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Introduction
Rel-16 MIMO enhancement WI was approved with the following scope [1]. Among the scope, Type II CSI feedback enhancement for MU-MIMO support is one of the main topics. 

	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



Rel-15 NR type II CSI reporting has the potential to provide more accurate CSI information in order to facilitate MU-MIMO pairing at the gNB scheduler side. However, it also suffers from some limitation 

1. Rel-15 NR type II CSI reporting supports maximum of 2 layers 
2. Rel-15 NR type II CSI reporting incurs large overhead especially when the number of subbands are large 
Significant progress has already been made in RAN1 #95 meeting in the area of reducing the type II CSI feedback overhead. The frequency domain DFT based approach was agreed with details to be finalized in the coming meetings [2] 

	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 



The following equation illustrates the general ideal of CSI overhead reduction with DFT based frequency domain compression.
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Whereas  is the number of subbands, M is the number of frequency (DFT) basis used for compression
 
In RAN1#AH1 2019, further agreement has been reached in terms of the detailed design on how to compress feedback coefficients based on the frequency basis [3]

	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

Agreement
On basis/coefficient subset selection for the first layer, the following is supported:
· Common selection for all beams with size-K0 subset of 2LM reported 
· The value of K0 is configured via higher-layer signaling
· The number of reported non-zero coefficients can be smaller than or equal to K0
· FFS: Whether the value of M is configurable

Working Assumption
On the choice of oversampling factor O3, O3 = 4 is supported  

Agreement
On basis/coefficient subset selection for the first layer, support the following: 
· Size-K0 subset design: down select in RAN1#96 from the following alternatives 
· Alt1. Unrestricted subset (size=2LM)
· Alt2. Polarization-common subset (size=LM)
· Alt3. Restricted subset (for a given subset of beams and FD basis, size=2L+M)
· 
The value of K0:   where two values of β are supported  
· 
Down select in RAN1#96 from  
· The UCI consists of two parts: 
· Information pertaining to the number(s) of non-zero coefficients is reported in UCI part 1
· Note: This does not imply whether this information consists of single or multiple values 
· The payload of UCI part 1 remains the same for different RI value(s)
· Bitmap is used to indicate non-zero coefficient indices

Agreement

Two values of M are supported. In RAN1#96, down select between the following alternatives ():
· 
Alt1.  
· 
Alt2. 
· FFS: support for p=1/8 and/or p=3/4 in addition to 1/4 and 1/2 

Agreement
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Values of N3: For  and NSB is # CQI subbands, when , downselect among the following alternatives in RAN1#96
· 
Alt1: N3 is smallest multiple of 2, 3, or 5 which is  
· Alt2: N3 is a multiple of 2, 3, or 5. Segment into 2 parts with overlapping between 2 parts. Note: no padding is needed to align the DFT size with the multiple of 2, 3, or 5




In this contributions, we provide our proposals for the details on how to compress the combination coefficients based on DFT base matrix.
Number of Frequency Basis for Compression
Clearly the number of frequency basis, i.e. M, directly impact the compression gain as well as the error after compression. In fact, the compression gain is, roughly, linearly proportional to the number of frequency basis.

The optimal, or desirable, number of frequency basis depends on the UE antenna configurations as well as the radio channels, and certainly replies on the configured number of subbands. To achieve the best trade-off between compression gain and compression error, system should adapt the configuration of M based on multiple factors discussed above.

For example, when the channel is less frequency selective, it is expected that the number of frequency basis needed for compression is very limited, or mainly the basis near DC. Hence the M can be selected to be very small. Similarly, when the number of antenna elements is very large (i.e. N1*N2 large), the beam is typically very narrow and the beam formed channel tends to be less frequency selective, hence M can be chosen to be small too.

It is also important to notice that the beam selection and reporting is mostly UE implementation dependent. Furthermore, UE has the direct access to the full channel estimates and other useful information such as sensor etc. Therefore, it is beneficial to allow UE to suggest the desirable number of frequency basis to the NW to achieve the best adaption to the variable deployment conditions.

Similarly, the actual number of coefficients that need to be reported, aka , also highly depends on the actual channel which is best known at the UE side, therefore, it is also more reasonable for UE to indicate the  explicitly or implicitly, in order to maximize the compression

Proposal 1: The choice of number of frequency basis used for Type II CSI compression, i.e. M, needs to consider multiple factors, including the UE antenna configuration (N1, N2), and the configurated number of subbands (), etc. 

