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Background
Beam correspondence was discussed in RAN4 #86 [5], [6], [7]. A WF [1] was contributed but not treated in the RAN4 #86 meeting.
Beam correspondence at UE is defined in RAN1 #86 bis according to [2]:
 Working assumption:
· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed


This was confirmed in RAN1 #AH1_NR [3]:
Agreement:
· For the definition of beam correspondence:
· Confirm the previous working assumption of the definition
· Note: this definition/terminology is for convenience of discussion
· The detailed performance conditions are up to RAN4

Besides the discussion in RAN4 how to verify beam correspondence and performance metrics it has been proposed that if beam correspondence applies and if EIRP spherical coverage (CDF) is tested, then additional EIS spherical coverage verification (CDF) could be simplified [7]. In this document we will show that, although the UE’s best UL beam coincides with its best DL beam (beam correspondence), there exists possible implementations where EIS spherical coverage performance cannot be deduced from EIRP spherical coverage performance.
Discussion
Beam correspondence could be interpreted as the UE ability of optimally deciding the most favourable UL beam from its most favourable DL beam, This occurs whenever the AoA of RX and AoD of TX beams coincide. If beam correspondence applies, and could be formally declared, the beam management process could be simplified.
Performance metrics and test methods to verify beam correspondence have been proposed and discussed in RAN4 [4], [5] [6]. 
A simple mathematical description of beam correspondence is described in [9] and further developed below:


Where:	

 

(the test chamber is calibrated so that both  are all-ones matrices in the quiet zone)


It is up to RAN4 to define performance metrics for beam correspondence and it has been proposed to include a gain component (besides the AoA / AoD matching) [6]. This could be interpreted as beam correspondence is guaranteed if the following holds ( denotes the nth diagonal element of TUE, etc.): 
where  is constant (within a certain threshold) for all antenna elements, n, across all available panels. The tolerance for  is yet not decided in RAN4 but the value must be chosen in a way not to put unnecessary hard limits on the design flexibility regarding antennas, antenna placement and front-end design.  
One example where  could have significantly different values for different antenna panels (i.e. in different directions) is given below:
Assume that a UE has two antenna panels; one in front, below glass cover, and the other in the back, below plastic cover. Cover losses are less in plastic than in glass. Further, assume that the PA is designed in a way so that there is enough available power to operate the close to the maximum TRP limit. Then, the PA may be trimmed to maintain the same EIRP performance regardless of which antenna panel is chosen (i.e. to compensate for the severe loss in the glass cover). The EIS spherical coverage, on the other hand, will be affected by the different cover materials above the antenna panels. Still beam correspondence is met in the sense that the UE’s UL and DL beams match regarding AoA / AoD.  This implies that the most favourable UL beam coincides with the most favourable DL beam, thereby simplifying the beam management process.
[bookmark: _GoBack]The tolerance put on   in order to claim beam correspondence is yet not decided. However, practical tolerances of , from a verification point of view and such that some design freedom exists (refer to above example), will still be too large in order to base the EIS spherical coverage solely on an EIRP spherical coverage measurement.
We therefore come to the conclusion:
Observation 1:	Given practical tolerances, the CDF representing the EIS spherical coverage in FR2 cannot be deduced from the CDF representing EIRP spherical coverage. Therefore, fulfilling EIS spherical coverage requirements does not follow from fulfilment of EIRP spherical coverage requirement.
Proposal 1:	RAN4 shall further study ways to simplify verification of EIS spherical coverage.
Conclusion
In this contribution we have discussed the possibility to cover the requirement for EIS spherical coverage based on EIRP spherical coverage together with verified beam correspondence.
Observation 1:	Given practical tolerances, the CDF representing the EIS spherical coverage in FR2 cannot be deduced from the CDF representing EIRP spherical coverage. Therefore, fulfilling EIS spherical coverage requirements does not follow from fulfilment of EIRP spherical coverage requirement.
Proposal 1:	RAN4 shall further study ways to simplify verification of EIS spherical coverage.
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