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1. Introduction
The revised WID for operations extended to 71GHz was approved in RAN#91e [1]. The physical layer procedures such as channel access were agreed for further investigation:
· 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 contribution, we will discuss the remaining issues of these channel access mechanisms.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]LBT procedure related issues
[bookmark: _Ref67499018][bookmark: PP12]Clarification on LBT bandwidth
In RAN1#107 meeting, the LBT bandwidth for gNB and UE has been discussed and companies showed different views on this issue. The previous agreement in [4] defines the LBT bandwidth as below:
Agreement:
· For LBT for single carrier transmission, gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth) (Alt SC.1. in earlier agreements)
· For LBT for multi-carrier transmission in intra-band CA, gNB/UE performs multiple LBT, one for each channel bandwidth separately (Alt CA.1. in earlier agreements)
· FFS: Additional support of performing single LBT over all CCs (Alt CA.2. in earlier agreements)
It generally states that the gNB or UE can perform LBT over the channel bandwidth or BWP bandwidth. However, the specific LBT bandwidth for gNB or UE is not cleat from this agreement. As we all agree, UE can only perform LBT over its active BWP, no measurement outside the active BWP is allowed. Therefore, the LBT bandwidth for UE is the active BWP bandwidth. However, gNB may schedule more than one UE for DL transmission, gNB then determine the LBT bandwidth based on the DL transmission. The maximum LBT bandwidth for gNB is the channel bandwidth. Therefore, we propose to clarify the agreement as below:
Agreement:
· For LBT for single carrier transmission, gNB/UE performs LBT over the channel bandwidth (or active BWP bandwidth), gNB performs LBT over a bandwidth no larger than the channel bandwidth.
The same definition can also be applied to the LBT for multi-carrier transmission in intra-band CA.
[bookmark: _Ref92274391]Proposal 1: The LBT bandwidth for UE is the active BWP bandwidth, the LBT bandwidth for gNB is up to implementation and no larger than the channel bandwidth.

Channel access type switching within COT
In RAN1#107, the channel access type switching when sharing a gNB-initiated COT has been discussed and some preliminary idea has been proposed as below:
Proposed 2.4.1-6 in [6]: 
For an UL transmission indicated or configured to use Type 1 channel access, if the UE later finds out the transmission is in a gNB COT, the UE can change the channel access type to Type 2 channel access or Type 3 channel access
· RRC configuration is introduced to control either Type 2 channel access or Type 3 channel access will be used for this case
In our view, when a UE is indicated or configured with Type 1 channel access for UL transmission and later shares a gNB-initiated COT, it is beneficial to switch the channel access type to a shorter one to increase the channel access possibility. Therefore, UE can change the channel access type to Type 2 channel access or Type 3 channel access depending on the regional regulation. Since this regional regulation information may not be commonly known for all the UEs, it should be informed additionally. The regional regulation related signalling should be a cell-specific signalling since all UEs in the region must follow the regulation. The regional regulation information can indicate whether it’s a specific region (e.g. Japan) or not, or indicate that the minimum required channel access type is Type 2 or Type 3. It can be carried in the SIB1, MIB or other cell-specific RRC signalling.
[bookmark: _Ref92274395]Proposal 2: UE can switch from Type 1 channel access to Type 2 or Type 3 channel access when sharing gNB-initiated COT. The regional regulation information should be carried in the cell-specific signaling.
Channel access type indication
In RAN1#107 meeting, it has been agreed that the channel access Type 1, Type 2 and Type 3 will all be indicated in the non-fallback DCI formats with the ChannelAccess-CPext field. However, regarding the fallback DCI formats, companies have different views. There are two options on this issue.
Proposal 2.4.2-1 in [6]:
For fallback DCI formats 0_0 and 1_0, for FR2-2 operation, the ChannelAccess-Cpext field in DCI indicates the channel access type only. 
· Option 1: A new table similar to Table 7.3.1.1.1-4 is introduced with entries “Type 1 channel access in 4.4.1 of 37.213”, “Type 2 channel access in 4.4.2 of 37.213” and “Type 3 channel access in 4.4.3 of 37.213”, and “reserved”.
