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1. Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for the new radio system such that any spectrum band ranging at least up to 100 GHz could be used. The goal is to achieve a single technical framework to address all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
In additional, it is stated in TR38.913 that new radio access technologies should support efficient mechanisms to share spectrums with other IMT/Non-IMT systems. The spectrums shared with other IMT/Non-IMT systems include shared spectrum as well as unlicensed spectrums such as 5GHz and 60GHz bands. 
 In this contribution, we present our views on high frequency band of unlicensed spectrum in NR.
2. Discussion
2.1. Regulations and Rules for Channel Access
Use of unlicensed spectrum can be an attractive alternative for traffic offloading since unlicensed spectrum such as 60 GHz offers a large amount of contiguous bandwidth. Wherein, for 60 GHz unlicensed spectrum global availability includes key geographies including U.S. and Canada (57.05 GHz – 64 GHz), EU (57 GHz – 66 GHz), Japan (57 GHz – 66 GHz), China (59 GHz – 62.9 GHz), South Korea (57 GHz – 64 GHz), and Australia (59.4 GHz – 62.9 GHz). Each channel has bandwidth of 2.16 GHz. Besides, the 60GHz unlicensed spectrum is currently not very crowed and there exists some highly directed point-to-point links for backhaul communication and a limited number of Wi-Fi deployments. Therefore, this spectrum can be used as a good candidate for data offloading and a new design and coexistence study with existing WiGig can be investigated.
Within Rel-13 and Rel-14, 3GPP defined a DL & UL design of Licensed-Assisted Access (LAA and eLAA) to utilize LTE in unlicensed spectrum based on Carrier Aggregation (CA). Fair coexistence between LTE and other technologies such as Wi-Fi as well as between LTE operators was seen as necessary. Listen before talk (LBT) has been defined as an effective channel access mechanism for LAA from the co-existence viewpoint.
Further, according to existing radio regulations in some countries and regions such as Europe and Japan, a device should perform LBT before transmitting on an unlicensed/shared spectrum. Therefore, LBT can be considered to be introduced into the high frequency. However, as we know, high frequency uses narrow beam modes transmission message in order to make the signal energy concentration for target user. This feature will probably bring a serious hidden nodes problem because the narrow beam is difficult to detect by neighbour users. Besides, there are some new challenges to be considered for high frequency scenarios, e.g. DL/UL links are highly directional to compensate for the large path loss, current LBT for LAA was designed without consideration for highly directional DL/UL links. 
While in some countries and regions such as China and the United States, LBT is not mandatory for the equipment used in unlicensed/shared spectrum. Besides, directional communication link naturally reduce the interference probability to other collocated equipments. Based on this, ETSI is currently discussing the use of LBT principle for high frequency such as 60 GHz. Once the LBT mechanism is not required, some methods to reduce interference and collision can be studied and discussed.
Proposal 1: Channel access mechanisms including LBT for highly directional DL/UL links and non-LBT should be in-depth studied for high frequency operation on unlicensed spectrum.
2.2. Channel access based on LBT 
For high frequency, there are two kinds of transmit/receive modes: omni-directional mode and directional mode. In order to compensate for the large path loss, directional mode is an important candidate transport mode. In the following, we will give an example to illustrate the problem of using the existing LBT mechanism for high frequency scenarios.
Figure 1 illustrates LBT for omni-directional based system. BS2 transmits to UE2 with omni-directional. BS1 senses the transmission of BS2 before transmission and does not transmit to UE1. Wherein, the signal energy detected by the sensing device is the sum of the signal energy transmitted by all the devices in the coverage area. 
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Figure 1: LBT for omni-directional based system

Figure 2 illustrates LBT for omni-directional and directional Tx in DL. BS1 transmit to UE1 by omni-directional mode, BS2 may be able to detect the energy of BS1 by current LBT approach based on omni-directional system (e.g. LBT for LAA) and hence does not transmit to UE2. But in fact, BS2 transmission signal to UE2 by directional beam mode and signal energy received from BS1 in the beam range may be limited and can transmit to UE2. Therefore, current LBT can not accurately reflect the degree of interference caused by the surrounding equipment within beam range. The above problem also exists in Figure 3.
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Figure: 2 Omni-directional and directional Tx in DL           Figure: 3 Omni-directional and directional Tx in UL
Figure 4 illustrate both UE1 and UE2 transmission signal to respective BS by directional beam and UE1 and UE2 are within the channel sense range of each other. If UE1 sense channel idle, UE1 transmit signal to BS1 by directional beam. At this time, UE2 may be able to detect the energy of UE1 transmit beam by current LBT for LAA based on omni-directional channel sense and hence does not transmit to BS2. However, the fact is that UE1 and UE2 are transmitted on the respective transmit beam without much interference.
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Figure 4: Directional Tx in UL
Based on above analysis, current LBT can not accurately reflect the degree of interference caused by the surrounding equipment within beam range. Therefore, there is a need to study new LBT schemes that can be effective for beamforming based systems, e.g. enhance calculation of the received signal energy method and CCA detection threshold for beam mode.

Proposal 2: For beamforming based systems, it is necessary to study a new LBT approach to be applied to highly directional DL/UL links, e.g. enhance calculation of the received signal energy method and CCA detection threshold.
In addition, the transmission beam used in high frequency scene is relatively narrow. This makes the signal energy concentration for target user but at the same time it also can bring a serious hidden nodes problem as shown in Figure 5. Both BS1 and BS2 adopt directional beam mode to transmit/receive. BS1 sense channel idle and transmit to UE1, BS2 may not be able to detect the energy of BS1 and hence transmits to UE2. However, both UE1 and UE2 are within the coverage of BS1 and BS2 transmit beam, both UE1 and UE2 might fail to receive the respective transmissions due to inter-RAT interference. Based on this, some methods to avoid the hidden nodes need to be studied, e.g., the receiving device performs a LBT, send some indication signal. 
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Figure 5: directional Tx/Rx
2.3. Channel access based on Non-LBT
Based on section 2.1 of this paper, for high frequency band, highly directional communication link by narrow beam can naturally reduce the interference probability to other collocated devices. Besides, due to the large degree of freedom of space, even though non-LBT is adopted, the interference and collision probability between the equipment is very low. Therefore, the device may be considered non-LBT before transmission. However, in case of conflicts and collisions occur, some randomized mechanism can be considered to solve sustaining the interference and collision probability. If necessary, some simplified channel sensing mechanisms can also be considered, e.g. Cat2 LBT.
Proposal 3: If LBT is not mandatory for high frequency band, some randomized mechanism can be considered.
3. Conclusion
In this contribution, we present our views on high frequency band of unlicensed spectrum in NR. Some proposals are summarized as follows:
Proposal 1: Channel access mechanisms including LBT for highly directional DL/UL links and non-LBT should be in-depth studied for high frequency operation on unlicensed spectrum.
Proposal 2: For beamforming based systems, it is necessary to study a new LBT approach to be applied to highly directional DL/UL links, e.g. enhance calculation of the received signal energy method and CCA detection on threshold.
Proposal 3: If LBT is not mandatory for high frequency band, some randomized mechanism can be considered.
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