[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #92							        R1-1802644
Athens, Greece, Feb 26th – March 2nd, 2018

Agenda Item:	7.6.3
Source:	InterDigital Inc.
Title:	Views on Candidate Spectrum for NR Unlicensed Operation
Document for:	Discussion 
[bookmark: _Ref490170658]Introduction
In RAN#75 meeting, a new SID and was proposed to study NR-based access to unlicensed spectrum [1]. One justification for such proposal is based on the vast unlicensed spectrum available worldwide. This was also a justification to initiate LTE-based LAA. Another justification is the flexible frame structure and numerology that NR has which could also be brought to unlicensed access. 
The WI description [1] highlights the following objectives: 
· “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;”
This contribution discusses the potential unlicensed bands that NR may consider for unlicensed operation.
Unlicensed Spectrum: Sub-1GHz
The sub-1GHz band has the following allocations across several regulatory domains: 
· US: 902-928 MHz (FCC Part 15)
· EU: 863-868.6 MHz (ETSI EN 300 220)
· Japan: 915.9-929.7 MHz 
· South Korea: 917-923.5 MHz 
· China: 755-779 MHz and 779-787 MHz 
The low path-loss and propagation benefits of Sub-1GHz band fits many outdoor IoT applications well. This property has attracted other standardizations to develop new technologies in the past years, e.g. 802.11ah. For the same reason, we believe the Sub-1GHz band can be considered in a later stage for extension of NR-U standardization particularly for IoT use cases.
Unlicensed Spectrum: 2.4GHz
The industrial, scientific and medical (ISM) band is globally available at 2.4-2.4835 GHz. Many technologies have used the ISM band in past decades, including Wi-Fi technology based on IEEE 802.11 specifications and also by Bluetooth. 

The 2.4GHz is one of the few license-exempt bands that has well-aligned global availability. That has made this band a congested spectrum. For this reason, 802.11ac excluded this band. However, due to the better path-loss than in the 5GHz, as well as enhanced awareness of the more recent deployments of various technologies in this band, newer technologies such as 802.11ax have come back and targeted the 2.4GHz band for IoT applications. We believe, the 3GPP and NR-U community should target the 2.4GHz band at least for mMTC and eMBB for suburban and rural areas. 
Proposal 1: Due to global availability of 2.4GHz band, we propose the 2.4GHz band to be considered for NR unlicensed operation at least for mMTC as well as eMBB for suburban and rural areas. 
Unlicensed Spectrum: 3.5GHz
In US, the regulators are considering a three-tiered operation in 3.550-3.700 GHz band which is referred to as the Citizens Broadband Radio Service (CBRS) band:
· Tier 1: incumbent technologies (e.g. navy radars, satellite services etc.)
· Tier 2: priority access license (PAL)
· Tier 3: General authorized access (GAA)
PAL has priority over GA and is licensed in 10MHz blocks by auction. GAA allows for unlicensed access after yielding to the incumbent technologies and PAL.
We believe the technologies that will be developed for NR-U could be of use in the CBRS band, and likely with small standardization impact when deploying NR as PAL (Tier 2) and NR-U as GAA (Tier 3). Therefore, our view is that the 3.5GHz band can be considered during the NR-U standardization development. 
Proposal 2: We propose the 3.5GHz band to be considered for NR unlicensed operation using its generalized authorized access (GAA). 

Unlicensed Spectrum: 5GHz
The 5 GHz band has the following segments with almost a global availability and an aggregated of 500MHz spectrum:
· UNII-1: 5.150-5.250 GHz, 
· Originally dedicated for indoor use with lower power in US, FCC recently decided to permit higher powers and outdoor use 
· UNII-2A: 5.250-5.350 GHz 
· UNII-2B: 5.350-5.470 GHz 
· UNII-2C: 5.470-5.725 GHz
· UNII-3: 5.725-5.850 GHz 
· Not available in Japan and China 

