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1
Introduction

In this contribution, the performance of the non-precoded CSI-RS schemes with Kronecker product based codebook is evaluated using full and partial CSI-RS configurations in a couple of 2D antenna configurations with 16 and 32 TXRUs. The following non-precoded CSI-RS schemes are evaluated:

· Cat-3 baseline (Partial CSI):
· Partial CSI-RS (V-CSI-RS and H-CSI-RS)

· Two CSI processes associated with V-CSI-RS and H-CSI-RS
· CSI feedback independently for each CSI process

· PMIs and CQIs are reconstructed at the transmitter

· Non-precoded CSI-RS with enhanced feedback (Full CSI):
· Full CSI-RS (2D-CSI-RS for 16 and 32 antenna ports)

· A Kronecker product based codebook 
· Legacy codebook is used as a component codebook and each component codebook associated with either vertical antenna ports or horizontal antenna ports
· A composite codebook is constructed from the Kronecker product of two components codebook associated with vertical antenna ports and horizontal antenna ports

· PMIs for components codebooks are selected jointly and a single CQI calculated based on the composite precoder is reported

2
Evaluation Results
A non-precoded CSI-RS with a Kronecker produced based codebook scheme is evaluated according to the CSI reporting schemes (e.g. full and partial CSI). 2D antenna configurations with 16 and 32 TXRUs are used to evaluate the performance of partial CSI and full CSI. The partial CSI scheme requires CSI reporting independently for vertical antenna ports (e.g. CSI process 1) and horizontal antenna ports (e.g. CSI process 2) and uses legacy codebook for each CSI process, therefore a UE doesn’t need to know whether the 2D antenna configuration is used or not. Since the CSI feedback is independent, the CQIs and PMIs need to be reconstructed at the transmitter. On the other hand, the full CSI requires CSI feedback (e.g. PMI) jointly selected for vertical antenna ports and horizontal antenna ports and a UE may need to know the 2D antenna configuration.

With the antenna configurations (8,4,2,16), (4,8,2,16), and (4,8,2,32), a couple of 2D antenna configurations are used such as V2H8 and V4H8, where the legacy LTE codebook is used for both vertical antenna ports and horizontal antenna ports as a component codebook. The component codebooks are combined with the Kronecker product to form the composite codebook. For the partial CSI case, the composite codebook is used at the eNB based on the CSI feedbacks for two CSI processes while the composite codebook is used at the UE receiver for the full CSI case. In addition, the CQI is reconstructed at the transmitter for partial CSI case based on [4], and the CQI is derived at the UE receiver based on the PMI selected from the composite codebook for full CSI case. 
The table 1 shows the performance of the partial CSI and full CSI according to the 2D antenna configurations and the traffic load in 3D-UMa case. The performance difference between partial CSI and full CSI seems to be significant due to the CQI mismatch for the partial CSI case irrespective of the traffic load.
Table 1: Non-full buffer results (Mbps) – 3D-UMa, 500m, 2 GHz 
	Offered Load (Mbits/cell),   λ
	14

λ = 3.5
	10

λ = 2.5
	4

λ = 1.0

	 
	RU (%)
	Mean
	50%
	5%
	RU (%)
	Mean
	50%
	5%
	RU (%)
	Mean
	50%
	5%

	(8,4,2,16),  

V2H8  

Full CSI 
	75.9
	10.87
	8.42
	2.16
	45.5
	17.52
	15.31
	5.60
	23.2
	25.36
	24.76
	4.97

	(8,4,2,16),  

V2H8 

Partial CSI 
	80.5
	8.89
	6.55
	1.83
	56.4
	13.0
	10.82
	2.74
	15.4
	27.51
	24.51
	7.65

	(4,8,2,16) V2H8

Full CSI 
	82.1
	9.07
	6.15
	1.20
	61.7
	13.5
	8.93
	1.85
	16.2
	29.8
	25.5
	5.38

	(4,8,2,16) V2H8

Partial CSI
	84.90
	8.79
	5.26
	1.22
	68.9
	12.10
	7.16
	1.59
	17.0
	29.69
	26.65
	5.37

