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NR design targets a wide range of carrier frequencies. This includes the currently used frequencies below 6 GHz as well as higher frequency ranges of up to 100 GHz. This wide range of operating frequencies cover the traditional operator owned licensed spectrum, new licensed spectrum bands, unlicensed spectrum bands and potentially the licensed shared spectrum bands.
In this contribution, we discuss regulations and examples of sharing the spectrum across different regions, different bands and, in some cases, different application cases.
Discussion
Before the system starts operation in the unlicensed spectrum, it shall be able to survey the usage and interference levels of different portions (or channels) of the spectrum. Identifying the least utilized portion of the spectrum with low observed interference is beneficial to both the NR and other coexisting technologies. Low interference contributes to better performance and operations for the NR system. The low observed interference is correlated to low interference from the NR system to other coexisting technologies. Therefore, it is essential for the design of the NR system to support efficient mechanism to measure the channel quality and/or utilization levels of the spectrum. Such monitoring of the spectrum should be performed by the base station. Reports and assistance from the associated UEs should also be considered in the NR system design.
Unlicensed spectrum regulations typically include occupied bandwidth constraints, radio duty cycle restrictions, transmit power and power spectrum density limits, and depending upon the regional regulations use of the Listen Before Talk (LBT) principle in order to support coexistence with other devices sharing the spectrum. As an example, 5 GHz unlicensed spectrum is currently under investigation in 3GPP for Licensed Assisted Access (LAA), where LTE exercises the LBT principle in the unlicensed spectrum for medium access in order to support coexistence and spectrum sharing with other collocated networks such as Wi-Fi. 
Coexistence requirements include minimizing harmful interference to collocated networks in the USA while the regulations in Europe, Japan, etc., explicitly mandate the use of the LBT principle in the 5 GHz unlicensed spectrum. Across different sub-bands, the regulations can be different. For instance, the 5 GHz unlicensed spectrum in Europe includes a subband requiring lower transmit power and EIRP limits for frequency ranges from 5.15 GHz to 5.25 GHz, whereas the subband from 5.47 GHz till 5.725 GHz mandates the use of transmit power control and dynamic frequency selection. 
Another example includes the 2.4 GHz industrial, scientific and medical (ISM) band, where a large number of devices share the spectrum using the physical and medium access control layers based on the IEEE standards such as IEEE 802.11 (cf. Wi-Fi), IEEE 802.15.4 (cf. ZigBee, WirelessHART, ISA 100.11a, etc.) and IEEE 802.15.1 (cf. Bluetooth). While Wi-Fi and ZigBee makes use of the LBT procedure, Bluetooth uses a limited transmit power and bandwidth, and exercises frequency hoping to support coexistence with other collocated networks such as Wi-Fi and ZigBee. Bluetooth in the 2.4 GHz ISM spectrum uses low transmit power levels (depending upon the class 0 dBm, 4 dBm or 20 dBm) and a limited bandwidth of 1 MHz, and applies frequency hopping that changes the channel 1600 per second [3]. 
The 60 GHz unlicensed spectrum is currently not very crowded and there exists some highly directed point-to-point links for backhaul communication and a limited number of Wi-Fi deployments. Directional communication link naturally reduce the interference probability to other collocated devices. Currently used Wi-Fi standard based on the IEEE 802.11ad (and the future standard based on the IEEE 802.11ay) uses the LBT principle. While LBT is not mandatory in 60 GHz, ETSI is currently discussing the use of LBT principle. Moreover, ETSI is currently discussing to increase the transmit power from 40 dBm for both indoor and outdoor deployments [4] to 57 dBm for outdoors. 
High frequency ranges (cf. cm-Waves and mm-Waves) show high propagation path loss effects. At the same time, due to smaller wavelengths, it is easier to develop multi-antenna solutions to carry out digital beamforming thereby exploiting the directivity gains. The use of beamforming, spatial multiplexing (cf. multi-user MIMO) would be highly attractive for the higher frequency ranges. The radio propagation and characteristics of directional links can be significantly different from those of omni-directional links.
Conclusion
We considered the different unlicensed spectrum regulations and existing technologies as examples. Two observations can be drawn:
Observation 1	The spectrum regulations vary from region to region, across different spectrum bands and for different application cases.
Observation 2	Terminals need to use coexistence mechanisms in the unlicensed spectrum and license shared spectrum. This includes limits on transmit power and EIRP, selecting least congested channels for operation and, in certain bands, the use of LBT to minimize spectral interference to collocated networks.

Based on the discussion, we propose:
Proposal 1	The spectrum regulations vary from region to region and across spectrum bands. Therefore, NR design should be flexible and configurable to satisfy the regional spectrum regulations in the carrier frequency where the system is operating.
Proposal 2	Multiple unlicensed spectrum channel mechanism for different bands and/or applications should be considered in the design of NR.
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