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1 Introduction
In RAN1#104-e, the following agreements have been made regarding the channel access mechanism for 52.6 to 71 GHz [1]: 
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
This contribution discusses detailed design for the above aspects for NR from 52.6 GHz to 71 GHz, and more precisely, the following topics related to channel access mechanism are included: 
· Indication of LBT mode and no-LBT mode
· LBT parameters, including LBT bandwidth, LBT type, CAPC, and ED threshold
· Short control signalling
· Directional LBT
· RX-assistant LBT
· Enhancement to RSSI measurement
2 Indication of LBT mode and No-LBT mode
In the study item, it has been agreed that both LBT-mode (channel occupancy initialized with channel sensing mechanism) and no-LBT mode (channel occupancy initialized without channel sensing mechanism) are supported, and there are remaining details on the condition to operate in and transit to no-LBT mode to be further investigated in the work item. 
First of all, we would like to clarify the cases that the LBT mode and no-LBT mode can be applicable to: 
· In a first case, all nodes including gNB and its serving UEs in a cell shares the same mode, either LBT mode or no-LBT mode. In this case, the operation mode is cell-specific, and all the nodes in the cell can either perform channel access mechanism or not perform channel access mechanism to occupy the channel. 
· In a second case, nodes in a cell can operate in different modes, and the operation mode is associated with each of the node separately. For example, a gNB can indicate the operation mode to a UE based on the traffic or interference situation around the UE, such that UEs served by the same gNB may not have the same operation mode, and the gNB may also operate in a different mode from its serving UEs. In addition, a group of UEs (e.g. UEs covered by the same beam) can share the same operation mode, since they may experience same or similar interference situation. In this case, the operation mode can be UE-specific or beam-specific. 
In our understanding, the first case should be served as baseline to support, and the second case also has its benefit and so that to be supported as well. 
Secondly, for a gNB, its operation mode can be determined up to its implementation, by taking all factors into accounts, e.g. long term sensing, DFS, and ATPC for non-LBT mode or LBT mode. There is no specification impact needed to restrict the behavior of gNB to choose its operation mode for channel access. However, due to the natural difference on the physical layer design in the two operation modes, it is expected that some of the Rel-16 NR-U mechanisms will be reused or improved for 60 GHz unlicensed band, and more mechanisms could also be under study for mitigating the impact of LBT for 60 GHz unlicensed band, then it would be beneficial for the UE to know gNB’s operation mode, in order to determine whether those mechanisms are applicable based on the operation mode.  
Thirdly, for a UE, its operation mode should be configured by the gNB, such that the network can still have the control of the channel access operation for the whole system. If only the first case is supported, cell-specific indication in system information and RRC parameter is sufficient; if both cases are supported, additional UE-specific or UE-group-specific (e.g. beam-specific) indication is needed. 
Proposal 1: Support LBT mode and no-LBT mode per node in a cell.
· UEs in a cell can operate in same or different mode;
· UE can operate in same or different mode from its serving gNB;
· gNB determines its operation mode up to implementation;
· gNB indicates both gNB’s and UE’s operation mode to its serving UE in both cell-specific (e.g. system information and RRC parameter) and UE-specific/UE-group-specific (e.g. RRC parameter) manners.
3 Details of LBT Mode
In the study item, several issues for LBT mode have been identified to be further investigated in the work item. This section details such design aspects, including LBT bandwidth, LBT type, CAPC, and ED threshold. 
1 
2 
3 
LBT Bandwidth
In the last RAN1 meeting, the following alternatives have been identified for single carrier transmission: 
· 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
Alt SC.1 should be supported as baseline, and to make the LBT bandwidth easier for implementation, LBT over the channel bandwidth should be the default LBT bandwidth. Alt SC.2 is not preferable due to a variable sensing bandwidth, which may cause extra effort in implementation without seeing a clear benefit. Alt SC.3 can also be acceptable as a second choice, but clarification seems needed for the transmission behaviour after the result of sensing in Alt SC.3. 
