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1 Introduction

This contribution is revised from R1-1800038. NR would study unlicensed spectrum operation in R-15 [1]. Both below and above 6GHz unlicensed bands, e.g., 5GHz, 37GHz, 60GHz, will be considered to maximize the applicability. Licensed assisted access and standalone operations, such as initial access and mobility, as well as coexistence among different RATs are included in the objectives of the NR-based unlicensed access study item. In this contribution, we provide brief investigation on the regulation of target spectrum and the evolution of coexistence therein. Based on the observations, we propose the overall design principle for NR-based unlicensed bands operations. This is a revision of R1-1800038. 
2 Regulation analysis of the target unlicensed bands
Considering the regulation of unlicensed spectrum, there are some restrictions on the NR-based unlicensed operations, for example, occupied channel bandwidth (OCB), maximum channel occupancy time (MCOT) and listen before talk (LBT).  Specific designs are inevitable to comply with these spectrum regulations.
The regulations on 5GHz had been studied in TR of LAA [2]. Some updates occurred since then. For example, in the latest version ETSI regulation [3], during a Channel Occupancy Time (COT) of 5GHz band, equipment may operate temporarily with an OCB of less than 80% of its Nominal Channel Bandwidth with a minimum of 2 MHz in Europe, and the MCOT of a Load Based Equipment (LBE) shall be less than 6 ms to 10 ms rather than 1.625ms to 13ms in previous version.  NR should make LAA channel access as a start point and keep the flexibility conforming to the evolving regulations. 
NR-based unlicensed operations also aim to exploit the 60GHz band. According to ETSI regulations, the OCB shall be between 70% and 100% of the declared Nominal Channel Bandwidth on 60GHz [4]. The COT shall be less than 9ms for 60GHz [4]. Each transmission belongs to a single COT. A COT consists of one or more transmissions of an initiating device and zero or more transmissions of one or more responding devices. MCOT should be considered in the frame structure designs to keep the better compatibility with NR designs. LBT is a necessary and efficient coexistence mechanism among different RATs operating in the unlicensed band including 5GHz and 60GHz. At least energy detection is applied to determine the presence or absence of other transmitting nodes on the operating channel, and it is not allowed to transmit if the intended operating channel is occupied. The LBT parameters of 60GHz are different from LBT in 5GHz [4]. 

The band of 37GHz is only granted in USA. It is based on shared spectrum access. The detailed access mechanism should be further studied.
Observation 1 : 5GHz and 60GHz bands have similar requirements on occupied channel bandwidth (OCB), maximum channel occupancy time (MCOT) and listen before talk (LBT), although the detailed parameters can be regional and band dependent.
3 Coexistence with incumbent unlicensed RATs 
In 5GHz, NR should consider to coexist at least with 11ac/11ax/LAA/eLAA/FeLAA. Wideband operation of 80MHz is mandatory in 11ac. Downlink MU MIMO has also been introduced to 11ac. OFDMA and uplink MU MIMO are supported in 11ax. In 3GPP, downlink unlicensed band access is developed by LAA in Rel-13 while uplink unlicensed band access is specified in Rel-14 by eLAA. Both LAA and eLAA are licensed assisted carrier aggregation based access systems. Multiple CCs of 20MHz can be aggregated to achieve higher throughput over wider bandwidth. The PSS, SSS, PBCH, HARQ, PUCCH and PRACH are transmitted on the licensed CCs, except for the DRS transmissions on the unlicensed CC, in which case the PSS and SSS are included in the DRS of frame structure type 3 based DRS. 
In 60GHz, 11ad/ay should be taken into account for coexistence. Single carrier adopted in 11ad with 2.16GHz channel bandwidth [5]. IEEE 802.11 WG is developing 11ay technology, which considered OFDM, 8.64GHz channel bandwidth by channel aggregation and channel bonding, SU MIMO and DL MU MIMO. Both contention and scheduling modes are employed in 11ad/11ay specifications.
In order to maintain fair coexistence with other systems using unlicensed spectrum, such as 11ac/ax and LAA/eLAA/FeLAA devices in 5GHz band, NR should maintain the similar mechanism and parameters of the LBT defined in LAA/eLAA such as Cat 2 and Cat 4 LBT. For 60GHz band, LBT in NR should be defined based on the transmission characteristics on this band and could refer to the LBT in 11ad/ay.
NR-based unlicensed band access design should target the common reference coexistence fairness scenario acceptable by both 3GPP and the WiFi Alliance. The impact of an NR-based unlicensed network on the performance of the coexisting network should be no more than the impact of an additional coexisting network of the same RAT. 

