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1. Introduction
A new SI to study on supporting NR in high frequency band from 52.6 GHz to 71 GHz was approved in RAN#86 [1]. In RAN1#102-e meeting, the following conclusions and agreements are made to develop channel access and the system evaluations [2].
	[bookmark: _Hlk49521453]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.

Conclusion:
The RAN1 understanding of the CCA check procedure in draft v2.1.20 of EN 302 567 is as follows:
· When performing CCA before initiating transmission, during count down, when an observation slot fails ED, the counter freezes, and will continue count down 8us after the interference is detected to be gone

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)

Agreement:
Use the LBT procedures in draft v2.1.20 of EN 302 567 as the baseline system evaluation with LBT
· Enhancements to ED threshold, contention window sizes etc. can be considered as part of the evaluations.



In this contribution, we discuss and provide views on the channel access mechanism to support NR unlicensed band operation in high frequency range from 52.6 GHz to 71 GHz (simply denoted as “FR-X” hereafter), in terms of ED threshold adaptation mechanism and the directional LBT/transmission considering the regulations of the FR-X band.

2. ED threshold adaptation mechanism considering regulatory requirement and numerology for NR above 52.6 GHz

According to 38.807 [3], most countries declare frequency band from 57 GHz to 66 GHz as unlicensed spectrum and have the power requirements of max EIRP about 500mW (40dBm), and some countries (EU, Korea, Singapore) have the maximum power spectral density (PSD) requirement of 13dBm/MHz. For spectrum access requirements, Europe regulation requires an adequate spectrum sharing mechanism such as LBT, and Japan requires carrier sensing functionality when the transmission power is more than 10dBm. Therefore, if there are incumbent RATs operating in FR-X band, an appropriate spectrum sharing mechanism might be required for fair coexistence.

In order to support NR in the frequency range from 52.6 GHz to 71 GHz, the numerology would need to be changed at least considering phase noise effects, and CC (component carrier) bandwidth would be determined accordingly. For example, if 240 kHz or 480 kHz is used as the candidate subcarrier spacing (SCS) of the data channel for FR-X as discussed in our companion paper [4], the CC bandwidth of NR above 52.6GHz can be up to 800 MHz or 1600 MHz.

However, assuming that the NR complies with the regulatory requirement, the output power or PSD may need to be adjusted depending on the operating CC BW. For example, if the CC bandwidth is 500 MHz and the transmission is performed with the maximum PSD (=13dBm/MHz), the total output power can already reach the maximum output power (=40dBm) allowed by regulation. Therefore, in order to transmit with the CC bandwidth greater than 500MHz, it might be necessary to adjust the PSD to be lower than 13dBm/MHz. For example, in order to transmit with a CC bandwidth of up to 800 MHz corresponding to the SCS value of 240 kHz, it may be required to transmit with the PSD of 11 dBm/MHz which is lower than the maximum PSD allowed by regulation.

Therefore, to support NR in FR-X band, multiple parameters including the numerology, channel bandwidth of NR and the power requirements such as maximum output power and power spectral density, should be considered in determining the channel access mechanism.

Proposal #1: In order to support NR operation in unlicensed band from 52.6GHz to 71GHz, multiple parameters including the numerology, channel bandwidth of NR and the power requirements such as maximum output power and power spectral density, should be considered in determining the channel access mechanism.

If a channel access mechanism is introduced with consideration of coexistence with an incumbent system (e.g., WiGig) operating in the frequency range from 52.6 GHz to 71 GHz, the LBT parameter setting (e.g., energy detection threshold adaptation procedure) may need to be enhanced considering the channel bandwidth of NR and the power requirements such as maximum output power and maximum PSD.

To explain a method of the ED threshold setting according to the channel bandwidth of NR, the output power and the PSD, the reference LBT parameter set can be defined as {reference (LBT) BW, reference (max output) power, reference ED (threshold)}. The value of each parameter in the reference LBT parameter set can be determined based on the regulatory requirements and/or the (nominal) system bandwidth, the maximum output power (allowed for that BW size), and the ED threshold defined by other RATs. For example, when considering the WiGig system as a reference, the reference LBT parameter set can be expressed as {BWiGig = 2.16GHz, PWiGig = 40dBm, TWiGig = -48dBm}.

