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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
Bandwidth
The following conclusion was made in RAN1#102-e meeting [1].
	Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.


Devices that use other RATs 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 and 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.
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 may not detect the existence of the NR device accurately thereby increasing the collision probability between NR and 802.11 ad/ay. As in 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 in the 60GHz band should be considered for NR. 
Proposal 1: NR devices support 2.16 GHz bandwidth in 60GHz spectrum as one of nominal channel bandwidths.

Further discussion is needed on how to support 2.16 GHz bandwidth in the SCS discussion in agenda item 8.2.1.

Directional LBT and Receiver-assisted LBT
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 may happen. 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 does not 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 from transmissions 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 pass (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 does not 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 the receiving device, the “hidden node problem” can be alleviated.
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Figure 1. Examples of exposed node problem and hidden node problem
Proposal 2: Directional LBT should be supported on 60 GHz unlicensed operation
Proposal 3: Receiver assisted LBT should be supported on 60 GHz unlicensed operation. 

If directional LBT is supported, relationship between sensing beam and transmission beam should be considered. It should not be allowed that the beam of transmission on a COT is leaked from the beam used by LBT. In addition, it would be difficult to contain transmissions by using multiple beams on a COT if the width of sensing beam used for acquiring the COT is too narrow. Wider sensing beam (e.g. omni-directional LBT) would be also attractive in the case of SSB transmission using beam sweeping.
[image: ]
Figure 2. Relationship between sensing beam and transmission beam
Proposal 4: Relationship between the sensing beam and transmission beam should be considered if directional LBT is supported.
· Beam of all transmissions on a COT should be contained within the sensing beam used for acquiring the COT.

Channel access parameters
In Rel-16 NR-U, LBT category 4 defined as “Type1 channel access procedure” is applied for an initiating device and LBT category 1 and 2 defined as “Type 2 channel access procedure” are applied for a responding device. On the other hand, according to 60 GHz regulatory requirements defined in ETSI EN 302 567 [3], LBT category 3 has been defined in medium access protocol, which is different from NR-U channel access procedure. In addition, unlike 5GHz requirement defined in ETSI EN 301 893 [4], no definition regarding the responding device is described in the 60 GHz requirements.
Apart from the regulatory requirement, the channel conditions (SNR, interference condition, congestion, etc.) are totally different between 5 GHz and 60 GHz due to difference of propagation loss. Assuming that 60 GHz spectrum may be rarely congested due to high propagation loss, collision between transmitting devices rarely occurs. Aggressive collision avoidance such as NR-U CWS adjustment procedure may no longer be necessary for 60 GHz spectrum.
Based on the above discussion, it is not desirable to simply copy the LBT scheme from Rel-16 NR-U for Rel-17 60 GHz operation. Therefore, some LBT parameters which impact detection and collision avoidance should be fitted to 60 GHz channel conditions. The following LBT parameters may need to be further considered.
· LBT category for initiating device and responding device
· ED threshold
· CWS adjustment
· Channel access priority class (CAPC)
Proposal 5: Channel access parameters (such as LBT category, ED threshold, CWS adjustment, CAPC, etc.) need to be studied in order to fit with 60 GHz channel conditions.

LBT mode and No-LBT mode
The following agreement regarding LBT mode and no-LBT mode was made in RAN1#102-e meeting [1].
	Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported
· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.
· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms
· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)


This section discusses the FFS part for the condition where no-LBT mode is applied.
From the regulatory requirement perspective, according to ECC recommendations for 57-71 GHz [5], 3 types of modes are categorized; ‘C1’, ‘C2’, and ‘C3’. ‘C1’ is associated with ETSI EN 302 567 [3] which has described that LBT is mandatory to facilitate spectrum sharing. ‘C2’ and ‘C3’ correspond to EN 302 567 and EN 303 722, respectively. These specifications have not been fixed yet. For other countries other than EU, since LBT is not mandated, no-LBT mode can be adopted.
Observation 1: In EU, no-LBT mode cannot be operated at least under the ‘C1’ for indoor and outdoor deployment.
The purpose of LBT is to avoid collision between transmissions from 2 or more devices in the congested environment. In the uncongested environment, since most CCA would tend to pass, it would be almost equivalent to when no-LBT mode is adopted.
Observation 2: No-LBT mode works in the uncongested environment.
In Rel-16 NR-U, average RSSI and channel occupancy have been introduced. Average RSSI represents average level of interference and channel occupancy represents ratio of interference occurrence in time domain. If average RSSI and channel occupancy is low enough, the gNB could realize that the environment is not congested. Therefore, based on measurement results of average RSSI and channel occupancy, no-LBT mode could be configured.
Observation 3: Congestion could be measured by average RSSI and channel occupancy which have been already introduced in NR-U.
Proposal 6: No-LBT mode is configured in the environment where both average RSSI and channel occupancy are low.

Conclusions
In this contribution, based on the above discussion, we have the following proposals:
Proposal 1: NR devices support 2.16 GHz bandwidth in 60GHz spectrum as one of nominal channel bandwidths.
Proposal 2: Directional LBT should be supported on 60 GHz unlicensed operation
Proposal 3: Receiver assisted LBT should be supported on 60 GHz unlicensed operation. 
Proposal 4: Relationship between the sensing beam and transmission beam should be considered if directional LBT is supported.
· Beam of all transmissions on a COT should be contained within the sensing beam used for acquiring the COT.
Proposal 5: Channel access parameters (such as LBT category, ED threshold, CWS adjustment, CAPC, etc.) need to be studied in order to fit with 60 GHz channel conditions.
Observation 1: In EU, no-LBT mode cannot be operated at least under the ‘C1’ for indoor and outdoor deployment.
Observation 2: No-LBT mode works in the uncongested environment.
Observation 3: Congestion could be measured by average RSSI and channel occupancy which have been already introduced in NR-U.
[bookmark: _GoBack]Proposal 6: No-LBT mode is configured in the environment where both average RSSI and channel occupancy are low.
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