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1. Introduction 

A number of MU-MIMO CSI enhancement agreements were made at the 3GPP RAN1 NR-AH 1901 meeting 

in Taipei. Three possible alternatives were agreed for rank 1 subset selection and four candidate values of 𝛽 

were specified, two of which will ultimately be selected: 

A set of alternatives for rank 2 basis selection were also agreed by email:  

Agreement 

On basis/coefficient subset selection for the first layer, support the following:  

 Size-K0K0 subset design: down select in RAN1#96 from the following alternatives  

o Alt1. Unrestricted subset (size=2LM) 

o Alt2. Polarization-common subset (size=LM) 

o Alt3. Restricted subset (for a given subset of beams and FD basis, size=2L+M) 

 The value of K0: 0 2K LM      where two values of β are supported   

o Down select in RAN1#96 from
1 1 1 3

{ , , , }
8 4 2 4

     

ISSUE 2: (Refinement to agreement in Spokane on RI=2) For RI=2: 

 SD basis selection (selection of L out of N1N2 SD DFT vectors) is layer-common 

 Terms: 

o  “FD basis subset selection” refers to the selection of M out of N3 FD 

DFT vectors 

o  “Coefficient subset selection” refers to the selection of NNZC (# non-

zero coefficients) out of 2LM where NNZC <= K0 

 Down select among the three alternatives below 

o Alt 1A: layer-common FD basis subset selection, layer-common 

coefficient subset selection 

o Alt 1B: layer-common FD basis subset selection, layer-independent 

coefficient subset selection 

o Alt 2: layer-independent FD basis subset selection, layer-independent 

coefficient subset selection 

 The size-K0 subset design for layer 0 (the outcome of ISSUE 1) is also applied 

to layer 1 

 For all alternatives (layer-common or layer-independent coefficient subset 

selection), K0 is the maximum number of non-zero coefficients for each layer 



 

Two alternatives for the number of selected FD components, M, were also agreed:  

 

Although no agreements were made on quantization of �̃�2 coefficients, a set of offline proposals were made. 

These are summarized below: 

This contribution provides our view on the following open issues in MU-MIMO CSI enhancement: 

 Basis and coefficient subset selection for single layer 

 Basis and coefficient subset selection for two layers 

 Selection of M 

 Coefficient quantization scheme 

 CSI enhancement for RI > 2 

Agreement 
Two values of M are supported. In RAN1#96, down select between the following alternatives 

(
1 1

{ , }
4 2

p p): 

 Alt1. M = ⌈p ×
N3

R
⌉  

 Alt2. M = ⌈p × N3⌉ 
 FFS: support for p=1/8 and/or p=3/4 in addition to 1/4 and 1/2  

 

Offline proposal: On LC coefficient quantization, finalize the scheme based on the following 

alternatives in RAN1#96: 

 Alt1 (per coefficient analogous to Rel.15 Type II 𝑾2): Rel.15 3-bit amplitude, N-bit 

phase where N is configured to either 2 (QPSK), 3 (8PSK), or 4 (16PSK). 

 Alt2 (differential): Rel.15 3-bit wideband amplitude for each beam, X-bit differential 

amplitude TBD, Y-bit phase TBD 

o [X=2 or 3, Y=2 or 3 were mentioned – please confirm the final choice] 

 Alt3 (ABC matrix): A and C are real-valued diagonal matrices and B is a coefficient 

matrix. The amplitude set for each element of B is either 0 or 1. The amplitude sets of A 

and C TBD 

o [Rel.15 3-bit amplitude for A/C and Rel.15 3-bit amplitude for A and {0, 1/4, 

1/2, 1} for C were mentioned – please confirm the final choice] 

 Alt4 (two parts with two resolutions): For each beam: 4-bit amplitude and 4-bit phase 

for the first FD component’s coefficient; 3-bit amplitude and 3-bit phase for the 

remaining coefficients 

o Alphabets for 4-bit and 3-bit amplitude TBD 

o Alphabets for 4-bit and 3-bit phase TBD 



2. Basis/coefficient subset selection 

2.1. Single Layer 

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  

o Alt 1. Unrestricted subset (size=2LM) 

o Alt 2. Polarization-common subset (size=LM) 

o Alt 3. Restricted subset (for a given subset of beams and FD basis, size=2L+M) 

Alt 1 allows the selection of 𝐾0 coefficients for the first layer to be unrestricted in which case for a given 

selection of M  FD basis vectors, any combination of spatial beam and FD basis vector can be selected. The 

maximum number of coefficients is therefore 2LM.  In Alt 2 coefficients are chosen in polarization pairs with 

the maximum number of pairs being LM [1][2]. The motivation for including polarization pairs of coefficients 

in the coefficient subset is that  beams which differ only in their polarization tend to have similar amplitudes 

and therefore are likely to share the same decision on inclusion in the subset even if unrestricted selection 

were to be used. The bitmap indicating the selected components need only be of size LM thereby reducing 

feedback overhead. 

