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Introduction
In RAN#76 a new SI [1] for NR based access to unlicensed spectrum was introduced. The objectives of the SI are as follows:

· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

Spectrum for unlicensed operations is available across a number of bands in sub-1GHz, sub-6GHz as well as 37GHz and 60GHz. In this contribution, we provide an overview of the available spectrum and our views on the spectrum to consider for the current NR unlicensed study item.
NR Spectrum Snapshot
NR on licensed spectrum was designed for operation across wide range of bands from sub-6GHz to up to 52.6GHz. Spectrum for unlicensed operations is also available across a number of bands in sub 1 GHz, sub 6GHz as well as 37GHz and 60GHz. Fig. 1 below gives a snapshot of the new spectrum that is allocated / targeted for NR and that can be considered for NR unlicensed.
[image: ]
Figure 1 : Spectrum allocated/targeted for 5G
Spectrum to target for NR-unlicensed
In our opinion, the current NR unlicensed study item should focus on the eMBB use case and bring benefits that NR offers such as higher data rates, larger bandwidth support, and faster HARQ timelines (self-contained slots, mini slots) to unlicensed spectrum. In the 37GHz and 60GHz bands this would also require leveraging the millimetre wave support of NR. Other use cases of NR such as for mission critical services and IoT can be considered at a later stage. The study item should also focus on newly opened shared spectrum bands. These will have less incumbent systems allowing NR to have a larger impact.  Also, as the regulatory requirements of some of these bands are still under discussion, 3GPP could study and propose new paradigms for spectrum sharing such as new channel reservation mechanisms, sync operation, and spatial sharing that can then be used to influence the regulatory requirements. 
In Table 1 below we summarize the different bands under consideration for NR unlicensed and our views on targeting it for the current NR unlicensed SI. A more detailed treatment of each band is done in the subsequent subsections. 
Table 1: Spectrum to consider for the current NR unlicensed SI
	
	Band
	Bandwidth
	Incumbents/Existing 
	Include for NR-U?

	Existing shared bands
	800-900MHz
	Various
	SRD, Wi-Fi, MulteFire 1.1
	No

	
	2.4GHz
	90MHz
	Wi-Fi, Bluetooth, MulteFire
	No

	
	5.1-5.9GHz
	500MHz (US)
Various (others)
	Wi-Fi, LAA, MulteFire
	Yes

	Newly opened shared bands
	37.0-37.6 GHz (US)
	TBD
	Fixed & mobile services; space research services DL; Fixed Satellite DL
	Yes

	
	57-71GHz
	14GHz
	11ad, wireless backhaul
	Yes

	Bands under discussion
	5.9-6.4 GHz
(up to 7.1 GHz in US)
	500MHz /1.2 GHz
(EU & US)
	Satellite DL/UL, fixed broadband & mobile
	Yes

