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1. [bookmark: _GoBack]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.
Chanel access with LBT and No-LBT
It was agreed in RAN#90 [1] to specify LBT and No-LBT related procedure for gNB/UE to initiate channel occupancy. One issue is how to indicate the LBT/No-LBT mode of gNB-UE connections to UE in the region where LBT is not mandated. There are two types of indication that can be used as LBT/No-LBT mode indication:
· Alt 1: Cell-specific indication.
· Alt 2: UE-specific indication.
In Alt 1, g-NB indicates LBT/No-LBT mode to the UEs within the cell by cell level indication. When there are no interfering nodes around the cell, the gNB-UE connections within the cell does not need to perform the LBT. When 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. In these cases, Alt 1 is required to indicate LBT/No-LBT mode.
In Alt 2, g-NB indicates LBT/No-LBT mode to the specific UE within the cell by UE level indication. When all the gNB-UE connections within the cell are 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. Another case is that when 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, Alt 2 is required to indicate LBT/No-LBT mode.


Figure 1: Parts of UE in the network are interfered 
In our view, the cell-specific indication and UE-specific indication are not mutually exclusive, and can be used together to indicate LBT/No-LBT mode of gNB-UE connection to UE together.
Proposal 1: Both Cell-specific and UE-specific indication should be supported to indicate LBT/No-LBT mode for UE.
For Cell-specific indication, LBT /No-LBT indication can be carried by MIB and SIB1. One of benefits to carry LBT/No-LBT on SIB1 is the ability to update LBT/No-LBT mode via SIB1 update procedure. We observe that the UE should decode DCI format 1_0 scrambled by SI-RNTI before receiving the SIB 1 information, and there are two additional reserved bits in DCI format 1_0 scrambling by SI-RNTI for operation in shared spectrum. Thus, the additional reserved bits in DCI format 1_0 scrambling by SI-RNTI can be used to carry LBT/No-LBT mode indication, which can avoid increasing the payload of SIB1 message.
Proposal 2: DCI format 1_0 scrambled by SI-RNTI could be used as Cell-specific LBT/No-LBT mode indication.
LBT related procedure
3.1 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 3: 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 4: For adjustment value on baseline EDT, at least beamforming gain difference between the transmission beam and sensing beam should be considered.
3.2 LBT bandwidth
In the last meeting, the following agreements about LBT bandwidth have been reached：
	Agreement:
For LBT for single carrier transmission, consider the following alternatives
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.2. gNB/UE performs LBT over the transmission bandwidth (from the lowest RB to the highest RB used for the transmission)
· 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, consider the following alternatives
· 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.3. gNB/UE performs multiple LBT, one for each CC over the transmission bandwidth (from the lowest RB in to the highest RB used for the transmission in the CC)
· Alt CA.4. gNB/UE performs LBT over the transmission bandwidth over all CCs (from the lowest RB in the lowest CC to the highest RB in the highest CC used for the transmission)
· 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
Note: supporting more than one alternative for at least multi-carrier transmission in intra-band CA is not precluded.




Figure 2: LBT bandwidth for single carrier transmission
· For Alt SC.1, LBT bandwidth equals to channel bandwidth as shown in Figure 2 (a). The transmission bandwidth to carry potential PDSCH/PUSCH or other channels might be narrower than channel bandwidth. When there is the interference on the RB that is not used for transmission within the channel bandwidth, although the interference will not interfere with the transmission, the transmission will be delayed due to LBT failure.
· For Alt SC.2, LBT bandwidth equals to transmission bandwidth as shown in Figure 2(b). It can avoid unnecessary LBT measurement on unoccupied RBs and increase the successful probability of channel access. Alt SC.2 would be a reasonable choice for single-carrier transmission.
· For Alt SC.3, LBT bandwidth equals to the LBT unit and gNB /UE need perform multiple parallel LBT in all LBT units as shown in Figure 2(c). The potential benefit of Alt SC.3 is the LBT units can increase the probability of channel access when only parts of LBT units are successful. When only parts of LBT units are successful, the date cannot be sent only on these successful LBT units, so the potential benefit cannot be obtained.
Proposal 5：For single carrier transmission, LBT bandwidth shall equal to the transmission bandwidth, which is from the lowest RB to the highest RB used for the transmission.
Multi-carrier channel access in Rel-16 NR-U has been specified in TS 37.213[3]. The gNB/UE can access multiple channels according to Type A or Type B procedure. 
· Type A multi-carrier access procedure allows gNB/UE perform Cat 4 LBT on each of channel independently. 
· Type B multi-carrier access procedure allows gNB/UE perform Cat 4 LBT on the primary channel and perform Cat 2 LBT before the transmitting on other channel. 
Regardless of Type A procedure or Type B procedure, gNB/UE needs to perform LBT on each carrier. There is no strong motivation to perform a single LBT over all carriers. Alt CA.3 should be supported for multi-carrier transmission in intra-band CA.
Proposal 6: Alt CA.3 (gNB/UE performs multiple LBT, one for each CC over the transmission bandwidth) should be supported for multi-carrier transmission in intra-band CA.
Type A procedure can be used for inter-band CA scenario and Type B procedure can be used for intra-band CA. It is reasonable to support both of inter-band CA and intra-band CA for up to 71GHz. We think multi-channel access procedure in Rel-16 NR-U could be reused for up to 71GHz operation. 
Proposal 7: Multi-channel access procedure in Rel-16 NR-U could be reused for up to 71GHz operation.
Directional LBT
4.1 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 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 8：Consider supporting both of single LBT sensing with wide beam and per-beam LBT sensing at the start 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 LBT sensing at the start of COT, one remaining issue is whether perform additional directional LBT in the middle of COT. 


