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1. Introduction
In RAN1#80bis, the dual-stage precoding structure described as W = W1W2 was agreed for the non-precoded CSI-RS-based schemes [1]. And potential specification enhancement on CSI reporting, which has been captured in the TR, consists of the following CSI parameters:

· PMI(s) corresponding to W1 and/or W2. Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for W1 and W2, respectively. If multiple PMIs are reported, different reporting rates and/or granularities for different PMIs may or may not be used.  

· RI: a single RI or multiple RIs

· CQI
In [2], we have discussed the RI reporting and shown the vertical channel is highly spatially correlated so that the rank for vertical precoder is likely to be low. In this contribution, according to the dual-stage precoding structure, we further analyse if it is reasonable to limit the vertical rank. 
2. Discussion
Several examples of hypothesized precoding matrix structure were given in [1]. The Kronecker Product (KP) type codebook is given as:
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Here ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. The columns of 
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 maybe taken from a DFT matrix. And there are several alternative designs for the precoding matrix (or vector) W2, such as column selection, weighted linear combination or distinct selection per layer.
In this contribution, we focus on investigating the vertical rank. It has been shown that the angular spread in vertical domain is small and the channel from uniform linear array in vertical domain tends to be highly spatially correlated..However, the antenna ports spatial correlation in vertical is also related to TXRU virtualization [3]. When the vertical antenna port spacing is larger,, the low rank assumption in the vertical domain may not be valid. If this is the case, limiting the vertical rank will cause significant system performance degradation. The influence of the vertical rank value could be demonstrated with the specific design of 
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in W1. In order to evaluate such influence, similar to the Rel-12 8Tx codebook, we constrain the two sub-matrices of W1 to be identical, i.e. 
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. W2 corresponds to a quantized co-phasing between two polarization groups in W1 and also includes column selection from W1. The composite precoder is composed of one or more beams (corresponding to the rank of the composite precoder) selected from W1. With these assumptions, the vertical rank value is implicitly represented by the column number of 
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 is a vector, the selected beams all have the same down tilt angle, which means the vertical rank is limited to be 1. When 
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 is a matrix, the selected beams may have different down tilt angles, which corresponds to the unconstrained vertical rank. The unconstrained vertical rank scheme is an extension of the vertical rank limitation scheme, which may result in better performance but with larger codebook size and feedback overhead. In the following, we evaluate the benefits of the unconstrained vertical rank scheme over the vertical rank limitation scheme through system simulations.
3. System evaluation
In the simulation, Rel-12 8Tx codebook is used as 
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, where there are total 32 beam vectors for co-polarized antennas in the horizontal domain. In the vertical domain, there are 8 DFT vectors targeting toward the directions given in Table I. 
Table I: Down tilt values of vertical DFT codebook
	Vertical codebook
	Down tilt values for 3D-UMi/3D-UMi-3.5GHz (degree)
	Down tilt values for 3D-UMa/3D-UMa-200m (degree)

	3 bit DFT codebook
	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


As discussed above, two kinds of Kronecker Product codebook are designed considering the vertical rank assumption:
· Alt-1: Vertical rank limitation scheme
· W1 design: 
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 includes 4 adjacent beam vectors and 
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 is selected from 1 out of the 8 DFT vectors. 

· W2 design:  For composite precoder rank =1, there are 4 quantized co-phasing factors. For composite precoder rank=2, there are 2 quantized co-phasing factors.
· Alt-2: Unconstrained vertical rank scheme
· W1 design: 
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 is constructed from 2 adjacent DFT vectors.
· W2 design:  For composite precoder rank =1, there are 4 quantized co-phasing factors. For composite precoder rank=2, there are 2 quantized co-phasing factors.

In Table II, we summarized the corresponding size of the designed codebook.
Table II: Codebook size comparison
	Kronecker Product codebook
	W1
	W2

	
	
	rank=1
	rank=2

	Alt-1
	7 bits
	4 bits
	5 bits

	Alt-2
	7 bits
	5 bits
	7 bits


In the system simulation, an (M,N,P)=(8,4,2) antenna configuration is assumed at the eNB side. For the non-precoded CSI-RS based schemes, TXRUs are one-to-one mapped to the antenna ports. Since the vertical antenna ports spatial correlation relates to the TXRU virtualization, 16 CSI-RS antenna ports and 64 CSI-RS antenna ports are evaluated respectively. The long-term PMI1, which corresponds to W1, is fed back with 50PRBs frequency granularity and 100ms period. While the short-term PMI2 corresponding to W2 is reported with 6PRBs frequency granularity and 10ms period. Rank of the composite precoder is adaptive during the simulaiton. Without channel estimation error, the performance comparisons of the two codebooks are summarized in Table III and IV.
Table III: Performance comparison, FTP traffic, 16TXRU
	Scenarios / user arrival rate
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
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 = 2
	Alt-1
	13.70
	0.00%
	31.28
	0.00%
	36.65
	0.00%
	18%

	
	
	Alt-2
	14.27
	4.17%
	33.44
	6.93%
	37.25
	1.64%
	18%
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 = 4
	Alt-1
	6.06
	0.00%
	20.23
	0.00%
	24.05
	0.00%
	48%

	
	
