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1. Introduction
The revise WID for operations extended to 71GHz was approved in RAN#90 [1]. The physical layer procedures such as channel access were agreed for further investigation:
· 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 will discuss the details of all these channel access mechanisms, as well as the channel access mechanism selection in this frequency band.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]LBT procedure related issues
[bookmark: PP12]In the regulation defined by ETSI for 60GHz band [2], there are no definitions for LBT bandwidth. Meanwhile, the ED threshold defined in the regulation may only be feasible for the bandwidth around 2.16GHz. In NR, UE may support different bandwidth, which will impact on the LBT bandwidth and the ED threshold when accessing the channel in 60GHz band. Meanwhile, the ED threshold in the regulation is not specified for the LBT procedure when applying directional LBT beams.
LBT bandwidth
In RAN1#103-e meeting, the LBT bandwidth was discussed and the following options were agreed [3]:
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
The above options define the LBT bandwidth according to the (minimum) channel bandwidth, transmission bandwidth, etc. However, we think the LBT bandwidth can be at least defined according to the active BWP. A UE will be configured up to four BWPs. Each BWP is equal to or smaller than the channel bandwidth. BWP was first introduced for the sake of power saving where UE can fall back to a BWP with narrower bandwidth if there is not much data for transmission. In 60GHz band, BWP is still needed for the same reason. If the channel bandwidth is used as the LBT bandwidth, there will be unnecessary sensing on the frequency which is not activated. Therefore, active BWP can be considered as the LBT bandwidth. In the initial access procedure, the LBT bandwidth is the initial BWP. After RRC connection, the LBT bandwidth equals to the active BWP. Whenever the active BWP changes, the LBT bandwidth changes accordingly. Furthermore, if some unit bandwidth is defined, then the LBT bandwidth can be defined as a multiple of unit bandwidth which covers the active BWP.
[bookmark: _Ref61448937]Proposal 1: The LBT bandwidth is variable and can be defined according to the active BWP.
ED threshold
In [2], the ED threshold for CCA check is defined as -47 dBm + 10 × log10 (PMax / Pout) (Pmax and Pout in W e.i.r.p.) , where Pout is the RF output power (EIRP) and Pmax is the RF output power limit.  The ED threshold is calculated regardless of the channel bandwidth. In NR, as we discussed above, the LBT bandwidth is variable and changes with the active BWP. Therefore, a constant ED threshold for all possible LBT bandwidth is not feasible anymore. The LBT bandwidth should be counted when calculate the ED threshold. A factor taking into account the LBT bandwidth impact should be included in the ED threshold equation.
Besides, since the ED threshold is defined assuming a 0 dBi receiving antenna. When directional LBT is applied, the beamforming gain for the receiving antenna is no longer 0 dBi, and the impact of the beamforming gain should be counted in when calculating the ED threshold. Otherwise, the affected surrounding nodes in the interference zone will be different. A straightforward way to take into account the beamforming gain impact can be realized by adding the antenna gain to the ED threshold formula. Different LBT beams will lead to different ED thresholds depending on their beamforming gain.
[bookmark: _Ref61448943]Proposal 2: The ED threshold for CCA check should adapt to LBT bandwidth, and take into account the impact of beamforming gain of the directional LBT beams.
Directional LBT
It was agreed in WID that directional LBT is one of the candidate channel access mechanisms. The following options were agreed in RAN1#103-e [3].
Agreement:
When LBT mode is used, spatial domain multiplexing of different beams is supported. The LBT requirement (if any) for spatial domain multiplexing of multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded.
· Leave the LBT behaviour for implementation
· One LBT beam covers all transmission beams
· Multiple LBT beams cover multiple transmission beams

Agreement:
When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded
· No additional LBT requirement defined and leave the LBT behaviour for implementation
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT. 
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.