The following alternatives have been identified for multi-carrier transmission in intro-band CA: 
· 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
Considering Alt CA.1 is a generalization of Alt SC.1, it should also be served as the baseline to support. Alt CA.2 should also be supported for the gNB with high capability, and up to implementation to choose between Alt CA.1 and Alt CA.2. Alt CA.3 and CA.4 are not preferred for the same reasoning as single carrier transmission. Alt CA.5 is same as Alt SC.3, and it may not need to distinguish single-carrier or multi-carrier transmission if only Alt SC.3/CA.5 is supported. 
Proposal 2: Support Alt SC.1, CA.1, and CA.2 as the first preference, and SC.3 and CA.5 as the second preference. 
LBT Type 
In Rel-16 NR-U, two types of channel access procedures are supported: Type 1 channel access procedure with random sensing duration, and Type 2 channel access procedure with fixed sensing duration. Each type of channel access procedure has its application scenarios, with certain conditions to be satisfied. For 60 GHz unlicensed band, the two types of channel access procedure can be kept as baseline, with modification on the details to be complied with regulation requirement.  
For Type 1 channel access procedure, v2.1.20 of EN 302 567 only requires a minimum value on the contention window size, and there is no requirement of contention window size adaptation as in Rel-16 NR-U. In this sense, Type 1 channel access procedure for 60 GHz unlicensed band can be a Cat3 LBT instead of a Cat4 LBT, and contention window size adaptation can be up to implementation. 
For Type 2 channel access procedure, fixed sensing duration can be zero or positive in Rel-16 NR-U (i.e., Cat1 or Cat2 LBT, respectively), and each has its use cases specified in TS 37.213. To simplify the discussion, it would be straightforward to support both categories as well for 60 GHz unlicensed band, with modification of the sensing duration for Cat2 LBT to be compatible with regulation. 
Proposal 3: Support the following types of channel access procedures for 60 GHz unlicensed band:
· Type 1 channel access procedure without CWS adaptation;
· Type 2 channel access procedure with zero and positive fixed sensing duration.
CAPC 
In Rel-16 NR-U, four CAPC are supported, which are also specified in the regulation. For 60 GHz unlicensed band, there is no such requirement in regulation, and CAPC is no need to be explicitly supported. gNB can choose a larger CWS or shorter channel occupancy time by implementation to achieve the purpose of adjusting the channel access priority. 
Proposal 4: No need to define CAPC for 60 GHz unlicensed band.
ED Threshold
In Rel-16 NR-U, ED threshold is determined based on channel bandwidth and whether other technology is absent, but these considerations are not included in the ED threshold as in EN 302 567. RAN1 shall further investigate how to take such design aspects into account for 60 GHz unlicensed band. 
Moreover, to address the nature of highly directional transmission in 60 GHz unlicensed band, beam related parameters should also be taken into account for the ED threshold, including the beamforming gain and/or beam direction for transmission and/or receiving. Using a different ED threshold, comparing to omni-directional LBT, is beneficial for discovering interference situation for directional LBT. 
Proposal 5: ED threshold should depend on:
· Whether other technology sharing the channel is absent or not on a long-term basis;
· LBT bandwidth (which is operation channel bandwidth in regulation);
· Beam parameters including beamforming gain and/or beam direction for transmission and/or receiving. 
4 Short Control Signal
In the study item, it has been agreed to support “short control signal” which can be exempt from performing channel access to initialize a channel occupancy, and details on the content and condition to use “short control signal” are both under further investigation in the work item. 
First of all, the intention to support “short control signal” is to prioritize its channel occupancy comparing to others, and if applying same principle in Rel-16 NR-U, at least signals and channels in discovery burst and non-unicast information should be supported as “short control signal” in 60 GHz unlicensed band. In addition, any signal and channel with periodic transmission and high priority can be considered as “short control signal”, since only the channel occupancy of such signal and channel indeed matters, wherein the additional signal and channel can include PRACH, PDCCH, PUCCH, and RS. 
Moreover, in order to limit the usage of “short control signal”, the transmission duration and duty cycle should be restricted such that fair coexistence with other technology can be guaranteed. If there is associated condition on the transmission duration and duty cycle, or additional condition on using “short control signal” from the regulation, RAN1 shall specify such conditions as well; if not, similar condition for Rel-16 NR-U can be used for 60 GHz unlicensed band. 
