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1. Introduction
     The channel access mechanisms for 52.6-71 GHz NR operation were agree to be part of work items during RAN #90e [1]. The agreements are listed as follows.

	· 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, details of different channel access are further discussed.


2. [bookmark: _Ref494794648]LBT mechanisms enhancements
2.1 No LBT
     For regions that allow the operation of no LBT, the way gNB indicates UEs to use LBT or no LBT mechanisms needs to be considered. In RAN 1 #104-e meeting [2], both cell specific and UE specific are discussed. Cell specific means that for all UEs in the same cell, the LBT mode are all common by using dedicated RRC signaling or part of system information. In comparison, UE specific represents that different LBT modes are adopted by UEs in the same cell via UE-specific RRC configuration. In our view, both cell specific or UE specific way are reasonable and suitable for different scenarios.   
     Specifically, no LBT scheme are suitable for scenarios where UEs in the same cell experience similar level of interference power as shown in Fig. 1. Assuming UE 1 begin its UL transmission at time slot t=0, and UE 2 is going to start its UL transmission at time slot t=1. Because the transmitted signal of UE 1 does not cause interference to UE 2, UE 2 can use no LBT scheme to achieve higher data transmission rate by saving the channel sensing time.
     The opposite scenario happens in Fig. 2, where the UL transmission of UE 1 starting from time slot t=0 causes interference to UE 2. In this case, LBT mechanism should be adopted to avoid transmission collision and system performance degradation.

	
[bookmark: _GoBack][image: ]
Fig. 1 Cell specific scenario
[image: ]
Fig. 2 UE specific scenario
Proposal 1: Both cell-specific and UE-specific method should be supported for gNB to indicate UE operating in LBT or no LBT mode.
    
     In the case of Fig. 2, interference will be detected using omni-directional LBT, while channel will be sensed to be idle if directional LBT is used at the UE. Thus, in addition to switching between LBT and no LBT mechanisms, the specific LBT mechanism to utilize should also be considered.

Proposal 2: In addition to indicating UE to operate in LBT or no LBT mode, switching between different LBT schemes (e.g., from omni-directional to directional LBT or from directional LBT to receiver-assisted LBT) should be considered.

2.2 Directional LBT
     Since data transmission in 52.6-71 GHz is highly directional, it is important to discuss the relation between sensing beam and transmission beam when implementing directional LBT scheme. In RAN 1 #104-e meeting [2], the only reached consensus is that at least sensing beam should cover transmission beam, where the accurate definition of “cover” is set as an item of FFS. Currently, the relation between sensing beam and transmission beam may make directional LBT become omni-directional LBT when sensing beam is formed to cover all the direction as shown in Fig. 3, which should be circumvented.
[image: ]
Fig. 3 Scenario where directional LBT becomes omni-directional LBT

Proposal 3: Relation between sensing beam and transmission beam should be clearly defined to avoid directional LBT falling back to omni-directional LBT.

     In the directional LBT, at least channel sensing should be conducted for the transmission beam between a gNB and a UE. Here, the transmission beam represents the beam that causes the highest RSRP for a given gNB and UE. In addition to the transmission beam, beams that are adjacent to the transmission beam and have high probability to be used due to UE mobility, which are referred to as candidate transmission beams in this contribution as shown in Fig. 4, should also be considered.

[image: ]
Fig. 4 Illustration of transmission beam and candidate transmission beam

Proposal 4: Number of candidate transmission beam to form sensing beam should be discussed.

     The sensing result are based on the energy detected in the sensing beam and ED threshold. The agreed ED threshold has not considered the relation between sensing beam and transmission beam, which is decribed as follows.

	
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





Proposal 5: The calculation of ED threshold should be discussed after the relation between sensing beam and transmission beam is determined.

2.3 Directional sensing for multi-beam operation
     When conducting multi-beam operation for directional LBT to serve multiple UEs either using SDM or TDM transmissions, a gNB may consider to adopt single LBT for the sensing beam or multiple LBTs for each independent beams that will be used to transmit data in the COT. In our view, both single LBT for one sensing beam or multiple LBT for independent beams should be supported because the two methods are suitable for different scenarios.
     To be more specific, if two UEs are in the different directional from the perspective of a gNB and the beam used to transmit data is separated to each other as shown in Fig. 5-(a), then the gNB should utilize LBT for each independent beams. In comparison, if two UEs are in the similar direction from the gNB’s view as shown in Fig. 5-(b), using one sensing beam that covers all beams to be used to implement LBT is more efficient way due to the reduced sensing time.
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              Fig. 5 (a) Implement LBT for independent beams (b) Implement LBT using single sensing beam

Proposal 6: Both LBT for independent beams or LBT using single sensing beam should be supported for SDM/TDM transmissions.