· Note: This option requires 2 bis in fallback DCI
· For a UE not capable of supporting Type 2 LBT, an indication for Type 2 LBT for UL transmission will be treated as an indicate for Type 1 LBT
· Option 2: A new table similar to Table 7.3.1.1.1-4 is introduced with entries “Type 1 channel access in 4.4.1 of 37.213” and “Type 3 channel access in 4.4.3 of 37.213”.
· Note: This option requires 1 bit in fallback DCI. This option also implies in Japan, fallback DCI cannot be used to schedule UL transmission with Type 2 LBT
Option 2 only indicates Type 1 channel access and Type 3 Channel access with 1 bit. Supporting companies argue that Type 2 channel access is optional and can be ignored to save the bit. However, we think the optional feature is based on the premise that it is at least supported in the spec. gNB or UE can then have options on all these supported features. Therefore, Type 2 channel access should be supported in the fallback DCI indication. The same table introduced indicating channel access types for non-fallback DCI can be used. For a UE not capable of supporting Type 2 LBT, an indication for Type 2 LBT for UL transmission will be treated as an indicate for Type 1 LBT.
[bookmark: _Ref92274400]Proposal 3: Type 2 channel access should be indicated in the fallback DCI formats.
CP extension
For the COT sharing in FR 2-2, gap maintaining is not an issue anymore. Therefore, the CP extension in COT sharing is not needed anymore. However, CP extension is still feasible for CG-PUSCH in FR 2-2 to avoid collision when full bandwidth allocation is adopted. Random selection of the CP extension for different CG-PUSCHs on the same resources will avoid collision if different CP extension values are selected. Therefore, Alt 2 in the following proposal is supported.
Discussion 2.4.2-4a in [6]
For CG-PUSCH in FR2-2 unlicensed operation, about CP extension
· Alt 1: Do not introduce CP extension for CG-PUSCH for FR2-2
· Alt 2: Introduce CP extension for CG-PUSCH for FR2-2 with maximum duration of 1 symbol at 15KHz
· Since we don’t have interlaced waveform, the CP extension candidate numbers can leverage the Rel.16 NR-U version with full bandwidth allocation
· FFS: The set of CP extension lengths, including the maximum CP extension length
However, the length of CP extension should be further studied, since the sensing slot duration in FR 2-2 is not the same as that in FR1. We think it is not feasible to directly use the maximum duration of 1 OS at 15kHz for FR 2-2 since the SCS in FR 2-2 is much larger than 15KHz. Besides, the CCA sensing slot duration in FR 2-2 is different from that in FR1. The candidate CP extension values should be determined based on the sensing slot duration in FR2-2, i.e., 5us.
[bookmark: _Ref92274405]Proposal 4: CP extension should be introduced for CG-PUSCH in FR 2-2, and the CP extension length should be determined based on the sensing slot duration in FR 2-2.
Multi-channel channel access
The multi-channel channel access has been discussed in RAN1#104 [2]
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

For multi-channel channel access scheme, Type B multi-channel channel access requires to perform Cat 2 LBT for the non-primary channels. Since Cat 2 LBT is already agreed to be used for beam switching in beyond 52.6 GHz frequency range, it can also be applied to Type B multi-channel channel access. In this case, both Type A and Type B multi-channel channel access can be supported.
[bookmark: _Ref67929036]Proposal 5: Both Type A and Type B multi-channel channel access can be supported.
LBT mode indication

In RAN1#105 meeting [3], is has been agreed that the LBT mode and no-LBT can be indicated by gNB as below:
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
· 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
However, whether the indicated mode applies only to UE or applies to both gNB and UE is not clear. It is common understanding that the indicated mode should be at least applied to UE. However, whether the indicated mode also applies to gNB needs further discussion. It depends on whether to support periodical CSI-RS validation in FR 2-2. If P-CSI-RS validation is not supported, then UE does not need to know the channel access mode of gNB. Otherwise, gNB should indicate if LBT mode has been applied. When the channel access modes for both gNB and UE are indicated. It should allow gNB and UE use different channel access modes. Therefore, gNB should indicate two modes, one for UE and one for gNB. 

