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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN#90-e meeting, the WID of extending current NR operation to 71GHz has been agreed. And the following channel access mechanism has been made: [1]
	· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 



In this contribution, we focus on the channel access mechanism for operation in the 60GHz unlicensed band. 

[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]Discussion
LBT bandwidth
In RAN1#103-e meeting, the definition of LBT bandwidths was discussed and the following alternatives were agreed and captured in the TR 38.808 [2]:
	Agreement:
Capture the following in the TR:
On the LBT bandwidth (bandwidth over which a single contiguous LBT is performed) relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection of one or more of these alternatives (if needed) should be further discussed when specifications are developed.
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth (number of RBs for a given transmission)
· Alt 3: LBT bandwidth can be wider than channel bandwidth
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel
· Alt 5: LBT bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth


In Rel-16 NR-U, LBT can be performed in units of 20MHz, and the NR-U operating bandwidth is also an integer multiple of 20MHz. This is to ensure the transmission and LBT match. To reuse the LBT mechanism of Rel-16 NR-U as much as possible, at least, alternative 1 and alternative 4 should be supported.  For alternative 2, the LBT bandwidth is equal to the minimum of channel bandwidth and the transmission bandwidth which implies that when the transmission bandwidth changes, the LBT bandwidth and LBT mechanism have to change. This method may increase the complexity of the LBT mechanism. For alternative 3, even in the case of carrier aggregation, performing LBT measurement for each carrier may have benefits over a single wideband LBT measurement from channel access perspective. Because the former can pass the LBT on other carrier even if one carrier is congested.
Proposal 1: At least, Alt 1 and Alt 4 should be supported for LBT bandwidth definition.

Directional LBT
In Rel-16 NR, in order to fairly coexist with Wi-Fi system in low frequency range (e.g. 802.11ac/802.11ax), a channel access mechanism based on Listen-Before-Talk (LBT) is introduced for unlicensed band operation. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK7]The Rel-16 NR-U channel access mechanism is designed only for the low frequency range (i.e. below 7GHz), and the channel access mechanism is similar to LBT mechanism of Wi-Fi system in the low frequency range. As well, Rel-16 NR-U channel access applies the same omni-directional LBT as the Wi-Fi system in the low frequency range. Behind the omni-directional LBT, the omin-directional transmission is assumed. 
However, in high frequency range (i.e. above 52.6GHz) the directional transmission, i.e. beam based transmission, should be assumed to combat the large channel fading. In fact, one of key differences between NR-U/Wi-Fi in high frequency range and NR-U/Wi-Fi in low frequency range is the propagation characteristic of the radio. NR-U/Wi-Fi in high frequency range always imposes the use of beamforming to overcome the large propagation loss. Under this assumption, the directional LBT, should be conducted to the beam based transmission. Otherwise, the mismatch between LBT and transmission may cause the unexpected interference. For example, the mismatch between the omni-directional LBT and the subsequent directional transmission may cause the unexpected interference. Specifically, the gNB/UE with omni-directional LBT may suffer from the continuous directional interference and the gNB/UE may lose lots of transmission opportunities. As the counterpart, the directional LBT with the directional transmission can work well like the omni-directional LBT with the omni-directional transmission. 
In addition, the directional transmission can be regarded as a way to achieve the spatial reuse (e.g. MU-MIMO), so the directional LBT has the merit of the better spatial reuse.
Proposal 2: The directional LBT should be supported in 60GHz unlicensed band.

Receiver assisted LBT
As mentioned above, in the high frequency range, the directional transmission is a promising way to overcome the severe propagation loss. However, it is common understanding that, hidden node issue in the directional LBT is much more serious than that in the omni-directional LBT, as shown in Figure 1. 

  
Figure 1.  Hidden node problem for the directional transmission/LBT
It can be seen in Figure 1 that, both UE1 and UE2 are within the directional transmission coverage of gNB1 and gNB2. While gNB2 is transmitting signals to UE2, but gNB1 cannot sense the transmission from gNB2 to UE2 since gNB1’s directional LBT is in direction semi-orthogonal to the direction of gNB2’s transmission, and thus gNB1 assumes the channel is idle and then transmits signals to UE1, which cause the interference to UE2. Finally, both UE1 and UE2 suffer from the interference. 
Thus, we recommend to study to mitigate the severe interference due to hidden node issue caused by the directional LBT in the channel access procedure. A general approach to avoid severe interference caused by hidden node problem should be studied, such as receiver assisted LBT. A simple approach of receiver assisted LBT is to perform a handshake between the gNB and the UE.
Proposal 3: The receiver assisted LBT should be supported in 60GHz unlicensed band.

Energy detection threshold enhancement
In RAN1#103-e meeting the ED threshold had been discussed and the following had been agreed and captured in the TR 38.808 [2]:
	Agreement:
It can be further discussed when specifications are developed if and how the ED threshold provided by the ETSI BRAN 302 567 should be modified to account for aspects such as transmit power, LBT bandwidth, beamforming gain, coexistence etc.
· Note: There is no consensus that all of the aspects above need to be considered

Agreement:
It can be further discussed when specifications are developed if 3GPP specifications should define the relationship between the LBT beam and the transmission beam or leave it as implementation. If such relationship is defined, it can also be further discussed when specifications are developed if ED threshold should be adjusted by the choice of LBT beam and transmission beam.



[bookmark: _GoBack]ETSI BRAN 302 567 [3] has provided a simple formula for determination of the ED threshold. The formula only includes the transmission power without considering the impact of LBT bandwidth and the beamforming gain. Given that it can have different LBT bandwidth and transmission power for different RATs operating on the 60GHz unlicensed band, in order to guarantee fairly coexistence among these RATs, the formula of ED threshold should consider the LBT bandwidth and beamforming gain.
Proposal 4: The formula of ED threshold should consider the LBT bandwidth and beamforming gain.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed LBT bandwidth, omni-direction LBT, directional LBT, receiver assisted LBT, hidden node problem in 60GHz unlicensed band and energy detection threshold enhancement mechanism. Based on the discussion in section 2, we provide the following proposals.
Proposal 1: At least, Alt 1 and Alt 4 should be supported for LBT bandwidth definition.
Proposal 2: The directional LBT should be supported in 60GHz unlicensed band.
Proposal 3: The receiver assisted LBT should be supported in 60GHz unlicensed band.
Proposal 4: The formula of ED threshold should consider the LBT bandwidth and beamforming gain.
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