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Introduction
[bookmark: _Ref178064866]The Study Item on NR-based Access to Unlicensed Spectrum (NR-U), which was approved at RAN#75, includes the following objectives [1]:
1) The NR-based unlicensed access design should allow fair coexistence across RATs and within NR-based systems operating in unlicensed spectrum. 
2) 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;
In this contribution we discuss our views on candidate spectrum for NR unlicensed operation including the following bands: Sub-1 GHz, 2.4, 3.5, 5, 6, 37, and 60 GHz.
Discussion
Sub-1 GHz
The 902-928 MHz band is allocated in US (FCC Part 15), while 863-868.6 MHz band is allocated in EU (ETSI EN 300 220). The 915.9-929.7 MHz band is allocated in Japan, 917-923.5 MHz band in South Korea, and 755-779 MHz and 779-787 MHz bands in China. The sub-1 GHz spectrum is the target band of IEEE 802.11ah for IoT purpose. In addition, there are opportunities for unlicensed operation in 600 MHz in the US as a result of the incentive auctions of the broadcasting spectrum. These unlicensed pieces of spectrum will be in duplex gap of the cellular FDD band as well as in the guard band with radio astronomy channel.
Ericsson view:
In general, our view is that for the initial NR-U design, the eMBB use case should be prioritized. The bands in the sub-GHz range do not appear to have sufficient spectrum to support high performance eMBB service. For the 600 MHz band in the US, the bandwidth is too restrictive for NR eMBB purposes, due to the restrictions on unlicensed operation to the duplex gap and guard bands. Moreover, the requirement for a connection to a whitespace database in some scenarios is an undesirable complication.
[bookmark: _Toc503302549][bookmark: _Toc503548782][bookmark: _Toc505274111][bookmark: _Toc506568053]The sub-1 GHz band can be down-prioritized for eMBB NR-U operation

2.4 GHz
The 2.4-2.4835 GHz ISM band has global availability and it is used by Wi-Fi technology family (11b/g/n/ax) and also by Bluetooth.
Ericsson view:
The 2.4 GHz band is already congested, making NR-U performance questionable.
[bookmark: _Toc503302550][bookmark: _Toc503548783][bookmark: _Toc505274112][bookmark: _Toc506568054]The 2.4 GHz band can be down-prioritized for NR-U operation

3.5 GHz
In the US, the Citizens Broadband Radio Service (CBRS) band in 3.55-3.7 GHz has a unique three tier access model with federal radar and fixed satellite service (FSS) incumbents forming the first tier. Wireless Broadband Service (WBS) users are also included in first tier and are grandfathered until 2020 under FCC rules in 47 CFR Part 90 Subpart Z. The 2nd tier consists of licensed broadband users, called Priority Access Licensees (PAL). The 3rd tier consists of General Authorized Access (GAA) users who are licensed by rule.
Access to the spectrum for the CBRS is authorized by a Spectrum Access System (SAS) whose primary function is to protect higher tiers from interference from lower tiers.  The SAS is primarily a geolocation database and policy manager. Flexible use of the band is authorized for mobile and fixed use by devices known as Citizens Broadband Radio Service Devices (CBSD) for communication with End User Devices (EUD).
CBSDs are registered with the SAS in two categories: A and B. PAL users are licensed in geographical license areas over multi-year periods, and deployments of CBSDs holding PALs are protected from interference on a priority basis. GAA users do not get protection from mutual interference, although Category B CBSDs (deployed outdoors) seeking GAA spectrum are required to coordinate their spectrum use in the band.  An Environmental Sensor Component (ESC) is deployed along the coastline to detect incumbent naval radar activity, and such detection causes the SAS to activate Dynamic Protection Areas (DPA) offshore that are protected from aggregate interference exceeding an agreed threshold. FSS earth stations and WBS users are likewise protected from aggregate interference under specific criteria defined in the FCC rules for the CBRS in 47 CFR Part 96.
Ericsson view:
[bookmark: _Toc503302551][bookmark: _Toc503548784][bookmark: _Toc505274113]As described above, the CBRS band in the US is shared by CBSDs and access to spectrum is authorized by the SAS. While the FCC rules suggest that CBSDs coordinate access to the spectrum, the WInnForum protocols between the SAS and the CBSD accord the SAS a greater role in designating specific blocks of spectrum for individual CBSDs to use. Generally, the SAS may seek to restrict access to spectrum that is likely to cause interference to other users. In the case of GAA, such restriction is according to the expected noise rise in the local environment based on the density of deployed CBSDs.
While the SAS has a role in allocating spectrum in a manner that controls overall interference, devices will still have to be designed to operate in a variety of interference scenarios. The decision in the CBRS Alliance to prioritize LTE TDD operation in the band suggests that NR NSA and NR SA will play a prominent role in the band as well. The consideration of NR-U may therefore be deprioritized, but may be motivated at an appropriate time by clear evidence of market demand.
[bookmark: _Toc506568055]The 3.5 GHz band can be down-prioritized for NR-U operation

