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1. Introduction
In RAN#90-e meeting, a new Rel-17 WI on extending current NR operation to 71GHz was approved [1]. This WI extends NR operation up to 71GHz according to the outcome of the study item [2], with the following objectives on channel access mechanism for up to 71GHz operations:
	· 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 document, we share our views on channel access mechanism assuming beam based operation for up to 71GHz operation.
2. Discussion
2.1 Channel access with LBT and No-LBT
It was agreed in RAN#90 [1] to specify channel access mechanism with LBT and No-LBT for gNB and UE to initiate channel occupancy. One issue is how to determine the channel access mechanism in the region where LBT is not mandated. Here are two alternatives for determining the channel access mechanism with LBT or No-LBT:
· Alterative 1: Determined the enabling of LBT mode by the region of location;
· Alterative 2: Determined whether to trigger LBT mode by the level of co-channel interference of network;
For alterative 1, the system determines the LBT mode/No-LBT mode according to the NR operation of unlicensed spectrum in the geographic location. When g-NB operates in the region where LBT is not mandated, all UEs would operate in the unlicensed spectrum in No-LBT mode. For alterative 2, the system can dynamically trigger the switch between LBT mode/No-LBT mode based on the detected co-channel interference level in the network in the region where LBT is not mandated. We observe that the No-LBT mode can avoid unnecessary transmission delay for channel with good SINR when beamforming operation in 52.6-71 GHz serves as the interference avoidance mechanism. UE might be exposed to unexpected co-channel interfering condition in the network with beamforming operation as shown in Figure 1. The LBT before the transmission would have additional shell of warrant for generating co-channel interference to the neighboring cells and to avoid collision with transmission of other node. Moreover, the simulation results from [3] also shows that dynamic adaptation between LBT mode and No-LBT mechanism can improve the system throughput compared with Alterative 1. The system should further investigate the semi-static or the dynamic switching between LBT and NO-LBT mode based on the level of the co-channel interference in the network.


[bookmark: _Ref61371337][bookmark: _Ref61019214][bookmark: _Ref61371304][bookmark: _Ref61371309]Figure 1: Example for interfering network
When the network can switch between the LBT mode and No LBT mode semi-statically or dynamically, it should be fully control by the gNB with the implicit/explicit indication of the current channel access mechanism to UE.
· Alterative 2-1: Implicit LBT/No-LBT indication 
· Alterative 2-2: Explicit LBT/No-LBT indication
In Rel-16 NR-U, mechanisms are specified to accommodate the impact of LBT. These mechanisms can be the starting point of the physical layer design for up to 71GHz operation, when LBT is used. In this case, the UE requires knowing whether network is operating in LBT mode or not in order to apply these additional mechanisms in subsequent operation. Moreover, the DCI format 1_0 in Rel-16 for the operation in unlicensed frequency band has 2 bits in addition to that of the DCI format 1_0 for the licensed frequency band, which is used to indicate the types of LBT. For Alterative 2-1, the UE works in LBT-mode by default without explicit indication from gNB, which UE requires to receive and demodulate additional 2 bits from DCI. For Alterative 2-2, the UE can dynamically adapt the channel access mechanism, LBT mode/No-LBT mode, according to the indication from gNB. When the UE is indicated to operate in No-LBT mode, it can regard as a UE operating in the license frequency band, and doesn’t need to receive and demodulate additional 2 bits DCI. Therefore, an explicit LBT mode/No-LBT mode indication is used to notify the current channel access mechanism to UE within the coverage of the network. The details of LBT/No-LBT indication need be further designed, such as using MIB, SIB, RRC signaling, Mac CE or DCI.
Proposal 1: An explicit LBT mode/No-LBT mode indication is required for UE to obtain current channel access mechanism for up to 71GHz operation.
2.2 Receiver assisted channel access and interference management
	Agreement:
The following receiver assisted channel access and interference management schemes have been considered and can be further investigated when specifications are developed
· Class A. Receiver provides assistance information (signaling) to transmitter only.  The following aspects of Class A can be further discussed when specifications are developed
· Applicability in the following potential channel access modes:
· LBT is performed prior to transmission
· No LBT is performed prior to transmission 
· Details of assistance information (e.g., type, timing, content, how the assistance information is obtained etc.)
· Whether the assistance information can be obtained by LBT performed at the receiver prior to transmission
· Whether the assistance information can be obtained by existing layer 1 and layer 3 measurements with enhancements if needed
· If any specification changes are needed to support Class A 


In RAN 1#103-e, it was agreed that receiver assisted channel access and interference management scheme will be further investigated for NR operation up to 71GHz. With beamforming operation in up to 71GHz, the co-channel interference measured at transmitter is different to the co-channel interference seen at the receiver. The LBT surveillance results at transmitter might not be equivalent to the channel occupancy situation seen at receiver. As shown in Figure 2, gNB performs directional LBT before transmission to UE1 and the LBT is successful because it didn’t detect the interference from the Wi-Fi node, which is a typical hidden node problem. 


