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[bookmark: _Ref298777854][bookmark: _Toc457979800]Introduction
At RAN-73 it was decided to down-prioritize support of unlicensed spectrum in the NR study until March 2017. Nevertheless, future compatibility for support of unlicensed spectrum shall be verified and confirmed. 
Multi antenna transmission with a massive number of antenna elements is a key feature for NR systems, which is under discussion for licensed operation [1]. This paper discusses multi-antenna and highly directional beam-forming for NR unlicensed operation. For unlicensed operation, the transmission power setting and EIRP should follow regulatory limitations in this beam-forming case. Besides, the benefits of multi-antenna and highly directional beam-forming for unlicensed operation are discussed.  
[bookmark: _Toc457979801]Discussion
In contrast with the licensed operation, there are several specific regulatory requirements for unlicensed spectrum. Therein, transmission power limitation is an important aspect, which is set by regulators and can be different from region to region for a particular spectrum band. EIRP (equivalent isotropically radiated power) is usually used as the limitation parameter where it is defined as sum of transmitter output power, antenna gain and beamforming gain. See further [2] for a discussion on max EIRP values and compliance distance. In single transmit antenna implementation, it is obvious that there is no beamforming gain. In multi-antenna scenario, the beamforming gain is different in various transmission modes:
· Operating method 1: Only one antenna is selected for data transmission;
· Operating method 2: Use multiple antennas and transmit chains simultaneously but without full correlation, e.g. spatial multiplexing, Space Time Block Codes (STBC) and etc.;
· Operating method 3: Use multiple antennas and transmit chains simultaneously but with correlation, e.g. transmit beamforming, Cyclic Delay Diversity (CDD) and etc.
For the operating method 1&2, there is no beamforming gain. For operating method 3, the beamforming gain is dependent on the number of antennas, number of transmitted spatial streams, etc. For example, if transmit signals are correlated with one another, e.g., single-stream transmit beamforming, the beamforming gain could be calculated as 10log(Nant). The calculation details for all possible transmission modes are described in the FCC regulation report [3]. Therefore, in different transmission modes, different beamforming gains will result in different transmission power limitations.
[bookmark: _Toc457980113][bookmark: _Toc457980325][bookmark: _Toc458504250][bookmark: _Toc458504822][bookmark: _Toc458504857]Beamforming gain is different for different operating methods and antenna settings in multi antenna scenarios.
[bookmark: _Toc457979802][bookmark: _Toc457980114][bookmark: _Toc457980326][bookmark: _Toc458504251][bookmark: _Toc458504823][bookmark: _Toc458504858]NR should support transmission power adaptation according to different operating methods and antenna settings with different beamforming gains.

Multi-antenna with a massive number of antennas has been standardized in 3GPP LTE advanced and also has become the basic feature for licensed NR systems. In such a system, a base station with 2-dimensional (2D) active array supports joint elevation and azimuth beamforming (a.k.a. 3D beamforming), which results in larger beamforming gain and thus much higher cell capacity compared to conventional systems. For NR unlicensed operation, introduction of multi-antenna with a massive number of antennas and highly directional beamforming could also bring many benefits as follows. 
First, the transmission power could be saved due to highly directional beamforming gain. According to the above discussion, it is known that the transmission power with beamforming should be decreased to meet the regulatory requirement. Even with low transmission power, the performance could be still guaranteed or even better with highly directional beamforming. Besides, low transmission power may save the hardware (e.g., power amplifier) cost for unlicensed products, which is good for increasing market competition capability.
Second, the data transmission coverage and link performance could be improved by highly directional beamforming. For typical products where the elevation angle of the antenna is manually tilted to one fixed direction, the maximum antenna gain is only achieved in the tilted elevation direction and less antenna gain in other directions. When both elevation and horizontal beamforming are available, the maximum beamforming gain could be obtained in each direction via beam tracking procedures. Furthermore, receive beamforming could help to improve the link SINR performance.
Third, the interference between different systems in the unlicensed band could be minimized by highly directional beamforming. In this way, collisions occur much less often than omni-directional transmission cases. Furthermore, higher spatial reuse could be obtained to increase the system throughput and spectrum efficiency.
[bookmark: _Toc457980115][bookmark: _Toc457980327][bookmark: _Toc458504252][bookmark: _Toc458504824][bookmark: _Toc458504859]Multi-antenna and highly directional beamforming could have many benefits for operation of NR in unlicensed spectrum in addition to the benefits in licensed spectrum, such as power saving, coverage & link performance improvement, lower collision probability, higher spatial reuse, etc.

To enable multi-antenna with a massive number of antennas and highly directional beamforming for licensed NR systems, many aspects are being discussed under 3GPP NR study item, e.g. RS design including DMRS, CSI RS, Beamforming RS and etc., beam management, etc. Differently from the licensed band, there are specific requirements in unlicensed bands such as power spectral density (PSD) constraints, minimum occupied bandwidth, listen before talk (LBT), etc. It is preferred that design of multi-antenna and highly directional beamforming for NR unlicensed operation reuses the design aspects of the licensed spectrum as much as possible. However, the specific requirement in unlicensed band may impact the design which should be optimized or modified from licensed design. In one aspect, various reference signal is always not occupying the whole channel which may not meet PSD or occupied bandwidth constraint. In another aspect, LBT constraint may make the transmission of reference signal not always available in predefined patterns so that how to deal with this to guarantee good performance of multi-antenna and highly directional beamforming in unlicensed case should be considered. In addition, it is good that the design in licensed band take this into account from the beginning to make the extension to unlicensed case easier.   
[bookmark: _Toc457979803][bookmark: _Toc457980116][bookmark: _Toc457980328][bookmark: _Toc458504253][bookmark: _Toc458504825][bookmark: _Toc458504860]Design of multi-antenna and highly directional beamforming for NR should consider operation in unlicensed spectrum including regulatory requirements. .     
   
[bookmark: _Toc457979804]Conclusion
We discussed operating multi antenna transmission with a massive number of antenna in the unlicensed bands for NR. We made the following observations:
Observation 1	Beamforming gain is different for different operating methods and antenna settings in multi antenna scenarios.
Observation 2	Multi-antenna and highly directional beamforming could have many benefits for operation of NR in unlicensed spectrum in addition to the benefits in licensed spectrum, such as power saving, coverage & link performance improvement, lower collision probability, higher spatial reuse, etc.

Based on the analysis, we have the following proposals:
Proposal 1	NR should support transmission power adaptation according to different operating methods and antenna settings with different beamforming gains.
Proposal 2	Design of multi-antenna and highly directional beamforming for NR should consider operation in unlicensed spectrum including regulatory requirements.
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