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Channel access mechanisms for operation between 52.6GHz and 71GHz was discussed during the SI [1][2]. A revised WID [3] for extending NR operation to 71GHz includes the following objective:
· 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 channel access for operation up to 71GHz.
Discussion
The purpose of channel access mechanisms is to ensure that there is fair co-existence between RATs and even within a RAT such as 5G NR. Fair co-existence implies not creating undue interference to other nodes actively receiving transmissions in the channel. However, there is a fine balance between fair co-existence and overly timid channel access that reduces the over-all system performance. 5G NR is designed to handle some level of interference, so the objective of a channel access mechanism need not be to completely avoid interference.
It was shown during the SI [2] that LBT provides benefits for some UEs in some scenarios at 52.6 GHz to 72 GHz. Different channel access mechanisms were studied during the SI and further discussion is required to determine which to specify for Rel-17. In Rel-16, omni-directional LBT was specified. However, the channel characteristics and interference considered in Rel-16 are much different than those experiences above 52GHz. We discuss two mechanisms to improve channel access efficiency. These mechanisms have been shown to have benefits over omni-directional LBT by reducing the effects of hidden and exposed nodes, two issues that are exacerbated when using omni-directional LBT at higher frequencies.

Directional LBT
Omni-directional LBT suffers from both hidden nodes (where a transmitter doesn’t detect an interfering node that may suffer from the transmission or may negatively impact the receiving node) and exposed nodes (where a transmitter detects a node and determines channel access has failed, when in reality the node would have not suffered from the transmission, nor would it have interfered with the receiver). Omni-directional LBT suffers from hidden node issues given that only the transmitting node performs clear channel assessment prior to a transmission. It suffers from exposed node issues given that the transmitter may detect energy from nodes having no actual negative impact on the receiver and may thus deem the channel busy. The end result of hidden nodes is poor co-existence and reduced BLER performance. Whereas the end result of exposed nodes is increased latency and reduction in spatial reuse. Both of these lead to inefficient use of resources which increase channel occupancy and leads to over-all system inefficiency. Nevertheless, it was determined in R16 that for lower frequency ranges, omni-directional LBT was sufficient to ensure fair co-existence without a large specification effort.
For unlicensed spectrum from 52.6GHz to 71GHz, the hidden node and exposed node issues become more restrictive. Using omni-directional LBT at higher frequencies means that the ED threshold needs to be set in a manner that is overly permissive given that the interference actually affecting the receiver is only be a fraction of the total energy detected (e.g. only in the direction of the beam used at the receiver). This further exacerbates the hidden node issue. Otherwise the ED threshold needs to be set in a manner that is overly prohibitive, given that there is no way to know what portion of the total energy detected is in the direction of the associated transmission. This can further exacerbate the exposed node issue.

Observation 1: Omni-directional LBT in unlicensed spectrum from 52.6GHz to 71GHz can under-represent interference in the direction of the associated transmission and over-represent interference in other directions.

At frequencies above 52.6GHz, propagation loss becomes prohibitive even over short distances. Therefore, directional narrowbeam-based transmission is necessary to ensure sufficient power reaches the receiver.
This directional narrowbeam-based approach has an ancillary benefit in that over-all interference is reduced, given that only nodes located within the narrow path of the beam can be victims of interference from the narrowbeam transmission. In both licensed and unlicensed scenario, this can greatly increase the spatial reuse. However, in the unlicensed scenario, while the likelihood of interference to other RATs or uncoordinated nodes is decreased, it is not completely removed. Moreover, when uncoordinated nodes are located within the narrow path of the beam, the uncoordinated nodes may experience more severe interference. Therefore, fair channel access schemes are required to ensure appropriate co-existence while not being too restrictive.
It was argued by some companies during the SI that since narrowbeam transmission reduces the likelihood of interference among transmitter-receiver pairs, LBT may not be required at higher frequencies. The argument says that beam management could enable fair co-existence by ensuring appropriate beam selection in light of neighboring interference. However, in real deployed scenarios, we cannot ensure that all transmitter-receiver pairs maintain their positions and directions on the time scale required to enable efficient beam management. The likelihood and randomness of hidden nodes increases in dynamic scenarios with some level of mobility.
Directional LBT has the benefit of detecting interference only in the path of the narrowbeam while ignoring any other nodes whose transmissions will not cause interference. This reduces the likelihood of exposed nodes caused by omni-directional LBT and the possibility of hidden nodes caused by no LBT. The co-existence thus benefits from buffers being emptied in a timely manner and reducing the likelihood of multiple transmitting nodes competing for the same resources.
The SI [2] showed that the general consensus is that there are gains to using directional LBT in cases of medium to high load and especially for tail UEs, in both UL and DL.

