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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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”
Based on the above principles, the potential issues and solutions for shared channel access in 60 GHz unlicensed spectrum are considered.
Agreements
In RAN1 #104-e [2] few agreements were achieved with some details and options left for further study. Here are few of them relevant to this contribution:
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
Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select from
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 2. Define a maximum gap X, such that a later transmission can share the COT without LBT only if the later transmission starts within X from the end of the earlier transmission
· FFS: Value for X
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT
· FFS: Value for Y
· FFS:  How to define the one-shot LBT
Agreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation
Agreement:
If Cat 2 LBT is introduced, the following use cases can be further studied:
· Resume transmission after a gap Y:  Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· Multi-Beam LBT:  Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· Rx-Assistance:  Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
Other use cases not precluded. 
FFS if Cat 2 LBT is mandated for each use case or not.
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 
Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
Agreement:
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 
· Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch

Discussion
In RAN1 # 104-e [2] it was agreed to use the energy threshold (ED) specified by ETSI EN 301 893, where the baseline EDT (energy detection threshold)  is computed as

Where Pout is RF output power (EIRP) and Pmax is the RF output power limit, Pout ≤ Pmax.
For instance, for a channel occupied bandwidth of 400 MHz, and Pout=Pmax, the EDT=-80 dBm+26 dB= -54 dBm. 
A few questions related to the above formula were left open for FFS (see the above agreement).  One of the questions is what is the interpretation of Pout when the EDT is used for CCA check prior starting a Channel Occupation Time (COT)? 
FFS: If Pout is max output EIRP of the device or instantaneous output EIRP
During a COT a device may use for its transmissions different EIRPs corresponding to different transmission powers and/or antenna gains. The EDT limit based on the above formula should not be violated during COT. Therefore, we have the following proposal:
Proposal 1: The EDT value used for a COT initiation should correspond to a Pout that is the maximum RF output power (EIRP) used for the transmissions during that COT. 
In the ideal case, the sensing antenna and transmit antenna as well as their orientation are the same. However, this might not be the case given that transmissions (power (EIRP), precoding) may be different for different receivers or the device could use different antenna panels for receive and transmit.  The intention of the adaptivity clause in ETSI EN 302 567 [3] is to enable and improve coexistence in the shared spectrum. This implies that the CCA check to initiate a COT should be to some extent spatially aligned with the transmissions during the COT. 
One way to relate the direction of receive to direction of transmit is via spatial domain relations defined in TS 38.306 [4]. The support of spatial domain relations is mandatory for FR2 and optional for FR1 band.  Recent discussion in RAN show support for extending FR2 with 52.6GHz to 71 GHz band. Thus, it is expected that UE will be mandated to support spatial relations for beyond 52.6 GHz as well. 
Proposal 2: UE shall support spatial domain relations for receive and transmit beams for beyond 52.6GHz to 71 GHz band.
One of the RAN#104-e agreement leaves for FFS the relationship between the CCA check coverage and transmit coverage:
· Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
We propose to use the spatial domain filters to define the “beam cover” relationship between sensing and transmit as follows:
Proposal 3: For the CCA check procedure, the COT initiating device may use one or multiple spatial domains receive filters. For each transmission during the COT, there should be associated one or multiple spatial domains receive filters used in  the CCA check procedure (i.e. both Alt 1 and Alt 2 in the above MU-MIMO agreement) 
The spatial filter domain relation between transmit and receive may be used to define a QCL-D relationship but does not imply a gain or beam identity between transmit and receive antennas [4][5] (TS 38.306, TS 38.101-2).   Therefore, the EDT needs to be adjusted to account for the difference between the transmit and sensing antennas. This issue was left for FFS in the last meeting agreement from above.  
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)

As the difference between transmit antenna a sensing antenna can be substantial in terms of antenna directivity and beamform, the difference between transmit and receive antenna used for CCA check should be taken into consideration. 