	(4,8,2,32) V4H8

Full CSI
	78.0
	12.34
	8.03
	1.29
	57.8
	16.9
	12.57
	2.21
	17.7
	32.87
	31.61
	5.12

	(4,8,2,32) 

V4H8

Partial CSI
	84.6
	8.82
	5.38
	1.29
	66.2
	12.95
	8.40
	1.53
	16.0
	29.81
	26.32
	5.12


The table 2 shows the performance of the partial CSI and full CSI according to the 2D antenna configurations and the traffic load in 3D-UMi case. The tendency seems to be similar to the results for 3D-UMa case.
Table 2: Non-full buffer results (Mbps) – 3D-UMi, 200m, 2 GHz
	Offered Load (Mbits/cell),   λ
	14

  λ = 3.5 
	10

λ = 2.5
	4

λ = 1.0

	 
	RU
	Mean
	50%
	5%
	RU
	Mean
	50%
	5%
	RU
	Mean
	50%
	5%

	(8,4,2,16),  

V2H8  

Full CSI 
	79%
	11.4
	8.12
	2.0
	50.3%
	18.38
	12.9
	3.57
	17.7%
	34.74
	36.98
	6.0

	(8,4,2,16),  

V2H8 

Partial CSI 
	85.9%
	7.61
	5.21
	1.31
	63.7%
	11.71
	8.00
	1.72
	15.2%
	32.20
	29.73
	6.83

	(4,8,2,16) , 

V2H8

Full CSI 
	76.9%
	9.7
	6.32
	0.89
	56.3%
	16.11
	11.61
	2.84
	-
	-
	-
	-

	(4,8,2,16) , 

V2H8

Partial CSI
	84.3%
	7.48
	4.69
	0.60
	65.7%
	13.04
	8.45
	1.33
	-
	-
	-
	-


Observation:

Due to the CQI mismatch, the partial CSI seems to suffer a significant performance loss as compared with that for full CSI case. Although the full CSI requires some additional specification impacts including new CSI-RS configuration, and codebook for 2D antenna configuration, it seems to be worthwhile to enjoy the benefit of the FD-MIMO. 

3
Summary 
In this contribution, we evaluated potential enhancement of non-precoded CSI-RS based schemes with Kronecker product based codebook using full and partial CSI. Based on the evaluation, it is observed that partial CSI suffers a significant performance degradation due to its imperfect CQI.
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Annex

Table A. System Level Simulation Assumptions for FD-MIMO
	Parameter
	Assumption

	Network layout
	7-site 21-cell wraparound

	Channel model
	3D-UMa, 3D-UMi  [3]

	eNB antenna configuration
	(8,4,2,16), (4,8,2,16), and (4,8,2,32), X-pol [2]

	UE antenna configuration
	[image: image2.png]


 cross-polarization, 0o/90o

	UE attachment
	RSRP on CRS port 0  [2]

	Downtilt for antenna virtualization 
	Vertical [image: image4.png]


= 100o   Horizontal [image: image6.png]


= 0o  

	Number of UEs per cell
	10

	UE distribution
	uniform two-dimension UE distribution according to [3]

	Traffic model
	Non-full buffer FTP model 1, packet size 0.5M bytes 

	Scheduler
	proportional fair (PF)

	Transmission scheme 
	SU/MU-MIMO dynamic switching with SU-MIMO feedback,

	Codebook
	Rel-8 4Tx and Rel-10 8Tx codebook as a component codebook 
Kronecker product for composite codebook   

	Feedback
	subband  channel quality index (CQI),  wideband precoding matrix index   

	Link adaptation
	AMC with OLLA, 10% BLER target

	Receiver 
	MMSE-IRC, ideal channel estimation, ideal interference modelling

	Feedback
	PUSCH 3-1, CQI and PMI reporting triggered per 5ms 

	
	feedback delay is 5 ms 

	Hybrid ARQ
	maximum 4 transmissions

	Antenna grouping for 2D antenna configurations
	 V2H8 with (8,4,2,16)                  V8H4 with (8,4,2,32)
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 V2H8 with (4,8,2,16)
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 V4H8 with (4,8,2,32)
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