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At RAN1 #95 and RAN1 AH 201901, a number of agreements were reached:
Agreement
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 
· Note: Additional compression scheme(s) are not precluded 

Agreement 
In RAN1 NR-AH 1901, decide (agree on) at least the following aspects of DFT-based compression:
· Frequency-domain compression unit: same subband size as CQI vs. RB (or multiple of RBs) different from CQI
· 
Basis subset selection for the 2L beams: common (including the possibility of reporting a subset of 2LM  coefficients) vs. independent

Agreement
For RAN1 NR-AH 1901:
· Identify the remaining details required to finalize Type II rank 1-2 compression, e.g. range of values and configuration for each DFT-based compression parameter, CBSR utilization, detailed UCI design (such as reporting of coefficients associated with strongest beam/polarization)
· Companies are encouraged to evaluate the options A, B, C, D, and E (“other schemes”) summarized in Table 3 of R1-1813002 for potential support for Type II rank 1-2 overhead reduction 

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.

Agreement
The first offline agreement in section 2.2 of R1-1814201 on ‘Basis subset or linear combination (LC) coefficient selection for the 2L beams’ is agreed.

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, 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.

For next meeting
In RAN1 NR-AH 1901, companies are encouraged to study the following issues for finalizing the remaining details on DFT-based compression in RAN1#96:
· Supported values for the number of FD compression units before compression, or the DFT vector length (N3), by considering, e.g.
· Whether one compression is performed across the entire CSI reporting band or a segment of the CSI reporting band
· Supported values for the number of FD components after compression (M for common selection or {Mi} for independent selection)

Agreement: 

For each layer, the following alternatives for quantizing each of the coefficients in  are to be studied for down selection in RAN1#96: 
· Alt1A. Rel.15 3-bit amplitude; Rel.15 QPSK and 8PSK co-phasing 
· Alt1B. Rel.15 3-bit amplitude; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing 
· Alt2A. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK and 8PSK co-phasing 
· Alt2B. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing
· Alt2C. Rel.15 3-bit wideband amplitude + Rel.15 QPSK and 8PSK wideband co-phasing for each beam, 2/3-bit differential amplitude and co-phasing for FD coefficients;
· Alt3. A-bit amplitude for each of 2L beams, B-bit amplitude for each of M FD components, 1-bit differential amplitude and 8PSK co-phasing for each of the 2LM FD coefficients
· Alt4. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary
· Alt5. Special case of Alt4: Q=2, B0=C0=3; B1=C1=2 on amplitude/phase


In this contribution, we provide our views on MU CSI enhancement.
[bookmark: _Toc1135644]Overview on proposed CSI feedback schemes

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.

 Fequency unit padding and extension
As  can be large,  frequency units can be divided into a number of segments of frequency units, each segment ideally would consist of a fixed/configurable number of frequency units according to . However, depending on BWP configuration, some segments may have a less number of frequency units than others; hence it is necessary to develop a rule to divide  into  segments segment  with size , .

 One rule could be  is non-decreasing with , , so , and , and , alternately  can be arranged so  is non-increasing with .  is allowed to have 2, 3, 5 only as its prime factors to facilitate FFT/IFFT processing. All the allowed  values are included in a set . Then if , the least number from  which is no smaller than  is chosen, let us assume  is chosen.

If , then a pre-processing step is needed to pad some frequency units to segment , so the resulted number of frequency units in that segment is  . Due to the padding process, precoders corresponding to the padded frequency units should be discarded by the network. Hence the padding process needs to be specified.  and  frequency units ( or  and  ) can be padded at the beginning and end of the segment to result with a segment with the desired number of frequency units, e.g.  or . 

For small BWP configurations, such as one with 7 subbands, such a padding process is necessary. For other cases, frequency units in the neighboring segment for the edge segment can be included, for example  (or frequency units from segment 1 are included to segment 0, so the resulted number of frequency units is  (or ) for segment 0, in another word overlapping frequency units with two neighboring segments are introduced, we can so a procedure frequency unit extension.

