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1. Introduction

In last RAN meeting, some essential problems for channel access mechanism are discussed and some important agreements are achieved [1]. In this contribution, we will provide some discussions on channel access mechanism to support NR operation between 52.6 GHz and 71 GHz.
2. Discussions 
2.1 LBT bandwidth

The agreements for LBT bandwidth part in last meeting are:
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)

According to the agreement, it is still open for the supporting of performing single LBT over all CCs. Actually, if multiple CCs are used for data transmission in 52.6-71GHz, single LBT over all CCs could simplify the LBT process instead of CAT.4 like LBT is performed for each CC. Especially, when the eCCA LBT is operated for each CC, the ending time of each CC is hard to aligned. For continues multiple CCs transmission, it should be considered that a single LBT is performed over all CCs to simplify the LBT process.
Proposal 1: For LBT for multi-carrier transmission in intra-band CA, single LBT over all CCs (Alt CA.2) should be supported.
2.2 COT Sharing
The agreements in last RAN1 meeting for COT sharing part are:
Agreement:
On COT sharing from an initiating device transmission to responding device transmission, support both of the following two alternatives

· Alt 1: No maximum gap defined between the initiating device transmission and responding device transmission. A responding device transmission can occur without LBT with any gap within the maximum COT duration

· Alt 3: Define a maximum gap Y, such that a responding device transmission can occur without LBT only if the transmission starts within Y from the end of the initiating device transmission. If the responding device transmission starts after Y from the end of the initiating device transmission, a Cat 2 LBT is needed before the responding device transmission.
· The Cat 2 LBT uses the same sensing structure as the 8 us initial deferral period as in eCCA

· Further down-select between the following options:

· Option 1: Y=8 us (motivated by need to operate in all regions)
· Option 2: Y=a multiple number of OFDM symbols
· Option 3: gNB determines Y (for example, according to local regulation)
· Cat. 2 LBT is a UE capability

· The usage of the two alternatives is a gNB choice and depends at least on local regulations.

Note: Alt. 3 is motivated by the regulations in Japan, but use of Cat. 3 LBT is also an option for operation in Japan and Cat. 2 LBT is not restricted for use only in Japan. 
Note: Maximum gap allowed without Cat 2 LBT between two initiating device transmissions is to be separately discussed

Note: Other use cases of Cat 2 LBT will be separately discussed

In order to meet some regulation requirements in some region, a maximum gap Y is agreed within a COT for succeeding transmission after end of the initiating device transmission. Similar gap is also defined in NR-U as 16us to meet regulation requirements. As for the gap in FR2-2, the operation SCS will be 120kHz, 480kHz and 960kHz. If the maximum gap is defined as a number of OFDM symbols, it is not clear that the benefit of different Y is defined for different SCS. A unified Y could be considered for different SCS. The maximum gap Y could be at the level of several symbols of 120kHz SCS. For simplicity, Y=8us could also be considered. 
Proposal 2: the selection of the maximum gap Y could be either 8us or a multiple number of OFDM symbols with SCS 120kHz.
2.3 Cat 2 LBT

The agreements in previous RAN1 meeting for Cat 2 LBT part are:

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.

According to the discussions in COT sharing, Cat.2 LBT is the same sensing structure as the 8 us initial deferral period as in eCCA and is used to resume transmission after a gap Y. Besides, Cat 2 LBT is a UE capability and other use cases of Cat 2 LBT will be separately discussed. Multi-Beam TDM COT and Multi-channel (Type B) LBT based channel access could use Cat.2 LBT combing with the directional LBT mechanism.
Proposal 3: Cat2 LBT could be used for more use cases.
2.4 Multibeam operation
The agreements in previous RAN1 meeting for COT with MU-MIMO (SDM) transmission part are:
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:
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

The two alternatives for single LBT and independent per-beam LBT are related to the definition of directional LBT and should be discussed further. These two alternatives are not mutually exclusive. The choice of beam generally depends on the device implementation. Theoretically, per-beam LBT could achieve better interference identification than single LBT sensing. Once the single LBT covering multiple beams fails, the transmission will be delayed, while the per-beam LBT could have more chance to transmit. 

The implementation details for Alt.2 should be discussed further. If independent per-beam LBT for different beams could be performed simultaneously, even if the ending time of each LBT with Cat 4 will not be aligned, the overall LBT performance could be better than per-beam based TDM fashion. Therefore, Alt B for per-beam LBT should be supported. If simultaneously sense in different beams is not supported, the benefit of Alt A is relatively limited comparing with single LBT sensing covering multiple beams directions.
Proposal 4: Both single LBT sensing with wide beam and independent per-beam LBT sensing should be supported for COT with MU-MIMO transmission. Alt. B for per-beam LBT should be supported.
The agreements in previous RAN1 meeting for COT with TDM transmission part are:

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:
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

The operation of LBT within a COT is related to the LBT schemes at the start of COT. Alt.1 and 2 are talking about how to make LBT at the start of COT and Alt.3 further discuss if extra LBT should be used when beam switch happens. As proposed in COT with MU-MIMO (SDM) transmission, Alt.1 and 2 should be supported and Alt.3 is a beneficial supplement. For the transmission within a COT, even if multiple beam LBT is performed at the beginning of COT, it is still possible that there is a gap between transmission for different beams. Cat 2 LBT could be considered for beam switch. Alt 1 and Alt 3 should be considered to support.
If the per-beam LBT for different beams is performed one after another in time domain, the detail LBT mechanism needs discuss further. For Alt A-1, there is a risk that the first eCCA results is irrelevant when the gap between sensing and data transmission is large. Alt A-2 occupy the channel with a TDM mode and could not support simultaneously multi-beam transmission. Alt A-3 is hard to align ending time of different eCCA processes for different beams. Therefore, a more reasonable way is to perform one LBT process covering different beams at the start of COT.
Proposal 5: For LBT within a COT with TDM of beams with beam switching, Alt 1 and 3 should be supported.
2.5 Multi-Channel Access
The agreements in previous RAN1 meeting for multi-channel access part are:
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
The design of multi-channel access is related to the LBT discussions for single carrier and multi-carrier. It is concluded that for LBT for multi-carrier transmission in intra-band CA, gNB/UE performs multiple LBT, one for each channel bandwidth separately. Therefore, Type A is baseline for multi-channel access. If Type B can be supported, the complexity of the overall LBT will be reduced, and the end time of multiple channels LBT will be easier to align, which improves the performance of multi-channel access. For Type B, the definition of primary channel needs be further study.
Proposal 6: Support both Type A and Type B multi-channel channel access.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: For LBT for multi-carrier transmission in intra-band CA, single LBT over all CCs (Alt CA.2) should be supported.
Proposal 2: the selection of the maximum gap Y could be either 8us or a multiple number of OFDM symbols with SCS 120kHz.
Proposal 3: Cat2 LBT could be used for more use cases.
Proposal 4: Both single LBT sensing with wide beam and independent per-beam LBT sensing should be supported for COT with MU-MIMO transmission. Alt. B for per-beam LBT should be supported.
Proposal 5: For LBT within a COT with TDM of beams with beam switching, Alt 1 and 3 should be supported.

Proposal 6: Support both Type A and Type B multi-channel channel access.
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