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Introduction
In this Study Item [1], the following part is included in the objective.

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   

In this contribution, a channel access mechanism for unlicensed spectrum for frequencies around 60 GHz is discussed.

Discussion
In Europe, ETSI EN 302 567 [2] has described that LBT is mandatory to facilitate spectrum sharing. In order to comply with regulatory requirements applicable to frequencies between 57 and 66 GHz, Listen Before Talk must be introduced for operating in Europe.
In other countries, although in terms of regulation LBT requirement is not required, other RAT devices such as 802.11 ad/ay can operate and perform LBT using 60 GHz unlicensed spectrum. Similar to the case of NR-U using 5 GHz unlicensed spectrum, assuming that it would be difficult to exchange information between NR and other RAT devices via the air interface due to different RAT design (e.g. waveform, SCS, etc.), energy detection based LBT is one of the solutions that would easily facilitate sharing spectrum.
Therefore, in this study item, LBT should be considered for operation of NR in 60 GHz unlicensed spectrum. From the perspective of commonality between 5 GHz and 60 GHz operation, Rel-16 NR-U operation should be a baseline.
Proposal 1: Listen Before Talk should be considered on 60 GHz unlicensed spectrum in order to facilitate sharing spectrum between inter-operator/inter-RAT nodes.
Proposal 2: Rel-16 NR-U should be a baseline when considering the LBT scheme to use on 60 GHz unlicensed spectrum.
On the other hand, it is not desirable to simply copy the LBT scheme from Rel-16 NR-U and paste it to Rel-17 60 GHz operation because the channel condition (SNR, interference condition, congestion, etc.) is totally different between 5 GHz and 60 GHz. Therefore, some LBT parameters which impact on detection and collision avoidance (such as LBT category, ED threshold, CWS adjustment, etc.) should be fitted to 60 GHz channel conditions.
Proposal 3: LBT parameters (such as LBT category, ED threshold, CWS adjustment, etc.) need to be studied in order to fit with 60 GHz channel conditions.
In 802.11 ad/ay systems, it has been specified that a unit of LBT bandwidth is 2.16 GHz. If NR devices transmit signals using a channel bandwidth of less than 2.16 GHz, an 802.11 ad/ay device will not accurately estimate the existence of the NR device, such that the collision probability between NR and 802.11 ad/ay would increase. Like for NR-U using 5 GHz unlicensed spectrum, considering co-existence with NR and 802.11 ad/ay, channelization should be aligned in a co-existence environment. Therefore, at least support of about 2 GHz bandwidth should be considered for NR. 
Proposal 4: NR devices support 2.16 GHz bandwidth in 60GHz spectrum.
In 60 GHz, transmission with fine beamforming using massive antenna elements is necessary to combat high propagation loss. In this case, if omni-directional LBT is performed also in 60 GHz spectrum, direction mismatching between LBT and transmission happens. This will often cause an “exposed node problem” and a “hidden node problem”. Figure 1 shows examples of an “exposed node problem” and a “hidden node problem”.
For the “exposed node problem” in 60 GHz unlicensed spectrum, for example, a serving gNB performs LBT in all directions, including directions in which signals are not planned to be transmitted. If the serving gNB detects energy from a direction of a neighboring gNB, even though it doesn’t interfere in that direction, the serving gNB must stop signal transmission. As a result, by inadvertently restricting transmission opportunity, system performance would be degraded.
For the “hidden node problem” in 60 GHz unlicensed spectrum, for example, the serving gNB passes LBT then transmits signals to a UE 1. However, when the UE 1 is close to a UE 2, the UE 1 may suffer from strong interference by transmission from the neighboring gNB to the UE 2 while the serving gNB may not be able to detect such interference due to high propagation loss. In this case, due to the strong interference, the UE 1 would fail to decode the signal. This also causes system performance degradation.
“Directional LBT”, in which the transmitting device performs LBT only in its transmission direction, and “receiver assisted LBT”, in which the transmitting device is allowed to transmit its signal only when LBTs in both the transmitting device and the receiving device are passed (like the RTC/CTS introduced in Wi-Fi), would be solutions to mitigate the “exposed node problem” and “hidden node problem”. By using “directional LBT”, since the transmitting device doesn’t perform energy detection in an unnecessary direction, the “exposed node problem” is expected to be reduced. Also, by using “receiver assisted LBT”, since the transmitting device doesn’t transmit a signal when strong interference happens in receiving device, the “hidden node problem” could be alleviated.
Proposal 5: Directional LBT should be studied on 60 GHz unlicensed operation
Proposal 6: Receiver assisted LBT should be studied on 60 GHz unlicensed operation. 
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Figure 1. Examples of exposed node problem and hidden node problem
Conclusions
In this contribution, based on the above discussion, we have the following proposals:
Proposal 1: Listen Before Talk should be considered on 60 GHz unlicensed spectrum in order to facilitate sharing spectrum between inter-operator/inter-RAT nodes.
Proposal 2: Rel-16 NR-U should be a baseline when considering the LBT scheme to use on 60 GHz unlicensed spectrum.
Proposal 3: LBT parameters (such as LBT category, ED threshold, CWS adjustment, etc.) need to be studied in order to fit with 60 GHz channel conditions.
Proposal 4: NR devices support 2.16 GHz bandwidth in 60GHz spectrum.
Proposal 5: Directional LBT should be studied on 60 GHz unlicensed operation
Proposal 6: Receiver assisted LBT should be studied on 60 GHz unlicensed operation.
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