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Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. At RAN1#86bis [3], the following agreement was achieved on the beam management related with the UE-side beamforming and receiving:
	Agreements:
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· FFS: Information other than QCL
· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams
· Study how the N Tx beams can be selected 
· Study the case where N comprises of all Tx beams
· Study UE reporting information
· Note: N can be equal to 1



In this contribution, we present our views on the beam management related with the UE side receive beamforming. It is proposed to define an Rx beam mode for the UE side beamforming and the usage of Rx beam mode will be discussed. The discussion mainly focuses on the > 6GHz NR system with hybrid beamforming.
Rx beam mode
The UE can use hybrid beamforming with one or more antenna panels to combat the pathloss problem in high frequency band, e.g., > 6GHz NR system. Through the beam management operation, the UE would select one analog beam from each antenna panel to receive the downlink data. The analog beams in the same antenna panel cannot be used at the same time. The beams in different antenna panel can be used by the UE at the same time. If the UE has only one Rx antenna panel, the UE would select one from multiple available analog beams in that panel. If the UE has multiple antenna panel connected to different TXRUs, the UE can select one from multiple available analog beams in each antenna panel. 
The selection of one set of analog beams can be called as one Rx beam mode. Consider one example of UE with N antenna panels and each panel has multiple available Rx analog beams. The selection of Rx beams   can be called as one Rx beam mode, where  is one beam selected from 1st antenna panel,  is one beam selected from 2nd antenna panel, and  is one beam selected from N-th antenna panel. An example is shown in Figure 1. The UE has two panels and each panel has four available analog Rx beams. As illustrated in the example, the selection of beams  can be one Rx beam mode. 


Figure 1
The construction of Rx beam mode can be up to the UE’s implementation. The UE can have various antenna configurations, different number of antenna panels and hybrid beamforming capability. 
The UE would use one Rx beam mode to receive the downlink transmission. During the beam management, the UE can measure the quality of multiple different Rx beam modes and select the ‘best’ Rx beam mode. The gNB can indicate to the UE to use a Rx beam mode to receive a particular downlink channel. One use case is that the Rx beam mode can be used as a QCL parameter for the gNB to indicate the UE side beam that the UE should use for downlink data reception. For example the gNB indicate on particular Rx beam mode ID to the UE and the UE is requested to use the indicated Rx beam mode to receive the downlink transmission. Current RAN1 agreement agreed to use QCL to indicate the beam-rated information for UE side beamforming/receiving data reception. However, it is not clearly defined which QCL parameter should be used. The Rx beam mode ID can be one good candidate for that.
The Rx beam mode can also be used in beam measurement and reporting. For example, the UE can be configured with one CSI-RS resource for beam management. The UE can be configured to report the best TRP beam(s), which are supposed to be received by the UE with one Rx beam mode. In another example, the gNB wants to transmit downlink from two TRPs to one UE and the UE can be configured to measure and report the TRP beams for two CSI-RS resources. Each CSI-RS resource conveys the Tx beams from one TRP. Since the UE will receive signal from both TRPs simultaneously, the UE can be configured to report the best DL Tx beam(s), one beam per CSI-RS resource (per TRP too), which are received by the same Rx beam mode at the UE side. One example of CSI-RS for beam measurement and reporting is shown in Figure 2. The TRP has two Tx panels and there are four Tx beams on each panel. The gNB transmits the signal from different Tx panel on two different CSI-RS ports. The TRP sweeps the Tx beam over four time units in this CSI-RS resource. Within each time unit, there are three sub-time units, over which the UE can sweep the Rx beams. The UE has two receive antenna panels and each panel has three possible Rx beams. Each Rx beam mode is the selection of two beams, one beam from 1st Rx panel and one beam from 2nd Rx panel. The UE can be configured to report two ‘best’ Tx beams, one beam from each TRP panel, i.e., conveyed by each CSI-RS antenna port. Those two Tx beams are received by the same Rx beam mode. Those two reported Tx beams can be used by the TRP to transmit SU-MIMO to the UE.   
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Figure 2

Proposal: An Rx beam mode for beam management is defined as a selected set of UE Rx analog beam(s). 
· The construction of a Rx beam mode is up to UE’s implementation
· The Rx beam mode ID is used as a QCL parameter for the gNB to indicate the beam-related indication for UE-side beamforming/receiving on downlink data reception.
· Beam measurement and reporting depends on Rx beam mode and FFS signalling details. 
Conclusions
This contribution considered the Rx beam mode for the beam management. In particular, the following are proposed:
Proposal: An Rx beam mode for beam management is defined as a selected set of UE Rx analog beam(s). 
· The construction of a Rx beam mode is up to UE’s implementation
· The Rx beam mode ID is used as a QCL parameter for the gNB to indicate the beam-related indication for UE-side beamforming/receiving on downlink data reception.
· Beam measurement and reporting depends on Rx beam mode and FFS signalling details. 
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