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1. Introduction
In RAN1 #89, it was agreed that [1]
· […]
· 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 
In this contribution, we show that IFDMA based CSI-RS [2] defined over a reference numerology can be decomposed into multiple sub-time units where each of the sub-time unit is another IFDMA signal with larger sub-carrier spacing [3]. This property allows for flexible beam sweeping at the sub-time unit level for both the transmitter and receiver.
2. [bookmark: _Ref461651853]Decomposition of IFDMA Signal
Referring to Figure 1(a), an IFDMA modulated OFDM signal defined over a reference numerology in the time interval of  can be expressed as
	
	
	[bookmark: st1](1)


where  is the reference sub-carrier spacing,  is the interleaving spacing in number of sub-carriers,  is the length of the cyclic prefix,  is the OFDM symbol length and  is the complex modulation on the reference symbol. For a sub-time unit of length,  is chosen to be a multiple of  as and Eq. (1) can be re-written as 
	
	
	(2)


where  for  and 0 otherwise, , ,  is the larger sub-carrier spacing of the sub-time unit . If we further define
	
	
	(3)


which is  rotated in phase by an angle that depends on the time-frequency indices  and , the IFDMA signal becomes
	
	
	(4)



In other words, an IFDMA-based CSI-RS defined over a reference numerology can be decomposed into  equal-length sub-time units, each with a larger sub-carrier spacing that is  times the reference sub-carrier spacing.
Observation 1: IFDMA-based CSI-RS defined over a reference numerology can be decomposed into N equal-length sub-time units, each with a larger sub-carrier spacing that is N times the reference sub-carrier spacing.
Note that each sub-time unit also contains an IFDMA signal with interleaving spacing of  times the larger sub-carrier spacing .
[image: ] 
[bookmark: _Ref465882969]Figure 1: a sub-time unit that is 1/4 () of the reference time unit 
3. TX and RX Beam Sweeping
Therefore, the gNB can transmit the IFDMA CSI-RS defined over the reference numerology and switch its TX beam at any of the sub-time unit boundary in a manner that is made available to the UE. The UE can switch its RX beam within an interval in which the TX beam is fixed to measure the CSI of desired beam pair link. Since the TX beam switching boundary is known, a UE can derive the complex modulation  and compute the channel state information by undoing the modulation accordingly.
Figure 2 shows an example in which the gNB switches TX beam at  and again at , whereas the UE switches its RX beam at . Clearly the beam pair links can be measured using either IFDMA or larger sub-carrier CSI-RS every sub-time unit. However, for larger sub-carrier based CSI-RS, the UE measures the CSI over two OFDM symbols of length  in the first  interval in which the TX beam is fixed. The two measurements taken from the two quarter-length symbols need to be combined (coherently) to yield a more accurate measurement. Moreover, the shorter cyclic prefix may also degrade the measurement in channel with larger delay spread. For IFDMA-based CSI-RS, on the other hand, the UE can perform the measurement in the same time interval using a single DFT over an OFDM symbol of length. The cyclic prefix in this case is twice as long as that of the larger sub-carrier spacing based design, and thus is more robust to larger delay spread.
Observation 2: IFDMA-based CSI-RS defined over a reference numerology enables flexible beam sweeping at the sub-time unit level for both the transmitter and receiver.
[image: ]
[bookmark: _Ref485154485]Figure 2: Flexible TX/RX beam sweeping for IFDMA
4. DFT-Based Design
The DFT-based option [4] essentially designs the signal in the time domain. The time domain signal is divided into more than one sub-time unit of equal length with zero-padding at the beginning or end of each sub-time unit. The time domain samples are then transformed to the frequency domain and placed in the sub-band over which the CSI is to be measured. The sub-carrier spacing for DFT-based CSI-RS is the same as that of the reference numerology. This approach is similar to larger sub-carrier spacing with a windowing function applied to the time domain signal. Therefore, it has the same drawback described in the previous section when both TX and RX beams remain the same across more than one sub-time unit.
5. Conclusion
In summary, we have the following observations and proposal
Observation 1: IFDMA-based CSI-RS defined over a reference numerology can be decomposed into N equal-length sub-time units, each with a larger sub-carrier spacing that is N times the reference sub-carrier spacing.
Observation 2: IFDMA-based CSI-RS defined over a reference numerology enables flexible beam sweeping at the sub-time unit level for both the transmitter and receiver.
Proposal: NR adopts IFDMA-based CSI-RS for beam management.
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