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Introduction
At RAN-86, a new study item on supporting NR from 52.6 GHz to 71 GHz was approved [1]. At RAN-88e, the study item on supporting NR from 52.6 GHz to 71 GHz was revised [2]. The objectives of the SI include:

In this contribution, we consider and discuss the aspects of channel access mechanism for supporting NR in frequency range from 52.6 GHz up to 71 GHz. · 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.   


Beam-based Channel Access    
[bookmark: _Ref521073172][bookmark: _Toc521074174]To overcome high propagation loss of signal in high frequency range of 52.6 GHz to 71 GHz, multiple beams with narrow beamwidth need to be used in both downlink and uplink transmissions and directional beam is inherently employed. NR is based on beam-centric design in which both gNB and UE employ beams for transmission and reception. 
Similarly, NR for unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz should also employ narrow beams for transmission and reception. NR-U already takes the advantage of the beamforming gain. However, directional beams are not currently used for sensing the channel, although directional listen before talk (LBT) has been discussed in the previous meetings. With the current LBT mechanism, if the channel is occupied only in a particular direction, then all other directions cannot be used for any transmission. Directional LBT, on the other hand, is based on that the transmitting node may sense the channels only in the directions of the intended transmission. Directional LBT could increase the spatial reuse and exploit the narrow beam transmission capabilities in high frequency band, e.g., 52.6 GHz to 71 GHz, by allowing multiple transmitting nodes to access the channel simultaneously as long as their beams remain orthogonal to each other in space.
The high frequency range of 52.6 GHz to 71 GHz can leverage the beam-based design in NR, thereby allowing directional channel access. As a result, multiple nodes may be able to access the channel at the same time, but in different orthogonal spatial directions. This can substantially improve deployment capacity and enhance spatial reuse gain of the system. Directional LBT mechanism can be considered in the high frequency range of 52.6 GHz to 71 GHz.
While beam-based transmission and reception is the key enabling technology to mitigate pathloss, it also imposes additional challenges for the frequency range of 52.6 GHz to 71 GHz. Since gNB with co-located TRPs/panels can construct multiple beams in different directions simultaneously but might not be able to transmit in one direction while perform LBT in another direction. It is challenging for gNB to listen (obtain an accurate measurement) on specific time-frequency resources on a particular beam while transmitting on other beam on the same time-frequency resources due to inevitable self-interference as shown in Figure 1. Self-interference may easily result in LBT failure, i.e., false declaration of channel unavailability while the channel is idle, because the sensed energy may be above the energy detection threshold for LBT procedure. Self-interference among co-located TRPs/panels could negatively affect the deployed channel access procedure.
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[bookmark: _Ref40383659]Figure 1 Self-interference on directional LBT
A receiver may experience a different channel and interference level than the transmitter due to interference from hidden node(s) to the receiver. Similarly, a transmitter may experience a different channel and interference level than the receiver due to interference from exposed node(s) to the transmitter. An example is shown in Figure 2 where UE1 in Cell1 experiences interference from a the gNB2 and UE2 from Cell2 but Cell1 has no information about the interferers. So gNB2 and UE2 are hidden nodes from gNB1’s perspective. Knowledge of the receiver’s environment can be useful at the transmitter. In WiFi, the RTS/CTS mechanism is used to establish a handshake between the transmitter and receiver before the transmitter begins to send data to the receiver. Similarly, the transmitter can benefit from receiver’s feedback on channel condition in unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz. However, additional signaling needs to be introduced for receiver-assisted sensing and can have impact on the overall capacity and latency in the system. The benefit, signaling overhead and latency of receiver-assisted channel access should be investigated.


  

[bookmark: _Ref40384622]Figure 2: Hidden node scenario

Proposal 1: Directional LBT and interference mitigation including hidden node and exposed node issues should be studied.

Wideband Operation and Coexistence
[bookmark: _Hlk521455654]In Rel-16 NR-U, LBT bandwidth is set to 20 MHz. The UE active BWP is an integer multiple of the LBT bandwidth (i.e. 20 MHz). The PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within an LBT bandwidth of the BWP corresponding to the CORESET. A PDCCH is confined within an LBT bandwidth in order to avoid partial puncturing of a DCI. A UE can stop monitoring PDCCH search space on a LBT subband if it is indicated not available in GC-PDCCH. 
Some successful LBT subbands may be indicated as available by the gNB, but may not be decoded successfully by a UE because of a hidden node. Therefore, considering the hidden node effects, the channel may not be fully utilized when a UE is activated with a wideband BWP. Currently in Rel-16, a UE can monitor the CORESET in each LBT subband for RB set indicator to figure out which subband is available or not. In Rel-17, in order to coexist with WiFi, each LBT subband may be equal to 2 GHz in the unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz. This requires significant computation complexity and high power consumption. UE may need to monitor RB set indication within a wideband BWP possibly with noncontiguous subband (RB set) allocation while still keeping the power consumption low. gNB may indicate those available LBT subbands information to a group of UEs via the group common PDCCH (GC-PDCCH). However, the LBT results may be different at the UE due to the hidden node issue, so some of available LBT subbands sensed and indicated by the gNB may be unavailable at the UE side. Therefore, the actually available LBT subbands may be fewer and the unlicensed channel access may be sparser. 
The channel BW in unlicensed spectrum in 52.6 - 71 GHz is much wider than that in the FR1. The sampling rate would significantly increase compared to FR1. Although gNB could signal the available LBT subbands for a group of UEs and UEs may avoid monitoring those unavailable LBT subbands, the UE operating at 52.6 GHz - 71 GHz may still require significantly larger sampling rate than that in FR1. Channel access with LBT subbands with manageable complexity/power in wideband operation in the spectrum of 52.6GHz to 71 GHz should be studied. 
Proposal 2: Wideband operation and coexistence with other RAT should be investigated considering UE power consumption and complexity. 

SSB Channel Access Opportunities    
Currently in Rel-16 NR-U operations, it can support only up to eight different beams for SSB transmission. This may be sufficient for lower frequency range, e.g., FR1. However, for higher frequency ranges such as in unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz, eight beams are generally considered not sufficient since narrower beams for beamforming needs to be used. 
It is assumed that at least 64 different SSB beams should be supported. In order to support 64 SSB beams for beamforming, we need to have more candidate SSB positions (larger than 64) in unlicensed spectrum for frequencies between 52.6 GHz and 71GHz.  
Proposal 3: Increasing the number of SSB candidate positions to above 64 to increase transmission opportunities to cope with LBT failure should be studied. 

Conclusions
In this contribution, we considered the aspects of channel access for NR supporting from 52.6 GHz up to 71 GHz. We have the following proposals: 
Proposal 1: Directional LBT and interference mitigation including hidden node and exposed node issues should be studied.
Proposal 2: Wideband operation and coexistence with other RAT should be investigated considering UE power consumption and complexity. 
Proposal 3: Increasing the number of SSB candidate positions to above 64 to increase transmission opportunities to cope with LBT failure should be studied. 
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