Proposal 6: For “short control signal”:
· any periodic transmission with high priority can be part of “short control signal”, including discovery burst, non-unicast information, PRACH, PDCCH, PUCCH, and RS.
· support limitation on the transmission duration and duty cycle to use “short control signal”, wherein the transmission duration and duty cycle are defined from the channel occupancy point of view.
5 Directional LBT
[bookmark: _Ref61268998]For currently supported unlicensed technic in 3GPP, including LTE LAA and Rel-16 NR-U, a baseline to perform LBT is omni-directional sensing by the potential transmitter. However, the operation from 52.6 GHz to 71 GHz is highly directional, wherein the configurations of antenna for both transmission and reception are beamformed according to the targeted direction. One option to cope with directional transmission and reception on the 60 GHz unlicensed band and to improve spatial reuse is for the potential transmitter to perform a LBT according to the same direction as its intended transmit beam direction, so called “directional LBT”.  
Compared to the baseline omni-directional LBT, directional LBT can lead to better channel access probability and correspondingly better spatial reuse under the same ED threshold as omni-directional LBT, and the gain is expected to be larger by using a different ED threshold for directional LBT. The channel access gain for directional LBT will further outweigh its potential SINR performance loss compared to omni-directional LBT, which correspondingly will lead to a better throughput performance than the omni-directional LBT. 
In the last meeting, the following alternatives with directional LBT for a COT with MU-MIMO (SDM) transmission were considered:  
· 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
An illustration of Alt 1 and Alt 2 is shown in Figure 1. It could be clear that the only difference between Alt 1 and Alt 2 is the sensing in the LBT part, and both alternatives can be feasible based on transmitter’s capability. For example, if multi-TRP is equipped at the transmitter, simultaneous sensing from different directions is feasible. 


[bookmark: _Ref68097897]Figure 1 Illustration of alternatives for SDM scenario.
Meanwhile, the following alternatives with directional LBT for a COT with TDM of beams with beam switching were considered:
· Alt 1: Single LBT sensing 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
· 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
An illustration of alternatives is shown in Figure 2. In addition to the discussion on the feasibility of simultaneous multi-directional sensing as in SDM scenario, the selection between Alt 1/2 and Alt 3 also depends on whether LBT is required for switching beams within a COT. If LBT is supported for switching beams within a COT, Alt 3 should be supported, and the LBT within the COT can be Type 2 channel access procedure with fixed sending duration; otherwise, Alt 1/2 is sufficient to save the overhead for channel sensing. 


[bookmark: _Ref61596456]Figure 2 Illustration of alternatives for TDM scenario.
Moreover, in order to support Alt 2 for SDM scenario and Alt 2 or 3 for TDM scenario, independent per-beam LBT channel access procedure needs to be introduced. For example, it’s beneficial to support a per-beam backoff counter, and the per-beam LBT channel access procedure can be performed independently based on the per-beam backoff counter. For another example, the allowed transmission beams should be further studied, if a subset of the independent per-beam LBT channel access procedures succeed, and whether and how to recover and resume per-beam transmission within a COT should also be further specified. 
[bookmark: _GoBack]Proposal 7:
· Support channel access mechanism with directional channel sensing.
· Support directional channel sensing in multi-beam operation:
· For multi-beam SDM scenario, both Alt 1 and Alt 2 can be supported.
· For multi-beam TDM scenario, Alt 1 can be supported as baseline, and selection between Alt 2 and Alt 3 depends on whether sensing is required for switching beams within a COT.
· The details of per-beam LBT sensing and its associated per-beam transmission for both SDM and TDM scenarios should be further investigated.
6 RX-assistant LBT
In general, a potential transmission in the unlicensed band can be granted channel access if the following two conditions are met: (1) the receiver(s) of the potential transmission is ready to receive; and (2) the potential transmission will not cause strong interference to the receivers of ongoing transmissions. Condition (1) ensures that the potential transmission can have enough SINR and can avoid the hidden node issue, while condition (2) ensures that the potential transmission can provide fair coexistence with ongoing unlicensed transmissions. LBT schemes that are performed at the potential transmitter side can only approximately satisfy both conditions. 
