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1. Introduction
The following agreements were made in the 3GPP RAN1#95 meeting for Type II CSI compression [1]:
Agreement: 
In RAN1 NR-AH 1901, select one of the following alternatives for DFT basis oversampling factor(s) O3:
· Alt1. O3 = 4
· Alt2. O3 = 1 (critically sampled)
· Alt3. O3 is fixed for and depends on a given length of the DFT vector (N3) and/or bandwidth part, exact dependence is FFS
Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for  quantization for evaluation purposes.

Agreement: 
In RAN1 NR-AH 1901, select one of the following alternatives for precoder/PMI FD compression unit, taking into account UPT vs. overhead and complexity 
· Alt1. Subband (SB), wherein the SB size for precoder/PMI compression is the same as the CQI subband size
· Alt2. X resource blocks (RBs), different from CQI subband size. Three sub-alternatives 
· Alt2.1 X = 1
· Alt2.2 X = CQI SB size / R where R>1 is a predetermined integer 
· Only one R value is supported. FFS: the value of R
· Alt2.3 X = {2, 4} where X is higher-layer configured 

Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for quantization for evaluation purposes.

The aforementioned agreements address several aspects including specifying the DFT basis oversampling factor (O3) as well as specifying the PMI FD compression unit, and are due for down selection in RAN1 NR-AH 1901. We address each of the proposals in detail in [2]. In this contribution, we shed light on one proposal (Alt. 3 in Agreement 1), which suggests that the oversampling factor should depend on the length of the DFT vector (N3). Presumably, the aim of this dependence is to make up for the imprecision caused by using wider sub-bands for a given bandwidth by increasing the oversampling factor, or on the other extreme reducing the oversampling factor at large N3. 
This contribution aims at resolving this conjecture both analytically and via simulation results, showing that increasing O3 beyond a certain value may not be promising. For ease of exposition, our analysis is based on a single delay channel.


2.  Discussion





Consider a scenario where a frequency domain representation of a channel is available and it is desired to calculate a compressed version of the channel. One method is to take advantage of the sparsity of the channel and calculate the IFFT of the channel’s frequency domain representation, and keeping only the taps with the most energy. Several parameters of this type of system need consideration. Assume the channel’s frequency response is known in each RB, and there are  RBs. One possibility to reduce the complexity and storage requirements would be to average X consecutive RBs to obtain down-sampled frequency-domain channel measurements and perform an  point IFFT. It is also possible to choose the sampling phase in the IFFT conversion to the time domain which captures the most time-domain energy.  The idea is to construct the impulse response at the set of - spaced sample instants with the most energy where  is equal to one over the bandwidth of the frequency domain representation.

In order to obtain insight on how the choice of the sampling phase resolution (as measured by oversampling factor O3) and IFFT length , a single delay channel is studied. The continuous-time impulse response of the channel is given by:

	 
which is represented in the frequency domain as 

	 .

If OFDM reference signals are transmitted at sub-band spaced intervals of   Hz, the sampled frequency domain channel is given by

	 .
Down sampling by a factor of X takes place by averaging the channels in a set of adjacent RBs:



 .


While the phase of the channel in frequency still rotates at the correct rate, there is an amplitude and phase scaling that occurs in . Now an approximation of the impulse response is generated by taking a padded IFFT of length N3O3.  Note that neglecting the oversampling factor, the time domain samples are at intervals of  . The kth coefficient with sampling phase q is then given by












Figure 1 is a plot of   vs. . The function is periodic with period 1 with a maximum value repeating at . If the goal is to maximize compression, we may be interested in choosing values of k and q that maximize . A lower bound for the energy of the largest tap can be obtained by realizing that with  and  , can be bounded by

,

and therefore


.
[image: ]
Figure 1: Plot of the function |sin(πN3µ)/( N3 sin(πµ)| for different values of µ at N3=10


For a fixed  and X, the worst-case energy recovered increases with O3, asymptotically approaching 1. A plot of the variation of 

	 

with O3 for a set of  values is given in the table below. Note that for a variation of N3 values the gain is less than 0.3% when going from O3 = 4 to O3 = 8. 

	

	
	
	N3

	
	
	13
	26
	52
	104
	208

	

O3
	1
	0.407
	0.406
	0.405
	0.405
	0.405

	
	2
	0.812
	0.811
	0.811
	0.811
	0.811

	
	4
	0.95
	0.95
	0.949
	0.949
	0.949

	
	8
	0.987
	0.987
	0.987
	0.987
	0.987



Table 1: Absolute square of the gains (normalized) for different N3 and O3 values

Observation 1:  
No notable improvement in channel gain beyond O3=4 for a variety of number of sub-bands N3, assuming a worst-case delay scenario. 
3. Simulation Results
In addition to the analysis provided in the previous section, we plot the squared gain of the exact channel response of the single-delay channel, assuming uniformly random delay. The results support the analysis provided above in the sense that no significant improvement in channel gain is observed beyond O3=4 across different values of N3. The results can be found in Figure 2, where the maximum channel power across all sub-bands and oversampling factors has been normalized to one for ease of exposition.

[image: ]
Figure 2: Plot of the channel power for different oversampling factors at various number of sub-bands
 Observation 2:  
No notable improvement in channel gain beyond O3=4 for a variety of number of sub-bands N3, assuming a uniformly-random delay scenario. 

4. Conclusion
This contribution addressed the relationship between the oversampling factor and the number of sub-bands utilized within the bandwidth. Analysis is provided assuming a single-delay channel with worst-case delay, in addition to simulation results given uniformly random delay. The following observations are made.
Observation 1:  
No notable improvement in channel gain beyond O3=4 for a variety of number of sub-bands N3, assuming a worst-case delay scenario. 
Observation 2:  
No notable improvement in channel gain beyond O3=4 for a variety of number of sub-bands N3, assuming a uniformly-random delay scenario. 
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