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1. [bookmark: _Toc474161164][bookmark: _Toc494739923][bookmark: _Toc495273190]Introduction
In this contribution, we provide our initial views on CSI enhancements in NR Rel-16.

2. Discussion
At RAN1 #89, Type II codebooks with linear combinations were agreed for rank 1 and rank 2 in [1]. As shown in Figure 1 ([1] at RAN1 #89), the CSI feedback overhead with Type II codebooks is substantial. 
[image: ]
Figure 1 Signaling overhead for Type II codebooks (copied from R1-1709232).

Several observations can be drawn on Type II CSI feedback:
· The feedback overhead depends on the value of L (the number of 2D DFT beams) heavily;
· The feedback overhead depends on the selected rank heavily;
· The feedback overhead increases almost linearly with the number of subbands in the feedback;
· Even though the amplitude distributions associated with the 2nd strongest, 3rd strongest beam, etc can be very different, the same amplitude quantization( for wideband, and   for subband) used, better quantization should be explored.  

Except for the wideband beam selection and wideband power, For the Type II codebook defined in Rel-15, the parametrization of precoders is conducted at a per subband basis, without exploiting the correlation across subbands. 
We also note since the agreement reached in May 2017, it was decided that the number of subbands for CSI feedback is upper-bounded by 18. Considering up to 275 PRBs may be included a BWP, then one subband may contain up to 16 PRBs. Obtaining finer precoder resolution in the frequency domain in this case may be desired (e.g. for better MU-MIMO pairing) but un-achievable, as the feedback overhead with 18 subbands is large already and increasing the CSI resolution following the same approach taken in Rel-15 would make the situation even worse.
Previously some companies proposed to exploit the channel’s correlation in the frequency domain (hence the precoders’ correlation in the frequency correlation under suitable formulations). And sub-band combs and parameterized presentations were proposed to reduce feedback overhead.

Here we provide an intuitive explanation on the exploitation of channel/precoder’s frequency domain correlation. We note similar approaches were also considered in [2, 3].



Figure 2 Selected delay taps from the measured MIMO channel


In Figure 2, it shows a time domain channel response between a base station and a UE, only delay taps with significant power are kept, as other taps with insigificant contribution to the channel composition  are discarded. In Figure 2, three delay taps are shown. At each tap, the channel response is an  matrix, where M is the number of Tx ports, and N is the number of Rx antennas at the UE. A beam basis consisting of orthogonal 2D DFT beams is chosen at a given . Note at each tap, as the clusters/paths contribute significantly to that tap may not have DoAs covering all the beam basis vectors of the selected beam basis, using only a subset of the beam basis may be enough to capture most of the channel response’s power at that tap. Using fewer beam basis vectors at a tap leads to feedback overhead reduction; looking at it in another way it also allows the use of a larger L as the per tap overhead can be small.
 
Then a rank R precoder for at frequency f  is constructed with 

where 
· D is the number of taps included in the CSI reporting, with tap delay values ;
· With from orthogonal 2D DFT beams at a given  the selected beam basis for all D  taps is given by

· and  is a beam selection matrix at tap d ( has elements from   and , and there a single  on each column, and no more than one  on each row) and  is the number of selected beam basis vectors at tap d;
· , an matrix for tap d.


Instead of the time domain formulation, we can also consider a frequency domain formulation:


A rank  linear combination precoder can be written as

	
where  is a frequency index (e.g. the subband index or PRB index), ,  is the spatial layer index, , and  is an combining coefficient including both amplitude and phase.
Collect the precoders for spatial layer  for all frequency indices , then we have

	
and

	 


In one choice,  is an oversampling factor related to the time resolution of delay taps. depends on the time resolution of delay taps and also the frequency step (e.g. whether the frequency step is a PRB, a subband, a number of tones etc). There can be restrictions on in terms of its range and composition:
· Alt. 1, ;
· Alt. 2, , , .
· Alt. 3, the range of  or can be restricted, e.g. around 0 or or  (only the low frequency compoenents are allowed or equivalently only small (positive or negative) delays are allowed).

In summary, we have
Observation:  with Rel-15 Type II codebooks:
· The feedback overhead depends on the value of L (the number of 2D DFT beams) heavily;
· The feedback overhead depends on the selected rank heavily;
· The feedback overhead increases almost linearly with the number of subbands in the feedback;
· The amplitude quantization in Rel-15 does take advantage of different amplitude distributions of coefficients with different beams.



3. [bookmark: _Toc494739930][bookmark: _Toc495273198]Conclusion
In this contribution, we provide our initial views on CSI enhancement in Rel-16. We have
Observation: with the Rel-15 Type II codebooks:
· The feedback overhead depends on the value of L (the number of 2D DFT beams) heavily;
· The feedback overhead depends on the selected rank heavily;
· The feedback overhead increases almost linearly with the number of subbands in the feedback;
· The amplitude quantization in Rel-15 does take advantage of different amplitude distributions of coefficients with different beams.
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