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1 Introduction 
To improve peak data rate and cell throughput, eight transmit antennas are to be supported in LTE-A. In [1], we outlined the design principles for the feedback codebook for eight transmit antennas. As outlined in our previous contributions [2, 3], we believe that the support for semi-statically adapting the feedback codebook should be provided to exploit the potential gains with knowing the channel characteristics. 
This contribution intends to continue the discussion on adaptable feedback codebook for 8-Tx downlink transmission in LTE-A. In this contribution, we focus on some possible adaptable codebook solutions and provide an analysis of a reasonable codebook size. Examples of 8-Tx adaptable solutions supporting up to 8 streams per user are provided.  
2 Adaptable codebook
An adaptable codebook allows the codebook to be optimized for the antenna configuration and scenarios used at the eNB. In [4], we described the signaling of adaptable codebooks and the summary is as follows:

· There are two information flows: 

· Signaling of the codebook from eNB to UE, referred to as downloading. 
· Feedback procedures from UE to eNB. 
· There are several downloading options: 
· Explicit downloading, where the codebook is plainly downloaded.
· Implicit downloading, where a model for generating an adaptive codebook is supposed to be known at both the eNB and the UE and only the model parameters need to be transferred. 
· Selection out of a collection of codebooks, which involves working with a predefined set of codebooks. 
· Among them, taking implicit downloading of new codebooks as a reasonable balance between signaling overhead and adaptability, a variety of models and related structures can be envisaged, such as mirroring, base matrices and hierarchical structure. 
3 Analysis of codebook size
In the LTE Release 8 specification, the codebook size is 4 bits for 4 transmit antennas. For 8 transmit antennas, it is clear that the codebook size should be increased to fully exploit the advantage of 8 transmit antennas relative to the performance of 4 transmit antennas. 
In [1], we show that the number of feedback bits may need to increase linearly with the number of transmit antennas to achieve the full multiplexing gain in MU-MIMO systems according to the results in [5] with random vector quantization codebooks. In [6], as a reference for SU-MIMO, it is presented that with a Grassmannian beamforming codebook, the codebook size should be increased somewhat exponentially with the number of transmit antennas to avoid increasing the SNR gap between the practical and the ideal beamforming systems. 
In this section, by the link-level simulation results for SU-MIMO SVD precoding systems supporting multiple streams per UE, we provide an analysis of a reasonable codebook size for 8 transmit antennas in an SU-MIMO precoding system with an adaptable codebook (described in the Appendix) and explicit feedback described in [7]. 
Link-level simulation results:
The 8-Tx adaptable codebooks with spatial correlation information (described in the Appendix) are tested in SU-MIMO supporting single and multiple streams. We consider eight antennas at the eNB and two and four antennas at the UE. The three adaptable codebooks with different sizes (4 bits, 6 bits and 8bits) and the fixed 4-bit CHT feedback codebook [8] are evaluated. The simulations are based on the ITU channel models. The details of the simulation assumptions can be seen in Appendix. 

Below is the table of our simulation results, giving the SNR’s when the BLER is 0.1.
Table 1: SNR's when BLER = 0.1

	
	Adapt. 8-bit solution
	Adapt. 6-bit solution
	Adapt. 4-bit solution
	Fixed 4-bit CHT

	Single stream, UMi
	-6.7 dB
	-6.6 dB
	-6.3 dB
	-4.2 dB

	Single stream, UMa
	-6.7 dB
	-6.5 dB
	-6.3 dB
	-4.2 dB

	Two streams, UMi
	1 dB
	1.4 dB
	2.3 dB
	4.5 dB

	Two streams, UMa
	2 dB
	2 dB
	2.8 dB
	5.4 dB

	Four streams, UMi
	5.5 dB
	5.5 dB
	6 dB
	8.4 dB

	Four streams, UMa
	6.5 dB
	6.5 dB
	6.8 dB
	9.8 dB


From the above link-level simulaition results, we can see that the adaptable solutions with explicit feedback [7] can achieve significant gains for single-stream and multi-stream cases. Among them, it is clearly seen that the 6-bit solution performs better than the 4-bit solution and its performance is close to the 8-bit solution. Hence, a 6-bit adaptable feedback codebook would be suffficiant for the SU-MIMO systems with eight transmit antennas. 
For 4-Tx systems, it can be seen in [7] that using LTE Release 8 4-Tx feedback codebook as the base codebook with explicit feedback can aslo achieve significant gains for close-loop SU-MIMO systems as well as for close-loop MU-MIMO systems. 
4 Conclusion
In this contribution, we analyze the reasonable codebook size for 8 transmit antennas. It is shown that a 6-bit adaptable codebook may be sufficient for closed-loop precoding systems with eight transmit antennas. 
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 Appendix: Adaptable solutions for example
Adaptable codebook with spatial correlation information

With practical antenna spacing configurations, the transmit antennas at the eNB are more or less spatially correlated. Related to user positions, the spatial correlation matrices for each UE are distinctive. Hence, the characteristics of spatial correlation for each UE can be exploited to improve the accuracy of limited feedback and thus improve the performances of close-loop single-user and multi-user precoding systems. 

