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Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. The following agreement was achieved in RAN1#86[2]:
Agreements:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)
· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including
· Non Rx/Tx reciprocity at BS or UE
· Full or partial Rx/Tx reciprocity at BS or UE
· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 
· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association
· Other mechanism w/o association is also considered
· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS
· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals

And the following working assumption was achieved in RAN1 #86bis[3]:
Working assumptions:
· 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 present our views on the beam management for NR system.
NR systems 
NR system in high frequency band (e.g., > 6GHz) is expected to be multi-beam based system. Due to the large path loss and large penetration loss in high frequency band, the NR system will utilize multiple narrow beams to cover one cell. The beam could be RF beam formulated through phase shifter in RF chain or composite beam comprised through RF beamforming and digital beamforming, i.e., hybrid beamforming architecture. 
NR system in low frequency band (e.g., < 6GHz) is expected to have no coverage issue. Baseband digital beamforming is more suitable for system with low carrier band for example below 6 GHz.
Different beamforming architecture impose different challenges over system design. High frequency band and low frequency band systems have different system challenge. So different beam management operation and RS should be considered for high frequency band and low frequency band. 
Proposal 1: Consider to use different beam management operation and RS for high frequency band (e.g., above 6 GHz) and low frequency band (e.g., below 6 GHz) NR systems.

Beam management for > 6GHz system
NR system in high frequency band (e.g., > 6GHz) is expected to be multi-beam based system. Due to the large path loss and large penetration loss in high frequency band, the NR system will utilize multiple narrow beams to cover one cell. The beam could be RF beam formulated through phase shifter in RF chain or composite beam comprised through RF beamforming and digital beamforming, i.e., hybrid beamforming architecture. 
The RF beamforming and hybrid beamforming architecture impose limitation on the system design. The RF beamforming is time-domain operation and is applied to the whole band. Tx beam sweeping is required to transmit the RS used for beam management to allow the UE to measure the beam state information over all the RF beams.
In high frequency band, coverage is one major issue. Fine beam alignment on narrow beams is the necessary for reliable data packet transmission. It is preferred that the initial fine beam alignment from beam management procedure P-1 is achieved as early as possible.
For high frequency band, it is proposed to use the BRS for beam management. The BRS is cell-specifically configured and transmitted. Because it is cell-specific configuration, the UE is able to obtain the configuration and measure the beam state information as early as during initial access and then achieve the initial beam alignment even during RACH procedure. 
Another advantage of using BRS for beam management is the efficient usage of time-frequency resource for beam state information measurement. In high frequency band, large number of RF beams could be expected to cover a cell area with multiple TRPs. For the initial beam alignment, each UE should be able to measure all the RF beams. Using cell-specific BRS to covey the information of all RF beams to all the UE is the most efficient way in terms of overhead. 
The BRS is configured cell-specific. The BRS can be configured with some pre-defined configuration. The BRS can also be configured by few bits in PBCH or PBCH1 in case of that PBCH 0 and PBCH 1 are transmitted during initial access. Then the UE is able to measure the beam state information based on the BRS and reports the beam state information of one best beam in RACH msg 3. After the initial fine beam alignment, the downlink information transmission, including RACH msg4, SIB system information transmission and RRC connection message transmission can be transmitted with the Tx beam obtained from the initial fine beam alignment based on the BRS. The fine beam alignment provides high reliability and high spectral efficiency to the nrPDSCH transmission. The RRC connected UE can measure and report the beam state information based on the BRS for L1/L2 beam management. 
For the RRC connected UEs, the TRP can also configure CSI-RS resources for L1/L2 beam management [4]. The CSI-RS can be used by the UE for Tx beam selection/refinement on small number of Tx beams and the Rx beam selection/refinement. In separation configuration method, the UE is configured with a few B-CSI-RS for beam management and a few A-CSI-RS for channel state information reporting (including CQI/PMI/RI/CSI). In joint configuration method, the UE is configured a few CSI-RS for both beam state information and channel state information reporting. For the > 6GHz system, separate configuration of B-CSI-RS and A-CSI-RS is more suitable. The reason is that not mixing the beam sweeping needed for beam management and the CSI estimation together is effective for CSI-RS overhead saving. For example, the beam state information is expected to vary slower than the channel state information. So the B-CSI-RS can be configured less frequently than the A-CSI-RS.
The CSI-RS configuration could be UE-specific. For example, the number of repetition for Rx beam sweeping can be based on each UE’s Rx beamforming capability [4]. 
The BRS is necessary for > 6GHz system to avoid low efficiency and high overhead on beam management. In high frequency band (e.g., > 6GHz) system, multi-beam based operation with hybrid beamforming is expected to cover the whole cell area. The number of RF beams could be large and the RF beam is wideband beamforming and can only be applied in time domain. If CSI-RS alone is used for beam management over those large number of narrow (RF) beams, the configuration and transmission of CSI-RS with K > 1 would result in very low efficiency due to the limitation of RF beams and potential large number of beams. Using BRS would be very efficient method. A cell-specific BRS is configured and those narrow beams are conveyed in BRS. Each UE first measure and select N beam(s) based on the BRS. Then the gNB can configure one or multiple CSI-RS for the UE based on the BRS beam state information for further beam refinement and CSI measurement.
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Figure 1
Proposal 2:  In the high frequency band (e.g., above 6 GHz) NR systems, the following operations are supported for the beam management:
· L1/L2 beam management using the cell-specific BRS
· L1/L2 beam management using the cell-specific BRS and the CSI-RS
Beam management for < 6GHz system
In low frequency band system (for example < 6 GHz system), coverage is not a major issue. The transmission of RAR, RACH msg4, SIB system information and RRC connection message can be transmitted in broadcast message or digital precoding.
The CSI-RS is used for L1/L2 beam management. Separate configuration of B-CSI-RS and A-CSI-RS can be used. However, joint configuration of CSI-RS for beam management and CSI measurement is more suitable for < 6GHz system. As explained in [4], multiple CSI-RS resources are configured to one UE and each CSI-RS resource can correspond to one or more than one TRP Tx beams. The UE measures the beam state information and channel state information of one or multiple or all configured CSI-RS resources. 
The cell-specific BRS can also be configured here for UE to measure the beam state information for, for example the system with non-small number of Tx beams.
The configuration of BRS can be turned on and off cell-specifically. If the BRS configuration is turned off, the UE would only use the CSI-RS for beam state information reporting. If the BRS configuration is turned on, the UE would use both BRS and the CSI-RS for beam state information reporting.

Proposal 3:  In the low frequency band (e.g., below 6 GHz) NR systems, the following beam management operation are supported:
· L1/L2 beam management using the CSI-RS
· L1/L2 beam management using the CSI-RS and the cell-specific BRS

Conclusions
This contribution discusses the beam management operation for NR system. In particular, the following are proposed:
Proposal 1: Consider to use different beam management operation and RS for high frequency band (e.g., above 6 GHz) and low frequency band (e.g., below 6 GHz) NR systems.
Proposal 2:  In the high frequency band (e.g., above 6 GHz) NR systems, the following operations are supported for the beam management:
· L1/L2 beam management using the cell-specific BRS
· L1/L2 beam management using the cell-specific BRS and the CSI-RS
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