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Background
For LBT operation in FR2-2, RAN1 discussed the relationship between the transmission beam and the sensing beam used for LBT and send an LS [1] to RAN4 asking to specify necessary requirement/test procedure to guarantee that sensing beam(s) “covers” the transmission beam(s) if feasible. RAN4 has discussed the issue in RAN4#101-bis-e but no conclusion could be reached whether requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s)’ is necessary/feasible or not for BS and UE [2]. In this contribution, we re-iterate our view from our contribution from previous meeting [4], where we shared our thoughts on the feasibility and potential method to verify the directional LBT on the UE side. 


Discussion 
In the incoming LS [1], RAN1 discussed the relationship between the transmission beam and the sensing beam used for LBT for LBT operation in FR2-2, where the following agreements have been reached: 
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 that sensing beam(s) “covers” the transmission beam(s)
For beam-based LBT operation, it should be ensured that the UE can sense over a certain range of solid angles where it (at least) equals or even covers the solid angles of the transmission beam so that the UE will not transmit towards unsensed directions and prevent the potential contamination on the surrounding communications. 
UE with beamCorrespondenceWithoutUL-BeamSweeping
A device that can use an identical beam for UL and DL shall naturally ensure that the sense beam equals the transmission beam. However, the current beam correspondence requirement only ensures the UE can transmit sufficiently high EIRP towards the desired direction, but has no control on which Rx beam that UE would use, regardless if beamCorrespondenceWithoutUL-BeamSweeping ={1} or {0}. Therefore, it is questionable if current beamCorrespondenceWithoutUL-BeamSweeping ={1} capability would be sufficient to ensure that the UE can use the same beam for sensing and transmission. 
Observation 1: the existing beam correspondence test can not verify if the UE uses the same beam for sensing and transmission, regardless of the beam correspondence capability. 
In [3], a different beam correspondence test approach was proposed to examine the Tx and Rx beams' similarity. In this sense, the method proposed in [3] seems more appropriate to ensure the sensing beam will not misalign the transmission beam. 
UE without beamCorrespondenceWithoutUL-BeamSweeping
For a UE which does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}, guaranteeing that the sensing beam(s) “covers” the transmission beam(s) is also challenging. Multiple candidate solutions, listed in RAN1 LS, mentioned the concept of using X dB beamwidth (e.g., 3 dB beamwidth). However, a few issues may show up when adopting the concept of beam width into RF requirements. 
1. UE beam patterns are typically highly irregular and rippled, making it hard to define the X dB beamwidth in practice. Strong lobes may still exist outside the X dB beamwidth. An example is shown in Fig. 1 below, if we search a local 3dB beamwidth, then the strong sidelobe on the left may just be missed.  
2. the X dB beamwidth is usually only defined on a 2D cut. It is unclear how to define such a beamwidth over a 3D radiation pattern, especially since the beam may not align with any reference plane due to beam steering. 
Observation 2: it is hard to define and adopt the X dB beamwidth method in practical UE RF requirements and tests. 
[image: ]
Fig. 1. A example of a beam pattern at 60 GHz with 8*1 array in a phone formfactor

On the other hand, it is worth mentioning that for inter-band CA in FR2, it has been specified that the UE on two CCs should have a “common spherical coverage region”. This can be taken as a starting point, where RAN4 can define the sensing beam as having a common spherical coverage region to the transmission beam. However, further study and discussion on how to define the spherical coverage region of the sensing beam and transmission beam will be needed. 
Observation 3: the common spherical coverage concept may potentially be used as a starting point to define the relation between sensing beam and transmission beam 
Conclusions
In this contribution, we make the following observations and conclusions: 
Observation 1: the existing beam correspondence test can not verify if the UE uses the same beam for sensing and transmission, regardless of the beam correspondence capability. 
Observation 2: it is hard to define and adopt the X dB beamwidth method in practical UE RF requirements and tests. 
Observation 3: the common spherical coverage concept may potentially be used as a starting point to define the relation between sensing beam and transmission beam 
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