Observation 2: Dynamic scenarios with some level of mobility increases the likelihood of transmitter-receiver pairs interfering with each other even when using narrowbeams.
Observation 3: Directional LBT provides benefits over no LBT at least for medium to high loads and especially for tail UEs, while reducing the drawbacks associated with omni-directional LBT.
Proposal 1: Directional LBT is supported.

At its simplest, the beam used for LBT should match that of an associated transmission (e.g. the transmission that requires the transmitting node to acquire the channel). However, in some cases, the directional LBT beam may have different parameters than that of the associated transmission. For example, in some cases it makes sense for the LBT beam to be wider than that used for the associated transmission. This can be for the case where a node intends to perform multiple transmissions in a COT using different beams. It can also be for the case where a COT is acquired by a first node using a wide beam and then shared with other nodes, possibly each using narrower beams. Therefore, the parameters of the beam used for directional LBT can be determined from the parameters of the beam(s) used for one or more associated transmissions. It was discussed whether 3GPP specifications should define the relationship between the LBT beam and the transmission beam or leave it as implementation. Leaving it as implementation may lead to inefficient COT sharing given that the original beam used for LBT initiating a COT may limit the transmissions/transmitters that may share the COT.

Proposal 2: The relationship between the LBT beam and the transmission beam should be specified.
Proposal 3: A single directional LBT process can be performed on a beam whose parameters are determined from the parameters of the Tx beam of one or more associated transmissions.

It was agreed that when LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. In Rel-16, LBT category 4 must be used to initiate a COT, whereas for COT sharing, LBT category 1 or 2 may be used. Similar behavior should be applied when using directional LBT. However, to ensure fair co-existence, at least once prior to a transmission within a COT, LBT cat 4 covering a transmission beam used in the COT should be performed. Therefore, RAN1 should study whether to perform directional LBT for all possible beams used in a COT at COT initiation, or whether to specify LBT cat 4 switching within a COT.

Proposal 4: RAN1 to study when to perform LBT cat 4 within a COT for an LBT beam covering a transmission beam used in a COT.

Receiver based LBT
As discussed above, using directional LBT can reduce the likelihood of exposed nodes and can thus improve spatial reuse without negatively impacting co-existence. However, directional LBT can still suffer from exposed nodes, for example, if an interfering node is transmitting in the direction towards the beam used for directional LBT by the transmitting node. Furthermore, hidden nodes may not be resolved by directional LBT.
One of the main flaws of LBT is that it is performed solely at the transmitter. In less directional scenarios with more homogeneous deployments, LBT performs adequately and the impact of hidden nodes is lessened. However, in beam-based scenarios, hidden nodes may be more stealth and undetectable at the transmitter regardless of whether omni-directional or directional LBT are used. That is because the interference from the hidden node may only be in the direction of the receiving node and not the transmitting node.

Observation 4: In a beam-based environment, LBT (omni-directional or directional) can fail to detect hidden nodes if the interference is only in the direction of the receiving node.

In order to mitigate the problem of hidden nodes, it makes sense for the receiver to assess the channel prior to receiving a transmission to make sure it does not suffer from any undue and undetectable (at the transmitter) interference. Moreover, channel assessment at the receiver can further reduce the effect of exposed nodes, given that the receiver can identify if the node is actually interfering with the reception of the transmission or not. During the SI, it was shown that in some medium to high load scenarios, receiver assisted LBT benefits tail UEs [2].

Proposal 5: Receiver based LBT should be considered for both omni-directional and directional LBT.

Methods similar to RTS/CTS were discussed during the NR-U SI/WI in R16. We believe that NR does not need to reuse all the signaling of RTS/CTS methods. To support receiver based LBT, we should consider whether to use omni-directional or directional receiver-based LBT, the determination of the beam on which receiver based directional LBT should be performed, the method to perform receiver based LBT and how the receiver can indicate the outcome of receiver based LBT to the transmitter.
Similar arguments for directional LBT can be used for receiver based directional LBT. Therefore, we propose to consider the use of directional LBT. Furthermore, similar to Proposal 3, the parameters of receiver based directional LBT should be determined from the associated transmission to be received.

Proposal 6: Receiver based directional LBT is supported.
Proposal 7: A single receiver based directional LBT process can be performed on a beam whose parameters are determined from the parameters of the Rx beam of one or more associated transmissions.

