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1 Introduction

The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. Unlicensed and shared spectrums have been identified as one important design consideration. RAN1 agreements related to the NR operation on unlicensed and shared bands are summarized as follows: 

This contribution provides an overview for the NR unlicensed and shared spectrums, including deployment scenarios, regulations, and coexistence considerations. 

2 Overview of NR Unlicensed Spectrum
In the study item on NR, at least three unlicensed or shared spectrum bands can be considered and evaluated: 3.5 GHz, 5 GHz and 60 GHz. Although all bands operate in a license-free or license-shared manner, the operation, from the NR design perspective, may not be the same due to different band features, regulation requirements, and coexisting RATs. 
2.1 5 GHz Unlicensed Spectrum

The 5 GHz unlicensed spectrum consists of three sub-bands, e.g. 5.17 – 5.33 GHz, 5.49 – 5.725 GHz, and 5.725 – 5.835 GHz, and each of the sub-bands can be further divided into non-overlapped 20 MHz channels according to IEEE 802.11ac channelization. The 5 GHz unlicensed spectrum is of particular importance due to its global common availability and most major geographic areas worldwide have authorized wide bandwidth to provide operations on this spectrum (see Figure 1). 
In LTE Rel-13 and Rel-14, 3GPP established work items on LAA and eLAA to evaluate and specify downlink and uplink operations on the 5 GHz unlicensed spectrum. To guarantee fair coexistence with Wi-Fi operating on the same band, a listen-before-talk (LBT) based channel access protocol is introduced for both downlink and uplink. Clear channel assessment (CCA) is mandatory before occupying the channel and maximum channel occupancy time (MCOT) is introduced to limit the channel utilization opportunity to facilitate fairness. Meanwhile, to satisfy the regulatory requirements, support flexible and discontinuous channel access mechanisms, and reduce the overhead introduced by LBT, several enhancements and refinements to LTE were introduce in LAA and eLAA such as partial starting and ending subframe, interlaced PUSCH allocation, and shared MCOT for uplink and downlink transmission. Some of these mechanisms can remain valid and be considered as a baseline for the design of NR on the 5 GHz unlicensed spectrum. 
Proposal 1: NR shall consider LTE-LAA and LTE-eLAA as the baseline for the design on the 5 GHz unlicensed spectrum. 
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Figure 1. Worldwide 5 GHz unlicensed spectrum allocation.

2.2 60 GHz Unlicensed Spectrum
The 60 GHz unlicensed spectrum refers to the license-free millimeter-wave radios ranging from 57 GHz to 66 GHz, which have unique characteristics that make them significantly different from the traditional 5GHz unlicensed spectrum. 
Figure 2 illustrates the unlicensed spectrum allocation for major geographic areas worldwide, where the 802.11ad channelization is also included. Overall, the 60 GHz unlicensed spectrum supports up to four non-overlapping channels, where each channel has a channel bandwidth of 2.16 GHz, and enables 4 channels in Europe, 3 channels in the US, Canada, Korea, and Japan, and only 2 channels in China. Meanwhile, requirements and regulations on the equivalent isotropically radiated power (EIRP) for 60 GHz, although varies by geographic areas, is different from the ones for 5 GHz. For example, the US requires the peak EIRP as 43 dBm, and Europe requires the peak EIRP as 40 dBm with maximum Power Spectral Density (SPD) as 13 dBm/MHz. 
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Figure 2. Worldwide 60 GHz unlicensed spectrum allocation.
The primary challenge with millimeter-wave operation on 60 GHz is the much poorer free space pass loss compared to on 5 GHz. It is noted that the loss over 1 m on 60 GHz can be as large as 68 dB, which is 21.6 dB worse than on 5 GHz. In addition, the obstruction loss, even from people or foliage, is also much higher. However, the high loss can be mitigated by increasing the antenna gain. The small geometries required at 60 GHz permit the use of physically small but high-gain directional antennas. 
802.11ad is one of the major existing RATs on the 60 GHz unlicensed spectrum. Channel access in 802.11ad is based on an enhanced distributed channel access (EDCA), where the physical carrier sensing on the PHY layer uses clear channel assessment (CCA) and virtual carrier sensing on the MAC layer uses network allocation vector (NAV). The medium is considered as busy if either the physical or the virtual carrier sensing indicates it as busy. A unified and flexible beamforming scheme is also defined to support transmitter and receiver beam steering. Beamforming is mandatory in 802.11ad for both transmitter and receiver, and involves sector level sweep (SLS), beam refinement protocol (BRP), and beam tracking (BT). In SLS, the initiator of the beamforming sends training frames from each predefined sector it wishes to train and the responder configures its antenna in a quasi-omnidirectional pattern and measures the strength of received signals from different sectors. Similar, the responder sends training frames and the initiator measures them using antenna in a quasi-omnidirectional pattern. Sector sweeping feedback information is exchanged between the initiator and the responder such that both ends are capable of selecting the best sector to transmit. SLS is a high overhead procedure since a complete frame has to be transmitted for every training sector at the lowest PHY rate. In BRP, antenna settings found during SLS using quasi-omnidirectional reception are further fine-tuned where the receiver antenna training is added to achieve the highest directional gain. The sweeping of antenna configurations can be included within one frame, such that BRP introduces significantly less overhead to beam training, compared to SLS. The SLS and BRP usually precede data transmission while BT is utilized for beamforming during data transmission. In BT, training fields are attached to the data packets in order to accommodate the changing of channels between SLS/BRP beamforming training phases. 
802.11ay, expected to be released in 2017, also operates on 60 GHz as an improvement of 802.11ad and targets larger transmission rates and extended transmission distances. The likely features in 802.11ay may include channel bonding and MU-MIMO techniques which should also be taken into consideration in the design of NR unlicensed spectrum operation on 60 GHz. 
Proposal 2: NR shall consider coexistence with 802.11ad and 802.11ay on the 60 GHz unlicensed spectrum. 
2.3 3.5 GHz Shared Spectrum

