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1 Introduction

In RAN1 #66bis we proposed a new codebook structure to be used for 4-branch transmissions [1]. In this contribution we take a closer look at the spatial properties of such a codebook and compare this to the codebook used for 4-branch MIMO transmissions in LTE.
2 Discussion
The most probable antenna structure to be used for 4-branch deployments would be a two column dual polarized antenna [2]. For this antenna structure there is two distinct properties that should be captured by the codebook. First the correlation between antenna ports having the same polarization is typically high, and second the correlation between antenna ports belonging to different polarization would be low. With the port numbering of Figure 1, the correlation between ports 1 & 2, and ports 3 & 4, would typically be higher than between ports 1 & 3 and ports 2 & 4.
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Figure 1: Quad antenna - two column dual polarized elements.

The exact level of correlation would depend on the column separation, but due to practical reasons it can be expected that the column separation (and the total size of the antenna) is kept rather small [2]. On the other hand, the correlation between ports of different (orthogonal) polarizations is in general very low.
To capture these properties we propose a codebook consisting of two parts, namely an inner codebook 
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 used to co-phase or rotate the two polarization directions [1].

Due to the low correlation of ports belonging to different polarizations it is natural to assume a block-diagonal structure of the inner code. Each sub-element of this block-diagonal matrix can be a 2-DFT vector that would direct the transmitted signal towards a specific direction. Since the signals on the two polarizations should be directed towards the same direction we further assume that both blocks consist of the same vector(s).
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In the simulations provided we compare the spatial properties of such a structure to that of the Householder based codebook used for 4-branch transmissions in LTE. Since the spatial property is most interesting for low rank transmissions we provide results for rank-1, and rank-2. The reason for this is that the beamforming gain provided at higher ranks is limited. 

It can also be noted that if the column separation chosen to be larger in order to provide more uncorrelated fading, the precoding should capture the fast fading properties of the channel. This is something that in general is difficult in a practical deployment due to feedback delay and lack of frequency resolution in a WCDMA system. Note that in contrast to an OFDM system such that LTE, the same precoder has to be used over the whole bandwidth in WCDMA/HSDPA.
3 Simulations

Here we provide some results comparing the spatial properties of the codebook proposed here (see also [1]) with that used in LTE.
We assume a quad antenna with port numbering as in Figure 1. We further assume isotropic antennas with a column separation of 0.7(.
For each codebook we plot the power pattern as a function of the azimuth angle for the case of rank-1 and rank-2.

In Figure 2 the power pattern for the rank-1 codebook in LTE is depicted. In this case, the power pattern per polarization has been summed to generate the total power pattern. We note that the efficiency in this codebook is rather poor. First it is noted that only 12 out of 16 entries provide a beamforming gain. Furthermore, there are only 4 distinct patterns generated by the 16 entries codebook. In fact, the same spatial performance can be achieved by using e.g. only the first 4 entries. In addition to these, some elements are also needed to align the two polarization states.
The next example shows the power pattern for the rank-2 codebook in LTE. In Figure 3 the sum power pattern per polarization (red solid – first polarization, blue dashed – second polarization) is shown. 
Also here we can note the poor efficiency of the LTE codebook for a quad antenna. First of all, we note that also in this case only 12 out of 16 entries provide a beamforming gain. In addition, 8 entries will provide beams pointing in different directions for the two polarizations, something which is not expected to be useful in practice. Hence, also in the case of rank-2 the LTE codebook only provides 4 useful (in the spatial domain) elements.
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Figure 2: Power pattern per PMI in LTE rank-1 codebook.
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Figure 3: Power pattern (per polarization) per PMI in LTE rank-2 codebook.
From this we simply conclude that a 4-element inner codebook would give the same spatial resolution that the 4Tx LTE codebook. For completeness we also plot the power pattern of the inner code proposed in [1]. Here we assume that the codebook consist of the elements
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The corresponding power patterns are shown in Figure 4. We note that these correspond to the 4 useful entries in the LTE rank-1 and rank-2 codebook (maybe except for trivial ordering).
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Figure 4: Power pattern of 2-DFT based inner codebook.
From the results shown here it is evident that the product codebook presented in [1] is more efficient for quad antennas than the corresponding Householder based codebook used in LTE. By using a relatively small inner codebook, the relevant spatial characteristics can be captured. In addition to this an outer codebook can be used to co-phase polarizations if a layer is transmitted on more than one polarization.
4 Conclusions
In this contribution we have investigated the spatial properties of the codebook used in LTE. It is found that this gives a relatively poor utilization and many “beams” that seem less useful in a practical deployment using two column dual polarized antennas. 
5 References

[1] R1-113433, “Precoder Codebook design for 4-branch MIMO”, Ericsson, ST-Ericsson.

[2] MIMO and Smart Antennas for 3G and 4G Wireless Systems – Practical Aspects and Deployment Considerations, May 2010, 3G Americas. Available at http://www.3gamericas.org/.
_1379113641.unknown

_1382183271.unknown

_1379113629.unknown