A general approach to satisfy both condition (1) and condition (2) is through supporting a dynamic handshake mechanism between gNB and UE. The handshake between gNB and UE can be including a dynamic exchange of a channel access request (CARQ) and a channel access response (CARP). Specifically, CARQ and CARP can be message-based (e.g. DCI and UCI based, correspondingly, in a downlink scenario), wherein the CARQ can be transmitted by the potential transmitter upon a successful LBT; and the CARP can be transmitted by the receiver upon receiving CARQ and after successful LBT (e.g., single-shot LBT with zero or positive sensing duration). The CARQ (CARP) message can include the following information: the indicator for CARQ (CARP), the transmitter (receiver) identity, transmitter (receiver) beam direction information, the maximum channel occupancy time (MCOT), etc. Figure 3 illustrates an example of the LBT with dynamic handshake mechanism in a downlink transmission. 



[bookmark: _Ref61440116]Figure 3 Example of LBT with CARQ/CARP exchange before a downlink transmission.
Proposal 8: Support dynamic RX-assistant channel access mechanism with handshake between transmitter and receiver, e.g. wherein the channel access request is based on DCI and channel access response is based on UCI in a downlink scenario.
7 Enhancement to RSSI Measurement
In Rel-16 NR-U, RSSI measurement is supported to acquire the interference information of the channel, which provides the basis for channel selection (e.g. DFS), wherein the RSSI measurement is only applicable to active DL BWP. For Rel-17, 60 GHz has a much wider channel bandwidth than 5 or 6 GHz unlicensed band, and the LBT bandwidth could be significantly smaller than the maximum carrier bandwidth (although the detail of LBT bandwidth is still under discussion). Hence, there could be scenario that some frequency range (e.g. either a BWP or a carrier) without UE scheduled in its corresponding active BWP. Then, the Rel-16 RSSI measurement is not sufficient to acquire a full knowledge of the interference situation over the whole wide band, and it is beneficial to generalize the Rel-16 RSSI measurement to outside the active BWP and even in a non-serving cell. 
Proposal 9: Support RSSI measurement outside the active BWP and in non-serving cell.
8 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: Support LBT mode and no-LBT mode per node in a cell.
· UEs in a cell can operate in same or different mode;
· UE can operate in same or different mode from its serving gNB;
· gNB determines its operation mode up to implementation;
· gNB indicates both gNB’s and UE’s operation mode to its serving UE in both cell-specific (e.g. system information and RRC parameter) and UE-specific/UE-group-specific (e.g. RRC parameter) manners.
Proposal 2: Support Alt SC.1, CA.1, and CA.2 as the first preference, and SC.3 and CA.5 as the second preference. 
Proposal 3: Support the following types of channel access procedures for 60 GHz unlicensed band:
· Type 1 channel access procedure without CWS adaptation;
· Type 2 channel access procedure with zero and positive fixed sensing duration.
Proposal 4: No need to define CAPC for 60 GHz unlicensed band.
Proposal 5: ED threshold should depend on:
· Whether other technology sharing the channel is absent or not on a long-term basis;
· LBT bandwidth (which is operation channel bandwidth in regulation);
· Beam parameters including beamforming gain and/or beam direction for transmission and/or receiving. 
Proposal 6: For “short control signal”:
· any periodic transmission with high priority can be part of “short control signal”, including discovery burst, non-unicast information, PRACH, PDCCH, PUCCH, and RS.
· support limitation on the transmission duration and duty cycle to use “short control signal”, wherein the transmission duration and duty cycle are defined from the channel occupancy point of view.
Proposal 7:
· Support channel access mechanism with directional channel sensing.
· Support directional channel sensing in multi-beam operation:
· For multi-beam SDM scenario, both Alt 1 and Alt 2 can be supported.
· For multi-beam TDM scenario, Alt 1 can be supported as baseline, and selection between Alt 2 and Alt 3 depends on whether sensing is required for switching beams within a COT.
· The details of per-beam LBT sensing and its associated per-beam transmission for both SDM and TDM scenarios should be further investigated.
Proposal 8: Support dynamic RX-assistant channel access mechanism with handshake between transmitter and receiver, e.g. wherein the channel access request is based on DCI and channel access response is based on UCI in a downlink scenario.
Proposal 9: Support RSSI measurement outside the active BWP and in non-serving cell.
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