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Introduction
One of the objectives of the revised WID [1] is that:
	· 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 



[bookmark: OLE_LINK78]In RAN1#104-e [2], it was agreed to update the baseline ED threshold formula based on the latest draft version of the HS EN 302 567 (v2.2.0) [3] as follows:  
	[bookmark: OLE_LINK65]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



There were several discussions on the above FFS items in RAN1#105-e, but there is no consensus about ED threshold calculation yet[4].
In this contribution, we discuss about the EDT enhancement with LBT for operation in frequency band up to 71GHz by examining the correspondence of transmission beam(s) and sensing beam(s) at the node initiating a COT.
Impact of transmission-sensing beam correspondence
In Section 5.2.2 of the study item report[5], it was suggested that:
	At least the following can be considered while other LBT considerations are not excluded:
-	leave the LBT behaviour for implementation,
-	one LBT beam covers all transmission beams,
-	multiple LBT beams cover multiple transmission beams.


And the following agreement was made in RAN#104-e:
	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


It is reasonable to assume a transmitter possessing a number of transmission beams. However, there is no agreement on adaptation of directional sensing. Some companies argue that the benefit of directional sensing is not evident, and no need of efforts of specifying directional sensing in RAN1[6]. Some companies claim that RF beamforming is necessary for transmission in the frequency band beyond 52.6GHz[7], thus ED threshold computation should consider both sensing beam and transmission beam. Since directional sensing is not precluded at current stage, a deeper insight of impact of directional sensing could be beneficial.
According to relation of direction and coverage between transmission beam(s) and sensing beam(s), the correspondence of transmission beam(s) and sensing beam(s) can be summarized as following three cases depicted in figure 1 below. In figure 1, the blue beam represents transmission beam, and the red beam represents sensing beam. 
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	Case1a. omni sensing
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	Case1b. directional sensing
	

	Case1. Coherent correspondence
	Case2. Incoherent correspondence

	Figure 1. correspondence of transmission beam(s) and sensing beam(s)


In case 1a, one omni sensing beam covers all transmission beams, while in case 1b each transmission beam is covered by a sensing beam of similar/same direction and beam-shape. In case 2, single directional sensing beam covers multiple transmission beams. 
For case 1a and 1b, the impact of sensing beam on energy detection is considered to be coherent to the impact of transmission beam on energy radiation. It should be noted even though the absolute value of gains of the transmission beam and its corresponding sensing beam are different, there is still monotonic relation between these two impacts. In other words, it is said to be coherent if the sensing result accurately corresponds to the channel clearance of the direction of transmission beam.
For case 2, single directional sensing beam covers multiple transmission beams but with different direction/shape.
For the cases with single directional sensing beam covering multiple transmission beam, the response of sensing beam to an incident signal of one direction might cause ambiguity to a transmission beam of another direction. This can be explained using a simple example depicted in figure 2 below.
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	Figure 2. incoherent sensing causes ambiguity of channel availability and interference estimation


In this example, a co-channel user will produce the same energy detection results at position 1 and position 2, due to incoherent sensing. When the co-channel user presents at position 1 and observable energy is detected, there are following options for the transmitter initializing COT which main purpose is to transmit without causing strong interference:
· Option 1: transmit via the right beam with full power, and ban the left beam,
· Option 2: transmit via both beams with careful power allocation to the left beam to avoid strong interference to the co-channel user at position1,
· Option 3: no transmission at all,
Option 1 and 2 maximize spatial channel reuse and transmission opportunity but require appropriate information in addition to energy detection to remove any risk of violating regulations. Option 3 requires no additional information and has no risk of causing strong interference but is rather conservative in terms of channel reuse and transmission opportunity. Obviously, option 1 and 2 have advantages of not only higher spectrum efficiency but also lower latency due to more transmission opportunities. Accordingly, option 1 and 2 require enhancement of baseline LBT mechanism adopted by EN 302 567. It is envisioned that most transmission in frequency band beyond 52.6GHz will happen locally and require co-existence with devices of diverse standards and designs. Although option 3 makes implementation and standardization effort simple, option 1 and 2 could provide flexibility of evolving performance. Therefore, we propose to support directional sensing in the future.
Proposal 1: directional sensing is supported to enhance baseline energy detection procedure in HS EN 302 567.
However, directional sensing might either miss detecting co-channel user signal (due to side-lobe receiving) or overestimate the interfering zone (due to improperly amplifying co-channel user signal who is not in the direction of transmission beam). For the example depicted in figure 2, it is impossible to eliminate the ambiguity because single sensing beam covers multiple transmission beams and detected energy as channel assessment criteria contains no direction information. We extend this simple example to more general case depicted in figure 3. 
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	Figure 3. general case of coherent directional sensing


In figure 3, there are multiple sensing beams, and each of them covers multiple transmission beams. The fundamental characteristic of the sensing beam in this case is that gain of sensing beam across the main-lobe of transmission beam does not vary too much, so it is considered to be coherent between sensing beam and transmission beam. Then this case can be classified into case 1b, i.e., coherent directional sensing. In figure3, energy detection result of each sensing beam can be used to determine channel clearance for a group of transmission beams being covered(coherent). By detecting energy in different direction, transmission in beams within corresponding direction can be controlled group by group in order to achieve higher spectrum efficiency and more transmission opportunities (option 1 and 2). The advanced procedure of option 1 and 2 requires coherency between sensing beam and transmission beam, and the definition of the coherency is FFS. Intuitively, sensing gain across the main-lobe of transmission beams is preferred to be either stead or proportional to transmission gain. Then the energy radiated by transmission beam corresponds to the direction of being clear to send. Therefore, we propose to define coherency between directional sensing beam and transmission beam in order to determine accurate channel clearance for transmission beam by proper sensing beam.
Proposal 2: beam coherency is defined to relate a transmission beam to proper directional sensing beam which is able to sense the right direction of the transmission beam. The definition of such coherency is FFS.
In case a proper sensing beam is related to a transmission beam, accurate channel assessment relies on the energy detection threshold. The baseline ED threshold computation includes only the impact of directional transmission. However, energy detection result might be distorted using directional sensing with baseline EDT. For example, detected power can be amplified when the co-channel user is in the direction of sensing beam, and then the detected energy is amplified. The intended transmitter is not aware of the amplification and consider the channel is occupied. Even that sensing beam and transmission beam are coherent as described above, the interfering zone is over-estimated if the gain of sensing beam is significantly higher than the gain of transmission beam. In that case, transmission with low gain can be performed without causing strong interference to the co-channel user who is falsely believed to be interfered due to high sensing gain. A method to solve this problem is to introduce sensing gain in EDT computation. From above analysis, it can be realized that it is the difference between sensing gain and transmission gain that causes inaccurate EDT computation. Therefore, we propose to introduce the directional sensing gain by comparing it to corresponding transmission gain into the EDT computation. The way the difference is integrated into EDT computation is FFS.
Proposal 3: The directional sensing gain is introduced to enhance EDT computation by comparing it to corresponding transmission gain. The way to integrate directional sensing gain into EDT computation is FFS.

Conclusion
Based on the discussions above, the following proposals were made:
Proposal 1: directional sensing is supported to enhance baseline energy detection procedure in HS EN 302 567.
Proposal 2: beam coherency is defined to relate a transmission beam to proper directional sensing beam which is able to sense the right direction of the transmission beam. The definition of such coherency is FFS.
Proposal 3: The directional sensing gain is introduced to enhance EDT computation by comparing it to corresponding transmission gain. The way to integrate directional sensing gain into EDT computation is FFS.
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