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1. Introduction
An incoming LS [1] was received from RAN1 on sensing beam selection. It was requested to decide how to specify necessary requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s) in RAN4. However, RAN4 didn’t conclude on whether it is necessary to define such a requirement or not in the last meeting. In this contribution, we give our analysis on sensing beam(s) covering the transmission beam(s). The draft reply LS is provided in the Annex.
2. Discussion
The content of incoming LS from RAN1 is captured as follows:
	1. Overall Description:

For LBT operation in FR2-2, RAN1 discussed the relationship between the transmission beam and the sensing beam used for LBT for the transmission, and has the following agreement:

Agreement
For the following situations

· Selecting sensing beam at the gNB 

· Selecting sensing beam at the UE when UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}

· Selecting sensing beam at the UE when UE uses a different beam for sensing than the beam used for transmission, 

Specify necessary requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s)

· Some methods to define “cover” have been discussed in RAN1
· Alt-1A: the angle included in the [3] dB beamwidth of the transmission beam is included in the [X, FFS] dB beamwidth of the sensing beam.

· Alt-1B:  the sensing beam gain measured along the direction of peak transmission direction is at least X [FFS] dB of the transmission beam gain

· Alt-1C:  The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A [FFS] dB of the peak EIRP.  The sensing beam gain measured along the chosen directions is at least X [FFS] dB of the transmission beam gain in those directions.

· Alt-1D: The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A [FFS] dB of the peak EIRP and the sensing beam gain measured along the chosen directions is at least X [FFS] dB of the peak sensing beam gain 

· Alt-1E: Sensing beam has the minimum [3] dB beamwidth which at least contains all beam peak directions of transmission beams. 

· Alt-1F:

· Selecting sensing beam at the gNB is up to gNB’s implementation

· Sensing beam at the UE may use a wider beam for sensing than the beam used for transmission, when the UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}

· Sending LS to RAN4 and inform them the above and request them to make the final choice

· RAN4 choice may not be limited by the list above

· RAN4 can further decide for gNB or UE separately if such test or requirement is not needed or not practical and leave it to gNB or UE implementation
Please be noted that RAN1 would like to let RAN4 determine the values with FFS and/or square brackets included in the agreement above, if needed. 

RAN1 would like to kindly ask RAN4 to take the above agreement into consideration 

2. Actions:

To RAN4: 
RAN1 would like to kindly ask RAN4 to take the above agreement into consideration. 


According to the LS, RAN1 asked RAN4 to make the final decision on how to specify necessary requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s) in RAN4. From our perspective, the issue can be spitted into two parts: how to specify the beam/beam width/beam gain and fundamentally how to specify a beam covers another beam. We will analysis these two parts in the following discussion.
In TS 38.104, there are several definitions related to beam. They were captured as follows:
beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array
NOTE:
For certain BS antenna array, there may be more than one beam.

beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
beam peak direction: direction where the maximum EIRP is found
beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse

In our understanding, the beam definitions still apply to UE. The concept of beam or beamwidth can be easy to understand, however it may not be that easy to specify or test. UE beam is the main lobe of the radiation pattern of UE antenna array, and UE beamwidth can be the angle between the half-power (3dB) points of the main lobe. We have beam/beamwidth definitions in the specification, however, there are not specific requirements as beam or beamwidths. For beam gain definition, there is not definition in RAN4 specification yet. 
The more fundamental issue is how to specify a beam covers another beam. Conceptually, when a beam covers another beam, it means the angle of 3dB beamwidth of a beam covers the angel range of 3dB bandwidth of another beam. In our understanding, Alt 1A is right in concept. However, there are no RF requirements or test related to the concept a beam covers another beam.
For Alt 1A, this alternative is reasonable from our perspective. The problem is that we can not easily convert it to the RF requirements in RAN4. Firstly, we didn’t specify 3 or X dB beamwidth in RAN4 as a requirement. Secondly, it is hard to specify how an angle of a beam is included in another beam. The concept of Alt.1A is simple, however, it may require a lot of effort of standardization for it. For Alt. 1B~1E, the same issue exists that we don’t have RF requirements related to them. For example, we didn’t have RF requirements for beamwidth or beam gain, not to say, the relationship between the sensing beam and the transmission beams. Furthermore, the majority of UEs already support beam correspondence capability and the UE without beam correspondence capability is corner case. RAN4 does not need to specify a general requirement for an atypical case.
Overall, it is suggested that RAN4 will not define any RF requirement for sensing beam ‘covers’ transmission beams.
Proposal 1: It is suggested that no RF requirement/test procedure is needed to guarantee sensing beam(s) “covers” the transmission beam(s).
Proposal 2: Leave it to UE’s or gNB’s implementation to guarantee sensing beam(s) “covers” the transmission beam(s).

3. Conclusion
This contribution discusses whether to specify the requirements to guarantee sensing beam ‘covers’ the transmission beams from RAN4’s perspective. The following proposals are made:
Proposal 1: It is suggested that no RF requirement/test procedure is needed to guarantee sensing beam(s) “covers” the transmission beam(s).

Proposal 2: Leave it to UE’s or gNB’s implementation to guarantee sensing beam(s) “covers” the transmission beam(s).
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1. Overall Description

RAN4 thanks RAN1 for the LS on sensing beam selection. RAN4 would like to provide RAN1 the following information:
RAN4 decides not to define any RF requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s) and leaves it to UE’s or gNB’s implementation to guarantee sensing beam(s) “covers” the transmission beam(s).
2. Actions:

To RAN1:
ACTION:    RAN1 is kindly asked to take the feedback into consideration.

3. Date of Next RAN4 Meetings:
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