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At RAN1 #95, a number of agreements were reached:
Agreement: 

In RAN1 NR-AH 1901, companies are encouraged to evaluate the following alternatives for compression basis () subset selection scheme across different layers when RI=2. Select one of the following alternatives in RAN1#96: 
· 
Alt1. Basis subset selection () for the 1st is the same as that for the 2nd layer 
· 
Alt2. Basis subset selection () for the 1st can be different from 2nd layer

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

And after the Taipei meeting, FD component selection and coefficient subset selection were discussion. In this contribution, we provide our views on them.
[bookmark: _Toc1144400]Discussion on FD component selection and coefficient selection

We first establish notations to be used below.
A rank  linear combination precoder can be written as

	
Where
  is the number of spatial beams per polarization, and ,  are the spatial beams selected in a wideband fashion per polarization, and in total  spatial beams are selected for two polarization as in Rel-15 Type II CSI feedback;

 is the spatial layer index, , and 

 is a frequency index (e.g. the subband index or PRB index), ,  is the total number of frequency units (sub-bands, PRBs etc) over which the CSI feedback is applicable, e.g. 16 or 18.

After performing the frequency unit padding/extension procedure [1],   collect the precoders for spatial layer  for all frequency indices  in a segment, then we have

	
and

	
where  is the number of frequency bins for CSI feedback or equally the maximum number of delay taps in the time domain formulation, and  is an oversampling factor. And  delay taps are used in the approximation; and ’s role is best understood in the time domain formulation as it provides a finer timing unit for delay taps through , . In one particular case .


At this stage the delay tap selection is common for spatial beam , . In a later stage, as a coefficient  connecting spatial beam  and delay tap  at spatial layer  can be set to 0, not all  delay taps are   necessarily present for a given spatial beam . In another word, among  elements in the , only a some of them take non-zero coefficients. To re-construct the elements of  on the network side, then the UE needs to signal the positions of those non-zero elements and non-zero elements themselves.
Our view is ultimately the key mechanism for overhead reduction in Rel-16 is through selecting coefficients with relatively large amplitudes; FD component selection can play an all important role for some schemes, but FD component selection may be of less importance for other schemes. Hence we should not decide on FD component selection in isolation. 
We have
Observation: coefficient selection plays a central role in achieving overhead reduction in Rel-16.

Next we provide a sketch of other parts in the proposed CSI feedback design besides frequency unit segmentation:
 
 •  Spatial beam selection  is wideband and common for spatial layers if rank 2 or more is involved. Spatial beam selection allows a UE to select beam directions with significant power emitted from the network. In total,  spatial beams are selected for two polarizations. 

[bookmark: _Toc1144401] FD component selection (equivalently delay tap selection) 
FD component selection is wideband and common for  spatial beams. If rank 2 or more is involved, also the delay tap selection can be common across spatial layers. With FD component/delay tap selection, among  FD components/delay taps, only  delay taps with more significant power (delay taps  ) than the rest are selected. Delay tap selection allows a UE to identify delay taps manifesting significant power overall. 
Note delay tap selection does not prescribe the processing order in UE implementation. In one implementation, coefficient selection, which is described in more details below, is directly pursued over all the  delay taps:
        - For coefficient selection schemes 1 and 2, which are described below,  coefficients of  with positions given by  are selected from  elements according to

	 for spatial layer 
or

	 for all (or some) spatial layers
and the set of delay tap indices  is equal to the set .

        - for coefficient selection schemes 3 and 4, which are described below : or  coefficents of  with positions given by  are selected from  elements according to 
	for spatial layer 
or

	 for all (or some)  spatial layers,
Implicitly coefficients  at  are also selected.

and the set of delay tap indices  is equal to the set . 
The complete information concerning FD component selection can be derived from coefficient selection if coefficient selection is conducted over all  FD components. However FD component selection can be used to reduce the signaling overhead for coefficient selection as coefficient selection can be conducted over M FD components instead of FD components. A length  bitmap can be used to indicate the the FD component selection.   With realistic channel propagation, departing rays/paths may not align well with a  
Proposal 1: FD component selection is common for spatial layers.

