH) or guaranteeing transmissions related to the RACH procedure could be considered in order to reduce the occurrence of random access failure due to LBT failure.
Proposal 1: Consider initial access procedures for NR-U operation with respect to channel access regulation aspects.

Channel access
In Release 13 LTE LAA SI, RAN1 has studied and categorized LBT categories as the below [3].
- Category 1: No LBT
- Category 2: LBT without random back-off
- Category 3: LBT with random back-off with a contention window of fixed size
- Category 4: LBT with random back-off with a contention window of variable size
For category 1 and 2, there is no or small latency of LBT procedure, while it causes a lot of collision with transmission from unmanaged nodes. On the other hand, for category 3 and 4, fair co-existence could be ensured at the sacrifice of spectral efficiency and latency.
Basically, in LTE LAA, transmission of physical channel/signal is subject to LBT category 4 in order to ensure fair co-existence with Wi-Fi. In some cases, LBT category 2 could be adopted for some physical channel and signal (e.g. DRS not including PDSCH, PUSCH indicated as type 2 channel access procedure). In cases of short transmission duration or condition which transmission is scheduled within COT, LBT category 2 could be adopted.
In NR, various physical channels and signals were defined. For example, short PUCCH and PRACH with short format were introduced, which consist of 1 or 2 symbols. Since PUCCH and PRACH are important information for radio link, it would be considered that LBT category 1 or 2 could be adopted for transmission of these channel, such as ACK transmission on Wi-Fi. Moreover, NR could change numerology from 15 kHz SCS to 240 kHz SCS. It means that transmission length of each channel become shorter if higher SCS is used. In that case, possibility to adopt LBT procedure with fast processing would be increased because collision impact of these shorter transmission could be negligible. Furthermore, if transmitter knows by measurement that no victim node exist between the link, LBT is no longer necessary. Therefore, we consider that NR could adopt LBT category with fast processing depending on transmission duration, information type or QoS, condition of channel occupancy, the degree of congestion, etc.
Proposal 2: Consider adopting LBT category with fast processing (no LBT, LBT without random back-off, and LBT with random back-off with a short contention window) to each NR physical channel/signal transmission depending on transmission duration, information type or QoS, condition of channel occupancy, the degree of congestion, etc.

Directional LBT
In NR-based access to unlicensed spectrum, highly directional antennas bring two advantages. Transmission with beamforming allows high SINR to be achieved at the receiver, as supported in NR phase 1. Without beamforming, NR operation might not work in a high frequency band such as 60 GHz unlicensed spectrum due to severe propagation loss. In addition, through transmission with narrow beams, spatial reuse among several nodes could be enabled since the Tx node can reduce transmission in unnecessary directions.
Observation 3: Transmission with narrow beams would be beneficial for increasing the link gain and enabling beam-based spatial reuse.
Potential issues in applying high-gain beamforming on unlicensed spectrum is the increase in extra hidden nodes and handling of regulatory EIRP limitations. For example, in the case that the Tx node transmits a signal with high-gain beamforming but applies omni-directional LBT, the signal might reach a node which is located outside the coverage of the omni-directional LBT. If the Tx node transmits using beamforming, directional LBT might be useful for detecting other nodes. Another possible solution is RSSI measurement and reporting from UEs. In LTE LAA, RSSI measurement and reporting by UEs is introduced to detect hidden nodes seen from eNodeB. Also, in NR-based access to unlicensed spectrum, RSSI measurement and reporting would be useful for detecting hidden nodes. In addition, by using directional Rx antennas, UEs can measure RSSI directionally so that the gNodeB can acquire more detailed information on the communication environment around the gNodeB.
Proposal 3: Study directional LBT and measurement mechanisms to alleviate hidden node problem especially in the higher frequency bands.

Autonomous uplink transmission
In NR phase 1, grant free UL transmission was specified. Also, in Release 15 FeLAA, autonomous uplink (AUL) transmission was introduced, which is similar to mechanism of grant free UL transmission.
An advantage of AUL is latency reduction for UL by improving channel access opportunity. In the case of scheduled UL (SUL) gNodeB schedules UL resources to UE by using self-carrier scheduling PDCCH. Since performing LBT is required when transmitting PDCCH and transmitting PUSCH respectively, latency would increase due to any LBT failure. On the other hand, in the case of AUL, the reduction of LBT attempts may lead to an increase in PUSCH transmission probability. 
In addition, in this SI RAN1 can consider the enhancement of MCOT sharing among multiple devices which are located at almost the same channel environment, as well as the resource allocation priority for multiple devices in order to increase the spectrum efficiency under the AUL mode. 
Proposal 4: Consider introducing autonomous UL transmission in NR-U operation.

Conclusions
In this contribution, based on the above discussion we have the following observations and proposals:
[bookmark: _GoBack]Observation 1: The NR initial access design for licensed bands may need to be revised when applied to unlicensed bands due to various channel access requirements.
Observation 2: Transmission with narrow beam would be beneficial for increasing link gain and enabling beam-based spatial reuse.

Proposal 1: Consider initial access procedures for NR-U operation with respect to channel access regulation aspects.
Proposal 2: Consider adopting LBT category with fast processing (no LBT, LBT without random back-off, and LBT with random back-off with a short contention window) to each NR physical channel/signal transmission depending on transmission duration, information type or QoS, condition of channel occupancy, the degree of congestion, etc.
Proposal 3: Study directional LBT and measurement mechanism to alleviate hidden node problem especially on the higher frequency bands.
Proposal 4: Consider introducing autonomous UL transmission in NR-U operation.
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