If the unit LBT BW of NR is considered to be the same as its CC BW (=BNR) and if BNR = BWiGig, the maximum output power of NR (=PNR) and ED threshold of NR (=TNR) can be set to the same values as in the reference LBT parameter sets (used for WiGig). In other words, the LBT parameter set of NR can be expressed as {BNR = 2.16GHz, PNR = 40dBm, TNR = -48dBm}, and in this case, it would be obvious that NR can fairly coexist with WiGig. 

Even in case when BNR <BWiGig, the maximum output power and ED threshold of NR could be set to the same values as in the reference LBT parameter sets used for WiGig as long as it does not violate the regulatory requirement. However, since NR performs LBT with a smaller bandwidth than WiGig, PNR and TNR might need to be adjusted with consideration of coexistence. For example, in case when BNR < BWiGig, PNR can be set to be lower than PWiGig, and TNR can be adapted to be higher than TWiGig. As a result, the NR can perform the channel access procedure using the LBT parameter set by {BNR (<BWiGig), PNR (<PWiGig), TNR (> TWiGig)}.

Proposal #2: It is necessary to enhance the method of determining ED threshold with consideration of the maximum output power and the unit LBT bandwidth applied in NR and the fair coexistence with the incumbent system (e.g., WiGig) operating in frequency range from 52.6GHz to 71 GHz.

3. Directional channel access procedure for beam based operation of NR above 52.6 GHz

Since the cell coverage can be reduced in the high frequency band, the beam-based transmission using a multi-antenna beamforming technique may be useful. Therefore, the directional CCA can be utilized for channel access mechanism to enhance the performance of beam-based transmission in above 52.6GHz band.

However, it is noted that whether to introduce the directional CCA can be determined based on performance analysis between the beam-based transmission using directional CCA and beam-based transmission using the (legacy) omni-directional CCA. If beam-based transmission using directional CCA shows a performance gain, the following issues related to directional CCA operation can be discussed.

■ Transmitter performs channel sensing before transmission
· CCA threshold
· CCA threshold for directional transmission may need to be different from the case of omni-directional transmission since the coverage and interference from a directional transmission will be different from an omni-directional transmission
· Relationship between transmission direction and CCA direction
· In the actual implementation of the UE or gNB, the receiving direction and the transmitting direction may not match well. Moreover, applying same spatial direction as transmission direction for CCA may not be effective since interference to the receiver will be estimated in the opposite direction to the transmission direction as depicted in figure 1. In that sense, we may consider receiver performs channel sensing before reception as well.
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Figure 1. Illustration of interference caused by directional transmission

■ Transmission with multiple candidate directions
For some broadcast signals/channels (e.g. SSB) in NR, multi-beam sweeping transmission is necessary. Depending on the further discussion on the LBT operation for directional transmission, directional CCA at transmitter side may be necessary. In that case, it should be further studied how to perform omni-directional or directional CCA for multiple-beam sweeping transmission. 
In addition, if either transmitter or receiver side channel sensing is introduced per transmission direction or reception direction, it should be also discussed how to define CWS management, e.g., per-direction management or across-direction management. It can be also considered how to adjust CWS if omni-directional LBT as well as directional LBT are operated at the same time. To be specific, CWS increment/reset event in a particular direction may affect the CWS managed for other directions. For example, if the CWS for directional LBT increase occurs in a particular direction due to collision, the CWS managed for omni-directional LBT may also be affected and may be increased. Conversely, if the CWS reset event is occurred in omni-directional LBT, the CWS managed in each direction may also be affected and may be reset. Also, if the back-off counter value is also defined per-direction, the same principle can be applied to back-off counter value decrease in Type1 LBT procedure.

Proposal #3: If directional CCA procedure with beam based transmission is identified as beneficial, the followings for directional CCA procedure can be considered:
· CCA threshold setting
· Relationship between transmission direction and CCA direction
· Directional LBT for broadcast/unicast transmission
· CWS management

■ Mechanism and condition(s) to switch between channel access with LBT and channel access without LBT
In the RAN1#102-e meeting, it was agreed that both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported to initiate a channel occupancy for gNB and UE [2]. Basically, LBT mechanisms such as omni-directional LBT and directional LBT can be used to initiate the channel occupancy. However, if the local regulation allows initiating channel occupancy without LBT and at least one of the specific conditions are met, the channel access with LBT can be switched to the channel access mechanism without LBT. For example, gNB/UE can switch to the channel occupancy initiated by channel access mechanism without LBT (during limited time) only when it can assume low interference environment e.g., by estimating interference level or by using HARQ information of (consecutive) successful transmissions. Once the channel access mechanism is switched to one without LBT, the timer can be started and the channel access mode can be fallback to the channel access mode with LBT mechanism when the timer is expired or at least one of the specific conditions (e.g., when NACKs were received consecutively for the PDSCH/PUSCH transmitted without LBT) for switching the channel access mechanism is met.

