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1 Introduction

In RAN1#86bis, it achieved the following work assumption [1]
Working Assumption:

· {4,8,12,16,20,24,28,32} CSI-RS ports are supported in advanced CSI

· Aim for a unified structure, with a single common CSI reporting mechanism which is dimensioned or scalable to support all the numbers of ports

· If it turns out that a particular number of ports is not smoothly supportable, then it can be removed from the list
However, the structure in advanced CSI was intensively discussed but no conclusion.
In our companion contribution [2], we present the orthogonal basis design for advanced CSI. In another companion contribution [3], we discuss the quantized channel weighting for linear combination based advanced CSI and give our preference. And in our companion contribution [4], we provide un-quantized CSI feedback design as well. In this contribution, evaluation results are provided for each advanced CSI schemes. Based on the evaluation, our preferred solution is proposed.
2 Performance evaluation for advanced CSI
In RAN1#86bis, the discussions regarding quantized advanced CSI were focused on the basis structure, feedback granularity, quantization resolution in amplitude and phase, and required number of selected columns. To justify our opinions in our companion contributions [2] [3], we will present evaluation results of the two most promising schemes for each aspect mentioned above in this section. Besides, the performance of un-quantized CSI feedback in [4] will also be given for comparison. Performance of Rel-12 codebook and Rel-13 codebook will be used as a baseline. Both 4Tx scenario and 16Tx scenario are evaluated. The detailed simulation assumption can be found in the appendix.
2.1 Basis structure
In RAN1#86bis, the two issues about basis structure (W1) were discussed: 
· Whether orthogonal basis or non-orthogonal basis should be used in space reduction?
· Whether basis selection should be done before or after polarization co-phasing?.
In this section we will evaluate the performance of different structures of reduced space basis.
2.1.1 Orthogonal basis or non-orthogonal basis
The performance of following two alternatives is compared. 
Alt1: Non-orthogonal basis which reuses the legacy Rel. 13 W1.Where 4 selected beams for each polarization.
Alt2: Orthogonal basis which is proposed in our companion contribution [2]
For the comparison, the simulation assumptions are listed in Table 1:

Table 1 Simulation assumptions of basis comparisons

	Alternative
	Frequency granularity

(Amplitude, phase)
	Quantization bits

(Amplitude, phase)
	Number of columns

	Alt1:Non-orthogonal basis
	(subband, subband)
	(3, 3)
	8

	Alt2: Orthogonal basis
	(subband, subband)
	(3, 3)
	6
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Figure 1 Basis comparisons
As shown in Figure 1, the scheme with non-orthogonal basis only gives marginal gain compared to legacy codebook. However, the scheme with orthogonal basis provides significant gain in both 4Tx and 16Tx cases. It is obvious that orthogonal basis is better than non-orthogonal basis.
Based on above result, we have the following observation:

Observation 1: Non-orthogonal basis based advanced CSI feedback provides marginal gain over legacy codebook. However, orthogonal basis based advanced CSI feedback provides significant gain.
And we propose
Proposal 1: Orthogonal basis should be used in advanced CSI.

2.1.2 Orthogonal basis design

From last meeting’s discussion:

· TBD: if polarization cophasing is in W1
In this subsection, two alternatives of orthogonal basis design are evaluated:
Alt1: 
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Alt2: 
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Where, 
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are DFT matrix in horizontal and vertical direction, 
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are rotation matrix, and 
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is co-phasing matrix. In Alt1, beam selection is before polarization co-phasing, while Alt2 is after polarization co-phasing. For the comparison, the simulation assumptions are listed in Table 2:
Table 2 Simulation assumptions of orthogonal basis comparisons

	Alternative
	Frequency granularity

(Amplitude, phase)
	Quantization bits

(Amplitude, phase)
	Number of columns

	Alt1:Orthogonal basis
	(subband, subband)
	(3, 3)
	4

	Alt2:Orthogonal basis
	(subband, subband)
	(3, 3)
	4
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Figure 2 Orthogonal basis comparisons 
As shown in Figure 2, the orthogonal basis of Alt2 constructed with polarization cophasing can provide more performance gain than Alt1. With the polarization cophasing in Alt2, UE has more freedom in basis selection and more energy can be captured on the selected basis. 
Observation 2: With polarization cophasing in orthogonal W1, more performance gain can be achieved.
Hence we propose

Proposal 2: Polarization cophasing should be included in the orthogonal W1.
2.2 Amplitude 
In last meeting, two issues on amplitude are discussed: the frequency granularity and quantization resolution. In this section, we provide the performance for each scheme in amplitude feedback.
2.2.1 Frequency granularity
In terms of frequency granularity, there are three alternatives for amplitude feedback:
Alt1: Wideband
Alt2: Differential
Alt3: Subband
For the comparison, the simulation assumptions are listed in Table 3:
Table 3 Simulation assumptions of frequency granularity of amplitude comparisons

	Alternative
	Frequency granularity

(Amplitude, phase)
	Quantization bits

(Amplitude, phase)
	Number of columns

	Alt1:Wideband
	(wideband, subband)
	(3, 3)
	4

	Alt2:Differential
	(differential, subband)
	(2+1, 3)
	4

	Alt3:Subband
	(subband, subband)
	(3, 3)
	4


For differential amplitude, 2+1 means amplitude feedback with 2-bit quantization in wideband, 1-bit quantization in subband. 
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Figure 3 Amplitude feedback granularity comparisons

In Figure 3, the simulation results of amplitude feedback granularity comparisons are presented. Evidently, wideband feedback only shows little gain over legacy codebook. On the other hand, subband feedback and differential feedback can provide significant gain over legacy codebook. The performance difference between wideband and subband are near to 10% in average UPT. And the performance of differential feedback approaches subband feedback. Therefore, subband feedback or differential feedback should be considered in amplitude feedback.
Based on above result, we make the following observation:

