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1. Introduction
Now 3GPP has started Study Item on NR-based access to Unlicensed Spectrum [1] (NR-U) which aims to identify and evaluate technical solutions for next generation wireless systems operating on both sub 6GHz and above 6GHz unlicensed bands. This contribution discusses the potential solutions and techniques considered for NR-U operation, especially with considering beamforming.

2. Discussion
In NR, beamforming based operations have been introduced in order to overcome the path-loss due to the high frequency band characteristic while achieving the coverage. In this section, we investigate the progress on NR related with the beamforming while also investigate the possible solutions and issues for NR unlicensed band.

[Multi-beam related features in NR Rel-15]
Some of the features in NR have been extensively studied to cope with the beamforming, and we summarize the features as follows: 
· RRM measurement and handover based on multiple SS blocks and/or CSI-RSs
· NR UE distinguishes cells with multiple SS blocks and CSI-RSs. Each SS block index and CSI-RS index are uniquely identified by the UE and gNB, and the indices can represent different ‘beam’. Network can transmit up to 64 SS block beams and also large number of CSI-RSs (number FFS) while UE needs to measure them to derive the single cell quality for RRM and handover.
· Random access based on multiple SS blocks and/or CSI-RSs
· NR supports random access over number of resources associated with different RSs (beams). For contention-based random access, SS block associated resources can be scheduled and broadcast signalled for initial access and other purposes. For contention-free random access, both SS block and/or CSI-RS associated resources can be scheduled and UE specifically signalled.
· Cell selection/ reselection based on multiple SS blocks
· Idle mode NR UE performs cell selection and reselection based on more than one SS blocks of each cell with respect to the RRM model of connected mode.
· Radio link monitoring based on multiple SS blocks and/or CSI-RSs
· Unlike LTE, NR supports RLM/RLF based on list of SS blocks and/or CSI-RSs which requires UE to determine radio link problem based on measurements of multiple beams. 
· Beam management with CQI feedback based on multiple SS blocks and/or CSI-RSs
· NR supports beam management which targets gNB scheduling beam (beam set) management based on UE feedback. For this, NR gNB is available of configuring multiple RSs for UE to measure and UE to report the channel quality information. 

[Multi-beam related features required for NR-Unlicensed operation]
Like NR Rel-15, NR-U also considers both below and above 6 GHz unlicensed frequency. Currently yet there is no solid support of NR-U for >52.6GHz (e.g. 60GHz unlicensed spectrum) in 3GPP, however, we need to study the beamforming related features for above 6GHz. Note that the 60GHz spectrum had already been studied by IEEE which also utilized beamforming. 
Considering NR-U in such high frequency, in order to overcome the path-loss and achieve the required coverage, beamforming needs to be considered as a key technical issue. In this contribution, we observe the possible solutions for NR-U considering beamforming, with accommodation of NR Rel-15. Moreover, we discuss unlicensed specific issues which did not appear on NR Rel-15. 
Considering stand-alone NR-Unlicensed operation, we observe the following features to be studied with beamforming as follows: 
· Beam RS definition
· In LAA, DRS has been enhanced for SCell discovery and RRM measurement in unlicensed spectrum. Likewise, considering unique characteristics of unlicensed bands such as coexistence with other RATs and listen-before-talk, we need to investigate the proper RS definition and design for unlicensed use including beam identification. 
· RRM measurement and handover 
· NR-U UE needs to be able to measure, compare, and trigger report based on the triggering conditions among NR-U cells with multiple measurement occasions among multiple different RSs transmitted with different beams. This could be done among semi-periodic transmission reception of RSs (like CRS) or could be done using one-shot measurement (like DRS in LAA).
· Random access 
· Standalone NR-U also needs to support initial access and handover using random access channel. For the random access on multi-beam environment, number of resources needs to be scheduled which are associated with different RSs (beams). For initial access, NR-U needs to support contention-based random access, while contention-free random access is also needs to be supported for handover and other purposes.
· Cell selection/ reselection 
· Idle mode NR-U UE needs to perform cell selection and reselection based on more than one RSs of each NR-U cell.
· Radio link monitoring for radio link failure
· Unlike LTE, NR supports RLM/RLF based on list of SS blocks and/or CSI-RSs which requires UE to determine radio link problem based on measurements of multiple beams. 
· Beam management with CQI feedback
· NR supports beam management which targets gNB scheduling beam (beam set) management based on UE feedback. For this, NR gNB is available of configuring multiple RSs for UE to measure and UE to report the channel quality information. 

Also, as mentioned above, due to the unique characteristics of unlicensed spectrum use, such as coexistence and listen-before-talk, NR-U may also need to study the impact of beamforming for the following issues: 
· Hidden node problem due to beamformed communication
· Unlike omni-directional transmission/reception, analog beamforming has unique direction and coverage based on gNB and UE location, antenna configurations, and transmission power. Each unlicensed transmission using beamforming has different interference range on surrounding UEs, and, hence, NR-U will have distinctive hidden node problem compared with the conventional unlicensed omni-directional transmission reception. 
· Exposed node problem due to beamformed communication
· Exposed node problem is that an ongoing wireless transmission prohibits possibly successful communication of other nodes due to the LBT behaviour. This also needs to be studied especially with beamforming

In this contribution, we listed the possible issues, solutions for NR-Unlicensed operation especially with beamforming. For the successful study and enhancement, we propose to study the above issues in NR-U study item and work item phase. 

Proposal 1: NR-Unlicensed shall support the features related with beamforming and study the possible enhancement. 

2 Conclusion
Based on the above, RAN2 is requested to discuss and if possible agree on the following proposal:

Proposal 1: NR-Unlicensed shall support the features related with beamforming and study the possible enhancement. 
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