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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 for up to 71GHz operation, focusing on the channel access with LBT and No-LBT mode, LBT related procedure, Multi-beam operation, receiver assisted channel access mechanism and short control signaling.
Chanel access with LBT and No-LBT mode
The following agreement was made in RAN1#104b-e meeting [3], 
	Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Down-select between
· Alt 1. Support cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) gNB indication
· Alt 2. Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication
· FFS: Whether the indication of the decision on applying LBT mode or no-LBT mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 
· FFS: Whether a gNB and its UE(s) can have different mode
· FFS: Whether L1 signalling can be used for both Alt 1 and Alt 2 for gNB indication



Cell specific gNB indication is common for all UEs within the cell. If there are no interfering nodes around the cell, the gNB-UE connections within the cell don’t need to perform the LBT. If there are multiple interfering nodes around the cell, the gNB-UE connections within the cell are expected to perform LBT to avoid interference with other nodes. Moreover, cell specific gNB indication is required to indicate LBT/No-LBT mode before establishment of RRC connection.
UE specific gNB indication could be different for different UEs within the cell. If all the gNB-UE connections within the cell are in No-LBT mode, gNB finds that the UE located in certain region is subject to serious interference by measurement or UE feedback information as shown in Figure 1, and then the UE is expected to switch to LBT mode. If all the gNB-UE connections within the cell are using LBT mode, some small data transmission requires lower transmission delay, and then the UE is expected to switch to No-LBT mode. In these cases, UE specific gNB indication is required to indicate LBT/No-LBT mode.


Figure 1: Parts of UE in the network are interfered 
In our view, the cell-specific gNB indication and UE-specific gNB indication are not mutually exclusive, and can be used together to indicate LBT/No-LBT mode of gNB-UE connection to UE.
Proposal 1: Both Cell-specific and UE-specific gNB indication should be supported to indicate LBT or No-LBT mode to the UE.
L1 signaling could be cell-specific gNB indication to indicate LBT mode or No-LBT mode to UE. There are still reserved bits in DCI format 1_0. Particularly, DCI format 1_0 scrambled by SI-RNTI/P-RNTI in unlicensed band has two more additional reserved bits than that in licensed band. The additional reserved bits in DCI format 1_0 scrambled by SI-RNTI/P-RNTI in unlicensed band can be used as LBT mode/No-LBT mode indication. Compared with system information or dedicated RRC signaling, L1 signaling by reusing reserved bit in DCI format 1_0 does not require additional overhead.
In addition, when LBT/No-LBT indication is carried by system information and is expected to be updated, the UE is required to receive the system information again, which may consume more power consumption compared with L1 signaling which avoids re-acquiring system information. Therefore, it is recommended that L1 signaling such as DCI format 1_0 scrambled by SI-RNTI/P-RNTI is used for cell-specific indication for LBT mode/No-LBT mode.
Proposal 2: L1 signaling, such as DCI format 1_0 scrambled by SI-RNTI/P-RNTI, could be used as Cell-specific gNB indication to indicate LBT mode or No-LBT mode to the UE.
LBT related procedure
3.1 Deferral period
In EN 302.567 [4], deferral period in CCA check was defined as following，
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.
According to the CCA check definition, the device will observe the channel for a minimum of 8us. When the channel was not occupied, the transmission deferring shall occur. Considering the fairness between different systems, the deferral period for 60 GHz NR-U shall consistent with EN 302.567. In our view, 8us shall be defined as the minimum duration of deferral period.
Proposal 3: The minimum duration of deferral period is 8us.
In the last meeting, energy measurement in 8us deferral period has been discussed as follow [5]:
	Proposal 2.3.2-1:
For energy measurement in 8us deferral period, continue down-selection between the following alternatives.
· Alt 1. Two energy measurements are required
· Alt 2. One measurement is required


