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Background
Beam correspondence was discussed in RAN #82 in Sorrento and further discussed in RAN4 #90 in Athens
In RAN #82 it was decided in [1] that the UE shall set the capability signaling bit whether Beam Correspondence (BC) is fulfilled without Up-Link (UL) beam sweeping or UL beam sweeping is needed to meet the BC requirement. In [2] and [3] is was found that the main contribution for the UE not having BC without Up-Link (UL) beam sweeping is error in RSRP estimation of DL synchronization signals. This document is an update of [2] and will discuss this further.
[bookmark: _Ref280221]Problem description
As discussed in [2] and [3] there are several reasons why the UE is not able to estimate the UL beam based on DL measurements. An obvious explanation would be mismatch between pre-coders in the RX and TX paths respectively. This is discussed in [3] and [7]. However, in [2] and [3] it is found that a larger contribution is the error in RSRP estimation of DL synchronization signals (SSB or CSI-RS). 
Figure 1 shows an example of an incorrect decision of “best” beam, made by the UE. In this example the measurement is associated with an error which may be a consequence of e.g. added noise or interference. In Figure 1 the “x” represents the correct measurement assuming no noise or interference. The “” represents the value determined by the UE including noise and/or interference. The best beam, in this example, is the red beam but due to the added noise in the measurement, the measurement of the green beam determines the highest value. Consequently, the UE fails to choose the best beam.
[image: ]
[bookmark: _Ref536538092]Figure 1. Illustration of an incorrect decision regarding beam direction made by the UE.

Discussion
As discussed in section 2, the main reason for not fulfilling BC without UL beam sweeping is an incorrect estimation of the best DL beam. In a well-designed UE this may likely be a consequence of poor SNR and/or poor SINR.
[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.
In a test system during e.g. conformance test, the SNR is assumed to be constant and no interference is assumed (BC test). Contrary, in a real network scenario, the SNR and/or SINR may vary and is not correlated with a capability bit (UE feature 2-20). Even a UE that has set its UE feature 2-20 to 0 may in some scenarios be capable of BC. Another UE with UE feature 2-20 set to 1 may in some poor scenarios not be capable of BC. A UE that has signaled 2-20 set to 1 and lose its BC performance (e.g. due to an interferer) may cause problem in the network.
[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 lose its BC performance (e.g. due to an interferer) may cause problem in the network.
[bookmark: _GoBack]It may be beneficial to dynamically determine whether UL beam sweeping shall be performed or not. For Rel-16 BC, we therefore propose that RAN4 study how to handle UEs that has signaled 2-20 set to 1 and lose its BC performance.
[bookmark: _Ref1149478]Proposal 1: 	For Rel-16 BC, RAN4 should study how to handle UEs that has signaled 2-20 set to 1 and lose its BC performance.
Conclusion
In this contribution we have discussed beam correspondence from an SNR and SINR point of view. We have made the following observations and proposals:
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 lose its BC performance (e.g. due to an interferer) may cause problem in the network.
Proposal 1: 	For Rel-16 BC, RAN4 should study how to handle UEs that has signaled 2-20 set to 1 and lose its BC performance.
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