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1 Introduction

In RAN1#92, the study target, the  simulation methogology and deployment scenarios of NR access in unlicensed spectrum were discussed with the following agreements,

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 techonologies not using unlicensed access in those bands.

Agreement:
· 5GCM in 38.802 is used for NR-U simulation evaluation

· NR-unlicensed simulation evaluation considers the following scenarios

· Indoor sub-7GHz, 2 operators

· Outdoor Sub-7 GHz, 2 operators

· Indoor mmW, 2 Operators

· Outdoor mmW, 2 operators

· Stadium scenario for sub-7GHz, 2 operators, can be optionally considered by interested companies.

· Note: RAN1 prioritizes the simulation for sub-7 GHz band. It does not preclude evaluation for above 7 GHz.

· Deployment scenarios to simulate

· CA between NR licensed cell and NR unlicensed cell

· DC (with LTE and with NR)

· SA

· An NR cell with DL in unlicensed band and UL in licensed band
· Note: A single set of evaluations may be applicable to multiple scenarios

· Note: Only unlicensed cell(s) is simulated.

· Note: The licensed cell may not be explicitly modeled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 

· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)

· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)

· Fairness criterion for coexistence with 11ax can be further discussed at plenary level

· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)

· From SID: 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
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations

· Note: The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands

Note (for the minutes): Some companies believe that a prioritization among the agreed simulation scenarios may be necessary.

Agreement:
The following network topologies are included in the evaluations:

· Indoor sub7GHz, choose one of the following options

· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)

· Option 3: Based on IEEE indoor enterprise model with modifications

· Outdoor sub7GHz

· NR dense urban scenario with two layers, but only consider the micro layer

· Randomly drop one micro layer per operator

· Indoor mmW

· Reuse indoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

· Outdoor mmW

· Reuse outdoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U

· An NR cell with DL in unlicensed band and UL in licensed band

· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

In this contribution, we mainly discuss the frame structure of  NR system operation in unlicensed bands. 
2 NR 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,
· 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.   
· RACH – 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.  
· 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.
· PUCCH–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.   .  
· 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.      
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 and UL 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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