[bookmark: _Ref92274415]Proposal 6: The indication of the channel access mode for gNB depends on if P-CSI-RS validation is supported.
[bookmark: _Ref92274419]Proposal 7: If the channel access mode for gNB is indicated, gNB and UE can use different channel access modes.
Beam-specific COT indication
As directional LBT can be applied in FR2-2, the directional sensing beam related COT information such as remaining COT should only be used by the UEs covered by the sensing beam. However, due to the sidelobes of the corresponding transmission beam(s), UEs outside the coverage of the sensing beam may also receive the non-unicast transmission such as DCI 2_0. Therefore, these UEs outside the coverage may also share the COT. To avoid such problem, it is beneficial to include the sensing beam related information when indicating the remaining COT. The sensing beam related information can be the information of the sensing beam, or information of the transmission beam of the UE, or information of the transmission beam of gNB, etc. When UE receives such information, it can determine if it is within the coverage of the sensing beam, and whether to share the remaining COT or not. 
[bookmark: _Ref92274422]Proposal 8: The remaining COT should be indicated together with the sensing beam related information.
Receiver assisted LBT
Extending the Re-16 L3-RSSI to unlicensed operation in FR2-2 has been agreed as a scheme to assist the DL transmission. However, this existing technique does not really solve the hidden node problem. Hidden node issue may occur for each transmission, depending on the transmissions around the receiving node. Long term measurement cannot predict the hidden node for each transmission. Therefore, we need more prompt feedback to solve the problem. In this section, we discuss the possible channels and contents for quick information exchange between transmitter and receiver. Some preliminary agreement has been achieved in RAN1#106 [4]:
[bookmark: _Hlk80964650][bookmark: _Hlk64551475]Agreement:
For receiver to provide assistance in channel access, channel sensing and reporting need to be performed. The following schemes can be further considered. Target down-selection by RAN1 #106bis-e [5]
· Scheme 1: L1-RSSI based receiver assistance
· Resource used for RSSI measurement
· Alt 1: RSSI measurement is based on the time/frequency resources configured for ZP-CSI-RS
· FFS: any enhancement needed for ZP-CSI-RS for this purpose (eg., ZP-CSI-RS over all REs in BWP over one or more symbols).
· Alt 2: Energy measurement on operating BW over indicated or specified number of symbols or time interval
· L1-RSSI is reported in an AP-CSI report
· L1-RSSI trigger in UL grant
· FFS if L1-RSSI trigger can also be carried in DL grant
· Timeline for L1-RSSI reporting is at least equal to AP-CSI reporting and RAN1 strives to tighten the timeline
· Note: If L1-RSSI reporting timeline cannot be tighter than AP-CSI reporting timeline, this scheme is not needed
· FFS: How to indicate the measurement beam for L1-RSSI
· FFS: What is included in the L1-RSSI report, such as the value of RSSI measurement, comparison outcome with Energy Detection threshold, etc
· Scheme 2: CCA or eCCA based receiver assistance with existing phy channel/signals
· Scheme 2-1: gNB schedules/triggers UL PUCCH/SRS transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUCCH (or SRS in the case of 1-bit Rx-assistance) to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· FFS if the downlink data transmission can be granted with the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission, in which case, the CCA or eCCA is performed for at least the first UL PUCCH/SRS transmission
· Scheme 2-2: gNB schedules/triggers UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUSCH to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.
· Scheme 3: CCA or eCCA based receiver assistance with new RTS/CTS type transmission
· New RTS/CTS-like signaling introduced. 
· gNB sends RTS-like signaling to UE. UE performs CCA or eCCA and if LBT passes, transmits CTS-like signaling to explicitly indicate the LBT outcome. gNB detects the CTS-like signaling to identify if the UE passed CCA or eCCA. After detecting the CTS-like signal, the data transmission happens
· Scheme 4: Legacy L3-RSSI with potential enhancements
· FFS potential enhancements, e.g., supporting gNB indicating the beam used for UE RSSI measurement, supporting gNB indicating new reference SCS and measurement bandwidths
· Note: The schemes listed above are not mutually exclusive and should be discussed separately.
