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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN#86 meeting, the New SID Study on supporting NR from 52.6GHz to 71 GHz had been agreed [1]:
	This study item will include the following objectives:,

· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· 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, we focus on “Study of channel access mechanism”. 

[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]Discussion
Beam based operation
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, or beam based LBT, should be conducted to the directional transmission, or 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 1: The directional transmission and the conducted directional LBT in the high frequency range should be studied.

Hidden node problem
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. For example, with the directional LBT the neighboring gNBs with short distance cannot sense each other in the semi-orthogonal directions, and thus the receiver-aided LBT may be beneficial.
Proposal 2: Hidden node problem for the directional transmission/LBT in the high frequency range should be studied.

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 directional LBT, receiver assisted LBT and hidden node problem in high frequency band. Based on the discussion in section 2, we provide the following proposals.
Proposal 1: The directional transmission and the conducted directional LBT in the high frequency range should be studied.
Proposal 2: Hidden node problem for the directional transmission/LBT in the high frequency range should be studied.

Reference
[1] RAN#86 Chairman notes
image1.emf
gNB1

gNB2

UE1

UE2

directional LBT of gNB2

directional LBT of gNB1

short distance


Microsoft_Visio___11111.vsdx
gNB1
gNB2
UE1
UE2
directional LBT of gNB2
directional LBT of gNB1
short distance



