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1
Introduction
Related to physical layer procedures for beamforming in multi-beam operation the following agreements were reached at RAN1#85 [1]:

	Agreements:

· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
Agreements:

· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded


Furthermore, agreed WF in R1-166030 captures the following:

	· Study beam (e.g. TRP beam(s) and/or UE beam(s)) management procedure (e.g. beam determination and change procedure) with/without prior acquired beam(s) information

· For both data and control transmission/receptions

· The procedures may or may not be the same for data and control

· Companies should state the assumptions on UE beamforming, if applied

· E.g. how many UE beams and UE beam patterns


This contribution discusses further about beam management procedures in multi-beam system. First motivation for beam management procedures is provided. Then design principles are proposed and finally the needed beam management procedures are described. 
2
Why Beam Management Procedures

At higher carrier frequencies system operation relies on multi-beam operation. Both BS and UE likely have a hybrid transceiver architecture. To fully benefit from antenna arrays at both ends for downlink and uplink signaling BS and UE beam alignment is of high importance. Ideally, beam management procedures are to ensure that when BS is transmitting to the UE it uses beam with high gain towards the UE and that when UE is receiving from the BS it uses beam with high gain towards transmitting BS. And the same principle should be applied for uplink. Due to UE movement and rotation, and blockages on the propagation paths between BS and UE, continuous beam management procedures are needed to ensure proper radio link between between the two. 

Observation 1: Efficient beam management procedures are essential in multi-beam NR system.

Both single and multi-TRP deployments are seen important to study for NR. In both cases the UE may be served via multiple beams either selectively or using multi-beam diversity and/or multiplexing schemes. Allowing that provides many benefits:

· Multi-beam diversity schemes provide means to combat blockages on propagation paths between BS and UE

· Multi-beam diversity and multiplexing schemes for high reliability and high data rates

· Multiple candidate beams for per UE provides BS scheduling flexibility in terms of limited hardware resources - number of TXRUs and thus number of parallel RF beams are limited

Observation 2: Beam management procedures should enable high scheduling flexibility in terms of beams and use of beam diversity techniques.

3
Principles behind beam management procedures

In general, beam search and alignment of beams between two communicating nodes may require extensive search in time if performed symmetrically (both ends sweep own beams in turns as in for instance IEEE 802.11ad). Targeted NR system is one-to-many system when one cell or TRP serves multiple UEs at a time. To minimize overhead required for beam search and alignment between BS beams and beams of each UE, asymmetric approach is considered where the beam procedures rely on the BS side beam sweeping in broadcast manner and where the BS beams are identifiable in the system. In other words, beam management procedures are anchored to BS beams that are advertised systematically over time. 

Proposal 1: Anchor beam management procedures to periodically advertised BS beams.

Reciprocity for BS beams would provide opportunity to use one link direction (i.e. downlink) to determine also BS beam(s) for the other link direction (i.e. uplink) for each UE. 

Observation 3: Reciprocity for BS beams would simplify the beam management procedures as both downlink and uplink BS beams for a UE can be determined from downlink beam reference signals.

In initial access phase the BS is un-aware of the UEs until UE gets RRC connected. Thus, it is logical that UE side beam alignment and training are transparent to the BS and network until UE gets RRC connected. However, assuming LTE type initial access procedure comprising both downlink and uplink signaling between BS and UE the beam alignment between BS and UE is needed before the UE is actually in RRC connected state in order to utilize beamforming. Thus, initial access procedure should be designed so that:

· When BS is receiving PRACH preamble from a UE, the BS RX beam is pointing to a direction the UE’s signal is coming from

· When BS is transmitting Random Access Response to the UE, the BS would use strong TX beam from receiving UE point of view

· When BS is receiving uplink transmission corresponding to Random Access Response, the BS RX beam is pointing to a direction the UE’s signal is coming from

· When BS is transmitting Contention Resolution message, the BS would use strong TX beam from receiving UE point of view

Proposal 2: UE side beam training and beam alignment transparent to the network before UE is having RRC connection.

Proposal 3: Enable BS to align BS beam towards the UE performing initial access in multi-beam operation. 

In connected mode, a BS controlled beam management is considered where the BS determines based on UE feedback the TX and RX beams at BS to be used for transmission and reception of control and data to/from the UE. The beam management procedure involves dedicated signaling between BS and UE for:

· providing beam measurements result to the BS by the UE

· configuring serving BS beam(s) for the downlink control

· configuring candidate serving BS beam(s) for the downlink data

· configuring candidate serving BS beam(s) for the uplink control and data

To summarize, beam management procedures would preferably rely on periodical BRS transmissions uniquely identifying BS beams. Detecting and measuring BRSs the UE would be able to track intra- and inter-cell beams for the purpose of both beam level mobility and cell level mobility. Beam level mobility refers to configuring and updating (candidate) serving BS beams for the UE for downlink and uplink data transmissions. Beam level mobility is assumed to be L1/L2 level procedure while cell level mobility is assumed to involve L3 signaling.

Proposal 4: Periodic BRSs uniquely identifying BS beams as basis for beam management procedures.

