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In RAN75 meeting, a new study Item on NR-based Access to Unlicensed Spectrum t was approved [1]. This study item will include the following objectives

· 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, we discuss potential technique aspects for NR based access on unlicensed spectrum. 
Discussion

· Channel access mechanism 
The following listen before talk (LBT) categories were identified in R13 LAA design
· Cat.1: No LBT
· Cat.2: LBT without random back-off
· Cat.3: LBT with random back-off with fixed size of contention window
· Cat. 4: LBT with random back-off with variable size of contention window
To ensure fairness with WiFi, a new LBT Cat.4 similar to WIFI random backoff mechanism was specified for LTE LAA/eLAA DL and UL channel access. Similar to 25us PIFS of WiFi, LBT Cat.2 based on a single 25us CCA was also used to enhance channel access ability for some special scenarios, e.g. DRS without PDSCH and UL transmission within maximum channel occupied time (MCOT) of eNB. Obviously, LAA/eLAA LBT scheme should be a baseline for NR-U LBT design.
Propose 1: LAA/eLAA LBT scheme should be a baseline for NR-U LBT design.

For WiFi and LAA, large transmission bandwidth can be achieved via carrier aggregation or bundling of multiple 20MHz unlicensed carriers when successful LBT operation is performed at each carrier independently.  NR supports bandwidth up to 400 MHz. The performance of NR-U and WiFi/LTE LAA coexistence needs to be further studied. NR also supports higher frequency band up to 100 GHz. For unlicensed spectrum in 60GHz, the LBT for NR-U is a challenge with large WiFi system bandwidth.  NR standalone operation in unlicensed spectrum is a key scenario for enterprise network. In this scenario, UL LBT before SR, UL grant and PUSCH should be supported. The short-duration UL transmission will reduce the NR-U UL channel access opportunity. Therefore, LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes(e.g. CA, DC, standalone). 

Propose 2: LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes 

· NR-U cell discovery

DRS (Discovery signal) is adopted by LTE LAA for the purpose of cell discovery, time-frequency synchronization, power saving, RRM/RSSI measurement and hidden nodes cancellation.   SS block is the set of signals used for the UE initial access and RRM measurement.  SS block consists of 20PRBs out of minimum 5 MHz in SF1.   The SS block occupied bandwidth cannot meet the requirements of ETSI OCB regulation in unlicensed band, which the Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. Therefore, NR cell discovery signal for NR-U needs to be investigated.  

Propose 3: NR cell discovery signals for NR-U should be investigated. .

· NR-U PRACH

LTE eLAA dose not supported PRACH on LAA Scell.  UL timing synchronization on LAA SCell in LTE can be achieved through the PRACH transmitted in the licensed Pcell.  For NR, three operating approaches (CA, DC and standalone) have been considered in unlicensed band [2].  For DC and standalone scenarios, there is no ideal backhaul between non-collocated Pcell and NR-U Scell. UL timing synchronization of NR-based UL access in unlicensed spectrum can only be obtained based on the unlicensed SCell. In order to support robust UL access,   the PRACH should be supported on NR-U Scell. Similar to LAA DRS LBT scheme, a fast LBT with single CCA check can also be applied before the PRACH preamble transmission to reduce the access delay. To further improve the channel access ability of PRACH, enhanced channel access mechanism should be studied. 
Proposal 4: PRACH should be supported on NR-U Scell. 
Proposal 5: To further improve the channel access ability of PRACH, enhanced channel access mechanism should be studied.

· NR-U SRS

In NR, the SRS is used to enable frequency-selective scheduling on UL, as well as DL beamforming based on channel reciprocity. For NR-U Scell, only wideband SRS should be supported, as subband SRS is not in line with regulatory requirements of occupied channel bandwidth. Because of the need of LBT operation before transmitting SRS without PUSCH, only aperiodic SRS should be supported.
Proposal 5: Wideband aperiodic SRS should be supported for NR-U. 

· NR-U UCI transmission
For scenario of NR-U operating in DC and standalone modes, UCI feedback needs to support in unlicensed carriers UCI since it cannot be offloaded to the licensed carrier. UCI can be transmitted through PUSCH or PUCCH.  No additional specification complexity is need if UCI is multiplexed with data via PUSCH.  UCI feedback via PUCCH is required with some new features increased for NR PUCCH at least to ensure meeting occupied bandwidth and power spectral density regulation in unlicensed band. If high priority channel access mechanism was allowed for PUCCH transmission, PUCCH should be supported for NR-U.  
Proposal 6: If high priority channel access mechanism was allowed for PUCCH transmission, PUCCH should be supported for NR-U.  

· NR-U data transmission starting point

In unlicensed spectrum, network or UEs channel access may start at any position of subframe. In LAA design, starting point of downlink transmission is indicated by semi-static higher layer singling subframeStartPosition with the value s0 indicating the starting position at subframe boundary, s07 indicating the starting position at either subfarme boundary or slot boundary. As the starting point of LBT is difficult to determine, eNB often acquires channel access opportunity before DL transmission starting position configured by high layer and then self-deferable or reserve signal transmission procedure is enabled.  This will have the result of reduction in channel access opportunity or data transmission duration within MCOT. NR supports flexible subuframe structure with different numerologies with the granularity of starting position of DL transmission down to 1 OFDM symbol, which provides more DL transmission starting position candidates than that of LAA.  
Interlaced structure in UL transmission has been supported for eLAA to meet bandwidth regulation in unlicensed spectrum. This interlace waveform should be considered for NR-U PUSCH transmission.

Proposal 7: More flexible DL transmission starting position than LAA should be supported for NR-U.
Proposal 8: Interlace structure designed for eLAA should be considered for NR-U PUSCH transmission.

Conclusion
The above discussion is summarized with following observations and proposals:
Propose 1: LAA/eLAA LBT scheme should be a baseline for NR-U LBT design.
Propose 2: LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes
Propose 3: NR cell discovery signals for NR-U should be investigated Proposal 4: PRACH should be supported on NR-U Scell. 
Proposal 5: To further improve the channel access ability of PRACH, enhanced channel access mechanism should be studied.
Proposal 6: If high priority channel access mechanism was allowed for PUCCH transmission, PUCCH should be supported for NR-U.  
Proposal 7: More flexible DL transmission starting position than LAA should be supported for NR-U.
Proposal 8: Interlace structure designed for eLAA should be considered for NR-U PUSCH transmission.
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