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 1
Introduction
In LTE and LTE-A, MIMO operation [1] carries out the precoding operation by feeding back an index of a precoding matrix (PMI) belonging to a codebook from the receiver to the transmitter. However, such codebook-based precoding operation brings about a big problem of quantization error due to the finite resolution of the codebook. In real-life deployments of MIMO, the evaluation from the real-life deployments of MIMO suffers from significant performance degradation. Hence, the feedback enhancement/granularity has been considered as a key aspect for real-life MIMO, when effective feedback granularity could reduce performance degradation due to quantization.

However, the cost paid for enlarging codebook size is the complexity. To solve this problem, we utilize the geometric features of the existing codebook to construct a refined precoding matrix with high accuracy yet still preserve relatively low feedback overhead. This contribution concerns an iterative Geodesic interpolation algorithm in which a refined precoding matrix is constructed from several precoding matrices within the codebook along with some geometric coefficients. 
2
Feedback Refinement
Considering a real life downlink MIMO system, each user can acquire estimation of channel vector through the reference signals transmitted periodically from the base station. The precoding technique requires the users to feedback their CSI. To reduce the CSI feedback overhead, the limited feedback model allows both the transmitter and the users to possess a predefined CSI codebook consisting finite CSI vectors. 
However, in [2,3] there are many short-comes and problems in real life DL MIMO system due to the limited feedback model. In [4], some approaches (adaptive codebook, feedback refinement techniques, and increasing feedback granularity) are discussed to enhance the MIMO performance gain. In LTE real-life MIMO system, feedback refinement schemes exploit the correlation between CSI. Hence, the eNB can interpolate several feedback reports to improve the accuracy. Consequently, in order to enhance the performance of DL MIMO system, the interpolation methods for refining codebook is considered as an important issue.
3
Geodesic Interpolation Refinement Algorithm
To produce a better quantization, we make interpolations on the codebook consisting of the channel direction and CSI matrices as points. To compare the distance between two points in the codebook, we use the chordal distance [5] as a measure by reason of its differentiability [6]. 
We use a geodesic interpolation method to interpolate precoding matrices in the codebook because the the Grassmanian manifold [7] and the concept of geodesic manifold are closely connected to the DL MIMO system. Consequently, in order to enhance the feedback resolution, the geodesic interpolation refinement algorithm is proposed.

Considering a downlink SU-MIMO scenario, the eNB periodically transmits the reference signals. Each UE measures the downlink channel state information according to the reference signals. In the conventional scheme, UE will find the best precoding matrix which is the most close to the real channel state. However, in the geodesic interpolation refinement algorithm, by utilizing the correlation of PMIs and the adjacency of precoding matrices, the geodesic interpolation refinement algorithm first finds the two precoding matrices that are the closest to the estimated channel direction. Then the geodesic interpolation is performed on the two precoding matrices to calculate a new precoding matrix that is more accurate than the previous two precoding matrices. This interpolated precoding matrix more suites to the real channel state and hence effectively enhances the codebook granularity and improve the SU-MIMO performance. Finally, the UE feedbacks to the eNB the indices of the two closest PMIs and the information of geodesic interpolation, which completes the algorithm.

4
Conclusions

In this contribution, we propose the method of Geodesic interpolation to solve the problem of quantization error in codebook-based CSI feedback so as to enhance the performance of downlink MIMO systems. Instead of simply increasing the size of the CSI codebooks, the receivers take some interpolation coefficients and two CSI matrices in the codebooks to construct a refined CSI matrix. By first finding the transmitter-to-receiver channel information, the best CSI matrix and one or more CSI matrices within the codebooks, the refined CSI matrix is calculated by each receiver through Geodesic interpolation algorithm. From the simulation results, the SU-MIMO system with 1 bit for the information of interpolation outperforms the original scheme. Hence this is suggested for the SU-MIMO system. For the MU-MIMO system, the performance gain is more significantly with more bits. Therefore the MU-MIMO system is suggested for more bits (e.g. 2 bits) or basically with 1 bit as the SU-MIMO system. From the simulation results, with the refined CSI matrices fed back from receivers, the feedback is effectively granular, and therefore increases the sum rate of the system.
5
Appendix: Simulation Results

We carry out the simulation based on [8] downlink MIMO scenario A and C. Fig. 1, Fig. 2 show the simulation results of single-user and multiple-user MIMO respectively. The codebook follows Rel.10 double codebook. The geodesic interpolation requires the indices of two precoding matrix plus an information coefficient of geodesic interpolation. Here we use 1, 2 and 3 bits to record the interpolation coefficient respectively. We can see from Fig. 1 that the geodesic interpolation method outperforms the one of no interpolation by about 2.5~3dB. For the case of SU-MIMO simulation, the scheme with 3 bits outperforms that with 1 bit. However the gain is marginal. For the case of MU-MIMO simulation, we choose the pair of users which has the most orthogonal channel matrix to minimize the interference. Also, the different between scenario A and scenario C for MU-MIMO is mainly because the transmission power between BS and RRH. The higher Tx power (scenario A) will result a better gain then lower Tx power (scenario C).
Consequently, we can remain the codebook and base on the geodesic interpolation method to effectively granulate the codebook. Hence, the performance of downlink MIMO is enhanced.
TABLE I

Simulation Parameters for Scenario A (BS)
	Channel Model
	WINNER II model

	Fading Scenario
	Urban Macro

	UE Number
	10

	Sample Density
	15k sample/second

	Total BS TX power
	46dbm

	UE Speed
	3 km/hr, 10 km/hr, 30 km/hr

	MIMO Mode
	4 x 2

	Channel Estimation
	Ideal

	Precoding Matrix Feedback Period
	5 ms

	Antenna Polarization
	2 columns, cross-polarized on each column, closely-spaced: X X


TABLE II
Simulation Parameters for Scenario C (RRH)
	Channel Model
	WINNER II model

	Nodes per macro cell
	4 nodes RRH

	Deployment configuration
	4b

	UE Number
	30

	Sample Density
	15k sample/second

	Total BS TX power
	30dbm

	UE Speed
	3 km/hr

	MIMO Mode
	4 x 2

	Channel Estimation
	Ideal

	Precoding Matrix Feedback Period
	5 ms

	Antenna Polarization
	0.5 λ-spaced cross-polarized: X X
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Fig.1 Geodesic Interpolation Method applied on SU-MIMO
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Fig.2 Geodesic Interpolation Method applied on MU-MIMO (scenario A)
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Fig.3 Geodesic Interpolation Method applied on MU-MIMO (scenario C)
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