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Introduction
RAN1#86bis meeting [1] made the following working assumption for beam correspondence:
	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



And RAN1#AH1_NR [2] meeting made the following further related agreements:
	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
Agreement:
· Support capability indication of UE beam correspondence related information to TRP
· FFS details including capability definition, case(s) (if any) when the indication is not necessary



In this contribution, based on the previous discussion of beam management and beam correspondence, we further discuss the relationship between channel reciprocity and beam correspondence for beam management.
Discussion
Figure 1 is a basic model for DL and UL transmission. This model contains a TRP and an UE, and both of them use phase array antenna for MIMO transmission. The DL wireless channel from TRP to UE is denoted as, and the UL wireless channel from UE to TRP is denoted as. Since TRP and UE can apply analog beamforming with phase array antenna, the beamforming matrixes are denoted as , , , and  which represent transmit beamforming matrix of TRP, receive beamforming matrix of TRP, transmit beamforming matrix of UE and receive beamforming matrix of UE respectively. With analog beamforming the effective uplink and downlink channel are denoted as follows: 
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Figure 1: (a) Model of DL transmission between TRP and UE (b) Model of UL transmission between TRP and UE

If a wireless channel hold channel reciprocity, effective uplink channel matrix is equal to the transpose of effective downlink channel matrix, i.e. =. Therefore, TRP has to consider receive beamforming, transmit beamforming and wireless channel model for validation of channel reciprocity. To validate channel reciprocity, UE has to feedback full effective downlink channel matrix  to TRP and this may cause lots of overhead. Furthermore, UE and TRP may use different analog beam for transmission and reception, i.e., , , , and  will be different among all possible DL and UL beam pair link. As shown in Figure 1(a),  can apply 4 different analog beamforming and  can apply 2 different analog beamforming so that UE has to feedback all of the 8 DL and UL beam pair link to TRP on the purpose of channel reciprocity validation. After validating the channel reciprocity, TRP will send the indication to UE, revealing that the beam pair links hold channel reciprocity.
Observation 1: Channel reciprocity indication should be sent with all DL and UL beam pair link.
Proposal 1: RAN1 is suggested to consider the indication of the channel reciprocity for each DL and UL beam pair link from TRP to UE for validation.
Based on the definition of beam correspondence [1], UE and TRP are able to determine Rx beams based on the measurement of Tx beams. For example, if UE hold beam correspondence, UE can determine UL Tx beamforming matrix  once UE determine DL Rx beamforming matrix  and if TRP hold beam correspondence, TRP can determine UL Rx beamforming matrix  once UE determine DL Tx beamforming matrix. We assume that TRP always hold beam correspondence, and beam correspondence at UE side is considered as one of UE capability. For UE with beam correspondence, the in  can be determined once UE choose  for reception. Moreover, TRP can determine the DL Tx beam and the corresponding UL Tx beam with the usage of the beam pair link. Hence, UE with beam correspondence only have to feedback partial effective downlink channel to TRP for channel reciprocity validation, i.e., UE with beam correspondence only feedback  related parameters to check channel reciprocity. On the other hand, UE without beam correspondence have to feedback full effective downlink channel to TRP. For example, if we assume that UE apply category I of type II CSI feedback for reporting effective downlink channel with beam selection (L) equals to 2 and number of sub-bands equals to 4, and then each DL and UL beam pair link has to feedback 62 bits [3]. Thus, for a transmission and reception model like Figure 1, UE without beam correspondence have to send 62*8=496 bits for channel reciprocity validation. However, UE with beam correspondence may have to feedback 22 bits for wideband only or up to 62 bits for all the sub-bands for channel reciprocity validation. Compared to UE without BC, UE with beam correspondence may cause much less overhead. It is also noted such saving may be linearly increasing as the number of beam increases. Furthermore, because beam correspondence is determined by hardware capability based on previous discussion but  is only related to the environment, we suggest TRP can send a common indication of channel reciprocity for all beam pair link if UE hold beam correspondence to simplify the negotiation of the necessity of feedback CSI from UE to TRP. UE with beam correspondence can decide whether it has to feedback CSI to TRP for determining DL TX beamforming matrix and DL TX precoding matrix by a common indication from TRP while UE without beam correspondence has to monitor the indication of all beam pair link to make the decision.  
Observation 2: When beam correspondence is held, the indication of channel reciprocity could be simplified.
Proposal 2: The indication of the channel reciprocity shall take beam correspondence capability into consideration.
Conclusion
This contribution addresses the relationship between channel reciprocity and beam correspondence. Since each DL and UL beam pair link will result in different effective channel matrix, UE has to feedback full effective channel matrix to TRP to validate the channel reciprocity of each Tx and Rx beam pair link. After receiving the UE feedback, TRP will acknowledge the results by sending the indication of channel reciprocity of each DL Tx and Rx beam pair link for the specific UE. Alternatively, it is shown that beam correspondence capability can be utilized to simplify the validation of channel reciprocity because UE with beam correspondence capability can feedback only partial CSI to validate channel reciprocity instead of full effective channel matrix. Following observations and proposals are made:
Observation 1: Channel reciprocity should be checked with all DL and UL beam pair link.
Observation 2: When beam correspondence is held, the indication of channel reciprocity could be simplified.
Proposal 1: RAN1 is suggested to consider indication of the channel reciprocity of each DL and UL beam pair link.
Proposal 2: The indication of the channel reciprocity shall take beam correspondence capability into consideration.
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