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1 Introduction
In RAN1#80, baseline FD-MIMO cases were identified and classified into different categories [1]. The baseline cases are expected to provide performance improvement of FD-MIMO systems without specification impact. Another approach to improve the FD-MIMO performance is by using non-standard transparent techniques that would require specification changes. Among several alternatives proposed in RAN1#80, Kronecker-product (KP) based beamforming received a lot of attention in RAN1 [2-3]. Therefore, in this contribution we provide our views on CSI feedback enhancement considering KP-based structure of the PMI codebook. 
2 Discussion on Kronecker-based CSI feedback
Kronecker-product based (KP) PMI feedback may be used to support FD-MIMO precoding with 2D antenna arrays. The structure of PMI in KP based codebook is defined by the Kronecker product of a vertical precoder and a horizontal precoder, i.e., the KP codebook can be represented as follows [2]
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where W1H is horizontal beamforming, W2H is horizontal beam selection and co-phasing and wV is vertical (or elevation) beamforming. The structure of the horizontal W1H and W2H precoders may be based on Rel-8/Rel-10/Rel-12 codebook unless the number of antenna columns N does not exceed 4. The wV precoder may be based on the existing or a new codebook depending on the number of antenna rows. For example, a precoder based on the oversampled DFT vectors of length M may be considered. In terms of the channel measurements, two approaches may be considered to facilitate CSI reporting using the KP-based codebook:

· Alt 1: Partial channel measurements using one vertical column and one horizontal row of the antenna array
· Alt 2: Full channel measurements using all antenna array elements
In the first approach, in order to calculate the PMI the UE needs to measure the vertical hV and horizontal hH channel components using two CSI-RS resources as shown in Figure 1-a. Based on those channel estimates the UE should calculate the horizontal and vertical (elevation) PMIs and derive CQIs. In the second approach, PMI is selected based on the full channel measurements from all antennas as shown in Figure 1-b, which implies the support of CSI-RS resource with more than 8 antenna ports, e.g., 64.

[image: image3.emf](0,0) (0,1) (0,N-1)

(M-1,N-1)

 

͙͙ 

(M-1,0)(M-1,1)

(1,0) (1,1) (1,N-1)

 

͙͙ 

 

͙͙ 

 

͙͙

 

 

͙͙

 

 

͙͙

 

 

͙͙ 

Vertical 

channel

Horizontal 

channel









 
[image: image4.emf](0,0) (0,1) (0,N-1)

(M-1,N-1)

 

͙͙ 

(M-1,0)(M-1,1)

(1,0) (1,1) (1,N-1)

 

͙͙ 

 

͙͙ 

 

͙͙

 

 

͙͙

 

 

͙͙

 

 

͙͙ 

Full 

channel






(a) Partial channel measurements






(b) Full channel measurements
Figure 1: Illustration of possible channel measurements to support KP-based CSI feedback
For each considered channel measurement alternative several drawbacks can be identified. More specifically, in the first approach the PMI selection and CQI calculation on each CSI-RS resource is carried out independently implying that the receiver weights and the best sub-bands could be selected differently in each CSI process. However, CSI processing for both CSI processes is expected to be performed on a common basis given that the actual transmission will be performed from both vertical and horizontal antennas. The second alternative offers more accurate CSI selection which is matched to the channel from all antenna elements of the FD-MIMO antenna array at the cost of significant CSI-RS overhead as well as high CSI processing complexity and memory storage requirements at the UE. The high CSI processing requirement is due to the joint optimization over a large set of PMIs corresponding to the vertical and horizontal dimensions which might be challenging for practical UE implementations.

In order to improve the accuracy of the CSI calculation of the first alternative while keeping the attractive CSI processing complexity offered by this approach, an extension of the CSI-reference process concept introduced in Rel-11 may be considered. More specifically, as shown in Figure 2, for linear receivers the Rx weights for CSI processing may be inherited from one (e.g., horizontal CSI process) to another (e.g., vertical CSI process) to better match PMI and CQI selection over the vertical and horizontal CSI processes assuming the same receiver weights. Similarly, the best sub-band and already existing RI inheritance from the horizontal CSI process to the vertical CSI process should be also considered to better align CSI report calculation on the vertical and horizontal CSI processes. Considering rank selection, the RI should be selected on one CSI process, e.g., horizontal, and take into account the vertical beamforming gain. Since the vertical gain would be unknown to the UE receiver, some semi-static signalling assistance from the eNB to the UE on the assumed value would be required. More specifically, an additional CSI-RS to PDSCH power offset PcH parameter on the CSI process may be used.
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Figure 2: Illustration of Rx weights and RI inheritance between vertical and horizontal CSI processes to support KP beamforming
Summarizing the discussion in this section, the following observations for KP-based CSI feedback can be made:
Observation:

· Kronecker-product based CSI feedback using full channel measurements on all antenna elements is more accurate but less feasible from practical considerations. 
· Kronecker-product based CSI feedback using horizontal and vertical channel measurements is feasible from implementation point of view but may provide less accurate CSI estimation due to independent optimization of the CSI on each CSI process. 
· To improve the performance of CSI reporting while keeping the CSI processing complexity at reasonable levels the following CSI process enhancements may be considered:
· Rx weights, best sub-band and RI inheritance from one (e.g., horizontal) to another (e.g., vertical) CSI process

