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In RAN # 90 the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] RAN1 should define:
“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”
We note that the WID will focus on the shared spectrum (unlicensed spectrum) in 60 GHz band. Therefore, for the design we propose to use the following principle:
1) Reuse as much as possible the existing 5-6GHz NR-U design for 60 GHz shared spectrum 
2) Reuse as much as possible the existing FR2 design 
Based on the above principles, the potential issues and solutions for shared channel access in 60 GHz unlicensed spectrum are considered.
Channel Access
[bookmark: _Ref129681832]Regulations
The channel access in 5GHz shared spectrum is specified in TS 37.213 and it is compliant with the spectrum regulations specified by ETSI EN 301 893 [4]. The access in the EU 60GHz unlicensed band is specified in ETSI EN 302 567 [5], Multiple-Gigabit/s radio equipment operating in the 60 GHz band; Harmonized Standard for access to radio spectrum. The FCC 13-112 modifies Part 15 of its rules for intentional radiators operating on an unlicensed basis in the 57-64 GHz frequency range (60 GHz) and specifies the emission limit for 60 GHz devices as EIRP. In addition to emission limits, the ETSI regulations do specify clear channel access rules, while the FCC do not. 
The ETSI [5] specifies the medium access protocol in clause 4.2.5 Adaptivity. The channel access relies on Listen Before Talk (LBT) mechanisms which consists of a Clear Channel Assessment in the Operating Channel, an energy detect operation. The Operating Channel shall be considered occupied for a slot time of 5 μs if the energy level in the channel exceeds the threshold corresponding to the power level. Upon observing that Operating Channel was not occupied for a minimum of 8 μs, transmission deferring shall occur a minimum of random (0 to Max_number) number of empty slots periods. The Max_number shall not be lower than 3, which makes the shortest LBT duration 23us.
The same regulation [5] defines the energy threshold for CCA check as -47 dBm + 10 × log10 (PMax / Pout) (Pmax and Pout in W e.i.r.p.) where Pout is the RF output power (EIRP) and Pmax is the RF output power limit.
Discussions
[bookmark: _GoBack]It is well known that the pathloss logarithmically increases with carrier frequency [2, 3]. At the same time, at higher frequencies, due to short wavelength the antennas can accommodate a higher number of antenna elements for the same dimensions. The multi-element antennas allow larger antenna gains, which corresponds to higher directionality that is narrower antennas beamwidth. High gain antennas are necessary to compensate the increase of pathloss and to offer larger coverage. The operation and design of NR for FR2 bands specifies on directional antenna beam management. 
Observation 1: In order to compensate the high pathloss, the channel access in beyond 52.6 GHz shall support directional transmit, receive, and antenna beam management.
The LBT mechanism is used to improve co-existence in the same frequency channel. When the CCA is checked prior to a transmission, a device avoids interrupting (interfering) the ongoing transmissions and at the same time avoid potentially being interfered by the ongoing transmissions.  It is obvious that the CCA should be considered for the direction of transmission, in other words a directional CCA (directional LBT). The directional channel sensing offers a higher range for CCA due to antenna gain, in other words farther ongoing transmissions are detected. In addition, if the CCA covers only the transmission directions (the field that the beamformed transmission covers), it avoids unnecessary transmission deferrals (a.k.a. as exposed node problem).
Proposal 1: The 60 GHz unlicensed channel access shall support directional channel sensing that covers the next transmission directions.
The ETSI draft v2.1.20 of EN 302 567 specify that  “The energy detection threshold for the CCA Check shall be -47 dBm + 10 × log10 (Pmax /Pout) (Pmax and Pout in W e.i.r.p.) where Pout is the RF output power (EIRP) and Pmax is the RF output power limit defined in clause 4.2.2.1.” However, this formula does not take into consideration some important aspects of the unlicensed operation at 60 GHz. For instance, CCA Check may be performed a single time before initiating a COT, while during the COT the initiating device can have multiple transmissions with different antenna gains (EIRP). In this case the Pout used for channel sensing is not clearly defined.  
