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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 details of all these channel access mechanisms, as well as the channel access mechanism selection in this frequency range.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]LBT procedure related issues
[bookmark: PP12]In the regulation defined by ETSI for 60GHz band [2], there are no definitions for LBT bandwidth. In NR, UE may support different bandwidth, which will impact on the LBT bandwidth when accessing the channel in 60GHz band. Meanwhile, the ED threshold in the regulation is not specified for the LBT procedure when applying directional LBT beams. For some mechanisms used in NR-U such as Cat 2 LBT or maximum gap within a COT, they are not clearly specified in the regulation. In the following sections, we will discuss the details of the mentioned issues.
[bookmark: _Ref67662364]LBT for single carrier and multi-carrier transmission
In RAN1#104b-e meeting, the LBT bandwidth was discussed and the following options were agreed[3]:
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
The above options define the LBT bandwidth for single carrier transmission according to the channel bandwidth (or BWP bandwidth), transmission bandwidth, the unit of LBT bandwidth, etc. Each of the option has its own pros and cons.
For Alt SC.1, gNB performs LBT on the channel bandwidth and is able to schedule UEs in any frequency resources during the COT. For each UE, it performs LBT over the active BWP. Although it may look like over protection since the transmission may not occupy the whole channel bandwidth or BWP bandwidth, when it comes to COT sharing, there will be no limitation for the shared transmissions. E.g., for UE-to-gNB COT sharing, gNB can transmit over the whole overlapping range of the DL BWP and the UL BWP to the UE, not only the frequency range scheduled for UL transmissions.
[bookmark: _Ref61448937]For Alt SC. 3, it provides the flexibility when there are other RATs operating with smaller channel bandwidth. Compared with Alt SC.1, gNB or UE needs to perform multiple of LBTs if wideband transmission over multiple LBT units is scheduled. The same as in Rel-16 NR-U, the available RB set/ LBT units should be indicated to the UEs. However, for UL transmission, UE only has the capability to transmit when all the LBT units are sensed to be idle over the scheduled resources. Therefore, the multiple LBTs over multiple units will not bring benefit for UL transmission if the UEs are not allowed to transmit over non-contiguous LBT units. Alternatively, a UE can perform a “wideband LBT” over the multiple LBT units to be transmitted in to simplify the LBT procedure. In order to support Alt SC 3, it is beneficial to define a unit of LBT bandwidth, and gNB performs multi-channel LBT in all the LBT units to be transmitted in. The UE can perform wideband LBT over the active BWP or over all the LBT units to be transmitted in.
[bookmark: _Ref67471399]Proposal 1: Both Alt SC.1 and Alt SC. 3 are supported for single carrier transmission. With Alt SC 3, gNB performs multi-channel LBT in all the LBT units to be transmitted in, and the UE performs wideband LBT over the active BWP or over all the LBT units to be transmitted in.
If Alt SC.1 and Alt SC.3 are both supported for single carrier, then Alt CA.1 and Alt CA. 5 can be supported for multi-carrier transmission in intra-band CA. Similarly, unit of LBT bandwidth is defined for gNB, and UE performs wideband LBT for UL transmission. The wideband LBT is performed over the active BWP in each carrier or over all the LBT units to be transmitted in in each carrier. The benefit of Alt CA. 2 needs further discussion since the LBT result may block the transmissions over all the CCs even if some of them can be transmitted.
[bookmark: _Ref67929008]Proposal 2: Both Alt CA.1 and Alt CA. 5 are supported for multi-carrier transmission. With Alt CA 5, gNB performs multi-channel LBT in all the LBT units to be transmitted in, and the UE performs wideband LBT over the active BWP or over all the LBT units to be transmitted in in each carrier.
During the RAN1#105-e meeting, it has also been discussed that whether to indicate the LBT bandwidth and how to indicate the LBT unit. From our point of view, if Alt SC.1 or Alt CA.1 is adopted, there is no need to indicate additionally other than the UL BWP. UE will perform LBT over the active BWP, which is the LBT bandwidth of the UE. When applying Alt SC.3 or Alt CA.5, the LBT unit of gNB or UE can be explicitly indicated by gNB via RRC signaling. The available LBT units of gNB can be indicated in GC-PDCCH as in NR-U.