For spatial multiplexing, it is better to apply one LBT beam covers all transmission beams. Multiple LBT beams cover multiple transmission beams lead to multiple LBT operations, which is not preferable. When time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported, perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam. Since the channels in other directions are not occupied during the transmission in the first direction, in order to reduce possible interference to surrounding nodes, the transmitter should perform additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT as shown in Figure 1. If the first LBT is performed with a beam covers all the TDM beams, the additional LBT for the later transmission in other directions can be simplified as a one-shot LBT. If the first LBT is performed with a beam covers only the first transmission beam, then the same LBT procedure should be applied before the transmission in other directions, i.e., a full CCA check procedure is employed for the transmission in each beam direction.


[bookmark: _Ref61425825]Figure 1 Directional LBT for multiple beams
[bookmark: _Ref61448948]Proposal 3: Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.
Receiver assisted LBT
Receiver assisted LBT is observed to be beneficial for the receivers suffered from hidden node problem. However, the detailed design of the signaling is unclear in NR. In this section, we discuss the possible channels and contents for the related signal such as transmitter request, receiver feedback in NR.
[bookmark: _GoBack]When gNB operates as an initiating device, it sends transmitter request to the UEs which have data for reception. When the UEs correctly decode the transmitter request, they will send receiver feedback to the gNB. gNB will then start to transmit data to those UEs after receiving the receiver feedback. The possible channels that can carry transmitter request are the (GC-) PDCCH or a dedicated transmitter request PDCCH. gNB will firstly configure the PDCCH for transmitter request with at least one of the following information, e.g., a dedicated RNTI for transmitter request, the position of the transmitter request information in the DCI for each UE, DCI size, monitoring occasion, etc. The transmitter request contains at least one of the following information, e.g., UE identity, channel occupancy time, resource indication for receiver feedback, spatial info for receiver feedback, etc. 
gNB can send transmitter request to a group of UEs with GC-PDCCH, or to an individual UE with UE-specific PDCCH. When gNB sends transmitter request to multiple UEs, each UE gets the corresponding transmitter request information according to the transmitter request position in the DCI. All the UEs received transmitter request are expected to feedback receiver feedback to gNB. gNB may also send transmitter request to some specific UEs within the group with GC-PDCCH. In this case, UE identity should be included in the transmitter request. Only the identified UEs are expected to feedback receiver feedback to gNB.
The receiver feedback can be sent in the channels like PUCCH. The receiver feedback information could be a simple ACK feedback or contain UE-specific information. If the receiver feedback resource indication shows that each UE has its specific resources for receiver feedback transmission, then a simple ACK will be enough for receiver feedback. If the receiver feedback resource indication shows that multiple UEs share the common resources, then the receiver feedback should at least contain the UE identity. gNB will then be able to identify the UEs which have sent receiver feedback.
[bookmark: _Ref61448953]Proposal 4: When gNB operates as an initiating device, the transmitter request can be sent in a PDCCH like channel, and receiver feedback can be sent in a PUCCH like channel.
The transmitter request monitoring occasion and the receiver feedback transmission opportunity can be configured in pair. That is to say, each transmitter request monitoring occasion has a corresponding receiver feedback transmission opportunity. Whenever a transmitter request is received, a receiver feedback can be sent immediately. The gap between the transmitter request monitoring occasion and the receiver feedback transmission opportunity depends on the transmitter request processing time and the receiver feedback preparation time, etc.
[bookmark: _Ref61448957]Proposal 5: Each transmitter request monitoring occasion corresponds to a receiver feedback transmission opportunity.
When UE operates as an initiating device, similar procedure can be applied. gNB will receive transmitter request from at least one UE and then transmit receiver feedback to the corresponding UEs. The transmitter request resources are configured by gNB. Each UE may have its dedicated resources or share common resources with other UEs. When dedicated resources are configured for each UE, the transmitter request from the UE may not need to contain additional information, it can reuse the existing UL reference signal. When different UEs share the same transmitter request resources, transmitter request should contain at least UE identity information. The transmitter request can be sent in a PUCCH like channel.
