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Channel access mechanisms for operation between 52.6GHz and 71GHz was discussed during the SI [1][2]. During RAN1 #104-e – RAN1 #107-e, multiple agreements were reached with respect to channel access. They are provided herein when relevant.
In this contribution we address open issues on channel access and discuss our preferences for channel access for operation up to 71GHz.

Discussion
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.

COT with multiple beams
It was agreed during RAN1 107-e that forboth MU-MIMO (SDM) transmission and TDM transmission, both Alt 1 (single LBT sensing at the start of a COT with a wide beam covering all beams to be used in the COT) and Alt 2 (independent per-beam LBT sensing at the start of a COT is performed for beams used in the COT) are supported.
There are different possible sub-alternatives for Alt.2 for simultaneous sensing in different beams. The following were agreed at RAN1 #104b-e:
Agreement:
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams
Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

For SDM, at least Alt-A should be supported given that some UEs may not have the capability to perform LBT simultaneously in parallel. For Alt A-1, clarification is required to determine what completing an eCCA on one beam means. Would there be a set of time periods for each beam to determine when eCCA has failed? Alt A-2 does not seem applicable to the SDM case when transmissions on different beams are multiplexed in the first slot of a COT. Therefore, we prefer Alt A-3.
For a COT with TDM of beams with beam switching, only supporting Alt-B is not preferred given that some UEs may not have the required capability. Alt A-1 has similar issues as with the SDM case. Alt A-3 is applicable for TDM of beams. Alt A-2 is also applicable for TDM of beams. In such a case, it should be discussed whether CAT4 LBT should be used prior to the first transmission of a beam in a COT. 

Proposal 1: For a COT with MU-MIMO (SDM) transmission, support simultaneous round robin eCCA between different beams (Alt A-3).
Proposal 2: For a COT with TDM of beams with beam switching, support Alt A-2 or A-3.
Proposal 3: Support of Alt B for SDM or TDM of beams can be considered for some UEs.

Furthermore, the requirement of the type of LBT (or no LBT at all) prior to a transmission on a beam (e.g. after beam switching) can depend on the size of the gap between two transmissions. For two transmissions from an initiating device, a maximum gap beyond which Cat 2 LBT is used, should also be specified. The gap should be determined as the time from a last transmission on a beam “covering” the beam to be used in a subsequent transmission.

Proposal 4: A UE determines whether to use Cat 2 LBT based on the gap duration between an upcoming transmission and a preceding transmission on at least the same beam.

There is a discussion as to whether a node can initiate two or more (partially) overlapping COTs in two different beams. If a new transmission beam that was not part of the original COT-initiating LBT is required, the transmitting node can either perform LBT for the new transmission beam alone (and thus start a new COT for that beam) or can perform LBT on a sensing beam corresponding to the first transmission beam and the new transmission beam (thus starting a new COT applicable to both beams). There is therefore no need to support multiple active COTs initiated from a single node.

Proposal 5: A node that has initiated a first COT and wishing to transmit on a new transmission beam not applicable to the first COT, performs LBT on a sensing beam covering at least the new transmission beam and if possible, initiates a new COT and terminates the first COT.

Receiver Assistance
During RAN1 #106b-e, the following agreement was reached:
Agreement:
Support extending Rel.16 L3-RSSI to unlicensed operation in FR2-2
· Introduce RRC configuration for reference SCS, measurement duration, and measurement bandwidth
· Extend the reference SCS/CP field (ref-SCS-CP-r16) and measurement duration field (measDurationSymbols-r16) in RMTC-Config
· FFS value range and valid combinations for ref-SCS-CP-r16 and measDurationSymbols-r16
· Introduce parameter in RMTC-Config to indicate the measurement bandwidth
· FFS: Value range for measurement bandwidth
· For the QCL Type-D of L3-RSSI measurement, down-select one or both of the following alternatives
· Alt 1: gNB configures the beam when configures the L3-RSSI measurement
· Alt 2: Use the QCL type-D of the latest received PDSCH and the latest monitored CORESET

The QCL Type-D of L3-RSSI should be configurable by the gNB. L3-RSSI should not be associated to a previous PDSCH transmission since there may be a large amount of time between a previous PDSCH transmission and a subsequent PDSCH transmission that would require L3-RSSI information. Furthermore, if a UE is suffering from a hidden node, it may misdetect one or more PDSCHs and there may be ambiguity over the QCL assumed by a UE for an L3-RSSI report.

Proposal 6: Support Alt. 1: the gNB configured the beam when it configured the L3-RSSI measurement.

During RAN1 #107-e, compromise proposals were drafted but not agreed upon. Given that there may be cases where a TCI state is not configured in RMTC-Config, using Alt 2 as a fallback method can be acceptable. Therefore we support Proposal 2.6.1-4b
Proposal: 2.6.1-4b
For the QCL Type-D of L3-RSSI measurement for unlicensed operation in FR2-2, if explicit TCI state is configured in RMTC-Config, use the TCI state. Otherwise use the QCL type-D of the latest PDSCH reception or latest CORESET monitoring for RSSI measurement
· A dynamic update mechanism for TCI-State in RMTC-Config is not further considered in Rel.17

Proposal 7: Support Proposal 2.6.1-4b from RAN1 #107-e (R1-2112820)

The measurement bandwidth of the L3-RSSI measurement should be included in the RMTC-Config. For cases where the measurement bandwidth is not included, the UE can use the BWP BW.

Switching between channel access mechanisms with and without LBT
Different LBT mechanisms should be supported: omni-directional, directional, and receiver assistance. 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 assistance. 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.
Moreover, 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. Given that the gains of directional LBT and receiver assistance are for tail UEs, it is beneficial for over-all performance that the use of directional LBT or receiver assistance be tied to the UE’s geometry. Therefore, a UE could determine what channel access mechanism to use, among a set of configured channel access mechanisms, as a function of measurements such as RSRP. It could also be beneficial to adapt channel access mechanism as a function of previous channel access or transmission success or failure. For example, a UE may require receiver assistance if previous LBT operations were plagued with exposed nodes. 

Proposal 8: The UE receives indication of the channel access mode (omni-directional, directional, receiver assistance, no LBT) from the gNB.

Conclusion
The contribution discusses channel access for unlicensed bands up to 71GHz. We provide the following proposals:
Proposal 1: For a COT with MU-MIMO (SDM) transmission, support simultaneous round robin eCCA between different beams (Alt A-3).
Proposal 2: For a COT with TDM of beams with beam switching, support Alt A-2 or A-3.
Proposal 3: Support of Alt B for SDM or TDM of beams can be considered for some UEs.
Proposal 4: A UE determines whether to use Cat 2 LBT based on the gap duration between an upcoming transmission and a preceding transmission on at least the same beam.
Proposal 5: A node that has initiated a first COT and wishing to transmit on a new transmission beam not applicable to the first COT, performs LBT on a sensing beam covering at least the new transmission beam and if possible, initiates a new COT and terminates the first COT.
Proposal 6: Support Alt. 1: the gNB configured the beam when it configured the L3-RSSI measurement.
Proposal 7: Support Proposal 2.6.1-4b from RAN1 #107-e (R1-2112820)
Proposal 8: The UE receives indication of the channel access mode (omni-directional, directional, receiver assistance, no LBT) from the gNB.
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