Switching between channel access mechanisms with and without LBT
It was agreed during the SI that channel access with LBT mechanism(s)s and without LBT are supported. As discussed herein, different LBT mechanisms should be supported: omni-directional, directional, and receiver based. However, the selection of an LBT mechanism (or no LBT altogether) should depend on a combination of deployment, channel characteristics and transmission requirements. In cases where the deployment is very dense and mobile, it makes sense to use directional and receiver based LBT. In cases where the deployment is controlled it makes sense to use the no LBT approach. Furthermore, The LBT mechanism used for channel access may be determined more dynamically. For example, there can be a hierarchical mechanism where a first LBT mechanism (e.g. omni-directional or directional) is used for long-term channel assessment and a second LBT mechanism (e.g. directional or no LBT) is used for immediate channel use.
Furthermore, since LBT (omni, directional and receiver assisted) gains were shown especially for tail UEs, their use should be UE-specific. The gNB should configure a set of channel access mechanisms and indicate a specific one for a UE or for a specific transmission. We should consider if a UE should be able to determine a channel access mechanism based on measurements or previous channel access mechanism success or failure.

Proposal 8: The UE receives configuration and indication of the channel access mechanism to use (omni-directional, directional, receiver based, no LBT) from the gNB. FFS if configuration/indication is by RRC or L1 signaling.
Proposal 9: RAN1 to consider if a UE can select a channel access mechanism as a function of measurements or prior LBT success or failure.

LBT Parameters
During the SI it was discussed whether the LBT parameters should be modified considering different channel bandwidths and beamforming gains. For example, the following is included in [2]:
“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. It should be noted that there is no consensus that all of the aspects above need to be considered.”
And
“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.”

If the ED threshold is not modified to account for the LBT BW and the beamforming gain, then different UEs with different LBT BWs and beamforming gains would perceive the channel occupancy differently. This would be counter to ensuring fair access to the channel. Whether or not LBT succeeds should be determined as a function of whether or not a victim node would suffer excessive interference. Therefore, it is desirable that LBT performance be normalized such that the transmission parameters (like BW and beamforming gain) would not impact the amount of interference a victim node may be subject to if LBT deems the channel unoccupied.

Proposal 10: Adapt ED threshold to account for LBT BW and beamforming gain.

In Rel-16, a single LBT BW is assumed (20MHz). For the case where a BWP is greater than the LBT BW, the transmitting node performs multiple LBT operations. For smaller BWs this is sufficient, given that the transmitting node will not likely have to perform too many LBT operations prior to transmission. However, at higher frequencies, the range of channel BWs is greatly increased. Before determining which Alt. to use to determine the LBT BW, RAN1 should discuss how many different LBT BWs should be supported. If a small set of LBT BWs are to be supported, it may not be possible to support alternatives that require great flexibility (e.g. Alt. 1 or 2). On the other hand, if the range of supported channel BWs is large, then care must be used if adopting Alt. 4 or 5 to ensure that LBT is not overly complex.

Proposal 11: Limit the number of supported LBT BWs. FFS number of supported LBT BWs.

Conclusion.
The contribution discusses channel access for unlicensed bands up to 71GHz. We provide the following observations and proposals:
Observation 1: Omni-directional LBT in unlicensed spectrum from 52.6GHz to 71GHz can under-represent interference in the direction of the associated transmission and over-represent interference in other directions.
Observation 2: Dynamic scenarios with some level of mobility increases the likelihood of transmitter-receiver pairs interfering with each other even when using narrowbeams.
Observation 3: Directional LBT provides benefits over no LBT at least for medium to high loads and especially for tail UEs, while reducing the drawbacks associated with omni-directional LBT.
Proposal 1: Directional LBT is supported.
Proposal 2: The relationship between the LBT beam and the transmission beam should be specified.
Proposal 3: A single directional LBT process can be performed on a beam whose parameters are determined from the parameters of the Tx beam of one or more associated transmissions.
Proposal 4: RAN1 to study when to perform LBT cat 4 within a COT for an LBT beam covering a transmission beam used in a COT.
Observation 4: In a beam-based environment, LBT (omni-directional or directional) can fail to detect hidden nodes if the interference is only in the direction of the receiving node.
Proposal 5: Receiver based LBT should be considered for both omni-directional and directional LBT.
Proposal 6: Receiver based directional LBT is supported.
Proposal 7: A single receiver based directional LBT process can be performed on a beam whose parameters are determined from the parameters of the Rx beam of one or more associated transmissions.
Proposal 8: The UE receives configuration and indication of the channel access mechanism to use (omni-directional, directional, receiver based, no LBT) from the gNB. FFS if configuration/indication is by RRC or L1 signaling.
Proposal 9: RAN1 to consider if a UE can select a channel access mechanism as a function of measurements or prior LBT success or failure.
Proposal 10: Adapt ED threshold to account for LBT BW and beamforming gain.
Proposal 11: Limit the number of supported LBT BWs. FFS number of supported LBT BWs.
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