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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 
LBT bandwidth  
In 104bis-e, the following options has been captured for LBT BW.     
Agreement:
For LBT for single carrier transmission, continue down selection between
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, continue down selection between
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC













In the latest regulation specification draft of EN 302 567 v2.2.0 [3], the terminology of operating channel BW is used instead of LBT bandwidth, where operating channel is defined as “Operating Channel: A Channel on which the RLAN equipment has started the Adaptivity mechanism to start transmissions”. 

The operating channel and corresponding BW are defined flexible enough to accommodate any BWP bandwidth by EN 302 567 [3]. Unlike LAA/NR-U case where the LBT BW of 20MHz is clearly defined in regulation [4] and reused as the LBT unit, in 60GHz unlicensed, there is no such requirement from regulation. We do not see technical benefit and necessity to further define LBT unit.    
  
Therefore, we recommend defining LBT bandwidth as channel bandwidth for single carrier. For multiple carriers, a straightforward implementation following the regulation will be the gNB/UE perform multiple LBTs, one for each channel bandwidth separately.  This also allows full flexibility to acquire the COT. 

Proposal 1:  LBT bandwidth is channel bandwidth for single carrier. 

Proposal 2: For multi-carrier, gNB/UE perform multiple LBT, one for each channel bandwidth separately.  

Directional LBT  
Pout is defined as the RF output power (EIRP) which includes the transmission beamforming gain. To comply with regulation, when the receiving beam has a different gain and beamwidth compared to the transmission beam, the beamforming gain difference should be explicitly counted in the Pout calculation. 
In EN 302.567 [3], test procedure related to adaptivity test is defined, and the high-level description is copied below. 

[bookmark: _Toc55375929][bookmark: _Toc55377107][bookmark: _Toc56083007][bookmark: _Toc535304757][bookmark: _Toc535305763][bookmark: _Toc535305880][bookmark: _Toc40800392][bookmark: _Toc40800519]“5.3.8.2	Test method
The principle is to establish a communication between UUT and companion device, and then check the behaviour of UUT in the presence of an interferer.

The UUT may be connected to a companion device during the test. When performing this test of a UUT with directional antenna (such as array antenna system capable of beam-forming), the wanted communication link (between the UUT and the companion device) and the interference signal shall be aligned to the direction corresponding to the UUT's maximum EIRP.”
 
From the test procedure, the sensing beam should be at least wider than the transmission beam to pass the regulator test. The acquired COT is associated with the sensing direction, where the directional transmission between the initiator and the responder should be within the sensing beam. When the COT is shared, it also limits to the same sensing directional coverage. When a sensing beam using omni/quasi-omni beam, the COT is omni/quasi-omni, putting 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, 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 gNB initiated COT, and in CG-UCI for UE initiated COT. 
Proposal 3: 3GPP specification defines relationship of all applicable sensing beams “covers” the transmission beams.  

Proposal 4: Extend the TCI framework to signal the COT directivity based on sensing directivity. COT directivity can be signaled in DCI format 2-0 for gNB initiated COT, and CG-UCI for UE initiated COT.

Proposal 5: Perform directional or omni-directional LBT at the beginning of COT with the sensing beam(s) that covers all TDM beams, with no LBT before each beam switch in the middle of COT
 
When directional sensing is performed for multi-beam COT, multiple options have been captured in RAN1 104bis-e agreement. 










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































 

The gNB or the UE can always perform Alt B when the node has the capability to simultaneously sense in different beams. When the node does not have the capability, alt A-3 can be used. For Alt A-1, the node is performing eCCA per beam direction, creating much longer sensing time than the time required by EN 302 567. Alt A-2 is essentially single beam COT, and gNB acquire multiple COTs per beam direction.  

Proposal 6: Alt A-3 and Alt B can be used for multi-beam COT sensing.  
  
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 and implementation. 

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














There are some remaining details captured in FFS:
 
· On other DL signals and channels that is 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.  

· The short control signalling has the restriction of 10% over any 100ms interval. For 240KHz, 480KHz and 960KHz SCS, with maximum 64 SSBs and 20ms SSB periodicity, the total transmission over 100ms is 5.71%, 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. 

Proposal 7: Other DL signals and channels for control, management and beamforming RS that is FDMed together in the SSB symbol can be transmitted as short control signaling. 

Proposal 8: Transmission of SSB as short control signaling can be applied to 120KHz, 240KHz, 480KHz and 960KHz SCS. It is up to gNB implementation to ensure short control signaling regulation limitation is met.  

For UL, at least RACH can be transmitted as short control signaling. One question raised from the discussion whether the 10% short control signaling rule is applied per UE or per cell. From regulation point of view, all requirements and test are defined per equipment, there is no serving cell level requirement in the regulation specification. 

Proposal 9:  For UL, at least PRACH should be considered as short control signaling. The 10% over any 100ms interval restriction is applicable to the msg1/msg3/msgA transmission from one UE perspective.
 
Sensing structure 
The CCA check is defined in EN 302 567. 
“
a)	A CCA check is initiated at the end of an operating channel occupied slot time.
b)	Upon observing that Operating Channel was not occupied for a minimum of 8 µs, transmission deferring shall occur.
c)	The transmission deferring shall last for a minimum of random (0 to Max number) number of empty slots periods.”
It was a working assumption in RAN1 104bis-e that within the 5us slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.

