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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In 3GPP RAN86 meeting the “Study on supporting NR from 52.6GHz to 71 GHz” was approved. The objectives of the new study item are presented in [1]. The second objective in [1] is:
“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.  “ 

In this document we studied several design aspects for this second objective of the study.

Directional communication
[bookmark: _Hlk40178018]An important challenge in operating beyond 52.6 GHz and below of 71 GHz remains the high pathloss propagation due to high carrier frequency. At 60GHz there is an additional 21dB () with respect to 5GHz, both for LOS and NLOS models (TR 38.901 [4]) Table 7.4.1-1: Pathloss models.
Directional antennas with larger antenna gain can be used to compensate large pathloss at the expense of narrower coverage area. A direct consequence of directional beams usage is the additional latency for association and link re-establishment, which usually involve the following steps.
1. Beam sweep and measurement
2. Beam determination and report
3. Beam (re-)configuration, activation, and indication
These procedures are periodically repeated or adjusted by event-driven to update the optimal beam pair between transmitter and receiver. Because the phase noise at higher frequencies it is expected that SCS will be increased. The increase in SCS leads to a decrease of symbol duration, may affect the beam switch time specified in TS38.214 and TS38.331. Latency due to beam sweep and beam determination may have direct impact on Listen Before Talk (LBT) operation mandated by the spectrum regulators for 60GHz band [3]. For instance, if beam switching takes longer than the maximum COT gap, the device must start again a new COT with and extended LBT. Therefore, when specify channel access procedures, we need to jointly consider its compliance with regulatory requirements and the needed processing and switching time capability for implementation.
Proposal 1: To specify the channel access procedures compliant with regulatory requirements with the consideration of possible values for beam switch time, beam report time (such as beamSwitchTime, beamReportTiming, and timeDurationForQCL) as defined in TS38.331 for operations beyond 52.6 GHz.
As multiple channels/signals to and from one or more UEs are multiplexed within the channel bandwidth and the COT (Channel Occupancy Time), multiple transmission/reception beams are utilized. Before starting a COT, TRP senses the channel occupancy over its whole coverage area, which means a single beam with wide(r)-beamwidth is used for sensing. The channel sensing beam may not be the same as the beam(s) used for transmissions within the COT after initial sensing. The angular spread and the direction of the initial sensing beam should generally match or cover the directions and the angular spreads of all the transmission beams used within the COT after the initial sensing. However, as the shape of a beam is usually irregular, and the exact angular spread of a beam as well as the relationship between the sensing and transmission beams may be difficult to define and quantize. 
In ETSI, the Clear Channel Assessment (CCA) Energy Detection (ED) threshold adapts based on the Equivalent Isotropic Radiated Power (EIRP) at the transmitter as follows:
ED= -47 dBm + (40 dBm - Pout (dBm))
Where 40dBm is the maximum EIRP transmit power. 
However, as we noted above, the initial sensing antenna beam (receive antenna pattern) used to initiate a COT, is not necessary the transmit antenna beam used during COT for DL transmissions. In the case where the sensing beam is different from the transmission beams, the CCA energy detection threshold need to be adjusted accordingly.
Proposal 2: To adapt the CCA ED threshold when sensing antenna beam (pattern) and antenna beam (pattern) used for the transmissions are different.
In ETSI EN 302 567 COT is defined as the total time that an equipment makes use of an Operating Channel without a new extended CCA. Where the Maximum Channel Occupancy Time (MCOT) is limited to 9ms. An extended CCA is mandated before acquiring COT. The extended CCA duration is 8 μs + random(0 to 127) × 5 μs. Therefore, the expected extended CCA duration is 8 μs + 64 × 5 μs= 328 μs.  During COT if there is gap between consecutive transmissions larger than the expected extended CCA duration, it is likely ( >50% chances) that other transmitting devices perceive the channel as idle and occupy the channel.  We also note that [3] does not provide an upper limit of the gap between consecutive transmissions during a COT. In order to define a clear UE behavior, a COT definition that specifies the largest allowable gaps between consecutive transmissions is necessary.
Proposal 3: Define the COT at 60GHz band as the total time that an equipment makes use of the operating channel that comprises gaps between consecutive transmissions no larger than 328us. 
[bookmark: _GoBack]A definition of COT that allows larger gaps between consecutive transmissions   does not necessarily guarantee a total ownership of the channel during COT. For the maximum gap suggested above (328 us) there is less than 50% chance that the channel is captured by another transmitter device that has a shorter extended CCA. While the chance of losing COT when larger gaps are permitted may not be small, in practice, directional CCA and directional transmissions are expected for a higher spatial reuse, and therefore two transmitters that access the same geographical area may not collide. Moreover, a larger gap during CCA allows overall a better time usage of the channel. We also note that large gaps in COT should be considered the exception rather than the norm and they may be caused by beam failures and associated beam recovery. Despite maximum gaps allowed by the COT definition, when sharing COT, the sharing devices are still required to execute deterministic LBT procedures prior to their transmissions [2].
Proposal 4: Define new LBT types for COT sharing there are consistent with COT definition.
As was noted in [2], operation in unlicensed spectrum requires a LBT procedure when the transmitter senses the channel and estimates if the channel is idle or busy by comparing the received energy with the energy detection threshold. When a directional beam is used for sensing during LBT, the transmitter may miss ongoing communications and falsely infer that the channel is idle around the receiver. 
Figure 2, shows such example of flash interference where gNB A (NW 1) interferes with UE B served by gNB B (NW 2)
Therefore, especially to avoid the failures of large transmissions, it would be beneficial if the receiver will inform the transmitter about its local perceived interference prior to the transmission. For instance, if the UE receiver senses the channel and finds it busy it could inform the TRP, which could schedule transmission to another device reducing overall latency and increasing throughput.
[image: ]
Figure 2, Example of interference 
Proposal 5: Define a protocol for receiver assisted LBT for dynamic and semi-static channel occupancy.
 
Conclusions
This contribution considers regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz and makes proposals for regulatory compliance operation and for mitigation of interference when operating with directional sensing and transmission.
Proposal 1: To specify the channel access procedures compliant with regulatory requirements with the consideration of possible values for beam switch time, beam report time (such as beamSwitchTime, beamReportTiming, and timeDurationForQCL) as defined in TS38.331 for operations beyond 52.6 GHz.
Proposal 2: To adapt the CCA ED threshold when sensing antenna beam (pattern) and antenna beam (pattern) used for the transmissions are different.
Proposal 3: Define the COT at 60GHz band as the total time that an equipment makes use of the operating channel that comprises gaps between consecutive transmissions no larger than 328us. 
Proposal 4: Define new LBT types for COT sharing there are consistent with COT definition.
Proposal 5: Define a protocol for receiver assisted LBT for dynamic and semi-static channel occupancy.
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