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Introduction
In RAN1#85, the following was agreed:
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

In this contribution, we focus on reference signals to support beam management. In a companion contribution we discuss the key principles, procedures and study areas for beam management [1]. 
[bookmark: _Ref178064866]Discussion
The task of beam management is to maintain and manage one or more beam pair links (BPL) between serving and candidate TRPs and a UE, see Figure 1.
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Figure 1 The UE measures BMRS from two TRPs and two beam pair links (BPL) can be identified
For this purpose, measurements using beam management reference signals (BMRS) are needed, and we suggest [1] to use CSI-RS for this purpose. The CSI-RS will be needed to support link adaptation with up to 32 or even more antenna ports. We also foresee that some NR operation similar to LTE Class B where the UE selects a preferred beam from a set of beams and perform CSI feedback using the antenna ports in that beam will be supported in NR. Hence, the unified CSI reporting framework [2] should also include methods for beam management. 
Proposal 1: Use the CSI-RS (as defined in CSI framework) also as beam management reference signals (BMRS)
One way to accomplish this is to use 2 port CSI-RS resources as a BMRS, hence each beam contains two ports, one per polarization. The use of single polarization BMRS could also be supported in case an antenna panel only has a single port/polarization. The UE is configured to measure K such BMRSs and report a measure for each of them in a beam management measurement report. 
As CSI-RS is used for measurements related to link adaptation, it is natural to consider that the beam management report contains (CQI,PMI,RI). With these measurements, there is no need for a separate measurement to perform link adaptation. Moreover, by using CQI as a measurement, interference can be taken into account during beam management, and it becomes possible to avoid BPLs that are heavily interfered. Another possible advantage is that CQI is a relative measurement, which avoids some issues that exist for absolute measurements.
As an alternative, a power-based measurement on CSI-RS could be considered. Such a measurement may have lower complexity, and would still allow us to select the BPL with the best gain. However, a separate measurement for link adaptation would be required, and it would not be possible to avoid BPLs that are impaired by interference.
Other alternatives of measurement quantities can also be considered and this issue should be an area of investigation.
Proposal 2: Investigate what type of BMRS based measurements and reports are required for beam management, for example CSI framework based reports or RSRP based reports.
Another benefit of the RSRP based report is the lower complexity which would potentially allow for measuring a larger number of BMRS compared to CSI based report, where for each BMRS the UE needs to compute CQI as well. Moreover, for a CSI based report, a definition of interference measurement is needed. 
To cope with rapid channel changes, especially UE rotation, we believe the beam management procedure needs to be fast, in the sense that DCI is used in triggering measurements and reports. 
Proposal 3: BMRS transmissions and measurements are triggered by DCI
Hence, the same framework as for dynamic CSI feedback can be used. For the reporting, it should be further studied whether reports are sent over UCI or MAC control elements. This issue is also related to Proposal 2. 
Proposal 4: Study whether BMRS reports should be carried by UCI or MAC CE.
Conclusions
[bookmark: _In-sequence_SDU_delivery]Based on the discussion in this contribution we propose the following
Proposal 1: Use the CSI-RS (as defined in CSI framework) also as beam management reference signals (BMRS)
Proposal 2: Investigate what type of BMRS based measurements and reports are required for beam management. For example CSI framework based reports or RSRP based reports.
Proposal 3: BMRS transmissions, measurements are triggered by DCI
Proposal 4: Study whether BMRS reports should be carried by UCI or MAC CE.
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