[bookmark: _Ref78985327]Proposal 3: The LBT unit can be indicated via RRC signalling.
[bookmark: _Ref78988341]Gap within COT
The maximum gap within a COT to allow COT sharing without LBT was discussed in RAN1#105-e [4], and two alternatives are provided for down selection as below:
Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select or support both of the following two alternatives
· 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

According to the regulation in [2], an equipment can response to a received frame as in the following way:
An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall not exceed the 5 ms Channel Occupancy Time as defined in step 5) above.
It states that the equipment can immediately proceed with the transmission in response to the received frames without CCA check. The term “immediately” is not clearly defined, and there is no constrain on the transmission in response to the received frames if it is not “immediately” transmitted. Therefore, we can assume that any gap is allowed within the maximum COT, and Alt 1 is preferred. There should be no maximum gap defined for the COT sharing. A later transmission can share the COT without LBT with any gap within the maximum COT duration.

[bookmark: _Hlk67479097][bookmark: _Ref67929015]Proposal 4: No maximum gap is defined for COT sharing. A later transmission can share the COT without LBT with any gap within the maximum COT duration.
[bookmark: _Ref67499018]Cat.2 LBT
Cat.2 LBT has been discussed and the following agreements were achieved in RAN1#104-e [4]:
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.
The introduction of the Cat. 2 LBT should be limited to certain scenarios. For example, for multi-beam LBT, Cat 2 LBT may be used before switching to a new transmission beam (not used in the earlier part of the COT) in a COT with TDM beams. This is due to the fact that the channel for the newly switched beam has not been occupied during the past transmission. Therefore, it is better to perform a CCA check before the transmission to make sure that the channel is still available in this direction. For receiver-assisted LBT, if LBT is mandatary at the receiver side, then Cat 2 LBT can be an option. Besides, if Type-B multi-channel channel access scheme (ref. the following section 2.1.4) is introduced, Cat 2 LBT should also be applied to the channels other than the primary channel.
However, for the resumed transmissions, if the resumed transmission is after a DL/UL or UL/DL switching, according to the regulation, an equipment (initiating or not initiating transmission) can skip the CCA upon correct reception of a packet intended for this equipment, and immediately proceed with transmission in response to received frames. Therefore, same as illustrated in section 2.1.2, no additional LBT is required for shared transmission. If there is no transmission from the responding device, the resume transmission can also follow the case with DL/UL or UL/DL switching point, no additional LBT is required.
[bookmark: _Ref67929024]Proposal 5: The Cat 2 LBT can be used before switching to a new beam in a COT with TDM beams, before response with assistant information at the receiver, and in the Type B multi-channel access scheme.
Multi-channel channel access
The multi-channel channel access has been discussed in RAN1#104 [4]
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, which is not defined in the regulation yet. Therefore, if Cat 2 LBT is finally agreed to be introduced in B52.6GHz frequency range for other use cases as discussed in section 2.1.3, 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 6: Both Type A and Type B multi-channel channel access can be supported.
ED threshold
The ED threshold has been discussed during RAN1#104 and RAN1#104b meeting. The interpretation of the parameters is still not clear. The following agreement and working assumption are made during the discussion.
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
Working assumption:
For Pout in EDT determination, define Pout as the maximum EIRP of the node determining EDT during a COT.
According to the regulation, the RF output power is the mean EIRP for the equipment during a transmission burst [2]. No RF output power for the responding device is considered. Therefore, the working assumption should be modified as below:
Revised working assumption:
For Pout in EDT determination, define Pout as the maximum of mean EIRP of transmission burst for the node determining EDT during a COT.