5 GHz
The 5 GHz band has common availability in most parts of the world. In the US (FCC part 15), it includes 5.15-5.25 GHz, 5.25-5.35 GHz, 5.47-5.725 GHz, and 5.725-5.85 GHz bands, for a total of 500 MHz across the 4 U-NII bands. In the EU (ETSI EN 301 893), band 4 spans over 5.725-5.875 GHz, in which the wireless access systems (WAS) are not operating. Note: the UK now allows WAS in 5.725-5.850 GHz (as DFS band) and other EU countries may follow. In China, band 3 is TBD. In Japan, band 4 is not available. The 5 GHz band is utilized by Wi-Fi technology family (11n/ac/ax) and the LTE unlicensed technology has also been developed assuming 5 GHz as the main target.
Ericsson view:
The 5 GHz band is widely available around the world, hence this band is a prime candidate for NR-U operation. Our view is that similar channel access principles as those adopted for LAA designs can be followed for the NR-U design to enable coexistence with LAA and other technologies in this band. These channel access principles have been evaluated and discussed extensively during the LAA WI and need not be repeated for NR-U in this band. Hence, for this band and, in general, any existing LAA operation bands, discussion on radio protocol designs for NR-U can start immediately.
[bookmark: _Toc503302552][bookmark: _Toc503548785][bookmark: _Toc505274114][bookmark: _Toc506568056]The 5 GHz band is a prime candidate for NR-U operation

6 GHz
It is currently being considered to open the 6 GHz band for unlicensed use. 5925-7125 MHz band and 5925-6425MHz band are under consideration in the US and EU, respectively. The next generation Wi-Fi system is expected to include the 6 GHz spectrum as an operating band. Regulation is expected to be finished in 2019-2020 time frame.
Ericsson view:
The 6 GHz band can be seen as a greenfield band; moreover, there may be a very large amount of bandwidth that becomes of available. As such, this band should be targets for NR-U operation with high priority.
[bookmark: _Toc503302553][bookmark: _Toc503548786][bookmark: _Toc505274115][bookmark: _Toc506568057]The  5925-6425 MHz band is a prime candidate for NR-U operation

37 GHz
In the US, the 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.
Ericsson view:
Due to regulatory uncertainty and potentially only regional availability, our view is that this band can be down-prioritized for NR-U until the status of the band is more clear.
[bookmark: _Toc503302554][bookmark: _Toc503548787][bookmark: _Toc505274116][bookmark: _Toc506568058]The 37 GHz band can be down-prioritized for NR-U operation

60 GHz
The 57 – 64/66 GHz band has near-global designation for Multi-Gigabit Wireless Systems (MGWS)/WiGig. In the US it is up to 71 GHz. In south Korea, it is 57 – 66 GHz. In Australia, it is 59.4-62.90 GHz. In China, it is 56 – 64 GHz. In the US (FCC part 15) allocates 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.
Ericsson view:
Our view is that since NR already supports multiple numerologies to enable high frequency operation, it is desirable that NR-U design does not deviate from this in a significant way, resulting in a generally band agnostic design. In terms of channel access, our view is that enhancements may be studied considering high gain beamforming (narrow beam) capabilities of devices operating at such high frequencies. However, workplan wise, we consider it appropriate to consider such investigations after the general channel access scheme discussion for lower bands, e.g., 5 GHz, 6 GHz is complete.
[bookmark: _Toc503302555][bookmark: _Toc503548788][bookmark: _Toc505274117][bookmark: _Toc506568059]The 60 GHz band can be considered as a candidate for NR-U operation; however, any optimizations for operation in this band (if needed) should be considered after the channel access scheme for lower frequency bands (sub-7 GHz) is complete. 
Conclusions
In this paper we propose the following:
[bookmark: _GoBack]Proposal 1	The sub-1 GHz band can be down-prioritized for eMBB NR-U operation
Proposal 2	The 2.4 GHz band can be down-prioritized for NR-U operation
Proposal 3	The 3.5 GHz band can be down-prioritized for NR-U operation
Proposal 4	The 5 GHz band is a prime candidate for NR-U operation
Proposal 5	The  5925-6425 MHz band is a prime candidate for NR-U operation
Proposal 6	The 37 GHz band can be down-prioritized for NR-U operation
Proposal 7	The 60 GHz band can be considered as a candidate for NR-U operation; however, any optimizations for operation in this band (if needed) should be considered after the channel access scheme for lower frequency bands (sub-7 GHz) is complete.
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