Simulations were performed to compare these two alternatives.  Simulations were performed with the 

following parameters: 

 10 MHz bandwidth 

 L = 4 beams 

 𝑁3 =13 

 𝑁1𝑁2 = 8 

 𝑀 = 4  

 𝑂3 = 4 oversampling factor 

 Rank 1 

 Alt 2-M with (A,B,C) = (4,3,4) coefficient quantization (see Section 4) 

 𝛽  ∈  {0.25, 0.5, 0.75}.   

Other simulation assumptions are given in Appendix I.  The average user packet throughput vs. rank 1 

overhead of the two schemes is plotted in Figure 1 and cell edge throughput vs. rank 1 overhead in Figure 

2.  In both plots the three points on the plot represent 𝛽 values of {0.25, 0.5, 0.75}.  From the plots, it can 

be observed that with a fixed 𝛽, common taps per polarization scheme have lower overhead, the 

performance is also worse than selecting independent taps per polarization.  These effects are seen to nearly 

cancel out, causing both schemes to nearly lie along the same line but with different operating points on the 

overhead axis. Overall there does not appear to be a performance vs. overhead benefit to selecting the same 

coefficient for both polarizations. 

Proposal 1: Alt 1 Unrestricted subset selection (size=2LM) is preferred for basis/coefficient subset 

selection. 

  



 

Figure 1: Comparison of average user packet throughput vs. single layer overhead of independent 

taps vs. common taps per polarization. 𝜷  ∈  {0.25, 0.5, 0.75}.   

 

 

Figure 2: Comparison of cell edge throughput vs. single layer overhead of independent taps per 

polarization vs. common taps.  𝜷  ∈  {0.25, 0.5, 0.75}.   

 



2.2. Two Layers 

For RI = 2 the following alternatives were agreed: 

 

 Alt 1A: layer-common FD basis subset selection, layer-common coefficient subset 

selection 

 Alt 1B: layer-common FD basis subset selection, layer-independent coefficient subset 

selection 

 Alt 2: layer-independent FD basis subset selection, layer-independent coefficient subset 

selection 

The three configurations were simulated with the following assumptions: 

 10 MHz bandwidth 

 L = 4 beams 

 𝑁3 =13 

 𝑁1𝑁2 = 8 

 𝑀 = 7  

 𝑂3 = 4 oversampling factor 

 Dynamic rank adaptation up to rank 2. 

 Alt 2-M with (A,B,C) = (4,3,4) coefficient quantization (see Section 4) 

 𝛽  ∈  {0.125,0.25, 0.5, 0.75}.   

 

For Alt 1B, layer-common FD basis subset, layer-independent coefficient subset case, the following 

procedure was used to determine the layer-common FD basis subset. First, the top two eigenvectors were 

calculated for each subband and each sequence of eigenvectors was transformed separately thereby resulting 

in two 2𝐿 × 𝑁3 arrays of coefficients, one for each layer.  The squared magnitude of the coefficients were 

added between layers and the top M  indices were chosen as the FD basis.  The 𝐾0 coefficients with the largest 

magnitudes were then chosen for each layer. 

This procedure was repeated for Alt 1A, the layer-common FD basis subset, layer-common coefficient case, 

except with common coefficient selection being performed by finding the 𝐾0 coefficients with the largest 

squared magnitude summed across layers.   

The average user packet and cell edge throughput results are shown in Figure 3 and Figure 4 respectively.  

The use of a common basis and independent taps shows similar performance to the independent basis case 

when the higher overhead of independent bases is taken into account.  At high 𝐾0, independent basis and tap 

selection show on the order of 0.5% gain. 

