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NR design aims to operate in 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 broad range of operating frequencies covers the traditional operator owned licensed spectrum, future licensed spectrum bands, unlicensed frequencies and potentially the licensed shared spectrum bands. 60 GHz unlicensed band offers multi GHz of utilizable bandwidth, which could allow NR to achieve huge data rates.
In this contribution, we discuss the key regional regulations specifically for the 60 GHz unlicensed spectrum and emphasize that NR design should be able to carry out ca. 2 GHz wide transmissions. Furthermore, we highlight that beamforming aspects should be considered in the design of spectrum sharing. 
60 GHz regulations
Unlicensed spectrum regulations typically include occupied bandwidth constraints, radio duty cycle restrictions, limits on transmit power, equivalent isotropically radiated power (EIRP) and power spectrum density (PSD). The 60 GHz unlicensed spectrum offers large utilizable contiguous bandwidths in different regions of the world. In this contribution, we give an overview of the Radio LAN regulations in different regions.
European Regulations
In Europe, the 60 GHz offers 9 GHz of utilizable contiguous bandwidth from 57 to 66 GHz [2]. The radio frequency output power is defined as the average EIRP for the device during a transmission burst. Current European regulations allow 40 dBm of maximum EIRP limit for both indoor and outdoor applications [2]. The maximum PSD applies to the system as a whole when it is operating at the highest stated power level. The maximum PSD is 13 dBm/MHz [2]. 
The European regulations are undergoing a revision under the ETSI BRAN work item that is aiming at updating the current Harmonized Standard EN 302 567 [2]. While there is no requirement on using LBT in the latest official version of the 60 GHz Multiple-Gigabit RLAN Systems ETSI Harmonized Standard [2], LBT is currently being considered in the ongoing ETSI BRAN work item discussions. This covers the requirement on applying LBT for medium access protocol and the relevant LBT parameters (e.g., Energy Detection (ED) threshold, Clear Channel Assessment (CCA), etc.) Please note that in the ETSI BRAN context, mandating LBT is only discussed for transmissions with low beamforming gains. High beamforming gains naturally reduce the probability of spectral interference.
USA Regulations
In USA, FCC Part 15 defines the regulations for the 60 GHz band [1]. There is 7 GHz of contiguous bandwidth available from 57 GHz to 64 GHz. An Additional bandwidth has recently been made available from 64 GHz to 71 GHz, making it 14 GHz of contiguous bandwidth from 57 GHz to 71 GHz [4]. While the maximum EIRP limit is 40 dBm for indoor deployments, the maximum EIRP limit for outdoor applications depends upon the antenna gain. For antenna gain larger than 51 dBi, the EIRP limit for outdoor deployments is 82 dBm. For antenna gain smaller than 51 dBi, the outdoor maximum EIRP limit is 82 dBm – 2(51 – G_a), where G_a is the antenna gain. FCC regulations do not mandate use of LBT procedures.
Chinese Regulations
In China, 60 GHz RLAN band offers 5 GHz of contiguous bandwidth from 59 to 64 GHz. The regulations allow 44 dBm of maximum EIRP limit for both indoor and outdoor deployments. Besides the maximum EIRP limits, antenna conductive power or antenna gain restrictions also apply. The maximum antenna power is limited to 10dBm while the maximum antenna gain is constrained to be 34 dBi. Chinese regulations do not mandate the use of LBT procedures.    

Table 1 summarizes the regulations discussed above in Europe, USA and China.
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Table 1: Summary of the 60 GHz frequency bands, EIRP, antenna gains and PSD regulations in USA, Europe and China.
Discussion
Currently used 60 GHz Wi-Fi standard based on the IEEE 802.11ad [3] and the future enhanced standard based on the IEEE 802.11ay [5] define 2.16 GHz wide channels in the 60 GHz spectrum. The 60 GHz unlicensed spectrum is currently not very crowded. There exists some highly directed point-to-point links for backhaul communication and a limited number of Wi-Fi deployments based on the IEEE 802.11ad standard [3]. Other standards in the 60 GHz spectrum include ECMA 368, IEEE 802.15.3c, WiGig and WirelessHD [3]. However, there exist hardly any product deployments based on these standards. 
While the 60 GHz frequencies show high propagation path loss, utilizing directional communication and benefiting from beamforming gains become highly attractive. Due to small wavelengths it is fairly easy to fabricate small-sized multi element antenna arrays for beamforming. Directional communication naturally reduces the interference probability to other collocated devices. Beamforming, spatial multiplexing and MU-MIMO would be important aspects for NR operation in the mmWave frequencies.
NR design should aim at carrying out large bandwidth transmissions to efficiently utilize the potential of the large contiguous bandwidths. Having channel bandwidths lower than the existing Wi-Fi channel bandwidth of 2.16 GHz is undesirable in terms of technology competitiveness and spectrum sharing behavior. It will be simpler for the different systems to share the spectrum if they are based on the same channelization. 
Beamforming parameters using multi-element antennas and advanced antenna techniques are expected to play an important role for NR operation in cm- and mmWave frequencies. In the context of NR operation in 60 GHz, both transmitter and receiver side beamforming aspects should be studied. 

Conclusion
We gave a short overview on the existing technologies in the 60 GHz unlicensed spectrum and spectrum regulations including the recent updates from ongoing ETSI EN 302 567 discussions. Two observations can be drawn:
Observation 1	The regulations for the 60 GHz unlicensed spectrum vary in different regions.
Observation 2	ETSI is studying a revision of the RLAN regulations in 60 GHz.

Based on the discussion, we propose the following:
Proposal 1	NR should be able to carry out transmissions to utilize the large channel bandwidths of (ca. 2 GHz) in the 60 GHz bands.
Proposal 2	NR designs for 60 GHz spectrum sharing should incorporate beamforming aspects.
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« Antenna gain: In case of less than 51 dBi
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