To support the revised working assumption, the transmission burst should be clarified. The definition of transmission burst in NR-U can be considered as a baseline: the transmission burst is a set of transmissions from gNB/UE without any gaps greater than [16us]. However, consider the directional transmission and LBT procedure in high frequency band, the transmission burst should be defined further considering the sensing beam and the transmission beam. The transmission burst is a set of transmissions from gNB/UE from one or more transmission beams within a sensing beam without any gaps greater than [16us]. That is to say, if the sensing beam only covers one transmission beam, i.e., per-beam LBT, then the transmission burst is a set of transmissions from gNB/UE from that transmission beam without any gaps greater than [16us]. Transmissions in different beams are considered as different transmission bursts. Therefore, different EDTs can be applied to the different transmission beams. If the sensing beam covers more than one transmission beam, i.e., wide beam LBT, then the transmission burst is a set of transmissions from gNB/UE from all transmission beams within a sensing beam without any gaps greater than [16us]. The duration of the gap in B52.6GHz can be smaller than 16us.
[bookmark: _Ref78985336]Proposal 7: The transmission burst is a set of transmissions from gNB/UE from one or more transmission beams within a sensing beam without any gaps greater than [16us].
[bookmark: _Ref78985343]Proposal 8: For Pout in EDT determination, define Pout as the maximum of mean EIRP of transmission burst for the node determining EDT during a COT.
In addition, when calculating the ED threshold, the operating channel bandwidth is not clearly defined yet for 3GPP system. Since the ED threshold is used to evaluate the energy level in a certain frequency range, the most natural way is to refer the operating channel bandwidth to the LBT bandwidth discussed in section 2.1.1.
[bookmark: _Ref67929057]Proposal 9: The LBT bandwidth should be used as the operating channel bandwidth for EDT evaluation. 
Since the ED threshold is defined assuming a 0 dBi receiving antenna. When directional LBT is applied, the beamforming gain for the receiving antenna is no longer 0 dBi, and the impact of the beamforming gain should be counted in when calculating the ED threshold. Otherwise, the affected surrounding nodes in the interference zone will be different. A straightforward way to consider the beamforming gain impact can be realized by adding the antenna gain to the ED threshold formula. Different LBT beams will lead to different ED thresholds depending on their beamforming gain.
[bookmark: _Hlk67471076][bookmark: _Ref61448943]Proposal 10: The ED threshold for CCA check should consider the impact of beamforming gain of the directional sensing beams.
For MU-MIMO, it is possible that at the beginning of a COT, gNB performs LBT for beam 1 and beam 2, and transmits to UEs with beam1 and beam 2, then gNB receives UL transmissions with beam 1 and/or beam 2. At the meantime, gNB can perform LBT for beam3, in the next transmission burst, gNB transmits to UEs with beam1 and beam 3. After that, gNB transmits to UE with beam 3 only. In this case, different beams may maintain different COTs as shown in Figure 1. Beam 1 and beam 2 share the same COT since the LBTs for them are finished right before the COT. The LBT for beam 3 is performed within the COT for beam 1 and beam 2, and the COT duration of beam 3 is independently maintained. Furthermore, the COT duration can be indicated per-sensing beam, UE then determines whether to share the gNB-initiated COT based on both the COT duration and the sensing beam information.

[bookmark: _Ref78877909]						Figure 1 Overlapped COTs

[bookmark: _Ref78985349]Proposal 11: A node can initiate two (or more) (partially) overlapping COTs in two (or more) different beams.
Directional LBT
LBT for SDM and TDM transmission 
The alternatives for directional LBT were further clarified as following in RAN1#104-e [4].
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
For spatial multiplexing, Alt 1 with one LBT beam covers all transmission beams provides a simpler LBT procedure. However, it may overprotect the transmitting node since any interference within the wide beam coverage will block all transmissions. The merit of the spatial multiplexing is degraded by the overprotection of the wide beam LBT. Multiple LBT beams covering multiple transmission beams lead to multiple LBT operations, but provide more precise LBT results. The transmitting node can still transmit to the receivers in other directions even if the channel of one direction is sensed as busy. Therefore, considering the pros and cons of the two alternatives, both of them should be supported for MU-MIMO (SDM) transmission.
