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1	Introduction
One of the objectives in NR is to support frequency ranges up to 100 GHz. In High Frequency (HF)-NR systems, beamforming is a key enabling technology to compensate the propagation loss through high antenna gain. In this contribution, we define the terminologies for beamforming and describe the general procedure for beam management to facilitate the discussion in RAN2. 
2	Discussion
2.1 Beamforming Operation
Beamforming is a signal processing technique used to control the directionality of the transmission and reception of radio signals. There are two ways to perform beamforming, i.e. analog beamforming and digital beamforming. A good trade-off is to go for a hybrid beamforming architecture where one digital chain is mapped to multiple antenna elements, providing a balance from the perspective of cost and power assumption. Whether UE can support single beam or dual beam operation depends on the UE capability and beamforming architecture. 
A communication link (either DL or UL) is comprising of one transmitter and one receiver. Following definition can be considered for beamforming:
· Tx beam: beamformer at the transmitter side to provide transmit array gain;
· Rx beam: beamformer at the receiver side to provide receive array gain. 
So one communication link is performed between a Tx-Rx beam pair. 
Definition 1: 
· A beam pair: a pair of Tx beam at the transmitter side and Rx beam at the receiver side.
· Tx beam:  beamformer at the transmitter side to provide transmit array gain;
· Rx beam: beamformer at the receiver side to provide receive array gain. 
2.2 Control Beam and Data Beam
Although beamforming in HF can provide high antenna gains to compensation of path loss, the coverage of the beam is very narrow compared with omi-directional or sector beam in LF. In order to define its own coverage and provide service in a geographic area, beam sweeping is performed just as illustrated in Figure1. A set of beams are radiated periodically, and one or multiple beams in the set are transmitted in TDM mode with predefined time pattern to provide comparable angular coverage as the omi-directional or sector beam. Whether multiple beams can be transmitted concurrently depends on the RF architecture, which is related to the considerations such as cost, power consumption as well as beamforming performance. 
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                             Figure 1 Beam Sweeping                       Figure 2 Control beam vs. Data Beam
Those set of beams transmitted with pre-defined TDM pattern to define the serving coverage is considered as control beam, which mainly provides the functions of synchronization, system information and cell identification. So at least synchronization signals and system information are carried and UE can detect the existing of a TRP where UE can access to the network. Furthermore, each beam is distinguished by different BRSs and beam ID. 
Besides the control beam, data beam are mainly used for data transmission, just as illustrated in Figure 2. Different from control beams that each are transmitted with pre-defined radiation pattern, data beam are scheduled by network for each UE. The data beam may have different levels of resolutions and beam-width. For example, level 1 data beams have the same resolution and beam-width as the control beam; level 2 data beam are have finer resolution than level 1 data beam with narrower beam-width. Different levels of data beam scheduled as radio resources in spatial domain can be distinguished through reference signals by the network. Which data beam used may be transparent to UE. 
Both control beams and data beams formed by TRP are Tx beams for DL transmission. If channel reciprocity is assumed, a beamformer can form identical transmit and receive beam pattern. So both control beams and data beams formed by TRP can be used for UL reception. 
[bookmark: _GoBack]Definition 2: (from network point of view)
· Control beam: A set of cell-specific beams, formed for beam sweeping, provide the cell coverage with the functions of (at least) synchronization, system information and cell identification. 
· Data beams: a set of UE-specific beams, formed for dynamic scheduling and data transmission. 
2.3 Beam Management
Due to highly directional transmission with very narrow beams, multiple Tx beams can be detected by the UE. All those detected beams can be utilized for communication potentially. The purpose of beam management is to determine the Tx-Rx beam pair for communication. Taking DL transmission for example, network decides which Tx beam(s) will be used for each UE, which is then informed to UE through beam management command. From UE side, certain Rx beam is used for DL reception targeting for each Tx beam assigned by the network for communication.
Beam management is a whole procedure which contains the following procedures:
· Initial beam alignment: It is used to perform initial establishment of beamforming parameters at both TRP and UE for subsequent communication, UE performs beam search based on BRS. 
· Initial beam alignment is UE side behavior, who finds the best Tx beam with best Rx beam through beam training, and performs RACH using the best Tx-Rx pair for initial beam alignment. So the communication link is established between UE and network on the best Tx-Rx pair.
· Beam switching: It is used for beam adjustment and maintenance after initial beam alignment. Both network and UE keeps monitoring the channel quality of both the serving beams and the non-serving beams. When qualities of current serving beams degrade, other beams with better quality are acquired for connectivity maintenance. 
