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[bookmark: _Ref124589705][bookmark: _Ref129681862]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.
· [bookmark: _Hlk500847868]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
· [bookmark: _Hlk500847837]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. 
Frame Structure Aspects of NR System Operation in Unlicensed Spectrum

NR system is designed with flexible frame structure and the consideration of operation in unlicensed spectrum in the beginning.   NR frame structure includes the slot and mini-slot structures, different numerology of subcarrier spacing with power 2, flexible starting time of PDSCH/PUSCH transmission in mini-slot with 1 symbol granularity, support of slot aggregation, flexible HARQ timing, dynamic DL/UL configuration within a slot and dynamic bandwidth adaptation through BWP configuration and support of beamforming in the frame structure design.    

The slot is the basic unit of NR frame structure with 14 symbols in length.  Similar to LTE, each radio frame contains 10 subframes in NR.   Each subframe contains 2µ number of slots with µ defined at Table 4.3.2-1 of [2] for different numerologies.   Different numerologies could also be configured for different type of service with different QoS requirements, such as latency requirements, for the access in the unlicensed spectrum.   The slot boundary starts at the radio frame boundary.  The length of mini-slot varies from 1 to 14 symbols.    The flexibility starting time of PDSCH/PUSCH transmission in mini-slot with 1 symbol granularity enables the immediate NR DL/UL access in unlicensed spectrum when the channel is sensed to be clear.    The support of slot aggregation would extend the NR transmission interval up to the allowed maximum channel occupancy time (MCOT).   This would improve the efficiency of NR access in unlicensed spectrum.   In Rel-15, only 2-symbol, 4-symbol, and 7-symbol mini-slots are supported.   In order to have efficient operation in unlicensed spectrum, the flexible mini-slot structure from 1-14 symbols with starting time granularity of 1 symbol should be supported in Rel-16.   

Proposal 1: Mini-slot structure should be used as the starting point for the NR frame structure operation in the unlicensed band.  
Proposal 2: The flexible mini-slot structure from 1-14 symbols with starting time granularity of 1 symbol should be supported in Rel-16 for efficient operation in unlicensed spectrum.

The dynamic DL/UL configuration allows dynamic selection of gNB DL transmission or UE UL access in unlicensed spectrum based on DL/UL traffic arrival when the channel is sensed to be clear.   The dynamic DL/UL configuration is explicitly indicated by the SFI in the group common PDCCH.   The DL/UL configuration could also be indicated implicitly through the DL assignment or UL grant.  UE does not need to know the resource unlicensed spectrum would be used for the DL or UL in advance.   UE would assume that the resource is used for DL or UL transmission based on the reception of DL assignment or UL grant.    UE would receive DL PDSCH transmission right after the reception of DL assignment.   For UL transmission, the UE will transmit PUSCH at the scheduled time after receiving the UL grant.  UE might not be able to start PUSCH transmission at the scheduled transmission in unlicensed spectrum.   Thus, implicit DL/UL configuration through DL/UL resource allocation needs to be further studied for the NR access in unlicensed spectrum.
Proposal 3: Implicit DL/UL configuration through DL/UL resource allocation needs to be further studied for the NR access in unlicensed spectrum.

The dynamic HARQ timing in the frame structure design would allow the flexible timing in transmitting HARQ-ACK feedback and retransmission along with dynamic DL/UL configuration in NR.  The flexibility of the transmission timing is critical for the NR access in unlicensed spectrum.   Dynamic bandwidth adaptation in NR allows the friendly distributed coordination of access in unlicensed spectrum.     The support of beamformed SS block and beam sweeping transmission in the NR frame structure would extend the coverage of NR system, which is essential for the operation in unlicensed spectrum in mmWave.   

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we discussed the frame structure aspects of NR-based standalone operation in unlicensed bands.  We have the following proposals,    
· Proposal 1: Mini-slot structure should be used as the starting point for the NR frame structure operation in the unlicensed band.  
· Proposal 2: The flexible mini-slot structure from 1-14 symbols with starting time granularity of 1 symbol should be supported in Rel-16 for efficient operation in unlicensed spectrum.
· Proposal 3: Implicit DL/UL configuration through DL/UL resource allocation needs to be further studied for the NR access in unlicensed spectrum.
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