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Introduction
In the RAN1 #86bis meeting, definition of beam correspondence was agreed as a working assumption [1].
Working assumption:(RAN1#86bis) 
· 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
In RAN1#87 meeting, mechanism of determining UE’s beam correspondence was discussed and following agreements was reached.
Agreements:(RAN1#87) 
· Companies are encouraged to refine the definition of beam correspondence, if necessary 
· Note: whether or not to introduce this definition in NR is a separate topic 
· Under the refined definition of beam correspondence (if any), study whether or not mechanism(s) for determining UE’s beam correspondence is needed. 
· the study may consider the following aspects - 
· e.g. metrics to be considered SNR/Power (beam-quality), CSI, and others 
· e.g. values of the metrics at which beam correspondence is declared 
· e.g., complexity/overhead 
· e.g., possibility of supporting reporting to the gNB about beam correspondence at the UE
In this contribution, our considerations on beam correspondence will be given.
Discussion
According to the definition of beam correspondence, a UE can determine its UL Tx (DL Rx) beam from its DL Rx (UL Tx) beam. Similarly, TRP can determine its DL Tx (UL Rx) beam from its UL Rx (DL Tx) beam. The major benefit of beam correspondence is that it is only necessary to determine beam used for one link direction (DL or UL) by beam management procedure. Beam for the other direction is derived by beam correspondence, saving overhead of beam management RS and beam reporting.
Level of beam correspondence depends on the structure of antenna array: 
· Full reciprocity: TX and RX are on the same panel and the number of TXU equals the number of RXU, i.e., there is one-to-one mapping between TXU and RXU. In this case the same analog beams can be formed for TX and RX by applying the same weight (phase of phase shifter). 
· Partial reciprocity: TX and RX are on the same panel, but the number of RXU is larger than the number of TXU due to the fact that the cost and power consumption of RXU is lower than that of TXU. Typically, one TXU and M TXU are connected to the same group of antenna elements. By applying the same beamforming weight on the antenna elements, Rx beam formed by one RXU would be wider than Tx beam formed by one TXU. That is, one Rx beam would be linked to multiple Tx beams. In this case, beam correspondence can be utilized partially. The Rx beam can be determined from Tx beam, and from Rx beam, the set of candidate Tx beams could be determined as those beams fall within the coverage of the Rx beam. An example is shown in Figure 1. In Figure 1, one RX beam has approximately the same coverage as 4 Tx beams. With such partial reciprocity, the number of beams as well as system overhead in the procedure of beam management and can therefore be reduced .


Figure 1: Rx beam and Tx beam in the case of partial reciprocity
· No reciprocity: TX and RX are on different panels, or at different sites. Typically, beam reciprocity is not valid in this case.
For the full reciprocity and partial reciprocity case, if the phase shifter is ideal, Tx beam and Rx beam pointing to the same direction can be generated by applying the same set of beamforming weight. However, the phase shifters for practical devices are always non-ideal, e.g., with limited quantization accuracy, like 4-bit quantization. With non-ideal phase shifter, there would be random phase error between the weight for Tx and Rx beam even if the same beamforming weight is intended by baseband algorithm. The magnitude of the phase error depends on the implementation of the phase shifter, e.g., number of bits of the phase quantizer. The phase error will lead to shift of beam direction between Tx beam and Rx beam. When the magnitude of phase error is low, full reciprocity might be still valid. But when the magnitude of phase error becomes large, full reciprocity would eventually become partial reciprocity as shown in Figure 2 (a). Figure 2 (b) illustrate a case that a set of Rx (two) beams can be determined from one Tx beam.


Figure 2:  Rx beam and Tx beam in the case of partial reciprocity caused by phase error
Antenna array structure and the range of phase error are known to UE or TRP itself. The level of beam reciprocity can therefore be determined without interacting with the other end of the link.
One argument of introducing mechanism to determine UE’s beam correspondence is that downlink interference may result in shift of Rx beam. By MMSE type receiver, the beamforming weight is designed to maximize SINR and the beam direction will indeed deviate from the AoA. However, when we determine the beamforming weight of analog beam, MMSE type algorithm is infeasible as UE does not have access to the received data on each antenna element. Typically, the Rx beam is selected by maximizing the output power or RSRP. With such algorithm, the beamforming weight would not be affected by the interference. 
Conclusion: 
· We do not see strong motivation of introducing mechanism to determine UE’s beam correspondence.
Conclusions
In this contribution, different levels of beam reciprocity are discussed and determination of UE’s beam correspondence is analyzed. Based on the discussion and analysis we have the following conclusion:
Conclusion: 
· We do not see strong motivation of introducing mechanism to determine UE’s beam correspondence.
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