In 802.11ad, 8us deferral period consists of 3us aSIFSTime and 5us aSlotTime and includes following parameters:
aSlotTime = aCCATime + aMACProcessingDelay + aRxTxTurnaroundTime+ aAirPropagationTime + aRxPHYDelay;
aSIFSTime = aMACProcessingDelay + aRxTxTurnaroundTime+ aRxPHYDelay;
There is only one energy measurement within 8us deferral period in 802.11ad specification. The motivation for adding an additional energy measurement within 8us deferral period for 60GHz NR-U is not clear. Therefore, it is sufficient to perform one energy measurement within 8us deferral period for 60 GHz NR-U.
Proposal 4: One energy measurement is required for 8us deferral period. 
3.2 Cat 2 LBT
In Rel-16 NR-U [6], there are two types of LBT, Cat 4 LBT and Cat 2 LBT. For Cat 4 LBT, the number of sensing slots that are sensed to be idle before a transmission is random. And for Cat 2 LBT, the number of sensing slots that are sensed to be idle before a transmission is determined. The LBT mechanism in EN 302,567 is similar to Cat 4 LBT and has been introduced for 60GHz NR-U. The remaining issue is whether the Cat 2 LBT is required to be introduced for 60GHz NR-U.
The advantage of Cat 2 LBT is that the duration of LBT is determined and the measurement procedure is simpler than Cat 4 LBT. A short time Cat 2 LBT should be introduced for 60GHz NR-U to ensure the channel is not occupied within the COT which has been defined as 5ms.
Proposal 5: Cat 2 LBT should be introduced for 60GHz NR-U.
3.3 COT sharing
The COT sharing has been discussed in the last meeting and a proposal was formed as follow，
	Proposal: 2.4.2-1:
On maximum gap within a COT to allow COT sharing without LBT, further down-select between Alt1 and Alt3:
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT


For COT sharing in EN 302.567, equipment (initiating or not initiating transmission) can skip the CCA check upon correct reception of a packet which was intended for this equipment and immediately proceed with this transmission in response to received frame within the COT. It can be noted that the definition of “immediately proceed with this transmission” isn’t clearly stated in EN 302.567. Since the beamforming would been applied to 60GHz NR-U, the potential interference in 60 GHz would be less than that in low frequency. When the interference between different systems is low, the benefit of introducing a one-shot LBT before transmission in 60 GHz NR-U is not clear. When the interference between different systems is complex, it might be difficult for the equipment to ensure channel is not occupied by other node when the gap between two transmissions is large enough. Therefore, we suggest whether a one-shot LBT needs to be performed can be decided by the gNB.
Proposal 6：When the later transmission starts after the defined maximum gap from the end of the earlier transmission, whether a one-short LBT needs to be performed can be decided by gNB.
3.4 CAPC and CWS
The CAPC (Channel Access Priority Class) have been specified in Rel-16 NR-U to align with IEEE 802.11 medium access protocol which the range of the contention window is traffic class dependent. However, there is no concept of traffic class for 60GHz band in the EN 302.567. Therefore, it is recommended that both CAPC and CWS procedure does not need to be introduced in 60 GHz NR-U. It can align with EN 302.567 and avoid increasing the unnecessary design complexity. 
Proposal 7: No need to introduce CAPC and CWS. 
3.5 LBT bandwidth
In the last meeting, the following agreements about LBT bandwidth have been reached：
	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.