[bookmark: _Ref78985361]Proposal 12: For a COT with MU-MIMO (SDM) transmission, both Alt 1 and Alt 2 are supported.
Similar as SDM transmission, both wide beam and per-beam LBT should be supported for the COT with TDM transmission. However, for per-beam LBT, there are two options. The only difference between Alt 2 and Alt 3 is the channel access scheme for beam switching in TDM transmission. Since before transmitting with the newly switched beam, the channel in that direction has never been occupied. It is different from COT sharing, the channel has been occupied and then shared with the responder. In beam switching case, the transmission is performed one by one, the channels for later transmissions are not occupied after LBT until the start of the transmission. Therefore, in order to reduce potential interference to surrounding nodes, the transmitter should perform additional directional LBT for the transmissions when switching to a different beam in the middle of COT as shown in Figure 2. Independent per-beam LBT is performed at the beginning of the COT for all the beams used in the COT. Before each beam switching, an additional LBT is performed to make sure that the channel for the newly switched beam is still idle. 


[bookmark: _Ref78989183]Figure 2 Directional LBT for multiple beams
[bookmark: _Ref61448948][bookmark: _Ref67929069]Proposal 13: For a COT with TDM transmission, both Alt 1 and Alt 3 are supported.
Per-beam LBT

In RAN1#104b-e [4], the per-beam LBT was discussed. A few alternatives have been identified for the per-beam LBT for MU-MIMO transmission and the transmission with TDM beams.
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


Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· 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
For MU-MIMO (SDM) transmission, when the equipment has the capability to transmit and receive with different beams simultaneously, the most efficient way to perform per-beam LBT is to perform LBT over different beams simultaneously in parallel. When the equipment does not support simultaneous LBT with different beams, the TDM LBT in Alt A-1 can be applied. With Alt A-2, we are not sure how to perform SDM transmission if the eCCA is performed on one beam and start transmission with the beam to occupy the COT and then move on to the eCCA on the other beam. With Alt A-3, the exact LBT procedure and benefit are not clear, different companies seem to have different proposals. 
[bookmark: _Ref67929063]Proposal 14: For a COT with MU-MIMO (SDM) transmission, both Alt A-1 and Alt B are supported. 
For transmitting with different beams within a COT in a TDM way, the per-beam LBT is performed based on the capability. If the equipment has the capability to simultaneously sense in different beams, e.g., with digital beams or with different TRPs, the per-beam LBT can be performed simultaneously in parallel. If the equipment does not have the capability to simultaneously sense with different beams, it should perform the LBT for different beams one after another in time domain. More specifically, Alt A-1 is supported, 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 is not supported since gNB should always leave gap for LBT between transmissions. Due to the uncertainty of the channel availability, the time duration for eCCA is hard to estimate. Therefore, some of the transmissions with pre-defined pattern may not be transmitted due to the eCCA between transmissions. With Alt A-3, as we mentioned above, the procedure and the benefit are not clear.
[bookmark: _Ref71212330]Proposal 15: Alt A-1 and Alt-B are supported for the transmission within a COT with TDM of beams with beam switching.
Spatial relationship between sensing beam and transmission beam
The spatial relationship between all possible sensing beams and the transmission beams has been extensively discussed. It is agreed that the sensing beam should “cover” the transmission beam(s). However, the definition of “cover” is not clear yet. The potential options are discussed in RAN1#105e as below [4]:
Proposal 2.9.4-1 (high priority)
3GPP specification defines at least the relative relationship between all applicable sensing beam(s) and the transmission beam(s) to define sensing beam for LBT, where at least sensing beam(s) “covers” the transmission beam(s), considering following alternatives
· Alt 1: Specify necessary requirement/test procedure to guarantee sensing beam “covers” the transmission beam
· FFS: This is handled in RAN1 and/or RAN4
· FFS: To satisfy “cover”, the angle included in the [3] dB beamwidth of the transmission beam is included in the [X] dB beamwidth of the sensing beam.
