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1. Introduction
High-level categories for potential CSI-RS and feedback enhancements were agreed in RAN1#80 as follows [1]: 
· Potential CSI-RS and feedback enhancements 
· Enhancements related to beamformed CSI-RS-based schemes
· Enhancements related to non-precoded CSI-RS-based schemes
· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
· Enhancements related to non-codebook based CSI reporting for TDD
· Enhancements related to SRS
In RAN1#80bis, Category 2 was agreed to be used as default baseline for enhancement schemes for FDD [2].  In this contribution, beamformed CSI-RS-based scheme with sub-array TXRU mapping is used as the baseline scheme. Non-precoded CSI-RS-based scheme with the Kronecker product codebook is evaluated and compared to the baseline scheme. 
2. Evaluation results
An (M,N,P)=(8,4,2) antenna configuration is assumed at the eNB according to [3]. With sub-array TXRU mapping, 16-64TXRUs are evaluated. For the non-precoded CSI-RS-based scheme, TXRUs are one-to-one mapped to the antenna ports. The following Kronecker Product (KP) type codebook as given in [4] is used 
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Here ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. 
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in W1 is the same as that of the existing Rel-12 8Tx codebook. 
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is assumed to be a vector with its column taken from the following 4bits DFT codebook. This implies the vertical rank is limited to be 1 as discussed in our companion contribution [5]. W2 corresponds to a quantized co-phasing between two polarization groups in W1 and also includes column selection from W1. The corresponding W2 of the Rel-12 8Tx codebook is directly extended and used here. For the baseline scheme, 8 beams are generated by the DFT vectors which are arranged evenly in the vertical domain. These beams are designed to match the vertical UE distribution. Table I shows the details of the 8 beam directions. Each UE is configured with one beamformed CSI-RS resource for CSI feedback. The CSI-RS resource is selected by UE through RSRP measurement on the 8 beams.
Table I: Down tilt values of CSI-RS beams and DFT codebook
	Number of CSI-RS beams
	Down tilt values for 3D-UMi/3D-UMi-3.5GHz (degree)
	Down tilt values for 3D-UMa/3D-UMa-200m (degree)

	4 bit DFT codebook
	71.79, 75.52, 79.19, 82.82, 84.62, 86.42, 88.21, 90, 91.79, 93.58, 95.38, 97.18, 98.99, 102.64, 106.33, 110.11 
	91.79, 93.58, 95.38, 97.18, 98.99, 100.81, 102.64, 104.48, 106.33, 108.21, 110.11, 112.02, 113.97, 115.94, 117.95, 120 

	N = 8 beams
	75.5, 82.8, 86.4, 90, 93.6, 97.2, 100.8, 108.2
	90, 93.6, 97.2, 100.8, 104.5, 108.2, 112, 115.9


CSI-RS channel estimation error is modeled in the simulation as below. The estimated channel 
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 is expressed as:
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where 
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 is the perfect channel response in frequency domain, 
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is the white complex Gaussian variables with zero mean and variance 
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 is the scaling factor to maintain proper normalization, which is expressed by 
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is inversely proportional to the SINR of CSI-RS, and is calculated by 
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 is a factor reflecting the processing gain of channel estimation algorithm, which is acquired from link level simulation.
Further in our simulations, for both transmission schemes, CSI-RS of a cell is assumed to be collided with CSI-RS of all other cells. In other words, all cells are configured with the same CSI-RS resource, where the network has a CSI-RS reuse of 1.
2.1. Results for FTP traffic 
Table II-IV present the performance comparisons for FTP traffic with different user arrival rate λ. According to the evaluation results, we have the following observations:
· For most of the scenarios, the gain of the non-precoded CSI-RS based scheme over the baseline scheme increases as traffic load increases.
· When traffic load is light, non-precoded CSI-RS based scheme achieves less than 5% performance gain.
· Non-precoded CSI-RS based scheme provides larger gain on 5% UPT. When traffic load is high, the gain is about 5%~18%.
Table II: Performance comparison, FTP traffic, 
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	Configuration
	schemes
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	16TXRU
	baseline
	13.23
	0.00%
	32.25
	0.00%
	35.52
	0.00%
	18%

