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1 Introduction
In the RAN #75 meeting, a study item was approved to study the feasibility of NR in unlicensed spectrum [1]. Following the success of LAA, there is a lot of interest to develop NR features and functionality that allow NR to operate in unlicensed bands as well. Many NR features, such as self-contained sub-frames, mini slots, and flexible numerology already make NR a better candidate for operating in unlicensed bands as compared to LTE. However, in order to ensure a robust design that is not only efficient but also forward compatible, further enhancements will be required. To this end, RAN1 92bis made the following agreements:
	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




In this contribution, we provide further details for the beam measurement design and framework for NR-U. 
2 Beam measurement for NR-U
Physical layer procedures for operation of NR in unlicensed bands should take into account the advanced techniques and flexibility offered by the NR design.  Multi-antenna techniques such as MU-MIMO, massive MIMO etc. are a fundamental and essential part of the NR design. Therefore, even while co-existing with other systems on the same spectrum, NR unlicensed should be able to use these advanced features efficiently. 

Proposal 1: NR unlicensed should be able to make efficient use of advanced multi-antenna techniques that are a part of NR, such as MU-MIMO, multi-point transmission, etc.

Channel access opportunities in unlicensed bands are not certain, subject to channel availability. This uncertainty of transmit opportunities makes relying on periodic measurements and reports infeasible. This is particularly evident in RLM/RRM and beam management procedures where using periodic SS blocks or periodic CSI-RS for DL beam measurement and reporting for example is practically very difficult. 

Periodic measurements and reporting in beam management is mainly used for: 
1. Extending the coverage for initial access (through SS block beam sweeping)
2. Coarse beam selection in the absence of heavy traffic
Coverage extension, however, is not needed for operation in unlicensed bands because of the EIRP restriction. Furthermore, there is no need to maintain a coarse beam selection in unlicensed bands given that LBT is needed prior to every packet transmission. Hence, for the beam management procedure, beam measurement and reporting can be based on aperiodic CSI-RS to overcome the problem of relying on periodic measurements using SS block or periodic CSI-RS. Benefiting from the flexibility of the CSI report in NR, and the agreed upon unified framework of CSI acquisition and beam management, the aperiodic CSI-RS report for beam management can simply be a beam indicator or a CSI-RS resource indicator (CRI) report of the best transmit beam to use at the base station. 

Proposal 2: Beam management in NR operation in unlicensed bands is based on aperiodic CSI-RS measurement and reporting
In IEEE 802.11, preamble detection is used to improve coexistence since the preamble can be detected at a lower SINR. NR could also benefit from having a preamble. A preamble can generally serve three use cases, two of which are valid at the link-level and thus for a single gNB and a single UE. The third one is for networks of base stations and UEs and applicable at the system-level [2]. At the link-level, preambles can be used for energy detection. The reason blind decodes of PDCCH candidates are complex and power consuming is the involvement of FEC. Energy detection at small time intervals is much friendlier to battery life as opposed to frequent blind detection of PDCCH candidates. A preamble can also be used to derive self-contained transmission bursts [3]. In licensed bands, radio access technologies usually rely on periodic signals for tracking, synchronization, channel estimation, and so forth. Alternatively, preamble-like aperiodic signals can be used for these purposes thereby alleviating or obviating the need for periodic transmissions of synchronization and/or reference signals. 

In our view, all the above three use cases of preambles and preamble-like signals should be studied in NR-U. However, we deem it important to separate the energy detection aspect [2]
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[3] from the measurement aspect. A preamble-like signal for the purpose of tracking, synchronization, channel estimation rather resembles a traditional SS block or CSI-RS with a dense and wideband pattern which can be either TDM or FDM in symbols which are aperiodically transmitted, for example at the start of a data burst (hence the resemblance to a “preamble”). One-shot detection of such aperiodic signals should be studied as well as its applicability for channel selection and RRM measurements. 

Proposal 3: Study aperiodic one-shot reference signals and their applicability to beam management for NR-U
3 Conclusion

In this contribution, we provided further details for the beam measurement design and framework for NR-U. The following is proposed:

Proposal 1: NR unlicensed should be able to make efficient use of advanced multi-antenna techniques that are a part of NR, such as MU-MIMO, multi-point transmission, etc.

Proposal 2: Beam management in NR operation in unlicensed bands is based on aperiodic CSI-RS measurement and reporting
Proposal 3: Study aperiodic one-shot reference signals and their applicability to beam management for NR-U
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