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Introduction
In RAN1 #89 meeting, the following agreements on the CSI-RS have been made:
· 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
In this contribution, we give our analysis and evaluation results of the three options for CSI-RS design.
Discussion
There are three options to achieve CSI-RS sub-time unit smaller than an OFDM symbol, the first option is IFDMA, the CSI-RS resources are mapped every K subcarriers in frequency, and shortened CSI-RS is repeated K times in time domain, the second option is larger subcarrier spacing, the subcarrier spacing of CSI-RS is K times larger, and the length of short CSI-RS is 1/K, the third option is DFT based scheme, by proper definition of the input vector, the output vector of IFFT function can exhibit certain features that can be used for sub-time unit transmission and beamforming.
Since the DFT- based option require higher complexity on transmitter circuit and not preferable, if it doesn’t achieve additional benefit, we give our analysis and simulation results of the other two options.
The advantage of IFDMA is that it can reuse original IFFT transmitter without changing subcarrier spacing, but it cannot achive the transmitter sub time unit digital beam sweeping. on the other hand, the larger subcarrier spacing schemes can achive both TX and RX sub time unit digital beam sweeping, which makes the beam sweeping design more flexible, but the complexity is increased with larger impact on transmitter design.
We also give our simulation results of the two options of larger subcarrier spacing and IFDMA based schemes, from the simulation results, we can see that the two options show similar performance.
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Figure 1.the CDF of SINR with CDL-A channel
[image: ]
Figure 2.the beam refinement error ration with CDL-A channel 
Conclusion
In this contribution, we give our analysis and simulation results of three options of CSI-RS sub time unit smaller than one OFDM symbol, the IFDMA based scheme cannot achieve TX beam sweeping but with simple transmitter circuit, while the larger sub-carrier spacing can achieve flexible TX and RX beam sweeping but the complexity of transmitter circuit is higher. The simulation results show that the two CSI-RS design options give similar performance.
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Appendix simulation assumptions
Table 1: Simulation Assumption for LLS
	Parameter
	Assumption

	Channel Model
	CDL-A

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Normal Subcarrier spacing
	60kHz

	Larger Subcarrier spacing
	240kHz

	Number of repetition factor
	4

	Number of sweeping Rx beams 
	4

	gNB antenna structure
	(4, 8, 1, 1)

	UE antenna structure
	(2, 4, 1, 1)
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