The reduced overhead of the common basis/common tap selection method shows a gain of about 1% at 𝛽 =
0.25 but loses about 1% at  𝛽 = 0.75 compared to independent basis and coefficient subset selection. The 

common/common alternative was observed in some channels to have no signal energy left after 

quantization once the first eigenvector was projected out of the effective channel matrix.  This did not 

occur with either the independent basis case or the common/independent configuration. This primarily 

occurred with 𝛽 = 0.125 where no alternative taps were available for the second layer. While the channels 

in which this occur would most likely be reported as rank 1 in any case, there is the risk  of reduced 

robustness in some channels with the common/common configuration and low overheads.  

Given the similar performance vs. overhead tradeoff  between the common/independent and 

independent/independent configurations, our preference is to adopt common basis/layer-independent 

coefficient subset selection. 

 



Proposal 2: Alt 1B: layer-common FD basis subset selection, layer-independent coefficient subset 

selection is preferred. 

 

 

Figure 3: Average user packet throughput vs. two layer overhead for three basis and tap subset 

selection schemes. 

 

 

Figure 4: Cell edge user packet throughput vs. two layer overhead for three basis and tap subset 

selection schemes. 



3. Value of M 

 

Agreement 

Two values of M are supported. In RAN1#96, down select between the following alternatives (
1 1

{ , }
4 2

p  

 Alt1. M = ⌈p ×
N3

R
⌉  

 Alt2. M = ⌈p × N3⌉ 

The selected number of FD basis vectors, M, should be large enough to capture most of the energy in the 

compressed domain coefficients. In this respect the choice of M depends on the delay spread of the 

channel’s realization and the system bandwidth. On the other hand an upper bound on the compression 

ratio can be seen to be roughly equal to the ratio of the portions of payload carrying coefficient data for Rel. 

15 vs. Rel. 16. If 𝑁𝑞,𝑓𝑟𝑒𝑞  is the number of bits per subband used for quantizing subband gains and 

amplitudes and 𝑁𝑞,𝐹𝐷  is the number of bits for amplitude and phase per FD coefficient, then assuming all 

𝐾0 = 2𝐿𝑀 coefficients are used, the bound on the compression ratio is 
𝑁𝑞 ,𝐹𝐷 2𝐿𝑀

𝑁𝑞 ,𝑓𝑟𝑒𝑞 2(𝐿 − 1)𝑁𝑆𝐵

 

which is roughly equal to 𝑀/𝑁𝑆𝐵 assuming 𝑁𝑞,𝑓𝑟𝑒𝑞 ≈ 𝑁𝑞,𝐹𝐷 . This is only a rough approximation since it 

doesn’t include factors contributing to overhead such as subband gains, indication of the M  selected basis, 

and the bitmap indicating the 𝐾0 coefficients.   

Observation 1: An approximate upper bound on the compression ratio of Rel. 16 Type II FD 

compression compared to Rel. 15 Type II is 𝑴/𝑵𝑺𝑩. 

Since from simulation we know the approximate compression ratios we can obtain, the above observation 

suggests we make M proportional to 𝑁𝑆𝐵 = 𝑁3/𝑅.  The alternative of making M  proportional to 𝑁3 is 

counterintuitive in the sense that the number of channel taps do not change with 𝑁3 as long as the channel 

samples at input to the DFT are sampled at a sufficient rate relative to the intra-beam delay spread to avoid 

aliasing of channel taps in the time domain.  

Proposal 3: Adopt Alt  1 
3N

M p
R

 
  
 

  

4. Coefficient Quantization 

Three alternatives for quantization of  �̃�2 coefficients are compared in this section. Descriptions of the 

alternatives including their normalization scheme and their amplitude/phase alphabets are given, followed 

by simulation results of their performance. 

4.1. Description of Alternatives  

Alt 1 

The first alternative consists of first normalizing all 𝐾0  coefficient by that coefficient which has largest 

magnitude, the index of which is reported as part of UCI. The remaining 𝐾0 − 1 coefficients are then 

quantized according to the Rel. 15 3-bit alphabet and their phase is quantized to 8PSK or 16PSK 

constellations. 



 

Alt 2-M 

Alternative 2-M is an adaptation of the Rel. 15 Type II CSI wideband/subband quantization scheme to  

DFT compression.  Corresponding to Rel. 15’s wideband amplitude of a beam is the largest coefficient 

amplitude of a beam.  These M amplitudes are normalized to 1 and quantized to either A  = 3 or 4 bits.  