When gNB receives transmitter request from UEs, it can send receiver feedback to UEs individually or via group-common signal. The receiver feedback from gNB can be a simple ACK since UE is not expected to receive receiver feedback from neighboring cells. The receiver feedback monitoring occasion is also configured by gNB. receiver feedback can be transmitted in a PDCCH like channel. All the UEs received receiver feedback assume that gNB is ready for data reception.
[bookmark: _Ref47542111][bookmark: _Ref61448961]Proposal 6: When UE operates as an initiating device, the transmitter request can be a UL reference signal or sent in a PUCCH like channel with UE identity information. The receiver feedback can be sent in a PDCCH like channel.
Channel access mechanism selection
In unlicensed spectrum, the LBT mechanisms such as omni-directional LBT, directional LBT, and receiver assisted LBT are all candidate channel access mechanisms. Besides, no LBT mechanism should also be considered as well when local regulation allows. Different channel access mechanisms are feasible for different scenarios. Therefore, the channel access mechanism selection rules should be studied to enable the device to select a proper mechanism or switching to a better mechanism to enhance the performance.

The selection of the channel access mechanism can be done by the device itself. E.g. gNB selects the channel access mechanism for itself and UE selects the channel access mechanism for itself. This can be applied to DL transmission and the configured UL transmission. For the dynamic grant UL transmission, it is better to allow the gNB to select the channel access mechanisms for UE. gNB can inform the channel access mechanism to the UE via high layer signalling or physical layer signalling. In addition, for self-selection case, when receiver assisted LBT is selected, the transmitter should also inform the receiver in order to acquire the assistance from the receiver.

When regulation allows and channel access mechanisms without LBT can be applied. Devices may select either LBT or no LBT mechanisms to access the channel. The device can switch between LBT and no LBT mechanisms based on the channel occupancy time or channel access rate. E.g., when the channel occupancy time exceeds x% in T ms, the device can switch to LBT mechanisms to enhance the performance of the devices that may suffer severe interference.  Or when the channel access successful rate exceeds y% in T ms, the device can switch to no LBT mechanisms since there are very few interfering nodes in surrounding areas. Besides, the device can also select the channel access mechanism based on the transmission priority or service requirements. E.g., the data with high priority can be delivered with no LBT mechanism, and the data with low priority can be delivered with LBT mechanisms. Or the high reliability services can be delivered with receiver assisted LBT mechanisms. Furthermore, the device can select the channel access mechanism based on the feedback information from the receiver. E.g., if the interference level is higher than a certain threshold or if the NACK exceeds z% of the HARQ feedback, gNB will select the receiver assisted LBT to ensure that the UE can correctly decode the data.
[bookmark: _Ref53416263]Proposal 7: The channel access mechanism can be selected based on the channel occupancy time, channel access rate, transmission priority, service requirement, or feedback information from the receiver, etc.
3. Conclusion
In this contribution, we focus on the channel access mechanisms for NR operation from 52.6GHz to 71GHz, and have the following proposals:
Proposal 1: The LBT bandwidth is variable and can be defined according to the active BWP.
Proposal 2: The ED threshold for CCA check should adapt to LBT bandwidth, and take into account the impact of beamforming gain of the directional LBT beams.
Proposal 3: Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.
Proposal 4: When gNB operates as an initiating device, the transmitter request can be sent in a PDCCH like channel, and receiver feedback can be sent in a PUCCH like channel.
Proposal 5: Each transmitter request monitoring occasion corresponds to a receiver feedback transmission opportunity.
Proposal 6: When UE operates as an initiating device, the transmitter request can be a UL reference signal or sent in a PUCCH like channel with UE identity information. The receiver feedback can be sent in a PDCCH like channel.
Proposal 7: The channel access mechanism can be selected based on the channel occupancy time, channel access rate, transmission priority, service requirement, or feedback information from the receiver, etc.
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