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1	Introduction
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 


In RAN1#86bis, the following working assumption was made: 
	· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals


In this contribution, we define the terminologies for beamforming and beam management 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, 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.
It was agreed in RAN1 that NR air interface defines at least one periodicity of SS burst set, the value of which may be 5ms, 40ms, 100ms etc. Since those sweeping beams are served 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. 
In RAN1#86bis meeting, unified structure of DL sync signal was discussed. It was agreed that PSS, SSS and/or PBCH can be transmitted within a ‘SS block’, one or multiple ‘SS block(s)’ compose an ‘SS burst’ and one or multiple ‘SS burst(s)’ compose a ‘SS burst set’. It is possible that different ‘SS blocks’ are transmitted with different TRP Tx beams, and different ‘SS bursts’ are received by different UE Rx beams. For multiple-beam operation beam sweeping is required for the network and UE to guarantee the coverage. So UE can take the opportunities of each ‘SS burst’ in a ‘SS burst set’ to perform UE side beam sweeping for each network side Tx beam corresponding to each ‘SS block’. 
Observation 1: Beam sweeping is required for multiple-beam operation to provide coverage for both network and UE. 
Observation 2: Beam sweeping is an operation performed by both transmitter and receiver. 
In RAN2#96bis meeting, the working assumption was agreed that CONNECTED active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR. Additional RS besides the signals used by IDLE mode RRM measurement may be used for RRM measurement in the CONNECTED, which should also be transmitted through beam sweeping. 

[image: ]Dedicated beam
Common beam

            Figure 1 Beam Sweeping                          Figure 2: Common beam and dedicated beam
Considering those sweeping beams e.g. synchronization and system information and RRM measurement for cell-level mobility, those beams can be considered as common beams to UEs. For those sweeping beam, either NR-SS or MRS or both may be used to support RRM measurement for cell-level mobility. As long as the sweeping beams 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 beams provide cell coverage, cell entry functions and is subject to RRM measurement for cell-level mobility. 
Outside of the resource region of sweeping beam is the beams for data transmission, where dynamic unicast of data service to and from UE takes place. Usually, those beam uses narrower beams with high resolution to improve transmission efficiency. Different from sweeping beams that each beam should be identified, UE does not need to uniquely identify a data beam. The network simply configures a set of RS for UE e.g. CSI-RS to measure and selects a proper dedicated beamformer for the UE for data transmission according to the CSI/BMI report from the UE.  Those beams are considered as dedicated beams. Beam management on the dedicated beam is a purely PHY procedure, which don’t need to be considered by RAN2. Although the dedicated beam has much higher array gains than common beam, it doesn’t necessarily mean that the coverage of common beams and dedicated beams is different considering the extremely low coding rate may be used by the common beams. 
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, 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 Serving Beams
In RAN1#86 meeting, RAN1 agreed that the DL L1/L2 beam management procedures with three phases are supported. 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 provides functions for initial access and supports L3 measurement for cell-level mobility, RAN2 only needs to consider the common beams as well as the impacts of beam management one those beams (P1). Due to directional transmission, 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 select one or more common beams for radio link monitor and perform beam refinement based on it. The selected common beams are considered as serving beams.
The purpose of beam management on common beam is to determine the serving beams 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. It was agreed in RAN1#86bis meeting that UE reports information associated with N selected Tx beams based on RS (used for beam management) transmitted by TRP for DL transmission. So those common beams are considered as candidate beams. 



                   Figure 3 Beam management                        Figure 4 Serving beam and Candidate Beams
Definition 3:
· Serving 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. 
4	Conclusion
In this contribution, the terminologies related to beamforming operations are discussed and defined. 
Proposal 1: Capture the above 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 TRP-specific beams, formed for beam sweeping, 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:
· Serving 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.
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. 
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