	
	
	non-precoded
	13.79
	4.18%
	31.97
	-0.87%
	36.88
	3.83%
	18%

	
	32TXRU
	baseline
	14.57
	0.00%
	35.12
	0.00%
	36.46
	0.00%
	17%

	
	
	non-precoded
	15.12
	3.76%
	35.02
	-0.28%
	37.52
	2.89%
	17%

	
	64TXRU
	baseline
	14.91
	0.00%
	37.25
	0.00%
	37.09
	0.00%
	17%

	
	
	non-precoded
	14.73
	-1.20%
	35.84
	-3.79%
	36.87
	-0.60%
	17%

	3D-UMi
	16TXRU
	baseline
	14.53
	0.00%
	39.33
	0.00%
	37.51
	0.00%
	17%

	
	
	non-precoded
	14.76
	1.61%
	39.28
	-0.14%
	38.82
	3.48%
	17%

	
	32TXRU
	baseline
	16.63
	0.00%
	43.72
	0.00%
	39.63
	0.00%
	15%

	
	
	non-precoded
	17.42
	4.77%
	46.21
	5.70%
	41.28
	4.18%
	15%

	
	64TXRU
	baseline
	17.43
	0.00%
	45.43
	0.00%
	40.42
	0.00%
	15%

	
	
	non-precoded
	18.28
	4.84%
	46.74
	2.90%
	40.96
	1.32%
	15%

	3D-UMa

(200m)
	16TXRU
	baseline
	14.39
	0.00%
	35.44
	0.00%
	36.45
	0.00%
	17%

	
	
	non-precoded
	15.42
	7.19%
	37.13
	4.77%
	38.36
	5.24%
	17%

	
	32TXRU
	baseline
	16.29
	0.00%
	40.32
	0.00%
	38.17
	0.00%
	16%

	
	
	non-precoded
	16.83
	3.35%
	42.65
	5.80%
	39.75
	4.16%
	16%

	
	64TXRU
	baseline
	16.80
	0.00%
	42.44
	0.00%
	39.11
	0.00%
	15%

	
	
	non-precoded
	16.63
	-1.02%
	41.89
	-1.30%
	39.01
	-0.24%
	15%

	3D-UMi

(3.5GHz)
	16TXRU
	baseline
	13.43
	0.00%
	37.50
	0.00%
	37.04
	0.00%
	18%

	
	
	non-precoded
	13.96
	3.95%
	38.03
	1.40%
	38.29
	3.39%
	18%

	
	32TXRU
	baseline
	16.21
	0.00%
	43.59
	0.00%
	39.33
	0.00%
	16%

	
	
	non-precoded
	16.80
	3.67%
	46.00
	5.54%
	40.97
	4.18%
	15%

	
	64TXRU
	baseline
	16.97
	0.00%
	44.80
	0.00%
	40.13
	0.00%
	15%

	
	
	non-precoded
	17.49
	3.05%
	46.08
	2.85%
	40.51
	0.94%
	15%


Table III: Performance comparison, FTP traffic, 
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	Configuration
	schemes
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	16TXRU
	baseline
	5.36
	0.00%
	19.09
	0.00%
	22.81
	0.00%
	49%

	
	
	non-precoded
	6.35
	18.50%
	20.85
	9.25%
	24.46
	7.25%
	47%

	
	32TXRU
	baseline
	6.43
	0.00%
	20.41
	0.00%
	23.74
	0.00%
	46%

	
	
	non-precoded
	6.72
	4.49%
	21.46
	5.15%
	24.94
	5.04%
	46%

	
	64TXRU
	baseline
	6.94
	0.00%
	21.79
	0.00%
	24.88
	0.00%
	44%

	
	
	non-precoded
	6.92
	-0.34%
	21.65
	-0.67%
	24.93
	0.19%
	44%

	3D-UMi
	16TXRU
	baseline
	6.34
	0.00%
	21.76
	0.00%
	25.10
	0.00%
	46%

	
	
	non-precoded
	7.04
	10.92%
	23.79
	9.31%
	27.08
	7.88%
	45%

	
	32TXRU
	baseline
	8.79
	0.00%
	26.23
	0.00%
	28.97
	0.00%
	38%

	
	
	non-precoded
	9.55
	8.72%
	27.50
	4.82%
	30.29
	4.56%
	38%

	
	64TXRU
	baseline
	9.01
	0.00%
	26.66
	0.00%
	29.48
	0.00%
	38%

	
	
