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1. Introduction

In the RAN meeting #77, the revised new SID on NR-based Access to Unlicensed Spectrum (NR-U) was agreed [1] and this study item includes the following objectives in RAN1:
· 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 

· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

In this contribution, considerations on NR-based access to unlicensed spectrum are discussed, which include deployment scenarios, target unlicensed bands and physical layer design aspects. 
2. General consideration 
2.1. Deployment scenarios
NR-U deployment on unlicensed spectrum should target for achieving multi-Gbps data rates with reduced implementation complexity and it is beneficial to study solutions for Scenario 1 (NR-NR CA), Scenario 2 (EN-DC & NR-NR DC) and Scenario 3 (NR-U SA). If the time slot remained for this study item is not adequate, it is proposed to prioritize the Scenario 2 and 3 because for Scenario 1 most of LAA-LTE techniques can be reused. The detailed discussion can be found in our companion contribution [2].

Proposal 1: Study solutions for Scenario 1 (NR-NR CA), Scenario 2 (EN-DC & NR-NR DC) and Scenario 3 (NR-U SA) for NR-U operation.  
· Prioritize Scenario 2 and Scenario 3 if prioritization is needed due to limited time unit in study item.
2.2. Candidate unlicensed spectrums
Although unlicensed bands can be as low as sub-1GHz and as high as 60GHz, it is preferred to target for 5GHz and 60GHz bands for NR-U study considering those bands are global unlicensed bands. In addition, NR-U study for 60GHz band could be put at the second stage since it may require a new waveform design instead of reuse NR licensed. The detailed discussion can be found in our companion contribution [3].

Proposal 2: Target for 5GHz and 60GHz bands to study NR-U operation.

· Initial NR-U study should focus on 5GHz band while 60GHz band can be studied at the second stage. 

3. Physical layer design consideration
3.1. Design principle 
 NR-U physical layer design should inherit NR physical layer design as much as possible. For example, numerologies, waveform, initial access procedures, beam management, and control/data transmission procedures, which specified in NR licensed should also be supported here. Enhanced mechanisms to NR physical layer design should be developed to better adapt regulatory requirements in unlicensed band, e.g., listen-before-talk (LBT), occupied channel bandwidth requirement, limited transmit power/transmit power density, etc.
Proposal 3: Reuse NR physical layer design as much as possible and study enhanced mechanisms to adapt unlicensed regulation requirements.
3.2. Channel access mechanisms

Channel access procedures in 5GHz band for DL and UL transmissions in LAA-LTE have been evaluated and specified in Rel-13 and Rel-14 to guarantee fair coexistence between LAA-LTE and Wi-Fi systems. Those carrier sensing mechanisms should be the starting point to study the coexistence methods of NR-U deployments. On the other hand, directional LBT can be matched with beamforming transmission and it is also beneficial for improving channel access opportunity, which is worthy of studying as an enhanced channel access mechanism. The detailed discussion can be found in our companion contribution [4].
Proposal 4: Enhanced channel access mechanism, e.g., directional LBT should be studied for NR-U operation. 

3.3. Numerologies
Unlike fixed subcarrier spacing (SCS) in LTE, multiple numerologies/SCSs have been introduced in NR due to wide-spread frequency spectrum, as larger SCSs can be used to support wideband operation with low implementation complexity in high frequency and smaller SCSs can be used in low frequency to maintain large coverage. On 5GHz band, unlike using 15kHz SCS in LAA-LTE, if a larger SCS, i.e., 60kHz, is adopted in unlicensed band, the corresponding symbol duration will be shorter, the eNB would have more opportunities to access the unlicensed channel at the symbol boundary and the frequency utilization efficiency would be increased, as shown in Figure 1. On the other hand, 60kHz SCS makes it feasible to operate wide band, e.g., operate 80MHz as a single carrier in 5GHz band to save guard band and further increase frequency utilization efficiency. 
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Figure 1 Comparison access points of 15kHz and 60kHz SCSs in unlicensed carrier
Proposal 5: At least the SCS of 60kHz should be supported in 5GHz band.

