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1. Introduction
The following WID objectives related to the channel access mechanism were made in RAN#90-e meeting [1]:
	· [bookmark: _Hlk49521453]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 discuss and provide views on the channel access mechanism to support NR above 52.6 GHz, in terms of the channel access mode switching, the introduction of CAPC, CWS adjustment mechanism and Type 2 (2A/2B2C) channel access procedure to the beam-based LBT/transmission, and the ED threshold enhancement considering the relationship between the LBT beam and transmission beam(s).

2. The channel access mode
■ Mechanism and condition(s) to switch between LBT and No-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. This switching mechanism between the LBT and No-LBT mode can be beneficial for coexistence with different RAT/operator or for high traffic load scenario.

Proposal #1: Consider switching mechanism between channel access mechanism with LBT mechanism and that without LBT based on timer operation when the local regulation allows initiating channel occupancy without LBT and the specific conditions such as low interference environment are met.

■ Introduction of CAPC and CWS adjustment mechanism
	Agreement:
Use the CCA check procedure in EN 302 567 (per RAN1 understanding as from RAN1 #102-e) as the baseline for channel access for 60GHz band when LBT is applied. The following can be discussed further during normative work.
· Whether CAPC and contention window adjustment mechanisms are introduced
· Whether ED threshold change is needed, e.g., due to changes in bandwidth, beamforming gain etc.
· Whether contention window range needs to be adjusted


In RAN1#103-e meeting [3], the agreement was made that the CCA check procedure in EN 302 567 as the baseline for channel access for 60GHz band when LBT is applied and whether to introduce CAPC and CWS adjustment mechanism will be further discussed during WI phase. 
Because the purpose of CAPC and CWS adjustment are to prioritize high priority traffic and resolve the collision between the transmissions, the introduction of CAPC and CWS adjustment mechanism can be beneficial in highly congested scenario. Moreover, considering the fair coexistence with the incumbent system (e.g., WiGig) operating in the above 52.6GHz, it is necessary to consider the introduction of CAPC and CWS adjustment procedure. The procedures specified for the CAPC and CWS adjustment mechanism in Rel-16 NR-U can be reused as baseline for operation in the 60 GHz band.

Proposal #2: Introduce channel access priority class and the contention window adjustment mechanisms when LBT is used in NR above 52.6 GHz, similar to Rel-16 NR-U.

3. Considerations for LBT schemes and LBT types
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 and the following issues related to directional CCA operation and COT sharing can be discussed.

■ Directional LBT and receiver assisted LBT
· 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. 
[image: ]
Figure 1. Illustration of interference caused by directional transmission
· Receiver assisted LBT
· Considering that the difference between the interference measured by the transmitter and the receiver can be significant, it can be helpful to utilize the assistance information sent by the receiver. However, since the contents of the assistant information or feedback mechanisms can be fully supported by the current Rel-15/16 specification, there is no need to specify additional mechanisms other than the indication of which LBT to be used at receiver side when the receiver assisted LBT is used.

Proposal #3: The directional CCA and the receiver assisted LBT can be beneficial to increase cell coverage and spatial reuse, and whether or not the receiver assisted LBT can have an impact on specification except for indicating LBT type to responder should be first investigated.

■ 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 #4: If the directional CCA procedure is introduced the followings points can be considered:
· How to perform the CCA procedure for multiple-beam sweeping transmission
· How to define CWS management (e.g., per-direction or across-direction management)
· How to manage the back-off counter value

■ Type 2 channel access procedures and the indication of LBT types
	Agreement:
When LBT mode is used, it can be further discussed when specifications are developed if a responding device should use a Cat 2 LBT to share the COT, and if yes, how to define the Cat 2 LBT and if a maximum gap is to be introduced between the initiating device and responding device transmissions.


In RAN1#103-e meeting [3], there were discussions related to the definition of Cat-2 LBT and the maximum gap for a responding device in the shared COT. Even the EN 302 567 does not explicitly define the gap allowed for COT sharing, it is beneficial to introduce the maximum gap and the Cat-2 LBT for efficient COT sharing to support NR above 52.6GHz.
In NR-U, the initiating device can transmit the transmission(s) in its own COT by supporting multiple switching points when the conditions such as the gap are met and the responding device may transmit a transmission immediately after sensing the channel to be idle for at least a specific sensing interval. If the gap between the transmissions is larger than the maximum gap, the COT acquired by the initiating device cannot be maintained and the collisions may occur by the transmissions from other devices that sensed the channel to be idle.
The same principle can be applied to the COT sharing between the gNB and UE in the COT acquired by the directional LBT. Moreover, a gNB can transmit the multiple beams in a TDM manner, resulting in transmissions gaps on a beam, within a COT after sensing the channel in the corresponding directions at the beginning of the COT. Therefore, the maximum gap between the transmissions in the COT should be defined and the Type 2 (e.g., Type 2A/2B/2C) channel access procedure can be performed before starting the transmission to avoid the collisions. The definition of Type 2 (e.g., 2A/2B/2C) channel access procedure in Rel-16 NR-U can be reused with possible modifications to the parameters such as the gap duration for each type of LBT..

