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1 Introduction

During RAN #90e a new work item on extending current NR operation to 71 GHz was agreed in [1]. Amongst others, the following objectives were agreed:

	· 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 


Some progress was achieved during RAN1 #104e and the agreements pertinent to our proposals for RAN1 #105-e are summarized below: 
	Agreement:
The baseline ED threshold can be computed as
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 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 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:

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


At the subsequent RAN1 #104bis-e meeting, some limited further progress was made on these issues as evident by the following agreements: 
	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


In this contribution we argue why objectives pertaining to channel access left for further study in the work item phase should indeed be specified in Rel. 17 and present our views on the details.
2 Further Discussion of Channel Access Mechanisms
The objectives cited above are covered in Sections 5.2.2 and 5.2.3 of the study item report in [2] and are addressed in the following. 
2.1 Listen before talk (LBT) design
Arguably the biggest difference between NR-U in FR1 and beyond 52.6 GHz is the absence of purely digital implementations in the latter frequency range that necessitates hybrid architectures with RF beamforming that only expose a small number of antenna ports and limit the number of spatial directions that can be simultaneously sampled by a subset of all SSBs. Consequently, LBT can only be performed simultaneously in subsets of all spatial directions and more importantly, the subsampling and thus the clear channel assessment itself, can only occur in a dime division manner unless different, e.g., wide beams are used for sensing that differ from the pencil beams used for transmission or, alternatively, not all directions are sampled. 
Furthermore, due to the half-duplex constraint,  once a given spatial direction (or a subset thereof) has been determined as idle, the transmitter cannot commence a transmission in said spatial direction(s) while also continuing to sense other spatial beams. That leaves the transmitter with two options: either start transmitting in the first (set of) idle direction(s) or continue sensing in other directions. The former limits the multi-user diversity gain by limiting the spatial isolated directions whereas the latter allows for another transmitter to grab the channel while the transmitter in consideration is continuing its beamsweep to find other idle spatial directions. 
In our understanding, the transmitter behaviour for directional LBT should be specified. Specifically, we propose to adopt the following in the specifications: 
Proposal 1: 
· Within a COT with TDM of beams with beam switching, 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
· The per-beam LBT for different beams is performed one after another in time domain. 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

This way it is at least guaranteed that no transmission ever occurs without any immediate LBT prior to the transmission for the mode where LBT is used. Moreover, we think it is beneficiary to define the relationship between sensing and transmitting beams. In the simple method above there is a 1:1 relationship. If more advanced mappings are to be supported that potentially require ED threshold adaptation mechanisms these should be specified and not left to implementation. We are generally open to and supportive of such mechanisms. 

The above mentioned procedure can then also easily be extended to the case where multiple DL/UL transmissions in different beams are time division multiplexed into the same COT. 
Proposal 2: 

· The ED threshold can be adjusted based on the sensing beam and the transmission beam within any requirements per regulations

· FFS: ED threshold when the COT has time varying transmission beams and varying EIRP
2.2 Receiver assisted channel access and interference management
During the study item phase three classes of receiver assisted channel access were identified:
· Class A) Receiver provides assistance information (signalling) to transmitter only
· Class B) Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· Class C) Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT
We propose to focus on Class A schemes only and specifically on those that can be considered measurement enhancements. Message based schemes similar to RTS/CTS signalling can be addressed in a later release targeting Class B scenarios. Given the history of joint preamble detection in FR1 spanning multiple RATs, Class C procedures seem out of reach due to the different sampling rates, error correction codes, channel designs, and so forth that would carry the RTS/CTS-like messages between nodes of different RATs. 

We also suggest leaving hand-shake procedures to a later release. While in theory these can be adopted for both measurement based and message based procedures, hand shaking seems most powerful when information is exchanged by means of channels and protocols (as is the case for message based schemes) which we already proposed for Class B type scenarios in a later release. 
Absent a handshake we think transmission should be allowed before the receiver assistance is received. Consequently, the receiver assistance can equally be useful, and should be allowed, for the no-LBT mode of transmissions. As such, the receiver assistance represents a fast, low complexity feedback mechanism to convey to the transmitter the interference environment at the receiver. Such a measurement can be beneficial in a vast array of scenarios, is simple to fit the scope of this release, and does not preclude the adoption of more advanced, message based techniques in later releases. 

To allow fast turnaround while avoiding the half duplex constrained and shared COTs, it should be possible to transmit the receiver assistance on a carrier with an independent but flexible TDD UL/DL configuration. 
Proposal 3: 

· Receiver assistance in Rel. 17 is limited to measurement enhancements 

· Message based schemes similar to RTS/CTS signalling can be addressed in a later release targeting Class B scenarios 

· Hand shaking is not supported 

· Transmission should be allowed before the receiver assistance is received
· Receiver assistance can equally be useful, and should be allowed, for the no-LBT mode of transmissions 

· Receiver assistance is a fast, low complexity feedback mechanism to convey to the transmitter the interference environment at the receiver
3 Conclusion

In this contribution we argued why objectives pertaining to channel access left for further study in the work item phase should indeed be specified in Rel. 17. The following are the proposals:
Proposal 1: 

· Within a COT with TDM of beams with beam switching, 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
· The per-beam LBT for different beams is performed one after another in time domain. 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

Proposal 2: 

· The ED threshold can be adjusted based on the sensing beam and the transmission beam within any requirements per regulations

· FFS: ED threshold when the COT has time varying transmission beams and varying EIRP
Proposal 3: 

· Receiver assistance in Rel. 17 is limited to measurement enhancements 

· Message based schemes similar to RTS/CTS signalling can be addressed in a later release targeting Class B scenarios 

· Hand shaking is not supported 

· Transmission should be allowed before the receiver assistance is received
· Receiver assistance can equally be useful, and should be allowed, for the no-LBT mode of transmissions 

· Receiver assistance is a fast, low complexity feedback mechanism to convey to the transmitter the interference environment at the receiver
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