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1. Summary

In this document we compare the performance of three codebook designs for 4TX antenna DL precoding: the codebook based on the Householder transformation [1] and the two codebooks comprising of a combination of Householder and DFT matrices [2,3]. The proposed codebooks are compared against the baseline physical antenna selection scheme. The performance comparison is conducted over the three channel models agreed for the single-polarization antenna setups. These three codebooks are also then compared against codebooks specially proposed for dual-polarized antennas in [3,4].
2. Simulation scenarios and channel models

We simulate a system having an eNB equipped with 4 transmit antennas and a UE with 2 receive antennas. The three channel models for single-pol antenna set-ups agreed during the email discussions—Case1A, Case1B and Case2, respectively, as well as the two models for dual-pol setups—Case 3 and Case4, respectively, were employed for the link-level simulations. The remaining simulation parameters are summarized in Table 1. 
3. Simulation Results
In Figures 1, 3, and 5, we plot the throughput percentage gains versus SNR (geometry) for each of the three precoding schemes, when compared to the baseline physical antenna (PA) selection scheme. In Figures 2, 4, and 6 we present the actual (absolute) system throughputs obtained with all four candidates. Figures 7 to 10 present throughput percentage gains as a function of SNR for the dual-pol setups. In all plots an “improved” link-level simulation is conducted. In particular, in these plots the throughputs are averaged over multiple UE drops (1000 UE drops were considered) and hence the artifacts arising from fixed orientations (angles) are avoided. 

In Figure 1, we plot the throughput percentage gains versus SNR (geometry) for each codebook, when compared to the baseline physical antenna selection codebook using the Case1A channel model. Figure 2 contains the actual throughputs obtained for the Case1A channel model.
In Figure 3, we plot the throughput percentage gains versus SNR (geometry) for each codebook, when compared to the baseline physical antenna selection codebook using the Case1B channel model. Figure 4 contains the corresponding actual throughputs.
In Figure 5, we plot the throughput percentage gains versus SNR (geometry) for each codebook, when compared to the baseline physical antenna selection codebook using the case 2 channel model. The actual throughputs are plotted in Figure 6.

In Figures 7 and 8, we plot the throughput percentage gains versus SNR (geometry) for six different codebooks, when compared to the baseline physical antenna selection codebook, using the two case 3 channel models. In particular, three codebooks proposed specially for dual-pol setups, referred to as Ericsson1 and Ericsson2 from [4] and Samsung2 from [3] are evaluated in addition to the three codebooks previously considered. 
In Figures 9 and 10, we plot the throughput percentage gains versus SNR (geometry) for six different codebooks, when compared to the baseline physical antenna selection codebook, using the two case 4 channel models. 

4. Conclusions
As evident from figures 1 to 6 for the single-pol setup, the three proposals have almost identical performance over the three models examined here. Moreover, all three proposals also satisfy the constant magnitude property. However, the codebook in [1] is solely based on the Householder structure and avoids the unnecessary mixing of DFT and Householder matrices to generate the codebooks as done in [2,3]. The Householder structure allows a low complexity CQI-metric based precoder selection. Further, figures 7 to 10 for the dual-pol setup show that the Householder codebook yields consistently good performance and that having special codebooks for the dual polarized antenna configuration does not provide any significant gain.
Consequently, we recommend the use of the Householder codebook [1] as the only codebook for DL E-UTRA 4 TX antenna precoding. 
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	Parameter
	Assumption

	Access
	OFDM

	RF carrier frequency
	2.0 GHz

	Bandwidth
	5.0 MHz

	Number of paths (Multi-path model)
	6

	Sub-carrier spacing
	15.0 kHz

	Sampling frequency
	7.68 MHz

	Number of occupied sub-carriers
	300

	Number of OFDM symbols per TTI
	12 (6 x 2)

	Number of data symbols per TTI
	3600 (1800 x 2)

	Symbol rate
	7.2 M/s

	CP length
	4.82 micro second

	FFT point
	512

	Number of antennas at BS
	4

	Number of antennas at MS
	2

	Codebook size (in bits) 
	4

	Number of the chunks (M)
	4

	Channel models
	Cases 1A, 1B, 2, 3 and 4

	Channel estimation
	Ideal channel estimation

	MCS
	4, 16 and 64 QAM, code rates 1/3, 1/2, 3/5,2/3 and 3/4 

	Precoding block (chunk) size
	75 tones.


Table 1: This table shows the channel models and assumptions used in the simulations presented in this document.
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   Figure 1 and 2: Improved link level throughputs and percentage gains: Case 1A
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          Figure 3 and 4: Improved link level throughputs and percentage gains: Case 1B
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           Figure 5 and 6: Improved link level throughputs and percentage gains: Case 2
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Figure 7 and 8: Improved link level percentage gains: Case 3 
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Figure 9 and 10: Improved link level percentage gains: Case 4


































































































































































































































































































































