The 5 GHz band is utilized by several technologies including Wi-Fi technologies based on IEEE 802.11n/ac/ax and recently by the LTE-based unlicensed technologies (LTE-U and LAA/eLAA/feLAA). Note that operation in UNII-2 bands is subject to yielding to several military radars. 
Given that the 5GHz band offers the widest sub-6GHz license-exempt spectrum worldwide, we believe that NR-U should consider this band and coexistence with incumbent technologies therein as its main development goal. Adherence to regulatory requirement to defer to radars and satellites in portions of 5GHz band as well as coexistence with IEEE 802.11 technologies and LAA/eLAA need to be addressed.
Proposal 3: Given that the near-global availability of 5GHz band, we believe that NR-Unlicensed should consider this band and coexistence with incumbent technologies therein as its main development goal.

Unlicensed Spectrum: 6GHz
Several wireless industry players have proposed to federal regulators that the 6GHz spectrum to be opened up for unlicensed operation. The proposed sub-bands to US and EU regulators are as follows:
· UNII-5: 5925-6425MHz (US and EU)
· Incumbents: Fixed Service (FS) and Fixed Satellite Service (FSS)
· UNII-6: 6425-6525 MHz (US)
· Incumbents: Broadcast Auxiliary Service (BAS) and Cable Television Relay Service (CARS)
· UNII-7: 6525-6875 MHz (US)
· Incumbents: FS and FSS
· UNII-8: 6875-7125 MHz (US)
· Incumbents: BAS and CARS
Due to different incumbent technologies in above sub-bands the regulatory rules may vary from one to another. 

While there has been no unlicensed deployment by any technology in 6GHz band, standardization bodies aim to take advantage of the upcoming availability of the 6GHz band. For instance, the IEEE 802.11ax recently updated its PAR to include the 6 GHz spectrum. The development of 802.11ax has not considered any new technology in accessing and sharing 6GHz band. The simultaneous interest of several standardization bodies should be an indication that the status of the 6GHz band will not be greenfield. We believe this spectrum should be considered for NR-U standard development and aim for a more efficient coexistence with other technologies that are about to be developed for this band.
Proposal 4: We believe the 6GHz spectrum should be considered for NR-U standard development and aim for a more efficient coexistence with other technologies that are about to be developed for this band.
   
Unlicensed Spectrum: 37GHz  
In US, the 37-37.6 GHz band is expected to be opened by FCC. One difference of this band with general unlicensed bands is that the FCC seems to evaluate the sharing of this band between commercial systems and some future federal systems. 

We view this band should take a lower priority for NR-U development due to its limited global availability. 
Unlicensed Spectrum: 60 GHz 
Another unlicensed band with almost global availability is the 57-64/66 GHz. The total spectrum available in US is 14 GHz and in EU 9 GHz. A few incumbent technologies are IEEE 802.11ad and IEEE 802.11ay (under development). 
We believe that the 60GHz band, as one of a few unlicensed mm-wave band candidates that has almost global availability, should be considered for NR-U. The applications for the 60GHz band include indoor and backhaul which NR-U development could target. Coexistence with 802.11ad/ay RAT should be considered. 
Proposal 5: As one of a few unlicensed mm-wave band candidates with near global availability, we believe that the 60GHz band should be considered for NR operation in unlicensed bands.
Conclusions
In this contribution, we reviewed and expressed our views regarding several unlicensed spectrum choices for NR-U operation.
Proposal 1: Due to global availability of 2.4GHz band, we propose the 2.4GHz band to be considered for NR unlicensed operation at least for mMTC as well as eMBB for suburban and rural areas. 

Proposal 2: We propose the 3.5GHz band to be considered for NR unlicensed operation using its generalized authorized access (GAA). 

Proposal 3: Given that the near-global availability of 5GHz band, we believe that NR-Unlicensed should consider this band and coexistence with incumbent technologies therein as its main development goal.

Proposal 4: We believe the 6GHz spectrum should be considered for NR-U standard development and aim for a more efficient coexistence with other technologies that are about to be developed for this band.
Proposal 5: As one of a few unlicensed mm-wave band candidates with near global availability, we believe that the 60GHz band should be considered for NR operation in unlicensed bands.
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