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Introduction
In Rel-17 extending current NR operation to 71GHz WI [1], physical layer procedure(s) including channel access mechanism is included: · 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 the contribution, we discuss further details on different aspects of channel access mechanism.  
Discussion 
ED threshold
In EN 302 567, section 4.2.2 RF output power is defined. 
[bookmark: _Toc58848248]“4.2.2.1	Definition
The RF output power is the mean equivalent isotropically radiated power (EIRP) for the equipment during a transmission burst.” 
It is clear from a regulation point of view that the Pout is defined as the mean EIRP during a transmission burst. When a COT contained multiple bursts, whether Pout is defined as mean(mean EIPR of each burst within a COT), or max(mean EIRP of each burst within a COT) needs to be defined. In 105-e discussion, the conservative EDT threshold was proposed [3]. The use of the  max of the mean EIRP allows simple EDT calculation.   
Proposal:
Confirm the following modified version of the prior working assumption: For Pout in EDT determination during a COT, define Pout as the maximum of the mean EIRP of each transmission burst of the node determining EDT. 





Proposal 1:  Confirm the modified working assumption: For Pout in EDT determination during a COT, Pout is the maximum of the mean EIRP of each transmission burst. 

With omni-directional LBT, the gNB listens and performs CCA with omni-directional or quasi-omnidirectional receiving pattern. The listening beamwidth at least covers all the transmitting beams within a COT. For directional LBT, rather than performing CCA with the omni-directional beam, the gNB/UE can use the intended Tx beam for CCA, i.e. it listens and transmits on the same beam. In this case, the CCA sensing result includes the transmission beamforming gain. 

Pout in the ED threshold calculation is defined as the mean EIRP of the transmission burst, which includes both the Tx power and the beamforming gain. When directional sensing is used, the corresponding sensing beamforming gain is already counted as part of CCA measurement. Therefore, Pout can be calculated as the Tx power plus the transmission beamforming gain, minus the sensing beamforming gain, to avoid the double counting of beamforming gain in EDT calculation and degrade directional CCA performance. Effectively, the EDT should be adjusted by 10*log10(sensing beamforming gain). 

Proposal 2: When directional LBT is used, sensing beamforming gain should be considered in the EDT by adjusting EDT by 10*log10(sensing beamforming gain).  

Short control signaling 
It has been agreed to support contention-exempt short control signalling transmission in 60GHz band for regions where LBT is required and short control signaling without LBT is allowed. Use of short control signaling to send management and control frames and frames for beamforming can simplify the overall specification, implementation and minimum requirement definition. 

For DL, it was agreed in RAN1 104bis-e that 
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















For UL, it was agreed in RAN1 105-e that 
Agreement:
· Contention Exempt Short Control Signaling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS.
· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)
· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell
· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc

















Here we discuss the remaining details captured in FFS:
 
· On other DL signals and channels that are FDMed with the SSB transmission: If the DL signals are part of management or control or used for beamforming, they meet the regulation requirements to transmit as short control signalling. No user plane data transmission can be FDMed together with SSB transmission when SSB is transmitted as short control signalling.  

· On the applicable SCS: The short control signalling has the restriction of 10% over any 100ms interval. For 480KHz and 960KHz SCS, with maximum 64 SSBs and 20ms SSB periodicity, the total transmission over 100ms is 2.86% and 1.43%, well below the 10% requirement by regulation. For 120KHz SCS, with maximum 64SSBs and 20ms SSB periodicity, total transmission over 100ms is 11.43% which is over the maximum regulation limitation. However, considering that in general, LBT failure rate in 60GHz is not high and SSB transmission after gNB acquired the COT is not counted as short control signalling, we do not see this is limiting factor and it is up to gNB implementation to configure number of SSBs, SSB periodicity etc based on long term LBT success probability to meet regulation requirement. 