	
	3.5GHz GAA
	150MHz (US only)
	Radar/FSS/WISP
Possible LTE-TDD, LAA/MF
	No

	
	3.7-4.2GHz
	500MHz (US)
	Satellite receivers and fixed services
	No



3.1	Sub 1GHz
Available Spectrum: About 10-20MHz of spectrum is available in this band, the exact frequencies being different across geography. Following are the allocations in different regions: US: 902-928MHz (FCC Part 15), EU: 864-868.6MHz (ETSI EN 300 220), Japan: 915.9-929.7MHz, South Korea: 917-923MHz, China: 755-779 MHz, 779-787MHz. In US the 600 MHz is also an opportunity due to broadcast incentive auctions. 
In our opinion, the current NR unlicensed study item should prioritize the eMBB use case. Due to the limited bandwidth available here, our view is that the sub 1GHz bands can be deprioritized in the current SI. The sub 1GHz spectrum is very suitable for the IoT use case due to the lower path loss it offers and can hence be considered when extensions of the NR-U study item for IoT are taken up. 
3.2	2.4GHz
[bookmark: _Hlk506578165]Available spectrum: About 80 MHz of bandwidth is available globally between 2.4 and 2.5GHz. In US however the allocation is only 70MHz. This spectrum is used by WiFi and Bluetooth technologies. 
Although there is fair amount of globally available spectrum, due to the presence of large number of incumbent systems the 2.4 GHz band can be deprioritized in the current study item.
3.3	3.5 GHz
Available spectrum: In 2015, FCC authorised the use of the 3.5 GHz band (3550 - 3700 MHz) for shared wireless access previously protected for the US Navy and other DoD members. This shared spectrum is available in the US and known as the Citizens Broadband Radio Service (CBRS) band. The FCC rules specify a three tiered priority access for sharing. The spectrum is shared by incumbents (US naval and fixed satellite service), priority access licensees (PALs) and general authorised access (GAA) in descending order of priority. The GAA is similar to unlicensed access when a higher priority scheme is not present. 
Due to the large bandwidth offered and the planned unlicensed operation (GAA) we are of the view that this band should be considered as a candidate for NR-U. However, due to the uncertainty introduced by the three-tiered access model and the limited regional availability we feel this band can be taken up at a later stage in the study item (e.g. after 5/6/60 GHz).
3.4	5GHz
Available spectrum: About 500 MHz of total bandwidth between 5170-5835MHz is available for shared access. In US, this is available as 4 U-NII bands. This spectrum is mainly used currently by the WiFi family of standards. The bands 2 and 3 have dynamic frequency selection (DFS) requirement, which means the device should detect radar and avoid the frequency. The different bands also have transmit power requirements in different geographies. In Japan and China, the bands 4 and 3 are respectively not available. 
Due to the wide worldwide availability as well as large offered spectrum in sub 6 GHz band, we feel that this is a prime candidate for NR unlicensed. LTE LAA/eLAA already targets this spectrum and similar design principles can be reused for NR unlicensed. Hence NR-U can be supported on this band with relatively lesser effort. Introducing NR-U on this band would also allow extracting the benefits that NR provides over LTE such as improved spectral efficiency, lower latency, and higher data rates. We also note that some of the features of NR such as smaller slot sizes and faster HARQ timelines should help significantly improve the efficiency in unlicensed operation although they were introduced in NR for other reasons.
3.5	6GHz
Available spectrum: Significant amount of spectrum is being considered for unlicensed use in this band. The US and EU are considering to open 5925-7125 MHz and 5925-6425 MHz for shared access. WiFi is expected to include this spectrum for the next generation standards. 
Given the large bandwidths under consideration and the greenfield nature, with no legacy Wi-Fi systems, we believe that this is an important candidate spectrum for NR unlicensed operation. Since the spectrum regulations are under discussion, 3GPP should strive to study new techniques for more efficient channel access and use these studies to influence regulatory policies for using this spectrum.
3.6	37GHz
Available spectrum:  The 37-37.6 GHz band is expected to be opened for shared access. The FCC rules for facilitating spectrum frontiers (5G) suggested that the band could be shared between commercial systems and future federal systems. This band can thus be expected to have some kind of priority based access rules. 
Support for large bandwidths in high frequency bands is one of the key additions in NR and this band offers a prime opportunity to exploit the benefits that NR offers. Although there are uncertainties in the regulatory requirements, due to its greenfield nature and the large bandwidths under consideration, we are of the view that this band can be considered for NR unlicensed. Early involvement of 3GPP would help in identifying new and more efficient spectrum sharing schemes that can ultimately help influence the regulatory requirements as well.
3.7	60GHz
Available spectrum: 14GHz of spectrum between 57-71 GHz is available for unlicensed use. The legacy channelization consists of 6 bands with 2.16GHz bandwidth each. The exact allocations vary across geographies. In US, EU, China and Japan, the spectrum allocations are 14, 9, 5 and 7 GHz respectively. 
Global availability and the extremely large available bandwidth make this spectrum a very important candidate for NR unlicensed. The support for such high frequencies has already been introduced in NR which should largely carry over although there will likely be some changes (e.g. new numerology) due to the even larger bandwidth. 
The ability of NR to provide coverage at lower carrier frequency along with offload capacity in the 60GHz spectrum gives NR an edge over other incumbent systems and makes usage of this spectrum particularly attractive. This also mitigates some of the coverage related challenges associated with the high path loss in this band. New waveforms such as single carrier waveform should also be considered to further improve coverage. The high path loss and directional beamforming provides some advantages as well. It limits the interference and allows efficient operation in unlicensed bands even with very dense deployments. 
Given there are already competing technologies for this band, we feel it is important to have a 3GPP based technology solution for this spectrum soon. We hence strongly support including 60GHz band in the current NR unlicensed study item.
Summary
Proposal 1: The current NR unlicensed SI should target supporting the 5Ghz, 6GHz, 37GHz and 60GHz bands
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