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1. Introduction

The new WID [1] for NR MIMO was agreed in RAN #80 meeting. The enhancement of type II codebook can be considered in Rel-16 from the following aspects:
· 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  
In 95bis and NR-AH 1901 meeting, the compression scheme for the above enhancements was discussed with following agreements:
Agreement: 

In RAN1 NR-AH 1901, companies are encouraged to evaluate the following alternatives for compression basis ([image: image17.png]Performance tradeoff
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) subset selection scheme across different layers when RI=2. Select one of the following alternatives in RAN1#96: 
· Alt1. Basis subset selection ([image: image2.wmf]f
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) for the 1st is the same as that for the 2nd layer 

· Alt2. Basis subset selection ([image: image3.wmf]f
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) for the 1st can be different from 2nd layer

Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for [image: image4.wmf]2
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 quantization for evaluation purposes.
Agreement
On basis/coefficient subset selection for the first layer, support the following: 

· Size-K0 QUOTE ,K-0.  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: 
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  QUOTE ,K-0.=,β×2LM.  where two values of β are supported  
· Down select in RAN1#96 from
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   QUOTE β∈,,1-8.,,1-4.,,1-2.,,3-4.. 
· 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
On the values of L, support L={2,4}

· Decide whether to support L=3 and/or L=6 in the future meetings considering the performance-overhead trade-off for different RI values and/or different number of antenna ports 

Agreement
Two values of M are supported. In RAN1#96, down select between the following alternatives (
[image: image7.wmf]11

{,}

42

p

Î

 QUOTE p∈,,1-4.,,1-2.. ):

· Alt1.  QUOTE M=,p×,,N-3.-R.. 
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· Alt2.  QUOTE M=,p×,N-3.. 
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· FFS: support for p=1/8 and/or p=3/4 in addition to 1/4 and 1/2 
Agreement:

The value of M is higher-layer configured 

· FFS: Whether UE reporting smaller value of M (in addition to the configured M) is supported
In this contribution, we discuss the scheme/parameters/evaluations on type II CSI feedback for overhead compression. The discussion on enhancement for rank 3/4 extension is discussed in another contribution [2]. 
2. Discussion
2.1. FD basis and coefficient subset selection 
For FD basis and coefficient subset selection, several alternatives are discussed, for coefficient subset：
· 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)
No restrictions applied on Alt1, UE could select any coefficients with largest payload (but only 2LM bit). For Alt2, UE could select coefficients freely within a polarization, but coefficients of two polarizations are restricted to be the same. For Alt3, UE has to select coefficients within given SD/FD basis set. So, 2L bits and M bits indicate spatial basis and frequency basis respectively.
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For Alt2, power distribution of two polarization channel is expected to be highly correlated for the same SD-FD basis, in that dual-polarization share the same spatial/multi-path physical channel and differ in its phase. 
For Alt3, restricted subset assume some multiple paths have a large intra cluster angular spread, while the others are small inter cluster angular spread.
Based on SLS results of subset evaluation, Alt2 and Alt1 have similar performances for the reason that additional compression of Alt2 is quite small, only LM bits are saved by Alt2 and coefficient quantization cost majority payload of codebook. But the overhead of coefficient quantization will decrease by applying non-zero coefficients reporting and Alt2 could be efficient in principle. Alt3 decrease performance significant.
Observation 1: For K0-size subset, performance of polarization-common subset (Alt2) and unrestricted subset (Alt1) are similar; restricted subset (Alt3) decrease performance.

we propose:

Proposal 1: Support either unrestricted subset (Alt1) or Polarization-common subset (Alt2) 

[image: image11]
Figure 1: K0 subset restriction
For rank2 transmission
· 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
Both M frequency basis and coefficient are common across 2 layers for Alt1A, the overhead is  
[image: image12.wmf](

)

(

)

23

log,+2LM

nchoosekNM

éù

êú

 bits. Coefficient subset could be selected freely within a common frequency basis for Alt 1B and additional 2LM bits are cost for the second layer. Alt2 relax the restrictions of common frequency basis further. SLS evaluation result of above methods shows in figure.  Rel-15 Type II performance as reference. for Alt 1A and Alt 1B, the throughput benefit of independent coefficient subset are marginal. Allocate overhead for independent FD basis is more efficient (Alt2) than coefficient subset (Alt 1B) But Alt2 cannot outperform Alt 1A in sense of overhead-performance tradeoff.

[image: image13]
Figure 2: FD basis and coefficents selection for 2 layers

Observation 2: For rank2 transmission, Alt1A (layer-common FD basis subset selection, layer-common coefficient subset selection) has similar performance with Alt2 (layer-independent FD basis subset selection, layer-independent coefficient subset selection), and it outperform Alt 1B (layer-common FD basis subset selection, layer-independent coefficient subset selection) about 2%.