· On other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plane data, CSI-RS, PRS, etc: These DL signals/channel may benefit from the short control signalling exemption as well. However, due to the 10% restriction, it may not be possible to transmit all the DL control and management signals/channels as contention exempt short control signaling. The specification should allow the gNB to RRC configure some important DL signal/channels based on deployment, such as the RS used for RLM and/or beam management. For example, with RLM RS configured as short control signaling, UE will be able to differentiate whether a missed RS detection is due to bad link quality, or due to LBT. 

· On other UL signals/channels can be transmitted with the Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plane data, etc: Similar to the other DL signals/channels, enabling UE specific configuration of which RS or channel can be transmitted with contention exempt short control signaling rule based on deployment can be beneficial.  

Proposal 3: Enable UE specific RRC signaling to indicate which DL/UL channel/signals other than SSB and RACH can be transmitted with contention exempt short control signaling rule.

Directional LBT sensing beam indication   
In 106-e, it has been agreed to extend the beam correspondence framework and QCL/TCI/SpatialRelationInfo framework to define “cover” and to indicate sensing beam(s) associated with a transmission beam(s). 

At gNB side, two options have been listed: 
· Option 1: The selection of eligible sensing beam for a transmission beam is left for gNB implementation
· Option 2: Beam correspondence at gNB side is assumed. 
Selection of the gNB sensing beam is in general up to the gNB implementation. Once the sensing beam is selected, the gNB should limit all transmission within the COT to be covered by the sensing beam
When a sensing beam is an omni/quasi-omni beam, the COT is omni/quasi-omni, putting a minimum restriction for scheduling and COT sharing. On the other hand, when a sensing beam is directional, the chance of getting the COT is higher with the EDT threshold adjustment based on sensing beamforming gain, together with the restriction in scheduling flexibility and COT sharing flexibility. The COT directivity can be defined using the unified TCI framework and signaled in DCI format 2-0 for a gNB initiated COT. 
On UE side sensing, the following has been agreed in 106e:  








On UE side sensing beam selection for a UL transmission beam
· Beam correspondence is assumed at UE
· FFS: What if beam correspondence is not supported at UE.
· Supporting one or more of the following behaviors
· If the UE is indicated to transmit with a beam corresponding to a certain SRI, the UE can use the same beam for sensing
· Assuming Rel.17 unified TCI framework, if the UE is indicated to transmit with a beam corresponding to a certain unified TCI, the UE can use the reception beam corresponding to the TCI for sensing
· FFS: How and if to support a wider sensing beam (such as pseudo-omni beam, which is supported in WiFi) to be used for a narrower transmission beam under QCL/TCI framework
· Option 0: Not supported
· Option 1: UE implementation. 
· No testing or enforcement introduced in 3GPP spec for this option 
· Option 2: gNB indication. 
· FFS details.























For a UE acquired UL COT with configured grant, it can be up to the UE to determine whether omni or directional sensing is used based on beam correspondence. When UL COT sharing is enabled, the UE should signal the EIRP and associated sensing TCI state list used to acquire the COT in CG-UCI to the gNB. 
For dynamic UL grants outside of the gNB acquired COT with eCCA, the gNB can indicate in the UL grant whether omni-sensing is desirable at the UE side. In this case, the gNB is aware of the COT sharing limit when the gNB is sharing the UL COT for downlink transmission.  

Proposal 4: Directional COT is acquired with directional sensing. Sensing beam TCI state list can be signaled in DCI format 2-0 for gNB initiated COT. 

Proposal 5: The EIRP and UL TCI state or spatial relationship used in EDT calculation is signaled in CG-UCI for UE initiated COT sharing.

