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1 Introduction
Codebook based precoding is supported in LTE system, the codebook is constructed by fixed precoding matrices for both 2Tx and 4Tx transmission. Due to the limitation of feedback overhead the quantity of the precoding matrices in the codebook is restricted; the fixed codebook can not matching the actual channel character preferable. In LTE-advanced system, along with the increasing of the antenna number and the higher requirement of frequency spectrum, the more advanced codebook design should be considered. In this contribution we propose an adaptive codebook design for MIMO configuration in LTE-A.
2 Basic Principles for the Adaptive Codebook Design
If the precoding matrices in the codebook can adaptively follow up the variety of the channel the system performance will be improved obviously. Since the precoding transmission mainly applied to low velocity UE, especially in higher order antenna configuration, the correlation period in time domain will be large.  According to the channel correlation, we consider to continually transform the previous feedback codebook to an updated codebook to adapt for the current channel. This will solve the problem caused by the quantity restriction of precoding matrices at a certain extent.

By using the channel correlation, the precoding weight in transmission side is determined not only by the channel state information fed back by current time but also by the previous channel state information. The update codebook can be generated by some kind of operation applied on the previous codebook. 
We construct three generating codebooks denoted by A, B and S. Where A is used for design the final precoding codebook; B is the feedback sample set and each element in B corresponds to an index which used to feedback to the transmission side; S is used for initialize A. The transmitter and receiver will continually update A simultaneously according to the B that is fed back by receiver. A will be updated by function F (A, B) and the optimal precoding weight will be generated. This will extend the actual quantity of precoding matrices in the codebook.
For example, in initial feedback, the optimal precoding matrix is selected in S (A=S) and the receiver will feedback the index of the optimal precoding matrix to transmitter. In service, the receiver will continually feedback the index of elements in B to update A. If 
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 is the ith element in updated A, 
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 is the element that can best matching the current channel in B.  By continually update
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, the optimal precoding weight can be obtained and it will adapt to the current channel more exactly. 
In order to avoid the effect of channel mutation to the codebook A, the receiver can periodically reinitialize A by using S.  The illustration of the codebook update process is shown in figure1. 
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Figure1 The adaptive codebook update process
3 Simulation Assumption and Results
The simulation parameters are listed in Table 1.
Table 1 Simulation Parameters

	Parameters
	Value

	Antenna Configuration
	4*2

	Channel Model
	SCM

	Channel Coding
	R6-Turbo, 1/3

	Frequency granularity
	36 subcarriers

	Time granularity
	18 OFDM symbols

	OFDM symbol period
	0.0675ms

	Bandwidth
	5MHz

	Subcarrier interval
	15kHz

	Carrier frequency
	2GHz

	UE Speed 
	30km/h   3km/h

	Antenna Spacing
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Figure2 BER performance of two streams with 3km/h UE speed and 
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Figure3 BER performance of two streams with 3km/h UE speed and 
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Figure4 BER performance of two streams with 30km/h UE speed and 
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In the simulation we used Givens transformation. Rotation operation is applied to different coordinate plane and a 3bits B codebook is generated that is used to rotate the previous codebook. From the simulation results it can be observed that the better performance can be obtained by using the adaptive codebook design comparing with the fixed codebook design. 
4 Conclusion
In this contribution, we proposed an adaptive codebook design for MIMO configuration in LTE-A. This method have sufficiently considered the successive character of the channel, the precoding weight can be updated adaptively according to the channel variety. This corresponds to increase the precoding matrices number in the codebook however without any feedback overhead increasing. Thereby the system performance will be improved with higher precision of precoding weight. For the system complexity, only a functional operation is added and no additional overhead is introduced.
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