Scheme 2 uses the existing mechanism and can provide prompt assistant information. However, we think both Scheme 2-1 and Scheme 2-2 should be changed by deleting “data” in the last sentence if the original intention is to transmit PDSCH without PDCCH after receiving the assistant information. In current spec, at least PUCCH cannot be transmitted before the PDSCH. Therefore, Scheme 2-1 by scheduling PUCCH and PDSCH with same DCI is not feasible. For Scheme 2-2, it does not make sense to schedule PDSCH in advance, and after receiving the PUSCH as the receiver assistant information, gNB transmits PDSCH immediately. gNB can simple schedule PDSCH after receiving the PUSCH, i.e., gNB can transmit PDCCH after receiving the assistant information. In our opinion, the assistant information should be triggered separately with PDSCH. gNB schedules/triggers UL PUCCH/SRS only transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. The triggering of PUCCH/SRS only transmission can be realized by setting the related fields to special values, which has very small spec impact. For the sake of progress, we are open to further decouple the downlink transmission and the assistant information, it can be up to gNB implementation. However, there must be an assistant information in case gNB want to refer to for DL transmission. Therefore, Scheme 2 should be modified as below:
·  Scheme 2: CCA or eCCA based receiver assistance with existing phy channel/signals
· Scheme 2-1: gNB schedules/triggers UL PUCCH/SRS only transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUCCH (or SRS in the case of 1-bit Rx-assistance) to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, gNB determines if the downlink data transmission happens depending on the detection of the Receiver-assistance information.
· Scheme 2-2: gNB schedules/triggers UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUSCH to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, gNB determines if the downlink data transmission happens depending on the detection of the Receiver-assistance information.
[bookmark: _Ref61448953]Proposal 9: Adopt the modified scheme 2. 
Short control signaling
In RAN1#105-e [3], the short control signalling was further discussed and the UL signals that can be considered as short control signalling are as below:
Agreement:
· Contention Exempt Short Control Signaling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS.
· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)
· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell
· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc
From our point of view, the regulation regarding short control signalling is for the actually transmitted signals, not the configured resources. Only when the signal is transmitted, it is considered as a short control signalling and the signal duration is counted in. if the signal is not transmitted, no transmission duration should be counted in the total short control signalling transmission time. Therefore, Alt 2 is supported for msg 1 and Msg A transmission when they are considered as short control signalling.

Besides, for contention exemption short control signalling based UL transmission, we think it is up to UE to transmit the UL signals based on short control signalling or with LBT. When the UL signals based on short control signalling reaches the 10% limits over 100ms, UE will switch to the normal channel access mechanism. There is no need to introduce additional signalling to allow gNB to control the usage of the short control signalling of UE. 
[bookmark: _Ref78990489]Proposal 10: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective.
[bookmark: _Ref92274434]Proposal 11: No need to introduce RRC configuration to allow gNB to control which channels can be transmitted with contention exemption
3. Conclusion
In this contribution, we focus on the channel access mechanisms for NR operation from 52.6GHz to 71GHz, and have the following proposals:
Proposal 1: The LBT bandwidth for UE is the active BWP bandwidth, the LBT bandwidth for gNB is up to implementation and no larger than the channel bandwidth.
Proposal 2: UE can switch from Type 1 channel access to Type 2 or Type 3 channel access when sharing gNB-initiated COT. The regional regulation information should be carried in the cell-specific signaling.
Proposal 3: Type 2 channel access should be indicated in the fallback DCI formats.
Proposal 4: CP extension should be introduced for CG-PUSCH in FR 2-2, and the CP extension length should be determined based on the sensing slot duration in FR 2-2.
Proposal 5: Both Type A and Type B multi-channel channel access can be supported.
Proposal 6: The indication of the channel access mode for gNB depends on if P-CSI-RS validation is supported.
Proposal 7: If the channel access mode for gNB is indicated, gNB and UE can use different channel access modes.
Proposal 8: The remaining COT should be indicated together with the sensing beam related information.
Proposal 9: Adopt the modified scheme 2.
Proposal 10: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective.
Proposal 11: No need to introduce RRC configuration to allow gNB to control which channels can be transmitted with contention exemption
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