COT sharing and CAT-2 LBT / No LBT signaling  
The following agreement is captured in 106-e [2]:





















Agreement:
On COT sharing from an initiating device transmission to responding device transmission, support both of the following two alternatives
· Alt 1: No maximum gap defined between the initiating device transmission and responding device transmission. A responding device transmission can occur without LBT with any gap within the maximum COT duration
· Alt 3: Define a maximum gap Y, such that a responding device transmission can occur without LBT only if the transmission starts within Y from the end of the initiating device transmission. If the responding device transmission starts after Y from the end of the initiating device transmission, a Cat 2 LBT is needed before the responding device transmission.
· The Cat 2 LBT uses the same sensing structure as the 8 us initial deferral period as in eCCA
· Further down-select between the following options:
· Option 1: Y=8 us (motivated by need to operate in all regions)
· Option 2: Y=a multiple number of OFDM symbols
· Option 3: gNB determines Y (for example, according to local regulation)
· Cat. 2 LBT is a UE capability
· The usage of the two alternatives is a gNB choice and depends at least on local regulations.
Note: Alt. 3 is motivated by the regulations in Japan, but use of Cat. 3 LBT is also an option for operation in Japan and Cat. 2 LBT is not restricted for use only in Japan. 
Note: Maximum gap allowed without Cat 2 LBT between two initiating device transmissions is to be separately discussed
Note: Other use cases of Cat 2 LBT will be separately discussed




























To configure the Y value, since it depends on local regulation, cell specific RRC signaling can be used. It is also desirable to configure Y to be integer number of OFDM symbols depending on SCS which is longer than 8us, to avoid extended CP padding which is a waste of radio resources and creates unnessary interference. 

When the Y value is not configured, UL transmission within the COT does not need to perform CAT-2 LBT. The UL CCA with CP extension signaling can be simplified in FR2-2. 1 bit in the DCI can be used to indicate whether eCCA or no LBT (if Y is not configured) / CAT-2 (if Y value is RRC configured) is needed before UL transmission.  And there is no need to use extended CP to align the OFDM symbol boundary. 

Proposal 6: Use cell specific RRC configuration to indicate Y value, which can be configured as multiple of OFDM symbols depending on SCS. When Y is not configured, no CAT-2 LBT is needed. 
 
Proposal 7: 1 bit in DCI to indicate whether eCCA or no LBT/CAT-2 before UL transmission.  No CP extension is needed.

Receiver assisted channel access   
Receiver assisted channel access and interference management schemes have been considered. Multiple options have been discussed and captured in 106e agreement. We further discuss remaining details of each method.

L1-RSSI based receiver assistance: 

The following agreement is captured in 106e agreement. 






· 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









 

On the resource used for RSSI measurement, since RSSI is mainly to measure all received signal power including 802.11ad/ay devices, sensing in time domain is desirable. Therefore Alt 2 is a better and simpler option to configure the resource used for RSSI measurement. If Alt 1 is used, the ZP-CSI-RS needs to be over all the REs in BWP over one or more symbols, to allow time domain RSSI measurement. Otherwise, the RSSI can not accurately measure activities of other RATs. 
L1-RSSI can be triggered in DCI format 0-1 and 0-2 by using the  CSIrequest field to  indicate the L1-RSSI trigger. Similarly, L1-RSSI report needs to be added in reportConfig under reportQuantity. The UE measures L1-RSSI using the Rx beam associated with the active TCI state of the triggering PDCCH or the Rx beam based on the default PDSCH beam. L1-RSSI can use L3-RSSI report range with the same mapping table defined in 38.133.  
Proposal 8: L1-RSSI measurement resource is configured using Alt 2 for time domain measurement. 
Proposal 9: The UE measures L1-RSSI using the Rx beam associated with the active TCI state of the triggering PDCCH or the Rx beam based on the default PDSCH beam. L1-RSSI can use L3-RSSI report range with the same mapping table defined in 38.133.  
CCA or eCCA based receiver assistance: 

Two schemes have been discussed and captured in 106e agreement. 
 





