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1. Introduction
In RAN1 NR Ad-Hoc meeting, some agreements on beam correspondence have been achieved as follows: [1]
· 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
· 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

In RAN1 #86 meeting, the definition of beam correspondence is as follows [2]:
· 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 this contribution, we will provide some discussions and our views on the capability reporting on UE beam correspondence.
2. Discussion
Capability of beam correspondence definition
In the NR system, the UE may have omni-directional antenna and/or directional antenna. The UE may have multiple directional antenna panels which are targeting to different directions. For example, the UE may have two opposite directional antenna panels. Then the analog beamforming may be utilized to the directional antenna to increase the link budget. If the beam correspondence can be assumed, the UE could determine the UL Tx beam based on current DL Rx beam without any UL Tx beam management procedures. Hence generally there can be the following types of antenna structures in the UE side. 
· Type 1: omni-directional antenna only
· Type 2: directional antenna only
· Type 2a: directional antenna with beam correspondence
· Type 2b: directional antenna without beam correspondence
· Type 3: omni-directional antenna and directional antenna
· Type 3a: omni-directional antenna and directional antenna with beam correspondence
· Type 3b: omni-directional antenna and directional antenna without beam correspondence
For omni-directional antenna, there could be no analog beamforming. For directional antenna panel, it could have the ability of beam correspondence or not. Hence for the UE with omni-directional antenna and directional antenna without beam correspondence, it is not easy to directly report whether the UE supports beam correspondence or not. Hence when reporting the capability of beam correspondence, the UE’s antenna structure should be taken into account.
Proposal 1: the UE’s antenna structure should be taken into account when reporting the capability of beam correspondence.
Reporting of beam correspondence capability
For the UEs with beam correspondence, the UE may directly reuse the DL Rx beam to be the UL Tx beam. However for those without beam correspondence, some beam sweeping operation should be used to help the UE to determine the best UL Tx beam. Some UL beam management procedures could be simplified or skipped if the UE has the ability of beam correspondence. For UL beam management P-1, which can help to get the initial UL Tx-Rx beam pair, if the gNodeB could know that the beam correspondence could be assumed in UE side, it does not need to take the UL Tx beam for the initial access messages into account. Hence there can be the following options on when to report the UE beam correspondence capability.
· Option 1: reporting the UE beam correspondence in Msg1
· Option 2: reporting the UE beam correspondence in Msg3
· Option 3: reporting the UE beam correspondence during UE capability reporting procedure
For option 1, since the gNodeB could get the UE beam correspondence capability, it does not need to consider UE’s Tx beam for Msg3 and following messages for initial access if the UE has the ability of beam correspondence; otherwise it may trigger the UL beam management P-3 to refine the UE’s Tx beam for the follow-up transmission. To transmit the UE beam correspondence in Msg1, one possible way is to utilize the preamble index of PRACH to carry such information. For example, the preamble index can be divided into two groups: one is used for UE with beam correspondence; the other is used for the UE without beam correspondence. 
For option 2, the gNodeB could let the UE determine its Tx beam for Msg3. The UE may use the same Tx beam as Msg1 to transmit the Msg3. Then when the gNodeB receives the Msg3 with beam correspondence reporting, it could decide whether the UL beam management P-3 should be used to refine the UE Tx beam for the follow-up UL transmission. As the required decoding SINR for PRACH may be lower than Msg3, to re-use the Tx beam in PRACH may not be able to get the Msg3 received successfully. 
[bookmark: _GoBack]For option 3, the gNodeB could only know whether the UL beam management P-3 should be involved after receiving the UE capability reporting. Then for the messages transmitted before the UE capability reporting, the gNodeB may have to let the UE decide which Tx beam to be used. One possible way is that the UE could always use the Tx beam in Msg1 to transmit all the UL messages before UE capability reporting is done. As the decoding SINR for PRACH and Msg3 may be lower than the follow-up messages, some of the follow-up messages may not be received correctly. Then the latency of initial access may be increased.
Hence in general at least one of the 3 options should be supported, but it could be better to let the gNodeB know earlier that whether the UE has the ability of beam correspondence so that the gNodeB could schedule the UL beam management P-3 to find a good Tx beam to accomplish the follow-up initial access related procedures.
Proposal 2: the decoding performance for initial access should be taken into account to determine when to report the UE’s beam correspondence, at least one of the following options should be supported for UE beam correspondence reporting:
· Option 1: transmitted in Msg1
· Option 2: transmitted in Msg3
· Option 3: transmitted in UE capability reporting procedure
 
3. Conclusions
In this contribution we have provided our views on beam correspondence for NR. From the discussion, we have the following proposals.
Proposal 1: the UE’s antenna structure should be taken into account when reporting the capability of beam correspondence.
Proposal 2: the decoding performance for initial access should be taken into account to determine when to report the UE’s beam correspondence, at least one of the following options should be supported for UE beam correspondence reporting:
· Option 1: transmitted in Msg1
· Option 2: transmitted in Msg3
· Option 3: transmitted in UE capability reporting procedure
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