Proposal 5: Periodic BRSs uniquely idenfitying BS beams as basis for initial BS beam selection, beam tracking, and beam and cell level mobility.
4
Beam Management Procedures

In the following beam management procedures are discussed depending on whether UE is connected to the network or not. 

Initial phase – UE not connected to the network:

When UE is not connected to the network, it performs cell and beam search, and cell selection. For the cell selection, the UE should be able to detect and identify the beams and distinguish beams belonging to the different cells. Then UE performs initial access onto the selected cell. The random access parameters and resources are associated to BS beams so that BS can utilize beamforming when receiving PRACH preamble from a UE. BS TX and RX beam reciprocity is utilized. Thus, the UE identifies the strong BS beam of the selected cell based on periodical beam reference signal transmission by the BS. Then UE would initiate random access procedure by using PRACH preamble corresponding to identified strong BS TX beam which would be used by the BS for reception of the PRACH preamble. As a result, the BS is able learn preferred BS beam for the UE performing random access procedure. The BS would then be able to use the strong beam also for subsequent transmissions and receptions with the UE within the random access procedure. 

As a summary, in initial phase when UE is not connected to the network, the UE will perform the following beam management related procedures:

· Detection, measurement and identification of the BS beams from detected cells

· Selection of the preferred BS beam from the selected cell for initial access procedure

Connected state:

In connected state, the UE measures strength of BS beams of the serving cell and neighbour cells as a continuous process, and provide measurement results to the BS. Based on the UE feedback, the BS determines the serving BS beam(s) for the UE. The procedure comprises updating the set of beams that can be used to serve the UE over time.

There may be need for separate procedures for updating the BS beams that can be used for downlink control and data reception. That is because the UE may operate also using narrow UE beams for both reception and transmission. When doing downlink control information (DCI) monitoring, i.e. “PDCCH” reception, the UE should know beforehand which UE beam to apply. Thus, the BS and UE should be in synch about what is the serving beam for the downlink control channel. The serving beam may be changed/switched requiring a dedicated procedure and signaling between BS and UE. 

For the data transmission the BS may use BS beams more flexibly and a larger set of BS beams. The set of candidate beams may comprise beams for which the UE needs to apply different UE beams. For instance, in case of multiple TRPs deployed in distributed manner, the UE may report strong BS beams from multiple TRPs using different UE side beams. Larger set of BS beams provides the BS more scheduling flexibility and robustness in radio link maintenance wise. While the DCI is transmitted using the serving control BS beam to the UE, the BS may use some other BS beam that belongs to the candidate beam set for data transmission by indicating in the scheduling grant the used BS beam. Correspondingly, the UE is able to apply appropriate UE RX beam to receive the data transmission. 

Observation 5: Separate beam management procedures may be needed for downlink control and data.

Observation 6: For the downlink control channel reception, set of serving BS beams need to be formed from the BS beams the UE is able to receive simultaneously. For the downlink data transmission, larger set of candidate BS beams can be configured which can comprise beams requiring UE to apply different UE beams.
To summarize, the required functionality for beam management procedures comprise:

· UE feedback signalling for BS beam measurements from the serving cell and neighbour cells

· Feedback from BS beams belonging to the serving cell is assumed to be L1/L2 signalling whereas beam measurements related to cell level mobility is assumed to be L3 signalling
· As a starting point beam measurements could be based on RSRP metric measured from beam reference signals

· Signalling between BS and UE to configure and update serving BS beam for the downlink control

· Signalling between BS and UE to configure and update candidate serving BS beams for the downlink data, and uplink control and data 

Proposal 6: For beam management, design L1/L2 signalling for

· UE feedback signalling for BS beam measurements

· configuring and updating serving BS beam for the downlink control

· configuring and updating candidate serving BS beam(s) for the downlink data, and uplink control and data
5
Conclusion

In this contribution, we discuss about motivation for the beam management procedures, design principles behind the procedures and finally provide description of needed beam management procedures in NR.

Observation 1: Efficient beam management procedures essential in multi-beam system.

Observation 2: Beam management procedures should enable high scheduling flexibility in terms of beams and use of beam diversity techniques.

Proposal 1: Anchor beam management procedures to periodically advertised BS beams.

Observation 3: Reciprocity for BS beams would simplify the beam management procedures as both downlink and uplink BS beams for a UE can be determined from downlink beam reference signals.

Proposal 2: UE side beam training and beam alignment transparent to the network before UE is having RRC connection.

Proposal 3: Enable BS to align BS beam towards the UE performing initial access in multi-beam operation.

Proposal 4: Periodic BRSs uniquely identifying BS beams as basis for beam management procedures.

Proposal 5: Periodic BRSs uniquely identifying BS beams as basis for initial BS beam selection, beam tracking, and beam and cell level mobility.
Observation 5: Separate beam management procedures may be needed for downlink control and data.

Observation 6: For the downlink control channel reception, set of serving BS beams need to be formed from the BS beams the UE is able to receive simultaneously. For the downlink data transmission, larger set of candidate BS beams can be configured which can comprise beams requiring UE to apply different UE beams.
Proposal 6: For beam management, design L1/L2 signalling for

· UE feedback signalling for BS beam measurements

· configuring and updating serving BS beam for the downlink control

· configuring and updating candidate serving BS beam(s) for the downlink data, and uplink control and data
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