Observation 1: The energy detection threshold shall be adjusted to account for the difference between the transmit antenna characteristics used for transmission and the sensing antenna characteristics when the sensing antenna is different than the transmit antenna. 
[image: ]
Figure 1
One example is presented in Figure 1. If the antenna gain used for channel sensing is too low, the LBT footprint does not cover the intended receiver.  Therefore, the LBT may be too optimistic, leading to poor coexistence. If the sensing antenna used for CCA check would be fed with the same power used for the actual transmission, the EIRP obtained would be lower than the EIRP of the transmit antenna. 
In this example, the range of the CCA check should be increase, which may imply decrease in EDT value. The decrease in the EDT used for CCA should be based on the difference between Pout and the EIRP when sensing antenna is used as transmit. 
For transmission one can define the Equivalent Isotropic Radiated Power (EIRP), which is a combination between the antenna gain (directivity) and the transmitted power at the antenna connector.  To account for differences between transmit and receive, for a sensing antenna we can define an equivalent transmit EIRP for the receive antenna. To find this equivalent, the receive antenna is hypothetically used as transmit antenna with transmit power at the antenna connector equal to the power at the antenna connector intended for transmission.
When the antenna sensing is used as a transmit antenna and fed with RF signal power equal to the transmit power at the transmit antenna connector, the equivalent output radiated power Pout_eq (EIRP) can be defined and measured.  
With this equivalence, the EDT adjustment may be (a function of) the difference between Pout (EIRP) of transmit antenna and Pout_eq (EIRP) of the sensing antenna when used as a transmit antenna. The EDT adjustment would consist of two steps, in the first step an initial EDT is calculated based on the ETSI EN 301 893 formula, while in the second step the transmit power is used to feed the receive antenna and obtain an equivalent Pout_eq. The final EDT is obtain based on initial calculated EDT adjusted with the difference between Pout and Pout_eq.
Proposal 4: The EDT value should be adjusted with the difference between the maximum Pout for the transmission and an equivalent transmit power EIRP, Pout_eq, obtained when sensing antenna is used as transmit antenna.
[bookmark: _Hlk68591303]Another issue left for FFS is the LBT beam choice before initiating a COT with TDM of beams with beam switching. We consider that imposing restrictions such using only a single wide beam or mandated a LBT per each transmit direction can restrict further implementations and applications of NR in 60 GHz band. Using the explanation of coverage from Proposal 3, we rather leave for implementation the number of beams used (the number of the spatial domain receive filter). We note that the term “beam” is not well defined; depending on antenna pattern and number of panels at one point in time a device may measure the received RF energy simultaneously through multiple “beams”, which would not require separate LBT for each beam. 
However, if the beams (spatial domain receive filters) are changed during the CCA check procedure, a short LBT is necessary for the new selected directions. The short Cat 2 LBT should be necessary only before a beams switch if such switch is executed.   Prior to the beam switch a LBT sensing should be executed.   
Proposal 5:   Support Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch.
In ETSI EN 302 567 [3] the total time that the equipment initiating transmission makes use of an Operating Channel is defined as the Channel Occupancy Time. This Channel Occupancy Time shall be less than 5 ms, after which the initiating device shall perform a new CCA Check.  The document does not specify if the device can have gaps of the channel usage (transmissions) during COT and how long such gaps may be.  If the devices that share a COT have a pause (gap) in their transmission, and if this pause is large enough another device may determine that the channel is clear and start its own COT, thus interfering with ongoing scheduled transmissions. 
For the CCA check procedure a device observes the channel for at least 8us and if the channel is found not occupied defers for a number of random (0 to Max number) of empty (not occupied) slots (5us each) where the Max number is 3 or larger.  Thus, the CCA check operation can take up to 23us for the Max number equal to 3. If a maximum allowable COT gap is not defined an increased interference may occur. This is especially the case for the indoor environments where, due to the short distances, the high directional antennas may not be necessary, and more omni-directional antennas will be deployed. 
