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Introduction
In RAN1-AH-NR, the following working assumption was achieved on the beam reporting related with the UE-side beamforming:
	Working assupmtions:
· Support at least one of these two alternatives of beam reporting:
· Alt 1: UE reports information about TRP Tx beam(s) that can be received using selected UE Rx beam set(s).  
· where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal
· Note: It is UE implementation issues on how to construct the Rx beam set.  
· One example: each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel.
· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam
· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt 2: UE reports information about TRP Tx Beam(s) per UE antenna group basis
· where UE antenna group refers to receive UE antenna panel or subarray 
· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam
· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.
· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE
· FFS: How UE antenna group or Rx beam set is captured in the specification
· 



In this contribution, we present our views on the beam management related with the UE side receive beamforming, in relation to the previous working assumption. 
Constrained beam measurement and reporting


Figure 1. CSI-RS configuration
One possible CSI-RS configuration for this reporting is illustrated in Figure 1. TRP configures 4 time units, and each time unit comprises 4 sub-time units for Rx beamforming. The UE can apply Rx beam sweeping to measure Tx/Rx beam pair strength for each (TRP panel or antenna port, TRP Tx beam, UE Rx beam). Upon receiving the CSI-RS, UE measures beam strengths on each CSI-RS resource unit corresponding to (TRP panel or antenna port, TRP Tx beam, UE Rx beam). 
The UE may be configured to report a single BSI on a single selected CSI-RS resource unit; in such a case the UE is likely to choose a unit that gives the largest beam strength. The UE will report a beam strength and an identity of the TRP Tx beam corresponding to (the selected antenna port, the selected TRP Tx beam), and also keep a record of the selected UE Rx beam for the beam. When the selected TRP Tx beam is indicated for PDSCH reception (for indicating QCL assumption for spatial parameters), the UE will retrieve information on the selected UE Rx beam to use it for the PDSCH reception. 
The DL beam indication is done through spatial QCL relations of the DL RS ports and the PDSCH ports; as long as the same UE Rx beam set can be used for receiving an updated TRP Tx beam, the QCL indication may not need to be updated even if a new TRP Tx beam is used for the DL transmissions. This reduction of QCL indication signalling seems to be desirable. To achieve this QCL indication signalling reduction, the TRP needs to know multiple “good” TRP Tx beams that can be received with the same UE Rx beam set. For this purpose, the network should be able to configure UE to report multiple TRP Tx beams that are measured with the same UE Rx beam set. Figure 2 illustrates how UE selects multiple beams that are received with the same UE Rx beam set. The green CSI-RS resource units imply the units corresponding to Rx beam 0. The UE happens to receive CSI-RS with the best power on (B0, Tx beam 0, Rx beam 0). The numbers on green units indicate the beam strength rank measured with the same Rx beam set. If the UE is configured to report N=2 TRP Tx beams that are received with a same UE Rx beam set, the UE will report BSIs on (B0, Tx beam 0, Rx beam 0) and (B0, Tx beam 2, Rx beam 0). 
Observation 1: Multi-beam measurement & reporting constrained on the same Rx beam set allows TRP to change TRP Tx beams without updating TRP Tx beam for spatial parameter QCL pertaining to Rx beam set.
Proposal 1: UE shall be able to be configured to report N pairs of (TRP Tx beam identity, beam strength) that are measured on the same UE Rx beam set.



Figure 2. Illustration of rank of beam strengths on Rx beam 0, ranked across all the antenna ports
The two antenna ports configured for the CSI-RS illustrated in Figure 1 may correspond to two non-synchronized TRP antenna panels or two TRPs. In such a case, the network may want to keep separate record of the TRP Tx beams for each antenna port that can be received with the same Rx beam set, so that TRP may apply dynamic beam switching without involving UE Rx beam switching (i.e., no TRP beam indication signalling necessary). Another application could be non-coherent JT, for which the UE needs to be able to receive the two beams from two TRPs using the same beam set. Still other application is high-order MIMO from multiple panels; again the UE should be able to receive the multiple beams from the multiple panels using the same beam set. 
Figure 3 illustrates how UE selects one beam per antenna port that are received with the same UE Rx beam set. The green CSI-RS resource units imply the units corresponding to Rx beam 0 on antenna port B0; and the blue units imply those corresponding to Rx beam 0 and antenna port B1. The UE happens to receive CSI-RS with the best power on (B0, Tx beam 0, Rx beam 0). The numbers on coloured units indicate the beam strength rank measured with the same Rx beam set. If the UE is configured to report N=1 TRP Tx beam per antenna port that are received with a same UE Rx beam set, the UE will report BSIs on (Tx beam 0, Rx beam 0) for B0; and (Tx beam 2, Rx beam 0) for B1. 
Observation 2: Multi-beam measurement & reporting per port constrained on the same Rx beam set can be used for the following network implementations:
· Dynamic beam switching between panels/TRPs without updating TRP Tx beam for spatial parameter QCL pertaining to Rx beam set
· [bookmark: _GoBack]Joint transmissions from panels/TRPs without updating TRP Tx beam for spatial parameter QCL pertaining to Rx beam set
· High-order MIMO transmission on multiple panels with multiple beams
Proposal 2: UE shall be able to be configured to report N pairs of (TRP Tx beam identity, beam strength) per port that are measured on the same UE Rx beam set.



Figure 3. Illustration of rank of beam strengths on Rx beam 0, ranked per antenna port
Conclusions
This contribution considered the Rx beam set for the beam management, and made the following observations and proposals.
Observation 1: Multi-beam measurement & reporting constrained on the same Rx beam set allows TRP to change TRP Tx beams without updating TRP Tx beam for spatial parameter QCL.
Observation 2: Multi-beam measurement & reporting per port constrained on the same Rx beam set can be used for the following network implementations:
· Dynamic beam switching between panels/TRPs without updating TRP Tx beam for spatial parameter QCL
· Joint transmissions from panels/TRPs without updating TRP Tx beam for spatial parameter QCL
· High-order MIMO transmission on multiple panels with multiple beams

Proposal 1: UE shall be able to be configured to report N pairs of (TRP Tx beam identity, beam strength) that are measured on the same UE Rx beam set.
Proposal 2: UE shall be able to be configured to report N pairs of (TRP Tx beam identity, beam strength) per port that are measured on the same UE Rx beam set.
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