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Introduction
In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation should be considered for NR. At RAN-75 a new study item RP-170828 on NR-based Access to Unlicensed Spectrum was approved, and work will start next year. Meanwhile, future compatibility for support of unlicensed spectrum shall be verified and confirmed. 
This contribution is a resubmission of R1-1713988.
A first step toward sharing the spectrum is for the system to identify least utilized/congested portion of the usable spectrum to start system operations. For particularly high-traffic locations, different technologies and networks may need to share the same frequencies. In order to support coexistence of multiple systems over the same spectrum, transmitters of different systems will need mechanisms to share the channel fairly for the data transmission according to the spectrum regulatory rules. Different regions can have different regulatory rules. In practice, there are some similar regulatory requirements between different regions, e.g. occupied channel bandwidth of a carrier, maximum Power Spectral Density (PSD), Maximum Channel Occupancy time (MCOT), and collision avoidance mechanism. In RAN1-86, it has been concluded that one common network aiming at a unified frame structure covering licensed and unlicensed band operations shall be developed. This paper discusses the physical layer design policies to facilitate the operation of NR in unlicensed spectrum considering co-existence requirements and the regulatory rules. Another paper to discuss the technology components for unlicensed operation is submitted as well [1]. 
Discussion 
Before the system starts operation in the unlicensed spectrum, it shall be able to survey the usage and interference levels of different portions (or channels) of the spectrum. Identifying the least utilized portion of the spectrum with low observed interference is beneficial to both the NR and other coexisting technologies. Low interference contributes to better performance and operations for the NR system. The low observed interference is correlated to low interference from the NR system to other coexisting technologies. Therefore, it is essential for the design of the NR system to support efficient mechanism to measure the channel quality and/or utilization levels of the spectrum. Such monitoring of the spectrum should be performed by the base station. Reports and assistance from the associated UEs should also be considered in the NR system design.
Proposal 1 For unlicensed operation in NR, efficient channel quality and/or utilization measurement and monitoring mechanism shall be designed to support proper operation channel selection. 

For particularly high-traffic locations, an NR system will operate over the unlicensed spectrum potentially coexisting with multiple other systems. The coexisting systems can be either the same RAT or different RATs: an NR system, an eLAA-LTE system, another NR system or a Wi-Fi system. Each coexisting system shall share the channel while carrying out data transmissions with other systems according to the similar preconfigured rules. The performance of unlicensed operation of NR depends upon the coexistence and spectrum sharing mechanisms within the regulatory requirements. Various physical layer factors may impact the channel sharing performance of NR, such as the TTI length, number of opportunities to checking for channel access within one time interval, the back-off window size selection for channel assessment and the processing delays, etc. Since the performance for channel contention impacts the system performance proportionally, it is natural that the physical layer design for NR shall consider the channel contention performance. 
Proposal 2 For unlicensed operation in NR, the physical channel and physical layer procedure design shall facilitate operation in unlicensed spectrum where channel access mechanisms must be used to share the spectrum with other systems and technologies.

For NR, there are several types of physical control information such as DCI, UCI (HARQ A/N, CSI feedback and SR), which may be carried by different types of physical channels or channel formats in different conditions. 
In case of licensed assisted access of NR, the control channels can be transmitted over licensed channels if configured, for instance, both DCI and UCI can be configured to be transmitted over the licensed carrier if possible. 
But it may be also necessary to transmit the control signals self-contained on the unlicensed carriers in any of the following conditions:
· The licensed carrier does not have enough capacity to transmit the control signal for unlicensed operation. 
· There is no licensed carrier for a particular operator
· Some control channels (e.g. CSI-RS and UL SRS for unlicensed carrier) may not be feasible to be transmitted over the licensed carrier.
For unlicensed spectrum that uses LBT as the sharing mechanism, the physical control signal transmissions not only generate overhead, but also may require more LBT and/or new LBT mechanisms[2] when the transmitter role is switched between the radio connection peers. Taking scheduled uplink data transmission as one example, when the UE has data to transmit, the UE shall send SR to the serving gNB using the channel acquired by means of LBT. Secondly, when the serving gNB receives the SR from the UE and determines to allocate UL grant to the UE, the eNB shall acquire the channel again by means of LBT. Thirdly, when the UE receives the UL grant, the UE may need to acquire the channel again for UL data transmission by means of LBT again. Lastly, the gNB may need to acquire the channel again to transmit the HARQ A/N for the UE by mean of LBT again. Multiple LBTs within one data transmission procedure reduce the actual competitiveness to contend for the channel and frequent transmitter-receiver switch increase the UL-DL switch overhead.
Proposal 3 Minimization of physical layer procedure overhead needing multiple DL-UL switches should be a target for NR since it can be beneficial for operation of NR in unlicensed spectrum in addition to the resulting benefits in licensed spectrum.

It is expected that both gNB and UE will have many antenna elements (e.g. gNB and UE may have 256 and 16 antenna elements, respectively) [3]. The high beamforming gain due to the large number of antenna elements has two advantages: one is link gain improvement and interference rejection; the other is the narrow beam space which can enhance the frequency reuse by means of spatial multiplexing. Because of the narrow TX/RX beam, the gain from spatial reuse and spatial multiplexing enhancement can be expected to be significant for NR. The antenna enhancement can benefit both licensed operation and unlicensed operation.
However, for unlicensed operation, the channel assessment and collision avoidance scheme with narrow TX beam may be improved upon that of the traditional unlicensed operation with wide TX/RX beam. For instance, the interference is no longer omni-directional, which results in the TX beam from a first transmitter not being heard by a second transmitter nearby and collision may occur when the second transmitter starts to transmit. Hence the collision avoidance mechanism based on the traditional wide TX beam may be improved for collision control in case of narrow TX beam.
Observation:	The spatial reuse and spatial multiplexing enhancements in NR may potentially allow improvements to channel access procedures when NR operates in unlicensed spectrum.

Although there are considerable differences between licensed operation and unlicensed operation, a unified design applicable to both modes of operation is highly preferable. Therefore, majority of the physical channel design and physical layer procedure design shall be shared between licensed operation and unlicensed operation in NR. The specific difference between licensed operation and unlicensed operation is better to be handled by respective parameter configurations and the complexity of those specific features for unlicensed operation shall be minimized.
Proposal 4 In NR, a unified design of the physical channel and the physical layer procedures should be considered for operation in licensed and unlicensed spectrum


Conclusion
In this paper, we have discussed the physical layer design polices for unlicensed operation of NR. We would like RAN1 to discuss and agree with the following proposals:
Proposal 1 For unlicensed operation in NR, efficient channel quality and/or utilization measurement and monitoring mechanism shall be designed to support proper operation channel selection. 
Proposal 2 For unlicensed operation in NR, the physical channel and physical layer procedure design shall facilitate operation in unlicensed spectrum where channel access mechanisms must be used to share the spectrum with other systems and technologies.
Proposal 3 Minimization of physical layer procedure overhead needing multiple DL-UL switches should be a target for NR since it can be beneficial for operation of NR in unlicensed spectrum in addition to the resulting benefits in licensed spectrum.
Proposal 4 In NR, a unified design of the physical channel and the physical layer procedures should be considered for operation in licensed and unlicensed spectrum.
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