The 3.5 GHz spectrum refers to the commercial shared use of a 150 MHz bandwidth from 3.55 GHz to 3.7 GHz, where licensed and unlicensed use of a variety of services is allowed. In 2015, the Federal Communications Commission (FCC) in the US released new rules that create a three-tiered commercial radio services called Citizens Broadband Radio Service (CBRS) that enables flexible spectrum sharing on the 3.5 GHz band. The highest tier consists of the incumbent federal users and fixed satellite service operators, and their interference protection from lower tiers is guaranteed. The second tier is Priority Access (PA) licensees that are authorized to utilize 10 MHz channels in the 3.55 – 3.65 GHz range. PA licensees can aggregate up to 4 channels, and have to provide interference protection to the highest tier. The last tier is General Authorized Access (GAA) operators, which are allowed to access to up to 80 MHz bandwidth that is not assigned to the highest or the second tier. GAA operators may not receive any interference protection from higher tiers. 
Spectrum Access System (SAS) has been employed by FCC to manage the flexible spectrum sharing. The SAS coordinates the spectrum assignment based on reports from the Environmental Sensor Capability (ECS) regarding the presence or activity of the incumbents and interference/congestion reports from PA/GAA users. In this way, the spectrum sharing between tier 1 and tier 2 users is managed by a central coordinator, and coexistence among tier 3 users is still an open issue. In this sense, no LBT is mandatory on the 3.5 GHz band, and a wider range of spectrum sharing mechanisms can be considered. 
Proposal 3: NR shall consider a wider range of spectrum sharing mechanisms (e.g. beyond LBT) for the 3.5 GHz shared spectrum. 
3 Conclusions
This contribution presented an overview for the NR unlicensed and shared bands, including 3.5 GHz, 5 GHz, and 60 GHz. Based on the discussion above, we have the following proposals:
Proposal 1: NR shall consider LTE-LAA and LTE-eLAA as the baseline for the design on the 5 GHz unlicensed spectrum. 
Proposal 2: NR shall consider coexistence with 802.11ad and 802.11ay on the 60 GHz unlicensed spectrum. 

Proposal 3: NR shall consider a wider range of spectrum sharing mechanisms (e.g. beyond LBT) for the 3.5 GHz shared spectrum. 
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RAN1 #84bis Agreements [2]:


Study frame structure(s) supporting at least 


Licensed-assisted operation in unlicensed band


RAN1 #85 Agreements [3]:


NR should support of flexible NW and UE channel bandwidth


FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access


RAN1 #86 Agreements [4]:


RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access


More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering


Licensed band and unlicensed band operations
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