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1 Introduction

In RAN1#92bis, the NR physical channels for NR access in unlicensed spectrum were discussed with the following agreements,

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U

· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range

In this contribution, we mainly discuss the DL physical channel and signals for NR system operation in unlicensed bands. 
2 NR DL Physical Channel for the Operation in Unlicensed Spectrum
The only physical channels in the NR system used for License Assisted Access (LAA) are the share channels, such as PDSCH and PUSCH.  In LAA, most of UE network access controls are through the linked licensed carrier.  The carriers operating in unlicensed spectrum are used for data transmission in LAA.  Comparing to NR–based LAA in unlicensed band, NR-based standalone access in unlicensed spectrum would require all functions to support initial access, system information broadcast, mobility management, network access for both IDLE and CONNECT mode UEs and open interface security.   The access scheme in unlicensed spectrum is an opportunistic multiple access scheme, which the use of the spectrum for NR system access is opportunistic and to share with other systems and applications, such as WiFi.  
Several physical channels needs to be enhanced in order to support NR system standalone operation in unlicensed spectrum are analyzed as follows,
· SS Block – SS block is the 1st DL signals detected by the UE for the network access. SS block is also used as the RS for the RRM measurements and beam management.   The channel occupancy of DL transmission, such as PSS/SSS and other channels, is required to be 80% or more of the system BW.  The SS block configuration and associated RMSI transmission on PDSCH should ensure the occupancy of sufficient system BW.
· PSS/SSS –  UE detects the PSS/SSS and synchronizes with the network in the initial access.    For NR-LAA, UE would detect PSS/SSS from licensed carrier.     UE would synchronize with the DL timing of licensed carrier for the operation of unlicensed carrier in LAA.  For standalone operation in unlicensed spectrum, the NR system needs to transmit PSS/SSS signals for UE to perform initial access.  The periodical transmission of the PSS/SSS might not be possible all the time at scheduled transmission for NR standalone operation in the unlicensed band.    Thus, the PSS/SSS could be skipped if the channel is not clear at the scheduled periodic transmission or transmitted at next available clear channel within a configured window period   
· PBCH – After detecting the PSS/SSS, UE reads the PBCH and retrieves the essential system information from broadcast channel.  The duty cycle of broadcasting the system information is designed to minimize the overhead when the radio resource is always available.   The periodical transmission of the PBCH might not be possible all the time at scheduled transmission for NR standalone operation in the unlicensed band.  The access delay would increase if the UE could not detect PSS/SSS and decode PBCH periodically.  
· PDCCH and PDSCH for RMSI;  For the operation in the unlicensed band, the periodical transmission of the SS block and RMSI might be interrupted due to no clear channel in the unlicensed band.   Since the duty cycle is 20 ms, the time for UE to detect the PSS/SSS and read the essential system information would increase if the SS block and RMSI are not persistently transmitted from gNB.  The resource allocation of PDCCH for the RMSI transmission is included in PBCH.   If PDCCH resource is allocated not in the same symbols with SS block (FDM) or at the immediately symbols following SS block (TDM), the channel might not be clear to transmit the RMSI on PDSCH during the time.   UE needs to start over the procedure again.   The configuration and transmission of PDCCH and PDSCH carrying RMSI in unlicensed band need to be enhanced in order for UE to effectively detect the PSS/SSS and to access the system information.   
· Paging Channel – The paging procedure in NR is that IDLE UEs are configured with a paging cycle.  UE would wake up and decode the paging indication and paging message at the configured time.  The paging enhancement for NR system in unlicensed band is to study whether the paging system should be re-designed or new UE behaviour on the detection of paging indication and decoding of paging message should be specified.   
· PDCCH  – For DL access, UE is configured to monitor PDCCH periodically in NR.    The UE behaviour of periodical monitoring the control signals would be challenged when the PDCCH transmission is not transmitted exactly at the configured time.  The network access procedures in unlicensed bands need to be redesigned for the access in the unlicensed spectrum.
· RS for Mobility Management –   The RRM measurements and the performance requirements in unlicensed band needs to be specified since the RS signals used for RRM signals might not have sufficient density when some of the periodic RS signals could not transmit due to unclear channel for access.   The UE mobility management relies on the UE autonomous detection of neighboring cells and RRM measurements.   When the SS blocks of neighboring cells might not transmitted periodically at the specified time, UE needs to increase the cell search window and the cell detection mechanism.   The mobility management needs to be investigated.      
· RS for CSI Measurements and Channel Tracking -  CSI is derived from the measurements of periodic RS configuration, such as CSI-RS.  Similar to RS for mobility measurements, the periodic RS signals might not transmit at the duty cycle time if the unlicensed channel is not clear.   The accuracy of the CSI measurement would be degraded if the CSI-RS could not always transmit on the duty cycle time.   Thus, additional RS type needs to be considered for CSI measurements in unlicensed spectrum.
3 Conclusion

In this contribution, we discussed the physical channel aspect for NR-based operation in unlicensed bands.  The main aspects of the NR physical channel are the opportunistic transmission of DL physical channels for NR system standalone operations in unlicensed spectrum.  It is essential to have more detailed study on physical channel design for the NR system operation in unlicensed band.
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