2.4 Receiver-assisted LBT
     Mechanism used by a receiver to provide assistant information is an important step to fulfill receiver-assisted LBT. Candidate solutions were agreed to be:
	
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 



     Amid potential solutions, at least RSSI should not be considered. Because RSSI mechanisms are designed to periodically configure resource set to all UEs in a cell such that feedback its measurement results. However, this solution will cause a lot of signaling overhead and waste of resources. A gNB should first check data in its buffer to filter out which UE has data to receive. Then triggering the targeting UEs to provide their assistant information.

Proposal 7: Among candidate mechanisms to obtain assistant information from receiver in receiver-assisted LBT, at least RSSI should not be considered.

2.5 Cat 2 LBT
     In EN 302 567, only cat 4 LBT is defined, whereas cat 2 LBT is not introduced. Compared to cat 4 LBT, cat 2 LBT is much simpler because the sensing duration is fixed and random backoff is not considered. The potential application of cat 2 LBT could be: (a) resume transmission after a large gap, (b) channel sensing in COT sharing, (c) channel sensing between beam switching in multi-beam LBT operation, and (d) mechanism for receiver-assisted LBT to provide assistant information. In our perspective, cat 2 LBT should not be introduced without strong motivation. Hence, the potential use case of cat 2 LBT mentioned above should be discussed first to determine whether there are alternative mechanisms or not, and 3gpp should introduce cat 2 LBT for 52.6-71 GHz operation if it is irreplaceable.

Proposal 8: Whether to introduce cat 2 LBT or not can be determined by discussing its applicability in the potential use cases first.

2.6 CAPC and CWS enhancement
     The CAPC and CWS adjustment is not defined in EN 302 567, which are mainly designed to prioritize different traffic and resolve collision incident, respectively. In TS 37.213, traffic with higher priority (lower CAPC value) can have shorter LBT time and shorter COT duration as shown in Table 1.
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Table 1. DL CAPC table
      Although directional transmission in 52.6 -71 GHz give rise to the much lower transmission collision probability, which implies CWS adjustment is not of major concern. Traffic for different usage still needs to be prioritized.

Proposal 9: For channel access mechanism, at least channel access priority class should be considered to prioritize different traffic.

Proposal 10: Current CAPC table can be a starting point for 52.6 – 71 GHz.

2.7 Choice of ETSI HS
     Currently there are three different ETSI Harmonised Standards (HS) to which 3GPP can design a channel access framework for  unlicensed 52.6 – 71GHz spectrum, namely ETSI EN 302 567, EN 303 722 and EN 303 753. 3GPP needs to make a choice of which to follow and then further abandon discussions related to the other unchosen HSs. This will help alleviate confusion and speed up discussions.

Proposal 11: Choose which ETSI EN HS to follow.

3. Conclusion
In this contribution we have discussed various aspects for channel access above 52.6 GHz and provided following proposals:

Proposal 1: Both cell-specific and UE-specific method should be supported for gNB to indicate UE operating in LBT or no LBT mode.

Proposal 2: In addition to indicating UE to operate in LBT or no LBT mode, switching between different LBT schemes (e.g., from omni-directional to directional LBT or from directional LBT to receiver-assisted LBT) should be considered.

Proposal 3: Relation between sensing beam and transmission beam should be clearly defined to avoid directional LBT falling back to omni-directional LBT.

Proposal 4: Number of candidate transmission beam to form sensing beam should be discussed.

Proposal 5: The calculation of ED threshold should be discussed after the relation between sensing beam and transmission beam is determined.

Proposal 6: Both LBT for independent beams or LBT using single sensing beam should be supported for SDM/TDM transmissions.

Proposal 7: Among candidate mechanisms to obtain assistant information from receiver in receiver-assisted LBT, at least RSSI should not be considered.

Proposal 8: Whether to introduce cat 2 LBT or not can be determined by discussing its applicability in the potential use cases first.

Proposal 9: For channel access mechanism, at least channel access priority class should be considered to prioritize different traffic.

Proposal 10: Current CAPC table can be a starting point for 52.6 – 71 GHz.

Proposal 11: Choose which ETSI EN HS to follow.
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