· For LBT for single carrier transmission, the LBT bandwidth in Alt SC.1 equals to the channel bandwidth (or BWP bandwidth). Compared with Alt SC.3, Alt SC.1 is simple to implement and has no impact on subsequence standardization work. If Alt SC.3 is supported, there are many issues that need further study. For example, assuming the channel bandwidth consists of several LBT units, when only parts of LBT units are unoccupied, whether the gNB/UE can be allowed to transmit on these part of LBT units needs further studied. 
· For LBT for multi-carrier transmission in intra-band CA, Alt CA.1 is simple to implement and has corresponding multi-channel LBT mechanism in the Rel-16 NR-U. Alt CA.2 implies only the LBT over all CCs is successful and then gNB/UE can transmit data, which is an unnecessary restriction. 	。
Therefore, we suggest that RAN1should support Alt SC.1 and Alt CA.1 for LBT bandwidth. 
Proposal 8: For LBT bandwidth, Alt SC.1 and Alt CA.1 should be supported.
3.6 ED threshold base on beamforming gain
In RAN1#104-e meeting, it has been agreed that 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. The definition of RF output power is result of Pt and Gt multiplication, where Pt represents the transmit power of transmitter and Gt is the beamforming gain of transmission beam. The baseline EDT implicitly assumes that the sensing beam at the receiver uses the same beamforming gain as transmission beam. However, the actual transmission beam might be different from the sensing beam. Thus, the adjustment value based on baseline EDT should be considered.
Proposal 9: Adjustment value should be considered for the baseline ED threshold.
If sensing beam with a wider beam width covers the transmission beam, the actual energy detection origination from transmission beam may be lower. To compensate for the beamforming gain difference between the transmission beam and sensing beam, the EDT should be reduced by adjustment value. The adjustment value A could be computed as following formula：

Where  is the beamforming gain of transmission beam and the  is the beamforming gain of sensing beam.
Proposal 10: For adjustment value on baseline EDT, at least beamforming gain difference between the transmission beam and sensing beam should be considered.
[bookmark: _GoBack]Multi-beam operation 
Regarding to multi-beam LBT operation, the LBT for multiples beams (TDM/SDM) sharing one COT requires to be defined. Here are two alternatives for performing LBT at the start of COT.
· Alt 1: Perform a single LBT sensing with wide beam ‘cover’ all beams to be used within the COT.
· Alt 2: Perform independent per-beam LBT sensing for all beams to be used within the COT.
Alt 1 is suitable for the scenarios where the transmission beams to be used in the COT are spatially continuous, and the width of LBT beam should cover the detection of multiple transmission beams. There may be overlapping areas between adjacent transmission beams and a single LBT with wide beam can avoid unnecessary repeated measurement of overlapping areas. Alt 1 should be supported.
Alt 2 is suitable for the scenarios where the transmission beams in the COT are spatially dispersive and per-beam LBT sensing should be performed for each transmission beam. There would be some gap area between non-adjacent transmission beams. If Alt 1 is applied to this scenario, the LBT result also reflects the interference situation in the gap area, which may block the transmission. Therefore, Alt 2 should be support as well.
Proposal 11：Consider supporting both of single LBT sensing with wide beam and independent per-beam LBT sensing for all beams to be used within the COT at the start of the COT.
For “independent per-beam LBT sensing” in Alt 2, it has been reached an agreement as following:
	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


Both Alt A and Alt B should be supported for “independent per-beam LBT sensing”. For the node that doesn’t have the capability to simultaneously sense in different beams, performing per-beam LBT in TDM fashion (Alt A) requires to be further clarified.
For the Alt A-1, the node performs eCCA check on one beam and then performs eCCA check one the remaining beams one after another. For the Alt A-2, the node performs eCCA check on one beam and starts transmission on this beam, then performs eCCA check and transmits data on the remaining beams one after another. The eCCA checks on different beams are in “serial” method and maintaining one LBT process. When the eCCA check failed on the forward beams will affect the eCCA check on the subsequent beam, the “blocking issue” as shown in Figure 3 will exist in Alt A-1 and Alt A-2. Because if the channel is busy for an observation slot, the node will perform energy detection on additional deferral period until the channel is detected to be idle in the eCCA check procedure. If the channel on one beam is busy all the time, the device will perform CCA check on this beam for a long time according to the CCA check definition in EN 302.567 [4], which will block the CCA check and transmission on the subsequence beams. Therefore, if supporting Alt A-1 or Alt A-2, the ‘blocking issue’ (failure forward beam LBT cause subsequent beams unable to perform LBT) should be addressed.