	non-precoded
	10.24
	13.63%
	27.80
	4.31%
	30.64
	3.93%
	35%

	3D-UMa

(200m)
	16TXRU
	baseline
	6.30
	0.00%
	20.54
	0.00%
	23.62
	0.00%
	47%

	
	
	non-precoded
	6.85
	8.86%
	21.79
	6.08%
	25.04
	5.99%
	47%

	
	32TXRU
	baseline
	7.85
	0.00%
	23.54
	0.00%
	26.30
	0.00%
	41%

	
	
	non-precoded
	8.82
	12.45%
	24.46
	3.91%
	27.22
	3.51%
	42%

	
	64TXRU
	baseline
	8.62
	0.00%
	24.56
	0.00%
	27.27
	0.00%
	40%

	
	
	non-precoded
	9.03
	4.76%
	25.00
	1.79%
	27.63
	1.33%
	39%

	3D-UMi

(3.5GHz)
	16TXRU
	baseline
	6.23
	0.00%
	21.65
	0.00%
	25.08
	0.00%
	46%

	
	
	non-precoded
	6.98
	12.08%
	22.98
	6.15%
	26.56
	5.92%
	46%

	
	32TXRU
	baseline
	8.65
	0.00%
	25.80
	0.00%
	28.75
	0.00%
	39%

	
	
	non-precoded
	9.49
	9.74%
	27.05
	4.83%
	30.10
	4.70%
	38%

	
	64TXRU
	baseline
	8.96
	0.00%
	26.44
	0.00%
	29.27
	0.00%
	38%

	
	
	non-precoded
	9.89
	10.43%
	27.33
	3.39%
	30.37
	3.78%
	36%


Table IV: Performance comparison, FTP traffic, 
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	Configuration
	schemes
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	16TXRU
	baseline
	3.48
	0.00%
	13.27
	0.00%
	17.27
	0.00%
	67%

	
	
	non-precoded
	3.63
	4.27%
	14.19
	6.92%
	18.22
	5.53%
	67%

	
	32TXRU
	baseline
	3.97
	0.00%
	14.59
	0.00%
	18.41
	0.00%
	63%

	
	
	non-precoded
	4.26
	7.38%
	15.62
	7.02%
	19.37
	5.22%
	63%

	
	64TXRU
	baseline
	4.31
	0.00%
	15.18
	0.00%
	19.06
	0.00%
	62%

	
	
	non-precoded
	4.56
	5.77%
	16.05
	5.70%
	19.74
	3.60%
	60%

	3D-UMi
	16TXRU
	baseline
	4.10
	0.00%
	16.21
	0.00%
	19.98
	0.00%
	62%

	
	
	non-precoded
	4.37
	6.62%
	16.97
	4.72%
	20.94
	4.82%
	61%

	
	32TXRU
	baseline
	6.16
	0.00%
	20.29
	0.00%
	23.91
	0.00%
	52%

	
	
	non-precoded
	6.77
	9.93%
	21.75
	7.20%
	25.15
	5.19%
	51%

	
	64TXRU
	baseline
	6.90
	0.00%
	21.94
	0.00%
	25.33
	0.00%
	50%

	
	
	non-precoded
	7.53
	9.05%
	22.56
	2.80%
	25.81
	1.89%
	49%

	3D-UMa

(200m)
	16TXRU
	baseline
	3.86
	0.00%
	14.40
	0.00%
	17.76
	0.00%
	65%

	
	
	non-precoded
	4.43
	14.61%
	16.40
	13.88%
	19.94
	12.29%
	62%

	
	32TXRU
	baseline
	5.47
	0.00%
	17.63
	0.00%
	20.83
	0.00%
	57%

	
	
	non-precoded
	6.49
	18.63%
	19.69
	11.69%
	22.87
	9.77%
	54%

	
	64TXRU
	baseline
	6.13
	0.00%
	18.97
	0.00%
	22.15
	0.00%
	54%

	
	
	non-precoded
	6.62
	8.08%
	20.03
	5.59%
	23.02
	3.94%
	53%

	3D-UMi

(3.5GHz)
	16TXRU
	baseline
	4.07
	0.00%
	15.14
	0.00%
	19.12
	0.00%
	63%

	
	
	non-precoded
	4.74
	16.49%
	17.23
	13.81%
	21.40
	11.92%
	61%

	
	32TXRU
	baseline
	5.94
	0.00%
	19.91
	0.00%
	23.34
	0.00%
	53%

	
	