Corresponding to Rel. 15 subband amplitudes are the selected FD coefficients normalized by the largest 

coefficient amplitude of the beam, quantized to either B = 2 or 3 bits.  Analogous to Rel. 15 subband phase 

is the phase of the selected FD coefficients, quantized to C = 3 or 4 bits. The allowed configurations of 

(A,B) are (4,2), (4,3), (3,2). 

 

Alt 4 

Alternative 4 quantizes the coefficient within a beam with the largest amplitude with higher resolution than 

the other coefficients of the beam  where higher resolution is in the form of additional bits for phase or 

magnitude or both.  Each coefficient is first normalized with respect to the coefficient with largest amplitude 

among the entire set of 𝐾0 coefficients.  The coefficient with largest amplitude within a beam is quantized 

with 4 bits of phase. The phases of the remaining coefficient in the beam are quantized to either 3 or 4 bits 

of phase.  The coefficient with largest amplitude within a beam is quantized to either 3 or 4 bits of amplitude 

and the remaining coefficient amplitudes are quantized to 3 bits. 

Strictly speaking, this alternative requires reporting the indices of the coefficients within each beam which 

have maximum amplitude.  In the evaluation of this method however, we assume a common index for the 

largest amplitude coefficient across all beams and therefore reporting the index of the coefficient with largest 

overall amplitude among all 𝐾0  coefficients is sufficient. The extent to which this assumption is true is 

reflected in the simulation results. 

 Alt 1  

 3 bit amplitude alphabet:  {1,
1

√2
,
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2
,

1

2√2
,
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,

1

4√2
,
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,
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 3 bits (8PSK) or 4 bits (16PSK) 

 

 Alt 2-M 

 UE reports the following amplitudes of the coefficients in �̃�2, for each spatial beam 

 The amplitude of the strongest coefficient per beam 

o Quantized with A bits. A = 4 or 3 

 For A=4, the alphabet is {1, (
1

2
)

1

4
, (

1

4
)

1

4
, (

1

8
)

1
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, … , (
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 For A=3, the alphabet is {1, (
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)
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8
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, … , (
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1

4
,0} (-1.5dB step size) 

 The differential amplitudes of the coefficients w.r.t. the strongest coefficient in this beam 

o Quantized with B bits. B = 2 or 3 

 For B=2, the alphabet is {1,
1

√2
,

1

2
,

1

2√2
} (-3dB step size) 

 For B=3, the alphabet is {1,
1

√2
,

1

2
,

1

2√2
,

1

4
,

1

4√2
,

1

8
,

1

8√2
} (-3dB step size) 

 (A, B) can be configurable from (4, 2), (4, 3), (3, 2) 

 UE reports the phases of the coefficients in �̃�2.  

 Phases are quantized with C = 3 bits (8PSK) or 4 bits (16PSK), which is configurable 

 



 

4.2. Simulation Results 

Simulations were performed to determine the relative performance of the three alternatives described 

above.  The same set of simulation assumptions described in Section 2 were used.  The simulated 

configurations of Alt 1, Alt 2-M, and Alt 4 s are given in Table 1 through Table 3. 

 

Table 1: Configurations simulated for Alt. 1 

# of amplitude bits # of phase bits 

3 3 

3 4 

 

Table 2: Configurations simulated for Alt 2-M 

Amplitude of the 
strongest 

coefficient per 
beam A (bits) 

Differential 
amplitudes of 

the coefficients 
B (bits)  

Phase of 
coefficients C 

(bits) 

4 3 4 

4 2 3 

 

 Alt 4 

 For each beam:  

o 3 or 4-bit amplitude for the strongest FD component in the beam 

o 4-bit phase (16PSK) for the strongest FD component in the beam 

 3-bit amplitude for the remaining coefficients 

 3-bit phase (8PSK) or 4-bit phase (16PSK) for the remaining coefficients 

 Amplitude alphabets: 

o 3-bit: {1, (
1

2
)

1

2
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1

2
)

2

2
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)
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o 4-bit: {1, (
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4
, … , (

1

2
)

15

4
}  

 



Table 3: Configurations simulated for Alt. 4 

Coefficient with highest amplitude 
within a beam 

Remaining coefficients 
 within a beam 

# of amplitude 
bits 

# of phase bits 
# of amplitude 

bits 
# of phase bits 

4 4 3 4 

4 4 3 3 

3 4 3 3 

 