During the meeting companies expressed different views on supporting a Cat 2 LBT. In our opinion Cat 2 LBT, i.e. a short deterministic LBT is very useful for a quick evaluation of the channel availability. Such short LBT may be as short as a symbol duration, that is one-shot LBT can be a Cat 2 LBT.
Proposal 6: Support Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation.
With a Cat 2 LBT supported one can define the device behavior during the COT that enable coexistence in unlicensed band as follows: 
Proposal 7: Support Alt 3: Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT
· Where Y (for all SCS) may be the time duration of 3 symbols (@120 kHz SCS  
· Where One-shot LBT duration (for all SCS): the time duration of 1 symbol @ 120kHz SCS
It was agreed in the previous RAN1 meetings [2] that the receiver assisted LBT may be beneficial and for receiver to help, channel sensing and reporting need to be performed.  
The goal of the receiver (a.k.a. responding device) assistance is to assess the local channel availability prior to the transmission and inform the transmitter if the channel is available.  Where the channel availability is well defined in the shared spectrum as a successful LBT.  NR already offer multiple tools for interference assessment such as CSI-IM, and NZP-CSI-RS with flexible resources and time configurations (aperiodic, periodic, or semi-persistent). Therefore, a straightforward way to implement a receiver assisted LBT is by extending the existing mechanisms (such as CSI-IM) to the specifics of shared spectrum operation.
Proposal 8: For receiver assisted LBT, support NR CSI-IM based reporting for the clear channel assessment at the receiver.
To provide a report on the channel availability, the receiver needs to measure the received RF power (for instance RSSI) over the provisioned resources (frequency, spatial filter) for a specific duration based on the LBT type, to compare the received energy with the energy detection threshold and to decide if the resource is clear (available) or not. Then the receiver must report to the transmitter the resource availability for a transmission. The report from the receiver should be timely and as short as possible (to avoid errors and overhead), therefore a simple map of the resource availability is sufficient.
Proposal 9: For receiver assisted LBT, the receiver shall report the resource map availability prior to the transmission. The RSSI measurement definition may be extended to assess the resource availability, where the resources, type of measurement (for instance Cat2 LBT) shall be provided by the transmitter.
[bookmark: _Ref129681832]
Conclusion
Proposal 1: The EDT value used for a COT initiation should correspond to a Pout that is the maximum RF output power (EIRP) used for the transmissions during that COT. 
Proposal 2: UE shall support spatial domain relations for receive and transmit beams for beyond 52.6GHz to 71 GHz band.
Proposal 3: For the CCA check procedure, the COT initiating device may use one or multiple spatial domains receive filters. For each transmission during the COT, there should be associated one or multiple spatial domains receive filters used in the CCA check procedure (i.e. both Alt 1 and Alt 2 in the above MU-MIMO agreement) 
Observation 1: The energy detection threshold shall be adjusted to account for the difference between the transmit antenna characteristics used for transmission and the sensing antenna characteristics when the sensing antenna is different than the transmit antenna. 
Proposal 4: The EDT value should be adjusted with the difference between the maximum Pout for the transmission and an equivalent transmit power EIRP, Pout_eq, obtained when sensing antenna is used as transmit antenna.
Proposal 5:   Support Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch.
Proposal 6: Support Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation.
Proposal 7: Support Alt 3: Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, a one-shot LBT is needed to share the COT
· Where Y (for all SCS) may be the time duration of 3 symbols (@120 kHz SCS  
· Where One-shot LBT duration (for all SCS): the time duration of 1 symbol @ 120kHz SCS
Proposal 8: For receiver assisted LBT, support NR CSI-IM based reporting for the clear channel assessment at the receiver.
Proposal 9: For receiver assisted LBT, the receiver shall report the resource map availability prior to the transmission. The RSSI measurement definition may be extended to assess the resource availability, where the resources, type of measurement (for instance Cat2 LBT) shall be provided by the transmitter.
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