[bookmark: _Ref61020824]Figure 2: Hidden node problem with beamforming
To avoid hidden node problem, the receiver provides assistance information (signalling) to the transmitter about the channel occupancy information seen at the receiver to ensure no co-channel interference at the direction of transmission to the receiving UE. Two alterative designs can be used to provide the assistance information of co-channel interference: 
· Alterative 1: Design based on aperiodic CSI feedback framework
· Alterative 2: Design to introduce a new feedback signaling
For the Alterative 1, the receiving UE can report the LBT assistance information though aperiodic CSI report to the gNB base on the A-CSI feedback framework, which has relatively little impact on the current specification. For the Alterative 2, a new event-triggered feedback signaling, such as CTS/RTS, is required to be design to accommodate LBT assistance information, which may include layer 1, layer 3 measurements or LBT results. Considering the complexity of the design and the impact on the current specification, Alterative 1 has the upper hand over the Alterative 2  
Proposal 2：The receiver assistance information can be designed base on the A-CSI feedback framework
2.3 Listen before talk design
For NR operation in 52.6GHz-71GHz, LBT mechanism in EN 302 567 [4] has been specified as the baseline and the ETSI EN 302 567 includes following text for the detailed LBT procedure, which has been recently updated:
	The LBT mechanism is as follows: 
1) Before a single transmission or a burst of transmissions on an Operating Channel, the equipment that initiates transmission shall perform a Clear Channel Assessment (CCA) Check in the Operating Channel. 
2) If it finds an Operating Channel occupied, it shall not transmit in that channel and it shall not enable other equipment(s) to transmit in that channel. If the CCA check has determined the channel to be no longer occupied and transmission was deferred for the number of empty slots defined by the CCA Check procedure, it may resume transmissions or enable other equipment to transmit on this channel.
3) The equipment that initiates transmission shall perform the CCA check using "energy detect". The Operating Channel shall be considered occupied for a slot time of 5us if the energy level in the channel exceeds the threshold corresponding to the power level given in step 7) below. It shall observe the Operating Channel(s) for the duration of the CCA observation time measured by multiple slot times. 
4)  CCA Check definition: 
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. 
d) Max number shall not be lower than 3. 
4) The total time that the equipment initiating transmission makes use of an Operating Channel is defined as the Channel Occupancy Time. This Channel Occupancy Time shall be less than 5 ms, after which it shall perform a new CCA Check as described in step 1), step 2), and step 3) above. 
5) 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. 
6) The energy detection threshold for the CCA Check shall be -80 dBm + 10 × log10 (Operating Channel Bandwidth (in MHz)) + 10 × log10 (Pmax / Pout) (Pmax and Pout in W EIRP) where Pout is the RF output power (EIRP) and Pmax is the RF output power limit defined in clause 4.2.2.1.


From above texts, we observed that the duration of CCA check includes operation channel observation time and transmission deferring time. The operation channel observation time is at least 8us and the transmission deferring time is a minimum of random (ranged from 0 to Max number) number of empty slots periods which Max number shall be not lower than 3. The maximum channel occupancy time (MCOT) by equipment with a CCA Check is 5ms. While, Type 1 channel access mechanism in Rel-16 NR-U allows different MCOT duration based on channel access priority class (CAPC).There are four channel access priority classes with different MCOT and contention windows for accommodating different types of traffic and quality of service (QoS) as shown in Table 1[5]. 
[bookmark: _Ref61020558]Table 1: Channel Access Priority Class(CAPC)
	Channel Access Priority Class ()
	
	
	
	
	allowed sizes

	1
	1
	3
	7
	2 ms
	{3,7}

	2
	1
	7
	15
	3 ms
	{7,15}

	3
	3
	15
	63
	8 or 10 ms
	{15,31,63}

	4
	7
	15
	1023
	8 or 10 ms
	{15,31,63,127,255,511,1023}


As the level of the channel access priority class increases, the MCOT become longer, and the corresponding sensing window extends. In detail, the sensing window for Rel-16 NR-U includes a defer duration and a “back-off” timer, both value related to channel access priority class p. The deferred duration Td consists of duration Tf=16us immediately followed by mp consecutive sensing slot durations Tsi=9us. The “back-off” timer has a counter N, where N is random number uniformly distribute between 0 and CWp , CWp is within contention window [CWmin,p, CWmax,p]. Thus, the duration of MCOT and sensing window in Rel-16 NR-U can be dynamically configured according to CAPC to meet the requirements of diverse traffic.
If the MCOT is fixed to 5ms for up to 71GHz operation, there are 320 slots within MCOT when SCS is 960 KHz. For small packet traffic, the channel occupancy time may be much less than 320 slots e.g.,, 10 slots being sufficient for data transmission. The possibility of channel blocking and power consumption will increase when system always performs sensing based on MCOT equal to 5ms for 480 and 960 kHz SCS. In such case, RAN 1 should further study introduction of CAPC for NR operation up to 71GHz with necessary modifications when LBT is used. It is beneficial to support the semi-static or dynamic configuration of MCOT to be less than 5ms and reduce corresponding sensing window for 480 kHz and 960 kHz SCS to reduce measurement delay and power consumption.
Proposal 3: RAN 1 should further study introduction of CAPC for NR operation up to 71GHz with necessary modifications when LBT is used.