In general, the transmitter-side spatial correlation matrices for each user are required to be known at both the eNB and the UE. Each UE transforms the base codebook with the spatial correlation matrix, selects a codeword and feeds back the index. The eNB transforms the base codeword with the received selected index and use it as the precoder (implicit feedback) or the approximate effective channel to generate a precoder (explicit feedback). 

We can see that the idea of adaptable codebook with correlation information is in accordance with the aforementioned concept of adaptable codebook with implicit downloading. The parameters of the spatial correlation matrix are the model parameters needed to be transferred, though actually they are measured by UE, and the base codewords correspond to base matrices. The benefits are that the amount of information to be transferred to the UE is reduced to zero and the amount of information to be fed back is also greatly reduced considering that the spatial correlation matrix is the relatively long-term information to feedback, in case the feedback is required (to acquire the spatial correlation matrix at the eNB, a possible solution other than feedback is approximating the transmit correlation matrix by measuring received signals at the eNB.)
We show here some solutions for 8 Tx supporting up to 8 streams per user with the simulation results for single-user SVD precoding systems. From the simulation results, we can see that these solutions achieve significant performance gains. 
Design principle: 

Concatenate the Release-8 feedback codebook 
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 for 4 transmit antennas into a base codebook 
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 for 8 transmit antennas. Then, transform the base codebook with the transmitter-side spatial correlation matrix 
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 and use the transformed codebook 
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 with the explicit feedback [7].

Solutions:
In the following, we will describe our adaptable codebook solutions with different codebook sizes, 4 bits, 6 bits and 8 bits for rank one-to-eight. 

1. Design a base codebook 
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a) Select 
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by the Householder reflection and column selection in Release 8. 
i. For the 8-bit solution, all base vectors in Release 8 are used, i.e., 
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ii. For the 6-bit solution, the selected base vectors are 
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iii. For the 4-bit solution, the selected base vectors are 
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b) For 
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 codeword matrices 
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 8-Tx codeword matrices by full combination and thus generate a base codebook 
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 EMBED Equation.DSMT4  [image: image28.wmf]
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c) For 
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, firstly generate the base codebook 
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 for rank 8 composed of 
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 EMBED Equation.DSMT4  [image: image33.wmf]
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Select the first 
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 columns from each codeword matrix in 
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 to build the base codebook 
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2. Transform the base codebook with transmitter-side spatial correlation matrix 
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3. Use the transformed codebook with explicit feedback described in [7]. 
Simulation assumptions:
	Parameters
	Values

	Transmission scheme
	Beam-forming SU-MIMO with single stream, two, or four streams

	BS number and antenna configuration
	1 BS equipped with 8 transmit antennas and antenna spacing is 0.5 wavelengths. 

	UE number and antenna configuration
	1 UE equipped with two or four receive antennas and antenna spacing is 0.5 wavelengths

	Modulation
	QPSK

	Channel coding
	1/2 Turbo coding

	CSI feedback delay
	0 ms

	Tx correlation reporting delay
	0 ms

	Tx correlation calculation
	Average on 600 subcarriers

	Tx correlation matrix quantization schemes
	Ideal

	Resource for transmission
	5 LTE PRBs in frequency domain

	Channel estimation
	Ideal

	Data detection
	MMSE

	Velocity 
	3kmph or 30kmph

	Fast fading channel model
	ITU channel model with scenarios of UMi or UMa

	Large scale channel model
	NLoss

	Frames simulated
	1000

	Block size for BLER
	584 bits


BLER curves:
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Figure 1: BLER performance for Rank 1 with the ITU-UMi model
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Figure 2: BLER performance for Rank 1 with the ITU-UMa model
[image: image45.jpg]BLER

10

10

ITU-UMI, 3 Kvh, 2 Rx, Rate-112, OPSK, Rank 2, ICE, Ideal feedback

—e— Adaptable 8-bit 8-Tx
—e— Adaptable 5-bit 8-Tx
—e— Adaptable 4-bit 8-Tx
—%— Fixed 4-bit CHT 8-Tx
—& ~Ideal 5Tx SVD
—B ~Ideal 4Tx VD

SNR in dB





Figure 3: BLER performance for Rank 2 with the ITU-UMi model
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Figure 4: BLER performance for Rank 2 with the ITU-UMa model
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Figure 5: BLER performance for Rank 4 with the ITU-UMi model
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Figure 6: BLER performance for Rank 4 with the ITU-UMa model
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