 
[bookmark: _Ref71191152]Figure 2: “Blocking issue” in Alt A-1 and Alt A-2
Proposal 12: If supporting Alt A-1 or Alt A-2, the ‘blocking issue’ (failure of forward beam LBT cause subsequent beams unable to perform LBT) should be addressed.
For Alt A-3, the node performs eCCA check round robin between different beams as shown in Figure 3. Multiple LBT processes are maintained by one node in “parallel” method. Alt A-3 can avoid “blocking issue” and improve the efficiency of the multi-beam LBT. However, the node requires performing energy detection in each 5us observation slot in TDM fashion for different beams, thus it should be noted that the total number of beams supported for Alt A-3 is limited. 

 
[bookmark: _Ref71192237]Figure 3: Performing eCCA check round robin between different beams
Proposal 13: Alt A-3 of which node performs eCCA round robin between different beams should be supported to increase the multi-beam LBT efficiency.
When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams within the COT could be supported without cross-interference to each other. After performing LBT sensing at the start of COT, one remaining issue is whether performing Cat 2 LBT before beam switch in the middle of the COT as shown in Figure 4. 


[bookmark: _Ref71297494]Figure 4：One example for performing additional directional LBT within the COT
For the case where the beams to be transmitted within the COT are spatially continuous, one of the beams is transmitting the data, the adjacent beams are less likely to be interfered by other nodes. It’s not necessary to perform an additional LBT. But, if the beams to be transmitted within the COT are spatially dispersive, the beam direction that is not transmitting the data may be occupied by other nodes. In this case, an additional LBT before beam switching is required for gNB. Performing Cat 2 LBT before beam switching within the COT could be supported. Therefore, we suggest that whether performing a Cat 2 LBT before beam switch within the COT could be decided by gNB.
Proposal 14: Performing Cat 2 LBT before beam switching within the COT could be supported, and it can be decided by gNB.
Receiver assisted channel access mechanism
In RAN#90-e meeting [1], it was agreed that receiver assisted channel access mechanism 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 5, 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: _Ref67563972]Figure 5: 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: Aperiodic CSI feedback framework
· Alterative 2: Receiver-assisted LBT as a handshake mechanism between the gNB and the UE
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 is preferred.  
Proposal 15：The receiver assistance channel access mechanism can be designed based on the A-CSI feedback framework.
Short control signaling
	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