[bookmark: _Ref61020785]Figure 3: 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. Additional LBT before beam switching within the COT should be supported.
Proposal 9:  When the beams transmitted within the COT are spatially dispersive, additional LBT before beam switching can be provisioned.
4.2 Sensing structures
In the last meeting, the following agreements about sensing structure have been reached:
	Agreement:
For energy measurement in 8us deferral period, down-select from the following:
· Alt 1. Two energy measurements are required
· Alt 2. One measurement is required
· Alt 3. Extend the 8us to 10us and perform two measurements, one in each 5us segment
For energy measurement in 5us observation slot, perform single measurement
· FFS minimum duration of the measurement
· FFS location of the measurement



For up to 71GHz operation, gNB may support beam sweeping of SSB up to 64 beams. For the UE-specific beam for PDCCH/PDSCH, the total number of beams will be more than the number of SSBs. Therefore, the design of observation slot and deferral period should take into account the multi-beam LBT requirements.


[bookmark: _Ref68126981]Figure 4: Multi-beam energy detection in one observation slot
As shown in Figure 4 (a), there are 4 UEs located in different beam directions, and the g-NB intends to use different beams to transmit PDCCH/PDSCH to 4 UEs. Before transmission on each beam, g-NB needs to perform LBT for each beam separately. In this case, some alternatives for energy detection in one observation slot for multi-beam operation are:
· Perform one beam energy detection in an observation slot;
· Perform multi-beam energy detection in an observation slot;
If the gNB only performs one beam energy detection in an observation slot, the total time for the gNB to perform LBT is the aggregate LBT time of multiple beams. If the gNB can perform multiple-beam energy detection in an observation slot as shown in Figure 4 (b), gNB can perform LBT in parallel for multiple beams, which improve the efficiency of the multi-beam LBT. Therefore, multi-beam energy detection in one observation slot should be supported.
Proposal 10: Multi-beam energy detection in one observation slot should be supported to improve the efficiency of the multi-beam LBT.



Figure 5: Deferral period for multi-beam operation
A CCA check can be divided into two parts: deferral period and several observation slots. When gNB/UE performs energy detection in an observation slot and the measurement result of observation slot is busy state, an additional deferral period is needed. For multi-beam operation, if the deferral period is 8us as shown in Figure 5(a), an additional deferral period on beam2 might lead to the situation where it is impossible to align the edge of the subsequent observation slot with other beams. This will make the multi-beam energy detection in one observation difficult to perform for beam2. To solve this problem, the deferral period can be extended to 10us which equals to the duration of two observation slots as shown in Figure 5(b). Considering LBT for multi-beam operation, extended deferral period to 10us should be supported.
Proposal 11: Considering LBT for multi-beam operation, deferral period should be extended to 10us for multi-bean operation.
Receiver assisted channel access 
In RAN 1#104-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 6, 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 6: 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 has the upper hand over the Alterative 2  
Proposal 12：The receiver assistance information can be designed base on the A-CSI feedback framework.
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 indication should be supported to indicate LBT/No-LBT mode for UE.
Proposal 2: DCI format 1_0 scrambled by SI-RNTI could be used as Cell-specific LBT/No-LBT mode indication.
Proposal 3: Adjustment value should be considered for the baseline ED threshold.
Proposal 4: For adjustment value on baseline EDT, at least beamforming gain difference between the transmission beam and sensing beam should be considered.
Proposal 5：For single carrier transmission, LBT bandwidth shall equal to the transmission bandwidth, which is from the lowest RB to the highest RB used for the transmission.
Proposal 6: Alt CA.3 (gNB/UE performs multiple LBT, one for each CC over the transmission bandwidth) should be supported for multi-carrier transmission in intra-band CA.
Proposal 7: Multi-channel access procedure in Rel-16 NR-U could be reused for up to 71GHz operation.
Proposal 8：Consider supporting both of single LBT sensing with wide beam and per-beam LBT sensing at the start of COT.
Proposal 9:  When the beams transmitted within the COT are spatially dispersive, additional LBT before beam switching can be provisioned.
Proposal 10: Multi-beam energy detection in one observation slot should be supported to improve the efficiency of the multi-beam LBT.
Proposal 11: Considering LBT for multi-beam operation, deferral period should be extended to 10us for multi-bean operation.
Proposal 12：The receiver assistance information can be designed base on the A-CSI feedback framework.
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