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1 Introduction

In RAN#75, the SID of NR-based access to unlicensed spectrum was approved in [1]. The objective of NR-based access in unlicensed band includes the operation scenarios of NR-based License Assisted Access (NR-LAA) with LTE or NR as the anchor cell and NR-based cell operating in unlicensed spectrum as follows,
· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum

· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI

· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 

· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as require

In this contribution, we mainly discuss the aspects of NR-based cell standalone operation in unlicensed bands. 
2 Aspects of NR Standalone Operation in Unlicensed Spectrum
The NR system needs to enhance in order to support standalone operation in unlicensed spectrum.  In the License Assisted Access (LAA), most of UE network accesses 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, cordless phone link, and medical communication.  The opportunistic multiple access scheme poses severe challenges to the system design and UE complexity since the NR network access are only available when the unlicensed spectrum is free and not used by other system and applications.   
Several system design aspects to support NR system standalone operation in unlicensed spectrum are analyzed as follows,
· Initial Access –  The UE initial access includes the detection of PSS/SSS, synchronizing with the network,  retrieve the essential system information from broadcast, and performing RACH procedure for initial access to the network.   The NR system design to support UE initial access is based on periodical transmitting the PSS/SSS signals and essential system information for UE to listen and synchronize.   For the operation in the unlicensed band, the periodical transmission of the SS block might not be available at the time of scheduled transmission.  
· SS Block transmission in unlicensed spectrum and UE behaviour – The NR system design to support UE initial access is based on periodical transmitting the PSS/SSS signals and essential system information for UE to listen and synchronize.   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 configuration and transmission of SS block in unlicensed band need to be enhanced in order for UE to effectively detect the PSS/SSS and to access the system information.   
· RACH Procedures – RACH transmission might not at fixed timing due to the unlicensed channel availability.   In NR system, the transmission time of RACH Messages and the associated control information is fixed.    When the transmission time of RACH Messages varies due to the constraint of unlicensed band access with listen before transmit (LBT), the RACH preamble detection and response would face severe challenged.   How to enhance the RAH procedures for effective RACH access is critical for NR standalone operation in unlicensed spectrum.  
· System Information Broadcast – The duty cycle of broadcasting the system information is designed to minimize the overhead when the radio resource is always available.   When the radio resources are shared with other systems and applications, the system information broadcast system design and strategy needs to be enhanced in order for UE to receive the broadcast system information effectively in time.   

· Synchronization and Radio Link Monitoring – UE synchronizes with network based on the periodically transmission of reference signals.  When the reference signals are not transmitted periodically, UE needs to have additional mechanism to synchronize with the network.   In the mean time, how to define the framework for the radio link monitoring in unlicensed spectrum is important.   The criteria of UE out-of-sync, beam failure, and radio link failure for the NR system operation in unlicensed band should be investigated.  
· Network Access for IDLE and CONNECTED mode UEs – The network access procedures in unlicensed bands need to be redesigned for the access in the unlicensed spectrum.  In particular, the UE behaviour of periodical monitoring the control signals would be challenged when the periodical access control signals, such as paging, PDCCH, SR, and PUCCH, are not transmitted exactly at the configured time.  The access control procedures need to be enhanced to operate in the unlicensed band.   
· Paging for IDLE UEs – 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.   
· DL and UL Access control – For DL access, UE is configured to monitor PDCCH periodically in NR.   UE is also configured with UL periodic scheduling request (SR) resources for UL access request or semi-static UL resource with grant free transmission.  When the resource might not be available for the transmission, it is essential to investigate the enhancement of the DL and UL control procedures for NR-based access standalone operating in unlicensed spectrum.   
· Scheduling and HARQ - The scheduled data transmission and HARQ operations are based on fixed or configured processing time in NR.   The deterministic characteristic of the fixed and configured processing time would be challenged when operating in unlicensed spectrum.   New HARQ timing and scheduling mechanism would be needed for the NR standalone operation in unlicensed band.  
· 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.      
· Open Interface Security – NR relies on higher layer encryption and ciphering for the user and network security when it operates in licensed spectrum.  The user security would be wide open for the NR-based standalone operation in unlicensed spectrum.   Other receiver or application could easily intercept the transmission from NR system in unlicensed spectrum.   UE would become vulnerable access the NR network through unlicensed band when hackers try to steal information from UEs.   Additional security measures need to be considered for UE access to the standalone NR system in the unlicensed spectrum.   
3 Conclusion

In this contribution, we discussed the aspects of NR-based standalone operation in unlicensed bands.  The main aspects to address in the standalone operations in unlicensed spectrum include initial access, broadcast system information, synchronization and radio link monitoring, network access control for IDLE and CONNECTED mode UEs, mobility management, and open interface security.   
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