· Beam switching is network-controlled behavior after initial beam alignment is available.  So that UE can continue the communication with network based on the beam management command. The Tx beams currently used is considered as the serving beam.  




Figure 3 Beam management
Definition 3:
· Serving beams: the beam(s) that UE performs data transmission and CSI measurement/reporting. 
· Candidate beams: other beams that UE is configured to perform CSI measurement/reporting. 
Proposal 1: Capture the above definitions in TR for beam management.
Due to the fast channel variation and specific blockage effects on HF, beam management should be fast enough to adapt the serving beams to maintain the connectivity and UE experienced data rate. So beam management is performed on lower layer, i.e. PHY/MAC to meet the restrict latency requirement, especially when UE is in high mobility status. 
Same as network scheduling, beam management requires assistant information reported by the UE, e.g. CSI report to facilitate beam management decision. Since multiple beams can be detected by the UE, the question is how many beams UE need to measure for CSI reporting. If UE performs CSI measurement and reporting on multiple beams, more flexible beam management with diversity gain at the network side is expected, especially traffic offloading among different beams are needed.  Furthermore, more beams with CSI measurement and reporting means higher probability of the existence of other candidate beams known by the network, when sudden channel degradation on the serving beam due to blockage occurs. It’s a trade-off between UE power consumption, signalling overhead and beam management performance to provide constant UE experienced throughput to determine the size of the beam set with CSI measurement/reporting. 
Proposal 2: Network shall be able to configure UE to measure and report CSI for a set of beams through RRC signaling.
Considering the occurrence frequency of beam switching,  signalling payload for CSI reporting and beam switching command, as the reliability requirements on those signalings, it is desired that those signallings are delivered through MAC CE.
Proposal 3: Signalings for beam management procedure delivered through MAC CE should be considered. 
2.4 Channel Reciprocity
If channel reciprocity is not available, two Tx-Rx beam pairs should be considered, one for DL and the other for UL. If channel reciprocity is assumed, system design can be largely simplified, since only a single link of one Tx-Rx beam pair needs to be considered. From network aspect, the transmit beamforming weight vector for DL transmission will be the same as the receive beamforming weight vector for UL reception. From UE aspect, the receive beamforming weight vector for DL reception will be the same as the transmit beamforming weight vector used for UL transmission. Under this condition and in the absence of interference, the best combination Tx-Rx beam pair should remain the same when the communication direction is reversed. Since whether channel reciprocity can be assumed in HF will have profound implication on system design, the working assumption should be clarified at the initial stage.  
2.5 UE Side Beamforming
UE side beamforming is required in most of the DL scenarios and uplink scenarios in order to establish a link with reasonable spectral efficiency. Besides orientation or angular information, the displacement of the UE is needed to fully characterize the UE side beamforming behavior.  Furthermore, UE side beam tracking is more challenging than TRP side beam tracking.  Considering the purpose of beam management is to find the best Tx-Rx beam for communication, it is desirable that UE side beamforming is left to UE implementation and which Rx beam used for reception or Tx beam used for transmission is transparent to network. So beam management procedure don’t need to care about which Rx each UE is using for DL reception, which can simplify the network implementation. Furthermore, RRM measurement and reporting only needs to concern Tx beams and UE side beamforming is transparent to RRM. In this way, the Tx-Rx pair can be presented by Tx beam. 
Proposal 4: UE side beamforming is transparent to RRM procedure. 

4	Conclusion
In this contribution, the terminologies related to beamforming operations are discussed and defined. 
Proposal 1: Capture the definitions in TR for beam management.
Definition 1: 
· A beam pair: a pair of Tx beam at the transmitter side and Rx beam at the receiver side.
· Tx beam:  beamformer at the transmitter side to provide transmit array gain;
· Rx beam: beamformer at the receiver side to provide receive array gain. 
Definition 2: (from network point of view)
· Control beam: A set of cell-specific beams, formed for beam sweeping, provide the cell coverage with the functions of (at least) synchronization, system information and cell identification. 
· Data beams: a set of UE-specific beams, formed for dynamic scheduling and data transmission. 
Definition 3:
· Serving beams: the beam(s) that UE performs data transmission and CSI measurement/reporting. 
· Candidate beams: other beams that UE is configured to perform CSI measurement/reporting. 
Furthermore, we have following proposals related to beamforming and beam management. 
Proposal 2: Network shall be able to configure UE to measure and report CSI for a set of beams through RRC signaling.
Proposal 3: Signalings for beam management procedure delivered through MAC CE should be considered. 
Proposal 4: UE side beamforming is transparent to RRM procedure. 
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