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Introduction
In RAN1#88bis meeting, Type II CSI feedback was discussed and following agreements were made [1]:
Agreements:
· Study mechanisms targeting efficient use of peak and/or average CSI overhead for CSI feedback Type II.
· For Category I, e.g.
· Mechanism 1: Frequency selective precoding feedback with delay-related parameter(s) (e.g. R1-1704884, R1-1705927)
· Mechanism 2: Differential CSI reporting in time domain h(e.g. R1-1705349, R1-1705588)
· Mechanism 3: Uneven quantization bit allocation for the beam amplitudes or/and phases (e.g. R1-1705076)
· Mechanism 4: Matrix quantization considering inter-layer orthogonality for W2(e.g., R1-1704408)
· Note: performance should be also considered for overhead reduction 
· Other examples are not precluded.
Agreements:
· For Type I and II Cat1 (if Cat1 is supported) single panel codebooks ( structure):
· The exact design of  is to be decided in RAN1#89 for both Type I and Type II Cat1 (if Cat1 supported)
· For W1 codebook, companies are encouraged to perform more evaluations comparing the different alternatives
· For Type I: Study further the values of L among L=1 and L= 4, at least for rank 1


Agreements:
· For Type II CSI feedback (Cat 1, if supported), at least rank 1 and rank 2 are supported
· FFS other ranks
· For beam selection:
· Support at least unconstrained beam selection from orthogonal basis
	In this contribution further details of Type II CSI feedback design will be discussed. 
Discussion
There are three categories of Type II CSI feedback were identified during the NR study item and captured in TR 38.802 [2]:
· Category 1: Precoder feedback based on linear combination codebook
· Category 2: Covariance matrix feedback
· Category 3: Hybrid CSI feedback

 With Category 2 feedback, long term and wideband covariance matrix is reported. With the reported covariance matrix, beamforming weight can be obtained for beamformed CSI-RS transmission. If Category 1 feedback is supported, the functionality of Category 2 feedback can also be supported. That is, the beamforming weight for beamformed CSI-RS could be obtained from the reported precoder of Category 1 feedback. Category 1 feedback can be wideband/subband and long term/short term. It is much more flexible than covariance matrix feedback in terms of feedback granularity. In addition, the feedback accuracy and overhead of Category 1 can be controlled by the selection of number of beams L according to deployment scenarios. Based on the discussion, we propose to support Category 1 feedback for NR and further consider Category 2 if significant benefit can be identified.
Proposal 1:
· Category 1 feedback is supported. Category 2 feedback can be considered if significant benefit can be identified.

The precoding matrix of Category 1 CSI can be expressed as

                                                                          (1)




where is a matrix comprised of L orthogonal beams taken from oversampled 2D DFT beams, and are the combination coefficients of those beams inof layer r. According to agreements from last meeting, beams in  can be selected without constraint.

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Number of beams L

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Figure 1 presents relative performance of Type II (Category 1) CSI with different number of L over L = 2. In the simulation, the combination coefficients are quantized, i.e., the amplitude coefficients are quantized with 3 bits for each subband, and the phase coefficients are quantized with 3 bits for each subband. The results show that the orthogonal basis  with L = 4 is able to reap most of the performance gain. With L = 6, hardly any additional gain can be achieved.
Observation 1:
· 
The orthogonal basis  with L = 4 is able to reap most of the performance gain.
Proposal 2:
· L = 6 is not supported.
[image: ]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5]Figure 1: Performance of Type II CSI feedback with different number of L
Reporting of amplitude coefficients
UE needs to report the combination coefficients of selected DFT beams. With L selected DFT beams, 2L coefficients need to be reported per layer. The coefficients of layer i can be factorized as the multiplication of amplitude and phase components:

                                                   (2)


where is the amplitude of the nth coefficient of layer i, and  is the phase of the nth coefficient of layer i. The amplitude and phase of each coefficient are independently quantized and reported.
Due to the fact that the antennas of the two polarizations are co-located, the coefficients of the two polarizations are likely to be correlated, especially the amplitude. To reduce feedback overhead, the amplitudes for two polarizations can be assumed to be the same:

                                                          (3)
Similarly, the common amplitude across different layers can be assumed:

                                                                                                                (4)
Considering these restrictions, there are four options for amplitude reporting:
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]Alt-1: All amplitude are reported independently
· Alt-2: Common amplitude across polarizations and independent amplitude across layers
· Alt-3: Independent amplitude across polarizations and common amplitude across layers
· Alt-4: Common amplitude across polarizations and common amplitude across layers
These four options are evaluated and the results are summarized in Table I. In this simulation, the number of beams L = 2, 3, 4. The amplitude coefficients are quantized with 3 bits for each subband, and the phase coefficients are quantized with 3 bits for each subband. Performance gain of Alt-1, Alt-2, and Alt-3 over Alt-4 is calculated and listed in the table. The following observation could be made from the evaluation results. 
Observation 2:
· Alt-1 and Alt-3 provides similar performance gain (around 10%~20%) over Alt-4 in terms of 5%-tile user throughput.
· Alt-1 provides around 6-10% performance gain over Alt-4 in terms of average user throughput.

Proposal 3:
· Amplitude coefficients are reported independently per layer and per polarization.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Table I: Performance of Type II with different options for amplitude reporting
	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	L = 2
	Alt-1
	16 ports
	6.77
	10.39%
	21.70
	8.86%
	25.16
	7.42%
	48%

	
	
	32 ports
	8.73
	11.27%
	25.59
	7.46%
	28.35
	6.01%
	42%

	
	Alt-2
	16 ports
	5.98
	-2.44%
	19.93
	0.00%
	23.66
	1.01%
	51%

	
	
	32 ports
	8.39
	6.99%
	25.03
	5.11%
	27.83
	4.07%
	43%

	
	Alt-3
	16 ports
	7.00
	14.08%
	21.03
	5.52%
	23.73
	1.32%
	48%

	
	
	32 ports
	8.81
	12.34%
	23.98
	0.70%
	26.37
	-1.40%
	44%

	
	Alt-4
	16 ports
	6.13
	0.00%
	19.93
	0.00%
	23.42
	0.00%
	51%

	
	
	32 ports
	7.85
	0.00%
	23.81
	0.00%
	26.74
	0.00%
	44%

	L = 3
	Alt-1
	16 ports
	7.14
	19.55%
	22.56
	13.82%
	25.93
	10.94%
	47%

	
	
	32 ports
	9.19
	10.72%
	25.97
	7.58%
	29.02
	6.76%
	41%

	
	Alt-2
	16 ports
	6.07
	1.62%
	20.29
	2.37%
	24.19
	3.46%
	50%

	
	
	32 ports
	8.57
	3.25%
	24.84
	2.90%
	27.96
	2.87%
	43%

	
	Alt-3
	16 ports
	7.11
	19.05%
	21.16
	6.79%
	24.24
	3.68%
	48%

	
	
	32 ports
	9.01
	8.54%
	24.49
	1.43%
	27.12
	-0.22%
	43%

	
	Alt-4
	16 ports
	5.97
	0.00%
	19.82
	0.00%
	23.38
	0.00%
	51%

	
	
	32 ports
	8.30
	0.00%
	24.14
	0.00%
	27.18
	0.00%
	43%

	L = 4
	Alt-1
	16 ports
	7.39
	19.97%
	22.86
	12.00%
	26.12
	10.17%
	46%

	
	
	32 ports
	9.27
	6.76%
	26.58
	7.75%
	29.58
	6.49%
	41%

	
	Alt-2
	16 ports
	6.19
	0.48%
	21.03
	3.07%
	24.74
	4.34%
	49%

	
	
	32 ports
	8.22
	-5.28%
	24.84
	0.72%
	27.92
	0.53%
	43%

	
	Alt-3
	16 ports
	7.22
	17.19%
	21.36
	4.67%
	24.41
	2.94%
	48%

	
	
	32 ports
	9.11
	4.94%
	24.67
	0.00%
	27.41
	-1.32%
	43%

	
	Alt-4
	16 ports
	6.16
	0.00%
	20.41
	0.00%
	23.71
	0.00%
	51%

	
	
	32 ports
	8.68
	0.00%
	24.67
	0.00%
	27.78
	0.00%
	43%




Feedback granularity of amplitude
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Table II provides results of the amplitude reporting with wideband or subband reporting. The number of beams L = 2, 3, 4 are adopted. The phase coefficients are quantized with 3 bits for each subband. All amplitudes are reported independently (across layers and polarizations). 