Proposal 1: In 5GHz, NR could take the (e)LAA channel access mechanism as the starting point. In 60GHz, NR should specify the channel access mechanism conforming to the regulation.
4 Design principles of NR-based unlicensed access
As one of the objective in the SID, physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design would be part of the NR study to avoid unnecessary divergence from decisions made in the NR WI [1]. Licensed designs made in NR could be used if they are not related to the regulations mentioned in Section 2. For example, duplex mode, the maximum carrier bandwidth, subcarrier spacing, modulation and coding scheme of the NR-based unlicensed system can be totally inherited from the licensed designs below 52.6GHz of NR. Inheriting these licensed decisions will not only reduce the workload of NR-based unlicensed access system design but also keep good consistence of the NR system. On the other side, frame structure and some of physical procedure e.g. initial access, random access and etc. should be considered together with the LBT and OCB requirements. Some physical channels should be adjusted considering the OCB requirement in unlicensed band, e.g. PUCCH, PRACH. 
Both NR-based licensed assisted access and NR-based standalone unlicensed accessare in the scope of objectives of NR unlicensed SID. NR-based LAA is still the major deployment scenario as the resource in licensed band ensures reliable and responsive communication for the control signaling and high QoS traffic. Both carrier aggregation and dual connection mode should be supported considering different requirement of synchronization between licensed component carrier and unlicensed component carrier. Inheritance from licensed band design can facilitate more flexible offloading and cross carrier scheduling between licensed band and unlicensed band. For NR-based LAA with CA mode, LTE LAA can be taken as reference. For NR-based LAA with DC mode and standalone unlicensed access, the existing procedures of initial access and mobility as well as control channel such as PRACH, PUCCH should be checked whether they satisfy regulations [6]. Because of the uncertainty of channel availability caused by LBT, the periodic transmissions of physical signaling, such as SS Block may be blocked. For PRACH and PUCCH, OCB requirement should be satisfied thus their waveform may be different from the current NR designs. 

Proposal 2: NR design for licensed bands should be taken as baseline for NR design in unlicensed band when satisfying regulation and coexistence requirement.
Wideband operation in unlicensed band
NR supports 400MHz maximum channel bandwidth per NR carrier in Rel-15. Wideband operation could provide NR unlicensed access with lower latency, higher channel access opportunity, less implementation complexity and increased resource utilization. Channel bandwidth of NR unlicensed operation should take existing channelization of unlicensed bands into account, for example, the 20/40/80/160MHz channel bandwidth in 5GHz. The incumbent 11ad and 11ay work on the channel bandwidth with a unit of 2.16GHz, which far exceeds the maximum bandwidth per NR carrier.  The channelization of 60GHz in NR should be studied considering the subcarrier spacing and the implementation complexity.
Considering wide unlicensed transmission bandwidth (i.e. 80MHz in 5GHz), the available transmission bandwidth may vary from time to time due to interference from other systems. It is natural to adapt the transmission bandwidth dynamically according to the LBT result [7]. For example, 20MHz interference (e.g., from WiFi or other unlicensed systems) can make the channel busy if wideband LBT is performed. Therefore, bandwidth part based LBT mechanism should be supported to achieve flexible bandwidth occupancy and the related transmission. LBT mechanisms of multi-carrier operation from LTE LAA/eLAA could be the starting point for NR unlicensed wideband operation. 
Proposal 3: NR should support wideband operation in unlicensed bands. 
Beam-based transmission on the unlicensed band

In HF band, high-gain beamforming is available for 5G system design, which may bring severe hidden node and exposed node problems for LBT. Hidden node problem is that transmitter of one link cannot hear the current link transmission but there will be interference when they transmit simultaneously. One example of hidden node problem is illustrated in figure 1(a). In the left side of figure 1, ANT 1 transmits to UE 1 and ANT 2 is sensing the channel. The ANT 2 will consider the channel is idle since it is not in the coverage of ANT 1’s beam-based transmission. The transmission from ANT 2 to UE 2 will obviously interfere with the ongoing transmission of ANT 1 to UE 1. Exposed node problem is that transmitter of one link hears the current link transmission but actually there will not be interference when they transmit at the same time. Figure 1(b) illustrates the exposed node problem for the unlicensed beam-based transmission. ANT 1 is transmitting to UE 1 and ANT 2 can hear the transmission so that it will continue to wait the channel access opportunity. Actually, there will not be interference to UE 1 if ANT 2 transmits since UE 1 is not in the transmission coverage of ANT 2.

As described above, the hidden node and exposed node issues become more severe in directional transmission with narrow Tx&Rx beams especially for high frequency with high-gain beamforming. The key reason is that the channel availability sensed at transmitter side doesn’t represent that at receiver in the case of directional transmission and reception. Some advanced LBT mechanisms are discussed in [8].

Proposal 4: LBT mechanism for beam-based transmission/reception should be studied considering the deteriorated hidden node and exposed node problems. 
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Figure 1(a)
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Figure 1(b)
5 Conclusions
In this contribution, we discuss the NR-based unlicensed band operation, and have the following proposals and observations: 
Observation 1 : 5GHz and 60GHz bands have similar requirements on occupied channel bandwidth (OCB), maximum channel occupancy time (MCOT) and listen before talk (LBT), although the detailed parameters can be regional and band dependent.
Proposal 1: In 5GHz, NR could take the (e)LAA channel access mechanism as the starting point. In 60GHz, NR should specify the channel access mechanism conforming to the regulation.
Proposal 2: NR design for licensed bands should be taken as baseline for NR design in unlicensed band when satisfying regulation and coexistence requirement.
Proposal 3: NR should support wideband operation in unlicensed bands. 

Proposal 4: LBT mechanism for beam-based transmission/reception should be studied considering the deteriorated hidden node and exposed node problems. 
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