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Introduction
In the WID, the following part is included in the 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, a channel access mechanism for unlicensed spectrum for frequencies around 60 GHz is discussed.

Discussion
Short control signalling
In RAN1#104bis-e meeting [1], the following agreements were made.
	Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.
· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule
· FFS: Whether this can be applied to all supported SCS or specific SCS.
· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH
· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)
· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc
Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.
· RMSI PDCCH and RMSI PDSCH
· Other broadcast PDSCH
· PDSCH without user-plane data 
· PDCCH
· CSI-RS
· PRS
· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)
Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.
FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.


Short control signalling, which LBT is not required for transmission if condition is met, is allowed by ETSI in 60 GHz unlicensed band. For the condition to adopt short control signalling, total duration of short control signalling transmission is less than 10% within 100 msec.
In RAN1#104bis-e meeting [1], it has been agreed to support Discovery Burst. According to TS 37.213, Discovery Burst includes SS/PBCH block, RMSI PDCCH, RMSI PDSCH and/or CSI-RS. Since common design of Discovery Burst is desirable, other signals/channels contained in Discovery Burst such as RMSI PDCCH, RMSI PDSCH, and CSI-RS should apply short control signalling.
Proposal 1: Contention exempt short control signalling should be adopted for transmission of RMSI PDCCH, RMSI PDSCH, and/or CSI-RS contained in Discovery Burst.

Cat 2 LBT
In RAN1#104-e meeting [2], the following agreements were made.
	Agreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation
Agreement:
If Cat 2 LBT is introduced, the following use cases can be further studied:
· Resume transmission after a gap Y:  Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· Multi-Beam LBT:  Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· Rx-Assistance:  Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
Other use cases not precluded. 
FFS if Cat 2 LBT is mandated for each use case or not.


Cat 2 LBT is not defined in EN 302 567. However, Cat 2 LBT at initiating device is useful to detect transmission from other devices when the other device starts to transmission during the transmission gap. Also, Cat 2 LBT at responding device is useful for detection of hidden node.
Instead of introducing Cat 2 LBT, eCCA could be considered. However, channel access latency would be increased if eCCA is used instead of Cat 2 LBT, which is not desirable.
Proposal 2: Introduce Cat 2 LBT for 60 GHz unlicensed band operation

Directional LBT
If directional LBT is supported, the relationship between the sensing beam and the transmission beam should be considered.
	Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
Agreement:
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 
· [bookmark: _Hlk68612375]Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· [bookmark: _Hlk79157937]Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch


While Single LBT sensing has an advantage in terms of channel access latency since beam switching is not needed during LBT, per-beam LBT sensing is beneficial for improving channel access probability because applying narrower beam for LBT could reduce expose node issue. Since both LBT sensing would be useful, both should be supported. Whether wide or narrow beam is applied for LBT would be left to implementation. It should be noted that Cat LBT should be applied when beam is switched for independent per-beam LBT sensing to avoid collision from other device.
Proposal 3: For a COT with MU-MIMO (SDM) transmission, both Alt 1 (Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold) and Alt 2 (Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT) should be supported.
Proposal 4: Within a COT with TDM of beams with beam switching, both Alt 1 (single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold) and Alt 3 (independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch) should be supported.
COT indication is beneficial to UE for support of COT sharing and relaxing UE receiver complexity. If per-beam LBT sensing is introduced, per-beam COT would be defined. In this case, per beam COT indication may need to be considered. How to indicate per-beam COT should be discussed further after decision whether per-beam LBT sensing is supported or not. Whether or not per beam COT indication is introduced should be discussed on AI 8.2.2 (PDCCH enhancement).
Observation: If per-beam LBT sensing is introduced, per beam COT indication may be needed.

Receiver-assisted LBT
In RAN1#106bis-e meeting [3], the following agreement related to enhancements of L3-RSSI was agreed.
	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


For the QCL Type-D of L3-RSSI measurement, there are 2 alternatives. In our view, at least RRC configuration based QCL Type-D indication would be necessary considering the purpose of hidden node detection. To configure QCL type-D of L3-RSSI measurement by gNB, the UE would measure and report L3-RSSI on certain direction so that gNB can be aware which direction high interference comes from. Such RSSI information would be beneficial for flexible resource management on FR 2-2.
Proposal 5: For the QCL Type-D of L3-RSSI measurement, at least Alt 1 (gNB configures the beam when configures the L3-RSSI measurement) should be supported.