A differential subband amplitude reporting is also evaluated. Subband coefficient is differentiated with respect to wideband coefficient with a codebook of . That is, with differential feedback, the feedback overhead for amplitude is 3 bits (wideband) plus 1 bit per subband. 
The following observations can be made from the evaluation results:
Observation 3:
· For 16 ports, subband reporting provides around 5-10% performance gain over wideband reporting.
· For 32 ports, subband reporting performs similar to wideband reporting.
· Differential subband reporting performs similar to subband reporting when L=2, and similar to wideband reporting when L=3, 4.
 Table II: Performance of Scheme 1-1 with different feedback granularity of amplitude
	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	L = 2
	Wideband
	16 ports
	6.35
	0.00%
	20.94
	0.00%
	24.22
	0.00%
	50%

	
	
	32 ports
	8.40
	0.00%
	24.84
	0.00%
	27.77
	0.00%
	42%

	
	Subband
	16 ports
	6.77
	6.64%
	21.70
	3.63%
	25.16
	3.89%
	48%

	
	
	32 ports
	8.73
	3.88%
	25.59
	2.98%
	28.35
	2.09%
	42%

	
	Differential
	16 ports
	6.81
	7.27%
	21.43
	2.34%
	24.72
	2.06%
	49%

	
	
	32 ports
	8.70
	3.55%
	25.40
	2.22%
	27.97
	0.74%
	42%

	L = 3
	Wideband
	16 ports
	6.95
	0.00%
	21.70
	0.00%
	25.10
	0.00%
	48%

	
	
	32 ports
	8.91
	0.00%
	25.40
	0.00%
	28.22
	0.00%
	42%

	
	Subband
	16 ports
	7.14
	2.80%
	22.56
	3.95%
	25.93
	3.33%
	47%

	
	
	32 ports
	9.19
	3.22%
	25.97
	2.27%
	29.02
	2.82%
	41%

	
	Differential
	16 ports
	6.79
	-2.25%
	21.84
	0.64%
	25.16
	0.24%
	47%

	
	
	32 ports
	8.61
	-3.37%
	25.54
	0.57%
	28.38
	0.55%
	41%

	L = 4
	Wideband
	16 ports
	6.88
	0.00%
	21.56
	0.00%
	25.11
	0.00%
	48%

	
	
	32 ports
	9.22
	0.00%
	26.17
	0.00%
	29.14
	0.00%
	40%

	
	Subband
	16 ports
	7.39
	7.33%
	22.86
	6.00%
	26.12
	4.02%
	46%

	
	
	32 ports
	9.27
	0.54%
	26.58
	1.55%
	29.58
	1.53%
	41%

	
	Differential
	16 ports
	7.08
	2.89%
	22.26
	3.25%
	25.60
	1.93%
	47%

	
	
	32 ports
	8.80
	-4.55%
	25.59
	-2.24%
	28.51
	-2.14%
	42%


[bookmark: OLE_LINK38][bookmark: OLE_LINK39]

Conclusions
In this contribution, details of Type II CSI reporting are studied. We have the following observations and proposals:
Observation 1:
· 
The orthogonal basis  with L = 4 is able to reap most of the performance gain.
Observation 2:
· Alt-1 and Alt-3 provides similar performance gain (around 10%~20%) overAlt-4 in terms of 5%-tile user throughput.
· Alt-1 provides around 6-10% performance gain over Alt-4 in terms of average user throughput.
Observation 3:
· For 16 ports, subband reporting provides around 5-10% performance gain over wideband reporting.
· For 32 ports, subband reporting performs similar to wideband reporting.
· Differential subband reporting performs similar to subband reporting when L=2, and similar to wideband reporting when L=3, 4.

Proposal 1:
· Category 1 feedback is supported. Category 2 feedback can be considered if significant benefit can be identified.
Proposal 2:
· L = 6 is not supported.
Proposal 3:
· Amplitude coefficients are reported independently per layer and per polarization.
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Appendix
Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space

Vertical: 8 elements, 0. 8space

	Scenario
	3D-UMi with 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	4GHz

	UEs per cell
	10

	UE  distribution
	Follows 36.873 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	FTP model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback periodicity
	5ms

	Feedback delay
	5ms

	RI feedback periodicity
	120ms

	Transmission scheme
	SU/MU dynamic switching, maximum 8 UEs for MU 

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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