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1 Introduction
In the last RAN1 meeting [1], the following agreements were made: Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



























This contribution discusses the details of the agreed study points and other aspects related to the initial access and mobility procedure for NR-U:
· Cell search
· Random access
· Mobility and Measurement
· Beam Management
2 Cell Search 
In NR-U, the transmission of SS/PBCH blocks can be subject to the sensing result of Listen-Before-Talk (LBT), such that the UE cannot always expect to receive the SS/PBCH blocks periodically, which challenges the receiver implementation on soft combining. Moreover, due to the uncertainty of channel access from LBT, the delay of initial cell search may be enlarged, hence, enhancement of the channel access of SS/PBCH block (e.g. similar to Rel-13 LTE DRS design) and enhancement of the synchronization signal and/or PBCH may need further study in NR-U.
Proposal 1: NR-U shall evaluate the performance of LBT-based transmission of SS/PBCH blocks, and study potential solutions for enhanced synchronization signal and/or PBCH performance if needed.
3 Random Access 
NR-U supports the architectural scenarios including standalone NR-U, and carrier aggregation/dual-connectivity between NR-U and licensed NR/LTE carrier. Therefore, in addition to supporting the contention-free random access (RA), NR-U also needs to support the contention-based random access. The contention based random access in NR is based on a 4-step procedure, wherein UE first transmits a physical random access channel (PRACH) preamble (Msg1) to gNB through PRACH; gNB replies with the random access response (RAR) in Msg2; then UE transmits a Msg3 in the uplink and gNB transmits the Msg4 in the downlink. Such random access design of NR can be utilized as the baseline for random access in NR unlicensed.
Proposal 2: NR-U shall support both contention-based random access and contention-free random access.
NR-U needs to satisfy unlicensed spectrum regulations such as the listen-before-talk (LBT), occupied channel bandwidth (OCB) regulation, and power spectral density (PSD) regulation. Due to the LBT requirement, the 4-step random access procedure needs to succeed in at least four LBTs before each message can be transmitted, and the failure of any LBT can lead to a significantly increased random access delay and resource overhead. Therefore, NR-U random access needs enhancements from the baseline procedure to decrease the expected random access delay caused by potential LBT failure. For example, the expected random access delay of NR-U can be decreased by increasing the transmit opportunities for each message of the random access procedure, and/or by simplifying the overall random access procedure such that fewer LBTs are required, and/or by enhancing the LBT design for random access. 
Specifically, a 2-step based RA for NR unlicensed can be utilized as an alternative to a 4-step based RA to reduce an initial access latency compared to the 4-step RA. A general procedure of a 2-step RA is shown in Figure 1. In step 1 of the 2-step RA a UE transmits to a gNB a PRACH preamble, and a data part which can include a UE ID, RRC connection request, and other information with small payload, subject to successful LBT. In step 2 of the 2-step RA, the gNB transmits a random access response that can include a timing advance value, a UE ID, a detected PRACH preamble ID and a contention resolution message, subject to successful LBT. In addition to a 4-step RA procedure, NR-U can also support such simplified 2-step RA for a faster RA procedure, especially for operation in small cell where an effect of a need for a timing advance is less detrimental to a reception reliability for data transmitted in step 1.


Figure 1. Illustration of 2-step RA for NR-U
Proposal 3: NRU supports 2-step RA for NR-U and further investigates the details of 2-step RA.
If the message in step 1 is retransmitted, UE may perform power ramping to increase the preamble detection performance. However, in NR-U, UE may fail to receive RAR due to LBT failure at gNB side even if gNB already correctly detects the preamble which is irrelevant to preamble transmission power. Besides, the physical layer at UE side may drop the transmission if LBT fails though the higher-layer triggers the preamble transmission. The power ramping behavior should be designed to avoid unnecessarily increased interference to other nodes and transmission power waste due to improper power adjustment by UE. 
Proposal 4: NR-U shall investigate power ramping behaviour to avoid improper power adjustment by UE.
4 Mobility and Measurement
For radio link monitoring, the downlink radio link quality of the primary NR or NR-U cell shall be monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. In NR, the UE can be configured for a cell with a set of resources (e.g. SS/PBCH block and/or CSI-RS) for radio link monitoring by higher layers. The physical layer in the UE shall indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE shall indicate in-sync to higher layers. In order to operate NR-U without any assistance from licensed carrier, the radio link monitoring is also performed by a NR-U cell. However, due to the nature of unlicensed spectrum which requires channel access before transmission, the radio link quality may not be assessed in a set of slots configured for radio link quality measurement or the UE measures the link in a slot where gNB fails to access the channel. Therefore, further studies are required for radio link monitoring procedure including beam management in NR-U.
Proposal 5: For standalone NR-U operation, enhancements on radio link monitoring procedure should be investigated.
5 Beam Management
In high frequency systems, analog beamforming and hybrid analog beamforming are implemented to combat the large path loss and penetration loss, which are one of the biggest challenges for wireless communication in high frequency band, for example ~6GH and > 6GHz. Both gNB and UE can be a multi-beam system where multiple beam directions are available and we need find a ‘best’ beam pair link for each pair of gNB and UE to ensure reliable radio link quality. Beam management and beam failure recovery function are supported in NR for multi-beam based systems. 
For a NR-U systems in high frequency bands, beam management and beam failure recovery features are necessary. The beam management design in NR can be used as baseline. However, the design of beam management for NR-U shall also consider the unique characters of transmission in NR-U. The transmission in NR-U is generally subjected to the results of LBT, therefore, the transmission of CSI-RS for beam management might need some enhancement. In NR, SS/PBCH blocks can be used in beam management. The transmission of SS/PBCH in NR-U might need enhancement and thus the beam management based on SS/PBCH would need further study for potential enhancement too. The impact of LBT operation on the transmission of periodic/semi-persistent/aperiodic CSI-RS and corresponding enhancement shall be studied. Uplink beam management is used to align the beam for uplink transmission and SRS resource is used for UE Tx beam measurement. The enhancement of SRS transmission for uplink beam management also need further study.
Proposal 6: NR-U shall support the feature of beam management:
· Investigate the enhancement on beam management and beam failure recovery;
· Investigate the enhancement on periodic/semi-persistent/aperiodic CSI-RS transmission and SRS transmission for beam management.
6 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: NR-U shall evaluate the performance of LBT-based transmission of SS/PBCH blocks, and study potential solutions for enhanced synchronization signal and/or PBCH performance if needed.
Proposal 2: NR-U shall support both contention-based random access and contention-free random access.
Proposal 3: NRU supports 2-step RA for NR-U and further investigates the details of 2-step RA.
Proposal 4: NR-U shall investigate power ramping behaviour to avoid improper power adjustment by UE.
Proposal 5: For standalone NR-U operation, enhancements on radio link monitoring procedure should be investigated.
Proposal 6: NR-U shall support the feature of beam management:
· Investigate the enhancement on beam management and beam failure recovery;
· Investigate the enhancement on periodic/semi-persistent/aperiodic CSI-RS transmission and SRS transmission for beam management.
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