Proposal 2: The value of Pout in the CCA Check threshold before initiating a COT should correspond to the maximum EIRP of the transmissions during that COT.
Another issue with the ETSI CCA Check definition is that the antenna (or receive antenna beam) used for the CCA Check may not necessarily be the transmission antenna (or transmit antenna beam) used during COT. The transmit and the receive antennas can have different gains, directions, and/or beamwidths. The intention of having CCA Check is to avoid interfering with the ongoing communications. For this to work, it is necessary that the transmit and the sensing range are balanced respectively. An antenna used to sense the channel or to receive may be characterized by the Total Isotropic Sensitivity (TIS), which is the sum of the minimum Effective Isotropic Sensitivity (EIS) and the directivity (D). The EIS value used in TIS calculations is typically the minimum antenna sensitivity over all measured directions.  TIS is measured on an antenna test range, most often an anechoic chamber. To measure TIS the signal generator power is slowly increased until a predefined threshold of BER is achieved (the receiver sensitivity). If the TIS of the antenna used for CCA sensing is different from the transmit antenna EIRP, the CCA energy detection threshold may need to be adjusted accordingly.
Proposal 3: NR should support solutions to address the asymmetry between the beam (antennas TIS) used for CCA sensing and the beams (EIRP) used for transmissions.
While directional antennas (narrow beam) offer a larger gain, which improves the coverage, they also may increase the hidden node problem at the receiver. The transmitter that performs a CCA prior to its transmissions may not be able to sense other directional transmissions toward the receiver.  In this situation, the transmitter is unaware of the interference at the receiver. Only the receiver can correctly evaluate the interference in its neighboring. Moreover, the antenna beams used at the transmitter and at the receiver may differ ( for instance when they have different beamwidth, or when using different antennas for transmit and receive) therefore the receiver would need to evaluate the surrounding channel conditions using its own receive antenna prior to reception. During the SI, some companies referred to this as the receiver (responder) assisted LBT.
We note that the receiver device (a.k.a. the responder) does not need to perform a full CCA or full LBT. Only the transmitter (a.k.a. the initiator) is required to do it by the regulations. The responder shall just perform a channel measurement to estimate the interference, preferable using the same beam that it will be used to receive. The receiver should be able to inform the transmitter about the channel conditions. Therefore, a responder assisted LBT implies that the initiator could request the responder for a short update on the channel measurement prior to performing a transmission. Such request may be presented in various ways, for instance the gNB may request a L1-IM measurement from UE, by configuring CSI-IM for interference measurement resources. Or the UE may perform an energy sensing and report back to the gNB using an interference indicator map that indicates resources where the energy is above or below a threshold. gNB may then proceed to transmit on the non-interfered resources after a successful LBT procedure or to postpone the transmission until the next successful LBT.
Proposal 4: For UE assisted LBT, the gNB should be able to request UE to measure the interference (received energy) over a specific set of resources and report it back to the gNB prior to LBT procedure at the gNB.

Conclusion
For channel access of shared spectrum above 52.6 GHz, we have the following observation and proposals:
Observation 1: In order to compensate the high pathloss, the channel access in beyond 52.6 GHz shall support directional transmit, receive, and antenna beam management.
Proposal 1: The 60 GHz unlicensed channel access shall support directional channel sensing that covers the next transmission directions.
Proposal 2: The value of Pout in the CCA Check threshold before initiating a COT should correspond to the maximum EIRP of the transmissions during that COT.
Proposal 3: NR should support solutions to address the asymmetry between the beam (antennas TIS) used for CCA sensing and the beams (EIRP) used for transmissions.
Proposal 4: For UE assisted LBT, the gNB should be able to request UE to measure the interference (received energy) over a specific set of resources and report it back to the gNB prior to LBT procedure at the gNB.
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