· Signalling of an CSI-RS to PDSCH power offset Pc parameter on the horizontal CSI process to account for the vertical antenna array gain
3 Evaluation results

Evaluation results comparing the performance of the KP-based CSI feedback for an FD-MIMO system with 64TXRUs is shown in Table 1. In the evaluation the antenna configuration with N = 8, M = 4 is assumed. For elevation beamforming a codebook based on 4x-oversampled DFT vectors was considered. For horizontal beamforming the Rel-10 codebook with 8 antenna ports was re-used. The simulation were carried out with and without codebook subset restriction for vertical beamforming. To evaluate the system performance under different traffic load, the FTP traffic model 1 with average packet arrival rate of {1.4, 2.8, 3.3} sec-1 is assumed in the simulations. To avoid interference due to PMIs selection with direction close to horizon a codebook subset restriction has been applied. The detailed simulation assumptions are provided in the Appendix of this contribution.
Table 1: Throughput performance of KP-based beamforming without CSI-RS overhead
	Scheme
	Packet arrival rate λ, sec-1
	Offered load, Mbps
	5% Thr., Mbps
	50% Thr., Mbps
	Mean Thr., Mbps
	RU%

	Baseline
	1.4
	6
	14.5
	30.1 
	31.4 
	16.4

	
	2.8
	12
	6.02
	18.4 
	23.8 
	41.3

	
	3.3
	14
	3.88
	15.9 
	19.0 
	61.5

	KP V/H
	1.4
	6
	12.6 (-13.2%)
	26.7 (-11.4%)
	29.1 (-7.3%)
	17.6

	
	2.8
	12
	5.09 (-15.4%)
	16.5 (-10.2%)
	21.8 (-8.1%)
	45.6

	
	3.3
	14
	2.95 (-24.1%)
	13.5 (-14.8%)
	17.6 (-7.4%)
	65.0

	KP Full
	1.4
	6
	15.4 (6.1%)
	34.2 (13.5%)
	36.3 (15.6%)
	14.9

	
	2.8
	12
	6.49 (7.9%)
	20.2 (10.1%)
	26.7 (12.5%)
	35.8

	
	3.3
	14
	4.32 (11.2%)
	17.1 (8.3%)
	19.7 (4.1%)
	54.1

	KP Full (subset restriction)
	1.4
	6
	15.5 (6.3%)
	34.2 (13.3%)
	35.7 (13.6%)
	14.9

	
	2.8
	12
	6.56 (8.9%)
	20.4 (11%)
	26.5 (11.3%)
	33.8

	
	3.3
	14
	4.48 (15.3%)
	17.4 (9.8%)
	19.8 (4.2%)
	52.2


From the results presented in Table 1 it can be seen that the KP-based CSI feedback based on the full channel measurements can improve the performance of the system relative to the baseline FD-MIMO case. However when CSI-RS overhead is considered, the performance improvement might not be so obvious. We also note that for the KP-based CSI feedback based on the partial measurements there is some performance loss relative to the baseline FD-MIMO case that may be explained by poor approximation of the CQI feedback. We also observe that the codebook subset restriction improve the cell edge performance at high traffic loads. 
4 Summary

In this contribution we discuss CSI enhancements using KP-based CSI feedback. The following observations are made:
· Kronecker-product based CSI feedback using full channel measurements on all antenna elements is more accurate but less feasible from practical considerations. 

· Kronecker-product based CSI feedback using horizontal and vertical channel measurements is feasible from implementation point of view but may provide less accurate CSI estimation due to independent optimization of the CSI on each CSI process. 

· To improve the performance of CSI reporting while keeping the CSI processing complexity at reasonable levels the following enhancements may be considered:

· Rx weights, best sub-band and RI inheritance from one (e.g., horizontal) to another (e.g., vertical) CSI process

· Signalling of an additional CSI-RS to PDSCH power offset Pc parameter for RI selection on the horizontal CSI process to account for the vertical antenna array gain.
We have also observed that there is no clear benefits of KP-based CSI feedback relative to the baseline FD-MIMO case that may be explained by poor approximation of the CQI feedback and/or interference created to the neighbouring cell in the absence of the codebook subset restriction. Further analysis is needed to address these issues.
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Appendix
	Parameter
	Value

	Scenario
	3D-UMi, 2Ghz, ISD = 200 m (homogeneous)

Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, 64 TXRUs

N=4 columns and M=8 rows
0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP model 1, S=0.5 Mbyte packet size

Traffic load: {1.4, 2.8, 3.3} packets per second in macro cell

	Cell association
	CRS antenna port 0, Handover margin =3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Practical 2D-LMMSE, No PRB bundling 

	Interference covariance estimation
	Practical DM-RS based

	CSI feedback
	Mode 3-2 with 10 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM10

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	DFT based codebook

	Azimuth precoding
	Rel-10 8Tx codebook

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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