In the last meeting, it has been agreed that the Contention Exempt Short Signaling rules can be applicable to the transmission of SS/PBCH. The short control signaling transmission has been defined in EN 302.567 [4] as follow:
Short Control Signalling Transmissions are transmissions used by the equipment to send management and control frames without sensing the channel for the presence of other signals.
Thus, the Short Control Signaling Transmission can be used for transmission management and control signaling without LBT. There is no specific definition of management and control signaling in EN 302.567. While a test method about Short Control Signaling Transmission was described in EN 302.567 as follow:
b) Apart from transmission of the frames for short control signalling (such as, for example, ACK/NACK signals, beacon frames, other time synchronization frames and frames for beamforming) no frame shall be initiated.
From above, it can be inferred that the short control signaling in EN 302.567 includes ACK/NACK, beacon frame, time synchronization frame and frames. Therefore, in order to be consistent with EN 302.567, at least the SS/PBCH transmission block for all supported SCS, msg 1/msg A for the PRACH and ACK/NACK in 60 GHz NR-U should be applied to Contention Exempt Short Signaling rules, when the restriction of less than 10% duty cycle within 100msec can be met. 
Proposal 16: The Contention Exempt Short Control Signaling rules can be applied to SS/PBCH transmission of all the supported SCS with the restriction that less than 10% duty cycle within 100ms has to be satisfied. 
Proposal 17: For UL signal, the Contention Exempt Short Control Signaling rules can be applied to Msg1/Msg A and ACK/NACK signaling. 
When the Contention Exempt Short Control Signaling rule is applied to SS/PBCH block transmission, any signaling without user-plane data multiplexed with SS/PBCH block could be included in Short Control Signaling and can be transmitted without LBT. It does not violate the Contention Exempt Short Control Signaling rule, and it can eliminate the uncertainty transmission caused by LBT in 60 GHz NR-U.
Proposal 18: The Contention Exempt Short Control Signaling can be applied to any signaling without user-plane data multiplexed with SS/PBCH block transmission.
For the 120 kHz SS/PBCH block transmission, assuming the periodicity of SS/PBCH block is 20msec and the number of SSB beams is 64, the total duration of SS/PBCH block transmission is 11.4msec which exceeds 10% within 100mses limit. In RAN1#104b-e, the agreement that Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH includes a condition that the 10% duty cycle rule restriction still applies. In order to meet less than 10% within 100msec limit, we suggest that the Contention Exempt Short Signaling rules can be applied to specific SSB beams, such as the first 56 SSB beams, for 120 kHz.
Observation 1: When the periodicity of SS/PBCH block is 20msec and the number of SSB beams is 64, the total duration of SSB transmission is more than 10% within 100ms.
Proposal 19: In order to meet the rule of less than 10% duty cycle within 100ms, the Contention Exempt Short Signaling rules shall be applied to specific SSB beams for 120 kHz SCS.
2. 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: Both Cell-specific and UE-specific gNB indication should be supported to indicate LBT or No-LBT mode to the UE.
Proposal 2: L1 signaling, such as DCI format 1_0 scrambled by SI-RNTI/P-RNTI, could be used as Cell-specific gNB indication to indicate LBT mode or No-LBT mode to the UE.
Proposal 3: The minimum duration of deferral period is 8us.
Proposal 4: One energy measurement is required for 8us deferral period. 
Proposal 5: Cat 2 LBT should be introduced for 60GHz NR-U.
Proposal 6：When the later transmission starts after the defined maximum gap from the end of the earlier transmission, whether a one-short LBT needs to be performed can be decided by gNB.
Proposal 7: No need to introduce CAPC and CWS. 
Proposal 8: For LBT bandwidth, Alt SC.1 and Alt CA.1 should be supported.
Proposal 9: Adjustment value should be considered for the baseline ED threshold.
Proposal 10: For adjustment value on baseline EDT, at least beamforming gain difference between the transmission beam and sensing beam should be considered.
Proposal 11：Consider supporting both of single LBT sensing with wide beam and independent per-beam LBT sensing for all beams to be used within the COT at the start of the COT.
Proposal 12: If supporting Alt A-1 or Alt A-2, the ‘blocking issue’ (failure of forward beam LBT cause subsequent beams unable to perform LBT) should be addressed.
Proposal 13: Alt A-3 of which node performs eCCA round robin between different beams should be supported to increase the multi-beam LBT efficiency.
Proposal 14: Performing Cat 2 LBT before beam switching within the COT could be supported, and it can be decided by gNB.
Proposal 15：The receiver assistance channel access mechanism can be designed based on the A-CSI feedback framework.
Proposal 16: The Contention Exempt Short Control Signaling rules can be applied to SS/PBCH transmission of all the supported SCS with the restriction that less than 10% duty cycle within 100ms has to be satisfied. 
Proposal 17: For UL signal, the Contention Exempt Short Control Signaling rules can be applied to Msg1/Msg A and ACK/NACK signaling. 
Proposal 18: The Contention Exempt Short Control Signaling can be applied to any signaling without user-plane data multiplexed with SS/PBCH block transmission.
Observation 1: When the periodicity of SS/PBCH block is 20msec and the number of SSB beams is 64, the total duration of SSB transmission is more than 10% within 100ms.
Proposal 19: In order to meet the rule of less than 10% duty cycle within 100ms, the Contention Exempt Short Signaling rules shall be applied to specific SSB beams for 120 kHz SCS.
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