· FFS: A sensing beam is considered to be corresponding to a transmission beam if the sensing beam gain measured along the direction of peak transmission direction is at least X [FFS] dB of the transmission beam gain
· FFS: The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A  [FFS] dB of the peak transmission beam gain.  The sensing beam is considered to be corresponding to the transmission beam if the sensing beam gain measured along the chosen directions is at least X [FFS] dB of the transmission beam gain in those directions.
· FFS: Sensing beam has the minimum [3]dB beamwidth which at least contains all beam peak directions of transmission beams
· Other mechanisms not precluded 
· FFS: Leave RAN4 to define suitable requirement/test for “cover”
· Alt 2. Extending the beam correspondence framework and/or QCL/TCI/SpatialRelationInfo framework to define “cover” and to indicate sensing beam(s) associated with a transmission beam(s)
· FFS: Details on how to extend the beam correspondence framework and/or QCL/TCI/ SpatialRelationInfo framework
· FFS: Extending QCL/TCI framework for sensing: For example, if gNB configures some UE to use TCI state B as QCL source for TCI state A, then the beam used for TCI B can be used as a sensing beam for transmission of beam for TCI A. This extension allows gNB to define the relationship between its sensing beams and transmissions.
· FFS: Beam correspondence-based extension: Beam correspondence framework can be extended to allow UE to select a valid sensing beam corresponding to a transmission beam. 

Firstly, we would like to make some clarification, with beamforming transmission, due to the UE capability, UE may or may not support beam correspondence. If UE capability supports beam correspondence, then it is natural to use the receiving beam that corresponds to the transmission beam to perform LBT. If UE capability does not support beam correspondence, then the sensing beam or sensing mechanism to perform LBT should be further studied. The proposed Alt 2 seems to assume that all devices support beam correspondence.  When beam correspondence is not supported, UE cannot derive the information of the transmission beam from that of the receiving beam or vice versa. Alt 2 is not feasible anymore. Besides, the QCL/TCI is not used to describe the relationship between a transmission beam and a receiving beam. Therefore, the current Alt 2 is not a reasonable way to define “cover”.

What we discuss here is that there is no beam correspondence between the transmission beam(s) and the sensing beam, i.e., UE does not support beam correspondence, or a wide sensing beam covers multiple transmission beams as shown in Figure 3. Therefore, it is better to define the “cover” based on X dB beam width. One simple alternative is to define “cover” as the angle included in the [3] dB beam width of the transmission beam is included in the [X] dB beam width of the sensing beam.


[bookmark: _Ref61425825]Figure 3 Relationship between sensing beam and transmission beam(s)
[bookmark: _Ref71212346]Proposal 16: The “cover” for sensing beam is defined as: the angle included in the [3] dB beam width of the transmission beam(s) is included in the [X] dB beam width of the sensing beam.
Receiver assisted LBT
Receiver assisted LBT is observed to be beneficial for the receivers suffered from hidden node problem. However, the detailed design of the signaling is not discussed yet. In this section, we discuss the possible channels and contents for the related signal such as transmitter request, receiver feedback in NR. Some preliminary agreement has been achieved in RAN1#104 [4]:
[bookmark: _Hlk64551475]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
In previous meetings, the functionality of the assistant information has not been clarified. From our point of view, the assistant information is used to help gNB to perform DL transmission, i.e., gNB can perform DL transmission only after it receives the assistant information. Therefore, the normal scheduled UL transmissions cannot be used as assistant information. During the processing time of UE before UL transmission, gNB cannot transmit DL to this UE since no assistant information is received. The legacy RSSI or A-CSI report are the existing techniques, which will not additionally improve the performance of the receiver in hidden node scenario. gNB can already schedule the transmission according to this information. Furthermore, this information may not properly reflect the hidden node impact at the receiver.
