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In RAN1#89 [1], we had the following agreement on CSI-RS for beam management in NR.
	Agreements:
· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· E.g., 
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part


This contribution summarizes supported tendencies of companies as well as provides our views on using sub-time unit for CSI-RS design of downlink beam management.
Discussion
In multi-beam scenarios, communication between TRP and UE may rely on beamforming operations, especially at higher frequency (above 6GHz). To support sufficient coverage the number of antennas at the TRP and UE can be relatively large, which means number of beams to be swept could be large as well. For DL beam management (BM) procedure, each UE may need to sweep its received beams to measure each TRP transmitted beam quality and then sort out qualified beam pair links. To reduce latency for CSI-RS transmission, RAN1 had agreed that NR supports sub-time units equal to and smaller than an OFDM symbol in a given reference numerology for CSI-RS design of beam management, especially when large number of analog beams need to be swept. Furthermore it encourages to down-select existing three options, Opt-1 (IFDMA), Opt-2 (Larger subcarrier spacing), and Opt-3 (DFT-based). Per previous meetings, three options had been mainly discussed to support sub-time units equal to and smaller than an OFDM symbol in a reference numerology. To support beam sweeping for P1, P2, and P3, multiple sub-time units may need to transmit the same or different beams across the sub-time units. Brief summary of each features and supported tendencies of companies are listed below.
· Opt-1 (IFDMA) [4] [5] [7] [9] [10] [11] [13] [14] [15]
· Opt-2 (Larger subcarrier spacing) [2] [3] [4] [5] [6] [8] [10]
· Opt-3 (DFT-based) [12]
Opt-1(IFDMA)
With only one CP whose length is same as reference OFDM symbol inserted in front of the symbol, no interval between each sub-time unit is shown in Figure 1. Hence, in one OFDM symbol, Opt-1 may be suitable for fixed Tx beamforming phase used across sub-time units which means only Rx beam sweeping. In addition to same physical Tx-circuit design due to same CP length the against ISI capability is as still as well. Based on this feature, CSI-RS structure could generate multiple copies of transmitted signal to appear within one reference symbol duration, which is dedicated to specific UE Rx beam training. Consequently Opt-1 may be suitable to operate in P3 of BM procedure.
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Figure 1: CSI-RS design for Opt-1
Opt-2(Larger subcarrier spacing)
For time-domain structure shown in Figure 2 each sub-time unit within one reference OFDM symbol based on the given reference numerology includes both CP and data. The obvious advantage of Opt-2 lies in its flexibility. Enables Tx or Rx beam switching between sub-time units. CP duration between sub-time units  is able to accommodate to beamforming transition. However CP length would be reduced which may affect system performance under large delay spread of the channel and would be inversely proportional to increased numerology except for special designing CP format. Based on the reference numerology, as a result, maximum scaling numerology should be identified. That is, maximum number of sub-time unit in one reference OFDM symbol should be evaluated.
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Figure 2: CSI-RS design for Opt-2

As for opt-3 DFT-based approach most of companies consider that it requires additional implementation cost, but does not provide obvious advantages compared to the above two.
Conclusions
In this contribution, we summarize most of companies supported tendency and provide our views for CSI-RS structure for beam management. From above discussion, observation and proposal are the following:
Observation: For Opt-1 and Opt-2 with its own pros and cons, supported tendencies from companies are comparable. In addition both options could be adopt in different scenarios (e.g., Opt-1 may be suitable for P3).
Proposal: On using sub-time unit in an OFDM symbol in a reference numerology, support Opt-1 and Opt-2 for CSI-RS design while maximum beam sweeping number for Opt-1 and maximum scaling numerology for Opt-2 should be identified.
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