3.4. Waveform 
Similar to NR licensed, CP-OFDM should be supported for DL transmission and both CP-OFDM and DFT-s-OFDM should be supported for UL transmission in NR-U. Although interlaced structure inherited from LAA-LTE uplink transmission may be a baseline for UL resource allocation, other resource allocation methods could also be considered to achieve power efficiency for UL transmission. 
Proposal 6: Interlaced structure may be a baseline resource allocation method for NR-U UL transmission.
· Other resource allocation methods should not be excluded.

3.5. Initial access 

For NR-U operation, SS block (SSB) should be transmitted no matter the deployment scenario is CA, DC or SA for the purposes of RRM measurement, synchronization achievement, or initial access. The transmission of SSB on unlicensed carrier should follow the regulation requirements, hence necessary enhancement is needed.   

RACH procedures should be investigated at least for DC and SA deployment scenarios. Since long sequence and short sequence for PRACH preamble transmission are supported in NR, suitable PRACH preamble formats should be studied and selected as the baseline formats for NR-U operation. In addition, the design of RACH procedure as well as PRACH configurations in unlicensed bands should consider the impact of LBT failures. More discussions can be found in our companion contribution [5].
Proposal 7: SSB transmission and RACH procedure in NR licensed should be enhanced for NR-U operation. 
3.6. Frame structure and HARQ
NR supports flexible frame structure by semi-static UL/DL configuration through cell-specific and UE-specific assignment and dynamic slot formation indication. The transmission of PDSCH and PUSCH can be scheduled in the duration of symbols, slot, or multi-slots with flexible starting/ending points. Such flexible frame structure and flexible scheduling should be inherited with necessary enhancement in unlicensed bands to improve the frequency utilization efficiency.

Correspondingly, asynchronous HARQ with necessary enhancement should be supported in unlicensed bands. PUCCH transmission in unlicensed carrier should be supported at least for DC and standalone scenarios. 
Proposal 8: Flexible frame structure, flexible scheduling and asynchronous HARQ should be inherited in unlicensed bands with necessary enhancement.
3.7. Bandwidth part operation 
Bandwidth part (BWP) configuration has been introduced in NR and should also be studied and supported in NR-U since unlicensed bands have wide-spread frequency resource and can easily be implemented with wideband operation. Unlike the flexible configuration of BWP in licensed band, the BWP configuration in unlicensed bands should consider the coexistence with LAA-LTE and Wi-Fi systems. For example, since the channel occupancy of Wi-Fi and LAA-LTE are in the unit of 20MHz in 5GHz band, the configuration of BWP in NR deployment at the same band should be in the integral multiple of 20MHz. On the other hand, dynamic BWP transmission subject to subband-based carrier sensing should also be studied to maximize the band utilization efficiency. 

Proposal 9: The coexistence between NR system and LAA-LTE/Wi-Fi system should be considered when study BWP operation in unlicensed bands.

4. Conclusions
In this contribution, considerations on NR-based access to unlicensed spectrum are discussed, which include deployment scenarios, target unlicensed bands and physical layer design aspects. The following proposals are made.
Proposal 1: Study solutions for Scenario 1 (NR-NR CA), Scenario 2 (EN-DC & NR-NR DC) and Scenario 3 (NR-U SA) for NR-U operation.  
· Prioritize Scenario 2 and Scenario 3 if prioritization is needed due to limited time unit in study item.
Proposal 2: Target for 5GHz and 60GHz bands to study NR-U operation.

· Initial NR-U study should focus on 5GHz band while 60GHz band can be studied at the second stage. 

Proposal 3: Reuse NR physical layer design as much as possible and study enhanced mechanisms to adapt unlicensed regulation requirements.
Proposal 4: Enhanced channel access mechanism, e.g., directional LBT should be studied for NR-U operation. 

Proposal 5: At least the SCS of 60kHz should be supported in 5GHz band.

Proposal 6: Interlaced structure may be a baseline resource allocation method for NR-U UL transmission.

· Other resource allocation methods should not be excluded.

Proposal 7: SSB transmission and RACH procedure in NR licensed should be enhanced for NR-U operation.
Proposal 8: Flexible frame structure, flexible scheduling and asynchronous HARQ should be inherited in unlicensed bands with necessary enhancement. 

Proposal 9: The coexistence between NR system and LAA-LTE/Wi-Fi system should be considered when study BWP operation in unlicensed bands.
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