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1. Introduction
At the last RAN4 meeting, there was an LS from RAN1 [1] on the relationship between the transmission beam and the sensing beam used for LBT for the transmission:
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

[bookmark: _Hlk88214726]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. 
There were different views expressed at the last RAN4 meeting. And the agreement reached is copied below [2]:
Agreement:
· [bookmark: _Hlk93584811]Use Ericsson draft LS R4-2200847 as baseline for further discussion
· Further discuss whether to define the requirement or test for sensing taking companies’ comments in first round into consideration
In this contribution, we share our views and propose how to deal with it. 
2. Discussion
The intention of the RAN1 discussion as summarized in the LS is understandable, which is to establish the relationship between transmission beam and sensing beam so the LBT procedure is meaningful to implement and can be verified. For this purpose, the high level idea is that the transmission beam should be “covered” in sensing beam.
However, a careful look at how RAN4 has specified core requirements related to beams and the associated testing/verification aspects suggests it is a difficult undertaking to implement the idea that the transmission beam should be “covered” in sensing beam.
For FR2, both BS and UE use antenna arrays to beamform the transmit signal to compensate for the large propagation loss. For such integrated transceivers and antennas, the conventional concept of specifying TX/RX requirements at antenna connector as used in LTE era is no longer suitable and RAN4 has instead specified OTA requirements, including EIRP/EIS at both BS and UE. In addition, there are EIRP spherical coverage and EIS spherical coverage requirements specified for UE.
To specify OTA requirements for a specific type of beam, i.e. transmission beam and sensing beam, is a new endeavor for RAN4. From the RAN1 LS, two properties of the beams are considered, namely beam width and beam gain. Conceptually, both are easy to understand, but both are difficult to define and verify for practical reasons. This is because in general beamforming implemented in FR2 involves both analog and digital domains and varies from one implementation to another. Taking beam gain of a TX as an example. Does beam gain mean the different between peak EIRP and TRP or between EIRP on a different direction and TRP? However, due to different implementations, when a beam changes in direction or beam width, EIRP changes and the TRP may change as well. This makes measuring beam gain without knowing implementation details very difficult.
On the RX side, it is even harder to verify the beam gain without access to detailed RX implementation. So for sensing beams, it seems the verification of beam gain has to rely on the assumption of beam correspondence. This is problematic/complicated considering the following two aspects:
· So far, there has been no beam correspondence requirement specified for BS.
· There are UEs that do not support R15 UE capability beamCorrespondenceWithoutUL-BeamSweeping
Specifying some requirements for beam width may be slightly easier than for beam gain. But again, there are practical complexities to address, such as usable definition, verification on both horizontal and vertical domain, and the beam irregularities as mentioned in [3].
In addition, there are a significant amount of testing efforts needed to verify either the beam width or beam gain property, as core requirements have not been previously defined. This entails study of the test setup and test uncertainty, which is usually time-consuming.
Based on the above analysis, we propose
Proposal 1: No RF requirements are specified for sensing beam or transmission beam properties such as beam gain or beam width in R17. It is left to implementation to ensure sensing beam(s) “covers” the transmission beam(s) if needed. 
RAN4 reply LS can be drafted to inform RAN1 of RAN4’s conclusion.
3. Conclusion
In this contribution, we discussed the complexity of specifying requirements for sensing beam or transmission beam properties such as beam gain or beam width, and proposed:
Proposal 1: No RF requirements are specified for sensing beam or transmission beam properties such as beam gain or beam width in R17. It is left to implementation to ensure sensing beam(s) “covers” the transmission beam(s) if needed. 
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