[image: ]
Figure 1 Padding frequency units to achieve the desired number of frequency units in a segment
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As coefficient selection, including FD component selection and coefficient subsect selection is of a central role in overhead reduction, detailed discussions  FD component selection and coefficient selection are provided in a companion contribution [3].
Along with the FD component and coefficient subset selection, the choice of  two parameters, (p, Beta), are very important in achieving overhead reduction and ensuring comparable performance with Rel-15. It is our view if performance loss due to excessive overhead reduction is too much, in general the whole Rel-16 MU-CSI enhancement feature becomes less interesting for practical deployment. We have 
Observation 1: parameter sets for (p, Beta) should be chosen so performance degradation compared with Rel-15 can be avoided.

From the discussion in [3], we also have

Observation 2: coefficient selection plays a central role in achieving overhead reduction in Rel-16.
Proposal 1: FD component selection is common for spatial layers.

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
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.


[bookmark: _Toc1135646] Quantization schemes
With the same overhead, quantization schemes may demonstrate different performance-overhead tradeoffs. Alt. 1, 2, 3 and  4 were proposed previous meetings. All of them propose some enhancement over Rel-15 quantization design.
We propose our views on some of them in a campanino contribution [2], and from there we have:
Proposal -4: If at least one coefficient in a row   is selected in coefficient subset selection, then one coefficient on that row is quantized with high precision. 
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At RAN1 AH 1901, the following was agreed:
Agreement
On FD compression unit, agree on Alt1 (PMI subband size = CQI subband size) as the default, along with Alt2.2 (PMI subband size = CQI subband size / R) as secondary
· The value of R is fixed to 2
· FFS: Whether secondary implies a separate UE capability or restricted use cases
· Include issues such as limitation on the number of FD compression units, CPU occupation, latency constraint and/or BW constraint
· FFS: Whether FD compression unit is higher-layer configured or reported by the UE

When R is signalled by the network, the number of  EVDs (eigen-value decompositions) performed by the UE is doubled, which subsantially increases the UE process complexity.  A new UE capability for the support of R=2 should be introduced so if a UE implementation chooses to support R=2, it can be signalled to the network. As the details of Type II overhead reduction have not fully emerged, and very importantly decisions still need to be made concerning rank 3 and rank 4, discussions such as limiting the number of FD compression units, CPU occupation, latency constraint and/or BW constraint should be deferred until we have more clarity on Type II design, including ranks 1-4.
[bookmark: _Toc1135819]Value of O3
At RAN1 AH 1901, the following working assumption was taken:
Working Assumption
On the choice of oversampling factor O3, O3 = 4 is supported  

Introducing O3 = 4 has the benefit to adjust finely the FD component timing so FD components are better aligned with channel taps with significant power. It can be expected when the channel tap step is small (i.e.  is large so the step  is small), any possible mis-alignment of the selected FD components and channel taps with significant power is also small; the benefit of adjusting the FD components with an even smaller step is diminished. 
Also choosing the suitable timing  leads to more UE processing complexity compared with the case O3 = 1. Considering both potential performance gain and UE implementation complexity, if O3 = 4 is supported, then it can be limited to cases where  is small. As we have the agreement from Taipei meeting to have different rules concerning  , we can have if O3 = 4 is supported, it is supported under the condition ; for >13, O3 = 1.
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[bookmark: _Toc1135820]Conclusions
In this contribution, we provide our views on MU CSI enhancement. We have
Observation 1: parameter sets for (p, Beta) should be chosen so performance degradation compared with Rel-15 can be avoided.
Observation 2: coefficient selection plays a central role in achieving overhead reduction in Rel-16.
Proposal 1: FD component selection is common for spatial layers.

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
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.
Proposal -4: If at least one coefficient in a row   is selected in coefficient subset selection, then one coefficient on that row is quantized with high precision. 
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