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Introduction
RAN4 receives the LS [1] on sensing beam selection. To guarantee sensing beam(s) ‘covers’ the transmission beam(s), a few methods to defined ‘cover’ are provided for RAN4 discussion.
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}
In this paper, we’d like to provide a view on the potential methods, and a draft reply LS is attached in the Annex.
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All the potential methods Alt-1A through Alt-1F would be discussed below.
The methods Alt-1A and Alt-1D require the XdB sensing beamwidth contains AdB transmission beamwidth, where A=3 for Alt-1A. However in the three situations under discussion, it’s quite possible that the sensing beam and the transmission beam are not exactly in the same direction. That means the sensing beamwidth should be wider than the transmission beamwidth so that the former one could ‘cover’ the latter one. It apparently increases the implementation complexity as UE/gNB has to introduce a new set of beam design. In addition the beam gain would drop and the sensing accuracy is degraded.
Observation 1: Alt-1A and Alt-1D would lead to performance degradation of sensing accuracy.
The methods Alt-1B and Alt-1C require direct comparison between sensing beam gain and transmission beam gain. From RAN4 point of view, it’s impossible to specify the reference point of the beam gain as the conducted connector is not measurable in FR2.
Observation 2: Alt-1B and Alt-1C are not testable due to unmeasurable conducted connector.
The methods Alt-1E requires 3dB sensing beamwidth ‘covers’ the beam peak of transmission beam. In the case UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}, the beam correspondence tolerance requirement is specified as below. 
Table 6.6.4.2-1: UE beam correspondence tolerance for power class 3
	Operating band
	Max ∆EIRPBC at 85th %-tile ∆EIRPBC CDF (dB)

	n257
	3.0

	n258
	3.0

	n259
	3.2

	n260
	3.2

	n261
	3.0

	n262
	3.2

	NOTE:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1



It could be interpreted as in the directions around each potential transmission beam, the gain of sensing beam selected by the UE would be within +/-3dB from the gain of best sensing beam in most cases (85%). With some simulations, we believe the 3dB beamwidth of sensing beam could contain the beam peak direction of the transmission beam.
Although the beam correspondence requirements are not specified for gNB side, the necessary optimization with similar performance could be expected.
Observation 3: For UEs satisfying beam correspondence tolerance requirements and gNBs, 3dB sensing beamwidth could contain the beam peak direction of the transmission beam.
The methods Alt-1F actually doesn’t specify any detailed requirement. The sensing performance would be dependent on UE/gNB implementation. If the sensing performance could be ensured by properly design and optimization, Alt-1F is also acceptable.
Observation 4: Alt-1F is acceptable if sensing performance could be ensured by UE/gNB implementation.
As per the discussion above, Alt-1E is the best compromise of sensing performance and testability.
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Summary
Based on the analysis and discussion above, all the proposals are listed below:
Observation 1: Alt-1A and Alt-1D would lead to performance degradation of sensing accuracy.
Observation 2: Alt-1B and Alt-1C are not testable due to unmeasurable conducted connector
Observation 3: For UEs satisfying beam correspondence tolerance requirements and gNBs, 3dB sensing beamwidth could contain the beam peak direction of the transmission beam.
Observation 4: Alt-1F is acceptable if sensing performance could be ensured by UE/gNB implementation.
Proposal 1: Alt-1E is considered as the baseline.
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Title:	Reply LS on sensing beam selection
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Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None
1	Overall description
RAN4 thanks RAN1 for informing the discussion status on relationship between the transmission beam and the sensing beam used for LBT.
RAN4 discussed on all the potential methods provided by RAN1. Considering the sensing performance, implementation complexity and testability issues, it was agreed Alt-1E is the best compromise from RAN4 point of view.
2	Actions
To TSG RAN WG5 
ACTION: 	RAN4 respectfully replies that Alt-1E is recommended from RAN4 point of view.
3	Dates of next TSG-RAN WG4 meetings
TSG-RAN4 Meeting#102e 	       21 February – 3 March 2022 Electronic Meeting
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