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Introduction
In RANP#86, a new study item for Rel-17 was approved to extend NR to up to 71 GHz [1]. This contribution will discuss possible channel access methods for beam-based unlicensed operation while ensuring high effective medium availability and fair co-existence with other devices and systems which may exist and compete for channel access over unlicensed spectrum between 52.6 GHz and 71 GHz (i.e., 60 GHz unlicensed spectrum).
Discussion on LBT for beam-based systems
Communications in unlicensed bands are usually subject to inter-system and intra-system coexistence requirements which lead to the usage of LBT (Listen Before Talk) mechanisms both in 3GPP and non-3GPP systems. The objective of LBT is to ensure via medium listening at the transmitter side that the upcoming transmission will not collide with an ongoing transmission from another transmitter at the target device receiver or with a transmission of the target device.
 Beam-based systems are now designed to operate in unlicensed bands with the same coexistence requirements as omni-directional LBT which has been introduced decades ago for non-beam-based systems. To accommodate beam based systems, the requirements have to be extended into directional LBT (beam based LBT) to cope with this new context.

Proposal 1: RAN1 shall study channel access mechanisms based on directional LBT.

 However directional LBT suffers from several issues which have to be taken into account in the design of the channel access methods. In particular, three severe issues are LBT deafness, beamforming imbalance and receive beams orthogonality:

· LBT deafness
A device performing directional LBT cannot detect a beam-based transmission not pointing toward it. 
  


Figure 1 – LBT deafness UE 1 cannot detect UE 2 Tx and vice versa

UE 1 and UE 2 performing directional LBT cannot detect energy from each other although their transmissions would collide at gNB Rx. It must be noted that if omnidirectional LBT was used, UEs may detect each other. 
· Receive beams orthogonality 
Due to the usage of beams at both sides directed toward each other, the received beams of UE and gNB are quasi orthogonal, thus none of the interfering energy detected at the gNB[UE] RX would impact UE [gNB]RX Rx beam.
 In that perspective, directional LBT can only be used to avoid gNB/UE Tx/Rx collisions. 

· Beamforming Imbalance



Figure 2 - Beamforming Imbalance and receive beams orthogonality

The number of antennas used for beamforming at gNB side is typically much higher than those at UE side (e.g. 128 elements per panels at gNB and 4 to 8 elements per panel at UE side), consequently, the gNB beams are much narrower than UE ones and this imbalance impacts the reliability of LBT mechanisms. Due to the above issues, LBT mechanisms as it has been specified in NR-U Rel16 cannot apply to beam-based systems.
A possible adaptation is to continue to perform omnidirectional LBT before transmitting, this solves partially the beam orthogonality issue but beam imbalance effects are increased (maximized) and the LBT deafness effect remains.
Another possible adaptation is to perform directional LBT (LBT within the beam to be used in upcoming transmission), in this case beam imbalance is minimized but beam orthogonality is maximized and deafness remains.

Observation 1: In a cellular beam-based system, LBT at the device (UE) is not valid to predict and avoid intra-cell interference that would occur at gNB receiver. This holds for omnidirectional and directional LBT.    
Bearing in mind that LBT objective is to avoid intra-system and inter-system collisions at receiver side, it is obvious that simple Energy Detection based LBT cannot achieve these objectives in beam-operated systems.  
In the meantime, the need for LBT is reduced for intra-system collision avoidance in a beam-based cellular system such as NR-U where communications occur exclusively between a UE and a gNB and where the latter exploits very narrow beams. Indeed, the likelihood of effective collision at gNB receiver is low thanks to the high angular selectivity of the gNB Rx beam.  
Observation 2: In a centralized beam-based system, LBT at device (UE) is not needed to protect base station (gNB) receptions.    

Due to its relatively wide angle beam, a UE transmission is likely to interfere other devices reception when their beams are sufficiently aligned. Within an NR-U cell the likelihood of good beam alignment is limited (all UEs points toward the gNB) and this can be considered as an acceptable loss of robustness (like hidden node in conventional LBT) however this not true for devices operating in co-existing systems (e.g. WiGig). Therefore, LBT can be beneficial and may be required to avoid interfering co-existing neighbor devices.
Observation 3: LBT at UE side is beneficial to protect coexisting devices (e.g. WiGig devices).
Proposal 2: RAN1 shall study directional LBT at UE side to guarantee fair coexistence with 802.11ad.

Proposal 3: RAN1 shall study solutions to mitigate the effect of LBT deafness, beam orthogonality and beam imbalance in order to enable directional LBT at UE side without harming NR-U channel access efficiency.

At gNB side, thanks to narrow beam, directional LBT can be applied efficiently without suffering from beam orthogonality, deafness nor beam imbalance. In addition, the likelihood of strong interference at gNB is low thanks again to narrow beam.     
Observation 4: Directional LBT at gNB side is efficient for intra-system collision detection.

Proposal 4: RAN1 shall consider the usage of directional LBT at gNB side.

Another important aspect which arises with beam-based transmissions is to identify whether a base station (or a UE) needs to perform channel access when it switches its beam from one active beam b_i to a different beam b_j. The issue is that while the transmission may be without a gap or with a very small gap at beam transition point, the devices in the coverage of former beam b_i may be well detecting the energy and will avoid starting any transmission in that coverage area. On the other hand, if the coverage area for beam b_j is different from b_i, the devices in the non-overlapping area of new beam b_j may not be detecting any signal energy while the gNB was transmitting using the beam b_i. Some of these devices may eventually have got their LBT succeeded as well and when the gNB switches to beam b_j, the resulting collisions may be detrimental to one or both of the ongoing transmissions.
Observation 5: Beam switching within an active COT may lead to collisions in case the new beam has at least partially non-overlapping coverage compared to the formerly active beam.
As this issue can degrade the quality of transmission, we propose to investigate further the mechanisms either preventing the channel access by neighboring devices, or some form of short LBT by the gNB prior to beam switching to ensure that no other device has taken over the channel.
Proposal 5: It is proposed to investigate the mechanisms which can avoid collisions due to double ownership of the shared carrier at beam transition events.
Conclusion
In this contribution, we have discussed the channel access mechanism on the 60 GHz unlicensed spectrum. Following observations have been made in the discussion: 
Observation 1: In a cellular beam-based system, LBT at device (UE) isn’t valid to predict and avoid intra-cell interference that would occur at gNB receiver. This holds for omnidirectional and directional LBT.    
Observation 2: In a centralized beam-based system, LBT at device (UE) is not needed to protect base station (gNB) receptions.    
Observation 3: LBT at UE side is beneficial to protect coexisting devices (e.g. WiGig devices).
Observation 4: Directional LBT at gNB side is efficient for intra-system collision detection.
[bookmark: _GoBack]Observation 5: Beam switching within an active COT may lead to collisions in case the new beam has at least partially non-overlapping coverage compared to the formerly active beam.

These observations have led to the following proposals:
Proposal 1: RAN1 shall study channel access mechanisms based on directional LBT.
Proposal 2: RAN1 shall study directional LBT at UE side to guarantee fair coexistence with 802.11ad.
Proposal 3: RAN1 shall study solutions to mitigate the effect of LBT deafness, beam orthogonality and beam imbalance in order to enable directional LBT at UE side without harming NR-U channel access efficiency.
Proposal 4: RAN1 shall consider the usage of directional LBT at gNB side.
Proposal 5: It is proposed to investigate the mechanisms which can avoid collisions due to double ownership of the shared carrier at beam transition events.
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