	Agreement:
It can be further discussed when specifications are developed if and how the ED threshold provided by the ETSI BRAN 302 567 should be modified to account for aspects such as transmit power, LBT bandwidth, beamforming gain, coexistence etc.
· Note: There is no consensus that all of the aspects above need to be considered


It was discussed in last meeting about ED threshold for NR operation up to 71GHz. The energy detection threshold for the CCA Check in EN 302.567 shall be -80 dBm + 10 × log10 (Operating Channel Bandwidth (in MHz)) + 10 × log10 (Pmax / Pout) (Pmax and Pout in W EIRP) where Pout is the RF output power (EIRP) and Pmax is the RF output power limit. The definition of RF output power (EIRP) is result of Pt and Gt multiplication, where Pt represents the transmit power of transmitter and Gt is the antenna gain of transmitter beam. The energy detection threshold for the CCA Check in EN 302.567 has taken the LBT bandwidth, antenna gain and transmits power into account. It is recommended that the energy detection threshold for CCA check can be reused for LBT for NR operation up to 71GHz.
Proposal 4：The energy detection threshold for CCA check in EN 302.567 can be reused for NR operation up to 71GHz 
2.4 LBT bandwidth
In RAN1#103-e, the following agreements were achieved on LBT bandwidth. 
	Agreement:
On the LBT bandwidth (bandwidth over which a single contiguous LBT is performed) relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection of one or more of these alternatives (if needed) should be further discussed when specifications are developed.
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth (number of RBs for a given transmission)
· Alt 3: LBT bandwidth can be wider than channel bandwidth
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel
· Alt 5: LBT bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth


LBT is used to mitigate the potential co-channel interference. If LBT bandwidth is wider than transmission bandwidth to carry potential PDSCH/PUSCH or other channels, the transmission of other links occupied RBs within LBT bandwidth will block the LBT as shown in Figure 3(a). When the LBT bandwidth equals to transmission bandwidth as shown in Figure 3(b), it can effectively reflect the co-channel interference on the resources for subsequent transmission without waste of frequency resource.  

[bookmark: _Ref61020706]Figure 3: two cases for LBT bandwidth
LBT on transmission bandwidth for UL/DL would avoid unnecessary LBT measurement and reduce the possibility of blocking. For UL transmission, UE can determine the LBT bandwidth based on the resource allocated from UL grant by DCI. For DL transmission, when the energy detection of LBT only captures part of transmission bandwidth, the gNB can decide whether to continue transmission on the other part of bandwidth without energy detection. 
Proposal 5：For DL/UL transmission, the transmission bandwidth is used as the LBT bandwidth 
2.5 Multi-beam transmission
For multi-beam transmission, the following agreement on LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams was reached in RAN1#103-e.
	Agreement:
When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded
· No additional LBT requirement defined and leave the LBT behaviour for implementation
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT. 
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.


When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT can be supported without cross-interference to each other. After performing directional or omni-directional LBT at the beginning of COT, one remaining issue is whether perform additional directional LBT in the middle of COT. 


[bookmark: _Ref61020785]Figure 4: One example for performing additional directional LBT in the middle of COT
Additional LBT can improve the ability in identifying co-interference. Nevertheless, a short LBT requires at least two Tx/Rx switching times, as shown in Figure 4. The additional LBT will not greatly improve system performance. In additional, EN 302.567 doesn’t specify the requirement of additional CCA check. In such case, there is no need to support additional LBT in the middle of COT.
Proposal 6: When directional or omni-directional LBT with sensing beam(s) that covers all TDM beams has been performed at the beginning of COT, there is no need to support additional LBT in the middle of COT.
3. Conclusions
In this contribution, we provide our view on channel access mechanism for up to 71GHz operation. The observations and proposals are summarized as follows:
Proposal 1: An explicit LBT mode/No-LBT mode indication is required for UE to obtain current channel access mechanism for up to 71GHz operation.
Proposal 2: The receiver assistance information can be designed base on the A-CSI feedback framework.
Proposal 3: RAN 1 should further study introduction of CAPC for NR operation up to 71GHz with necessary modifications when LBT is used.
Proposal 4: The energy detection threshold for CCA check in EN 302.567 can be reused for NR operation up to 71GHz 
Proposal 5: For DL/UL transmission, the transmission bandwidth is used as the LBT bandwidth.
Proposal 6: When directional or omni-directional LBT with sensing beam(s) that covers all TDM beams has been performed at the beginning of COT, there is no need to support additional LBT in the middle of COT.
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