The average user packet and cell edge throughput results are shown in Figure 5 and Figure 6 respectively.  It 

can be observed that Alt 2-M with (A,B,C) = (4,3,4) has a similar tradeoff of throughput vs. overhead as Alt 

1 and 4 for 𝛽 = 0.25 but shows non-negligible improvement over configurations of Alt 1 and Alt 4 for 𝛽 =

0.5 where it has the same throughput performance of Alt 1 (3,4) and about 40 bits less overhead. For 𝛽 =

0.75, Alt 2-M (4,3,4) surpasses Alt 1 (3,4) by about 0.5% in average throughput and 1% in cell edge 

throughput. 

Observation 2: Alt 2-M with (A,B,C) = (4,3,4) shows non-negligible performance improvement over 

configurations of Alt 1 and 4 for 𝜷 = 𝟎. 𝟓𝟎 and 𝜷 = 𝟎. 𝟕𝟓. 

 

 

Figure 5: Average user packet throughput relative to Rel. 15 Type II vs. rank 1 overhead  for the three 

quantization schemes. 



 

Figure 6: Average cell throughput relative to Rel. 15 Type II  vs. rank 1 overhead for the three 

quantization schemes. 

 

4.3. Discussion 

Complexity 

The most computationally complex operations in all of the alternatives involve a) finding the coefficient with 

maximum amplitude from a set  and b) normalizing the remaining coefficient amplitudes by this maximum.  

Alt 1 and 4 require a set of  𝐾0 magnitudes be searched for its maximum while Alt 2-M requires 2L searches 

of sets of average size  𝐾0 2𝐿⁄   in addition to a search over the 2L strongest coefficients in each beam. Since 

a search over a set of size N requires N – 1 compares, the overall number of compares between the schemes 

is equal.  The normalization step for Alt 1 and Alt 4 requires 𝐾0 − 1 divides while Alt 2-M requires 𝐾0 − 𝐿 

divides for non-dominant coefficients plus an additional L – 1 divides for the beams’ strongest coefficients 

and therefore the number of divides required for the scheme is the same. We conclude therefore that the 

schemes have similar computational complexity. 

Observation 3: Alternatives 1, 2-M, and 4 have similar computational complexity 

Codebook Subset Restriction 

Rel. 15 Type II CSI feedback supports codebook subset restriction (CBSR) for the purpose of reducing inter-

cell interference by restricting transmission in a set of beam directions, typically near the horizon. A similar 

approach was also introduced in LTE.  It would therefore be desirable to include support for the same CBSR 

functionality in Rel. 16 enhanced CSI feedback.   

Observation 4: It is desirable to support the same CBSR approach  used in  NR Rel. 15 Type II codebook 

in Rel. 16 enhanced CSI codebook. 



Restriction of beams’ transmission power in Rel. 15 is based on restricting the power of a selected set of  

beams. For each beam in the set, two bits specify a maximum allowed wideband amplitude coefficient of 

0, √1 4⁄ , √1 2⁄ , or 1.  Since subband amplitudes are not taken into account, the restriction is not on a beam’s 

total power across all subbands but just on the maximum power across subbands.  Extending Rel. 15 CBSR 

to Rel. 16 can easily be accomplished with Alt 2-M, since the strongest coefficient per beam has an analogous 

role to Rel. 15’s wideband coefficient; only the variable being compared needs to be changed. Consequently, 

minimal specification changes would be required with Alt 2-M. With Alt 1 or Alt 4, some function of a 

beam’s coefficients would need to be calculated to represent a bound on a beam’s power. Deciding this 

function would add additional delay in completing CSI enhancement and would anyway introduce a new 

variable in the specification that would serve a similar role to the beams’ strongest coefficients. 

Observation 5: The specification impact of adding CBSR support to Rel. 16 enhanced CSI feedback is 

minor with Alt 2-M. 

Conclusion 

Considering the similar complexity of the quantization schemes, the minimal impact to the specification 

required to support Rel. 15 Type II codebook subset restriction, and the performance vs. overhead 

advantage over Alt 1 and Alt 2, support adoption of Alt 2-M for the 𝐖𝟐 ̃ coefficient quantization scheme. 

Proposal 4: Support Alt 2-M for the 𝑾�̃� coefficient quantization scheme including the (A,B,C) = (4,3,4) 

configuration. 