Proposal #4: The channel access with LBT mechanism can be switched to a channel access mechanism without LBT during limited time only when the local regulation allows initiating channel occupancy without LBT and the specific conditions such as low interference environment are met.
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■ Consideration of LBT type indication and Tx Burst construction for COT sharing
If the directional LBT can be used to initiate channel occupancy together with omni-directional LBT for initiating a channel occupancy, it is necessary to indicate both the direction of LBT (e.g., omni-directional LBT or directional LBT) and the type of LBT (e.g., Type 1 or Type 2A/2B/2C channel access procedure in NR-U) when scheduling a UL transmission to a UE. Moreover, it is necessary to determine which type and direction of LBT should be indicated to a UE inside of gNB’s channel occupancy acquired by omni-directional LBT or directional LBT. For example, the omni-directional Type 2A LBT can be indicated to UE inside of the channel occupancy acquired by omni-directional Type 1 LBT by gNB.
If the directional LBT is performed to transmit a beamformed transmission, it may be desirable that all DL signals/channels (or UL signals/channels) belonging to the same TX burst have QCL relationship. For example, the gNB performs directional LBT to Beam A to acquire COT and transmits DL signals across four slots. If gNB’s transmission is beamformed to Beam A for the first three slots but the last slot is redirected to Beam B, it may collide with other nodes (e.g., WiGig AP) that has transmitted in the direction of beam B after the success of directional LBT to Beam B. The same principle can be applied to the COT sharing between the gNB and UE in the COT acquired by the directional LBT. When the spatial relationship between the DL signals/channels and the UL signals/channels are associated, it is desirable that the COT acquired by directional LBT is shared between the DL signals/channels and UL signals/channels having spatial QCL relationship.

Proposal #5: It should be studied that how to indicate the direction of LBT (e.g., omni-directional LBT or directional LBT) and the type of LBT (e.g., Type 1 or Type 2A/2B/2C channel access procedure in NR-U) when scheduling a UL transmission inside or outside of a channel occupancy.
Proposal #6: It would be beneficial for coexistence that channel occupancy acquired by directional LBT is shared only for DL and UL signals/channels having spatial QCL relationship.

4. Conclusions
In this contribution, the channel access mechanism to support NR in high frequency range from 52.6 GHz to 71 GHz was discussed, and the followings are proposed.
Proposal #1: In order to support NR operation in unlicensed band from 52.6GHz to 71GHz, multiple parameters including the numerology, channel bandwidth of NR and the power requirements such as maximum output power and power spectral density, should be considered in determining the channel access mechanism.
Proposal #2: It is necessary to enhance the method of determining ED threshold with consideration of the maximum output power and the unit LBT bandwidth applied in NR and the fair coexistence with the incumbent system (e.g., WiGig) operating in frequency range from 52.6GHz to 71 GHz.
Proposal #3: If directional CCA procedure with beam based transmission is identified as beneficial, the followings for directional CCA procedure can be considered:
· CCA threshold setting
· Relationship between transmission direction and CCA direction
· Directional LBT for broadcast/unicast transmission
· CWS management
Proposal #4: The channel access with LBT mechanism can be switched to a channel access mechanism without LBT during limited time only when the local regulation allows initiating channel occupancy without LBT and the specific conditions such as low interference environment are met.
Proposal #5: It should be studied that how to indicate the direction of LBT (e.g., omni-directional LBT or directional LBT) and the type of LBT (e.g., Type 1 or Type 2A/2B/2C channel access procedure in NR-U) when scheduling a UL transmission inside or outside of a channel occupancy.
Proposal #6: It would be beneficial for coexistence that channel occupancy acquired by directional LBT is shared only for DL and UL signals/channels having spatial QCL relationship.
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