[bookmark: _Toc1144402]  Coefficient subsect selection
Within the  elements of , coefficient selection is applided. For spatial beam , ,  coefficients from the selected  FD components/delay taps are chosen (alternately  coefficients can be directly chosen from  FD components).
 is composed from  non-zero coefficients  at positions , .
Let 
	
We consider a number of coefficient selection schemes:
  - Coefficent Selection Scheme 1:
coefficients are selected independently for spatial layers and polarizations;
 - Coefficent Selection Scheme 2:
coefficients selection is common across spatial layers; i.e. the sam set  is used for all spatial layers;
 - Coefficent Selection Scheme 3:
coefficients selection is common for spatial layers and polarizations. In this case, first the sam set  is used for all spatial layers; second if , then .
  - Coefficent Selection Scheme 4:
coefficients selection is common for polarizations. In this case, if , then .


From the evaluation we have conducted on the 4 coefficient selection schemes, concerning the altenatives below:
Agreement: 

In RAN1 NR-AH 1901, companies are encouraged to evaluate the following alternatives for compression basis () subset selection scheme across different layers when RI=2. Select one of the following alternatives in RAN1#96: 
· 
Alt1. Basis subset selection () for the 1st is the same as that for the 2nd layer 
· 
Alt2. Basis subset selection () for the 1st can be different from 2nd layer

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


We support Alt. 1, i.e. Basis subset selection () for the 1st is the same as that for the 2nd layer. We have

Proposal 2-1: Basis subset selection () for the 1st is the same as that for the 2nd layer; coefficient selection for the 1st layer is the same as that for the 2nd layer
With common selection is applied across polarizations,  a bitmap for all the  entries is enough to indicate P.
We have
Proposal 2-2: a  bitmap is used to indicate the positions of non-zero coefficients on M FD components.

Additional discussions for coefficient selection can be found in the next section.

 FD component selection and coefficient selection



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 the figure, 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. 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. 
One observation from Figure 2 is that coefficient selection can be conducted jointly through spatial layers. We also note coefficient selection can be conducted jointly through polarizations. In the following, we consider a number of coefficent selection schemes:
· Coefficient Selection Scheme 1, illustrated in Figure 3, the coefficient selection (solid black circles) is independently conducted acorss polarizations and spatial layers (if rank 2 or higher is selected);

· Coefficient Selection Scheme 2, illustrated in Figure 4, the coefficient selection (solid black circles) is common across spatial layers, and only the location of selected coefficients at one spatial layer (shown as solid black circles) needs be be fed back by a UE; and coefficients at corresponding locations at another spatial layer (shwn as dotted circles) are also selected by the UE. Note however with Scheme 2, coefficient selection is allowed to be different across polarizations.

· Coefficient Selection Scheme 3, illustarted in Figure 5, the coefficient selection (solid black circles) is common across polarizations and spatial layers. and only the location of selected coefficients at one polarization at a given spatial layer (shown as solid black circles) needs be be fed back by a UE; and coefficients at corresponding locations at another spatial layer and/or another polarization (shwn as dotted circles) are also selected by the UE.

· Coefficient Selection Scheme 4, illustrated in Figure 6, the coefficient selection (solid black circles) is common across polarizations at a given spatial layer, and only the locations of selected coefficients at one polarization (shown as solid black circles) needs be be fed back by a UE; and coefficients at corresponding locations at another polarization (shwn as dotted circles) are also selected by the UE. Note however with Scheme 4, coefficient selection is allowed to be different for different spatial layers.


We have performed extensive simulation evaluations [1], which reveals that the performance degradation  with Coefficient Selection Scheme 2/3/4 compared with that with Coefficient Selection Scheme 1 is quite small. 
From Figure 5, it is seen it is enough to use a  bitmap is used to indicate the positions of non-zero coefficients on M FD components at a polarization, the positions of non-zero coefficients at another polarization/spatial layers can be derived accordingly.
We have 
Proposal 3: coefficient selection is common across spatial layers and polarizations.
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Figure 2 Independent coefficient selection for spatial layers and polarizations
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Figure 4 Common coefficient selection across spatial layers 

[image: ]
Figure 5 Common coefficient selection across spatial layers and polarizations
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Figure 6 Common coefficient selection across polarizations at a given spatial layer
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In this contribution, we provide our views on FD component selection and coefficient subsetion selection. We have
Observation: coefficient selection plays a central role in achieving overhead reduction in Rel-16.
Proposal 1: FD component selection is common for spatial layers.
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Proposal 2-2: a  bitmap is used to indicate the positions of non-zero coefficients on M FD components.
Proposal 3: coefficient selection is common across spatial layers and polarizations.
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