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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 beam sweeping operation to facilitate the discussion in RAN2, and discuss the beam visibility to higher layer as well as the impacts to mobility. 
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. 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 Beam sweeping
In RAN1#85 meeting, three implementations of beamforming were agreed to be studied in NR, i.e. analog beamforming, digital beamforming and hybrid beamforming. Hybrid beamforming, having multiple RF chains with each RF chain linked to an antenna array, is considered as a typical method to achieve the good trade-off between cost and performance and realize implementation-independent beamforming design. Analog and digital beamforming can be considered as special cases of it.  Considering the limited number of RF chains for hybrid beamforming, only limited number of beams can be generated simultaneously. 
Furthermore, RAN1 agreed to study both multi-beam and single-beam based approaches and strive to design a unified framework for both of them. 
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS. A wider beam with shorter coverage is generally used to cover the whole coverage area. 
· In multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE. Multiple narrower beams with longer coverage are used to cover the whole coverage area.

For multiple-beam operation, beam sweeping is required for both network and UE to guarantee the coverage. When it is applied for a signal/channel, the signal/channel is transmitted/received on multiple beams, which are on multiple time instances in finite time duration. One or more beams can be transmitted/received in a single time instance, depending on the capability. 
Observation 1: Beam sweeping is required for multiple-beam operation to provide coverage for both network and UE, the capability of which determines whether one or more beams can be transmitted/received in a single time instance. 
Observation 2: Beam sweeping is an operation performed by both transmitter and receiver. 


Figure 1 Beam Sweeping
Just as illustrated in Figure 1, from network aspect, a set of DL beams are radiated periodically, and one or more 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. Since it serves as entry-level beams for UE to perform initial access to the network, TRP Tx beam sweeping needs to provide necessary signals and information enabling UE to detect the existing of a NR cell and the corresponding TRP Rx beam sweeping can be used for uplink signalling reception, e.g. Msg1.
Furthermore, each beam is distinguished by beam specific reference signal and a beam ID. Considering those beams provide cell coverage together through beam sweeping, cell-level mobility needs to consider those beams together to evaluate the overall cell quality. RRM measurement on those beams are required. 
Those sweeping beams are considered as common beams, since as long as the sweeping covers the entire NR cell, all the UEs within the NR cell are guaranteed a TDM’ed resource for establishing a link with the network.
Observation 3: Common beam is visible to RRC and requires Layer 3 measurement to support cell-level mobility.
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[bookmark: _Ref458675729]Figure 2: Common beam and dedicated beam
Outside of the common beam resource region is the dedicated beam, where dynamic unicast of data service to and from UE takes place. Usually, dedicated beam uses narrower beams with high resolution to improve transmission efficiency. Different from common beams that each beam is identified, UE does not need to uniquely identify a dedicated beam. The network simply configures a set of RS for UE to measure and selects a proper dedicated beamformer for the UE for data transmission according to the CSI report from the UE.  Beam management on the dedicated beam is a purely PHY procedure, which don’t need to be considered by RAN2. 
Observation 4: Dedicated beam is invisible to RRC and only requires PHY measurement. 
Definition 2: 
· Common beam: A set of TRP-specific beams, formed for beam sweeping, identified by a Beam ID, provide the cell coverage with the functions of synchronization, cell identification, system information, random access and cell-level mobility.  
· Dedicated beam: a set of UE-specific beams, formed for dynamic scheduling, is used for unicast data transmission. 
2.3 Beam Management and Anchor Beam
In RAN1#86 meeting, RAN1 agreed that the DL L1/L2 beam management procedures with three phases are supported. 
	· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 



Observation 5: P1 is performed on the sweeping beam to acquire the initial beam alignment between network and UE.  
Based on observation 3 and 4 that only common beam is visible to RRC requiring L3 measurement, RAN2 only needs to consider the common beams as well as the impacts of beam management one those beams (P1). Due to highly directional transmission with very narrow beams, multiple common Tx beams can be detected by the UE. All those detected beams can be utilized for communication potentially. 
After P1 process just as illustrated in Figure 3, UE knows best TRP Tx beam at the network side as well as the best UE Rx beam corresponding to it. Due to the regular appearance of the common beams as well as the relatively wider beam width for coverage, it is sensible for a UE to anchor on a periodical common beam for radio link monitor and perform beam refinement based on it. An anchor beam is maintained between network and UE for RRC connection maintenance. The purpose of beam management on common beam is to determine the anchor beam to maintain the connection with the network and UE. In order to support fast beam switching, it is straightforward for UE to monitor and measurement multiple common beams. Those common beams are considered as candidate beams. 




                   Figure 3 Beam management                        Figure 4 Anchor beam and Candidate Beams
Definition 3:
· Anchor beams: the common beam(s) used by network and UE for radio link monitor, beam refinement and RRC connection maintenance. 
· Candidate beams: other common beams that monitored and measured by UE.
Proposal 1: Capture the above definitions in TR.
Proposal 2: RAN2 only needs to consider the common beams for both cell-level mobility and beam-level mobility. 
Proposal 3: RRM measurement is performed on the common beams to support cell-level mobility. 
2.4 UE Side Beamforming
[bookmark: _GoBack]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.  It is desirable that UE side beamforming is left to UE implementation and which UE Rx beam used for reception or UE 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 TRP Tx beams and UE side beamforming is transparent to RRM. In this way, the Tx-Rx pair can be represented by Tx beam. 
Proposal 4: UE side beamforming is transparent to RRM measurement. 

4	Conclusion
In this contribution, the terminologies related to beamforming operations are discussed and defined. 
Proposal 1: Capture the definitions in TR.
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: 
· Common beam: A set of cell-specific beams, formed for beam sweeping, identified by a Beam ID, provide the cell coverage with the functions of synchronization, cell identification, system information, random access and cell-level mobility.  
· Dedicated beam: a set of UE-specific beams, formed for dynamic scheduling, is used for unicast data transmission. 
Definition 3:
· Anchor beams: the common beam(s) used by network and UE for radio link monitor and RRC connection maintenance. 
· Candidate beams: other common beams that monitored and measured by UE.
Furthermore, we have following proposals: 
Proposal 2: RAN2 only needs to consider the common beams for both cell-level mobility and beam-level mobility. 
Proposal 3: RRM measurement is performed on the common beams to support cell-level mobility. 
Proposal 4: UE side beamforming is transparent to RRM measurement. 
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