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1. Introduction
Recently, limited feedback based MIMO has become a hot research topic in LTE-A standardization process. Especially, the codebook based limited feedback scheme is used in LTE Rel.8, which is used to achieve the spatial multiplexing (SM) gain and reduce the feedback overhead. Therefore, the codebook design can affect the system performance significantly.
Now, LTE Rel.8 uses an all-weather codebook, which is based on the Householder transformation. This codebook is suitable for the ULA uncorrelated channel, the ULA correlated channel and even the dual-polarized channel. Besides, in order to reduce the computational complexity and avoid the power imbalance, the Rel.8 codebook is designed to possess some great properties, e.g. the unitary, nesting, finite-alphabet and constant modulus properties.
In practical systems, there may be some correlation in the channel state information (CSI), e.g. the frequent, time and space correlation. If taking full advantage of the correlation, we can effectively improve the CSI feedback precision, reduce the feedback overhead, decrease the system BLER and increase the system performance.
However, some current proposals which make use of the time correlation of CSI do not preserve the good properties of LTE Rel.8 codebook, so as to cause the computational complexity incensement and antenna power imbalance.
Consequently, our proposal aims to design an adaptive dual-codebook limited feedback scheme which can make full use of the time correlation to improve the feedback precise. Meantime, we can follow the dual-codebook idea agreed in 60th conference.
2. LTE-A dual-codebook
Our proposal presents a dual-codebook scheme in order to make the best of the uplink feedback resource. The dual-codebook scheme includes the global codebook and secondary codebooks, as shown in fig. 1. The LTE Rel.8 codebook is used as the global codebook as the pink vectors in the left global, which is used for long term CSI feedback. The secondary codebooks are designed for more precise short term CSI feedback. We generate one secondary codebook for each codeword in the global codebook, which is composed by a set of vectors adjacent to the codeword. The ‘adjacent’ is measured by the chordal distance. Therefore, every codeword in the global codebook corresponds to a secondary codebook. UEs feedback CSI according to the global codebook in a long term, while in short term, secondary codebooks are used. 
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Fig. 1 Global and secondary codebook
The design of the secondary codebooks is the key to the whole system performance, so in this proposal, we apply a greedy search algorithm to construct the secondary codebooks. 

2.1. Rank 1 codebook design
The rank 1 codebook can be described as the followed:
1) Define LTE Rel.8 Householder codebook
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as the global codebook;
2) Define the size of the secondary codebooks as 16, so we can reuse the 4bit feedback structure;
3) In order to obey the 8PSK alphabet, use the 
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to construct all of the 
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4) Construct the secondary codebook 
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a) Choose 
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as the first member of 
[image: image9.wmf](1)

i

S

, noted as 
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b) Choose 3 codewords in 
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, which has the shortest chordal distance to 
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, as the 2nd to 4th members, noted as 
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; hence, 
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 LTE Rel.8 codewords; moreover, 
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 is scalable and configurable; a larger 
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 are more similar, which is more suitable for the fast changing channel situation, whereas a smaller 
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 is better for slow changing channel situation;
c) Delete the vectors that are too far (e.g. chordal distance > 0.5) or to close (e.g. chordal distance < 0.3) to 
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d)  Construct the 5th~16th codewords 
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i. Pick the vector which has the longest chordal distance to 
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 as the 5th codeword, 
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ii. Search 
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 and choose the one which has the largest quadratic sum of chordal distance to the rest members in 
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iii. Repeat step ii till the members of 
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 compose the secondary codebook 
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5) Repeat step 4, till all of the codewords in LTE Rel.8 has their secondary codebooks.
Note：
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represents the ith codeword in rank 1 global codebook
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 represents the jth codeword in the secondary codebook 
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Consideration:
2.2. Rank 2 to rank n codebook design
When designing the rank 2 codebook, we should keep the nesting properties in mind, so we need only design the second column in the secondary codewords according to the principles in Section 2.2. The design of the rank n is similar to that of rank 2.
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2.3. Considerations
The dual-codebook scheme has the following properties:
1) Adaptive and configurable: the number of global codewords in every secondary codebook can be configured according the channel condition or the user speed; in this proposal, the number is 4;
2) Chordal distance: the chordal distance between the center to the rest members in secondary codebook are is about 0.3~0.5 which the chordal distance among the rest members is the large the better;

3) Finite alphabet, nesting and constant modulus: this proposal naturally inherits the good properties of LTE Rel.8, which can reduce the computational complexity and keep the power balance between antennas;
3. Simulation Results

3.1. SU-MIMO
In this proposal, simulations are conducted in ULA correlated, uncorrelated and dual-polarized channel scenarios. The simulation parameters are listed in table 1. 
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Fig. 3 ULA uncorrelated channel
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Fig. 4 ULA correlated channel
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Fig. 5 Dual-polarized channel
From the figures, we can see that adaptive feedback can promote the system performance by 0.5dB in MU-MIMO scenario
Table 1  Simulation Parameters in SU-MIMO
	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	FFT Size
	1024

	System Bandwidth
	10M

	No. of Tx Antennas
	4

	No. of Rx Antennas
	2

	eNB Antenna Configuration
	ULA 0.5λ、4λ；DP Antenna Pair 4λ

	MS Antenna Configuration
	ULA 0.5λ；DP Antenna Pair 0.5λ

	Channel Model
	SCME Urban Micro

	User Speed
	3km/h

	MCS
	QPSK Turbo 1/3

	Codeword Number
	1 for rank 1

	PMI Feedback
	No delay, Free of Error

	Global codebook feedback period
	10ms

	Second codebook feedback period
	1ms

	Receiver
	LMMSE

	Channel Estimation
	Perfect


3.2. MU-MIMO
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Fig. 6 MU-MIMO
From the figures, we can see that adaptive feedback can promote the system performance by 0.5dB in MU-MIMO scenario. 
Table 2  Simulation Parameters in MU-MIMO
	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	FFT Size
	1024

	System Bandwidth
	10M

	No. of Tx Antennas
	4

	No. of Rx Antennas
	2

	No. of users
	10

	No. of co-scheduled users
	2

	No. of data streams per user
	1

	eNB Antenna Configuration
	ULA 0.5λ

	MS Antenna Configuration
	ULA 0.5λ

	Channel Model
	SCME Urban Micro

	User Speed
	3km/h

	MCS
	16QAM 1/2

	PMI Feedback
	No delay, Free of Error

	Global codebook feedback period
	10ms

	Second codebook feedback period
	1ms

	Receiver
	LMMSE

	Channel Estimation
	Perfect


4. Conclusion
In this proposal, we designed a dual-codebook feedback scheme, which can take full advantage of the time correlation to improve the CSI precise. In addition, this scheme inherits the good properties of LTE Rel.8 so as to reduce the computational complexity.
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