Proposal #5: For COT sharing, the Type 2 (e.g., 2A/2B/2C) channel access procedure can be introduced and the maximum gap between the transmissions within the COT can be defined for above 52.6 GHz.

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.

Proposal #6: It should be discussed 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.

■ Tx Burst construction for COT sharing
If the directional LBT is performed with a specific LBT beam using a specific directional antenna, the CCA range should cover the interference range of the transmission beam(s). Within the COT acquired by the LBT beams with specific direction and ED threshold, the transmission of beams that have directions different from the CCA range (due to large transmit power than ED threshold) shall not be allowed to be multiplexed (SDM/TDM) in the COT. For example, if the COT is acquired by the directional LBT with Beam A, the transmission of beam(s) is only allowed to the beam having the same direction as Beam A in the COT. When LBT is performed with wide beam A, it may be necessary to discuss whether to allow transmission of the multiple narrow beams included in the beam A (i.e., multiple beam sweeping transmission) and whether to allow the transmission of beam other than the LBT beam in the COT. 

Proposal #7: The relationship between the LBT beam with a specific direction to acquire the COT and the transmission beam(s) allowed to transmit in that COT should be defined considering the relationship between the CCA range of the LBT beam and the interference range of the transmission beam(s).

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 #8: 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. ED threshold enhancement
	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


Since the current ED threshold formula provided the ETSI BRAN 302 567, -47 dBm + 10 × log10 (PMax / Pout) (Pmax and Pout in W e.i.r.p.), is only a function of Pout where Pout is the RF output power (EIRP), the formula should be modified to account for aspects such as LBT bandwidth, and beamforming gain/width etc. 
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)}.
For the relationship between the LBT beam and the transmission beam(s), if the directional LBT is performed with a specific LBT beam (i.e., Rx beam pattern) using a specific directional antenna, the CCA range should cover the interference range of the transmission beam(s). In other words, the value of ED threshold and the CCA range should be determined considering the interference range of the transmission beam(s) in the COT. Within the COT acquired by the LBT beams with specific direction and ED threshold, the transmission of beams that have directions different from the CCA range (due to large transmit power than ED threshold) shall not be allowed to be multiplexed (SDM/TDM) in the COT. For example, if the COT is acquired by the directional LBT with relatively narrow beam A, the transmission of beam(s) is only allowed to the beam having the same direction as Beam A in the COT. When LBT is performed with wide beam A, it can be allow transmission of the multiple narrow beams included in the beam A in TDM/SDM manner. 

Proposal #9: The ED threshold provided by the ETSI 302 567 can be enhanced considering the following points:
· The size of LBT bandwidth
· Transmit power of beam(s) in the COT
· Transmit beam pattern (wide/narrow)

5. 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: Consider switching mechanism between channel access mechanism with LBT mechanism and that without LBT based on timer operation when the local regulation allows initiating channel occupancy without LBT and the specific conditions such as low interference environment are met.
Proposal #2: Introduce channel access priority class and the contention window adjustment mechanisms when LBT is used in NR above 52.6 GHz, similar to Rel-16 NR-U.
Proposal #3: The directional CCA and the receiver assisted LBT can be beneficial to increase cell coverage and spatial reuse, and whether or not the receiver assisted LBT can have an impact on specification except for indicating LBT type to responder should be first investigated.
Proposal #4: If the directional CCA procedure is introduced the followings points can be considered:
· How to perform the CCA procedure for multiple-beam sweeping transmission
· How to define CWS management (e.g., per-direction or across-direction management)
· How to manage the back-off counter value
Proposal #5: For COT sharing, the Type 2 (e.g., 2A/2B/2C) channel access procedure can be introduced and the maximum gap between the transmissions within the COT can be defined for above 52.6 GHz.
Proposal #6: It should be discussed 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 #7: The relationship between the LBT beam with a specific direction to acquire the COT and the transmission beam(s) allowed to transmit in that COT should be defined considering the relationship between the CCA range of the LBT beam and the interference range of the transmission beam(s).
[bookmark: _GoBack]Proposal #8: 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.
Proposal #9: The ED threshold provided by the ETSI 302 567 can be enhanced considering the following points:
· The size of LBT bandwidth
· Transmit power of beam(s) in the COT
· Transmit beam pattern (wide/narrow)
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