 

5. Extension of Type II CSI for Rank 3-4 Transmission 

Based on the WID of NR MIMO enhancements for Rel. 16 in RAN meeting #80 [3], RAN1 delegates are 

expected to study and, if needed, specify extension of Type II CSI feedback to rank > 2. As of Rel. 15, a 

maximum of 2 layers can be transmitted via Type-II CSI feedback mechanism, whereas Type-I CSI feedback 

supports up to rank-8 transmission. Given the growing need to support higher throughput in NR, improving 

the CSI feedback resolution for higher layers is a good candidate for Rel. 16 enhancements. In this section, 

we assess the performance of the straightforward extension of Type-II CSI (compliant with the agreements 

up to RAN1 NR-AH 1901) to rank 3-4 transmission. For simplicity the results in this section are based on 

SU-MIMO simulations with Shannon-type rate calculations (with a pre-log penalty factor imposed to reflect 

the loss due to non-ideal channel coding). 

 

5.1. Simulation Results for Rank 3-4 Transmission 

In this sub-section we compare the spectral efficiency of a Type-II CSI compression scheme for up to rank-

2 transmission (compliant with RAN1 NR-AH1901 agreements), with a rank-4 straightforward extension of 

Type-II CSI. Simulation assumptions can be found in Appendix II. Results in Figure 7 reveal that the 

throughput achieved across layers 3-4 is significant, leading to an average throughput gain of 24% for rank-

4 transmission, compared with the rank-2 case. Note that the results at 5 percentile show that rank-2 case 

outperforms rank-4 for worst case users, however we believe this is an artifact of the simulation in which we 

force all users with full-rank channels to support 4 layers, which can be overcome with rank adaptation 

techniques which would automatically degrade the transmission rank for cell-edge users. 

 



 

Figure 7: Comparison of rates per layer between rank-2 and rank-4 CSI Type-II Feedback. 

 

Observation 6: Extension of CSI Type-II feedback to rank 3-4 transmission can potentially provide 

significant gains in average throughput under NR MIMO. 

 

Proposal 5: Extend Rel. 16 CSI Type-II feedback to rank 3-4 transmission. Further enhancements to 

reduce feedback overhead for layers 3, 4 are not precluded. 

 

5.2. Number of spatial DFT beams (L) for Rank 3-4 Transmission 

 

In [4] it was proposed that the number of spatial DFT beams (L) be extended to L=6, so as to support different 

RI values. In light of that, we assess the impact of increasing L to 6 for rank 3-4 transmission in this sub-

section. Simulation results in Figure 8 show marginal gains for the rank-4 transmission with L=6 over L=4 

(3% gain in sum-throughput across layers). Given the significant increase of feedback overhead imposed 

required for L=6 beams (~100 bits overhead increase per layer due to increase in 𝐾0 given fixed β,p values), 

including L=6 may not be advantageous with respect to the throughput-overhead tradeoff, even for rank-4 

transmission.  



 

Figure 8: Comparison of rates per layer for rank-4 CSI Type-II Feedback, with L=4,6 

 

Observation 7: Extension of L=6 for CSI Type-II feedback provides marginal gain in rank 3-4 scenario, 

although requiring significant increase in feedback overhead for fixed p, β values. 

 

6. Conclusion 

This contribution discussed the following open topics in MU-MIMO CSI enhancement: 

 Basis and coefficient subset selection for single layer 

 Basis and coefficient subset selection for two layers 

 Selection of M 

 Coefficient quantization scheme 

 CSI enhancement for RI > 2 

The observations are: 

Observation 1: An approximate upper bound on the compression ratio of Rel. 16 Type II FD 

compression compared to Rel. 15 Type II is 𝑴/𝑵𝑺𝑩. 

Observation 2: Alt 2-M with (A,B,C) = (4,3,4) shows non-negligible performance improvement over 

configurations of Alt 1 and 4 for 𝜷 = 𝟎. 𝟓𝟎 and 𝜷 = 𝟎. 𝟕𝟓. 



Observation 3: Alternatives 1, 2-M, and 4 have similar computational complexity 

Observation 4: It is desirable to support the same CBSR approach  used in NR Rel. 15 Type II 

codebook in Rel. 16 enhanced CSI codebook. 

Observation 5: The specification impact of adding CBSR support to Rel. 16 enhanced CSI feedback is 

minor with Alt 2-M. 