Observation 3: Wideband based amplitude weighting provides little gain over legacy codebook. However, subband based or differential based amplitude weighting provides significant gain.
2.2.2 Number of quantization bits 
For the quantization resolution in amplitude feedback, there are two main proposals from companies:
Alt1: 2 bits
Alt2: 3 bits
For the comparison, the simulation assumptions are listed in Table 4:
Table 4 Simulation assumptions of amplitude quantized bits comparisons

	Alternative
	Frequency granularity

(Amplitude, phase)
	Quantization bits

(Amplitude, phase)
	Number of columns

	Alt1:2 bits
	(subband, subband)
	(2, 3)
	4

	Alt2:3 bits
	(subband, subband)
	(3, 3)
	4
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Figure 4 Amplitude quantized bits comparisons

As seen in Figure 4, the performance of 2bits and 3bits subband based amplitude is comparable. 2-bit quantized amplitude can cover most gain brought by advanced CSI.
Observation 4: 2-bit quantization is enough for amplitude weighting feedback.

Based on the evaluation, as a good performance and overhead trade-off, we propose
Proposal 3: If quantized CSI is specified, amplitude weighting should be feedback in at least one of the following methods:
· subband method with 2-bit quantization 
· differential method with 2-bit wideband and 1-bit subband quantization.
2.3 Number of columns
To represent the real channel, the most channel power should be covered by the selected orthogonal columns. There are two main alternatives for number of selected columns in more than 4 antenna scenario:
Alt1: 4 columns
Alt2: 6 columns
For the comparison, the simulation assumptions are listed in Table 5:
Table 5 Simulation assumptions of column number comparisons

	Alternative
	Frequency granularity

(Amplitude, phase)
	Quantization bits

(Amplitude, phase)
	Number of columns

	Alt1:4 columns
	(subband, subband)
	(3, 3)
	4

	Alt2:6 columns
	(subband, subband)
	(3, 3)
	6
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Figure 5 Column number comparisons

As seen in Figure 5, the performance of 4 orthogonal columns approaches 6 orthogonal columns. Considering feedback overhead, 4 columns should be selected.
Observation 5: 4 columns are enough to construct the eigenvector.
Proposal 4: 4 columns should be selected.
2.4 Un-quantized CSI feedback
For feedback mechanism, there are two alternatives:

Alt1: Quantized CSI
Alt2: Un-quantized CSI
To justify the feedback mechanism, the quantized advanced CSI and un-quantized advanced CSI are compared in this section. 
For the comparison, the simulation assumptions are listed in Table 6:
Table 6 Simulation assumptions of feedback mechanism comparisons

	Alternative
	Frequency granularity

(Amplitude, phase)
	Quantization bits

(Amplitude, phase)
	Number of columns

	Alt1:Quantized CSI
	(subband, subband)
	(3, 3)
	6

	Alt2:Un-quantized CSI
	(subband, subband)
	(-, -)
	6
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Figure 6 Feedback mechanism comparisons

As seen in Figure 6, un-quantized advanced CSI can bring more performance gain than quantized advanced CSI. Especially, in 16Tx scenario, the quantization loss is up to 10% in average UPT. 
Observation 6: Un-quantized CSI provides more gain than quantized CSI compared with R13 codebook.
Proposal 5: Un-quantized CSI feedback should be specified in Rel.14.

2.5 4 antenna ports in advanced CSI
In all results presented in this contribution, we can observe clear performance improvement in 4Tx case comparing to legacy codebook based CSI feedback. 4Tx is also an important user scenario which is likely to be widely deployed in near future. Therefore, we propose
Proposal 6: 4 antenna ports advanced CSI need to be supported in Rel.14.
3 Conclusions
This contribution presents the performance evaluation of all the main advanced CSI schemes. Based on the simulation results, we have the following observations:
Observation 1: Non-orthogonal basis based advanced CSI feedback provides marginal gain over legacy codebook. However, orthogonal basis based advanced CSI feedback provides significant gain.
Observation 2: With polarization cophasing in orthogonal W1, more performance gain can be achieved.

Observation 3: Wideband based amplitude weighting provides little gain over legacy codebook. However, subband based or differential based amplitude weighting provides significant gain.

Observation 4: 2-bit quantization is enough for amplitude weighting feedback.

Observation 5: 4 columns are enough to construct the eigenvector.
Observation 6: Un-quantized CSI provides more gain than quantized CSI compared with R13 codebook.

Based on above observations, we propose
Proposal 1: Orthogonal basis should be used in advanced CSI.
Proposal 2: Polarization cophasing should be included in the orthogonal W1.

Proposal 3: If quantized CSI is specified, amplitude weighting should be feedback in at least one of the following methods:

· subband method with 2-bit quantization 

· differential method with 2-bit wideband and 1-bit subband quantization.

Proposal 4: 4 columns should be selected.
Proposal 5: Un-quantized CSI feedback should be specified in Rel.14.
Proposal 6: 4 antenna ports advanced CSI need to be supported in Rel.14. 
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Appendix
Simulation assumption
	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	Antenna 
configuration
	4Tx/16Tx(N1=4, N2=2), X-polarized: 45/-45 degrees

	
	2 Rx at UE with 
[image: image16.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.897

	UE 
configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS configuraton
	2Tx at UE with
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l

spacing
X-polarized: 0/+90 degrees

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	PF

	Number of UEs per cell
	10

	traffic model
	Burst buffer with 70% RU 

	Transmit Mode
	TM10 with a single CSI process

	
	Max paired UE number: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 5ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3dB
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