	non-precoded
	6.78
	14.11%
	21.46
	7.81%
	24.99
	7.06%
	51%

	
	64TXRU
	baseline
	6.79
	0.00%
	21.79
	0.00%
	25.03
	0.00%
	49%

	
	
	non-precoded
	7.45
	9.64%
	22.40
	2.78%
	25.80
	3.07%
	49%


2.2. Results for full buffer traffic
In this section, the simulation results for full buffer traffic are shown. We observed that:
· Non-precoded CSI-RS based scheme achieves larger gain on cell edge user SE.
· Non-precoded CSI-RS based scheme provides about 3%~20% gain on cell edge user SE and about 10%~15% gain on cell average SE.
Table V: Performance comparison, full buffer traffic
	Configuration
	schemes
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	3D-UMa
	16TXRU
	baseline
	0.0675
	0.00%
	3.55
	0.00%

	
	
	non-precoded
	0.0730
	8.18%
	3.97
	11.88%

	
	32TXRU
	baseline
	0.0761
	0.00%
	3.92
	0.00%

	
	
	non-precoded
	0.0820
	7.68%
	4.29
	9.59%

	
	64TXRU
	baseline
	0.0786
	0.00%
	4.01
	0.00%

	
	
	non-precoded
	0.0803
	2.25%
	4.21
	4.93%

	3D-UMi
	16TXRU
	baseline
	0.0636
	0.00%
	3.64
	0.00%

	
	
	non-precoded
	0.0764
	20.11%
	4.14
	13.52%

	
	32TXRU
	baseline
	0.0862
	0.00%
	4.39
	0.00%

	
	
	non-precoded
	0.0971
	12.61%
	5.02
	14.38%

	
	64TXRU
	baseline
	0.0939
	0.00%
	4.67
	0.00%

	
	
	non-precoded
	0.1030
	9.67%
	5.23
	12.10%

	3D-UMa

(200m)
	16TXRU
	baseline
	0.0610
	0.00%
	3.53
	0.00%

	
	
	non-precoded
	0.0727
	19.24%
	4.02
	13.75%

	
	32TXRU
	baseline
	0.0774
	0.00%
	4.26
	0.00%

	
	
	non-precoded
	0.0910
	17.60%
	4.82
	13.12%

	
	64TXRU
	baseline
	0.0869
	0.00%
	4.47
	0.00%

	
	
	non-precoded
	0.0897
	3.17%
	4.85
	8.55%

	3D-UMi

(3.5GHz)
	16TXRU
	baseline
	0.0679
	0.00%
	3.61
	0.00%

	
	
	non-precoded
	0.0776
	14.36%
	4.15
	14.82%

	
	32TXRU
	baseline
	0.0873
	0.00%
	4.31
	0.00%

	
	
	non-precoded
	0.1036
	18.78%
	5.00
	15.88%

	
	64TXRU
	baseline
	0.0955
	0.00%
	4.56
	0.00%

	
	
	non-precoded
	0.1108
	15.93%
	5.18
	13.57%


3. Conclusion 

In this contribution we evaluated the performance of the non-precoded CSI-RS based scheme. The dual-stage Kronecker Product (KP) type codebook is used with the existing Rel-12 8Tx codebook and 4bits DFT vectors quantifying the azimuth and elevation channel respectively. The evaluation results are compared to the baseline beamformed CSI-RS scheme with 8 CSI-RS beams. From the comparison results, we have the following observations:
Observations:

· For most of the scenarios, the gain of the non-precoded CSI-RS based scheme over the baseline scheme increases as traffic load increases.
· Compared with the baseline scheme, the non-precoded CSI-RS based scheme achieves larger gain on cell edge user throughput than on cell average throughput.
· For FTP traffic with high load, the gain on 5% UPT is around 10%.
· For full buffer traffic, the gain on cell edge user SE is about 3%~20%.
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Appendix

Table A1: Simulation assumptions

	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.8λ space

	Scenario
	3D-UMa with 500m ISD, 3D-UMi with 200m ISD, 3D-UMa with 200m ISD, 3D-UMi with 3.5GHz frequency

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz, 3.5GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP traffic model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

Realistic interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI2/CQI feedback granularity
	Subband (6 PRBs per subband) 

	PMI1 feedback granularity
	Subband (6 PRBs per subband)

	PMI2/CQI feedback periodicity
	10ms

	PMI1 feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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