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Introduction
In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-76, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. In this contribution, we discuss NR-U frame structure. 
[bookmark: _Ref178064866]Discussions 
NR Frame Structure
NR supports FDD, dynamic TDD, and TDD with semi-statically configured UL/DL configuration. 
In dynamic TDD case the slot, or part of it, carrying data is assignable to either uplink or downlink on a dynamic basis under the control of the scheduler. The UE simply follows the scheduling assignments and grants received from the scheduler. If a downlink assignment is received for a certain time interval (e.g. a slot), the UE receives and processes the downlink data. Similarly, if an uplink grant is received, instructing the UE to transmit in a certain time interval, the UE does so.
The semi-static DL/UL assignment is done via cell-specific and UE-specific RRC configuration. With the cell-specific configuration, the UE is allocated a DL-unknown-UL pattern. The “unknown” resources are flexible resources that can be assigned DL or UL direction using UE-specific configuration or dynamic signaling. The UE-specific RRC signaling includes the indication as per slot basis that can override the “unknown” allocation in the cell-specific configuration. Resources in the slot configuration that are without DL/UL indication remain flexible resources.
Operation in unlicensed spectrum clearly requires a dynamic TDD scheme similar to frame structure 3 used for LAA. However, semi-static assignments can be used to indicate DL subframes that carry synchronization and broadcast signals.
Both Dynamic TDD and TDD with semi-statically configured UL/DL configuration are beneficial for NR-U operation. 
NR-U should support both dynamic and semi-static DL/UL configurations.
Slots
In NR, a slot is 14 OFDM symbol length, irrespective of the numerology used. Nevertheless, NR support shorter transmit duration than a regular 14 OS slot via introducing non-slot based scheduling (a.k.a mini-slots). This is useful for several reasons including
· Multiple starting positions within a slot duration 
· Faster processing delays and feedback 
· Shorter transmission duration than a regular slot which is suitable for small packets (such as TCP ACKS)
This kind of flexibility is specially needed for the unlicensed channel operation. 
Mini-slot enhances NR-U channel access by enabling access to the channel at a much finer granularity
The non-slot based scheduling is enabled by: 
· Time-domain PDSCH resources field of the DCI
· Multiple CORESETs per BWP in the time domain
· DMRS location depends on the scheduling scheme used
The Time-domain PDSCH resources field of the DCI provides an indication to: 
· the allocated slot 
· The starting symbol relative to the start of the slot, and the number of consecutive symbols counting from the starting symbols
· PDSCH/PUSCH mapping type (it Type A or B which defines the DMRS location)
Given that, the NR provides the means to schedule transmissions shorter than a slot duration, and to start transmissions are any symbol within the slot.  However, for Rel-15 NR, the following restrictions were made: 
· The maximum number of CORESETs per BWP per cell is 3, meaning that the maximum starting points within a slot are 3.
· PDSCH/PUSCH duration limited to 2, 4, and 7 symbols beside the full slot transmission.
Even with limited starting points, given the larger subcarrier spacings, NR-U can still achieve fine channel access granularity. 
NR-U should support non-slot based scheduling.
Dynamic subframe structure
Fast HARQ feedback can be transmitted immediately after the received burst in both DL and UL. Thereby, the transmission direction may be switched multiple times within one transmit opportunity. The later also motivates that NR-U should support multiple switch points within a transmit opportunity. Depending on the traffic (data or control), a short or no LBT may be used upon every change of direction within a transmit opportunity. 
NR-U should support multiple gaps and switching back and forth between DL and UL directions within a COT.
Numerology for NR-U
In [2] we provide an extended discussion on OFDM numerology design to operate NR in unlicensed spectrum.
To summarize, the transmission granularity and latency can be reduced if 30 kHz and 60 kHz subcarrier spacing are used as numerology candidates for NR in unlicensed spectrum for 5/6 GHz. 60KHz subcarrier spacing will enable 4 times higher channel access granularity as compared to LAA. However, it will require some changes to support 60KHz for all types of signals for below 6GHz spectrum. 
30 kHz subcarrier spacing is supported for NR unlicensed @ 5 GHz and 6GHz.
Further study the required changes to enable the support of 60KHz subcarrier spacing for NR unlicensed @ 5 GHz and 6GHz.
NR Rel-15 focused on frequencies up to 40GHz, and therefore further studies are needed to determine a suitable subcarrier spacing for 60GHz band. We consider it appropriate to consider such studies in tandem to studies that may include potential enhancements to channel access mechanisms, after the general discussion for lower bands, e.g., 5 GHz, 6 GHz is complete.

Wideband operation
Similar to NR, it is expected that NR-U will support transmissions with wide bandwidth, e.g., up to several hundreds of MHz bandwidth. However, there could be different radio technologies with different device’s capabilities that simultaneously share the same spectrum. It will be unlikely that a device will sense the channel free over the whole wide bandwidth, especially at high load. Thus, it is beneficial for NR-U to support transmissions with dynamic bandwidth, in which the device can decide which part(s) of the supported bandwidth to use based on its LBT outcome.
There are two common approaches for the device to use in wideband transmissions: carrier aggregation (CA) and single carrier wideband transmissions. In CA transmissions (similar to LTE-based LAA), the device performs LBT per small BWP, e.g., 20MHz, then treating each free small BWP as a component carrier (CC) for the transmissions. In single carrier wideband transmissions, the device treats free small BWP(s) as a single (wider) BWP or single CC. Figure 1 shows an example for the wideband operations using CA and single carrier wideband transmissions with 80 MHz supported bandwidth. Different UEs may transmit with different bandwidth sizes depended on their LBT’s outcomes.    
      [image: ]
Figure 1 - CA and single carrier wideband transmissions.
In general, CA transmissions have less standard impact (using LTE-based LAA as baseline) and require less stringent processing requirements since the transport blocks can be prepared independently per CC in advance (before LBT). Moreover, the CA transmitting approach is flexible and can be easier to adopt for transmissions with non-contiguous BWPs. However, the single carrier wideband transmitting approach also has its own advantage in term of improving the spectral efficiency by exploiting the guard-band(s) between contiguous BWPs.   
  
NR-U should support CA transmissions for wideband operations.
Further study single carrier wideband transmissions for wideband operations.

Conclusion
In this contribution, we discuss NR-U frame structure. The following observations and proposals were made: 

1. [bookmark: _In-sequence_SDU_delivery]Both Dynamic TDD and TDD with semi-statically configured UL/DL configuration are beneficial for NR-U operation. 
Mini-slot enhances NR-U channel access by enabling access to the channel at a much finer granularity

1. NR-U should support both dynamic and semi-static DL/UL configurations.
NR-U should support non-slot based scheduling.
NR-U should support multiple gaps and switching back and forth between DL and UL directions within a COT.
30 kHz subcarrier spacing is supported for NR unlicensed @ 5 GHz and 6GHz.
Further study the required changes to enable the support of 60KHz subcarrier spacing for NR unlicensed @ 5 GHz and 6GHz.
NR-U should support CA transmissions for wideband operations.
Further study single carrier wideband transmissions for wideband operations.
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