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1 Background
[bookmark: _Ref4666338]Beam correspondence enhancement is one of the objectives for Rel-16 UE RF enhancement in FR2 [1]:
· FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network.
Related to this objective, the following enhancement to improve the beam correspondence in network has been proposed and been captured in the WF from RAN4 #92 bis [2]:
· Enhancements to measurement reporting:
· Network makes use of UE reported L1-RSRP to roughly improve beam correspondence performance
· Add dynamic signaling from UE to network to accurately improve beam correspondence performance, e.g.: UE can signal to network the UE measured SNR, and/or the necessity of UL beam sweeping, and/or the exact SRS resource number needed
· During the RAN4 #93 meeting RAN4 will discuss whether these enhancements are in the scope of the WID
In this contribution, we further discuss the importance of this enhancements to measurement reporting for ensuring the UE performs beam correspondence based on DL reference signal configured by the network. 
Discussion
The motivation behind the enhancement on the measurement reporting has been thoroughly discussed in [3] and [4]. Here, we briefly remind again the technical issues with Rel-15 UE beam correspondence requirement. 
Beam correspondence in poor SNR condition 
Almost all discussions regarding beam correspondence (BC) in RAN4 have, so far, focused on the test scenario. Discussing the interplay among RSRP error, number of resource elements (REs), and SNR in [5] gives us a hint of the problem in a real network scenario. In a real network, in a poor SNR and/or poor SINR scenario the probability that the UE may make RSRP estimation errors increases, and thus the UE may fail BC (without UL beam sweeping) regardless how well the same UE would pass a BC conformance test. The simulation in figure 1 shows that the standard deviation of the RSRP estimation diverges quickly when the SNR goes below 0 dB. 
In a real network scenario, the SNR and/or SINR may also be very high and a UE that has set its UE feature 2-20 to 0 may in some scenarios be capable of BC (without UL beam sweeping). Another UE with UE feature 2-20 set to 1 may in some scenarios with poor SNR/SINR not be capable of BC. A UE that has signaled 2-20 set to 1 and loses its BC performance (e.g. due to an interferer) may cause problems in the network. 

[image: ]
Figure. 1. The Std. of RSRP estimation with different number of RB and SNR. 

[bookmark: _Ref1149432]Observation 1:	Poor SNR and/or poor SINR in the DL may cause the UE not being capable of fulfilling BC without UL beam sweeping.
[bookmark: _Ref1149451]Observation 2: 	A UE may in some cases be capable of BC without UL beam sweeping but in other cases not.
[bookmark: _Ref1149462]Observation 3: 	A UE that has signaled 2-20 set to 1 and loses its BC performance (e.g. due to an interferer) may cause problems in the network.
Therefore, beam correspondence is actually a dynamic capability of UE in real networks, whether the UE can autonomously select a “good enough” uplink beam does not depend on the UE BC capability bit but rather on the SNR condition and DL reference signal configuration. The network cannot know whether the UE can perform the beam correspondence with Rel-15 BC capability. 

Observation 4:	Beam correspondence is a dynamic capability in real networks. It is not enough for the network to only know UE’s beam correspondence capability, regardless of whether the BC UE capability bit is set to 0 or to 1.

Rel-16 enhancement to ensure the UE performs beam correspondence
Therefore, in order to ensure that UE performs beam correspondence based on DL reference signal configured by the network, it is necessary for the network to configure a dynamic reporting mechanism to gain knowledge of the UE side SNR/SINR and any other BC related information, to accurately improve beam correspondence performance
Observation 5: It is necessary to have dynamic reporting/signaling from UE in order to ensure the UE performs beam correspondence based on DL reference signals configured by the network.
For example, the UE can indicate to the gNB that the DL SINR is too low to perform beam correspondence, and the network can in response configure more DL resources elements to the UE to improve its RSRP estimation accuracy. As an alternative, a UE in extremely poor SINR condition can directly signal the gNB that it cannot perform the BC, and that it requires uplink beam sweeping assistance from the gNB.

To our understanding, such an enhancement on the reporting/signaling of BC is necessary to meet the objective of the Rel-16 beam correspondence enhancement WID, and it is also essential for the network performance. We therefore think such an enhancement should be in the scope of the WID, and RAN4 should discuss and define the enhanced measurement reporting. 

[bookmark: _Ref1149478]Proposal 1: 	Enhancements to beam correspondence measurement reporting is in the scope of Rel-16 beam correspondence WID, and RAN4 should discuss and define the enhanced measurement reporting.

Conclusion
In this contribution we have discussed the importance of having enhancement measurement report on BC in order to meet the target of Rel-16 BC enhancement. The following observations and proposals have been given:
Observation 1:	Poor SNR and/or poor SINR in the DL may cause the UE not being capable of fulfilling BC without UL beam sweeping.
Observation 2: 	A UE may in some cases be capable of BC without UL beam sweeping but in other cases not.
Observation 3: 	A UE that has signaled 2-20 set to 1 and loses its BC performance (e.g. due to an interferer) may cause problems in the network.
Observation 4:	Beam correspondence is a dynamic capability in real networks. It is not enough for the network to only know UE’s beam correspondence capability, regardless of whether the BC UE capability bit is set to 0 or to 1.
[bookmark: _GoBack]Observation 5: 	It is necessary to have dynamic reporting/signaling from UE in order to ensure the UE performs beam correspondence based on DL reference signals configured by the network.
Proposal 1: 	Enhancements to beam correspondence measurement reporting is in the scope of Rel-16 beam correspondence WID, and RAN4 should discuss and define the enhanced measurement reporting.
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