	Alt-2
	5.72
	-5.75%
	20.11
	-0.59%
	23.90
	-0.61%
	49%

	3D-UMi
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 = 2
	Alt-1
	15.41
	0.00%
	42.22
	0.00%
	39.90
	0.00%
	16%

	
	
	Alt-2
	15.86
	2.92%
	42.76
	1.27%
	39.92
	0.06%
	16%

	
	
[image: image20.wmf]l

 = 4
	Alt-1
	6.84
	0.00%
	23.29
	0.00%
	26.52
	0.00%
	45%

	
	
	Alt-2
	7.26
	6.26%
	24.13
	3.57%
	27.45
	3.50%
	43%

	3D-UMa

(200m)
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 = 2
	Alt-1
	15.15
	0.00%
	37.95
	0.00%
	38.60
	0.00%
	17%

	
	
	Alt-2
	15.15
	0.00%
	39.28
	3.49%
	38.81
	0.53%
	17%
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 = 4
	Alt-1
	7.16
	0.00%
	22.82
	0.00%
	25.78
	0.00%
	45%

	
	
	Alt-2
	7.03
	-1.78%
	22.37
	-1.99%
	25.57
	-0.82%
	46%

	3D-UMi

(3.5GHz)
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 = 2
	Alt-1
	14.56
	0.00%
	40.67
	0.00%
	39.26
	0.00%
	17%

	
	
	Alt-2
	14.62
	0.43%
	41.70
	2.53%
	39.57
	0.81%
	17%
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 = 4
	Alt-1
	6.89
	0.00%
	23.30
	0.00%
	26.73
	0.00%
	45%

	
	
	Alt-2
	7.57
	9.87%
	24.25
	4.11%
	27.54
	3.01%
	43%


Table IV: Performance comparison, FTP traffic, 64TXRU
	Scenarios / user arrival rate
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
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 = 2
	Alt-1
	14.40
	0.00%
	35.84
	0.00%
	36.98
	0.00%
	17%

	
	
	Alt-2
	15.43
	7.18%
	39.82
	11.11%
	38.07
	2.95%
	16%
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 = 4
	Alt-1
	6.75
	0.00%
	21.50
	0.00%
	24.70
	0.00%
	45%

	
	
	Alt-2
	7.52
	11.46%
	23.04
	7.14%
	26.17
	5.98%
	41%

	3D-UMi
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 = 2
	Alt-1
	17.43
	0.00%
	48.14
	0.00%
	41.10
	0.00%
	15%

	
	
	Alt-2
	18.12
	3.93%
	47.00
	-2.37%
	41.14
	0.08%
	15%
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 = 4
	Alt-1
	9.90
	0.00%
	27.33
	0.00%
	30.34
	0.00%
	36%

	
	
	Alt-2
	10.40
	5.11%
	27.81
	1.72%
	31.21
	2.88%
	35%

	3D-UMa

(200m)
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 = 2
	Alt-1
	17.72
	0.00%
	43.59
	0.00%
	39.90
	0.00%
	15%

	
	
	Alt-2
	17.21
	-2.90%
	44.18
	1.37%
	39.91
	0.03%
	15%
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 = 4
	Alt-1
	8.89
	0.00%
	25.20
	0.00%
	27.82
	0.00%
	39%

	
	
	Alt-2
	9.14
	2.87%
	25.20
	0.00%
	27.85
	0.11%
	39%

	3D-UMi

(3.5GHz)
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 = 2
	Alt-1
	17.16
	0.00%
	46.08
	0.00%
	40.55
	0.00%
	15%

	
	
	Alt-2
	17.43
	1.62%
	46.74
	1.45%
	40.83
	0.69%
	15%
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 = 4
	Alt-1
	9.76
	0.00%
	27.33
	0.00%
	30.34
	0.00%
	36%

	
	
	Alt-2
	9.57
	-1.95%
	27.57
	0.86%
	30.65
	1.00%
	36%


From the simulation results, it can be observed that Alt-2 achieves up to 10% throughput gain against Alt-1 for both 16TXRU and 64TXRU. And for most of the cases, Alt-2 provides less than 5% performance gain. However, the codebook size of Alt-2 is 3bits larger than that of Alt-1. Therefore by limiting the vertical rank to be 1, a good tradeoff between the codebook size and the throughput performance can be obtained.
Observation:

· Alt-1 results in marginal throughput degradation compared with Alt-2 for both 16TXRU and 64TXRU.
4. Conclusion 

In this contribution the vertical rank is investigated using the dual-stage precoding structure by system simulations. Two kinds of Kronecker Product codebook with vertical rank limitation and unconstrained vertical rank are evaluated with both 16 and 64 CSI-RS antenna ports at eNB. From the simulation results, the vertical rank limitation scheme achieves a good tradeoff between the codebook size and the throughput performance. And we have the following observation:
Observation:

· Limiting the vertical rank to be 1 results in marginal throughput degradation compared with the unconstrained vertical rank case for both 16TXRU and 64TXRU. 
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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
	FTP traffic model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

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

	PMI1 feedback granularity
	Wideband (50 PRBs)

	PMI2/CQI feedback periodicity
	10ms

	PMI1 feedback periodicity
	100ms

	RI feedback periodicity
	120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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