Proposal 2: Rel-16 NR considers to support UE to report the suggested number of frequency basis used for Type II CSI compression, i.e. M, and the actual number of coefficients that need to be reported, i.e. , to the NW.
Length of Frequency Basis for Compression
The frequency basis in  is a subset of DFT vectors. In theory, the length (dimension) of the frequency basis equals to the number of CSI frequency units (e.g., number of subbands). However, the number of subbands can be any integer from 1 to 19 in Rel-15 NR. If finer PMI frequency units are defined in Rel-16, the dimension of the frequency basis can vary in a much wider range, e.g. from 1 to hundreds. In addition, the NW can also configure the UE to report a subset of the subbands in order to reduce the UE computation complexity and overhead. From implementation perspective, the frequency compression can be implemented by FFT/DFT. To facilitate the implementation, the dimension of the frequency basis (i.e., FFT size) needs to be carefully selected. 

Instead of requiring UE to perform all the possible size of DFT/FFT operations, it is desirable to reduce the number of different frequency basis length (dimension) for CSI compression, while stilling covering all the possible CSI subband reporting configurations. 

Proposal 3: Rel-16 NR considers to reduce the number of different frequency basis length (dimension) for CSI compression, while still covering all the possible CSI subband reporting configurations. 
Codebook Subset Restriction Enhancement
Codebook Subset Restriction (CBSR) is needed for multiple reasons. First of all, for MU-MIMO, gNB may request two UE to report their precoding matrices in mutually orthogonal directions. Secondly, for reducing UE CSI computation complexity, a gNB may prune some unlikely beams based on UL measurement, so that UE doesn’t have to test the precoders formed by those pruned beams.

However, with the frequency based compression, a new CBSR design is needed since, after combination of the DFT basis, wideband amplitude cannot easily be regulated per space basis. One solution is to introduce frequency basis restriction in addition to spatial basis restriction. 

Proposal 4: Rel-16 NR considers to introduce frequency basis restriction in addition to codebook (spatial basis) restriction.

For frequency basis restriction, A UE is restricted from reporting CSI based on a subset of frequency basis per gNB configuration, in addition to spatial basis restriction. The max allowed amplitude for spatial basis and the max allowed amplitude for frequency basis can be separately configured. Furthermore, the maximum allowed amplitude may be layer specific, i.e., for different ranks, each layer may be configured with a different max allowed amplitude. A UE may be configured with restriction to spatial basis dependent amplitude, but no restriction to frequency basis dependent amplitude. Vice versa, A UE may be configured with restriction to frequency basis dependent amplitude, but no restriction to spatial basis dependent amplitude. In addition, A UE may be configured with both restriction to spatial basis dependent amplitude and restriction to frequency basis dependent amplitude.
Encoding of Enhanced Type II CSI
The compression coefficient in  needs to be quantized and feedback. Quantization needs to be done both in phase and amplitude domain like the current CSI feedback. 

Given a length (dimension) of the frequency basis, e.g. , the frequency basis ensemble can be created my oversampled DFT matrix in order to reduce the compression error. Oversampling will result in multiple orthogonal set of frequency basis to choose from. The compressor will choose M frequency basis used for compression, wherein M coefficients are reported for each beam.

To further compress the coefficient in , many options can be considered. One option is to use common frequency basis, i.e. each frequency basis is only reported with a scaling of the amplitude as shown below
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in which,  and  corresponds to the amplitude and phase coefficient which can be treated and compressed as the coefficient for spatial basis similar as Rel-15 design. The  is the additionally reported amplitude for each frequency basis.
Conclusion
Rel-15 NR type II CSI reporting has the potential to provide more accurate CSI information in order to facilitate MU-MIMO pairing at the gNB scheduler side. However, it also suffers from some limitation 

1. Rel-15 NR type II CSI reporting supports maximum of 2 layers 
2. Rel-15 NR type II CSI reporting incurs large overhead especially when the number of subbands are large
 
In terms of Type II CSI reporting overhead reduction. Frequency domain DFT based approach was agreed with details to be finalized in the coming meetings [2]. In this contributions, we provide our proposals for the details on how to compress the combination coefficients based on DFT base matrix. We have the following proposals

Proposal 1: The choice of number of frequency basis used for Type II CSI compression, i.e. M, needs to consider multiple factors, including the UE antenna configuration (N1, N2), and the configurated number of subbands (), etc. 

Proposal 2: Rel-16 NR considers to support UE to report the suggested number of frequency basis used for Type II CSI compression, i.e. M, and the actual number of coefficients that need to be reported, i.e. , to the NW.

Proposal 3: Rel-16 NR considers to reduce the number of different frequency basis length (dimension) for CSI compression, while still covering all the possible CSI subband reporting configurations. 

Proposal 4: Rel-16 NR considers to introduce frequency basis restriction in addition to codebook (spatial basis) restriction.
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