· 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 2-1, which uses one DL DCI to trigger PUCCH or SRS transmission to indicate the LBT outcome. If the UE passes the CCA, gNB send another DL grant for PDSCH transmission. Overall procedure is similar to the L1-RSSI, with major specification impact to define the DL DCI format that triggers PUCCH or SRS transmission only without DL grant. Therefore, limited benefit is expected over L1-RSSI over PUSCH transmission as proposed in Scheme 1. On the other hand, when the DL DCI schedules PDSCH and triggers the assisted information on PUCCH, the CCA procedure and DL transmission are coupled, enabling a faster response, and. lower scheduling overhead, with potentially  minimum change of the DL DCI format.  Scheme 2-2 for UL transmission is supported naturally with the UL grant eCCA/CAT-2 LBT indication.  
Scheme 3 follows the same principle of scheme 2, while define new RTS/CTS like signaling. We do not see any additional benefit of scheme 3 over scheme 2 while scheme 3 has a large specification impact.  
Proposal 10: Support scheme 2-1 with one DL DCI schedule the DL transmission and the PUCCH for receiver assistance. Scheme 2-2 is naturally supported with the UL grant CCA indication.   
L3-RSSI enhancement: 
· 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








L3-RSSI and channel occupancy measurement has been adopted in Rel-13 LAA and NR-U. L3-RSSI measurements provide a sense of the overall medium condition of the unlicensed band usage, including the effect from different technologies. Both omni-RSSI and directional RSSI can be reported. Similar to LAA/NR-U case, omni-RSSI and channel occupancy can assist the gNB to perform channel or BWP selection. Directional RSSI can measure whether there is high interference in the receiving direction and allow the gNB to selectively enable or disable LBT operation in regions where LBT is not mandated, or enable/disable L1-RSSI or CCA/eCCA based receiver assisted information feedback.  
Proposal 11: Support L3-RSSI with omni and/or directional beam. Directional RSSI report can be used to selectively enable/disable L1-RSSI or CCA/eCCA based receiver feedback scheme, or to selectively enable or disable LBT operation in regions where LBT is not mandated.  

Conclusion
Proposal 1:  Confirm the modified working assumption: For Pout in EDT determination during a COT, Pout is the maximum of the mean EIRP of each transmission burst. 
Proposal 2: When directional LBT is used, sensing beamforming gain should be considered in the EDT by adjusting EDT by 10*log10(sensing beamforming gain).  

Proposal 3: Enable UE specific RRC signaling to indicate which DL/UL channel/signals other than SSB and RACH can be transmitted with contention exempt short control signaling rule.

Proposal 4: Directional COT is acquired with directional sensing. Sensing beam TCI state list can be signaled in DCI format 2-0 for gNB initiated COT. 

Proposal 5: The EIRP and UL TCI state or spatial relationship used in EDT calculation is signaled in CG-UCI for UE initiated COT sharing.

Proposal 6: Use cell specific RRC configuration to indicate Y value, which can be configured as multiple of OFDM symbols depending on SCS. When Y is not configured, no CAT-2 LBT is needed. 
 
Proposal 7: 1 bit in DCI to indicate whether eCCA or no LBT/CAT-2 before UL transmission.  No CP extension is needed.

Proposal 8: L1-RSSI measurement resource is configured using Alt 2 for time domain measurement. 
Proposal 9: The UE measures L1-RSSI using the Rx beam associated with the active TCI state of the triggering PDCCH or the Rx beam based on the default PDSCH beam. L1-RSSI can use L3-RSSI report range with the same mapping table defined in 38.133.  
Proposal 10: Support scheme 2-1 with one DL DCI schedule the DL transmission and the PUCCH for receiver assistance. Scheme 2-2 is naturally supported with the UL grant CCA indication.     
Proposal 11: Support L3-RSSI with omni and/or directional beam. Directional RSSI report can be used to selectively enable/disable L1-RSSI or CCA/eCCA based receiver feedback scheme, or to selectively enable or disable LBT operation in regions where LBT is not mandated.  
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