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1. Introduction
In RAN#90-e meeting, the WID[1] for extending current NR operation to 71 GHz was agreed. And regarding physical layer aspects, the objectives identified in the WID are as below. Following the guidance, this contribution would like to discuss channel access mechanism for the new frequency range, mainly focusing on No-LBT and receiver assistance in channel access.
Some relevant agreements are listed in the Appendix.
	· 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 


2. Discussion
No-LBT
For channel access, no-LBT mode was agreed to be supported for the new frequency range (52.6~71GHz) as in the agreement below. And some issues are identified as FFS.
	Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported
· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.
· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms
· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)


Regarding the 2nd FFS, for regions where LBT is not mandatory, whether to apply no-LBT mode should be up to gNB implementation. For more flexibility, no other restriction is needed. Furthermore, regarding the 3rd FFS, switching between LBT mode and no-LBT mode can be supported to adapt to channel status. For example, gNB can determine whether to switch according to RSSI/CO. However, condition for switching is not needed and whether/when to switch can leave to gNB implementation.
Since which channel access mode (LBT mode or no-LBT mode) is applied would have impacts at least on how the UE access the channel for UL transmission, i.e. with LBT or without LBT, it is necessary to let UE know which mode is applied by indication from the gNB. 
In the last RAN1 meeting, regarding indication of LBT mode or no-LBT mode, two alternatives were considered. 
· Alt.1. Cell specific (common for all UEs in a cell) as part of system information or dedicated RRC signaling or both
· Alt 2. UE specific (can be different for different UEs in a cell) as part of UE-specific RRC configuration
In our view, at least Alt.1 should be supported. Firstly, cell-specific indication as part of system information is needed so that the UEs having not received dedicated RRC signaling (e.g. IDLE UE) can determine whether/how to perform LBT for UL transmission(s) according to the cell-specific indication in system information. Secondly, cell-specific indication as part of dedicated RRC signaling is needed for cases of handover, PScell/Scell addition/modification etc. On top of that, Alt.2 can be supported for additional flexibility. 
Proposal 1: For regions where LBT is not mandatory, no-LBT mode can be applied and switching between LBT mode and no-LBT mode can be supported. No other condition is needed.
Proposal 2: For indication of LBT mode and no-LBT mode, cell specific (common for all UEs in a cell) indication as part of system information and dedicated RRC signaling should be supported. 
· For additional flexibility, UE specific (can be different for different UEs in a cell) indication as part of dedicated RRC signaling can be supported.
Receiver assistance in channel access
In the last meeting, the following agreement was achieved. 3 alternatives are identified for further discussion.
	Agreement:
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]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 


Among the 3 alternatives, Alt 1 and Alt 2 are already supported. It is for further discussion whether any enhancement is needed for Alt 1and Alt 2, and whether Alt 3 should be additionally supported. To figure out that, the use case of receiver assistance should be clarified first.
According to discussions in previous meetings, an importance use case of receiver assistance is that gNB determines whether to transmit a PDSCH based on UE’s assistance information which can reflect the status of instant strong interference at the UE side. An example of procedure is shown in Figure 1.


Figure 1: Example of PDSCH transmission according to UE’s assistance information
As the legacy RSSI measurement is L3 measurement, which is to measure congestion status of a channel in a long term, it is preferred to further consider Alt 2 or Alt 3 for this use case. 
Regarding Alt 2, L1-SINR report which is to some extent reflecting interference level can be considered for the use case. However, currently, AP-CSI report can be triggered only by DCI with UL grant and transmitted on the scheduled PUSCH. The procedure of AP-CSI report based on AP CSI-RS is as shown in Figure 2. If merge this procedure into the procedure in Figure 1, it would result in at least 4 steps before the gNB can determine whether to transmit the PDSCH. That is, if support the use case based on the legacy method of AP-CSI report, there are issues of high latency and signaling overhead. 


Figure 2: Procedure of AP-CSI report based on AP CSI-RS
Regarding Alt 3, an example of the whole procedure is shown in Figure 3. The receiver assistance information can be just 1 bit. For example, if LBT at the UE side is successful, it can transmit a sequence. And once gNB detects the sequence, it can transmit the PDSCH. Compared with Alt 2, it is obvious that Alt 3 has advantage of short delay, less signaling overhead, and low complexity and power consumption for UE. 


Figure 3: PDSCH transmission according to UE’s assistance information based on LBT at the UE
According to the discussions above, to support the use case that gNB determines whether to transmit a PDSCH based on UE’s assistance information, Alt 3 is preferred. If Alt 2 is adopted for this use case, enhancements on triggering and contents of AP-CSI report would be needed. 
Proposal 3: To support that gNB determines whether to transmit a PDSCH based on UE’s assistance information, LBT at receiver (Alt 3) is preferred.

3. Conclusion
According to the discussions above, we have the following proposals.
Proposal 1: For regions where LBT is not mandatory, no-LBT mode can be applied and switching between LBT mode and no-LBT mode can be supported. No other condition is needed.
Proposal 2: For indication of LBT mode and no-LBT mode, cell specific (common for all UEs in a cell) indication as part of system information and dedicated RRC signaling should be supported. 
· For additional flexibility, UE specific (can be different for different UEs in a cell) indication as part of dedicated RRC signaling can be supported.
Proposal 3: To support that gNB determines whether to transmit a PDSCH based on UE’s assistance information, LBT at receiver (Alt 3) is preferred.

Appendix：relevant agreements
	RAN1#102-e[2]
	Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported
· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.
· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms
· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)

	RAN1#104-e[3]
	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

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.

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

Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select from
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 2. Define a maximum gap X, such that a later transmission can share the COT without LBT only if the later transmission starts within X from the end of the earlier transmission
· FFS: Value for X
· 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
· FFS: Value for Y
· FFS:  How to define the one-shot LBT

Agreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation

Agreement:
If Cat 2 LBT is introduced, the following use cases can be further studied:
· Resume transmission after a gap Y:  Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· Multi-Beam LBT:  Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· Rx-Assistance:  Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
Other use cases not precluded. 
FFS if Cat 2 LBT is mandated for each use case or not.

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 

Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

Agreement:
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 
· Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch

Agreement:
Define Type A and Type B multi-channel channel access as:
· Type A: Perform independent eCCA for each channel
· Type B: Identify a primary channel and perform eCCA on the primary channel, while perform Cat 2 LBT for other channels in the last observation slot
Down-selection between
· Alt1: Support Type A multi-channel channel access only
· Alt2: Support both Type A and Type B multi-channel channel access.
Note: How eCCA is performed on each channel, and the BW of the channels over which eCCAs are performed are separately discussed

Agreement:
· SSB transmission with LBT is supported, at least when the conditions for contention exempt short control signalling based SSB transmission is not met 
· Note the channel access for SSB with LBT may not be different from a normal COT with multiple beams
· FFS: If any difference from a multi-beam COT LBT needs to be introduced
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