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1. Introduction
Unlicensed spectrum is one of society’s most valuable resources. Using unlicensed spectrum may help delivering high-performance connectivity, carrying more data traffic, and enhancing the capacity of mobile networks. For NR-U, it is important to identify the right candidate spectrum for unlicensed operation.
2. Discussion
Sub-1 GHz band
Sub-1 GHz band has the advantage of supporting very large radio coverage. License free ISM (Industrial, Scientific and Medical) bands are available worldwide for Sub-1 GHz band, such as 902-928 MHz band in US (FCC Part 15), 863-868.6 MHz band in EU (ETSI EN 300 220), 915.9-929.7 MHz in Japan, 917-923.5 MHz in South Korea, and 755-779 MHz and 779-787 MHz in China. Currently, sub-1 GHz spectrum is the target band of IEEE 802.11ah for IoT purposes.  
Observation 1: Sub 1 GHz band has limited bandwidth availability and relatively heavy traffic congestion. Since NR unlicensed SI should prioritize the eMBB use case, in our view Sub 1 GHz band should be deprioritized.
2.4 GHz band
2.4 GHz hand is one of the most widely used unlicensed bands. The 2.4-2.4835 GHz ISM band has global availability and it is used by both the Wi-Fi technology family (11b/g/n/ax) and Bluetooth.  2.4 GHz band offers coverage advantage for greater distances for higher-frequency bands. There are 14 channels, each of which provides 20 MHz of bandwidth, are defined in 2.4 GHz band. In USA (or Europe), only 11 (or 13) of those channels are legally available. However, those channels overlap excessively with one another. Due to this overlapping, the maximum possible number of parallel independent connections is limited to 3 channels (channels 1, 6, and 11). 2.4GHz band was released for Wi-Fi technology use for many years ago, this band is overcrowded with billions of existing Wi-Fi devices.
Observation 2: 2.4 GHz band has limited bandwidth availability and is also heavily congested. It should be deprioritized from NR-U.
3.5 GHz band
In the US, the Citizens Broadband Radio Service (CBRS) band in 3.55-3.7 GHz allows general authorized access (GAA) similar to unlicensed access. It is noted that the CBRS band has a unique three-tiered access model, which consists of incumbent (Federal user, Fixed Satellite Service), priority access licensees (PALs), and GAA in descending priority.
Observation 3: 3.5 GHz band is not a global band for unlicensed operation, and it is unclear how the three-tiered access model of the band impacts the design of the unlicensed operation in the band, our view is it should be deprioritized from NR-U.
5 GHz band
The 5 GHz band has common availability in most parts of the world. It spans in the US (FCC part 15) over 5.15-5.25 GHz, 5.25-5.35 GHz, 5.47-5.725 GHz, and 5.725-5.85 GHz bands, consists of four U-NII bands in total 500 MHz spectrum. In EU (ETSI EN 301 893), the band 4 spans over 5.725-5.875 GHz. In China, the band 3 is TBD. In Japan, the band 4 is not available. The 5 GHz band is utilized by the Wi-Fi technology family (11n/ac/ax) and the LTE unlicensed technology has also been developed assuming 5 GHz as the main target. The table below collects the following companies’ views on considering the corresponding spectrum for potential NR unlicensed operation. In 5 GHz band, there are 24 non-overlapping 20 MHz channels. 5 GHz band was recently released and thus less crowded. Therefore, higher performance is expected with the 5 GHz band since it operates on a larger spectrum and does not suffer the overcrowding. 
Observation 4: 5GHz band is globally available band, and has large bandwidth, lower level of interference and less congestion. It should be the prime candidate spectrum for NR-U.
6 GHz band
It is currently being considered to open the 6 GHz band for unlicensed use. For example, last year the FCC adopted a notice of inquiry to explore freeing up frequencies between 3.7 GHz and 24 GHz for 5G services [2]. The NOI solicited comment on three specific bands: the 3.7-4.2 GHz and 5.925-6.425 GHz bands (which are known as the conventional C-band), and the 6.425-7.125 GHz band.  It also sought views on other non-federal mid-band frequencies.
Observation 5: 6 GHz band has the potential to provide large amount of bandwidth with Greenfield nature. It makes the band a very attractive candidate. However, due to the lack of the clarity on how this band will be regulated or whether unlicensed mobile broadband is supported in the band, our suggestion is to deprioritize it at the moment.
37 GHz band
In the US, 37-37.6 GHz band is expected to be opened. When the FCC published the rules for spectrum frontiers (5G), it was suggested that the band could be shared between commercial systems and “future” federal systems. As a result, it is expected that the access mechanism to be defined based on sharing framework would distinguish this spectrum from general unlicensed spectrum. The table below collects the following companies’ views on considering the corresponding spectrum for potential NR unlicensed operation. 
Observation 6: 37 GHz band is not a global band for unlicensed operation, it should be deprioritized from NR-U.
60 GHz band
The 57-64/66 GHz band has near-global designation for Multi-Gigabit Wireless Systems (MGWS)/WiGig. In US, FCC made available the 64-71 GHz frequency band for use by unlicensed devices pursuant to technical rules similar to those applicable to the adjacent 57-64 GHz band with total 14 GHz spectrum, while EU (ETSI EN 302 567 and ETSI EN 301 217-2 for fixed P2P) allocates total 9 GHz spectrum. The ITU-R is already recommending 57-71 GHz for MGWS systems with channelization matching that of 802.11ad. It shows in [4] that product certification have been widely granted for operation in the 57-64 GHz band. Furthermore, IEEE 802.11-2016 standard supports already 802.11ad unlicensed devices to operate in the 64-71 GHz band.
Observation 7: 60GHz band provides extremely large available bandwidth available globally. It makes this spectrum a very attractive candidate for NR unlicensed. On the other hand, we share similar view as some other companies that it should be considered in a later phase due to there is a need for the NR waveform study for above 52.6 GHz frequency. 

In the following, we summarise our view on the usage of above unlicensed bands for NR-U:
· Sub 1 GHz band: limited bandwidth availability and relatively heavy traffic congestion. Not suitable for NR-U;
· 2.4 GHz band: limited bandwidth availability and heavily congested. Not suitable from NR-U.
· 3.5 GHz band: not a global band, unclear how the three-tiered access model of the band impacts the design of the unlicensed operation in the band.
· 5GHz band: globally available band, large bandwidth, lower level of interference and less congestion. Prime candidate spectrum for NR-U.
· 6 GHz band: potential to provide large amount of bandwidth with Greenfield nature, a very attractive candidate. However, it lacks the clarity on how this band will be regulated or whether unlicensed mobile broadband is supported in the band.
· 37 GHz band: not a global band for unlicensed operation and thus not suitable from NR-U.
· 60GHz band: extremely large available bandwidth available globally. It makes this spectrum a very attractive candidate for NR unlicensed.

3. Conclusion
This paper discusses candidate spectrum for NR unlicensed operation. Based on the discussion, it is proposed that:
· Proposal: 5GHz band should be considered as the prime candidate spectrum for NR-U.
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