Alternative 3 can bring extra instantaneous or short-term channel state information at the UE side. gNB can schedule DL transmission based on the assistant information. The assistant information could be an LBT result or contain UE-specific information. The LBT result is used to notify gNB that the channel is idle at UE side, therefore, a simple ACK is enough for this purpose. If the channel at the UE side is sensed to be busy, no transmission is allowed, then no need to feed back NACK to gNB. Before UE sending the assistant information, Cat 2 LBT is preferred. If the Cat 3 LBT with fixed contention window is adopted, longer delay due to LBT time will be introduced, which is not preferred for the handshake procedure. Therefore, if Cat 2 LBT is not adopted, we prefer to mandate the contention window size to be 0 in Cat 3 LBT to shorten the LBT time.
[bookmark: _Ref61448953]Proposal 17: LBT at receiver is supported and Cat 2 LBT should be applied. 
In order to trigger the transmission of the assistant information, gNB needs to send transmitter requests to the UEs which have data for reception. When the UEs correctly decode the transmitter requests and sense the channel to be idle, they will feed back assistant information to the gNB. gNB will then start to transmit data to those UEs after receiving the assistant information feedback. The legacy channels such as PDCCH can be used to send the transmitter request, and the PUCCH can be used to send the assistant information such as ACK. E.g., gNB can indicate with dedicated RNTI, or with special values of certain fields in the DCI, or with dedicated field in the DCI, or with dedicated search space set group, etc. Taking the search space set group as an example, when UE detects search space set group 0, UE performs LBT and transmits the assistant information to gNB, meanwhile, UE switches to monitor search space set group 1 till the end of the gNB-initiated COT. 
[bookmark: _Ref68100397][bookmark: _Ref78985443]Proposal 18: PDCCH can be used to send the transmitter request, and PUCCH can be used to send the assistant information.
The transmitter request monitoring occasion and the receiver feedback transmission opportunity can be configured in pair. That is to say, each transmitter request monitoring occasion has a corresponding receiver feedback transmission opportunity. Whenever a transmitter request is received, a receiver-assisted information can be sent immediately. The gap between the transmitter request monitoring occasion and the receiver feedback transmission opportunity depends on the UE processing time of the transmitter request and the preparation time of the receiver feedback, etc.
[bookmark: _Ref61448957]Proposal 19: Each transmitter request monitoring occasion corresponds to a receiver feedback transmission opportunity.
Channel access mode selection
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. The indication of the channel access mode is agreed 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
More specific indication such as per-beam channel access mode is not necessary. The beam pair link quality is changing due to UE moving or rotation. In general, TCI states are updated dynamically based on beam report, e.g. the gNB activates a set of TCI states via MAC CE or indicates TCI state by DCI. Therefore, per-beam channel mode indication by RRC will not adapt to the change of the TCI state. 
[bookmark: _Ref67929102]Proposal 20: Per-beam based channel access mode indication is not necessary. 
In the region where LBT is not mandatory, the channel access mode of a UE can be changed according to the variation of the interference level or the statistics of the channel access history. E.g., when the channel occupancy time exceeds x% in T ms, the device can switch to LBT mode to enhance the performance of the devices that suffers severe interference.  Or when the channel access successful rate exceeds y% in T ms, the device can switch to no LBT mode since there are very few interfering nodes in surrounding areas. Besides, the device can also select the channel access mode based on the transmission priority or service requirements. E.g., the data with high priority can be delivered with no LBT mechanism, and the data with low priority can be delivered with LBT mode. Or the high reliability services can be delivered with receiver-assisted LBT mode. Furthermore, the device can select the channel access mode based on the feedback information from the receiver. E.g., if the interference level is higher than a certain threshold or if the NACK exceeds z% of the HARQ feedback, gNB will select the receiver assisted LBT mode to ensure that the UE can correctly decode the data.
[bookmark: _Ref53416263]Proposal 21: The channel access mode can be selected based on the channel occupancy time, channel access rate, transmission priority, service requirement, or feedback information from the receiver, etc.