On the initial 8us checking, the EN 302 567 does not specify additional requirement or related test cases comparing to the 5us slot. In 802.11ad, the 8us duration include aSIFSTime and aSlotTime, with only one CCA is performed as well. Adding another CCA in the 8us duration unnecessarily complicates the implementation, tightening processing requirements without clear benefit for coexistence. It can be up to implementation if certain implementation would like to achieve better accuracy in the 8us initial checking.  

Proposal 10: Only one sensing is required in 8us initial sensing period. It is up to implementation to perform two sensing, or longer sensing time for better accuracy.  
COT sharing 
When LBT mode is used, whether a responding device should use a Cat 2 LBT to share the COT remain open. Unlike EN 301 893 where a maximum gap of 16us is specified, the language used in EN 302 567 v2.1.21 does not put a hard limitation. Instead, a generic language is used as shown below: 

“An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall not exceed the 5 ms Channel Occupancy Time as defined in step 5) above.”

In 802.11ad, the SIFS time is 3us, which is extremely small. EN 302 567 did not adopt the same SIFS time as EN 301 893, to keep the regulation technology agnostic. In addition, one shot CAT2 LBT is not defined either in EN 302 567. Since RAN1 agreed that any gap is counted into the maximum 5ms COT, we recommend not to introduce a maximum gap in the COT sharing where responding equipment can skip CCA check. As a result, there should be no CAT2 LBT either in COT sharing.  

Proposal 11: Regulation does not define max gap duration in COT sharing without LBT. Since any gap is counted into 5ms COT, no gap limitation needs to be specified.  

Proposal 12: No CAT-2 LBT needs to be defined for COT sharing.  

CAPC, CWS and CWS adjustment 
One of the key differences in CCA procedure between EN 302 567 [3] and EN 301 893 [4] is the access priority class. In [4], different contention window length and COT duration are defined per access priority class. However, in [3], procedure is much simpler with a fixed maximum 5ms COT limitation. Due to the directional transmission, large path loss in 60GHz, the medium is less busy compared to 5GHz band. Further complicate the CCA procedure does not bring additional benefit for coexistence.  

Proposal 13: Do not introduce CAPC, CWS and CWS adjustment in CCA procedure.  

Receiver assisted channel access   
Receiver assisted channel access and interference management schemes have been considered. The assisted information includes both long term sensing and short-term sensing. Summary of options are captured in 104e agreement.  

For receiver to provide assistance, channel sensing and reporting need to be performed. The following set of tools can be considered for further discussion
· Alt 1. Legacy RSSI measurement and reporting with possible enhancements
· Alt 2. AP-CSI report with possible enhancements
· Alt 3. LBT at receiver 
· Alt 3.1 eCCA 
· Alt 3.2 Cat2 LBT 








RSSI and channel occupancy measurement has been adopted in Rel-13 LAA and NR-U. 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 gNB to perform channel or BWP selection. Directional RSSI can measure whether or not there is high interference in the receiving direction and allow the gNB to selectively enable or disable RTS/CTS like operation, or trigger AP-CSI report.  
Proposal 14: Consider using omni and directional RSSI and channel occupancy for long term sensing.  
Conclusion
Proposal 1:  LBT bandwidth is channel bandwidth for single carrier. 

Proposal 2: For multi-carrier, gNB/UE perform multiple LBT, one for each channel bandwidth separately.  

Proposal 3: 3GPP specification defines relationship of all applicable sensing beams “covers” the transmission beams.  

Proposal 4: Extend the TCI framework to signal the COT directivity based on sensing directivity. COT directivity can be signaled in DCI format 2-0 for gNB initiated COT, and CG-UCI for UE initiated COT.

Proposal 5: Perform directional or omni-directional LBT at the beginning of COT with the sensing beam(s) that covers all TDM beams, with no LBT before each beam switch in the middle of COT

Proposal 6: Alt A-3 and Alt B can be used for multi-beam COT sensing.
Proposal 7: Other DL signals and channels for control, management and beamforming RS that is FDMed together in the SSB symbol can be transmitted as short control signaling. 

Proposal 8: Transmission of SSB as short control signaling can be applied to 120KHz, 240KHz, 480KHz and 960KHz SCS. It is up to gNB implementation to ensure short control signaling regulation limitation is met.  

Proposal 9:  For UL, at least PRACH should be considered as short control signaling. The 10% over any 100ms interval restriction is applicable to the msg1/msg3/msgA transmission from one UE perspective.
 
Proposal 10: Only one sensing is required in 8us initial sensing period. It is up to implementation to perform two sensing, or longer sensing time for better accuracy.  

Proposal 11: Regulation does not define max gap duration in COT sharing without LBT. Since any gap is counted into 5ms COT, no gap limitation needs to be specified.  

Proposal 12: No CAT-2 LBT needs to be defined for COT sharing.  

Proposal 13: Do not introduce CAPC, CWS and CWS adjustment in CCA procedure.  

Proposal 14: Consider using omni and directional RSSI and channel occupancy for long term sensing.  
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