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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 
Energy Detection Threshold (EDT) 
In 104e, RAN1 agreed to follow the ED threshold equation defined in ETSI EN 302 567 [3]. Several parameters related to EDT equation are FFS.  
Agreement:
The baseline ED threshold can be computed as

 Where Pout is RF output power (EIRP) and Pmax is the RF output power limit, Pout≤Pmax.
· FFS: Further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations)
· FFS: If Pout is max output EIRP of the device or instantaneous output EIRP
· FFS definition of Operating Channel BW
· FFS: Whether ED threshold for NR-U and NR-U coexistence scenarios (eg, at regulation level) can be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
· FFS: EDT when the COT has time varying transmission beams and varying EIRP













0. ED threshold adjustment based on sensing beam and transmission beam 
By definition, Pout is the RF output power (EIRP) which includes the transmission beamforming gain. In order 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. 
· When omni/quasi-omni directional LBT is used to acquire the COT, the transmit EIRP Pout should include the maximum Tx power plus the explicitly calculated beam forming gain. For example, if the equipment has 32 antennas, each with 0dBi antenna element gain, and 25dBm total Tx power, Pout = 25 + 10*log10(32) = 40dBm EIRP, when sensing with a 0dBi omni antenna. 
· When directional LBT is used, the gNB/UE uses the intended Tx beam for CCA i.e. it listens and transmits on the same beam. In this case, beamforming gain is already included during the CCA sensing. With beam correspondence, the transmit EIRP only needs to include the maximum Tx power. For example, if the equipment has 32 antennas, each with 0dBi antenna element gain, and 25dBm total Tx power, Pout = 25dBm in the calculation equation as beamforming gain is already included in sensing.  
Proposal 1: Sensing beam and transmission beam gain difference should be adjusted in the Pout calculation. 
Proposal 2: 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

0. Pout time domain granularity   
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. Therefore, the Pout used in the EDT calculation should apply to the acquired COT after a successful CCA procedure. Since Pout includes both Tx power and beamforming gain, it is natural to associate the COT with the same sensing direction and EIRP to ensure regulation compliance. 
We would like to point out the key difference between EN 302 567 and EN 301 893. In EN 301 893, PH used in EDT calculation is explicitly specified as the device’s maximum power. 
“The ED Threshold Level (TL), at the input of the receiver, shall be proportional to the maximum transmit 
power (PH) according to the formula which assumes a 0 dBi receive antenna and PH to be specified in dBm 
e.i.r.p.”

With different EDT definitions in different band based on regulation, it is natural to define Pout following different regulations. 
Proposal 3: Reuse the definition in EN 302 567, Pout is the mean EIRP during a transmission burst.  
Proposal 4: 3GPP specify relative relationship between all applicable sensing beams and the transmission beam. The acquired COT should be associated with the corresponding Pout including beam direction and EIRP.  
 
LBT bandwidth 
In RAN1 104e, LBT bandwidth has been discussed and options are captured for single carrier and multi-carrier separately.  

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 definition is a bit ambiguous on “transmissions”. In our view, the LBT bandwidth should not adapt from burst to burst due to following reasons: 
· Adapting LBT BW complicates UE implementation in scenarios where the CCA bandwidth is adjusted based on dynamic UL grant. 
· This also create a problem when the UE shares the COT with the gNB. In this case, the gNB PDCCH/PDSCH transmission is limited by UE LBT BW. 
· Dynamic LBT BW based on transmission bandwidth may also complicate coexistence with other RATs.
· If LBT bandwidth is adapted from burst to burst, it may be hard for regulatory bodies to perform compliance test.    
  
Therefore, we recommend defining LBT bandwidth as channel bandwidth for single carrier. For multiple carriers, a straightforward implementation following the regulation will be gNB/UE perform multiple LBTs, one for each channel bandwidth separately.  This also allows full flexibility to acquire the COT. 

Proposal 5:  LBT bandwidth is channel bandwidth for single carrier. 

Proposal 6: For multi-carrier, gNB/UE perform multiple LBT, one for each channel bandwidth separately.  
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 design. For DL, at least SSB should be transmitted as short control signaling. For UL, at least PRACH should be transmitted as short control signaling. Other DL and UL reference signals used for beamforming training, such as CSI-RS and SRS, can also be considered as secondary priority. The transmission power of short control signaling follow the same spectrum power density requirement of 23dBm/MHz defined in section 4.2.1, and RF output power limitation of 40dBm EIRP define section 4.2.2 of EN 302 567. 

When SSB is transmitted within an already acquired COT, as shown in Fig.1, the SSB transmission is not counted into the 10% overhead. It is up to gNB or UE implementation to ensure total short control signalling is less than 10% within 100ms window, in order to meet the regulation requirement.  

[image: ] 
Fig. 1. Example of SSB transmission within an acquired COT

Proposal 7:  For DL, at least SSB should be considered as short control signaling. For UL, at least PRACH should be considered as short control signaling. Other signal such as CSI-RS and SRS can be further discussed. 