Short control signaling
In RAN1#104b-e, it has been agreed that the contention exempt short control signalling can be applied to the transmission of SS/PBCH and the potential DL transmissions that can be multiplexed with SS/PBCH are investigated as below:
[bookmark: _Hlk70238535]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
The discovery burst defined as in Rel-16 NR-U is agreed to be introduced in NR 52.6-71Ghz. In NR-U, the discovery burst is considered to be important and can be transmitted with Type 2A channel access mechanism if the duration is at most 1 ms. Therefore, the contention exempt short control signaling can be at least extended to the discovery burst defined in NR-U if the duration of the discovery burst is less than 1ms. That is to say, when it comes to contention exempt short control signaling, the SS/PBCH can be multiplexed with RMSI PDCCH, RMSI PDSCH, non-zero power CSI-RS. SS/PBCH multiplexing with other signals/channels can be further studied.

[bookmark: _Ref71212388]Proposal 22: The contention exempt short control signaling can be extended to discovery burst with duration at most 1ms.
[bookmark: _Ref71212393]Proposal 23: The contention exempt short control signaling based SS/PBCH can be multiplexed with RMSI PDCCH, RMSI PDSCH and CSI-RS.
In RAN1#105-e, 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.
[bookmark: _Ref78990489]Proposal 24: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective.
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: Both Alt SC.1 and Alt SC. 3 are supported for single carrier transmission. With Alt SC 3, gNB performs multi-channel LBT in all the LBT units to be transmitted in, and the UE performs wideband LBT over the active BWP or over all the LBT units to be transmitted in.
Proposal 2: Both Alt CA.1 and Alt CA. 5 are supported for multi-carrier transmission. With Alt CA 5, gNB performs multi-channel LBT in all the LBT units to be transmitted in, and the UE performs wideband LBT over the active BWP or over all the LBT units to be transmitted in in each carrier.
Proposal 3: The LBT unit can be indicated via RRC signalling.
Proposal 4: No maximum gap is defined for COT sharing. A later transmission can share the COT without LBT with any gap within the maximum COT duration.
Proposal 5: The Cat 2 LBT can be used before switching to a new beam in a COT with TDM beams, before response with assistant information at the receiver, and in the Type B multi-channel access scheme.
Proposal 6: Both Type A and Type B multi-channel channel access can be supported.
Proposal 7: The transmission burst is a set of transmissions from gNB/UE from one or more transmission beams within a sensing beam without any gaps greater than [16us].
Proposal 8: For Pout in EDT determination, define Pout as the maximum of mean EIRP of transmission burst for the node determining EDT during a COT.
Proposal 9: The LBT bandwidth should be used as the operating channel bandwidth for EDT evaluation.
Proposal 10: The ED threshold for CCA check should consider the impact of beamforming gain of the directional sensing beams.
Proposal 11: A node can initiate two (or more) (partially) overlapping COTs in two (or more) different beams.
Proposal 12: For a COT with MU-MIMO (SDM) transmission, both Alt 1 and Alt 2 are supported.
Proposal 13: For a COT with TDM transmission, both Alt 1 and Alt 3 are supported.
Proposal 14: For a COT with MU-MIMO (SDM) transmission, both Alt A-1 and Alt B are supported. 
Proposal 15: Alt A-1 and Alt-B are supported for the transmission within a COT with TDM of beams with beam switching.
Proposal 16: The “cover” for sensing beam is defined as: the angle included in the [3] dB beam width of the transmission beam(s) is included in the [X] dB beam width of the sensing beam.
Proposal 17: LBT at receiver is supported and Cat 2 LBT should be applied.
Proposal 18: PDCCH can be used to send the transmitter request, and PUCCH can be used to send the assistant information.
Proposal 19: Each transmitter request monitoring occasion corresponds to a receiver feedback transmission opportunity.
Proposal 20: Per-beam based channel access mode indication is not necessary.
Proposal 21: The channel access mode can be selected based on the channel occupancy time, channel access rate, transmission priority, service requirement, or feedback information from the receiver, etc.
Proposal 22: The contention exempt short control signaling can be extended to discovery burst with duration at most 1ms.
Proposal 23: The contention exempt short control signaling based SS/PBCH can be multiplexed with RMSI PDCCH, RMSI PDSCH and CSI-RS.
Proposal 24: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective.
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