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Introduction
In this contribution, we provide our views on beam correspondence for FR2 UEs.  
Discussion
It is common understanding that with beam correspondence feature, UE can base on received Rx beam to select its best Tx beam based on the reciprocity of Rx and Tx paths without performing Tx beam search. Beam correspondence, for example, can be established at factory’s calibration. Ideally the Tx and Rx beam pairs can be overlapped perfectly shown in Figure 1. 


Figure 1. Perfect beam correspondence

Without beam correspondence, an extreme design can be illustrated in Figure 2 below where Tx and Rx beams are disjoint by rotating the Tx beam directions in figure 1 (b) off the Rx beam directions.


Figure 2. An example of bad design to show disjoint Rx and Tx beam coverage
It can be seen that both figure 1(b) and figure 2(b) have the same EIRP coverage in Tx beam forming. But when jointly considering the Rx beam EIS patterns, UE devices with figure 1(b) Tx/Rx perfect beam correspondence will have predictable performance than UE devices with Tx beam patterns in figure 2(b) when all other aspects are the same. This is because in figure 1, Tx/Rx beam directions are perfectly aligned, larger path loss in overlapped DL/UL boresight directions can be sustained due to high beam forming gain for both DL and UL signals. While in figure 2, although DL signals can be received at Rx boresight direction, UL Tx beam boresight direction cannot be tuned to the same direction at same time to compensate large path loss. 
It also can be observed that there will be power control issue for UEs without beam correspondence in figure 2 since the best Tx beam in any way is off the Rx receive beam. In these cases, UE may not be able to deliver the target power at BS accurately in OL TPC case since along DL signal direction there is mismatch between Tx and Rx beamforming gains and in general this gain mismatch is hard to know. This suggests UEs with beam correspondence can provide better OL TPC in term of accuracy.
The above examples in figure 1 and 2 are two extreme cases, and may not exist in real designs. But they provide useful information in Tx and Rx beam forming designs and also suggest the needs to test EIRP spherical coverage and EIS spherical coverage jointly. We have following observations.
Observation 1: The adjacent beams (UL to UL, UL to DL, and DL to DL) cannot be totally disjoint without some degree of overlapping for coverage. 
Observation 2:  Even without beam correspondence, the best Tx beam found by searching in a UE with a good antenna design should provide similar performance to the UEs with beam correspondence to meet single set of performance requirements. 
Observation 3: Overhead for UEs not supporting beam correspondence can be understood to have required searching time to find the best Tx beam.
Observation 4: UEs with beam correspondence are expect to have better power control accuracy in OL TPC.
Based on above observations, we have following proposal.
Proposal 1: Beam correspondence shall be a mandatary UE feature.
It can be also noted further that beam correspondence is a feature which does not need a separate test apart from spherical coverage test. Eventually, spherical coverage is final performance target. So beam correspondence can be tested implicitly with spherical coverage tests or by following our previous proposal in [1] which state that the requirement on UE beam correspondence can be defined in conjunction with the requirement on open loop power control. When considering spherical coverage test, Tx EIRP spherical coverage and Rx EIS spherical coverage need to be tested jointly since spherical coverage is a two-way communication, and also jointly testing Tx EIRP spherical coverage and Rx EIS spherical coverage reduces overall test time. Separate testing of Tx EIRP and Rx EIS may have potential issue since it cannot be guaranteed for a UE to meet spherical coverage for both Tx and Rx simultaneously in real operations. Thus we have following proposal:
Proposal 2: Beam correspondence can be tested implicitly in one of two following options:
Option 1: Beam correspondence can be tested implicitly with joint spherical coverage test of Tx EIRP and Rx EIS 
Option 2: Beam correspondence can be tested with OL TPC implicitly. 
Conclusion
 In this contribution, we discussed beam correspondence and corresponding test method. We have following proposals.
[bookmark: _GoBack]Proposal 1: Beam correspondence shall be a mandatary UE feature.
Proposal 2: Beam correspondence can be tested implicitly in one of two following options:
Option 1: Beam correspondence can be tested implicitly with joint spherical coverage test of Tx EIRP and Rx EIS 
Option 2: Beam correspondence can be tested with OL TPC implicitly. 
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