Considering the simplicity of Alt1, we propose:

Proposal 2: Support layer-common FD basis subset selection and layer-common coefficient subset selection (Alt 1A) for rank 2 transmission.
2.2. Quantization

To quantize coefficient subset of W2, following alternatives are discussed:  
· Alt1 (per coefficient analogous to Rel.15 Type II ): Rel.15 3-bit amplitude, co-phasing TBD 

· Alt2 (differential): Rel.15 3-bit wideband amplitude for each beam, differential amplitude TBD, co-phasing TBD

· Alt3 (ABC matrix): A and C are real-valued diagonal matrices and B is a coefficient matrix. The amplitude set for B is {0,1}. The amplitude sets of A and C TBD

· 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

For Alt1, within the selected M FD basis subset (2LM), UE further select maximum K0 strongest coefficients and report its quantized version. A simple way to get the quantized coefficients could be UE firstly find the largest amplitude element and normalize its amplitude to 1 and phase to 0, then the remaining coefficients are through searching quantization codebook per coefficient considering the normalization to minimize MSE. The phase could be quantized to 8PSK and/or 16PSK constellation. UE report the non-zero coefficients with the leading coefficient indicator.
For Alt2, once UE find out maximum K0 coefficients, differential quantization performed per SD basis. Simple procedure with jointly wideband and differential amplitude searching could be performed at UE side to minimize quantization error. The overhead of Alt2 is similar to Alt1, for 2bit differential scheme only saved 1 bit  per coefficient thus results in K0 bits in total, but it pays additional 3(2L) bits allocated for all wideband amplitudes of SB basis.
For Alt3, intuitively, the amplitudes matrix of selected coefficient subset is decomposed as two diagonal matrix, which is a rank-1 approximation of the amplitude matrix. A and C could be the left and right dominant Eigen-vector as the result of SVD achieving optimal MSE performance. Amplitudes matrix is generally high correlated due to strong coefficients selection. Totally 2L + M quantized amplitude coefficients are reported, which is beneficial for large K0. 
For Alt4, with proper phase correction of precoder on each subband, power concentrated on low DFT basis. Alt4 assign one more bits to the dominant basis, which is a variant scheme of Alt1 with variable length encoding.
Quantization Alt1~4 are evaluated through SLS. For Alt1, Rel. 15 3bit amplitude alphabet with 8PSK/16PSK is used; For Alt2, 2 bits amplitude is used for differential quantization, Rel. 15 3bit alphabet is used for wideband amplitude quantization. For Alt3, Rel. 15 3bit alphabet is used to quantize A and C, and codebook searching procedure follow the iterative method described in [3]. For Alt4, 4 bits amplitude and 16PSK are quantized for the first FD component, remaining coefficients are (3,3) bits allocated for amplitude and phase. More detailed assumptions are presented in the appendix.
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Figure 3: Quantization
For Alt1, Alt2, 16PSK co-phasing achieve 1% better tradeoff comparing to 8PSK. Alt2 cannot outperform Alt1 and degrade about 3% performance. Alt4 has similar performance comparing to Alt1.
Observation 3: 16PSK co-phasing is 1% better than 8PSK for per coefficient quantization (Alt1) and differential quantization (Alt2).

Observation 4: Performance of per coefficient quantization (Alt1) and two part resolutions quantization (Alt4) are similar; per coefficient quantization (Alt1) is 2% better than differential quantization (Alt2); ABC matrix (Alt3) decrease performance compare to per coefficient quantization (Alt1).
Proposal 3: Support per coefficient quantization (Alt1) for Type II compression.
3. Conclusion

In this contribution, we analyze the overhead reduction of Type II CSI feedback with some system level evaluation results. Based on the analysis and evaluation, we have following observations and proposals:
Observation 1: For K0-size subset, performance of polarization-common subset (Alt2) and unrestricted subset (Alt1) are similar; restricted subset (Alt3) decrease performance.

Observation 2: For rank2 transmission, Alt1A (layer-common FD basis subset selection, layer-common coefficient subset selection) has similar performance with Alt2 (layer-independent FD basis subset selection, layer-independent coefficient subset selection), and it outperform Alt 1B (layer-common FD basis subset selection, layer-independent coefficient subset selection) about 2%

Observation 3: 16PSK co-phasing is 1% better than 8PSK for per coefficient quantization (Alt1) and differential quantization (Alt2).

Observation 4: Performance of per coefficient quantization (Alt1) and two part resolutions quantization (Alt4) are similar; per coefficient quantization (Alt1) is 2% better than differential quantization (Alt2); ABC matrix (Alt3) decrease performance compare to per coefficient quantization (Alt1).

Proposal 1: Support either unrestricted subset (Alt1) or Polarization-common subset (Alt2)
Proposal 2: Support layer-common FD basis subset selection and layer-common coefficient subset selection (Alt 1A) for rank 2 transmission.
Proposal 3: Support per coefficient quantization (Alt1) for Type II compression.
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5. Appendix
	Parameter
	Value

	Duplex
	FDD 

	Waveform
	OFDM

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban

	Frequency Range
	4GHz.

	Inter-BS distance
	200m 

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, 570 UEs

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ for overhead reduction 


	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for overhead reduction 
4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank extension

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC

Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation

	maximum MU layers
	12

	CSI feedback 
	CSI feedback periodicity (full CSI feedback) :  5 ms, 
Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms
Codebook coeff. quantization (Amplitude, phase )= (3bits,3bits)

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for CSI overhead reduction

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Baseline for performance evaluation
	Rel-15 Type II Codebook for overhead reduction. 
Rel-15 Type I Codebook for higher rank codebook. 

	Overhead 
	2 PDCCH symbols

DMRS overhead: up to actually scheduled total layers

1 SSB per 20ms

CSI-RS: 32ports, 5ms period, 1RE/port/RB
CSI-IM: 4 REs/PRB, 5ms period
TRS: 12 REs/PRB, 20ms period, maximal bandwidth with 52 PRB
Total overhead: 24.24%
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