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1. Introduction
In order to harvest the potential throughput gains of multiple node-B antennas, it is essential to adapt the transmission rank and data rate to channel conditions faced by the UE. Further gains can be obtained by the use of linear precoding at the receiver. It was agreed in previous meetings that precoding for FDD would be codebook-based and the UE will feed back the index of the preferred precoding matrix. Clearly, the choice of the precoding codebook needs to be made carefully. The summary of our views on codebook selection are described in [1], which also specifies the proposed codebook for two node-B antennas. 
In this document, we present link-level simulation results for the case of two node-B antennas. Results for four node-B antennas are presented in [2]. This document is organized as follows. Section 2 presents the codebooks under consideration and presents simulation results for various parameter choices. Section 4 summarizes the conclusions.
2. Description of Proposed Codebook And Simulation Results
We consider rank-1 and rank-2 precoders parameterized as shown in Table 1. The parameterization is general and covers all possible codebooks. 
	
	Rank 1
	Rank 2

	Precoding Vector / Matrix Structure
	V21() =
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	V22() =
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             = [V21()      V21(/2)]


TABLE 1: Codebook Structure For Ranks 1 & 2
We compare different codebooks, i.e., different parameter choices. These are listed in Table 2. The size-8 D-TxAA codebook was has 1 magnitude and 2 phase bits. The size-16 codebook has three phase bits. The third class of codebooks under consideration was proposed in [3] with size-8. The size-16 version was obtained by increasing the number of phase bits.
	Description
	Size-8
	Size-16

	Class 1
	tan{1∕2, 1∕2, 1∕2, 1∕2,2,2,2,2}

{ , /2, ,3 /2, , /2, ,3 /2}
	tan{1∕2, 1∕2, 1∕2, 1∕2, 1∕2, 1∕2, 1∕2, 1∕2, 2,2,2,2,2,2,2,2}

{, /4, /2, 3 /4,,5 /4, 3 /2, 7 /4, , /4, /2, 3 /4,,5 /4, 3 /2, 7 /4}

	Class 2
	tan{1∕3,3,3∕4,3∕4,3∕4,4∕3,4∕3,4∕3}

{  0  ,  0,, /3, 2 /3, , /3, 5 /3}
	tan{1∕3,3,3∕4,3∕4,3∕4,3∕4,3∕4,3∕4,4∕3,4∕3,4∕3,4∕3,4∕3,4∕3}

{0,0,,/3,2/3,3/3,4/3,5/3,,/3,2/3,3/3,4/3,5/3}

	Class 3 [3]
	 ∕2, ∕4,∕4,∕4,∕4, ∕4, ∕4} 
,,  /3, 2/3, 3/3, 4/3, 5/3}
	 ∕2, ∕2, ∕4,∕4,∕4,∕4, ∕4, ∕4, ∕4,∕4,∕4,∕4, ∕4, ∕4} 
,,/6,/3,/2,2/3,5/6,7/6, 4/3, 3/2,5/3,11/6}


TABLE 2: Codebooks Studied For Sizes 8 and 16
We now present link-level simulation results comparing the above codebooks.  The UE feeds back the preferred rank [4], and the precoder index & CQI(s) for each RB. All these quantities are chosen to maximum the sum throughput across the band. Further simulation assumptions are listed in Appendix 1. 
2.1. Simulation Results for 3-bit codebooks
As a reference, we consider an infinite-precision precoder which feeds back the SVD of the central tone in each resource block. Figure 1 plots the throughput loss of the various 3-bit codebooks with respect to the reference case for various geometries, for antenna correlations of 0.1 and 0.5. 
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FIGURE 1: Throughput comparison Of Different 3-bit codebooks
From Figure 1, it can be seen that
· At low geometries, the relative performance of the codebooks depends on the antenna correlation. For low correlations, class-1 codebook performs best. Class-2 codebook suffers around 0.75% additional loss when compared to the dual-TxAA codebook. At higher antenna correlations, the trend is reverse with the class-2 codebook offering a similar 0.7% additional improvement over the class-1 codebook. Class-3 codebook offers intermediate performance. This observation is consistent with the results in [3].

· At low geometry, the loss with respect to unquantized SVD feedback is at most 2.7% for all the 3-bit codebooks considered above.

· At higher geometries, the class-2 outperforms the other two alternatives for both low and high antenna correlations.

· At higher geometries, even the best 3-bit codebook suffers nearly 5% throughput loss when compared to unquantized SVD feedback.
2.2. Simulation Results for 4-bit codebooks
Figure 2 presents simulation results for different 4-bit codebooks. 
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FIGURE 2: Throughput comparison Of Different 4-bit codebooks
From Figure 2, it can be seen that

· The class-2 4-bit codebook consistently outperforms the other two candidates at all geometries, for both low and high correlation. Specifically, at high geometries, the class-2 codebook outperforms the codebook of [3] by around 1.3%.

· At low geometries, using a four-bit codebook approaches within 1.0% of the the performance of unquantized SVD. At higher geometries, the class-2 codebook lies within 3% of the throughput of unquantized SVD feedback.

3. Conclusions
In this document, we presented simulation results comparing three different codebooks for the case of two node-B antennas. The main conclusions were:

· For rank-1 precoding, a 3-bit codebook can be used. Here, the relative performance of the codebooks depends on the antenna correlation. At low correlation, the class-1 codebook performs  the best. At higher correlations, the class-2 codebook outperforms the other two. In either case, the performance loss with respect to unquantized SVD feedback is at most 2.7%. 

· For rank-2 precoding, the class-2 codebook consistently outperforms the other candidates. With 3-bit precision, the gap to unquantized SVD feedback could be 5%. With 4-bit precision, the gap reduces to 3%.

· Class-2 parameterization offers the best overall performance. 

Based on the above, we recommend that the class-2 parameterization be used for 2-antenna pre-coding. This structure preserves the nesting property described in [1], which allows complexity reduction in pre-coder selection and facilitates multi-user transmission of rank-1 and rank-2 UEs. The codebook size can be either 8 or 16, depending on the trade-off between performance and feedback overhead.
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Appendix I

Table A-1 gives the link level simulation assumptions.
	PARAMETER
	VALUES

	UE Speed
	3 kmph

	Channel profile
	TU-6

	Number of Node-B antennas
	2

	Number of UE antennas
	2

	Antenna Correlation
	0.1 and 0.5

	System Bandwidth
	5 MHz

	OFDMA FFT Length
	512

	 Resource Block Bandwidth
	180 kHz 

	Modulation Schemes
	QPSK r = 1/5, 1/4, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6   

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	4 TTIs

	CQI Feedback Error
	Error-free CQI feedback assumed

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmissions
	3

	Precoding
	Precoder index fed back for each RB from a 3- or 4-bit codebook

	MIMO Decoder
	LMMSE 


TABLE A-1: Link Level Simulation Assumptions
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