Observation 6: Extension of CSI Type-II feedback to rank 3-4 transmission can potentially provide 

significant gains in average throughput under NR MIMO 

Observation 7: Extension of L=6 for CSI Type-II feedback provides marginal gain in rank 3-4 scenario, 

although requiring significant increase in feedback overhead for fixed p, β values. 

The proposals presented include 

Proposal 1: Alt 1 Unrestricted subset selection (size=2LM) is preferred for basis/coefficient subset 

selection. 

Proposal 2: Alt 1B: layer-common FD basis subset selection, layer-independent coefficient subset 

selection is preferred. 

Proposal 3: Adopt Alt 1 
3N
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 . 

Proposal 4: Support Alt 2-M for the 𝑾�̃� coefficient quantization scheme including the (A,B,C) = (4,3,4) 

configuration. 

Proposal 5: Extend Rel. 16 CSI Type-II feedback to rank 3-4 transmission. Further enhancements to 

reduce feedback overhead for layers 3, 4 are not precluded. 
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Appendix I 

Table 4: Simulation assumptions 

Modulation Up to 256 QAM 

Coding on PDSCH LDPC 

Numerology 15KHz 14 OFDM symbol slot and 52 PRBs 

Frequency band 4 GHz 

Simulation bandwidth 10 MHz 

Transmission scheme Closed SU/MU-MIMO adaptation 

Scenario Dense Urban (Macro layer only) 

UE antenna height and gain TR36.873 

Channel model 38.901 UMa channel model B 

Inter-site distance  200 m. 

Traffic model FTP model 1 with packet size 0.5 Mbytes 

Type II feedback DL codebook 4 beams, WB+SB, 8PSK 

PRBs bundling per SB 1 PRB 

MU dimension Up to 12 layers 

SU dimension 1/2 layers 

Codeword (CW)-to-layer mapping Single codeword 

CSI feedback 
PMI, CQI: every 5 slot; 4 slot delay, RI: every 5 

slot; 
Sub-band based  

Interference measurement 
SU-CQI; CSI-IM for inter-cell interference 

measurement 

ACK/NACK delay The next available UL slot 

Re-transmission delay The next available DL slot after receiving NACK 

Antenna configuration at TRxP 
(M,N,P,Mg,Ng; Mp,Np) =(8,4,2,1,1;2,4) 

(dH, dV)=(0.5, 0.8)λ 

Antenna configuration at UE 
 (M,N,P,Mg,Ng; Mp,Np) = (1,1,2,1,1; 1,1) 

(dH, dV)=(0.5, N/A)λ 

Scheduling PF 

Receiver MMSE-IRC 

Channel estimation Non-ideal 

UE Noise Figure 9 dB 

Mechanic tilt 90° in GCS (pointing to horizontal direction) 

Handover margin (dB) 1 dB 

TRxP total transmit power 41 dBm 

 

  



 

Appendix II 

Table 1: Simulation assumptions 

Numerology 15KHz 14 OFDM symbol slot and 52 PRBs 

Frequency band 4 GHz 

Simulation bandwidth 10 MHz 

Transmission scheme Closed SU-MIMO adaptation 

Scheduler Round Robin 

Scenario Dense Urban (Macro layer only) 

UE antenna height and gain TR36.873 

Channel model 38.901 UMa Channel Model B 

Inter-site distance  200 m. 

CSI Type-II configuration (L ,p, β) = (4,0.5,0.5) 

CSI Type-II FD Basis/Coefficient Selection 
Independent Basis for each layer 

Layer/Polarization Independent coef. selection 

CSI Type-II Quantization Method 
Alt 2-M ,  

4 bits WB Amp., 3 bits SB Amp., 16PSK Phase 

Interference modeling  Spatially white 

Antenna configuration at TRxP 
(M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1; 4,1) 

(dH, dV)=(0.5, 0.8)λ 

Antenna configuration at UE 
 (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,1) 

(dH, dV) = (0.5, N/A)λ 

Receiver MMSE-IRC 

Channel estimation Zero-delay ideal 

UE Noise Figure 7 dB 

 Rate Expression αlog2(1+μSINR),  α=0.84, μ=0.76 

Mechanic tilt 90° in GCS (pointing to horizontal direction) 

Handover margin (dB) 1 dB 

TRxP total transmit power 41 dBm 
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