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1 [bookmark: _Ref409106980]Introduction
In 3GPP RAN #71 meeting, study on New Radio Access Technology [1] was agreed. The SI will study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications. The new RAT (NR) will consider deployment on frequency ranges up to 100GHz. 
In RAN1 #86 [2], beam management procedures in terms of P-1, P-2 and P-3 were agreed. Further in RAN1 #86bis, there were multiple agreements made for group based beam management, beam reporting, beam for control channel and beam recovery. The related agreements are given below:
Agreements:
· Group based beam management is to be further studied:
· Definition of beam grouping:
· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 
· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.
· Some examples can be found in R1-1610891 and R1-1609414
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
Agreements:
· Support at least network triggered aperiodic beam reporting:
· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations
· FFS beam reporting details
· FFS: UE assisted/initiated aperiodic beam reporting
· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).
· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed

Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs

Agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:
· Whether or not an DL or UL signal transmission for this mechanism is needed
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.


In this contribution, we discuss further beam management principles.
2 Discussions on beam management procedures
The large amount of bandwidth is available in the millimetre (mm) wave band to meet the data rate requirements of 5G. Due to its high frequency of operation (e.g., 28 GHz), carrier wavelengths in this band are very smaller which results in lossy propagation characteristics. As per Friss’ equation, there will be an additional 20 dB path-loss in 28 GHz carrier frequency when it compared with 2.8 GHz carrier frequency. On the other hand, due to smaller wavelengths, the antenna size will be even smaller and hence packing more number of antennas in the user equipment (UE) will not be difficult without affecting its device form factor. With more number of antennas at the eNB and UE, highly directive transmission and reception can be achieved using the electronically steerable beams. In a nutshell, beamforming is the key technique to compensate the additional path loss in > 6GHz frequency band. Hence, the new radio (NR) system will be based on beams. 
In this, each TRP uses multiple narrow beams to cover the entire cell. TRP has to select and use the best beam for each UE to transmit a signal in the downlink direction so that UE receives the signal with sufficient power. Hence, beam management procedure is necessary to manage TRP-UE pairs at any given time.  As agreed in [2], beam management procedures are to be handled by L1/L2 which can dynamically maintain TRP-UE pair(s). Multiple TRP-UE pairs are necessary in mmWave band to manage the sudden radio link failures due to the mmWave channel characteristics such as UE rotation, blockage etc.  Further, reference signal for beam management including initial beam acquisition (P-1 as per [2]) is agreed to be mobility reference signal and/or CSI-RS [3]. 
P-1 will be based beam sweeping with K beams and each antenna port can potentially create a beam. Considering the large number of CSI-RS ports and multiple TRPs, reference signal density for beam management will be very high. Since, eNB transmits large number of beams, total time for beam sweeping may not be confined to a short time (for e.g. slot or subrame duration). Furthermore, the UE complexity to measure channel quality for multiple beams is also high. This can increase the latency of P-1.  
Observation 1: The reference signal density used for P-1 will be high, given that large number of Tx beams from multiple TRPs
Observation 2: P-1 procedure can be slower, given that large number of Tx beams from multiple TRPs
Hence, there is a need of reducing the number of candidate beams for each UE. For this potential problem, use location of UEs to form beam groups and achieve faster initial beam acquisition. Even coarse location information can be used to reduce the number of beams per UE. Hence, the reference signal density can be reduced and thus increasing the throughput performance. Additionally, this in-turn reduces the UE complexity and hence high energy efficiency.
Proposal 1: Proposing to consider the UE location information for P-1 procedure
 P-2 will be used to change the TRP Tx beam based on beam sweeping. The number of candidate beams per UE should be less compared to P-1 procedure even if eNB don’t use the UE location information. The Tx/Rx beams are need to be tracked periodically in order to change the Tx beam if required. 
Observation 3: Beam tracking as per P-2 procedure will be periodic in nature
Hence, setting the periodicity for P-2 per UE is really essential. Here, we are proposing to consider the speed of each UE for setting the suitable periodicity for P-2 procedure. 
Proposal 2: Proposing to consider the UE location and mobility information for P-2 procedures
On top of the periodic P-2 procedure, there should be a provision for aperiodic P-2 procedure in order to manage the sudden beam failures. Aperiodic P-2 procedure will ensure faster beam recovery. Multi-level HARQ feedbacks can contain some information about the reception quality and trigger for P-2 procedure. 
Proposal 3: Proposing to use HARQ feedback information to trigger for P-2 procedure 
3 Beam management for control channels
The beam management procedures can be used for both control and data channels. In general, the reliability of control channels should be higher than the reliability of data channels. In mmWave band, operating narrow beams can increase the link gain, and it can be more beneficial for data channels even though the error probability (e.g. 20% BLER) is little high. These beam management procedures may not work well for all users (for e.g. high mobility users). However, we cannot completely be excluding of TRP-UE beams and supporting open loop transmission methods. For this, we propose to have a control in beam-width by selecting limited number of antennas, so that high beam width and more reliable reception can be achieved for control channels. On top of this, diversity based transmission scheme can further increase the reliability of control channels.
Observation 4: The beam used for control channels should have larger beam width and the transmission scheme need to be diversity based.
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Fig. 1. Different beams for control and data channels
Different beam-widths for control and data channels can be achieved by splitting the P-1 procedure to multi-levels. In first level of P-1, TRP-UE beam pair(s) with large beam-width can be derived and used it for control channels. Next levels of P-1 can be used to derive beam pairs with narrow beam-width and it is more suitable for control channels. Like our proposal -1, UE location information can be used at eNB to derive the long-term precoder for the control channel transmission methods. Using the coarse location of UE, beams with sufficiently high beam-width can be generated. And, open loop schemes including SFBC, precoder cycling to combine the above generated beams will ensure more reliable control channel reception. 
Observation 5: Long-term precoder can be derived using the UE location information
Proposal 4: Proposing to consider multi-level P-1 procedure to support control channels with larger beam-width and adopting semi-open loop schemes
4 Conclusions
Base on the discussions above, we have the following proposals. 
Proposal 1: Proposing to consider the UE location information for P-1 procedure
Proposal 2: Proposing to consider the UE location and mobility information for P-2 procedures
Proposal 3: Proposing to use HARQ feedback information to trigger for P-2 procedure
Proposal 4: Proposing to consider multi-level P-1 procedure to support control channels with larger beam-width and adopting semi-open loop schemes
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