In RAN1#106-e meeting [4], the following agreement related to Rx assistance was made.
	[bookmark: _Hlk80964650]Agreement:
For receiver to provide assistance in channel access, channel sensing and reporting need to be performed. The following schemes can be further considered. Target down-selection by RAN1 #106bis-e
· Scheme 1: L1-RSSI based receiver assistance
· Resource used for RSSI measurement
· Alt 1: RSSI measurement is based on the time/frequency resources configured for ZP-CSI-RS
· FFS: any enhancement needed for ZP-CSI-RS for this purpose (eg., ZP-CSI-RS over all REs in BWP over one or more symbols).
· Alt 2: Energy measurement on operating BW over indicated or specified number of symbols or time interval
· L1-RSSI is reported in an AP-CSI report
· L1-RSSI trigger in UL grant
· FFS if L1-RSSI trigger can also be carried in DL grant
· Timeline for L1-RSSI reporting is at least equal to AP-CSI reporting and RAN1 strives to tighten the timeline
· Note: If L1-RSSI reporting timeline cannot be tighter than AP-CSI reporting timeline, this scheme is not needed
· FFS: How to indicate the measurement beam for L1-RSSI
· FFS: What is included in the L1-RSSI report, such as the value of RSSI measurement, comparison outcome with Energy Detection threshold, etc
· Scheme 2: CCA or eCCA based receiver assistance with existing phy channel/signals
· Scheme 2-1: gNB schedules/triggers UL PUCCH/SRS transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUCCH (or SRS in the case of 1-bit Rx-assistance) to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· FFS if the downlink data transmission can be granted with the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission, in which case, the CCA or eCCA is performed for at least the first UL PUCCH/SRS transmission
· Scheme 2-2: gNB schedules/triggers UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUSCH to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· Scheme 3: CCA or eCCA based receiver assistance with new RTS/CTS type transmission
· New RTS/CTS-like signaling introduced. 
· gNB sends RTS-like signaling to UE. UE performs CCA or eCCA and if LBT passes, transmits CTS-like signaling to explicitly indicate the LBT outcome. gNB detects the CTS-like signaling to identify if the UE passed CCA or eCCA. After detecting the CTS-like signal, the data transmission happens
· Scheme 4: Legacy L3-RSSI with potential enhancements
· FFS potential enhancements, e.g., supporting gNB indicating the beam used for UE RSSI measurement, supporting gNB indicating new reference SCS and measurement bandwidths
· Note: The schemes listed above are not mutually exclusive and should be discussed separately.


For scheme 1, L1-RSSI based receiver assistance would be good compromised scheme between performance of Rx assisted LBT and specification impact considering the remaining TUs. Since fast processing time for scheme 1 is important, measurement and reporting complexity reduction should be considered. In that sense, for resource used for RSSI measurement, alt 2 would be preferable since alt 1 may require performing FFT to measure on ZP CSI-RS resource or enhancement needed for ZP-CSI-RS configuration in which ZP-CSI-RS is over all REs in BWP over one or more symbols. In addition, granularity for the value of L1-RSSI reporting should be considered since rough granularity for the value of L1-RSSI reporting would also help to reduce processing delay. Like CCA, 1 bit RSSI information which indicates comparison outcome with Energy Detection threshold may be enough for the receiver assistance information.
For scheme 2 3, it would be attractive scheme if fast L1-RSSI reporting cannot be realized. On the other hand, CCA or eCCA based receiver assistance would require huge specification impact, e.g. which PUCCH or SRS resource is used, how to indicate triggering. Considering the remaining TUs, introduction of scheme 2 in Rel-17 would not be unfeasible.
For scheme 3, since  it was concluded there is no consensus to support scheme 3, there is no need to discuss further in Rel-17.
For scheme 4, it was agreed in RAN1#106bis meeting. However, in assistance information provided at receiver side, channel sensing at gNB-initiated COT and reporting on the COT are required to detect and inform interference from hidden node at the COT. Since the maximum COT duration on 60 GHz unlicensed spectrum is 5 msec, additional scheme to realize fast measurement and reporting are necessary for receiver assisted LBT.
Therefore, we prefer to support scheme 1 (L1-RSSI based receiver assistance) as Rx-assisted LBT during Rel-17.
Proposal 6: In addition to extension of L3-RSSI, L1-RSSI based receiver assistance should be introduced in Rel-17

Conclusions
In this contribution, based on the above discussion, we have the following observations and proposals:
Proposal 1: Contention exempt short control signalling should be adopted for transmission of RMSI PDCCH, RMSI PDSCH, and/or CSI-RS contained in Discovery Burst.
Proposal 2: Introduce Cat 2 LBT for 60 GHz unlicensed band operation
Proposal 3: For a COT with MU-MIMO (SDM) transmission, both Alt 1 (Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold) and Alt 2 (Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT) should be supported.
Proposal 4: Within a COT with TDM of beams with beam switching, both Alt 1 (single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold) and Alt 3 (independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch) should be supported.
Observation: If per-beam LBT sensing is introduced, per beam COT indication may be needed.
Proposal 5: For the QCL Type-D of L3-RSSI measurement, at least Alt 1 (gNB configures the beam when configures the L3-RSSI measurement) should be supported.
Proposal 6: In addition to extension of L3-RSSI, L1-RSSI based receiver assistance should be introduced in Rel-17
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