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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This document discusses channel access mechanisms for beam based transmissions for the study of NR above 52.6 GHz study item. 

2 Operation at Higher Frequencies
The study item description for NR above 52.6 GHz, formally approved in RAN Plenary meeting RP#86 in December 2019, RP-193259, mentions the following as motivation for this study:
Among the frequencies of interest, frequencies between 52.6 GHz and 71 GHz are especially interesting relatively in the short term because of their proximity to sub-52.6GHz for which the current NR system is optimized and the imminent commercial opportunities for high data rate communications, e.g., unlicensed spectrum but also licensed spectrum between 57GHz and 71GHz. Therefore, it would be beneficial to make a study focused on feasibility of using existing waveforms and required changes for frequencies between 52.6 GHz and 71 GHz, so as to take advantage of imminent commercial opportunities for the specific frequency regime by minimizing the specification burden and maximizing the leverage of FR2 based implementations. 

It is clear that at such higher frequencies, path loss is going to be significant and is going to become a major hurdle to reliable communication. NR in Release-15 already has identified the use of multiple antennas and antenna panels to make narrow beams to compensate this larger path loss at such higher frequencies. This will result in beam based operation as the typical mode of communication in such high frequency regimes.

Observation 1:
Beam based operation is the typical mode of operation between 52.6 GHz and 71 GHz frequency regime.

3 Channel Access for High Frequencies and Rel-16 NR-U Study
3GPP NR has specified beam based operation. In FR2 (upto 52.6 GHz), the gNB can employ up to 64 beams to transmit in different directions. The main rationale behind beam based operation is to compensate the higher path loss of higher frequencies through beamforming and antenna gains. Nevertheless, due to cost reasons, a gNB will not have independent hardware for each single beam direction that it intends to use. Thus, a hybrid beamforming will be typical mode of operation where a mix of digital and analog beamforming techniques will be employed.
There is vast unlicensed spectrum in the 60 GHz range. NR-U in Rel-16 has standardized non-standalone and standalone unlicensed operation. Nevertheless, as NR-U Rel-16 was focused on 6GHz frequency band in FR1, and despite the fact that beam based transmissions are allowed in this frequency range, they are not considered typical mode of operation by majority of the companies and hence channel access mechanisms were not discussed with particular focus on the beam based transmissions. Given the frequency range of concern around 60 GHz, the base station will use multiple beams to serve users in the vicinity in a de-facto manner. 

Release-17 study item “Study on supporting NR from 52.6 GHz to 71 GHz” RP-193259 includes the following objectives:
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   

As unlicensed spectrum is key part of frequency range between 52.6 GHz and 71 GHz where typical mode of transmission is through highly directional beams, the objectives have been clearly noted to study channel access for beam based operation. 

TR38.889, the outcome of NR-U study item in Rel-16, noted the following for the channel access in beamforming scenarios:
Channel access mechanisms for beamformed transmissions have been studied. It has been identified that omni-directional LBT should be supported. Using directional LBT for beamformed transmissions, i.e. LBT performed in the direction of the transmitted beam has also been studied. Further consideration is required regarding directional LBT and its benefits for beamformed transmissions when the specifications are to be developed, taking into account regulations and fair co-existence with other technologies.
During the Rel-16 NR-U study item phase, many companies were supportive of the directional channel access, so-called directional LBT. Later due to de-scoping FR2 range from NR-U study, such directional channel access mechanisms were not study during the WID phase of NR-U.

4 [bookmark: _Hlk16684087][bookmark: _Hlk16684033]Directional Channel Access 
The gNB may acquire a channel occupancy to transmit to a given UE in a particular direction. In this case, it may not be necessary to do an omni-directional LBT as the gNB knows which direction it needs to transmit. If the gNB performs an omni-directional LBT in this scenario, effectively the coverage of LBT is in all directions around the gNB, despite the intended transmission in a particular direction. Thus, omni-directional LBT will result in the gNB getting blocked by any neighboring devices transmitting over the unlicensed channel.

Proposal 1:
Investigate the directional channel access for downlink beam based transmissions.
One interesting scenario would be to analyze how to differentiate channel access used to initiate a channel occupancy and resume transmission on an acquired channel after a gap.

For the uplink case, a UE may be transmitting data to its gNB. Already in FR2 range, the majority of UEs are capable of beam based operation. For the channel access in the uplink direction, a UE may need to initiate a channel occupancy if it needs to transmit uplink data in PUSCH as part of dynamic grant or configured grant based scheduling, or it needs to transmit PUCCH carrying HARQ feedback or other control information. 
The directional access is much more suitable and justified for the uplink transmissions compared to the downlink transmissions. For the downlink channel access, the gNB may be communicating to many users scattered in different directions in the cell coverage area. On the other hand, a UE will be communicating only to its gNB and never to the other UEs directly in a typical cellular system, thus there is less need to perform the channel access in the directions that the UE is not going to transmit into. 

Observation 2:
Directional channel access is justified for uplink transmissions more than the downlink transmissions.

This becomes even more relevant when the UEs are capable of beamforming transmissions, ensuring that the directions out of UE Tx beam will not receive any energy. 

Proposal 2:
Investigate the directional channel access for uplink beam based transmissions.
In a similar manner, when a UE is sharing the channel occupancy initiated by the gNB, employing directional channel access at the UE may bring some benefits by reducing the probability of channel blocking from unintended directions. 
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This document noted the following observations:
Observation 1: Beam based operation is the typical mode of operation between 52.6 GHz and 71 GHz frequency regime.
Observation 2: Directional channel access is justified for uplink transmissions more than the downlink transmissions.
The following proposals have been made in this document.
Proposal 1: Investigate the directional channel access for downlink beam based transmissions.
[bookmark: _GoBack]Proposal 2: Investigate the directional channel access for uplink beam based transmissions.
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