Proposal 8: Transmission of SSB/PRACH within an acquired COT after LBT success is not counted into 10% limitation within 100ms observation period.   
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.”

The time unit of 5us slot period and 8us deferral period are aligned with 802.11ad specification. In 802.11ad specification, 5us slot time include: 
“aSlotTime = aCCATime + aMACProcessingDelay + aRxTxTurnaroundTime+ aAirPropagationTime”, where aCCATime is <3us to meet a minimum sensitivity requirement for control PHY, aRxTxTurnaroundTime < 1us and aAirPropagationTime < 1us. 

Since NR over 52.6GHz design needs to follow the 5us sensing slot structure, the 802.11ad sensing structure can be used as a starting point for discussion. The sensing slot should include at least a CCA check time and an RxTxTurnaroundTime, and potentially an air propagation time as well. The exact time partition and CCA accuracy needs further discussion. 

8us initial checking is also aligned with 802.11ad, where 8us = aSIFSTime + aSlotTime. In order to enable gNB or UE to start CCA sensing immediately after transmission, the 3us time needs to include at least Tx to Rx switching time, and potentially other processing time for example, to determine whether omni direction sensing or directional sensing is used, the sensing beam direction and beamwidth etc, based on the traffic and scheduling. Since there is no “two sensing” requirement from the regulation specification, and 802.11ad also only performs one CCA within the 8us period, adding another CCA in the 8us duration unnecessarily complicates the implementation, tightening processing requirements without clear benefit for coexistence. 
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Fig. 2. Example of sensing structure 


Proposal 9: Within 5us slot, 802.11ad sensing structure can be used as the starting point. Sensing time and accuracy requirement need further study. 

Proposal 10: Only one sensing is required in 8us initial sensing period. Reuse the same 5us slot structure.  
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.  

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 13: Consider using omni and directional RSSI and channel occupancy for long term sensing.  
In [2], it was agreed that only class A receivers which provides assistance information (signalling) to transmitter only be considered.  Class B, where the receiver provides assisted information to other NR nodes, is not considered due to performance and complexity trade-offs. In Rel-17 feMIMO inter-cell multi-TRP enhancement, neighbour cell information, e.g. PCI, has been agreed to be associated with a TCI. The following agreement was captured: “Non-serving cell information can be associated with the TCI state and/or QCL -info at least when ‘neighbor cell SSB’ is used as ‘QCL referenceSignal’ ”.    
In case of certain constant UE blocking scenarios observed in the SLS evaluation, allowing the UE to feedback non-serving cell dominant interference TCI state to the serving cell, and enabling coordinated scheduling between inter-cell multi-TRP can improve the blocking condition.  
Proposal 14: Consider AP-CSI enhancement for inter-cell interference coordination. 
Conclusion
Proposal 1: Sensing beam and transmission beam difference should be adjusted in the Pout calculation. 
Proposal 2: Perform directional or omni-directional LBT at the beginning of COT with the sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT
Proposal 3: Reuse the definition in EN 302 567, Pout is the mean EIRP during a transmission burst.  
Proposal 4: 3GPP specify relative relationship between all applicable sensing beams and the transmission beam. The acquired COT should be associated with the corresponding Pout including beam direction and EIRP.  
 
Proposal 5:  LBT bandwidth is channel bandwidth for single carrier. 

Proposal 6: For multi-carrier, gNB/UE perform multiple LBT, one for each channel bandwidth separately.  

Proposal 7:  For DL, at least SSB should be considered as short control signaling. For UL, at least PRACH should be considered as short control signaling. Other signal such as CSI-RS and SRS can be further discussed. 

Proposal 8: Transmission of SSB/PRACH within an acquired COT after LBT success is not counted into 10% limitation within 100ms observation period.   

Proposal 9: Within 5us slot, 802.11ad sensing structure can be used as the starting point. Sensing time and accuracy requirement need further study. 

Proposal 10: Only one sensing is required in 8us initial sensing period. Reuse the same 5us slot structure.  

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: Consider using omni and directional RSSI and channel occupancy for long term sensing.  
Proposal 14: Consider AP-CSI enhancement for inter-cell interference coordination. 
Reference
[bookmark: _Ref16773966][1] RP-202925, Revised WID: Extending current NR operation to 71GHz, CMCC, Dec 2020
[2] 3GPP TR 38.808 v17.0.0, Study on supporting NR from 52.6GHz to 71GHz, 2021-03 
[3] Draft ETSI EN 302 567 v2.2.0 (2021-04), “Multiple-Gigabit/s radio equipment operating in the 60GHz band: harmonized standard for access to radio spectrum” 
image1.emf
LBT success

“IIS COT transmilion

COT is obtained after LBT success,
data and SSB transmission within the COT duration.
SSB transmission is not counted into 10% short control signaling limit











image2.emf
CcoT

COT

> —> «—> <« > <—> > <>

CCA Time . . CCA Time
RxTxSwitching

TxRxSwitching RxTxSwitching

OtherProcessing: Omni or directionaling sensing,
sensing beam direction determination , EDT calculation etc.











