[High level]
This technical report presents the results of a study on the operation of NR in unlicensed spectrum. Multiple deployment scenarios for NR-U have been identified, including carrier aggregation (CA) with NR, dual connectivity (DC) with LTE or NR, stand-alone (SA), and SA with DL in unlicensed band and UL in licensed band.
The modifications to NR needed to allow it to operate in unlicensed spectrum as a Secondary cell through carrier aggregation, as a PSCell through DC, and as a stand-alone carrier are studied and documented. The relevant regulatory requirements have been summarized in section 4. It has further been identified that the use of NR in unlicensed spectrum can serve as a useful additional tool by operators with licensed spectrum to maximize the value they can provide to users, while the core of the activity of the operators remains anchored to the licensed spectrum. In addition, it has been identified that the use of NR in unlicensed spectrum as a stand-alone carrier is beneficial as an additional way to provide 5G service. The study concludes modifying NR to operate in unlicensed spectrum in licensed assisted access, dual connectivity, and stand alone scenarios are feasible.
[Coexistence evaluation]
When deployed in unlicensed bands, NR-U needs to coexist with other deployments with same or other RATs, and coexistence performance has been evaluated. For the coexistence evaluation, three scenarios (indoor, outdoor scenario 1, and outdoor scenario 2) have been defined, as documented in section 8. For 5GHz band, where Wi-Fi 802.11ac has been widely deployed, the coexistence evaluation assumes two independent networks (e.g., NR-U+Wi-Fi or Wi-Fi+Wi-Fi) are deployed in the same area, and the fairness criterion is defined as the NR-U network not degrading Wi-Fi 802.11ac network performance when NR-U and Wi-Fi 802.11ac are deployed in the area compared to the case where two Wi-Fi 802.11ac networks are deployed in the area. For 6GHz band, since both NR-U and Wi-Fi are new systems to be deployed in the band, a technology neutral fairness criterion is applied for the coexistence evaluation. 
The coexistence evaluations performed during the study item are documented in section 8.3. The 5GHz band coexistence evaluation results are listed in Section 8.3.1. A majority of sources providing evaluation results showed that NR-U does not impact Wi-Fi more than another Wi-Fi network, and the performance of the Wi-Fi network improves when coexisting with the NR-U network compared to when coexisting with another Wi-Fi network. The channel access scheme and/or parameters shown by different sources to not impact Wi-Fi more than another Wi-Fi network may be different. The studies show that when the appropriate channel access schemes, as defined in Section 8.2, are used, it is feasible for NR-U to achieve fair coexistence with Wi-Fi, and for NR-U to coexist with itself. The 6GHz band coexistence evaluation results are listed in Section 8.3.2.
[Frame structure, channel access, init access, harq, aul]
Based on the evaluations and findings in Section 8, it is recommended that the channel access schemes defined in section 8.2 with proper setting of parameters be adopted for NR-U. 
[bookmark: _Hlk529558929][bookmark: _Hlk529527873]For LBE mode of operation, it is recommended that NR-U supports single DL/UL switching point operation within a gNB initiated COT, as in LTE-LAA. It is also recommended that NR-U supports multiple DL/UL switching points within a gNB initiated COT. It is recommended that Cat 4 channel access is used for gNB or UE to initiate a COT for normal data transmissions, while gNB can use Cat 2 channel access for DRS transmission when DRS satisfies some conditions. It is recommended that for a switching point gap of up to 16 µs, where the gap accommodates for the transceiver turnaround time, immediate transmission can take place within the same COT. It is recommended that for a gap of more than 16 µs but less than 25 µs, Cat 2 LBT can be used within the same COT. It is also recommended that for a single switch point within a COT case, where the switching gap exceeds 25 µs, Cat 2 LBT can be used within the same COT. Partial slot transmission at the beginning of the gNB initiated COT is identified as beneficial with multiple techniques to support partial slot transmissions identified. 
[Benefits of FBE operation has been identified when LBE nodes are absent on a long term basis and synchronized deployment is possible. According to regulation, the channel access of FBE is in unit of fixed frame periods. A Cat 2 LBT is used before each fixed frame period to determine if the fixed frame period can be occupied. Within an occupied fixed frame period, for a switching point gap of up to 16 µs, where the gap accommodates for the transceiver turnaround time, immediate transmission can take place. For a gap of more than 16 µs in an occupied fixed frame period, Cat 2 LBT can be used.]
The enhancement needed for initial access procedures are captured in section 7.2.1.3.2. The issue of reduced transmission opportunities due to LBT failure for SS/PBCH block transmission, msg 1/2/3/4 transmission in 4-step RACH process, RLM/RRM, and paging has been identified and some enhancements are identified. For RLM/RRM, DMTC can be introduced.
For HARQ, the benefit of supporting all HARQ A/N within the same shared COT, if possible, has been identified. Multiple techniques to handle reduced HARQ A/N transmission opportunities due to LBT failure have been identified (section 7.2.1.3.3). Furthermore, enhancements to UL scheduling, such as scheduling multiple TTIs for PUSCH(s) using a single UL grant, as is possible for LAA, were identified as beneficial.
For configured grant, the benefit of enhancing the NR design for NR-U has been identified (section 7.2.1.3.4). Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID has been identified as beneficial in removing dependencies of HARQ process information to the timing. The identified enhancements also include introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission, increased flexibility on time domain resource allocation for the configured grant transmissions and supporting retransmissions without explicit UL grant. 
[Signals and channels]
The enhancements identified for physical layer signal and channels are captured in Section 7.2.1.2. 
For SS/PBCH block transmission in NR-U DRS, it has been identified as beneficial to include CSI-RS and RMSI-CORESET(s) and RMSI-PDSCH(s) in the same contiguous burst. Optionally OSI and paging can be transmitted in the same DRS if there are available resources. 
For UL signals/channels, a study on the waveform design to satisfy the Occupied Channel Bandwidth requirement and Power Spectrum Density requirements of unlicensed bands was conducted, and it was determined that it is feasible to introduce a block-interlaced waveform for PUCCH and PUSCH for UL as enhancements to existing NR UL waveforms to satisfy the requirements, similar to the block-interlaced PUSCH introduced for LTE-LAA. 
[RAN2 procedures]
A study of the major aspects of NR radio interface architecture, protocol termination, radio interface protocols between UEs and RAN to support operation in unlicensed spectrum was conducted and it was determined that it is feasible to support these aspects for NR-U based on CA, DC (with LTE or NR) or SA operation.
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